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Title of Invention:
POLISKEING PAD AND MANUFACTURING METHOD THERETFCR
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The pr invention relates to a polishing pad, and

r

more specifically to a CMP polishing pad for a semiconductor

Background Art

Since surfaces of materials such as silicon, hard disks,
cr ; :

mother glass for liquid crystel displavs, and semiconductor

devices need to be flat, the surfaces are polished by the loos
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abrasive method using a polishing pad. The
method is a method in which the work surface of a workpiece
is polished while a slurry (polishing liguid) conteaining
abrasive grains is supplied between a polishing pad and the
workpliece.
In & polishing pad for & semiconductor device, the
surface of the pclishing pad is required to have openings fox
etalning abrasive grains, rigidity for keeping the flatness
of the surface of the semiconductor device, and elasticity for
preventing scratches on the surface of the semiconductor

device. As & polishing pad meeting these reguirements, a

poiishing pad having a pclishing laver manufactured from a
r 3 =

urethane resin foam has been used.

In general, a urethane resin foam is molded by curing

o

a prepolymer containing an

socyanate group-containing
compound based on a reaction with a curing agent (dry method) .
Then, a polishing pad is formed by slicing this foam inte a

sheet shape. In a polishing pad {hereinafter, abbreviated as

hard (dry) polishing pad in some cases) having a hard polishing
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laver molded by the dry method as described above, relatively
small and substantially sphericeal cells are formed inside the
foam during the curing and molding of the urethane resin.

Hence, openings (pores) capable of retaining

L(J

a slurry during
polishing are Zormed on the pelishing surface of the polishing
pad formed by the sliicing.

Urethane regsin foams having cell (alr-bubblie) diameters

of 100 pm or less and around
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materials of polishing pads for a semiconductor device so far

e

(Patent Literature 1). In addition, the mainly used urethane

resin foams have type A harcdnesses of 70 degrees or higher,

.

and type D hardnessses of 45 or higher (Patent Literatures

B
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angd 3). The mainly used urethane resin fcams have densitie

iy

of 0.5 g/cm’ or higher (Patent Literature 1) and, regarding

elasticity, have storage elastic moduli of several hundred
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megapascals or higher (Patent Literature 4). A mainly
mp L

(D

oyed longitudinal elasticmodulus {Young's modulus) is 500
MPa or higher (Patent Literature 5.

Apart from the above-described mainly used urethane
resin foams, physical properties of urethane resin foams have
been improved from the viewpolnts of the bulk density, the type
A hardness, and the hard segment content (HSC} (%)

¢ reduce wearing to an appropriat

polishing performance (Patent Literature 6). Moreover,
polishing pads are also reporied whose storage elastic moduli

are adiusted to be within predetermined ranges in order to

oy

reduce the cccurrence of scratches (i

I

atent Literatures 7 and

In addition, apolishing pad has been reported whose type

A hardness and compression elastic modulus are improved by
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making the phase separation structure clear (Patent Literature
©). The clear phase segparation structure is obtained by
determining the component amounts of a crystalline phase (L),
an interface phase (M), and an amorphous phase (S} and the

—

) therecf from a free induction

i\}

spin-spin relaxation times (T
decay signal (FID) of pulsed NMR, and optimizing the T2 and

che component amount of the M component. Moreover, a polishing

pad has been reported whose dressing properties are improved,

while i%s high hardness i3 retalned (Pazent Literature 10).

w Ao ;

This pelishing pad is obtain

®

d by adjusting the ratioc of the
¢ segments present in a foamed polyurethane determined by
pulsed NMR measurement to 55 to 70%, and thus achieving
characteristics such as hardness, low tensile break strength,
and low giongation.
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Patent Literature 1: Japanese Patent No.

E 4338150
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Patent Literature 10: Japanese Patent Application
Publication No. 2010-240777

Summary

However, the above-described dry polishing pads are
still hard, and tend tc apply a pressure Lo a workpiecs in a

localized manner. Hence, the dry polishing pads are

{scratches) formed on the surface of 3 workpiece. Inaddition,
the dry polishing pads still have a problem of high possibility
of clegging. For this reason, ingeneral, after polisning with

a hard polishing pad molded by the dry method, it is necessary

%)
o3

o further perform finish polishing by using a polishing p
having & soft polishing layver molided by & wet method (in the
wet method, a resin solution cbtained by dissolving a resin
in a water-miscible organlc sclvent 1s applied ontc a

sheet-shaped film formation substrate, and then the resin 1s

thne

coagulated and regenerated in an agueous coagulating liguid)

1ing pad heving a soft polishing

Py

.5

;_J.

On the cther hand, a pol

layer molded by a wet method has a low hardness
openings ¢f & suede type, and has & non~uniform foam structure

3

¢ reasons, altho
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ugh polishing uvsing the polishing pad

having a scoft polishing layer achieves better polishing rate

surface to waves and warp 0% a workpiece) than polishing using
a polishing pad having a hard polishing layer molded by a dry
method, the polishing pad having a soft polishing laver has
the following prcblem. Specifically, Dbecause of its
anisotropic cell shape, the state of the openings on the surface

.

changes due to wearing, or & low~denslity portion of the
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polishing layer at a lower portion thereof is torn off. Hence,
the polishing pad having a soft polishing layer cannot retain
a polishing state at a certain level for a long period.

Hence, there is a need for a polishing pad which can be
uged also for finish polishing, while taking advantages of a
polishing pad having a polishing layer molded by a dry method.

The-present disclésure has been made in view of the
above-~described problems, and an obiject of the present
digclosure is to provide a polishing pad which remedies the
problem of scratches occurring when a conventional hard (dry)
polishing pad is used, which is excellent in polishing rate
and peolishing uniformity, and which can be used for not only
primary polishing but also finish polisghing, and a
manufacturing method therefor.
Means for solving the object

To achieve the above object, the present disclosure
provides, in one aspect, a polishing pad for polishing a
semiconductor device, comprising a polishing layer having a
polyurethane-polyurea resin foam containing substantially
spherical cells, wherein when a free induction decay signal
(FID) of the polyurethane-polyurea resin foam obtained by
pulsed NMR is subjected to waveform separation by sequentially
subtracting components in descending order of sgpin-spin
relaxation time T2 based on a least-sguares method, and thus
divided into three components of L (amorphous phase), M
(interface phase), and S (crystalline phase) in descending
order of spin-spin relaxation time T2, the M-component has a

spin-spin relaxation time T2y of 160 to 260 us, the
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polyurethane-polyurea resin foam has a storage elastic modulus
E’ of 1 to 30 MPa, the storage elastic modulus E’ being measured
at 40°C with an initial load of 10 g, a strain range of 0.01
to 4%, and a measuring frequency of 0.2 Hz in a tensile mode,
and the polyurethane-polyurea resin foam has a density D in
a range from 0.30 to 0.60 g/cm’.

In another aspect of the present disclosure, there is
provided a method for manufacturing the polishing pad as
defined herein, the method comprising: a preparation step of
preparing an isocyanate group-containing compound (A), a
polyisocyanate compound (B), a polyamine compound (D), a
mixture ligquid (E) comprising water, a foam stabilizer, and
a reaction catalyst, and a gas non-reactive with all the
components; a mixing step of mixing at least the isocyanate
group-containing compound (A), the polyisocyanate compound
(B), the polyamine compound (D), the mixture liguid (E)
comprising the water, the foam stabilizer, and the reaction
catalyst, and the gas non-reactive with all the components with
each other to obtain a mixture liguid for molding a foam; a
foam-molding step of molding a polyurethane-polyurea resin
foam from the mixture liquid for molding a foam; and a polishing
layer formation step of forming a polishing layer having a
polishing surface for polishing a workpiece from the
polyurethane-polyurea resin foam.

The present disclosure further employs the following

configurations.

S5a
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1. A polishing pad for polishing a semiconductor device,
comprising a polishing layer having a polyurethane-polyurea
resin foam containing substantially spherical cells, wherein

when a free induction decay gignal (FID) of the
polyurethane-polyurea resin foam obtained by pulsed NMR is
subjected to waveform separation by sequentially subtracting
components in descending order of spin-gpin relaxation time
T2 based on a least-squares method, and thusg divided into three
components of L (amorphous phase), M (interface phase), and
S (crystalline phase) in descending order of spin-spin
relaxation time T2, the M-component has a spin-spin relaxation
time T2 (hereinafter, referred to as T2y in some cases) of 160

to 260 us,

5b



10

20

)
&

30

the polyurethane-polyurea resin foam has a storage

~

te 30 MPa, the storage elastic modulus

o)

elastic modulus B of

E’ being measured at 40°C with an initial load of 10 g, a strain

ange of (.01 to 4%, and a measuring Ffreguencv of 0.2 Hz in
g Y

j33]

tensile mode, and

the polyurethane-polyurea resin foam has & density D in

a range from 0.30 to 0.60 g/cm®.

Z. The polishing pad according to 1, wherein
the ratio (hersinafrter, referred to as Ly in some cases)

of the M component present in the resin feam is in a range from

55 to 80% (% by mass), and

(€31
o}

an ¥ value determined by X=T2y/D ig in a range from 3

3. The polishing pad according to 1 or 2, wherein

the polyurethane-polyurea resin foam has an average cell

4. The polishing pad according to any one of 1 to 3, wherein

the polyurethane-polyurea resin foam has a type A

5. The polishing pad according to anv one of 1 to 4, wherein

the polyurethane-polyurea resin foam has a type D

6. The polishing pad according to any one of 1 to 5, wherein

any one of 1 to &, the method comprising:
a preparation step oI preparing an isocyanate

group-containing compound (A), & polvisocyanate compound (B)
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a polvamine compound (D), amixture liguid (E) comprising water,
a foam stabilizer, and a reaction catalyst, and a gas

non-reactive with all the components;

group~containing compound (A}, the polyisocyanate compound
{B), the polyamine compound (D}, the mixture liguid (E)
comprising the water; the foam stabilizer, and the reaction
catalyst, and the gas non~reactive with all the components with

each other to obtain a mixture

[

iguid for moliding a foam;
g foam-melding step of wolding a poliyurethane-polyvures

&

resin foam from the mixture liquid for mol

o3

-

ing a foam; and

a polishing layer formation step of forming a polishin
layer having a polishing surface for polishing a workpiece from
the polyurethane- poWyu ea resin foam.

8. The method for manufacturing the polishing pad according

o 7, wherein

i

in the preparation step, a polvel compound (C-2) 2

in the mixing step, the polycl compound (C-~2) is mixed.
9. The method for manufacturing the polishing pad according
to 8, wherein

in the preparation step, the polvamine compound (D) and

the polyol compound (C-Z) are prepared, with the eguivalenc

=y

)]

A

[¢

ratic of amino groups of the polyamine compound (D) £ the sum
of the chemical equivalents of the amino groups of “he polyamine

compound (D) and hydroxyl groups cf the polyol compound (C-2)
(the chemical eqguivasent of active hydrogen groups) being £.70

o 0.97 (the aminc groups/(the amino groups+the hydrexyl

10. e tl i e D hing pad according
10. The method for manufacturing the polishing pad ding
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to any one of 7 to 9, wherein
the polyamine compound (D) is a crude
methylenebis (o-chloroaniline) (MOCA) which is & mixture of

monomer and multimers of MOCA and which contains the muitimers

@

in an amount of 15% by mass or more.

11. The method for manufacturing the pcolishing pad according
te B or 9, wherein

the poclyol compound (C-2Z}) is poly(tetramethylene
glveol) or poly(propylene glycol) having a number average
molecular weight ¢f 500 to 5000, or a mixture thereof.

Advantageous Effects of Invention

Since the polishing pad of the

U

resent invention has a
T2 of the M component of pulsed NMR within the moderate range
and has moderate dressing properties, scratches due to

clogging of opening portions are less likely to be caused. In

addition, because of the low storage elastic modulus, the

]

strong pressing is suppressed, and scratches are less likel

Lo

<0 be caused. Because of the density in the low range, the
polishing pad of the present inventicon is softer than
conventional polishing pads Zor a semiconductor device
Because of the high porosity (low density), scars due to
clogging are also less likely to be formed. Moreover, since
the polishing pad of the present invention is softer than

polishing pads having
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dry methods, the polishing pad is excellent also in pelishing
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undergoes less change in cell diameters in the depth direction
than the wet~molded polishing pads. Hence, the polishing pad

e

of the present invention can retain a constant polishing state
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for a long period. Therefore, although dry-molded, the
polishing pad of the present invention can be advantageously
used for both primary processing and finish procesgsing.

Brief Explanation of Drawings
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. 1 shows a cress—sectional view (left) of apolishing

pad showing an embodiment of the present invention and a
cross—sectional view (right) of a polishing pad (Comparative

Example 1) having a pollshing layer dry-molded by a

Fig. 2 is a diagram schema ally showing a time-free
induction decay signa curve obtained by measuring a
polyurethane resin by a pulsed nuclear magnetic resonance

method, and curves obtained by waveform separation of the curve
into an amorphous phase (L component), an interface phasse (
component), and a crystalline phase (5 component) based on the
difference in spin-spin relaxation time by using a
least-sguares method.
Description of Embodiments

Hereinafter, embodiments for carrying out the present
invention are described.
<<Polishing pad>>

The polyurethane-polyurea resin foam is characterized
in that

when a free induction decay signal (FID) of the
polyurethane-polyurea resin foam obtained by pulsed NMR is
subjected to waveform separation by seguentially subtracting
components in descending ordexr of spin-spin relaxation time
T2 based on a least~sguares method, and thus divided into three
components of L (amorphous phase), M (interface phase), and

§ (crystalline phase) in descending order of the spin-spin



relaxation time T2 (when it is difficult to separate the M
L

5 T

2

the M component and the 1L component
component), the M component has a spin-spin relaxation time

component and the L component from each other, the total of

is regarded as the M
(hereinafter,
of 160 to 260 ps,

sometimes referred to as T2y in some cases)

™

the polyurethane-polyurea resin
E

K

-
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@

storage
* being measured at 40°C with an initial load of 10 g, a strain
ange of 0.01 to 4%,

+
.

O
=

foam has
elastic modulus E of 1 to 30 MPa, the storage elastic modulus
10
=

[

ie mods, and

n

D

83

and a measuring frequency of 0.2 Hz in
polyurethane~polyurea

range from (.30 to 0.60 g/cw’.

esin f
The polyurethane-polyures resin foam means a

having at least two urethane bonds or more and at least two
urea bonds or more in its molecule.

The polyurethane~polyurea
resin £oam of the present invention can be manufactured from
an lsocyanate group-containing compound forxmed by xéactiﬁg a
polyisocyanat compound
20

with a polyol compound, a
polylsocyanate compound, a polyamine compound, and a mixture
liguid comprising water, a foam stabilizer, and a reaction
catalyst (hereinafter, abbreviated as an aqueous dispersion
in some cases).

In addition,
25 meaning an ordinary

the substantially spherical is

-

a concept
shape of cells (a shape which is isotropic,
and is spherical, elliptical, or close to any of these shapes)
present in a foam molded by a dry method (see Fig. 1).

These
cells are clearly distinguished from cells contained in a foam
molded by a wet method

{(which are anisotropic,
structure in which the diameter increases from a polishing

and have a

10
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layer surface of a polishing pad to a bottom portion thereof).
(Pulsed NMR)
The pulsed NMR measurement is conducted by using a pulsed

7

NMR measurement apparatus (IJNM-MU25 manufactured by JEOL Ltd.,
25 MHz) by the solid echc method with 90° pulse of 2.0 us,
repetition time: 4 s, number of scans: 8, and
temperature :40°C.

Since the solid echo method has already been well known,
details thereof are omitted. The solid echo method is mainly
used for measuring samples having short relaxation times, such
as glassy or crystalline polymers. In this method, apparent
removal of dead time 1s conducted. This method 1is a
90°%x~1~90°y pulse method in which two $0° pulses are applied
with a phase change of 90°. When a 90° pulse is applied in
the X-axis direction, a free induction decay (FID} signal is
observed after dead time. When a second 90° pulse is applied
in the y-axis direction at a time 1 where the FID signal has
not decayed, the directions of magnetization are made the same
at & time of t=271, and an echo appears. The obtained echo can
be approximated as an FID signal after a 20° pulse.

A method has been already well known in which the

4

elationship between physical properties, the rphase

separation structure, and the composition is analyzed based

on the analysis results of pulsed NMR. When the free induction

decay (FID) signal obtained by pulsed NMR is subjected to
waveform separation by sequentially subtracting components in
descending order of spin-spin relaxation time T2 based on a
least-sguares method, the free induction decay (FID)} signal
can be divided into three components. A compconent having
a long relaxation time i1s a component having a high mobility,

11



which is defined as an amorphous phase; a component having a
short relaxation time is a component having a low mobility,
which is defined as a crystal phase; and a component having

an intermediate relaxation time is defined as an interface

(Wit

phagse {(i1f it is difficult to separate the interface phase
compeonent and the amorphous phase component from each other,
these components are analyzed as an interface phase component)
By using a calculation formula based on a Gaussian function
and a Lorentzian function, the component amount of each
10 component can be determined (see, for exanmple,
"Characterization of Polyurethane Resin using Pulse NMR and
High Resclution Sclid-State NMR" (DIC Technical Review, N. 12,

pp. 7 to 12, 2006)).
The details of the pulsed NMR measurement are as follows.
15 First, & glass tube having a diameter of 1 cm filled with a
sample cut into pieces of about 1 to Z mm sguare to a height
of 1 to 2 cm is placed in a magnetic £ield, and the relaxation
behavicor of macroscopic magnetization is measured after a
high-frequency pulse magnetic field is applied. As a result,
90 a free induction decay (FID) signal can be cbtained as shown
in Fig. 2 (horizontal axis: time (us), vertical axis: free
induction decay signal). The initial value of the obtained
FID signal is proportional to the number of protons in the
measured sample. When three components exist in the measured
25 sample, the FID signal exists as the sum of response signals
of the three components. Meanwhile, the components contained
in the sample are different from each other in mobility, and
hence different from each other in decay rate of the response
signal and in spin-spin relaxation time T2. For this reason,

30 the FID signal can be divided by the least-squares method into

12
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three components, namely, an amorphous phase (L component),
an interface phase (M component), and a crystalline phase (S
component) in descending order of spin-spin relaxation time
T2 (see Fig. 2). The amorphous phase is a component having
high molecular mobility; the crystalline phase is a component
having low molecular mobility; and the intermediate component
ig the interface phase.

For the above-described pulsed NMR, the solid echomethod,
and the spin-spin relaxation time T2, reference can be made
to Japanese Patent Application Publication No. 2007-238783
(especially, Paragraphs { 00281 to [ 060331).

The "spin-spin relaxation time (T2)" is used as an index
of molecular mobility, and a larger numeric value indicates
a higher mobility. In general, a crystalline phase has a low
mobility, and hence a short TZ. In contrast, an amorphous
phase has a long T2. With increase in molecular weight of the
diol, the mobility increases, and the T2 value increases.

The reason why the spin-spin relaxation time T2 is
indicative of molecular mobility can be understood from the
relationship between the T2 and the correlation time tc of
molecular motion. The tc represents an average time at which
molecules in & mobility state collide with sach other, and it
is known that the value of the T2 decreases with the increase
in tcin an inversely proportional manner. This indicates that
the 72 is shortened with the decrease in molecular mobility.

A T"component amount {phase amount)™ is the percentage

% by mass) of each phase, and a urethane becomes harder as
the T2 of the amorphous phase decreases and as the ratio of
the amorphous phase decreases. In addition, as the interface

phase decreases, the phase separation between the crystalline

i3
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phase and the amorphous phase are more clear in the siructure,
and the elasticity characteristics are more resistant to
strain. In contrast, as the intexface phase increases, the
rhagse separation between the crystalline phase and the
amorphous phase is less clear in the structure, and delayed
elastic characteristics are exhibited.

(Spin-spin relaxation time TZy)

When a free induction decay signal (FID) of the
polyurethane-polyurea resin foam of the present invention
obtained by pulsed NMR is subjected to waveform separation by
seqguentially subtracting components in descending order of
spin-spin relaxetion time T2 based on a least-squares method,
and thus divided into three components of L (amorphous phase),
M (interface phase), and 8 (crystalline phase) in descending
order of the spin~spin relaxation time T2 (when it is difficult
to separate the M component and the L component from each other,
the total of the M component and the L component is regarded
as the M component), the M-component has a spin-spin relaxation

ime T2 (hereinafter, also referred to as TZy) of 160 to 260
us, preferably 160 to 250 ps, and more preferably 180 to 240
us. If the T2y is shorter than the above~described range, the

polishing uniformity deteriorates. On the other hand, if the

!
k\)

s longer than the above~described range, moderate dressing

s
properties cannot be obtained, and scratches tend to be formed
because of clogging of opening portions.

In the above, the expression "it is difficult to separate
the M component and the L component from each other" means a
case where the polvurethane-polyures resin foam cannot be
divided into three components in dividing the

polyurethane~polyurea resin foam in descending order of T2

14
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This is because the present invention relates to a soft urethane,
and hence the ratio of the amorphous phase is inherentliy high,
and the interface phase behaves in a similar manner to that
of =he amorphous phase. However, since the interface phase
is never absent, these components are treated not as an
amorphous phase but as an interface phase.
(Storage elastic modulus B )

In Description and Claims, the storage elastic modulus

E' is measured according to JIS K 7244-4 with an

oF

nitial load

I.l.

cf 10 g, a strain range of 0.01 to 4%, and a measuring freguency
of 0.2 Hz at 40°C.

The storage elastic modulus B of the
polyurethane-pclyurea resin foam measured at 40°C with an
initial load of 10 ¢, a strain range of 0.01 to 4%, and a

~ -

measuring freguency of 0.2 ¢

4

4

in a tensile mode is 1 to 30 MPa,

=3

preferably 1 to 25 MPa, and most preferably 1 to 20 MPa. If

the storage elastic modulus E 1is below the above~describe

[0

range, the pad itself tends to deform due tc offset lcad
temporarily applied during the polishing, which results in a
poor polishing uniformity. Meanwhile, if the storage slastic
modulus Ef 1s above the above-described range, scratches tend
to be formed, because of the lack of the elasticity.
(Density Dj

The density D of the polyurethane-polyurea resin foam

is 0.30 to 0.60 g/cm’, more preferably 0.35 to 0.55 g/cm’, and

th

urther more preferably 0.35 to 0.50 g/cm®. When the density
Diswithin the range, the possibility of the formation of scars
due to the clogging of the polishing laver surface with a
polishing agent or dust from a workpilece or the like is reduced.

In contrast, if the density D is lower than the lower limit

oy
ot
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value, the planarization performances deteriorate, because
the elasticity 1s excessively high, and hence the pad itself
greatly deforms upon contact with a workpiece. On the other
hand, if the density D is higher than the upper limit value,
scratches are formed because of the lack of elasticity.

Especially because all the T2 (T2y) of the M component,
the storage elasticmodulus ' , and the density D are restricted
to the above-described numeric value ranges, respectively, the
present invention makes it possible to obtain a polishing pad
excellent in all of the scratch reduction, the polishing rate,
and the polishing uniformity.
(Component amount (Cy) of M component)

in addition to the above, the component amount (Cy) of
the M component is preferably in a range from 55 to 80% (% by
mass) .

When the component amount of the M component is within
the above-described range, a moderate amount of regions (M
component) in which molecules are asscociated with each other
by moderate cohesive force are contained. Hence, moderate
dressing properties are created, so that scratches due to
clogging of opening portions are reduced, and simultaneously
the polishing uniformity is also retained. As the M component
decreases, the strain decreases, and the rubber elasticity
improves. However, in terms of the polishing characteristics,
it is difficult to obtain a sufficient polishing rate, because
the regponse of the stress against compression by polishing
pressuré is too high (too fast). On the other hand, if the
M component 1s too much, the polishing uniformity is poor,
because the response of the stress against the compression is

too low (too slow). In contrast, if the M component is within

16
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the abeve~described range, it is possible to perform polishing
excellent in both the polishing rate and the polishing
uniformity because of a moderate delayed elasticity.

(X value)

In addition to the above, i1f has been found as a result
of intensive studies that when an X value determined by X=T2y/D
is in a range from 350 to 8C0, the scratch reduction, the
polishing rate, and the polishing uniformity can be achieved,
while a certain polishing flatness is retained.

The X value 1s preferably in a range from 350 to 800,
and more preferabliy from 380 to 600.

Here, a polishing pad constituted of a
polyurethane-based resin having urea bonds moderately is
nighly likely to satisfy the above~described ¥ value, and
achieves excellent polishing characteristics. Hence, the X
value presumably means an index of moderate softening of the
polishing surface in a wet state because of urea bonds and the
like (since this range results in a urethane-urea resin
composition having urea bonds moderately, the resin

composgition is8 softened moderatel

in a wet state). Therefore,

e
[N

& localized lcoad becomes less likely to be applied to a
semiconductor wafer, and degirable operations and effects are
achieved.

(Average cell diameter d)

In Description and Claims, the average cell diameter is
an average value of equivalent circle diameters calculated
from the areas of cell portions and the number of the cell
portions obtained by binarization of a surface ilmage of the
polishing pad {(note that this average value is a numeric value

obtained in the case where the "cutoff value" for cutting noises
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is set to 10 um in the image processing).

The average cell diameter d (um) of the
polyurethane-polyurea resin foam of the polishing layer is
preferably 120 to 185 um, more preferably 120 to 170 um, and
further more preferably 140 to 170 um. If the average cell

diameter (pm) 1is higher than the upper limit value, the
polishing layer surface is sc rough that the polishing gquality
of aworkpiece deteriorates. If the average cell diameter (um)
is lower than the lower limit value, scratches tend to be formed,
because of clogging of the polishing layer surface or loss of
flexibility of the polishing layer surface.
(Type A hardness and type D hardness)

In Description and Claims, the type A hardness means a
value measured according to JIS K 7311.

Meanwhile, the Ttype D hardness means a value measured
according to JIS K 6253-2997/I30 7619.

In addition, the type A hardness of th

o

polyurethane-polyurea resin foam is preferably 20 to 53
degrees.

Meanwnile, the type D hardness of the
polyurethane-polyurea resin foam is preferably 5 to 35
degrees.

If the type A hardness and/or the type D hardness is/are
below the above-described range(s), the elasticity is
excessively high, and hence the pad itself greatly deforms upon
contact with a workpilece, resulting in & poor planarization
performance. Meanwhile, if the type A hardness and/or the type
D hardness exceed(s) the above-described range(s), scratches
are formed, because of the lack of elasticity.

The polishing pad of the present invention can be
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suitably used for polishing a semiconductor device, and
especially for chemical mechanical polishing (CMP) of a
semiconductcor device.
<<Method for manufacturing pclishing pad>>

Amethod for manufacturing a polishing pad for polishing
a semiconductor device of the present invention by which the
abeve-described polishing pad for pelishing a semiconductor
device of the present invention can be manufactured comprises:
a preparation step of preparing an isocyvanate group-containing
compound (A}, 2a polyisocyanate compound (B), & polyamine
compound (D}, an aqueous dispersion (a mixture liguid
comprising water, a foam stabilizer, and a reaction catalyst)
(BE), and a gas non-~reactive with all the components; a mixing
step of mixing at least the isocyanate group-containing
compound (A), the polylsccyanate compound (B), the polyamine
compound (D), the agueous dispersion (E}, and the gas
non-reactive with all the components with each cther to obtain
a mixture liquid for moliding a foam; & foam-molding step of
moliding a polyurethane-pcelyurea resin foam from the mixture
liguid for melding a feoam; and a polishing layer formation step
of forming a polishing layer having a polishing surface for
polishing a workpiece from the polyurethane-polyurea resin
foamn.

Hereinafter, the preparation step, the mixing step, the
foam-molding step, and the polishing layer formation step are
described separately.

<Preparation step>

[

For manufacturing the polishing pad of the present
invention, at least an isocyanate group-containing compound

(A), a2 polyisocyanate compound (B}, a polyamine compound (D),

19



~
[

10

20

30

an aqueous dispersion (E), and a gas non~reactive with all of
these components are used as raw materials of the
pclyurethane~polyurea xesin foam. Moreover, a polyol
compound may be used with the above-described components.
In addition, as long as the effects of the present

invention are not impaired, components other than thos

o

described above may be used in combination.

Hereinafter, each of the components is described.
[ (A) Isocyanate group-containing compound]

The isocyanate group-containing compound, which is a
prepolymer, is obtained Dby reacting the following
polyisocyanate compound and polyol compound under ordinary
conditions. In addition, other components may be contained

in the isocyanate group-containing compound, as long as the

E,_I -

nvant

E/—ir

effects of the present on are not impaired.

As the 1socyanate group-containing compound, a
commercially available compound may be used, or a compound
synthesized by reacting a polyisccyanate compound wizh a

yvol compound may ke used. The reaction is not particularl

ford

jo1e}
limited, and it is only necessary to carry out an addition
polymerization reaction by employing a known method and
conditions for manufacturing a polyurethane resin. For
example, the 1socyanate group-containing compound can be
manufactured by a method in which a polyisocyanate compound
heated to 50°C is added to a polyol compound heated to 40°C
with stirring in a nitrogen atmosphere, the temperature is
raised to 80°C in 30 minutes, and the reaction is allowed to
further proceed at 80°C for 60 minutes.

In addition, when the polyisocyanate compound is added

in excess of the polyol compound for manufacturing the
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isocyanate group-containing compound (A), the polyisocyanate
compound remains in the reaction solution even after the
formation of the isocyanate group-containing compound. Hence,
the reaction solution can also be used in the subsequent mixing
step, without additionally preparing the polylsocyanate
compound in the preparation step.

[ (B) Polyisocyanate compound]

In Pescription and Claims, the polyisocyanate compound
means a compound having two or more isocvanate groups in its
molecule.

The polyisocyanate compound is not particulariy limited,
as long as it has two or more isocyanate groups in its molecule.
Examples of diisocyanate compounds having two isocyanate
groups in 1ts molecule include m-phenylene diisocyanate,
p-phenylene diisocyanate, 2,6~tolylene diisocyanate
(2,6-TDI), 2,4-tolvlens diisocyanate (z,4-TDIy,
napnhthalene-1,4-diisocyanate,
diphenylmethane-4,4’ ~diisocyanate {(MDT},

4,4 -methylene-bis (cyclohexyl isocyvanate) (hydrogenated MDI),

£

, 3 ~dimethoxy-4, 4’ ~biphenyl diisocyanate,

(&%)

;3 ~dimethyldiphenylimethane~4, 4" -diisocyanate,

xylylene-1,4~-diisocyanate, 4,4 ~diphenvipropane
diisocyanate, trimethylene diisocyanate, hexamethyvlene
ilsocyanate, propylene-~1,2-diisocyanate,

butylene-1l,2-diisocyanate, cyclchexylene-1l,2-diisocyanate,
cyclohexylene-1,4-diisocyanate, p-phenylene
diisothiocyanate, xylylene-1,4-diisothiocyanate, ethylidyne
diiscthiocyvanate, and the like.

The polvisocyanate compound is preferably &

diisocyanate compound, and, among diisocyanate compounds,
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2,4-TDI and MDI are more preferabls, and 2,4-TDI 1is
particularly preferable.

Cne of these polyisocyanate compounds may be used alone,
or multiple polylisocyanate compounds may be used in
combination.

[ {C) Polyol compound]

In Description and Claims, the polyol compound means a
compound having two or more alcoholic hydroxyl groups (OH) in
its molecule.

({C-1) Polyol compound for prepolymer synthesis)

The polycl compound used for synthesizing the isocyanate
gyoup~cpntaining compqund, which is a prepolymer, includes
diol compounds, triol compounds, and the like such as ethylene
glycol and butylene glycol; polyether polycl compounds such
as poly(tetramethylene glycol) (PTMG); polyester polyol
compounds such as a reaction product of ethylene glycol with
adipic acid and a reaction product of butylene glycol with
adipic acid; polycarbonate polyol compounds; polycaprolacteone
polyol compounds; and the like. Of these compounds, PTMG is
preferable, and PTMG having a number average molecular weight
(Mn) of approximately 500 to 3000 is further more preferable,
and PIMG having a number average molecular weight (Mn) of
approximately 1000 is most preferable.

One ¢f the above-described polyol compounds may be used
alone, or multiple polyol compounds may be used in combination.

Inaddition, the NCO equivalent weight of the prepolymer,
which can be determined by "(the mass {(parts) of the

o

polyisocyanate compound+the mass (parts) £ the polyol

”

compound (C~1}) /i {(the number of functional groups per mclecule

of the polyisocyanate compoundxthe mass (parts) of the
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polyisocyanate compound/the molecular weight of the
polyisocyanate compound) -~ (the number of functional groups per
molecule of the polycl compound (C~1)xthe mass (parts) of the
polyol compound (C~1}/the molecular weight of the polyol
compound ({(C-1)}]," 1s a numeric wvalue representing the
molecular weight of the PP (prepolymer) per NCO group. The
NCO equivalent weight is preferably 400 to 650.

({C~2)} Polyol compound which may be used after prepolymer
synthesis)

Inadditlon, in the present invention, besides the polyol
compound used for forming the isocyanate group-containing
compound, which is the prepolymer, a polyol compound can also
be added intc a mixer and mixed with the isocyanate
group-containing compound, the polyisocyvanate compound, the
polyamine compound, and the like. The polyol compound may be
prepared by itsels, or prepared as a mixture liquid with the
polyamine compound, or added during the preparation of the
agueous dispersion. The polyol compoundacts as a curing agent
for curing the prepolymer. The polyol compound is
incorporated by a competitive reaction with the polyamine
compound. Thus, the polyol compound inhibits uneven chain
elongation reaction of the polyamine compound among the blocks
and makes it easier to carry out the polymerization with less
uneven degrees of polymerization.

As the polyol compound, compounds such as diol compounds
and triol compounds can pbe used without any particularly
limitation. In addition, the polyol compound may be the same
as or different from the polyol compound used for forming the
prepolymer..

Specific examples thereof inciude low-molecular weight
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polydiols such as ethylene glycol, diethylene glycol,
triethylene glycol, 1,2-propanediol, 1, 3-propanediocl,

1,3~butanediol, 1,4-butanediol, negpentyl glycol,

- pentanediol, 3-methyl-1,5-pentanediol, and 1,é-hexanediocl;

high molecular weight polyol compounds such as
poly{tetramethylene glycol), ©polyethylene glycol, and
poly(propylene glycol); and the like. Of these polyols,
two~functional or three-functional poly(propylene glycol)
{PPG) {(here, three-functional poly(propylene glycol) means
poly(propylene glycel) having a branch obtained by using, as

a polymerization initiator, glycerin having multiple

et

functiona groups) and poly(tetramethylene glycol) are
preferable from the viewpoints of the compatibility with the
other components in the mixing step and the uniformity of the
obtained cells. Poly({propylene glycol) and/oxr
poly (tetramethylene glycol} having a number average molecular
weight (Mn) of approximately 500 to 5000 are/is more preferable,
poly(propylene glycol) having an Mn of approximately 2000 to
4000 and/or poly(tetramethylene glycel) having an Mn of
approximately 500 to 1500 are/is further preferable, and
poly (propylene glycol) having a Mn of approximately 3000
and/or poly(tetramethylene glycol) having an Mn of
approximately 1000 are/is most preferable. In addition, the
poly (propylene glycel) 1s preferably three-functicnal
poiy(propylenelglycoi}.

One of the polyol compounds (C-2) may be used alone, or
multiple polyol compounds (C-2) may be used in combination.

When the polyol compound (C-2) is used, the polyol
compound (C-2) is preferably prepared, with the equivalence

ratic {hereinafter, referred to also as an s value) of the amino
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groups oI the polyamine compound to the sum of the chemical
equivalents of the amino groups of the polyamine compound
described later and the hydroxyl groups of the polycl compound
prepared separately from the isocyanate group-containing
compound (the chemical equivalent of active hydrogen groups)
being 0.70 to 0.87 (the amino groups/ (the amino groups+ the
hydroxyl groups)).

One of the polycl compounds may be used alone, ormultiple
polyol compounds may be used in combination.
[ (D) Polyamine compound]

In Description and Claims, the polyamine compound means

& compound having two or more amino groups in its molecu

found

e,

The polyamine compound acts as a chain extendey. Part
of the polyvamine compound reacts with the polyisocyanate
compound to form hard segments, and other part of the polyamine
conmpound is bonded to terminals of main chains of the isocyanate
group~containing compound (soft segment portions), so that the
polymer chains can be further extended. Thus, &
polyurethane~-polyurea resin having a block copolymer of hard
segments and soft segments is formed.

As the polyamine compound, an aliphatic or aromatic

polyamine compound, and especially a diamine compound can be

used. BExamples of the polyamine compound include
ethylenediamine, propylenediamine, hexamethylenediamine,
isophoronediamine, dicyclohexylmethane—~4, 4" -diamine,

o~

3,3 -dichloro-4, 4" ~diaminodiphenylmethane

(methylenebis (o-chloroaniline)) (hereinafter, abbreviatedas
MOCR), polyvamine compounds having structures similar to that
of MOCA, and the like. In addition, the polyamine compound

may have a hydroxyl group, and examples of such an amine-based
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compound include Zz-hydroxyethylethylenediamine,
2-hydroxvethylpropylenediamine,
di-Z2-hydroxyethylethvlienedianine,
di-z-hydroxyethylpropylenedianmine,
2-hydroxypropylethylenediamine,
di-2~-hydroxypropylethylenedianine, and the like.

The polyamine compound is preferably a diamine compound,
more preferably MCOCA, diaminodiphenylmethane, or
diaminodiphenyl sulfone, and particularly preferably MOCA.

Here, solid MOCA and crude MOCA are known as the MOCA.
The solid MOCR means pure MOCA, which is solid at room
remperature. The crude MOCA is a mixture of monomer of MOCA
and multimers of MOCA, and a crude MOCA in which the ratioc of

1

the multimers is 15% by mass or higher i1s preferably used. The

and further more preferably 20 to 40% by mass. Examples of
the multimers include dimer, trimer, and tetramer ¢f MCOCA, and
the like. The crude MOCA makes 1t easier to controel the
reaction rate, and conseguently makes it easier to obtain
physical properties (for example, density, hardness, and the
iike) uniform all over the focam.

"Solid MOCA"™ and "crude MOCA" used in Description and
Claims mean the above-described solid MOCA and the
above-described crude MOCA, respectively.

One of the polyamine compounds may be used alone, or
multiple polyvamine compounds may be used in combination. In
addition, since the solid MOCA and the crude MCOCA are solid
at normal temperature, the solid MOCA and the crude MOCA have

to be used in a molten state in the mixing step by heating at

about 120°C. In this respect, when the polyol compound (C-2)
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is used, it is preferablie to use the MOCA, particularly the
crude MOCA, dissolved in the polyol compound (C-2) in advance,
because the MOCE can be used in the mixing step without heating
to the meiting temperature, and uneven polymerization due to
the increase in reactivity by the heating can be suppressed.
When the MOCA is used by being dissolved as described above,
the mass ratio of the MOCA to the polyol compound (C-2) is
preferably 3:1 to 1:3, more preferably 2:1 to 1:2, and
particularly preferably 1:1.

Moreover, the polyol compound (C-2} in which the MOCA is
dissolved is preferably poly{tetramethylene glycol), more
preferably poly(tetramethylene glycol) having a number
average molecular welght {(Mn) of approximately 500 to 5000

further preferably poly(tetramethylene glycol) having an Mn
of approximately 500 to 1500, and most preferably

poly{tetramethylene glycol) having an Mn of approximately

Lrg

1000.

In order to facilitate the mixing of the polyamine
compound with the other components and/or improve the
uniformity of the cell diameters in the subseqguent
foarn-molding step, the polyamine compound is preferably
degassed under reduced pressure, if necessary, in a heated
state. As the degassing method under reduced pressure, &
method known for manufacturing a polyurethane-polyurea may be
used. For example, the polyamine compound can be degassed by
using a vacuum pump at a degree of vacuum of 0.1 MPa or le

When a solid compound is used as the chain extender, the
compound can be degassed under reduced pressure, while being
melt by heating.

On the other hand, when a polyamine compound which is
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liquid at room temperature is used, the polyamine compound may
be degassed under reduced pressure without heating.

In the method for manufacturing a polishing pad of the
present invention, the content ratio (molar ratioc or
equlvalence ratio) of the polyamine compound to the polyol
compound used for forming the prepolymer and/or all the polyol
compounds 1s extremely smaller than the content ratios
employved in conventional manufacturing of polishing pads.

Specifically, when the solid MOCA is used as the
polvamine compound, the solid MOCA is preferably used in an

amount of 150 to 205 parts by mass relative to 1000 parts

o
>

mass which is the total of the polyisocyanate compound and the
polyol compound (C-1}). When a liguid MOCA (details thereof
are described later) 1s used as the polyamine compound, the
liguid MOCA is preferably used in an amount of 200 to 400 parts
by mass relative to 1000 parts by mass which is the total of
the polvisocyanate compound and the polycl compound (C~1).
[ (E) Agueous dispersion]

in Description and Claims, the agueous dispersion means
a mixture liquid comprising water, a foam stabilizer, and a
reaction catalyst.

The acgueocus dispersion contributes as a blowing agent
and a catalyst for addition polymerization and to foam
stabilization associated with foam diameters and foam
uniformity. For example, the agqueous dispersion can be
prepared by stirring and mixing water, a reaction catalyst,
a surfactant, and the like by using an ordinary stirrer. OF

course, the agqueous dispersion is not limited to only those

Q

onsisting of the combination of these three components

Water contained in the aqueous dispersion is preferably
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distilledwater fromthe viewpoint of preventing contamination
with impurities. The water is used at a ratio of preferably
0.1 to b parts by mass, more preferably 0.5 to 5 parts by mass,
and further more preferably 1 to 3 parts by mass, relative to
1000 parts by mass of the prepolymer.

As the reaction catalyst (hereinafter, sometimes simply
referred to alsoc as a catalyst) contained in the aqueous
dispersion, a known reactibn catalyst can be used. Examples
of the catalyst include anine catalysts such as tertiary amines
alcohol-amines, and ether-amines (for example, TOYQCAT~ET);
acetates (of potassium or calcium), organometallic catalysts,
and the like. Note that, in Exanmnples,
bis (2-dimethylaminoethyl) ether (TOYOCAT-ET manufactured by
Tosoh Corporation) was used as the catalyst. However, the
effects of the present invention are not limited to cases where

this catalyst is used. The amcunt of the catalyst is not

Ll

particularly limited, and is used at a ratio of preferably 0.

1
to 5 parts by mass, and more preferably 0.5 to 3 parts by mass,
relative to 1000 parts by mass of the prepcolymer.

As the surfactant serving as a foam stabilizer and
contained in the aqueous dispersion, a known surfactant can

be used. Examples of the surfactant includ

{

pelvecher-modified silicones and the like. Note that, in

which is one of the silicone-based surfactants, was used.
However, the effects ¢f the present invention are not limited
to cases where this surfactant is used. The amcunt of the
surfactant is not particularly limited, and is preferably 0.1
to 10 parts by mass, and more preferably 0.5 to 5 parts by mass,

relative to 1000 parts by mass of the prepcolvmer.
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Moreover, in addition to the above-described components,
known flame retardant, coloring agent, plasticizer, and the
like wmay be contained in the aqueous dispersion, as long as
the effects of the present invention are not impaired.
<Mixing step>

In the mixing step, the isocvanate group-containing
compound (prepolymer) (A), the polyisocyanate compound (B},
the polyamine compound (D}, and the agueous dispersion (E)
obtained in the preparation step and the prepclymer formation
step are supplied to a nixer. Here, the gas non-reactive with
all the components is introduced into the components. The
supplied non-reactive g¢as 1is stirred and mixed with the
above-described components in the mixer, so that.a mixture
liguid for molding a foam in which bubbkles are formed is
prepared. The mixing step is conducted with heating to a
temperature at which the above-described components can retain
their flowability.

For example, solid MOCA (120°C) or MOCA (80°C) dissolved

coF
H
s

in the polyel compound (C-2) and a dispersion containing the
catalyst, and the like may be added to a prepolymer (isocyanate)
solution heated to 30°C to 100°C in a mixer equipped with a
Jacket capable of temperature adjustment, and the mixture
liguid may be stirred at 80°C. If nscessary, the mixture
liguid may be transferred to a tank eguipped with an agitator
and a jacket, and aged. The stirring time is adjusted, as
appropriate, depending on the number of the blades, the number
of revolutions, the clearance, and the like of the mixer, and
is, for example, 0.5 to 600 é@COHdS,

As the gas, any gas non-reactive with all the

above-described components can be used without limitation.
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For example, air, nitrogen, oxygen, carbon dioxide, helium,
argon, and the like can be used.

Regarding the amount of the gas supplied, the supply rate
and the supply time are adjusted, so that the amount of the
gas supplied can be in a range of preferably 0.10 to 4.00 L,
and more preferably 0.17 to 3.33 1L per kilogram of the total
amount ©of the above-described components.
<Foam-molding step>

In the foam~molding step, a polyurethane-polyurea resin

.

foam is molded by pouring the mixture liquid for molding a foam

5

prepared in the mixing step into a mold heated at 50 to 100°C
to thereby foam and cure the mixture liguid. Here, the
prepolymer, the polyisocyanate compound, and the polyamine
compound (and the polyol compound) react with each other to
form the pcolyurethane-polyurea resin, and thus the mixture

liguid 4is cured. Here, water contained in the aqueous

=N

dispersion reacts with isccyanate groups in the prepolymer to
generate carbon dioxide. The generated caxrbon dioxide and the
intreoduced gas remain in the polyurethane-polyurea resin, so
that a polyurethane-~polyurea resin foam as shown in Fig. 1
having many substantially spherical and fine cells is formed.

Note  that, in  Fig. 1, the photcographs of a
cross-sectional view (left) of a polishing pad showing an
embodiment of the present invention and a cross-sectional view
{(right) of & polishing pad (Comparative Example 1) having a
polishing layer dry-molded by a conventional technique were
taken at the same magnification (x100), and the white bar in
the right photcgraph represents a length of 100 um.

<Polishing layer formation step>

The polyurethane-polyurea resin foam obtained in the
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foam-molding step is sliced into a sheet shape. Thus, a
polyurethane-polyurea sheet is formed. By this slicing,
openings are formed on the sheet surface. Here, to form
openings excellent 1in wear resistance and resistant to
clogging on the polishing layer surface, it is preferable to

conduct aging at 30 to 80°C for about 1 hour to 2 weeks. The
p

aging makes 1t easier to obtain esired elasticity
characteristics. Her the average cell diameter in the foam
is preferably set within the above-described range, i.e., 120

185 um, and preferably 120 zo 170 pm, and further preferablv
140 to 17C pum. The average cell diameter can be adjustedwithin
the above-described range by controlling the temperature
{viscosity) of the prepolymer, the number of revolutions of
the stirring, the air fiow the type and the concentration
of the foam stabilizer, and the mold temperature.

Then, after a double-sided tape is attached onto a
surface of the thus obtained polishing layer having a
polyurethane-polyurea sheet, the surface being opposite from
the polishing surface of the polishing layer, the polishing
layer is cut into a given shape, preferakly a disk shape, and
completed as & polishing pad ¢f the present invention. The
double~sided tape is not particularly limited, and any
double~sided tape selected from double-sided tapes known in
this technical field can be used.

In addition, the polishing pad of the present invention
may have a single—layer structure consisting only of the
polishing layer, or may be composed of multiple layers by
laminating another layer (underlining layer, supporting
layer) on the surface of the polishing layer opposite from the

polishing surface. The characteristics of said another layer
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are not particularly limited, and it is preferable to laminate
a layer harder (having a higher type A hardness and/or a higher
type D hardnessg) than the poelishing layer on the surface
opposite from the polishing layer. By providing the laver
harder than the polishing layer, the influence of fine asperity
on the polishing platen on the shape of the pclishing surface
can be avoided, so that the polishing flatness is further
improved. Moreover, the rigidity of the polishing cloth is
generally increased, so that the formaticon of winkles and the
like can be prevented at the time of attachment of the polishing

cloth onto the platen.

-

When the polishing pad of the present invention has a

multi~layer structure, the muitiple layers may be adhered and
fixed to each other by using a double-sided tape or an adhesive

agent, 1f necessary, under pressure. The double-sided tap

o

or the adhesive agent used here is not particularly limited,
and any double-sided tape or adhesive agent selected from those
known in this technical field can be used.

Moreover, if necessary, the polishing pad of the present
invention may be subjected to a grinding treatment on the front
surface and/or the back surface of the polishing layer, or
grooving or embossing on the front surface. Moreover, a
substrate and/or an adhesive layer may be laminated on the
polishing layer, and the polishing laver may include a
light-transmission portion.

The grinding method is not particularly limited, and the

grinding can be conducted by a known method. Specifically

~

the grinding may be conducted by using sandpaper.
The pattern achieved by the grooving or embossing is not

particularly limited, and examples of the pattern include a
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latcice pattern, a concentric-circular pattern, a radial
pattern, and the liike.

When the pelishing pad of the present invention is used,
the polishing pad is attached to a polishing platen of a
polishing machine, with the polishing surface of the polishing
layer facing a workpiece. Then, while a polishingagent slurry
is supplied, the polishing platen is rotated. Thus, the work
surface of the workpiece is polished.

The workplece to be processed by the polishing pad of
the present invention may be a glass substrate for a hard disk,
mother glass for a thin display, a semiconductor wafer, a
semiconductor device, or the like. Especially, the polishing
pad of the present invention is suitably used for processing
a semiconductor device.
<<Operations and Effects>>

The CMP polishing pad of the present invention comprises

a polishing layer containing a polyurethane-polyurea resin

When a Zfree induction decay signal (¥ID) of the
polyurethane-polyurea resin foam obtained by pulsed NMR is
subjected to waveform separation by sequentially subtracting
components in descending order of pulse-pulse relaxation time
T2 based on a least-squares method, and thus divided into three
cempenents of L (amorphous phase), M (interface phase), and
5 {crystalline phase) in descending order of pulse-pulse
relaxation time T2 (when it is difficult to separate the M
component and the L component from each other, the total of
the M component and the L component is regarded as the M
component) , the M-component has a spin-spin relaxation time

T2 (hereinafter, referred to as T2y in some cases) of 160 to
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260 us;

the polyurethane-polyurea resin foam has a storage
elastic modulus B of 1 to 30 MPa, the storage elastic modulus
E’ being measured at 40°C with an initial load of 10 g, a strain
range of 0.01 to 4%, and a measuring frequency of 0.2 Hz in
a tensile mode; and

the density D of the pclyurethane-polyurea resin foam
i5 set within the range from 0.30 to 0.60 g/cm®.

Since the polishing layer made of a
polyurethane-polyurea resin satisfying the above described
ranges has a T2y within the predetermined range, the polishing
layer has moderate dressing properties, can reduce the
formation of scratches due to clogging of openings, and
aimultaneously can secure necessary flatness. Since the
polishing layer has a lower storage elastic modulus and a lower
density than hard polyurethane polishing layvers molded by
conventional dry metheds, the obtained polishing pad has a
lower hardness than conventional ones. Hence, the strong
pressing cof the polishing layer to a workpiece is suppressed,
and scratches are less likely to be formed on & surface of a
workpiece.

On the other hand, in the polishing pad of the present
invention, opanings having the shapes obtained by slicing the
substantially spherical cells are provided, and the polishing
pad of the present invention has an isotropic cell structure

uniform in the thickness direction and the plane directio

=}
o]
3}

the polishing layer. Hence, the polishing pad of the present
invention has a different pore (opening) shape on the polishing
layer surface from that of a polishing pad (abbreviated as a

soft (wet) polishing pad) molded by a conventional wet method
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and having an anisotropic foam structure having relatively
largeopeningportionsofkasuedetype. A soft {(wet) polishing
pad has a structure in which the cell diameter gradually
increases from the polishing surface to the bottom portion.
Hence, the soft (wet) polishing pad has a problem that, as the
polishing pad wears with polishing, the cell diameter (the
diameters of the openings) on the surface increases, and the
surface becomes rough, so that the polishing q"aiiﬁy
detericorates. 1In addition, since the cells become larger to
the bottom portion in this structure, the soft {wet) polishing
pad has a problem that the surface is worn by tearing off due
to the polishing resistance. In contrast, since the polishing
pad of this invention is molded by & dry method, the cells are
isotrepic. Hence, the polishing pad of this invention
chieves an effect of reducing =the occurrence of the
above-described problems cbserved in the wet polishing pad.
As described above, since the polishing pad of the
present invention has moderate dressing properties, the

openings are resistant to clogging. Since the polishing pad

of the present invention is softer and has lower dan

)]

Qe

ity thar
conventional hard (dry) polishing pads, the formation of
scratches can be reduced. Since the polishing pad of the
present invention is alsoc excellent in polishing rate and

shing uniformity, the polishing pad can be used not only

o

pol
for primary processing, but also for finish processing.
Moreover, when the X value is limited to the certain rance,
urea bonds are moderately introduced into the molecule, and
hence the pelishing surface becomes moderately softened in a
wet state. Therefore, formation of scratches is reduced. On

the other hand, since the inside of the

§e]

olyurethane resin foam
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not in a wet state retains the hardness, a polishing flatness
is secured,
[ Examples]

Hereinafter, the present invention will be described in
further detail based on examples. However, the present
invention is not limited to these examples.

In each of Exampels and Comparative Example, as well as
Takles 1 to 4, "parts® means "parts by mass,” unless ctherwise
noted.

In addition, the abbreviations in Tables 1 to 4. have the
following meanings.
+2,4-TDI: 2,4-tolylene diisocyanate
-Hydrogenated MDI: 4,4’ -methylene-bis (cyclohexvl isocyanate)
-PTMG 1000: poly(tetramethylene glycol) having a number
average molecular weight of approximately 1000
-DEG: diethylene glycol
MOCA: 3,3’wdichloro~4,4’~diaminodiphenylméthane
-Three-functional PPG 3000: three-functional poly(propylene
giycol) having a number average molecular weight of 3000

In addition, the NCO equivalent weight of a PP
{prepolymer) 1is a numeric value representing the molecular
weight of the PP per NCO group, and is determined by " (the mass
(parts) of the polyisocyanate compound+the mass (parts) of the
polyol compound (C~1)) /[ (the number of functional groups per
molecule of the polyisoc&anate compoundxthe mass {(parts) of
the polyisocyanate compound/the molecular weight of the
polyisocyanate compound) ~{the number of functional groups per
molecule of the pelyol compound (C-1) xthe mass (parts) of the
polyol compound (C-1)/the molecular weight o

the polyol

iy

v

compound (C-1j)1 ."
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The s value 1is, as described above, a numeric value
representing the equivalence ratio (amino groups/(amino
groups+hydroxyl groups)) of the amino groups of the polyamine
compound (D) to the sum {the chemical eguivalent cof active
hydrogen groups) of the chemical eguivalents of the amino
groups of the polyamine compound (D) and the hydroxyl groups
of the polyol compound (C-2) prepared separately from the

isccyanate group-containing compound (A} .

=

.

Note that the crude MOCA vsed in the following Examples
and Comparative Examples was a liquid mixture (hereinafter,
referred to as a liguid MOCA}) of PTMG 1000 and a crude MOCA
{multimer content: 40% by mass) at & mass ratic of 1:1.
{Comparative Example 1)

In Comparative Example 1, a conventionally known hard
(dry) polishing pad was manufactured. As a first component,
which was & prepolymer, an isocyanate group~containing
urethane prepolymer having an isocyanate content of 2.0% and
an NCO equivalent welght of 466 was used. This prepolymer was
obtained by reacting 316 parts of 2,4-TDI, 88 parts of
hydrogenated MDI, and 53% parts of the PTMG having a nunmber

average molecular welight of approximately 1000, then adding

57 partg of diethylene glycol thereto, and allowing the

3

reacticn to further proceed. This prepolymer was heated to
55°C, and degassed under reduced pressure. As a second
component, which was a chailn extender, a s0lid MOCA was melted
at 120°C, and degassed under reduced pressure. As a third
component, a blowing agent (Expancel 551 DE) was mixed wizh
the first component at 2% by weight, and the first component
and the second component were supplied to a mixer at a weight

ratio of 1000 parts:256 parts.
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The obtained misture liguid was poured into a 890x890-mm
mold heated to 50°C, and cured by heating at 100°C for 5 hours,
Then, the formed polyurethane resin foam was taken out of the
nold. Moreover, this foam was sliced into sheets having a
thickness of 1.25 mm. Thus, urethane shests were fabricated,
and polishing pads were cbtalned.
<Examples 1 to 4 and Comparative Examples 2 to 5>

Next, various polishing pads having different densities
were manufactured by using solid MOCA and changing the ratio
of components as shown in Table 1.

(Example 1;

InExample 1, as a £irst component, which was a prepolynmer,
an isocyanate group-containing urethane prepolymer having an
isocyanate content of 7.8% and an NCO equivalent weight of 540
was used. The prepolymer was obtained by reacting 2,4~-TDI (286
parts) and the PTMG (714 parts) having a number average
molecular weight of approximately 1000. This prepolymer was
heated to 55°C, and degassed under reduced pressure. As a
second component, which was a chain extender, sclid MOCH was
used. The solid MOCA was melt at 120°C, and degassed under
reduced pressure. A third component, an agueous dispersion,
was obtained by mixing the three-functional PPG (42 parts)

000, water (3

(o8

having a number average moclecular weight of
parts), a catalyst (TOYOCAT-ET manufactured by Tosoh
Corporation) (1 part), a silicone-based surfactant (SH-193
manufactured by Dow Corning Corporation) (1 part) with each
other at 35°C for 1 hour with stirring. Then, the agueous
dispersion was degassed under reduced pressure. The first
component, thé second component, and the third component were

supplied to amixer at a welght ratio of 1000 parts: 168 parts:47
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parts and at a flow rate of 80 kg/min. Here, alr was supplied
at a flow rate of 18.2 L/min through nozzles provided to a
stirring rotor of the mixer (specifically, 18.2 L of air was
suppliedper 80 kg of the total of the first to third components) .
The obtained mixture liguid was poured into a mold (8390x890
mm) , and cured at 100°C for 5 hours. Then, the formed
polyurethane resin foam was taken out of the mold. This foam
was sliced intc sheets having a thickness of 1.35 mm. Thus,
uraethane sheets were fabricated, and polishing vads were
obtained.
{(Examples 2 to 4 and Comparative Examples 2 toc 5)

Polishing pads having thicknesses of 1.32 to 1.35 mm were
obtained by the same method as in Example 1, except that the
ratio of components supplied into the mixer was changed as shown

in Table 1.

40



Table 1

<<Compositién>> Comp. Ex. 1 | Comp. Ex. & Ex. 1 Ex. 2 Ex. 3 Ex. 4 Comp. Ex. 3 | Comp. Ex. 4 { Comp. Ex. 5
NCO equivalent weight of PE 466.0 549.0 549.0 540,0 540.0 540.0 540.0 520.0 | 5300 |
repolymer 2,4-TDT {parts) 318 286 286 28% 286 286 286 28¢ 286
(18t component) Hydrogenated MDI (patts) BE | e o
PTMG 1000 {pacts) 538 714 714 714 734 714 714 714 714
DEG {paxts) . . .. — CAd
Chain extender {(2nd | Liquid MOCA (parts)
Gomponent} Selid MOCA (parts) - 256 § 166 | 168 186 190 204 298 212 215
Aqueous dispersion | Three-functional PPG 300C 38 42 43 43 44 45 45 45
{3rd componant) | (parts) —
Water {parts} 3 2 2 1 1 0 3]
TOYOCAT~ER (paxts) Vb 1 ) 1 1 1 1 1.
Silicone-based surfactant 1 1 1 1 1 1 1
SH-133 {parts) » N
Aty loading ratg {L/min,} 18.2 18.2 8.2 18.2 18.2 ig.2 16,2
<<pnysical T2y {8} 126,90 181.0 j 123.¢ . 185.¢ 135.0 185.9 196.0 188.0
properties»> | W .o {MPa)} {40°C) 299 £ 50 .3 11 20 | 31 48
Eensity D {g/cn’) 0.80 9.22 0,23 0.38 0.40 .50 LE1 .68
Cy {%& by mass} 45.0. 62.0 62.0 3.0 63.0 £3.0 63.0 | 64.0
X value (»%2,/D) N 156 868 585 513 488 390 321 291
$ value ol 1,00 .. 0.37 9.97 0.97 | 0.97 9.97 c.97 | 9.97
Type B hardness (°) .80 16 31 42 48 35 73 82
Type D hardness ("} 37| 3 13 25 32 34 5¢ 58
Average cell diameter 4 38 180 162 i48 143 123 119 97
{pzm} .
Number of cells Jom? B 483 ) 290 31 35 33 41 49 69 73
‘Thickness (mm) 1.28 1 1.34 1.35 1.2 1.34 1.32 1.34 1.35 _1.34
<<polishing test>> Polishing rate (nm/min) 22%.% 162.8 (Pooz) 231.2 229.4 232 228.2 220.8 220.2 231.8
e {Good) {Good) {Good) | (Good) {Good) {Good) (Good) (Good)
) X . . 6.8 4.8 4.8 5.3 117
folishing uniformity {CVY) iﬁi? (Fonr) 9.0 (ﬁﬁor) (Good) (Good) 1Good) (Good) 8.6 {Poor) 1.6 iPoor) (Poor)
Pregence or absence of | Present {2} Ahsent (] Abi;nt Abifnt Anfent Absent Absent (0} Frasent (3} Prgsent
scratches (in 3 substrates) {Pooxr} {Good} {Giod) {ngd} (Gﬁ?d; {ngd) {Good} {PCor} {3} (Poor)

*In Cemparative Example 1, 2% by weight of Expancel 551 DE was added as & blowing agent.
*Liquid MOCA means a liquid mixture of PTMG and crude MOCA (multimer content: 403 by mass) at a mass ratio of 1:1.
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<Examples 5 to 9 and Comparative Examples 6 to &>

Next, wvarious polishing layers having different
densities were manufactured by using a liguid MOCA, and by
changing the ratio of components as shown in Table 2.
(Example 5)

InExample 5, as a first component, which was a prepolymer,
an isocyanate group-containing urethane prepolymer having an
isocyanate content c¢f 7.8% and an NCO equivalent weight of 540
was used. The prepolymer was obtained by reacting 2,4-TDI (286

parts) and the PIMG (714 parts) having a number average

2
O
E_..J
@

cular weight of approximately 1000. This prepolymer was
C, and degassed under reduced pressure. AS a
second component, which was a chain extender, the liquid MOCA

parts) was degassed under reduced pressure. A third

P
a%3
9%
I

component, an aqueous dispersion, was obtained by mixing the
three-functional PPG (41 parts) having a number average
molecular weight of 3000, water (3 parts), a catalyst
(TOYOCAT-ET manufactured by Tosoh Corporation) (1 part), and
a silicone-based surfactant (SH-193 manufactured by Dow
Corning Coxporation) (4 parts) with each other with stirring.
Then, the aquecus dispersion was degassed under reduced
pressure. The first component, the second component, and the
third component were supplied to a mixer at a weight ratic of
1000 parts:234 parts:49 parts and at a flow rate of 80 kg/min.
Here, air was supplied into the mixer at a flow rate of 19.1
L/min through nozzles provided to a stirring rotor
(specifically, 19.1 L or air was supplied per 80 kg of the total
of the first to third components). The obtainedmixture liguid
was poured into a mold, and cured at 100°C for 5 hours. Then,

the formed polyurethane resin foam was taken out of the mold.
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This foam was sliced into sheets having a thickness of 1.28

mm. Thus, urethane sheets were fabricated, and polishing pads

were obtained.

(Examples 6 to 9 and Comparative Examples
£1.28 to 1l.30 mmwere

5§ to 8)

ishing pads having thicknesses o

1_...!

Po
in Example &, except that the

cbtained in the same manner as
the mixer was changed as shown

ratio of components supplied to
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‘Table

2

<<Composition>> Commp, Bx. 6 | Ex. & Ex. & Ex. 7 Ex. § Bx., 9 Comp. Ex. 7 | Comp. Ex. 8
¥CO equivalent weight of PP 540.0 540.0 549.0 540.0 | 3540.0 540.0 5490.0 540.0
Prepolyvmer _‘3,4'~1‘D1 iparts} 286 246 286 286 286 286 285 286
(1st compoment) Hydrogenated MDI {parts) 1 o
PTEMG 1000 {paxts) 714 714 714 714 714 714 714 714
DEG {parta) .
Chain extender (2nd | Liguid MOCA {parts) | 153 234 273 Z81 290 295 301 - 304
| component) S$olid MOCA (parts)
hgueous dispersion | Threa-functional PRG 3000 37 41 42 43 13 43 54
{3rd compeonent! fpartst
| Water {parts) 7 3 2 1 1 0 0
TOYOCAT-BE (parts) - L 1 i 1 1 ] 1
Silicene~based surfactant 1 1 4 4 4 1 4 4
$H-193_(pazts) A
3ir loading rate (L/mip.) 18,1 18,1 39.1 19.1 19.1 1.1 18.1
<<Physical . 182.0 208.0 23z.0 224.¢ . 228.0 230.0 231.0
properties>> t_ (40°C} i z 2 2 S 48
[ pensity D (g/cn’y 0012 0.32 0.35 0,41 0.4 | 0.75
Co (5 by rass) 0.0 66.0 73.0 70.0 71.0 72.0
X value (=T24/D) 1517 633 595 546 | 461 309
o .74 0.73 0.72 0.72 0.71 0.70
ess ¢°} . 10 22 25 31 47 1. 8s
4 % il 7 60
Aversge cell diameter d 224 178 168 158 a2 123 26 88
{um) .
| Number of celis /rm* is 25 8 | 30 35 43 59 80
X Thickpess {mm] 1.2% 1.28 1.38 1.28 1.29 1 . i.28 3i.36 1.28
<<polishing test>> Polishing ratz {am/min} 18,2 211.1 213.4 218.6 221.1 2171.3 212.2 201.2 {Good)
S {(Poor) 1 {Good) {Geod) . _{Seod) {Good) (Goed) {Good}
| Polishing uniformity {CV%} | 11.2 {(Roox) [ 7.6 (Faix} | 4.6 (Geod) | ) (Good} | 4.8 {Good) | 7.8 (Fairy | 10,3 (Poor) 18.9 {Poox!}
Presence or absence of | Present (1) Bbsent {0} Ahsent (0) Absent (0} Absent (C) Absent {0} Pressnt {3) Present (31
scratches {ip 5 substrates) {Poox} {Good) {Good) {Gaod) 1 (Good) (Good) (Poox) {Poox)
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<Examples 10 to 15 and Comparative Examples 9 to 13>

Finally, peclishing layer

m

were manufactured by
increasing or decreasing the amounts of the polyisocyanate
compound, the polyol compound, and the polyamine compound.
(Example 10)

In Example 10, as a first component, which was a
prepolymer, an isccyanate group~containing urethane
prepolymer having an isocyanate content of 10.0% and an NCO
eguivalent weight of 420 was used. The prepolymer was obtained
by reacting 2,4-TDI (325 parts) and the PTMG (675 parts) having
a number average molecular weight of approximately 1000. This
prepolymer was heated to 55°C, and degassed under reduced
pressure. As a second component, which was a chain extender,
the liquid MOCA (397 parts) was degassed under reduced pressure
A third component, an aqueous dispersion, was obtained by
mixing the three-functional PPG (43 parts) having a number
average molecular weight of 3000, water (1 part), a catalyst
{TOYOCAT~ET manufactured by Tosch Corporation) (1 part), and
a silicone-based surfactant (SH-183 nanufactured by Dow
Corning Corporation) (4 parts) with each other with stirring.
Then, the aquecus dispersion was degassed under reduced
pressure. The first component, the second component, and the
third component were supplied te a mixer at a weight ratio of
1000 parts:397 parts:49 parts and at a flow rate of 80 kg/min.

Here, alr was supplied into the mixer at a flow rate of 19.1

.

/min. The obtained mixwture liguid was poured into a mold and
cured. Then, the formed polyurethane resin foam was taken out
of the mold. This foam was sliced into sheets having a
thickness of 1.27 mm. Thus, urethane sheets were fabricated,

nd polishing pads were obtained.

m



(Examples 11 to 15 and Comparative Examples 9 to 13)

In Examples 11 to 15 and Comparative Examples 9 to 13
, polishing pads having thicknesses ¢f 1.27 to 1.30 mm were
manufactured by the same method as in Example 10, except that

the ratio of components was changed as shown in Table 3 or 4.
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Table 3

Comp. BX, & | Comp. Kz, Bx. 10 1 Ex. 12 Ex. 14 Ex. 15
<<Composition>»
e — 1‘3 s e -

NCO equivaient weight of PP 340.0 386.0 420.0 460.0 500.0 540.0 S580.0 £20.0
Prepolymer 2,4-TDI_{parts) 3874 34z 325 310 297 286 276 268 |
{lst component! HBydrogenated MDI {parts)

ETMG 100¢ {paxrts! 634 656 875 620 T03 714 724 232
,,,,, DEG {par O I
Chain extender (2nd | Liguid MOCA {(partis) 519 452 397 352 314 281 253 221
component) Solid MOCA (partsy b b -
Agumous dispersion | Thres-funciional FEG 3000 13 43 13 13 43 43 3 43
{3rd companent) (parts}
| Water (paxts) . 2 1 1 L L ! 1
TOYOCAT-ET {parts} 1 1 10 1 1 1 1 1
Silicone-based surfactant
4 4 4 4 4 4 4 F)
SE-183 {(waxts) b A e
Air loading zate (L/mip.) 19.1 12.1 19.1 19.1 REN 121 15.1 1o
<<pPhysical T2 fus) 118.0 145.0 168.0 189.0 207.0 232.0 238,90 232.0 |
properties>> B 4 (MPa) (40°C) 138 .58 _es 13 4 2 1 1]
Density D {g/cm’) g.50 0.47 9.46 0.42 0.41 0.39 .36 0.37
| C. (3 by mass) 4. 50.0 56.0 61.0 66.0 73.0 740 77.0
X value (=72,/D) 236 309 | 365 1 449 NCLER 595 €61 661
8 wvalue 6.72 | 0.72 0.12 B2 0.72 ¢.72 0,72 b.72
Type A hardness (°) 87} 55 48 41 36 25 23 22
fype D hardness (°y 4 45 35 28 20 16 i 8 6
Average gell diameter d (um} 132 34z 145 156 gt 168
Number of cells /mm® 39 37 3 31 31 28
Thickness (mm) 1.29 1.30 1.27 1.29 ooi.2s p o 1.28
<<Polishing test>> Polishing rate (nm/min) 187.5 192.4 194.6 203.3 z08.4 2319.86 214.2
. (Pooxz) (Fair) ( {Fair} (Good) (Good} (Good) 1 (Good) (Good)
Polishing uniformity (CV%) 13i.8 N . ) .
: (poor) 7.5 {Faixn) 5.5 {Good) 8.7 {Good} 4.7 (Good) 4.2 {Good} 5.8 {Good) 7.5 (Fair)
Presence or absence of Present Absent {0} | Absent {0) | Absent {0) Absent (0} | Absent (D) Absent (0! | Absent {0}
scratches {in 5 substrates) {2} {(Poox} {Good) {Good] _(Good) {Good) (Good) {Geod} (Good}
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Table 4

<<Composition>>

Comp, Bx. 12

Comp . Ex. 13

NGO eguivalent weight of FP 680.0 720,06 760.0
Prepol yren 2,4~TDI (parts) 257 251 246
{lst congonent) Aydrogenated MRI (parts)
TIMG 1080 {parts; 43 748 754
DEG {parts)
Chain extender {(Znd | ILiguid MOCAR (parcts} i98 18C 164
corponent ) S0lic MOCAK |parts}
Agueous dispersion | Three-functional PPG 3000 .
{3rd component; {parts) 43 43 4
{ garer {parts) 1 3 1
TOYOCAT~ET (parts} 1 5 1
silicone~pased surfactant . . ‘
SH~192 ipartsy
Air loading rate (L/min.) 19.1 i8.1 | 8.3
<<Physical T3 (ns) 270.0 281.0 251.0
properties>> B 4 (MPa) (40°C) i 1 0
Density D {g/ow’) 0,31 0.29 028
Cy (% by mass) 82.0 4.0 87,0
X value {(=T2./D} 8§71 969 13119
5 value 6.732 0.72 6.72
Type A hardpess {°) 18 12 10
Type D hardpess {°} 4 Z i
pverags cell dlameter d (g 182 187 592
Number of cells /mx’ 24 23 23
thickness (mm} 1,30 1.28 i.27
<<Polishing test>> polishing rate {(nm/min} 216.3 201.1 175.3
i {Good) {Good) {Foor)
Polishing uniformity (CV%) kN {Poor) 10.3 (Poer) | 12.2 {Pocr)
Presence ar absence of | Absent (03 Absent {0) dbsent (0}
scratches (in 5 substrates) H {Good) {Goods {Goon}
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<Physical properties evaluation>

For each of Examples and Comparative Examples described
above, the T2y (us), the Cy (%), the density (g/cm’), the X value,
the type A hardness(°), the type D hardness{®), the average
cell diameter {um), the number of cells per square millimeter,
the storage slastic modulus B 40 (MPa), and the thickness (mm)
of the urethane sheet were calculated or measured. Tables 1
to 4 show the results.

Note that methods for measuring these items were as
follows,

The pulsed NMR measurement was conducted as follows.
Specifically, a glass tube having a diameter of I cmwas filled
with a sample cut into pieces of about 1 to 2 mm square to a
thickness of 1 to 2 ¢m. Then, the relaxation behavior:(free
inducticn decay signal} of the sample was measured by using
a pulsed NMR measurement apparatus {JNM-MU25 manufactured,by
JECL Ltd., 25 MHz) by the solid echo method with 90° pulse of
2.0 yps, repetition %time: 4 s, number of scans: 8, and
temperature :40°C. The obtained decay curve was separated by
the least-squares method inte an amorphous phase, an interface
phase, and a crystalline phase in descending order of T2
{spin-spin relaxaticn time), and the T2y and the Cy value were
determined.

As the storage elastic modulus (E/ 4 (MPz)) at 40°C, the
storage elastic modulus was measured with RSA IITI of TA
Instruments. Japan. according to JIS K 7244~4 with an initial
locad of 10 g, a strain range of .01 to 4%, and a measuring
frequency of 0.2 Hz at 40°C.

The type A hardness was measured according to Japanese

F

Industrial Standards Committee (JIS K 7311} by using a Shore

‘»
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A durometer. Note that the total thickness of each sample was
set to at least 4.5 mm or more, by stacking four sheets of the
urethane sheets (thickness: approximately 1.3 mm) described
in each of Comparative Examples and Examples.

The type D hardness was measured according to JIS K
6253-1997/1I8C 7619 by using a type D durometer manufactured
by TECLOCK corporation. Note that the total thickness of each
sample was set £o at least 4.5 mmor more by stacking four sheets
of the wurethane sheets {(thickness: approximately 1.3 mm)
described in each of Comparative Examples and Examples.

The average cell diameter (um) and the number of cells
per sguare nmillimeter were determined as follows.
Specifically, an area of approximately 1.3 mm square on the
pad surface was cbhserved in an eniarged manner with a microscope
(VE~6300 manufactured by KEYENCE) with a magnification of 175,
The obtained image was Dbinarized with image processing
software (Image Analyzer V20 LABVer. 1.3 manufactured by Nikon
Corporation). The number of cells was counted, and the
equivalent circle diameters and the average value (average
cell diameter) thereof were calculated from the areas of the
cells. DNote that nolse components were removed by setting the
cutoff value (lower limit) of the cell diameters to 10 um.

The density (g’/cm3) was calculated by measuring the
welght (g) of a sample cut into a pilece having a predetermined
size, and finding the volume (cm®) from the size.
<Polishing test>

The polishing pad of each of Examples and Comparaitive
Examples was polished undex the following polishing conditions,
and the polishing rate, the polishing uniformity, and the

presence or absence of scratches were ocbhserved. 2As workpileces,
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substrates {(uniformity (CV%}): 13%}) in which insulating films
having & thickness o¢f 1 um were formed by CVD from
tetraethoxysilane on 12Z-~inch silicon wafers were used.
{Polishing rate)

As the polishing rate, the amount of polishing per minute
is represented by the thickness {(nm). Before and after the
polishing, the thicknesses of the insulating Ffilm of each
substrate were measured at 17 sites, and the average value was
determined from the measurement results. Note that, the
thicknesses were measured with an optical film-thickness and
film quality measuring apparatus (ASET-F5x manufactured by
KLA-Tencor Corporation} in the DBE mode.

(Polishing uniformity)
The polishing uniformity was determined based on the

cdisper

N

ion {standard deviation/average value) of the

&

measurement results of the above-described thicknesses at the

17 sites.

n

(Presence or absence of scratches)

In the evaluation of scratches, 25 substrates were
sequentially polished repeatedly three times. After the
polishing, 5 substrates, namely, 2%ist Lo 25¢th substrates, were
measured with an unpatterned wafer surface inspection system
{Surfscan SP1DLS manufactured by KLA-Tencor Corporation) in
the high sensitivity measurement mode., hus, the presence or
apsence of scratches on the substrate surface was evaluated.

Note that the polishing conditions employed in the
above-described test were as follows.

-Polishing machine used: F-REX300 wmanufactured by EBARA
CORPORATION.

-Number of revolutions: 70 rpm (platen), 71 rpm {(top ring).
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-Polishing pressure: 220 hPa.
*Polishing agent: Product No: S$525 manufactured by Cabot

Corporation {a mixture liguid of undiluted $S25:pure water=1:1

was used).

o

-Polishing agent temperature: 30°C.

-Amount of poliishing agent discharged: 200 mi/min.
‘Workpiece used: a substrate in which an insulating film having
a thickness of 1 um was formed from tetraethoxysilane by CVD
on a silicon wafer naving a diameter of 12 inches.
<Polishing time: 60 seconds/each time.

‘Dressing: (after a polishing cloth was attached) 10 minutes.

Tables 1 to 4 show the results of the polishing test
conducted on each of Examples and Comparative Examples by using
the above-described methods.

Here, since the polishing pad of the present invention
needs to exhibit the effects of the polishing rate, the
polishing uniformity, and the scratch reduction in a balanced
manner, the results ¢f the polishing test were evaluated as
follows, in consideration of the values as a product.

A polishing rate of 200 (nm/nin) or higher was evaluated
as Good, a polishing rate from 1380 inclusive to 200 exclusive

{nm/min) was evaluated as Fair, and a poclishing rate of les

]

than 190 (nm/min) was evaluated as Poor.
Apclishinguniformity of 7.0 (CV%) or less was evaliuated
as Good, a polishing uniformity from 7.0 exclusive to 8.0
inclusive (CV%) was evaluated as Fair, and a polishing
uniformity exceeding 8.0 (CV%) was evaluated as Poor.
Regarding the presence or absence of gscratches, a case
where scratches were absent {0) was evaluvated as Good, and a

case where (one or more) scratches were present was evaluated

[ ¢
B
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Then, among the three items of the polishing rate, the
polishing uniformity, and the presence or absence of scratches,
polishing pads evaluated as Fair in terms of none of or one
of the three items (polishing pads evaluated as Good in terms
of all the three items, and polishing pads evaluated as Good
in terms of two items and Falr in terms of one item) were
evaluated as preferable examples (Examples), whereas samnples
evaluated as Fair in terms of two or more items and sampl
evaluated ag Poor in terms of at least one item were evaluated
as unfavorable examples (Comparative Examplesg) in the present
invention.

{(Test result 1 (Comparative Example 1))

The conventional polishing pad manufactured in
Comparative Example 1 where neither air was blown nor the
acqueouvs digpersion was used had a short T2y, & high storage
elastic modulus, and a high density. In addition, the
polishing pad had a structure having a large number of cells
per sguare millimeter and a small average cell diameter, i.e.,
a structure in which an uncountable number of very small cells
were present (see the photograph on the right in Fig. 1). As
a result, scratches were formed, and the obtained numeric value
of the polishing uniformity was also unsatisfactory.

(Test result 2 (Examples 1 to 4 and Comparative Examples 2 to

))

(€]

Here, Bzramples 1 to 4 and Comparative Examples 2 to 3
in which the solid MOCA was used as the chain extender are
discussed. In the case where the amount of water added was

arge and the amount of the solid MOCA was small, the density

was too low, and the results of the polishing rate and the

ot
jed
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polishing uniformity were poor {(Comparative Example 2). On
the other hand, in the case where the amount of water added
was small and the amount of the s0lidMOCA was large, the density
was high, and the storage elastic modulus was also high. Hence,
scratches were formed, and the obtained result of the polishing
uniformity was alsc insufficient (Comparative Examples 3 to
5) .

In c¢ontrast, in the case of the polishing pads

manufactured with the amcunts of the solid MOCA and watey bein

iy

adjusted, so that the TZy, the density, and the storage elastic

invention, no

ct

modulus fell within the ranges of the presen
scratches were formed, and the obtained results of both the
polishing rate and the polishing uniformity were good
(Examples 1 to 4).

(Test result 3 (Examples 5 to ¢ and Comparative Examples 6 to
8))

Examples 5 to 8 and Comparative Examples 6 to 8 in which
the liguid MOCA was used as the chain extender are discussed.
In the case where the amount of water added was large and the
amount of the liguid MOCA was small, the density was too low,
and the storage elastic modulus was alsc low. Hence, the
obtained results were insufficient especially in terms of the
polishing rate and the pelishing uniformity {(Comparative
Example 6). On the other hand, when the amount of water added
was smaill and the amount of the liquid MOCA was large, the
density was high, and the storage elasticmodulus was also high,
Hence, scratches were forxmed, and the result of the polishing
uniformity was also poor {Comparative Examples 7 to 8).

In contrast, 1in the case of the peclishing pads

manufactured with the amounts of the liguid MOCA and water added

H4
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being adjusted, so that the T2y, the density, and the storage
elasticmodulus fell within the ranges of the present invention,
no scratcches were formed, and the obtained results of both the

polishing rate and the polishing uniformity were good

{Test result (Examples 10 to 15 and Comparative Examples §
3

Examples 10 to 15 and Comparative Examples 9 to 13 among

which the content ratio of the polyisocyanate compound, the

volyol compound, and the polyamine compound was varied are

(o8

0

igcussed. In the case where the amount (eguivalence ratio)
of the polvamine compound wasg too large relative to the amount
of the polyol compound, the T2y was short, and the storage
glastic modulus was too high, so that twe or more among scratch

formation, a low polishing rate, and a Low polishinguniformity

-

occgurred (Comparative Examples 9 and 10

R

On the other hand, in the <¢ase where the amount
(eguivalence ratio) of thelpolyamine conmpound was too small
relative to the amount of the polyol compound, the T2y was long,
and the storage elastic modulus was too low, so that the results
were very poor especially in terms of the polishing rate and
the polishing unifcrmity (Comparative Examples 11 to 13).

In contrast, in the case of the polishing pads
nanufactured with the eguivalence ratio of the amino groups
of the polyamine compound and the hydroxyl groups of the polyocl
compound for forming a prepolymer being adjusted, so that the
T2ur the density, and the storage elastic modulus fell within
the ranges of the present invention, no scratches were formed,
and the obtained results of both the polishing rate and the

e

polishing uniformity were sufficiently good (Examples 10 to

55
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As dls apparent from the above, in the case of the
polishing pads of Examples 1 to 15, in which the T2y was 160
to 260 us, the storage elastic modulus B/ was 1 to 30 MPa, which

was measured at 40°C with an initial load of 10 g, a strain

»

range of 0.01 to 4%, and a measuring frequency of 0.2 Hz in
a tensile mode, and the density D was in a range from 0.30 to
0.60 g/cwﬁ, no scratches were formed on the polishing surfaces
I 3 -

workpieces, and the obtained results of the polishing

L -t

[
ik >

o]

By

ate

and the pelishing uniformi

't

v were alsc good. Hence, it was

found that, in contrast to Comparative Examples 1 to 13, th

®

effects on &ll the scratch reduction, the polishing rate, and
the polishing uniformity were exhibited in a balanced manner.
Industrial Applicability

Since the polishing pad of the present invention has a
T2y within a moderate range, the dressing properties are
excellent. Since the opening portions are vresistant to
clogging because of the low density, scratches are less likely
to be formed. Meanwhile, since the T2y is within the moderate
range, the polishing uniformity can alsc be sscured. In
addition, also since a localized load is less likely to be
applied to a workplece because of the low storage elastic
modulus and the low density, scratches can be reduced.

Morecover, the polishing pad of the present inventicn is
softer than polishing pads having polishing layers molided by
conventional dry methods, the polishing pad of the pressnt
invenzion is excellent also in polishing rate and polishing
uniformity. Meanwhile, since the polishing pad of the present
invention is dry-molded, the polishing pad has a lower wearing

rate of the polishing surface than wet-moided polishing pads.



Hence, the polishing pad of the present invention can retain
a constant polishing state for a long period. Therefore,
although dry-molded, the poclishing pacd £ the present
inventicon can be advantagecusly used for both primary

processing and finish processing. Therefore, the polishing

Q.
h

ad o he present invention and the manufacturing method

e}
¢t

therefor have industrial applicability.
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A poli ng pad £
A pcolishing pad fo

‘“5’

B

polishing & semiconductor device,

comprising & polishing layer having a polyurethane-pciyurea

QJ

i

esin foam containing substantially spherical cells, wherein
when a free induction decay signal (FID} of cthe
polyurethane~polyurea resin foam obtained by pulsed NMR is
subjected to waveform separation by sequentially subtracting

components in descending order of spin-spin relaxatlon time

TZ based on 8 least-sguares method, and thus divided into thre

0]

components of L {amorphous phase), M (interface phase)

5
.

=3

-

S (crystalline phase) 1in descending order of spin-spin
relaxation time T2, the M-component has a spin-spin relaxation
time T2y of 160 to 260 us,

the polyurethane-polyurea resin foam has a storage
eia tic modulus B of 1 to 30 MPa, the storage elastic modulus
E! ng measured at 40°C with an initial load of 10 g, a strain
range of 0.01 to 4%, and a measuring freguency of 0.2 Hz in
a tensile mode, and

the polyurethane-polyurea resin foam has a density D in
a range from 0.30 to 0.60 g/cm”.

Claim 2

foam Lg in & range from 55 to B80% by mass, and

an ¥ value determined by ¥%=T2y¢/D is in & range from 350

T B0D
Claim 2

The polishing pad acecording to claim or 2, wherein

=

the polyurethane~polyurea resin foam has an average cell
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The polishing pad according to any one of claims 1 to
3, whereln

the polyurethane-polyurea resin foam has & type A
hardness of 20 to Y degres

<
=]

%

Claim &
The polishing pad according to any one ¢f claims 1 o
4, wherein
the polyurethane-polyurea resin foam has a type D

hardness of o to 35 degrees.

Claim ©
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a layer harder than the polishing layer is laminated on
a surface of the polishing layer, the surface being opposite

from a polishing surface of the peclishing laver.

Claim 7

E method for manufacturing the polishing pad according
to any one of claims 1 tce €, the method comprising

a preparation step of preparing an isocvanate

fin
Q.
o

a foam stabilizer, an reactiocn catalyst, and a gas
non-reactive with all the components;

a mixing step of mixing at least <the isocvanate
group-containing compound (A}, the polvisocyanate compound

(B), the polyvamine compound (D}, the mixture liguid (E)

comprising the water, the foam stabilizer, and the reaction
catalyst, and the gas non—-reactive with all the components with
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each other to obtain a mixture liquid for molding a foam;
a foam-molding step of molding a polyurethane-polvurea
resin foam from the mizture liguid for melding & foam; and

a polishing laver formation step of Zorming a polishing

laver having a polishing surface for polishing a workpiece from

The method for manufacturing the polishing pad according

ir the preparation step, & polyol compound (C-2) is
further prepared, and
in the mixing step, the polyol compound (C-2) is mixed.

< A
Claim 9
The method for manufacturing the polishing pad according
to claim 8, wnherein
in the preparaticn step, the polvamine compound (D) and
the polyol compound (C-2) are prepared, with the eguivalence
ratio of aminc groups of the polyamine compound (D) to the sum

4 - -

of the chemical eguivalents of the aminc groups ©of the pelyamine

3 ¥

ompound (D) and hydroxyl grcups of the polyol compound (C-2)

{the chemical equivalent of active hvdrogen groups) being .70
to .87 (the amino groups/(the amino groups+t hydroxys

The method for manufacturing the polishing pad accerding
Lo any one of claims 7 to ¢, wherein

the polyamineg compound (D) is & crude

7

methylenebis (o~chloroaniline} (MOCA) which i

6]
sl
=
Fot
bad
+
o
&1
£
o
iy

monomer and multimers of MOCA and which contains the multimers

o0

in an amount of 15% by mass or more.



the polycl compound (C-2) is poly(tetramethylens
glyceol) or polylpropyiene glycol) having a number averags

moleculay weight of 500 te 5000, or a mixture thereof.
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Abstract

Provided are a polishing pad which remedies the problem
of scratches occurring when a conventional hard (dry)
polishing pad 1s used, which is excellent in polishing rate
and polishing uniformity, and which can be used for not only
primary polishing but also finish polishing, and a
manufacturing method therefor. The polishing pad is a
polishing pad for polishing a semiconductor device, comprising
a polishing layer having a polyurethane-polyurea resin foam

containing substantially spherical cells, w

-5

crel

jm
[0]
-

X arl

b

M—-component of the polyurethane-poivyurea resin foam has &

spin-spin relaxation time T2 of 160 to 260 us, the

olvyur

P

el
o

thane-polyurea resin foamhas a storage elastic modulus
£ ofl to 30 MPa, the storage elasticmodulus E' being measured
at 40°C with an iritial load of 10 g, a strain range of 0.01
to 4%, and a measuring frequency of 0.2 Hz in a tensile mode,
and the polyurethane-polyurea resin foam has a density D in

a range from 0.30 to 0.60 g/cm’.
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