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A web-style polishing pad includes a guide layer through 
which individual polishing elements protrude on one side and 
a flexible under-layer attached to the other side. The polishing 
elements may be affixed at their base to the compressible 
under-layer and pass through corresponding holes in the 
guide layer so as to be maintained and translatable in a Sub 
stantially orthogonal orientation with respect to a plane 
defined by the guide layer. 
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CHEMICAL MECHANICAL 
PLANARIZATION PAD AND METHOD OF 

USE THEREOF 

RELATED APPLICATIONS 

0001. This application is a Continuation-in-Part of and 
claims priority to: 

0002 (1) U.S. patent application Ser. No. 1 1/697,622, 
filed 6 Apr. 2007, which is U.S. National Stage of and 
claims priority to: (a) PCT/US05/35979, filed 5 Oct. 
2005, which claims the priority benefit of and incorpo 
rates by reference U.S. Provisional Application 60/616, 
944, filed 6 Oct. 2004, and U.S. Provisional Application 
60/639,257, filed 27 Dec. 2004; and (b) PCT/US05/ 
35732, filed 5 Oct. 2005, which claims the priority ben 
efit of and incorporates by reference U.S. Provisional 
Application No. 60/631,188, filed 29 Nov. 2004, and 
U.S. Provisional Application No. 60/639,257, filed 27 
Dec. 2004; 

0003) (2) U.S. patent application Ser. No. 1 1/576,942, 
filed 9 Apr. 2007, which is a U.S. National Stage of and 
claims priority to PCT/US05/35660, filed 5 Oct. 2005, 
which claims the priority benefit of and incorporates by 
reference U.S. Provisional Patent Application No. 
60/631,189, filed 29 Nov. 2004 and U.S. Provisional 
Patent Application No. 60/639,257, filed 27 Dec. 2004; 

0004 (3) U.S. patent application Ser. No. 1 1/576,944, 
filed 9 Apr. 2007, which is a U.S. National Stage of and 
claims priority to PCT/US05/35978, filed 5 Oct. 2005, 
which claims the priority benefit of and incorporates by 
reference U.S. Provisional Patent Application No. 
60/631,187, filed 29 Nov. 2004 and U.S. Provisional 
Patent Application No. 60/636,055, filed 14 Dec. 2004; 

0005 (4) U.S. patent application Ser. No. 11/562,310, 
filed 21 Nov. 2006, which is a non-provisional of, claims 
priority to and incorporates by reference U.S. Provi 
sional Patent Application No. 60/739,252, filed 23 Nov. 
2005; and U.S. Provisional Patent Application No. 
60/758,006, filed 10 Jan. 2006; 

0006 (5) U.S. patent application Ser. No. 11/562,346, 
filed 21 Nov. 2006, which is a non-provisional of, claims 
priority to and incorporates by reference U.S. Provi 
sional Patent Application No. 60/784,263, filed 21 Mar. 
2006; and 

0007 (6) U.S. patent application Ser. No. 1 1/846,304, 
filed 28 Aug. 2007, and is also a non-provisional of and 
claims priority to U.S. Provisional Patent Application 
60/969,684, filed 3 Sep. 2007, all of the above of which 
are incorporated herein by reference. 

FIELD OF THE INVENTION 

0008. The present invention relates to the field of chemical 
mechanical planarization (CMP) and to a CMP polishing pad 
utilized in CMP processing on web platform, in one instance 
a pad having uniform or near uniform polishing performance 
across its Surface. 

BACKGROUND 

0009. In modem integrated circuit (IC) fabrication, layers 
of material are applied to embedded structures previously 
formed on semiconductor wafers. Chemical mechanical pla 
narization (CMP) is an abrasive process used to remove or 
flatten these layers and polish the surface of a wafer to achieve 
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the desired structure. CMP may be performed on both oxides 
and metals and generally involves the use of chemical slurries 
applied via a polishing pad that is moved relative to the wafer 
(e.g., the pad may rotate circularly relative to the wafer). The 
resulting Smooth, flat Surface is necessary to maintain the 
photolithographic depth of field for Subsequent processing 
steps and to ensure that metal interconnects are not deformed 
over contour steps Damascene processing requires CMP to 
remove metals, such as tungsten or copper, from the top 
surface of a dielectric to define interconnect structures. 
0010. The planarization/polishing performance of a pol 
ishing pad and slurry combination is impacted by, among 
other things, the mechanical properties and slurry distribution 
ability of the polishing pad and the chemical properties and 
distribution of the slurry. Often a polishing pad may be porous 
and/or include grooves to distribute the slurry across its Sur 
face. However, this reduces the overall strength of the polish 
ing pad, making it more flexible and thus reducing its pla 
narization characteristic. Typically, hard (i.e., stiff) pads 
provide good planarization, but are associated with poor 
with-in wafer non-uniformity (WIWNU) film removal. Soft 
(i.e., flexible) pads, on the other hand, provide polishing with 
good WIWNU film removal characteristics, but poor pla 
narization characteristics. In conventional CMP systems, 
therefore, harder pads are often placed on top of softer pads to 
improve WIWNU. Nevertheless, this approach tends to 
degrade planarization performance when compared to use of 
a hard pad alone. 
0011 FIG. 1A illustrates "dishing” as a result of applying 
a flexible polishing pad to wafer 100. The flexible polishing 
pad provides for a smooth surface but creates dishing 106 by 
over-polishing softer elements, such as copper layer 104, on 
the surface of substrate 102. The consequence of dishing is an 
undesirable loss of metal thickness, leading to poor device 
performance. 
0012 Dishing can be reduced or eliminated through the 
use of a stiffer polishing pad, which can provide greater 
planarization. Pads may be made stiffer by reducing the num 
ber of pores and/or grooves in the pad, however, this can lead 
to different consequences, for example poor slurry distribu 
tion. The net effect may be to increase the number of surface 
defects 108 on the substrate 102 and/or copper layer 104 (e.g., 
by Scratching and/or pitting the Surface/layer), as shown for 
example in FIG. 1B which illustrates surface defects 108 that 
may result from application of a relatively stiff polishing pad 
to wafer 100. 

0013 Variations in the above-described effects may also 
be present at different points across a wafer. FIG. 1C shows a 
cross-section of a wafer 100" having multiple dies thereon. 
Assume that a copper layer is present on the top Surface of 
wafer 100' and that FIG. 1C illustrates the wafer after CMP 
polishing with a hard pad has occurred. As can be seen, for 
those dies closer to the center of wafer, the effects of dishing 
110, 114 and erosion 112, 116 are less severe than for dies 
near the edge of the wafer. This is due to the fact that the hard 
pad must compensate for WIWNU by over-polishing the dies 
that clear first (i.e., those near the edge of the wafer 100). 
(0014 FIG. 1D illustrates the surface of a post-CMP wafer 
100" after polishing with a stacked pad (i.e., one in which a 
hard pad is placed over a softer pad). In this instance the 
dishing and erosion of the features at center and edge of the 
wafer (110", 112" and 114", 116", respectively) is more 
severe than occurs near the center of the wafer 100' illustrated 
in FIG. 1C, but less so than occurs near the edge thereof. This 
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is due to the fact that while the softer under-pad degrades 
planarization, polishing is more uniform, leading to more 
consistent overall performance across the entire Surface of the 
wafer. 
0015. It is therefore the case that designing CMP polishing 
pads requires a trade-off between WIWNU and planarization 
characteristics of the pads. This trade-off has led to the devel 
opment of polishing pads acceptable for processing dielectric 
layers (such as silicon dioxide) and metals such as tungsten 
(which is used for via interconnects in Subtractive processing 
schemes). In copper processing, however, WIWNU directly 
impacts over-polishing (i.e., the time between complete 
removal of copper on any one area versus complete removal 
from across an entire wafer Surface) and, hence, metal loss 
and, similarly, planarization as expressed by metal loss. This 
leads to variability in the metal remaining in the interconnect 
structures and impacts performance of the integrated circuit. 
It is therefore necessary that both planarity and WIWNU 
characteristics of a pad be optimized for best copper process 
performance. 
0016 Conventional polishing pads are typically made of 
urethanes, either in cast form and filled with micro-porous 
elements or from non-woven felt coated with polyurethanes. 
During polishing, the pad Surface undergoes deformation due 
to polishing forces. The pad surface therefore has to be 
“regenerated through a conditioning process. The condition 
ing process involves pressing a fine, diamond covered disc 
against the pad surface while the pad is rotated much like 
during the polishing processes. The diamonds of the condi 
tioning disc cut through and remove the top layer of the 
polishing pad, thereby exposing a fresh polishing pad Surface 
underneath. 
0017. These concepts are illustrated graphically in FIGS. 
2A-2C. In particular, FIG. 2A illustrates a side cutaway view 
of a new polishing pad 200. Polishing pad 200 contains 
microelements 204 and grooves 206, much like those found in 
commercially available polishing pads such as the IC1000 of 
Rhom & Haas, Inc. FIG. 2B shows the surface 202 of polish 
ing pad 200 after polishing. The top surface of the pad shows 
degradation 208, especially around the microelements 204 
where the edges are degraded due to plastic or viscous flow of 
the bulkurethane material. FIG. 2C shows the surface 202 of 
the polishing pad after a conditioning process has been com 
pleted. Note the depth of grooves 206 is lower than was the 
case for the new pad illustrated in FIG. 2A due to material 
removal during conditioning. 
0018 Over multiple cycles of polishing and conditioning, 

it is usually the case that the overall thickness of a pad wears 
up to a point Such that the pad needs to be replaced. It is 
evident to those practicing in the art that pad wear rates differ 
from pad to pad and may also differ from one batch of pads to 
another batch. This often leads to variation in CMP perfor 
mance over the life time of the pad and variation is also 
observed pad to pad. Frequent changes in pads also lead to 
reduced productivity of the overall process 
0019. One method to achieve stable polish performance 
and increase productivity is known as web processing. In web 
processing, a roll of pad is Supplied to the polish table through 
a series of rollers, notably a feed roller and an uptake roller. 
CMP machines which use web pads and details of processing 
wafers with this process are discussed in U.S. Pat. Nos. 5,335, 
453, 6,244,935, 6,379,231, and 6,398,630. 
0020 U.S. Pat. No. 5,335,453 describes a machine which 
uses a feed roller containing new pad material and a uptake 
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roller containing used pad material. A polish table is posi 
tioned between the two rollers. The portion of pad material 
currently in use is situated over the polish table for polishing 
wafer substrates and to effect material removal therefrom. 
(0021 U.S. Pat. No. 6,244.935 describes a rotary polish 
table which also contains a feed roller and an uptake roller to 
enable polishing in much the same fashion as a conventional 
rotary polish system while allowing a web pad to be installed 
on the rollers for longer use. A new pad roll is mounted onto 
the feed roller, applied across the polish table, which contains 
multiple vacuum channels, and fed onto the uptake roller. As 
wafers are processed, the pad is advanced by a predetermined 
amount Such that a segment of fresh pad (i.e., a fraction of the 
total pad) is fed over the polish table and a corresponding 
segment of used pad is removed by uptake onto the uptake 
roller. 
0022. Not all polishing pads can be formed into rolls for 
use with web processing CMP equipment. For example, stiff 
pads (such as IC pads Supplied by Rohm & Haas) cannot be 
easily formed into a roll, yet, as discussed above, the inherent 
stiffness of Such pads is required if good planarization char 
acteristics are desired. CMP pads for planarization offered by 
other manufacturers, such as the D100 pads offered by Cabot 
Corp. and the FASTTM polishing pads produced by PPG 
Industries, have similar limitations. There are, therefore, sig 
nificant constraints with respect to implementing web-style 
CMP equipment architectures. 

SUMMARY OF THE INVENTION 

0023 Disclosed herein is a polishing pad, which, while 
being capable of polishing like a hardpad, can beformed into 
a roll that can be installed onto conventional web-style CMP 
polishing equipment. 
0024. A polishing pad configured in accordance with an 
embodiment of the present invention includes a sheet of guide 
layer having optionally affixed thereto a porous slurry distri 
bution layer on one side and a flexible under-layer on the other 
side. A plurality of polishing elements inter-digitated with 
one another through the slurry distribution layer and the guide 
layer, so as to be maintained in planar orientation with respect 
to one other and the guide layer, are affixed to the flexible 
under-layer with each polishing element protruding above the 
surface of the guide layer to which the optional slurry distri 
bution layer is adjacent. The collective materials can be rolled 
onto a cylindrical Support 
0025. The guide layer of the polishing pad may be made of 
a MylarTM or polycarbonate or other suitable polymer mate 
rial and includes holes in which individual polishing elements 
are accommodated. The polishing elements may have any 
shape Such as circular, triangular, Square, polygon or any 
other shape. A combination of shapes and sizes maybe used 
on the same pad roll. The polishing elements may be made 
from Solid or micro-porous polymer and may also include a 
metal oxide material. The polishing elements may be made 
from a polymer, such as polyurethane, ABS, SAN, or poly 
acrylonitrile, and may include micro-pores or a metal oxide, 
Such as aluminum oxide, silicon dioxide, and/or titanium 
dioxide. 
0026. One or more of the polishing elements may be fash 
ioned so as to have a cylindrical body, with or without a 
circular base having a diameter larger than that of the cylin 
drical body. The top surface of the polishing elements may be 
flat or have a predetermined pattern incorporating micro 
features. The under-layer may be made from polyurethane or 
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other flexible materials such as PVA, TeflonTM, polyethylene, 
PVDF, neoprene, styrene butadiene rubber, or EPDM. The 
composite pad is preferably used in conjunction with a com 
pressible foam to enable full movement of the polishing ele 
ments in a direction orthogonal to a plane defined by the guide 
layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. The present invention is illustrated by way of 
example, and not limitation, in the figures of the accompany 
ing drawings, in which: 
0028 FIGS. 1A-1D illustrate the effects of dishing and 
erosion due to inconsistent planarization across a wafer dur 
ing CMP operations. 
0029 FIGS. 2A-2C illustrate examples of pad wear expe 
rienced by conventional polishing pads. 
0030 FIG. 3A is a cut-away side view of a polishing pad 
configured inaccordance with one embodiment of the present 
invention for use in CMP operations. 
0031 FIG. 3B illustrates a polishing pad similar to that 
shown in FIG. 3A, but which includes a compressible under 
layer in accordance with a further embodiment of the present 
invention. 
0032 FIG.3C is a side view of a polishing pad configured 
in accordance with an embodiments of the present invention 
and employed in a web-style polishing apparatus. 
0033 FIG. 3D is a side view of a polishing pad configured 
in accordance with an embodiment of the present invention 
with a wafer in proximity thereto. 
0034 FIG. 4 is a top view of a polishing pad having inter 
digitated polishing elements between which slurry may flow 
in accordance with still another embodiment of the present 
invention. 
0035 FIG. 5 is a diagram showing a sequence for manu 
facturing a polishing pad Suited for use with web-style pol 
ishing apparatus in accordance with an embodiment of the 
present invention. 

DETAILED DESCRIPTION 

0036) Described herein are improved CMP polishing pads 
formed in sheets suitable for web-style CMP processing 
equipment, methods of manufacturing same, and processes 
for polishing semiconductor wafers and structures layered 
thereon, including metal damascene structures, using Such 
polishing pads. As indicated above, it is known that a more 
flexible polishing pad produces dishing while a harder pad 
(with reduced slurry distribution ability) produces more sur 
face defects. At the same time, it has been demonstrated that 
pads applied in web-form provide more uniform processing 
performance and higher productivity in CMP processes. Con 
ventional hard pads cannot be provided in roll form for such 
web-style applications, as the hardness of polishing layer 
limits the ability to physically roll the pad without damaging 
it. The pad design disclosed herein overcomes this limitation 
and enables higher productivity. 
0037 Although various polishing pad configurations 
(e.g., with specific examples of geometric ranges, ratios, and 
materials) and polishing processes are described herein, it 
should be appreciated that the present invention can be 
equally applied to encompass other types of polishing pad 
fabrication materials and deposition removal techniques. 
Stated differently, the use of such other materials and tech 
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niques are deemed to be within the scope of the present 
invention as reflected in the claims following this description. 
0038. The above-referenced related patent applications, 
which are assigned to the assignee of the present invention, 
discuss polishing pad designs which use independent polish 
ing elements to effect uniform polishing of wafers and the 
like. Like the polishing pads discussed in those applications, 
a polishing pad configured in accordance with the present 
invention and Suitable for use with web-style processing 
apparatus has a guide plate which is affixed to a porous slurry 
distribution layer on one side and a compressible under-layer 
on the other side. A plurality of polishing elements interdigi 
tated with one another are affixed to the compressible under 
layer and protrude through the guide plate and the slurry 
distribution layer, so as to be maintained in planar orientation 
with respect to one other and the guide plate. Optionally, a 
membrane may be positioned between the guide plate and the 
slurry distribution layer. Such a membrane may be conductive 
or non-conductive and may be fastened to the guide plate by 
an adhesive. In some cases, the membrane may be an ion 
exchange membrane. 
0039. The guide plate of the present polishing pad may be 
made of a non-conducting material and may include holes in 
which individual polishing elements are accommodated. 
Some of the polishing elements may have circular cross sec 
tions, while others may have triangular cross sections, square 
cross-sections, hexagonal cross-sections, or any other shape. 
In any event, the polishing elements may be made from any 
one or combination of a thermally conducting material, an 
electrically conducting material, or a non-conducting mate 
rial. For example, the polishing elements may be made of a 
conductive polymer polyaniline, carbon, graphite, or metal 
filled polymer. One or more of the polishing elements may be 
fashioned so as to make sliding contact with a wafer Surface 
during polishing operations, while others may be fashioned 
So as to make rolling contact with a wafer Surface (e.g., with 
a rolling tip made of a polymeric, metal oxide, or electrically 
conducting material) during such operations. 
0040. The slurry distribution material may include a num 
ber of slurry flow resistant elements (e.g., pores) and be 
between 10 and 90 percent porosity. Preferably, though not 
necessarily, the slurry distribution material is fastened to the 
guide plate by an adhesive (e.g., inaccordance with the manu 
facturing process discussed below). In some cases the slurry 
distribution material may include multiple layers of different 
materials. For example, the slurry distribution material may 
include a Surface layer having relatively large pores and a 
lower layer having relatively small pores. It is conceivable 
that the slurry distribution element and guide plate functions 
can be performed by a single material. Such a material may be 
a guide plate having a open pore foam Surface or grooves or 
baffles to modulate the slurry flow across the surface. 
0041. The polishing pad may also include wear sensors 
configured to provide indications of pad wear and/or end-of 
life. For example, the polishing pad may include one or more 
pad wear sensors embedded at a depth from a top Surface of 
the padas measured from a working end of one or more of the 
polishing elements. The pad wear sensor(s) may be an opti 
cally transparent plug having a top Surface covered with 
reflective coating; a number of optically transparent plugs 
embedded to different depths within the pad; an optically 
transparent conical plug mounted flush with the top surface of 
the pad Surface; an optically transparent plug having a multi 
step Surface configured to be exposed to varying degrees as 
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the pad wears; or an optically transparent plug containing 
screens with varying degrees of transmission arranged in 
order of reflectivity. In still further embodiments, the pad 
wear sensor(s) may be an electrochemical sensor containing 
two or more probes embedded in the pad, or a conductive 
plate embedded at a depth below the surface of the pad. 
0042. In order to provide for the web-style environment in 
which the present pad is intended for use, some flexibility 
must be maintained. The use of discreet, hard polishing ele 
ments distributed over a flexible layer not only enables uni 
form polishing of wafer surfaces but also permits the pad to be 
rolled into a form suitable for use with web-style apparatus. 
Preferably, the overall thickness of the web-style pad is less 
than 50 mils and, in some cases, less than 25 mils. Total pad 
thickness is determined by adding the thickness of the flexible 
under-layer and polishing elements together, while the pad 
life is determined by the thicknesses of the polishing elements 
and guide layer. In some embodiments, the present web pad 
uses polishing elements having a height of less than 40 mils 
and flexible under-layer having a thickness of less than 10 
mils to achieve total thickness of less than 50 mils. The guide 
layer may be on the order of 5-10 mils thick. 
0043. The pad stack may be combined with an external 
compressible foam layer to help ensure uniform polishing. 
One Suitable compressible under-layer is polyurethane foam, 
marked under the brand name PORONTM and available from 
Rogers Corporation. Conventional polishing pads use thick 
nesses of about 62 mils for such compressible foam layers. 
0044) The material which makes up the flexible under 
layer of the present polishing pad is selected to provide com 
pliance and to contain the polishing elements. The under 
layer material is selected such that it does not interfere with 
independent operation of the polishing elements. As such its 
mechanical properties. Such as stiffness or hardness and resil 
iency, are chosen Such that when used in conjunction with an 
external compressible foam layer, the properties of under 
layer do not alter the overall compressibility and resilience of 
the compressible foam by more than 5-10%. A suitable under 
layer material may be low density, low rebound foams 0392 
from Rogers Corp. A thin, solid, flexible sheet made from 
rubber, latex or polyurethane may also be used. 
0045. As discussed further below, the guide layer of the 
present pad limits movement of the polishing elements to a 
plane orthogonal to that of the guide layer itself (i.e., towards 
or away from the wafer being polished), and may be made of 
suitably flexible material, such as a thin layer of MylarTM or 
polycarbonate. The guide layer also functions as a carrier 
layer for the pad structure across rollers of the web-style 
polishing apparatus. 
0046. The polishing pads described herein may be used in 
a variety of steps associated with CMP processing. This 
includes utilization in a multi-step process, wherein multiple 
polishing pads and slurries of varying characteristics are used 
in Succession, to one step processes, where one polishing pad 
and one or more slurries are used throughout the entire pol 
ishing phase. Alternatively, or in addition, a pad configured 
with hard (>Shore D 45) polyurethane polishing elements 
may be Suitable for planarizing steps while a pad with pol 
ishing elements made from softer polymer (<shore D45) such 
as polyurethane, PVA etc. may be suitable for buffing and 
cleaning steps. 
0047 Referring now to FIG. 3A, a cut-away side profile 
view of a circular polishing pad 300 used in CMP processing 
and configured according to embodiments described in the 
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above-cited related patent applications. As shown, polishing 
elements 302 protrude through holes in a guide plate 304 and 
are supported by (e.g., affixed to) a base. Such as a compress 
ible under-layer 306. In use, the polishing pad 300 rotates 
relative to a wafer Surface being polished, and polishing ele 
ments 302 make contact with that surface. A optional slurry 
distribution material (not shown) above the guide-layer 304 
provides flow control in slurry pathways between the polish 
ing elements 302. 
0048. The foundation of polishing pad 300 is the guide 
plate 304, which provides lateral support for the polishing 
elements 302. The guide plate may be made of a non-con 
ducting material, such as a MylarTM or polycarbonate mate 
rial. In one embodiment of the present invention, the guide 
plate 304 includes holes fabricated into or drilled out of the 
guide layer to accommodate each of the polishing elements 
302. The polishing elements 302 may be fixed to the top of 
compressible under-layer 306 and held in place by an adhe 
sive, such as double sided tape or epoxy. This leaves the 
polishing elements 302 free to move in a direction parallel to 
their long axis (orthogonal to a plane defined by the guide 
plate), through the holes in guide plate 304. 
0049. As indicated above, the volume between the inter 
digitated polishing elements 302 may be at least partially 
filled with a slurry distribution material. The slurry distribu 
tion material may include flow resistant elements such as 
baffles or grooves (not shown), or pores, to regulate slurry 
flow rate during CMP processing. In varying embodiments, 
the porous slurry distribution material may have between 10 
and 90 percent porosity and may be overlaid on guide layer 
304. The slurry distribution material may be fastened to the 
guide plate by an adhesive, such as double sided tape. Addi 
tionally, the slurry distribution material may include various 
layers of differing materials to achieve desired slurry flow 
rates at varying depths (from the polishing Surface) of the 
slurry distribution material. For example, a Surface layer at 
the polishing Surface may have larger pores to increase the 
amount and rate of slurry flow on the surface while a lower 
layer has Smaller pores to keep more slurry near the Surface 
layer to help regulate slurry flow. 
0050 FIG. 3B shows one embodiment of a web pad 300' 
configured in accordance with the present invention. Web pad 
300' is similar in construction to pad 300 described with 
reference to FIG. 3A, but includes a thin flexible under-layer 
308 to contain the polishing elements 302. The compressible 
under-layer 306 is external to the pad stack (which includes 
the polishing elements, the flexible under-layer and the guide 
layer 304). The compressible under-layer 306 serves the same 
function as that in pad 300 and provides, among others fea 
tures, a positive pressure directed toward the polishing Sur 
face of the pad when compressed. Typically, the compression 
may vary around 10% at 5 psi (pounds per square inch), 
however, it will be appreciated that the compression may be 
varied dependent upon the materials used in constructing 
polishing pad 300' and the type of CMP process. For example, 
the compressible under-layer 306 may be formed of BOND 
TEXTM foam made by RBX Industries, Inc. or PoronTM Per 
formance Urethane made by Rogers Corp. In varying 
embodiments, the compressible under layer 306 is provided 
externally and is not part of the web pad roll. 
0051 FIG. 3C illustrates a cut-away side profile view of 
polishing pad 300' as used in CMP processing, according to 
one embodiment of the present invention. In use, the polish 
ing pad 300' is fed from a roll on a feed roller 312 over the top 
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of a polishing table 310 and onto an uptake roller 314. The 
relative motion between wafer and polishing table is provided 
by motion of either one or both the polishing table and/or 
wafer. Notice that compressible under-layer 306 is not part of 
the web pad roll and, instead, is applied over the surface of the 
polishing table 310. In other cases, the flexible under-layer 
306 may be part of the web pad stack. 
0052 FIG. 3D illustrates a further embodiment of the 
present web pad 300' and shows a wafer 320 being polished. 
Wafer 320 contacts the polishing elements 302 and is moved 
relative to the pad by rotating either or both pad 300' and/or 
wafer 320. For example, the feed roller 312 and the uptake 
roller 314 may be affixed to sides of the polishing table 310, 
and the entire polishing table rotated relative to wafer 320. 
alternatively, or in addition, wafer 320 may be supported by a 
wafer stage that is rotated relative to polishing table 310. 
0053 FIG. 4 illustrates a top down view of a portion of a 
polishing pad 400 configured according to one embodiment 
of the present invention. Polishing elements 406 are interdigi 
tated throughout polishing pad 400. A slurry distribution 
material 404 is permeated throughout the volume created by 
polishing elements 406 protruding from the guide layer (not 
shown). While the volume provides a slurry path, the slurry 
distribution material provides a mechanism to control slurry 
flow throughout the volume as discussed above. 
0054 The distribution of the polishing elements 406 may 
vary according to specific polishing/process requirements or 
characteristics. In varying embodiments, the polishing ele 
ments 406 may have a density of between 30 and 80 percent 
of the total polishing pad Surface area, as determined by the 
diameter (D) of each polishing elements 406 and the area of 
the polishing pad 400. In one embodiment, the diameter Dis 
at least 50 micrometers. In other embodiments, the diameter 
D may vary between 50 micrometers and 12 millimeters. 
Typical diameters of the polishing elements are 3-25 mm. 
0055 Various embodiments of the present polishing pad 
may have polishing elements of at least two different types of 
materials, each having a different coefficient of friction, and 
arranged over the pad so as to provide a non-planar material 
removal profile for the pad. The polishing elements may be 
arranged to provide an edge-fast, edge-slow, center-fast or 
center-slow material removal profile. For example, the differ 
ent polishing elements may be arranged in different densities 
across the pad. 
0056 Still another embodiment of the present polishing 
pad has a plurality of polishing elements, some of which are 
polyurethane and others of which are Delrin. The polishing 
elements may be various manners across the pad such that 
those of the polishing elements which are Delrin make up 
approximately 5-50% of the total number of polishing ele 
ments in locations corresponding to areas of the pad config 
ured to provide relatively lower material removal rates than 
other areas of the pad. The overall density of polishing ele 
ments may be uniform per unit area of the pad and/or the 
polishing elements may be laid out in a uniform radial 
arrangement. In some cases, both the Delrin and polyurethane 
polishing elements may have a common shape and size or 
may have different shapes/sizes. 
0057. In still other embodiments, the present polishing 
pad may include a combination of electrically conductive and 
electrically non-conductive polishing elements. The conduc 
tive polishing elements may be made of one or more of a 
conductive polymer, graphite or combination thereof, while 
the non-conductive polishing elements may be made of a 
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thermoplastic polymer Such as polyurethane, Delrin, nylon, 
etc. These different polishing elements may have the same 
shape/size or different shapes/sizes. 
0.058 Optionally, a membrane may be positioned between 
the guide layer and the slurry distribution layer. Such a mem 
brane may be conductive or non-conductive membrane and 
may be fastened to the guide layer by an adhesive. In some 
cases, the membrane may be an ion exchange membrane. 
0059) Other embodiments of the present polishing pad 
may have one or more polishing elements made from a hydro 
gel material having an intrinsic ability to absorb water. The 
hydrogel material may have no micro-porosity, a water 
absorption capability of 4%-60% by weight, a wet tensile 
strength greater than 1000psi, a flexural modulus greater than 
2000 psi, and a wet Shore Dhardness between 25-80, inclu 
sive. In other embodiments, the hydrogel material may have a 
water absorption capability of 4%-60% by weight, a 
microporosity of 1% to 20% by volume, micropores of 
20-100 microns, a wet tensile strength greater than 1000 psi, 
a flexural modulus greater than 2000 psi, and a wet Shore D 
hardness between 25-80, inclusive. In either instance, the 
hydrogel material may be made from one or a combination of 
the following moeties: urethane, alkylene oxides, esters, 
ethers, acrylic acids, acrylamides, amides, imides, vinylalco 
hols, vinylacetates, acrylates, methacrylates, Sulfones, ure 
thanes, vinylchlorides, etheretherketones, and/or carbonates. 
0060 FIG. 5 shows a web pad manufacturing machine 500 
configured in accordance with an embodiment of the present 
invention. The machine 500 consists of three primary rollers 
501, 502 and 503. Roller 501 is used to provide guide layer 
514, roller 502 is used to provide flexible under-layer 515, and 
roller 503 is an uptake roller on which the completed pad is 
collected after being assembled. 
0061. In operation, a sheet of guide layer material is 
mounted on roller 501 and passed through an assembly path 
defined by guide rollers 504,507 and 510. As the guide layer 
material passes under polishing element dispensing station 
512, polishing elements 513 are placed through holes in the 
guide layer material. This may be accomplished, for example, 
while mechanical vibration energy is applied so as to ensure 
that the polishing elements 513 extend fully into the holes in 
the guide layer material. Alternately a pick-and-place tool 
may be used to dispense polishing elements at predetermined 
locations in the guide layer material. An optional laser or 
machining system (not shown) may be added proximate to the 
guide rollers 507 and 510 to make holes in guide layer mate 
rial 514 for the polishing elements. 
0062. As holes in the guide layer material 514 are occu 
pied with polishing elements 513, a first stack 516 is formed. 
Flexible under-layer 515 is then attached to this guidelayer— 
polishing element composite. Roller 502 supports a sheet of 
flexible under-layer material 515. That material is dispensed 
such that it passes through a path defined by guide rollers 505, 
508 and 511, which brings the material into contact with the 
flexible under-layer-polishing element stack 516 to form 
composite stack 517. The flexible under-layer material 515 
may be secured to the guide layer material 514 with an adhe 
sive, which may be applied prior to the under-layer material 
515 coming into contact with the guide layer material 514 
(not shown in detail). 
0063) Not shown in this drawing is the addition of a slurry 
distribution material or a further compressible foam layer, but 
these optional layers may be added in a fashion similar to that 
discussed above. That is, the materials may be rolled off of 
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Support rollers, through assembly paths defined by a series of 
guide rollers and brought into contact with the guide layer/ 
compressible under layer, as appropriate, and affixed thereto, 
e.g., by adhesive. The final stack of materials 517 defines the 
polishing pad, which may be taken up onto roller 503 through 
a path defined by guide rollers 509 and 506, for example. 
0064. Thus, an improved CMP polishing pad, method of 
manufacturing same and process for polishing semiconductor 
wafers and structures layered thereon, including metal dama 
scene structures on Such wafers, using Such a pad has been 
described. Although the present polishing pad, processes for 
using it and methods for manufacturing same have been dis 
cussed with reference to certain illustrated examples, it 
should be remembered that the scope of the present invention 
should not be limited by such examples. Instead, the true 
scope of the invention should be measured on in terms of the 
claims, which follow. 
What is claimed is: 
1. A polishing pad, comprising a sheet-like guide layer 

having holes therein, a plurality of individual polishing ele 
ments protruding through said holes, and a sheet-like flexible 
under-layer affixed to the guide layer so as to maintain the 
polishing elements in a Substantially orthogonal orientation 
with respect to a plane defined by the guide layer, the polish 
ing elements further being translatable along an axis orthogo 
nal to said plane. 

2. The polishing pad of claim 1, wherein at least some of the 
polishing elements are made of one of Solid polyurethane, 
micro-porous polyurethane, polyacrylic, or PVA. 
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3. The polishing pad of claim 1, wherein the guide layer is 
made of one of polyester or polycarbonate. 

4. The polishing pad of claim 1, wherein the flexible under 
layer is made of one of silicone, natural rubber, Styrene 
butadiene rubber, neoprene, or polyurethane. 

5. A method of making a polishing pad, comprising depos 
iting a plurality of individual polishing elements into holes 
present in a sheet of a guide layer material and affixing to the 
guide layer a backing layer so as to maintain the polishing 
elements in a Substantially orthogonal orientation with 
respect to a plane defined by the guide layer. 

6. The method of claim 5, further comprising taking up a 
composite formed by the guide layer, the backing layer and 
the polishing elements onto an uptake roller. 

7. The method of claim 5, wherein the backing layer is 
affixed to the guide layer by an adhesive. 

8. The method of claim 5, wherein the guide layer material 
is directed to a position at which the polishing elements are 
deposited into the holes by external means. 

9. The method of claim 8, wherein the holes are formed 
after the guide layer material is spooled off a feed roller. 

10. The method of claim 8, wherein the backing layer is 
directed to a second position at which it is affixed to the guide 
layer material by one or more guide rollers different than the 
guide rollers used to direct the guide layer material to the 
position at which the polishing elements are deposited into 
the holes. 


