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(57) ABSTRACT 

A method and apparatus for utilizing an optimized polishing 
pad to increase planarity and reduce defects in CMP pro 
cessing. The optimized polishing pad includes a polishing 
surface to remove material from and maintain a uniform 
polish rate With respect to a Wafer surface. The polishing pad 
has a hardness betWeen 62 and 98 shore A and a tensile 
modulus betWeen 3,500 and 35,000 psi. A three-stage CMP 
process utilizes a hard pad, a ?rst optimized pad and a 
second optimized pad to increase planarity While reducing 
surface defects. 
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CHEMICAL MECHANICAL PLANARIZATION 
METHOD AND APPARATUS FOR IMPROVED 

PROCESS UNIFORMITY, REDUCED 
TOPOGRAPHY AND REDUCED DEFECTS 

RELATED APPLICATION 

[0001] This application is related to and hereby claims the 
priority bene?t of US. Provisional Patent Application No. 
60/469,164, entitled “Chemical Mechanical PlanariZation 
Method for Improved Process Uniformity, Reduced Topog 
raphy and Reduced Defects,” ?led May 8, 2003, incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of chemi 
cal mechanical polishing/planariZation (CMP) and relates 
speci?cally to material properties of a polishing pad utiliZed 
in CMP processing. 

BACKGROUND OF THE INVENTION 

[0003] In modem integrated circuit (IC) fabrication tech 
nology, it is necessary to form various embedded structures 
over previously constructed layers of integrated circuits 
formed on semiconductor Wafers. During the manufacturing 
process, certain portions of these layers need complete or 
partial removal to achieve the desired device structure. 
Chemical mechanical polishing/planariZation (CMP) is a 
popular method to achieve this material removal. CMP is 
also used to prepare the surface of the bare semiconductor 
Wafer for device construction. 

[0004] In CMP a Wafer is typically pressed against a 
moving polishing pad. Chemically active slurry containing 
abrasive particles is applied to the pad. The relative motion 
betWeen the pad and Wafer in combination With the chemical 
activity and abrasion from the slurry result in very precise 
material removal. 

[0005] The polishing pad surface characteristics, micros 
cale, and macroscale material properties are knoWn to 
impact the polishing performance. Harder, less complaint 
pads are knoWn to create contact pressure peaks on the high 
portions of the deposited ?lms. In a similar fashion, there are 
large-scale pressure gradients across the Wafer surface cor 
responding to the overall ?atness (or lack thereof) of the 
Wafer surface. 

[0006] The polish rate at locations on the Wafer surface 
exposed to high contact pressure is higher than those areas 
experiencing loW contact pressure. Thus harder, less com 
pliant pads exhibit more anisotropic material removal than 
softer pads, Which exhibit more uniform material removal 
across the Wafer surface. 

[0007] The purpose of CMP processing in IC fabrication 
is to remove steps in the Wafer surface corresponding to a 
pattern of features underlying the top-most deposition layer. 
More anisotropic polishing behavior reduces the required 
?lm thickness (overburden) and polish time required to 
achieve desired results. As a result the industry has migrated 
toWard hard pads for many of the CMP process applications. 
Some exemplary applications are inter-layer dielectric and 
shalloW trench isolation. 

[0008] Soft pads are typically used for ?nal surface ?nish 
and in some polishing processes, such as tungsten via 
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formation, Where the planariZation requirements are less 
demanding. For the traditional aluminum interconnect con 
struction, process engineers had the choice betWeen a hard 
pad or a soft pad and nothing in betWeen. 

[0009] IC (integrated circuit) performance requirements 
constantly drive fabrication process technology. As feature 
siZes have decreased and clock speeds have increased, IC 
construction has favored the higher conductivity of copper 
over aluminum for interconnects. This has brought about a 
groWing market for copper CMP and a drift from tungsten 
and inter-level dielectric (ILD) polishing steps to copper 
polish steps in the fabrication process ?oW. 

[0010] A typical copper ?lm stack consists of a diffusion 
barrier layer, such as Tantalum, Tantalum Nitride, or Tan 
talum plus Tantalum Nitride bi-layers to prevent the rapid 
diffusion of copper into the underlying dielectric material. 
During the next process step a copper seed layer is deposited 
folloWed by electroplating the bulk copper material. 

[0011] These metal ?lms are highly susceptible to scratch 
ing and pitting. Hard pads have a tendency to induce more 
of these surface defects than soft pads, but soft pads do not 
planariZe as Well as hard pads and result in an uneven or 
non-planar surface. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides for a method and 
apparatus for using at least one optimiZed pad to increase 
planarity and decrease surface defects during CMP process 
ing. The polishing pad includes a polishing surface to 
remove material from and maintain a uniform polish rate 
With respect to a Wafer surface. The polishing pad may have 
a hardness ranging betWeen 62 to 98 shore A and a tensile 
modulus betWeen 3500 to 35,000 psi (pounds per square 
inch). 
[0013] In one embodiment, the polishing pad is a poro 
meric polyurethane coating on a polyurethane impregnated 
polyester felt substrate. In various embodiments, the polish 
ing pad is comprised of one of a cast polyurethane material, 
polyurethane impregnated felt material or a coated polyure 
thane material on a substrate, such as a Mylar ?lm. 

[0014] The polishing surface of the polishing pad may 
further comprise an embossed or textured surface to distrib 
ute slurry as Well as to alloW for improved transport of 
polishing by-products When the polishing pad is used to 
polish a Wafer surface. The polishing pad may further 
include pores With siZes ranging from 0.5 to 100 micro 
meters. 

[0015] In one embodiment, the optimiZed polishing pad is 
a composite polishing pad comprising at least tWo coupled 
polishing pads Wherein one of the polishing pads has a 
polishing surface to make contact With a Wafer surface to 
remove material from and maintain a uniform polish rate 
With respect to the Wafer surface. Each polishing pad may be 
con?gured to have particular physical properties of hardness 
and tensile modulus When coupled, Wherein the composite 
hardness may range betWeen 62 to 98 shore A and the 
composite tensile modulus betWeen 3,500 to 35,000 psi. The 
coupled polishing pads may be a poromeric polyurethane 
coating on a polyurethane impregnated polyester felt sub 
strate or they may be comprised of one of a cast polyure 
thane material, polyurethane impregnated felt material or a 
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coated polyurethane material on a substrate. In one embodi 
ment, the polishing surface may also include an embossed or 
textured surface to distribute slurry as Well as to alloW for 
improved transport of polishing by-products When the com 
posite polishing pad is used to polish the Wafer surface. 

[0016] In one embodiment a method for increasing pla 
narity and decreasing surface defects during CMP process 
ing comprises three stages. First, reducing a step height of 
deposition material corresponding to a pattern of features 
underlying a top-most deposition layer of a Wafer by apply 
ing a hard pad to the Wafer surface, Wherein the hard pad has 
a hardness from 55 to 70 shore D and a tensile modulus from 
45,000 to 90,000 psi. Second, removing bulk material cor 
responding to the remaining top-most deposition layer to 
expose an underlying surface of the Wafer by applying a ?rst 
optimiZed pad to the Wafer surface, Wherein the ?rst opti 
miZed pad has a hardness from 78 to 98 shore A and a tensile 
modulus from 10,000 to 35,000 psi. Third, polishing the 
exposed underlying surface of Wafer to reduce surface 
defects and maintain planarity by applying a second opti 
miZed pad, Wherein the second optimiZed pad has a hardness 
from 62 to 78 shore A and a tensile modulus from 3,500 to 
10,000 psi. 

[0017] The ?rst optimiZed and the second optimiZed pad 
may be comprised of a poromeric polyurethane coating on 
a polyurethane impregnated polyester felt substrate. In 
another embodiment, at least one of the hard pad, the ?rst 
optimiZed pad, and the second optimiZed pad is comprised 
of one of a cast polyurethane material, polyurethane impreg 
nated felt material or a coated polyurethane material on a 
substrate. 

[0018] In another embodiment, a polishing surface of at 
least one of the hard pad, the ?rst optimiZed pad, and the 
second optimiZed pad may further comprise an embossed or 
textured surface to distribute slurry and carry aWay removed 
material When the polishing pad is used to grind and/or 
polish the Wafer surface. 

[0019] In other embodiments, the ?rst and second opti 
miZed pads are composite polishing pads further comprising 
at least tWo coupled polishing pads, Wherein one of the 
polishing pads has a polishing surface to make contact With 
a Wafer surface and each of the polishing pads con?gured to 
have particular physical properties of a hardness and a 
tensile modulus When coupled, Wherein the hardness for the 
?rst optimiZed polishing pad is from 78 to 98 shore A and the 
tensile modulus is from 10,000 to 35,000 psi and the 
hardness for the second optimiZed polishing pad is from 62 
to 78 shore A and the tensile modulus is from 3,500 to 
10,000 psi, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention is illustrated by Way of 
example, and not limitation, in the ?gures of the accompa 
nying draWings in Which: 

[0021] FIG. 1A is a cross section of an electroplated Wafer 
illustrating a step height corresponding to a pattern of 
features underlying a top-most deposition layer; 

[0022] FIG. 1B is a cross section of an electroplated Wafer 
illustrating a reduction of step height during CMP process 
ing; 
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[0023] FIG. 2A is a cross section of an electroplated Wafer 
illustrating dishing defects caused by a soft polishing pad; 

[0024] FIG. 2B is a cross section of an electroplated Wafer 
illustrating surface defects caused by a hard polishing pad; 

[0025] FIG. 2C is a cross section of an electroplated Wafer 
illustrating high planarity and reduced defects the use of an 
optimiZed polishing pad, according to one embodiment of 
the present invention; 

[0026] FIG. 3 illustrates an exemplary polishing pad 
optimiZed to increase planarity and reduce surface defects 
during CMP processing, according to one embodiment of 
the present invention; and 

[0027] FIG. 4 illustrates an exemplary composite polish 
ing pad optimiZed to increase planarity and reduce surface 
defects during CMP processing, according to one embodi 
ment of the present invention. 

DETAILED DESCRIPTION 

[0028] The present invention recogniZes the trade-off 
betWeen soft and hard pads is gradual. The traditional choice 
of a hard or soft pad does not address all of the demands of 
neWer fabrication techniques and CMP processes. Although 
exempli?ed here With copper interconnect fabrication, it Will 
be appreciated that various embodiments of the present 
invention for an optimiZed polishing pad and methods for 
use as described herein can be equally applied to other types 
of fabrication and deposition removal techniques. 

[0029] In copper interconnect fabrication, feature outlines 
and depths may be de?ned in an insulating layer by etching. 
Then, a barrier layer of metal is deposited on all exposed 
surfaces including the sides and bottom of the de?ned 
features and copper is deposited directly onto the barrier. 

[0030] In one embodiment of the present invention, the 
copper polish process is divided into three distinct stages. 
Each stage may use a polishing pad optimiZed for particular 
demands of that stage. 

[0031] A hard pad is used in the ?rst stage for step height 
reduction. A ?rst optimiZed pad of the present invention is 
used in the second or intermediate polish stage for bulk 
material (e.g., bulk copper) removal and a second optimiZed 
pad is used in the third or polishing stage to remove and 
polish remaining material (e.g., copper barrier) to reduce 
surface defects created from the second stage and expose 
underlying features, such as interconnects. 

[0032] FIGS. 1A to B illustrate the ?rst tWo stages of the 
three-stage process discussed above. FIG. 1A is a cross 
section of Wafer 100 illustrating a step height corresponding 
to a pattern of features underlying a top-most deposition 
layer. Because of feature siZe variation and varying pattern 
densities the electroplating process induces topographic 
variation. For example, the topography of the trenches of the 
insulation layer 106 may be replicated Whole or in part by 
the electroplated copper 102 deposited on top of barrier 
layer 104. This is further illustrated by step height 108 When 
compared to interconnect lines 110. It is this excess material 
that is eliminated in subsequent CMP processing according 
to various embodiments of the present invention. 

[0033] During the ?rst stage of copper CMP, the step 
height may be rapidly reduced With a hard pad having 
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exemplary physical properties ranging from 55 to 70 shore 
D and tensile modulus from 45,000 to 90,000 psi. After 
some time, only very small step heights remain, if any, as 
shoWn by reduced step height 112 illustrated in FIG. 1B. 

[0034] In stage tWo, the remaining copper layer 102 
including the reduced step height 112 is removed until the 
barrier layer 104 is eXposed above the insulation layer 106, 
as illustrated in FIGS. 2A-2C. In one embodiment of the 
present invention, a ?rst optimized pad is used to remove the 
bulk of the remaining copper layer 102. Once the copper 
clears, the polishing is stopped to avoid dishing into the 
interconnect features and the Wafer is ready for removal of 
barrier layer 104 and ?nal polishing in stage three. The ?rst 
and second optimized pads may have physical properties as 
illustrated beloW in Table 1. In another embodiment, the ?rst 
optimized pad is used as the initial pad in place of using the 
hard pad described above. 

[0035] The ?rst optimized pad may be softer than the 
initial hard pad and may be harder than the second optimized 
pad used during the third stage. For eXample, a hard pad may 
have a hardness range of 55 to 70 shore D and a tensile 
modulus of 65,000 psi, While a second optimized pad has a 
hardness betWeen 62 to 78 shore A and a tensile modulus 
betWeen 3,500 and 10,000 psi. Falling betWeen the tWo, the 
?rst optimized pad may have a hardness betWeen 78 to 98 
shore A and a tensile modulus betWeen 10,000 and 35,000 
psi. 

[0036] Slurries are typically used in all three stages and 
are chemically selective to enhance bulk copper and barrier 
removal, and polish rate. For eXample, to control material 
removal, a slurry used in stage three may be selected to 
enhance the relative polish rate of the barrier metal 104. 
With the copper cleared from the barrier layer 104, there is 
still the potential to remove copper from the interconnect 
lines 110 While using soft pads and a potential to create 
surface defects (e.g., scratching and pitting) While using hard 
pads. 

[0037] FIGS. 2A and 2B are cross sections of reduced 
Wafer 200 illustrating defects caused by a soft polishing pad 
and a hard polishing pad, respectively. FIG. 2A speci?cally 
illustrates dishing defects caused by a soft pad. Although 
soft pads do not produce many surface defects, they do not 
planarize Well enough to eliminate the remaining copper 
layer 102 before clearing copper material from interconnect 
lines 110 relative to the planar surface of the barrier layer 
104, as illustrated by interconnect surfaces 202. This copper 
loss is an undesirable effect knoWn in the industry as 
dishing. 

[0038] FIG. 2B illustrates the use of a hard pad during 
stage three of CMP processing. Although hard pads pla 
narize Well resulting in reduced dishing, they have a ten 
dency to induce more surface defects such as scratching and 
pitting than do soft pads, particularly in metal ?lms (e.g., 
copper layer 102), as illustrated on surface 204 that includes 
the insulation layer 104 and the surface of interconnect lines 
110. 

[0039] FIG. 2C illustrates the result of using a second 
optimized polishing pad applied to Wafer 200 to limit 
surface and dishing defects, according to one embodiment of 
the present invention. The second optimized pad reduces 
surface defects relative to the traditional hard pad While 
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simultaneously reducing topography and dishing defects 
relative to the traditional soft pad, as illustrated by polished 
surface 206 that includes the surface of the insulation layer 
104 and the interconnect lines 110. As shoWn beloW in Table 
1 and discussed above, the second optimized pad may have 
optimized physical properties that fall betWeen traditional 
hard pads and soft pads. For example, the ?rst optimized pad 
may have a hardness betWeen 78 to 98 shore A and a tensile 
modulus betWeen 10,000 and 35,000 psi. Because harder 
pads are more likely to produce surface defects, the second 
optimized pad is likely to be softer than the ?rst optimized 
pad. 

TABLE 1 

F emnlarv physical properties of a ?rst and a second optimized pad 

1“ Optimized Pad/ 2”“ Optimized Pad 
Physical Property (Intermediate) (Polishing) 

Thickness/mils 20-100 35-55 
Hardness/Shore A 78-98 62-78 
Density/g/cm3 0.40-0.75 0.35-0.65 
Compressibility/% 0.1-7.0 2.0-6.5 
Tensile Modulus/psi 10,000-35,000 3,500—10,000 
Pore Size/[um 0.5-100 60-100 

[0040] FIG. 3 illustrates an optimized polishing pad 300 
for use during CMP processing, according to one embodi 
ment of the present invention. Polishing pad 300 includes 
pore and composition structure 302 and material properties 
that may be optimized to increase mechanical stiffness and 
planarity While still maintaining other functions, such as 
slurry retention and transport. 

[0041] In one embodiment, polishing pad 300 may be 
poromeric polyurethane coating on a polyurethane impreg 
nated polyester felt substrate material. This basic material 
construction is Well knoWn in the industry as synthetic 
leather and is commonly used for soft-pad polishing appli 
cations but may have its pore structure and chemical com 
position optimized in accordance With the present invention. 
In other embodiments, the polishing pad 300 may be one of 
a cast polyurethane material, polyurethane impregnated felt 
material or a coated polyurethane material on a substrate. 
The substrate material including pore structure 302 may also 
be optimized. The measured result is a higher hardness and 
loWer compressibility for high planarity and reduced dishing 
While maintaining enough softness to reduce surface defects 
during the third stage of the CMP process. 

[0042] FIG. 4 illustrates a composite pad 400 optimized 
for use during CMP processing, according to one embodi 
ment of the present invention. Composite pad 400 includes 
a substrate pad 402 coupled to a polishing pad 404. The 
properties of substrate pad 402 and the polishing pad 404 are 
chosen such that When coupled together, the composite pad 
400 is optimized providing a hardness level and tensile 
modulus, among other physical properties, that fall betWeen 
a traditional hard and soft pad as discussed above. The 
substrate pad 402 and polishing pad may be composed of 
any of the materials and con?gurations previously discussed 
With reference to FIG. 3. 

[0043] Thus, methods and apparatus for using an opti 
mized polishing pad for CMP applications have been 
described. Although discussed With reference to several 
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illustrated embodiments, the present invention should only 
be measured in terms of the claims, Which folloW. 

We claim: 
1. A polishing pad, comprising a polishing surface to 

remove material from and maintain a uniform polish rate 
With respect to a Wafer surface, the polishing pad having an 
associated hardness betWeen 62 and 98 shore A and an 
associated tensile modulus betWeen 3,500 and 35,000 psi. 

2. The polishing pad of claim 1, Wherein the polishing pad 
further comprises a poromeric polyurethane coating on a 
polyurethane impregnated polyester felt substrate. 

3. The polishing pad of claim 1, Wherein the polishing pad 
comprises one of a cast polyurethane material, polyurethane 
impregnated felt material or a coated polyurethane material 
on a substrate. 

4. The polishing pad of claim 1, Wherein the polishing 
surface further comprises an embossed surface con?gured to 
distribute slurry When the polishing pad is used to polish the 
Wafer surface. 

5. The polishing pad of claim 1, Wherein the polishing pad 
has a pore siZe betWeen 0.5 and 100 micro-meters. 

6. A composite polishing pad, comprising at least tWo 
coupled polishing pads Wherein one of the polishing pads 
has a polishing surface con?gured to make contact With a 
Wafer surface to remove material from and maintain a 
uniform polish rate With respect to the Wafer surface, and 
each of the tWo polishing pads has a hardness betWeen 62 
and 98 shore A and a tensile modulus betWeen 3,500 and 
35,000 psi. 

7. The polishing pad of claim 6, Wherein at least one of the 
coupled polishing pads further comprises a poromeric poly 
urethane coating on a polyurethane impregnated polyester 
felt substrate. 

8. The polishing pad of claim 6, Wherein at least one of the 
coupled polishing pads comprises one of a cast polyurethane 
material, polyurethane impregnated felt material or a coated 
polyurethane material on a substrate. 

9. The polishing pad of claim 6, Wherein the polishing 
surface further comprises an embossed surface con?gured to 
distribute slurry When the composite polishing pad is used to 
polish the Wafer surface. 

10. A method, comprising: 

reducing a step height of deposition material correspond 
ing to a pattern of features underlying a top-most 
deposition layer of a Wafer by applying a hard pad to 
the top-most deposition layer, Wherein the hard pad has 
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a hardness betWeen 55 and 70 shore D and a tensile 
modulus betWeen 45,000 and 90,000 psi; 

removing bulk material corresponding to remaining por 
tions of the top-most deposition layer to eXpose an 
underlying surface of the Wafer by applying a ?rst 
optimiZed pad to the remaining portions of the top-most 
deposition layer, Wherein the ?rst optimiZed pad has a 
hardness betWeen 78 and 98 shore A and a tensile 
modulus betWeen 10,000 and 35,000 psi; and 

polishing a resulting eXposed underlying surface of the 
Wafer to reduce surface defects and maintain planarity 
by applying a second optimiZed pad, Wherein the 
second optimiZed pad has a hardness betWeen 62 and 
78 shore A and a tensile modulus betWeen 3,500 and 
10,000 psi. 

11. The method of claim 10, Wherein at least one of the 
hard pad, the ?rst optimiZed pad, and the second optimiZed 
pad is comprised of a poromeric polyurethane coating on a 
polyurethane impregnated polyester felt substrate. 

12. The method of claim 10, Wherein at least one of the 
hard pad, the ?rst optimiZed pad, and the second optimiZed 
pad is comprised of one of a cast polyurethane material, 
polyurethane impregnated felt material or a coated polyure 
thane material on a substrate ?lm. 

13. The method of claim 10, Wherein a polishing surface 
of at least one of the hard pad, the ?rst optimiZed pad, and 
the second optimiZed pad further comprises an embossed 
surface con?gured to distribute slurry When applied to the 
Wafer surface. 

14. The method of claim 10, Wherein the ?rst optimiZed 
pad is a composite polishing pad further comprising at least 
tWo coupled polishing pads, Wherein one of the coupled 
polishing pads has a polishing surface con?gured to make 
contact With a Wafer surface and each of the coupled 
polishing pads has a hardness and a tensile modulus, When 
coupled, of betWeen 78 and 98 shore A and 10,000 and 
35,000 psi, respectively. 

15. The method of claim 10, Wherein the second opti 
miZed pad is a composite polishing pad further comprising 
at least tWo coupled polishing pads, Wherein one of the 
coupled polishing pads has a polishing surface con?gured to 
make contact With a Wafer surface and each of the coupled 
polishing pads has a hardness and a tensile modulus, When 
coupled, of betWeen 62 and 78 shore A and 3,500 and 10,000 
psi, respectively. 


