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LOW SURFACE ROUGHNESS POLISHING PAD

FIELD OF THE INVENTION
{0001} The present mveniion relates to a polishing pad and a method of polishing a
substrate; and w particular, the present invention relates to a polishing pad comprising a
polishing pad body comprising a polishmg sarface, wherein the polishing bedy comprises

pores, and wherein the polishing surface has a surface roughness of 0.1 pm o 10 pm.

BACKGROUND OF THE INVENTION
{60021 Chemical-mechanical polishing ("CMP”) processes are used in the manufacturing
of microelectronic devices to form flat surfaces on semiconductor wafers, field emssion
displays, and many other microelectronic substrates. For example, the manufacthure of
senticonductor devices generally involves the formation of various process layers, selective
removal or patlerning of portions of those lavers, and deposttion of vet additional process
fayers above the surface of a semiconducting substrate to form a semiconductor water. The
process layers can include, by way of example, insulation layers, gate oxide lavers,
conductive lavers, and layers of metal or glass, ete. H is generally desirable i certain steps of
the wafer process that the uppermost surface of the process layers be planar, te., flat, for the
deposition of subsequent layers. CMP is nsed to planarize process lavers wherein a deposited
material, such as a conductive or insulating material, s polished to planarize the water for
subsequent process steps.
6003} In a typical CMP process, a wafer 15 mounted apside down on a carrier m a CMP
tool. A force pushes the carrier and the wafer downward toward a polishing pad. The camier
and the wafer are rotated sbove the rotating polishing pad on the CMP tool’s polishing table.
A pehishing composition (also referred to as a polishing sharry) geverally i3 introduced
between the rotating wafer and the rotating polishing pad duoring the polishing process. The
polishing composition typically comtains a chemical that interacts with or dissolves portions
of the uppermost wafer laver(s) and an abrastve material that physically removes portions of
the layer(s). The wafer and the pohishing pad can be rotated in the same divection or in
apposite directions, whichever is desirable for the particular polishing process being carried
o, The carrier also cap oscillate across the polishing pad on the polishing {able.
{0004} Polishing pads tvpically have an mitial surface roughness of greater than 15
microns. During the polishing of several substrates with the same pad, normal wear on the

pad surface results i a change in the surface roughness of the pad. As the surface roughness
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of the pad changes, contact between the pad surface and a substrate bemng polished changes,
and thus the polishing rate can chunge. As a result, the amount of time required for polishing
the substrates to achieve desired surface properties, such as planarity, vanes during a
production run, Variances from antformity between substrates can therefore resuit.

| 6005} Thus, there remains i the art a need for improved polishing pads.

BRIEF SUMMARY OF THE INVENTION
[60056]  The invention provides a polishing pad comprising a polishing pad body
comprising a polishing surface, wheremn the polishing body comprises pores, and wherein the
polishing surface has a surface ropghness of 0.1 wm to 10 wm.
[8007]  The invention also provides a method of polishing a substrate, which method
comprises {1} providing a substrate {o be polished, {ii} contacting the substraiz with the
aforesaid polishing pad and a polishing composition, and (1ii) moving the substrate relative to
the polishing pad with the polishing composition therebetween to asbrade at least a portion of

the substrate to polish the substrate.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
{0008} FIG. 1 1s a scanmung electron microscope image of the surface of a polishing pad
in accordance with an embodiment of the invention.
6009} FIG. 2 1s 3 scanning electron mucroscope image of the surface of a polishing pad
m accordance with an embodmment of the mvention.
{6010} FIG. 3 is a scanning electron microscope image of the surface of a conventional
polishing pad.
{8011} FIG. 4 15 a graphical representation of the silicon oxide removal rate versus the
number of wafers polished using a pohishing pad in accordance with an embodiment of the

invention i comparison with g conventional polishing pad.

DETAILED DESCRIPTION OF THE INVENTION
{6012} The invention provides a polishing pad comprising a polishing pad body
comprising a polishing surface, wheremn the polishing pad body comprises pores, and wherein
the polishing surface has a surface roughness of 6.1 ym to 10 ym.
{89131 The polishing pad body can have any suitable dimensions. Typically, the
polishing pad body is circular in shape {as is used in rotary polishing {ools} or is produced as
a fooped hnear belt (a8 is used in Unew pohshing tools). Preferably, the polishung pad body

1s cirewlar,
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{8914} The polishing pad body can comprise, consist essentially of, or consist of any
suntable material. Desirably, the polishing pad body comprises, consists essentially of, or
consists of a polvmer resin. The polymer resin can be any suitable polymer resin. Typically,
the polymer resin is selected from the group consisting of thermoplastic elastomers,

thermoset polymers, polyurethanes (e.2.. thermoplastic polyurethanes), polyvolelins (e

('y
fJC

thermoplastic polvolefing), polyvearbonates, polvvinvlalcobols, nyvlous, elastomeric rubbers,
elastomeric polyethylenes, polytetrafiuoroethylenes, polvethyleneterephthalates, polyimides,
polvaranudes, polvarvlenes, polyacryviates, polystyrenes, polvmethylmethacrylates
copolymers thereof, and mixiures thereof. Preferably, the polymer resin is a polyurethane,
more preferably a thermeplastic polyurethane.

{0015} The polishung pad body comprises pores. The poves can bave an average pore
diameter of 2 pm o more, 3 gm or more, 4 wm or move, 5 pm or more, & pm or more, 7 pm
or niore, § pnt or more, 9 wm or more, 1 pm or more, 15 im or move, 26 pm or more, 258
um or morg, 30 wm or more, 35 pm or more, 40 pm or more, 45 um or mare, or 3 pm or
more. Alternativaely, or in addition, the pores can have an average pore dimmeter of 130 gm
or less, 125 pm or less, HIO pum or tess, 20 nm or tess, 80 wm or less, 70 um or less, 60 ym or
tess, SO um or less, 45 gm or less, 40 gm or less, 35 wim or less, 30 pm or less, 25 um or less,
26 um or less, 1.5 um or less, or 10 wum or fess. Thus, the pores can have an average pore
diameter bounded by any two of the endpoints recited for the average pove drameter. For
example, the polishing pad body can have an average pove diameter of 2 pm to 150 ym, 3 um
to 125 pm, 4 wm to 106 pm, 3 um t0 90 gm, 3 um to 3¢ um, 5 wm 0 70 uny, 5 pm © 60 pum,
Spmito Spm, Spmio4d pm, Sumtodd gm, S umto 35S pm, 5 umto 30 ym, S um o 25
gin, 5 pnd {0 20 pae, 5 pam to L5 pm, 5 pn o 10 pm, 10 jum o 30 pm, 10 o 1o 45 pm, 10
win 1o 40 wm, 10 poy to 35 pm, 1O pm 1o 30 ym, 10 pm to 25 ym, or 10 um o 20 m,

{6016} The polishing swrface can have a surface roughness of 8.1 pm or more, 0.2 pm or
more, 0.3 gm or more, (.4 wm or more, 0.5 pm or more, 0.6 gm or more, 1.7 um or more, (L8
@ or motre, 3.9 um or more, or 1 um or more. Alternatively, or in addition, the polishing
surface can have a surface roughness of 4 pm or fess, 3.8 um or less, 3.6 pm or less, 3.5 um
or less, 3.4 um or less, 3.2 pmoor fess, 3 pmoor less, 2.8 pum or less, 2.6 wm or less, 2.5 pm or
tess, 2.4 pum or less, 2.2 i or less, 2 wm or less, 1.8 um or less, or L.6um or fess. Thus, the
polishing surface can have a surface roughness bounded by anv two of the endpoints recited
for the surface roughness. For example, the polishing pad body can have a surface 'roughness

of Cluymtodum Ol pmw 3B um Olpmo36um 0.0 amo 34 um, 0.1 gm0 3.2 jan,
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Glumtodum Ol gmio28um, 0.l amio26um. 8.l pmioZ24 um, 0 pmo2.2 um,
Glumtolum, O lpmio 18 um, Ol gmto L6 pm. 8.5 pmto 4 am, 0.5 wmio 3.5 pm, 0.5
a3 pm 0S5 mo23um 0S5 umto 2 um, tumio 4 um, F prio 36 um, L umio 3
g, Fumto 2.5 pm, or Fum to 2 um.
{8017} The surface roughness can be expressed as the average sarface roughness as
determined at several vegions of the polishing sarface. A non-hinuting example of a saitable
method for determining the surface roughness of the polishing surface or of a region thereof
ts ISO13565.
{0018} The polishing pad body can be produced nsing any suitable techmique, many of
which are known in the art. For example, the polishing pad can be formed by methods such
as casting and extrusion. The polymer resin may be g thermoplastic material which is heated
1o a temperatuve at which it will flow and 1s then formed into a desired shape by casting ov
extrusion, The polymer resin may provide a porous structure by its natural configuration. in
other embodiments, the porous structure may be ifroduced through the use of varicus
production technigues known in the art {e.g., foaming, blowing, and the like). Representative
methods of providing a porous structure comprising closed-cell pores include foaming
processes such as a mucell process, a phase inversion process, a spinodal or bimodal
decomposition process, oF a pressurized gas injection process, all of which are well known i
the art. A representative method providing a porous structure comaprising open-cell pores
comprises sintering particles of a thermoplastic polymer, such as a polyurethane, to provide
an open-cell porous siruchure.,
[6819] The polishing surface can be produced using any suitable method. In an
embodinment, the polishing surface is produced by skiving the polishing pad body.
[8028]  The polishing pad body can have a storage modulus of elasticity at 30° C of 5
MPa or more, 10 MPa or more, 20 MPa or more, 30 MPa or mwre, 40 MPa or more, 50 MPa
gy more, 60 MPa or more, 70 MPa or move, 80 MPa or more, 90 MPa or more, 100 MPa or
more, 200 MPa or more, 300 MPg or more, 400 MPa or more, or S0 MPa or more.
Alterantively, or in addition, the polishing pad body can have a storage modutus of elasticity
at 30° C of 660 MPa or less, 550 MPa or less, SO0 MPa or less, 450 MPa or less, 400 MPa or
tess, 330 MPy or less, or 300 MPa or less. Thus, the polishing pad body can have a storage
modulus of elasticity at 30° { bounded by any two of the endpoints recited for the storage

o "1

modudas of elasticity at 30° U For example, the polishing pad body can have a storage

modulas of elagicity at 30° € of 5 MPa to 600 MPa, 20 MPa to 600 MPa, 30 MPa to 600
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MPa, 40 MPa to 550 MPa, 50 MPa to 500 MPa, 60 MPa 1o 450 MPa, 70 MPa to 400 MPa, 8¢
MPa 1o 350 MPa, 50 MPa to 300 MPa, 5 MPa to 5040 MPa, 10 MPa 1o 500 MPa, 20 MPa to
400 MPa, or 20 MPya 1o 300 MPa.

{6021} A polishing pad in accordance with the invention can be used alone or optionally
can be used as one laver of a multi-laver stacked polishing pad. For example, the inventive
polishing pad can be used in combination with a subpad. The sobpad can be any suitable
subpad. Suitable subpads inchude polyurethane foam subpads, mpregnated felt subpads,
microporons polyarethane subpads, or sintered urethane sabpads. The subpad typically is
softer than the polishing pad of the vention and therefore is more compressible than the
polishing pad. 11 some embodiments, the subpad is harder and is less compressible than the
polishing pad. The sebpad optionally comprises grooves, channels, hollow sections, and the
hke. When the polishing pad of the invention is used in combination with a sabpad, typically
there is an intermediate backing laver, such as a polyethyleneterephthalate film, coextensive
with and between the polishing pad and the subpad.

{89221 In an embodiment, the polishing pad is prepared by sandwiching the polishing pad
body between two layers of a backing material. The resalting sandwiched polishing pad
body can then be skived to produce two polishing pads. In some smbodiments, the
sandwiched polishing pad body can be produced by curing a prepolvimer, for example, a
thermoplastic polyurethane, between two backing favers. The backing material can be any
suitable backing material and can comprise a polymeric sheet. In some embodiments, the
backing material can comprise a subpad as described herein. In these embodimenis, the
sandwiched polishing pad can be prepared in the form of an elongated sheet which is then
skived and cut into segments to fonm the polishing pad v a continuous process.

(6023}  Agis Hlustrated in Figs. 1 and 2, the surface of the wventive polishing pad
comprises open pores resulting from the formation of the polishing sarface by skiving of the
polishing pad body. The surface roughness of the polishing surface vefers to the surface
roughuess of the polistung surface exclusive of the pores, FIG. 3 illustrates the surface of a
conventional polishing pad for purposes of comparison.

{0024} The surface roughness can be measured with an optical type sarface roughness
tester, such as a three-dimensiongl surface proliler, laser scamning microscope, electron beam
surface profiler, a contact type surface roughness tester, such as a surface roughness tester
with contact stylus, and the like. Preferably, the surface roughness is deternined according

to ISO 13565,
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{89251 The wvention further provides a method of polishing a substrate, which method
comprises {1} providing a substrate to be polished, (i) contacting the substrate with the
wventive polishing pad described herein and a polishing composition, and (i) moving the
substrate relative to the polishing pad, with the polishing composition therebetween, to
abrade at least a portion of the substrate to polish the substrate.

{6026} The pohshing composition can be any suitable polishing compaosition. The
polishing composition typically comprises an aqueous carrier, 3 pH adjustor, and optionally
an abrasive. Depending on the type of sobsirate (workpiece) being polished, the pohishing
compostiion optionally can further comprise one or more oxidizing agents, organic acids,
complexing agent, pH buffers, surfactants, corrosion inhibitors, anti-foaming agents,

biocides, and the like.

EXAMPLE
{66271 This example demonstrates the removal rate for silicon oxide exinbited by the
sventive polishing pad as a [unction of the number of substrates polished therewith,
{8028} Simtlar substrates comprising a blanket laver of silicon oxide derived from
tetraethylorthosihicate were pohshed with a polishing pad in accordance with an embodiment
of the mvention and with a conventional polishing pad in conjunction with a polishing
composition, The inventive polishing pad was prepared using a thermoplastic polyurethane
resin {the 87 A thermoplastic polyarethane resin from Labrizol, Wickelifte, OH) and had a
Shore I hardness of 42D, an average pore diameter of 25-45 pm, an average surface
roughness as measured by a confocal microscope of 1.4 um, and a storage modulus of

elasticity {F7) as shown in the Table.

Table
Erai20°C B at 40° ¢ E at 60° C
2746 Mpa 2245 Mpa 15.9 Mpa

{89291 The comparative polishing pad was a commercial thermoplasiic polyurethane pad
having a milled surface and an average surface roughness as measured by a confoceal
microscope of 3.6 pn,

{6036} Following polishing of the substrates, the removal rate was deternuned for each

substrate, and the results are flusiraled graphically i FIG. 4
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{0031} As is apparent [rom the data shown in FIG. 4, the mventive polishung pad
exhibited a silicon oxide removal rate that stabilized at approximately 530 Aimin after
polishing approximately 40 substrates. The comparative polishing pad exhibited a silicon
oxide removal rate that increased during polishing of successive substrates and approached
approxirately 370 Afmin after polishing over 200 subsirates.

{6032} All relerences, including publications, patent appheations, and patents, cited
hierein are hereby mcorporated by reference fo the same extent as if each reference were
mdividually and specifically mdicated to be incorporated by reference and were set forth in
s entirety herein.

{6033} The use of the terms “a” and “an” and “the” and “at least one” and similar
referents in the context of describing the invention {especially in the context of the following
claims) are to be construed to cover both the singuday and the pharal, unless otherwise
indicated herein or clearly contradicted by context. The use of the term “at least one”
followed by a list of one or more tems (for examiple, “at least oneof A and B™) is to be
constried to mean one tem selected from the listed items (A or B) or any combmation of two
or more of the Hsted 1tems (A and B), unless otherwise indicated herem or clearly

E2S

contradicted by context. The terms “comprising,” “having.” “mchuding,” and “coptaming™
are to be construed as open-ended lerms (i.e., nreaning “including, but not Hmited to,”) unless
otherwise noted. Recitation of ranges of values berewn are merely intended to serve as a
shorthand method of referring individually to cach separate value falling within the range,
urtess otherwise mdicated herein, and sach separate valug is incorporated into the
specification as i it were individually recited berein. Al methods described herein can be
performed in any suttable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (e.g., "such
as”} provided heremn, 15 intended merely to betier ithuminate the ivention and does not pose a
Hmutation oo the scope of the invention unless otherwise claimed. No language w the
specification should be construed as indicating sny non-claimed element s cssential o the
practice of the inveaton.

{0034} Preferved embodiments of this invention are described hevein, including the best
maode known to the inventars for carryving out the invention.  Variations of those preferred
embodiments may become apparent {o those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skifled artisans to employ such variations ag

appropriate, and the inventors intend for the invention to be practiced otherwise than as
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specifically described herein. Accovdingly, this invention inchuades all modifications and
eguivalents of the sabject matter recited 1 the clabms appended hereto as permitied by
apphicable law. Moreover, any combination of the above-described elements in all possible
variations thereof 1s encompassed by the mvention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIM(S Y

1. A polishing pad compnising a polishing pad body comprising a polishing
surface, wherein the polishing body comprises pores, and wherein the polishing surface has a
surface roughness of 0.1 gm to 4 pm,

2. The polishing pad of claim 1, wherein the polishing surface has a surface
roughuess of (4.5 pm 1o 2 wm.

3. The polishing pad of claim 1, wherein the pores have an average pore diameter
of 2 wm to 154 pm.

4. The polishing pad of clamm 1, wherein the polishing pad has a storage modulus
of elasticity at 30° C of 5 MPa to 600 MPa.

5. The polishing pad of claim 1, wherein the polishing pad body comprises
thermoplastic polyurethane.

6. The polishing pad of claim 1, wherein the polishing pad forther comprises a
pad substraie.

7. The polishing pad of claim 6, wherein the polishing pad body has s
non~polishing surface that is opposite to the polishing surface, and wherein the pad substrate
is bonded to the non-polishing surface.

3. The polishing pad of claun 1, wherain the pohshung pad further comprises an
optically transmissive region extending from the polishing surface o o surface opposite to the

palishing surface.

9. A method of polishing a substrate, which method comyprises:
{} providing a sabstrate to be polished,

{11} comtacting the substrate with a polishing pad of claim 1 and a polishing
composition, and

{11}  moving the substrate relative to the polishing pad with the polishing
composition therebetween 1o abrade at least a portion of the subsirate

to polish the substrate,



