MULTI-LAYER POLISHING PAD MATERIAL FOR CMP FIELD OF THE
INVENTION [0001] This invention pertains to an adhesive-free multi-layer
polishing pad material for use in chemical-mechanical polishing.
BACKGROUND OF THE INVENTION [0002] Chemical-mechanical
polishing ("CMP") processes are used in the manufacturing of
microelectronic devices to form flat surfaces on semiconductor wafers,
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layer polishing pad is disclosed, for example, in U.S. Patent 5,257,478,

[0004]  Inpolishing the surface of a workpiece, it is often advantageous to monitor the
polishing process in situ. One method of monitoring the polishing process in situ ivolves
the use of a polishing pad having a “window” that provides a portal through which light can
pass to allow the inspection of the workpiece surface during the polishing process. Such
polishing pads having windows are known in the art and have been used {o polish
workpieces, such as semiconductor devices. For examiple, U.S. Patent 5,893,796 discloses



workpieces, such as semiconductor devices. For example, U.S. Patent
5,893,796 discloses 2 removing a portion of a polishing pad to provide an
aperture and placing a transparent polyurethane or quartz plug in the
aperture to provide a transparent window. Similarly, U.S. Patent
5,605,760 provides a polishing pad having a transparent window formed
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joifed. togethiar hetholithing lpygrgmd bottom layer are substantially coextensive and are
joined together without the use of an adhesive. In a first aspect, there is provided a

polishing pad comprising a multi-layer optically transmissive region comprising two or
more lavers that are substantially coextensive and are joined together without the use of”"
an adhesive.

[0008] Disclosed further herein is a chemical-mechanical polishing apparatus and
method of polishing a workpiece. In & second aspect, there is provided 2 CMP apparatus
comprising (a) a platen that rotates, (b) a polishing pad of the first aspect. and (¢} a carrier
that holds a workpiece to be polished



an adhesive. [0008] Disclosed further herein is a chemical-mechanical
polishing apparatus and method of polishing a workpiece. In a second
aspect, there is provided a CMP apparatus comprising (a) a platen that
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[0014]  FIG. 5 depicts a cross-sectional side view of a multi-layer polishing pad of fhe
invention comprising & polishing laver, a middie laver, and a bottom layer, wherem the
middie layer is optically transmissive and portons cf the polishing layer and bottom iayer
have been removed so as 1o reveal an optical detection port.

0015]  FIG. 6 depicts a cross-sectional side view of a polishing pad comnprising a mulfi-
laver optically transmissive window portion, whersin the layers of the window pOTHON 318
joined together without the use of an adhesive, and the window portion is welded inwo the
polishing pad.



[00141 FIG. S depicts a cross-sectional side view of a multi-layer polishing
pad of the invention comprising a polishing laver, a middle layer, and a
bottom layer, wherein the middle laver is optically transmissive and
portions of the polishing layer and bottom layer have been removed so as
to reveal an anneal detection port. 100151 FIG. 6 depicts a
cross-sectional side view of a polishing pad comprising a mult:- layer
cally transmrssrve window portign, rein the lavers of the window
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compressibility, rigidity, tensile modulus, bulk modulus, rheology, creep, glass transition
temperature, melt temperature, viscosity, or transparency. In other applications, it may be
desirable for the polishing pad layers to have similar phiysical properties but different
chemical properties (e.g., different chemical compositions). Of course, the polishing pad
layers can have different chemical properties as well as different physical properties.
Preferably, the layers of the polishing pad material will have at least one different chemical
or physical property.
[6023]  Desirably, each layer of the polishing pad material comprises a polymer resin.
The polymer resin can be any suitable polymer resin. Typically, the polymer resin is
selected from the group consisting of thenmoplastic elastomers, thermoset polymers,



compressibility, rigidity, tensile modulus, bulk modulus, theology, creep,
glass transition temperature, melt temperature, viscosity, or transparency.
In other applications, it may be desirable for the polishing pad layers to
have simitar physical properties but different chemical properties (e.g.,
different chemical compositions). Of course, the polishing pad layers can
have different chemical properties as well as different physical properties.

Preferably the Iayers of the polishing pad materlal will have at least one
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[0027]  The layers of the polishing pad material can have any suitable transparency (i.e.,
transmissivity to light). For example, one layer can be substantiaily transparent, while the



6 (42), polyurethane (45), and polyearbonate (45). Typically, at least one
layer of the polishing pad material is hydrophilic. Preferably two or more
layers are hydrophilic. [0026] The layers of the polishing pad material can
have any suitable hardness (e.g., 30- 50 Shore A or 25-80 Shore D).
Similarly, the layers can have any syitable density and/or porosity. For
example the layers can be non-porous (e.g., solid), nearly solid (e.g.,
having less than 10% void volume), or porous, and can_have a densi
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where a polishing layer (12) is adhered to a bottom layer (14) by way of an adhesive (16)

therebetween. Contrastingly, the multi-layer polishing pad of the first embodiment
conprises a first layer {e.g., a polishing layer) and a second layer (e.g., a bottom layer) that
joined together without an adhesive, as depicted in, for example, FIGS. 2-6. In particular,
FIG. 2 depicts a polishing pad (10) comprising a polishing layer {12) and a bottom layer
(14). The polishing layer and the bottom layer can comprise the same polymer resin (e.g.,



[00291 The layers of the polishing pad material can have any suitable
thickness. Preferably, each layer has a thickness that is at least 10% or
more (e.g., 20% or more, or 30% or more) of the total thickness of the
multi-layer polishing pad material. The thickness of each layer will depend:
in part on the total number of polishing pad material layers. Moreover,
each of the polishing pad material layers can have the same thickness, or
the layers can each have a different thickness. [00301 In_the first
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[0:033] In other applications, it may be desirable for the polishing layer and bottom layer
to have the same chemical and physical properties, while the middle layer has at least one



of the bottom layer is removed to produce an aperture in the bottom layer,
which reveals a region of the substantially optically transmissive polishing
layer. [0032] The multi-layer polishing pad of the invention also can be a
polishing pad as described above, further comprising one or more middle
layers disposed between the polishing layer and the bottom layer. Such a
polishing pad (10) is depicted in FIG. 4 comprising a polishing Iayer (12),
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abrasive particles can be inorganic particles or organic particles, including metal oxide
particles, polymer particles, diamond particles, silicon carbide particles, and the like. The
water-soluble particles can be any suitable chemical-mechanical polishing agents such as

N e BB R A

oxidizers, complexing agents, acids, bases, dispersants, surfactants, and the like. The water-
absorbent particles can be suitable water-absorbent polymer particles.



which facilitate the flow of polishing composition across the surface of the
polishing pad. The grooves, channels, etc, can be in the shape of
concentric circles, spirals, XY crosshatch patterns, or any other suitable
pattern. [0035] The multi-layer polishing pad of the first embodiment
optionally further comprises one o more optically transmissive windows
that are inserted into an aperture cut into the polishing pad (e. g in at
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embodiment can have any suitable dimensions (i.e., length, width, and thickness) and any
suitable shape (e.g., can be round, oval, square, rectangular, triangular, and so on).
Typically, the layers have substantially the same length and width (e.g., diameter) such that
they are fully coextensive with one another. The optically transmissive polishing pad
material can be positioned within a polishing pad so as to be flush (i.e., coplanar) with the
polishing surface of the polishing pad or recessed from the polishing surface of the



is a non-porous solid sheet that is highly transmissive to the passage of
light. Alternatively, both the first and second transmissive layers can be
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migroporous closed cells, can contain open cells, or can contain a fibrous web onto which a

polymer has been molded. The polishing pad typically is opaque or only partially
translucent.

[0042] A polishing pad comprising an optically transmissive multi-layer polishing pad
material of the second embodiment has a polishing surface which optionally further
comprises grooves, channels, and/or perforations which facilitate the lateral transport of



transmissive multi-layer polishing pad material can be the same or
different. Typically, the first layer of the optically transmissive multi-layer
polishing pad material has a thickness that is at least 10% or more (e.g.,
20% or more, or 30% or more) of the total thickness of the optically
transmissive multi-layer polishing pgd material. Similarly, the second layer
of the optically transmissive multi-layer polishing pad material typically
as.a thickness that is at least 10% or re (e.q.,.20% or more, or 30%
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'[0045]  Desirably, the CMP apparatus further comprises an in sifu polishing endpoint
detection system, many of which are known in the art. Techniques for inspecting and
monitoring the polishing process by analyzing light or other radiation reflected from a
surface of the workpiece are known in the art. Such methods are described, for example, in
U.S. Patent 5,196,353, U.S. Patent 5,433,651, U.S. Patent 5,609,511, U.S. Patent 3,643,046,
{J.S. Patent 5,658,183, U.S. Patent 5,730,642, U.S. Patent 5,838,447, U.S. Patent 5,872,633,



particles, water-absorbent particles, hollow particles, and the like. [0044]
The polishing pads of the invention are particularly suited for use in
conjunction with a chemical-mechanical polishing (CMP) apparatus.
Typically, the apparatus comprises a platen, which, when in use, is in
motion and has a velocity that resultg from orbital, linear, or circular
motion a polishing pad of the invention in contact with the platen and
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polymer sheet (e.g., a three-layer polishing pad) having a solid middle layer and a porous
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[0049]  One suitable method of producing a muiti-layer polishing pad material
comprises the steps of (i) placing a polymer sheet under elevated pressure in the presence of



insulating layers (e.g., silicon dioxide, silicon nitride, or low dielectric
materials) and/or metal-containing layers (e.g., copper, tantalum,
‘tungsten, aluminum, nickel, titanium, platinum, ruthenium, rhodium,
iridium or other noble metals). [0047] The multi-layer polishing pad
material of the invention can be prggared by any suitable method. One
suitable method involves joining together the Iayers of the polishing pad
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remaining portion that retained the supercritical gas. In some embodiments, the polymer
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polymer sheet and the degree of absorption desired. Typically, the amount
of time is 1 hour or more (e.g., 2 hours or more, or even 5 hours or more).
The foaming temperature can be any suitable temperature. The foaming
temperature will depend, at least in part, on the Tg of the polymer sheet.
The foaming temperature typically jg between the Tg and the melting
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[0052] In another preferred method, the polymer sheet is selectively
foamed through control of the temperature applied to the different faces
of the polymer sheet. Because the extent of foaming in the polymer sheet
is related in part to the temperature, applying different temperatures to
either face of a solid polymer sheet gan give rise to two different degrees
of foaming (e.g., different porosities and/or different pore sizes) within that
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sslve sEledhilletyipmvegtintuabsolithpolysibe isatotdw, pdrowsapeipnidnot
sheetuAc alleraaerappaaehta@maducing the multi-layer polishing pad
material of the invention involves:salggitiely converting a porous polymer
[0957) This example illustrates 2 method of producing a multi-layer polishing pad of the
invention comprising a porous layer bound to a non-porous layer without the use of an
adhesive.
[0058] Solid thermoplastic polyurethane sheets (Samples A and B) having an average
thickness of 1500 um were saturated with CO, (approximately 50 mg/g thermoplastic
polyurethane sample) at room temperature and 5 MPa pressure. A plot of the CO; uptake as



sheet to a non-porous polymer sheet. Specifically, this method involves
subjecting one or both faces of a single-layer porous polymer sheet to a
temperature above the Tg of the polymer, such that the polymer begins to
flow and fill in void spaces. Accordingly, the number of pores on one or
both faces of the polymer sheet can pe reduced to form a polymer layer
having lower porosity or even having no porosity. For example, a porous
polymer sheet can be selectively annealed on one face of the po
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other chnr efsﬁt: 1%% m gulsjsefg ingle;layer polymer sheet that is

elec ve y mo né "of both fjaces to have a different physical
property, for example the foaming techniques discussed above, do not
give rise to such a defined structural boundary. The absence of the
structural boundary leads to improved delamination resistance and better
polishing consistency. [0056] The following example further illustrates the
invention but, of course, should not be construed as in any way limiting its
scope. EXAMPLE [0057] This example illustrates a method of producing
a multi-layer polishing pad of the invention comprising a porous layer
bound to a non-porous layer without the use of an adhesive. [0058] Solid
thermoplastic polyurethane sheets (Samples A and B) having an average
thickness of 1500 p.m were saturated with CO2 (approximately 50 mglg
thermoplastic polyurethane sample) at room temperature and 5 MPa
pressure. A plot of the CO2 uptake as 16 a function of time is shown in
FIG. 7. The C0O2-saturated samples A and B were then held at room
temperature and atmospheric pressure for 20 minutes and 120 minutes,
respectively, during which time partial desorption of the CO2 from the
polymer sheet occurred. A plot of the CO2loss as a function of time is
shown in FIG. 8. The amount of



CO2 loss form the samples was 4.5 mglg (9%) and 13.5 mg/g (27%)
thermoplastic polyurethane sample, respectively. After partial desorption,
samples A and B were foamed at 93C. SEM images of foamed samples
A and B are shown in FIGS. 9 and 10, respectively. Sample A has a total
average thickness of 1500 m and comprises a 50 pm solid polishing pad
layer and a 1450 pm porous polishingipad layer. Sample B has a total
average thickness of 1500 ism and comprises a 200.tm solid polishing
pad layer and a 1300 m porous polishing pad layer. 100591 This example
demonstrates a-method for preparing a multi-layer polishing pad of the
invention without requiring the use of an adhesive layer. 1 % Claims: 1 A
polishing pad for chemical-mechanical polishing comprising an optically
transmissive multi-layer polishing pad material, wherein the optically
transmissive polishing pad material comprises two or more layers that are
cii@ined together without the use of an adhesive, 2, The polishing pad of
claim 1, wherein the optically transmissive multi-layer polishing pad
mate_{lal is formed by coextension. 3 . " The polishing pad of claim 1,
wherein the oﬁtﬂ?&ﬁ?‘ﬁ%ﬁ?&fﬁggﬁ\?@lﬁﬁﬁm‘é&mcﬁm pepririte Fabptically
compriseEserfiist smanissineplalyertand, s seedntle tansmissivelayer. 4.
Tindispalishidgupedotelaimnds whereid e irsitrrsmissiye Jerer AR ibe se
secendtEaRsmissive layer comprise a polymer resin. 5. The polishing pad
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teexeafranehminiurgsthareele 8 g dolshing pad of claim 5, wherein the
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aoinesition, micicbmbinatianyithereofydythe, polishing pataialain) 8 ,
wheneincbefirsifiransmissbadaysr is porous and the second transmissive
laygr is NON-PAIOKSiishing pad of claim 5, wherein the polymer resin is a thermoplastic
polyurethane,

7. The polishing pad of claim 3,  wherein the first transmissive layer and

second fransmissive layer have at least one different property.

8. The polishing pad of claim 7, . wherein the different propetty is selected
from the group consisting of hardness, porosity, compressibility, optical fransmittance,
chemical composition, and combinations thereof.

9. The polishing pad of claim 8 , wherein the first transmissive layer is porous
and the second transmissive layer is non-porous.

10. The polishing pad of claim 8, wherein the first ransmissive layer comprises
a first polymer resin, the second transmissive layer comprises 2 second polymer resin, and
the first and second polymer résins are different.



10. The polishing pad of claim 8) wherein the first transmissive layer
comprises a first polymer resin, the second transmissive layer comprises
a second polymer resin, and the first and second polymer resins are
different. 18 11 . The polishing pad of claim 10, wherein the first
transmissive layer comprises a thermoptastic polyurethane and the
second transmissive layer comprises a polymer resin selected from the
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18;0060hitre Acechdémivalisviechanical polishing apparatus comprising: 1 5.

(a)l4 platen tiTas potates; () dhe-palishimgpacief laimly FarRekde): ameRIge:
thatneles:a warkpisse.tnhemalishes byceniactingdhe. iofating @Q&Q{E@

RA%16,.LN8 fhemica anical polishing apparatus of claim 15, furt
comeprlsﬁ%g an m%%tu?xgggg{r‘ﬁ detection system. 17. A method of polishing

a woRkpiece COMPHS B}‘%?\/Rﬁ S AR PR BECIaim 1, (i)
contacting a WorkpledaRitkrEasslishing pad, and (jii) moving the
polishing padtelatithe tolithénpenkpietento lalmside the workpiece and
thereby polisfvthe weoskjiiehes holds a workpiece to be polished by contacting the
rotating polishing pad.
16, © The chemical-mechanical polishing apparatus of claim 1 5, further
comprising an iz situ endpoint detection system.
17. A method of polishing a workpiece comprising
) providing the polishing pad of claim 1,
(ii)  contacting a workpiece with the polishing pad, and
(iii)  moving the polishing pad relative to the workpiece to abrade the
workpiece and thereby polish the workpiece.



