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COMPOSITE POLISHING PAD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to provisional 
patent application having Ser. No. 60/780,773, ?led Mar. 9, 
2006, Which is herein incorporated in its entirety. 

FIELD OF INVENTION 

[0002] This invention generally relates to polishing pads 
and methods for making the same. More particularly, this 
invention relates to a composite chemical mechanical pol 
ishing (CMP) pad having a bottom optically clear layer and 
a closed cell polyurethane top layer Wherein the interface 
betWeen the tWo layers comprises only a urethane to ure 
thane bond. 

BACKGROUND OF THE INVENTION 

[0003] It is important to obtain speci?c performance cri 
teria for the rate of removal of material, the ?atness of the 
polished object, and other such factors in the ?eld of 
polishing. These factors can be greatly impacted by the type 
of material used to polish an object. In the semiconductor 
industry, polishing pads are often used to polish raW Wafers 
and for performing chemical mechanical planariZation. 

[0004] Many polishing methods and polishing materials 
have been used for abrading and/or polishing the surface of 
various materials and objects. Many materials use grooves 
contained in their surfaces and several methods include 
applying slurry to the grooved surfaces. HoWever, the goals 
of planariZation uniformity and consistency during polishing 
remain high. Accordingly, there is alWays a need for 
improved polishing pads that increase planariZation unifor 
mity and consistency during polishing. 

SUMMARY OF THE INVENTION 

[0005] The present invention is directed to a composite 
polishing pad that includes an optically clear bottom layer 
and a closed cell polyurethane top layer Where the interface 
betWeen the top and bottom layers comprises only a ure 
thane to urethane bond. Grooves may be machined into one 
or more of the top and bottom layers of the composite pad. 

[0006] The invention is also directed to a method for 
making a polishing pad Which includes the steps of provid 
ing a solid urethane piece having a cavity contained Within 
it Where the solid urethane piece has a ?rst Shore D 
hardness, pouring a liquid urethane formulation into the 
cavity of the solid urethane piece Where the liquid urethane 
formulation has a hardness formulation having a second 
Shore D hardness, alloWing the liquid urethane formulation 
to solidify and cure, machining the solid urethane piece to a 
desired thickness, and machining the solidi?ed liquid ure 
thane formulation to a desired thickness. The method may 
also include the step of machining grooves into the solid 
urethane piece and/or the solidi?ed liquid urethane formu 
lation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] A more complete understanding of the present 
invention may be derived by referring to the detailed 
description and the claims When considered in connection 
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With the Figures, Wherein like reference numbers refer to 
similar elements throughout the Figures, and: 

[0008] FIG. 1 is a cross sectional vieW ofthe polishing pad 
of the present invention; 

[0009] FIG. 2 is a top plan vieW ofthe polishing pad ofthe 
present invention having grooves With a Wafer shoWn on the 
surface of the pad; 

[0010] FIG. 3 shoWs a top plan vieW of the polishing pad 
of the present invention positioned on a clear polishing table 
using tape; 

[0011] FIG. 4 is a graph shoWing high edge removal rate; 
and 

[0012] FIG. 5 is a graph shoWing loW edge removal rate. 

DETAILED DESCRIPTION 

[0013] While the exemplary embodiments herein are 
described in sufficient detail to enable those skilled in the art 
to practice the invention, it should be understood that other 
embodiments may be realiZed and that logical and mechani 
cal changes may be made Without departing from the spirit 
and scope of the invention. Thus, the folloWing detailed 
description is presented for purposes of illustration only and 
not of limitation. 

[0014] There are tWo innovative attributes disclosed in this 
invention. 

[0015] The ?rst being a CMP pad With 360 degree pol 
ishing table rotation optical accessibility to the Wafer surface 
being polished. This is accomplished Without interrupting 
the polishing surface. 

[0016] The pad has a top surface Which includes a series 
of concentric grooves dimensioned to facility the CMP 
Polishing process. 

[0017] Cross section of the present invention shoWing the 
grooves. The black is the polishing surface consisting of 
closed cell polyurethane. The White is optically clear poly 
urethane. 

[0018] The polishing surface (black) is a harder urethane 
(shrore D 60) than the bottom urethane (Shore D 20-50). The 
combination of the tWo materials make up the top surface of 
the CMP polishing pad. 

[0019] This type for groove con?guration is designed to 
alloW the normal polishing surface the ability to have 
independent loading in the radial direction While maintain 
ing the long range planariZation characteristics in the radial 
direction. 

[0020] This invention is designed to be used With a 
rotational CMP polishing tool Which has a clear polishing 
table. The current invention of the Polishing pad When used 
With a clear polishing table is capable of providing 360 
degrees of accessibility to the polishing surface of a Wafer 
While it is being polished. 

[0021] FIG. 2 shoWs a top vieW of the polishing pad With 
grooves With a Wafer on the surface. During the polishing 
the polishing pad is rotated While the Wafer remains station 
ary rotating on its oWn axis. 
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[0022] The black rings represent the top of the polishing 
surface the White rings represent the bottom of the grooves 
as shoWn in the cross section of FIG. 1. 

[0023] It can be clearly seen that if the polishing pad is 
?xed to a clear polishing table that light can be passed 
through the table and through the pad to re?ect off the Wafer 
Without interrupting the normal polishing surface. Access to 
the Wafer is 100% of the time and 360 degrees of table 
rotation. 

[0024] Please note that in FIG. 1 the interface betWeen the 
closed cell urethane and the clear urethane is urethane to 
urethane bonds. These bonds are formed by pouring a 
reacted urethane formulation into a cavity formed in the 
back side of a solid urethane part of a different hardness 
formulation. There is no mold release present to inhibit the 
liquid urethane from bonding With the surface it touches. 
The liquid urethane is alloWed to solidify and completely 
cure. The composite material is then machined ?at and to the 
desired thickness of the clear urethane. The composite is 
then thinned to provide the desired thickness of the closed 
cell urethane. The grooves are then machined to the desired 
depth. A depth Which is be greater then the thickness of the 
closed cell urethane polishing surface. 

[0025] Please note that the top surface of the loWer ure 
thane never sees anything other than the loWer surface to the 
solid urethane in its solid state. 

[0026] Please note there is no means of adhering the 
dissimilar materials together other than the natural urethane 
to urethane bonds Which become permanent. There is no 
tape involved at the interface. 

[0027] Please note that in one embodiment Where the ?rst 
attribute is not needed (the light transmissive attribute) the 
grooves may not need to penetrate completely through the 
closed cell urethane thickness. 

[0028] With the Composite pad having groove depths 
greater than the closed cell thickness the bottom of the 
grooves is a clear elastomeric urethane material capable of 
transmitting a light beam through the composite pad Without 
interrupting the normal polishing surface. The light is then 
capable of re?ecting off the surface of the Wafer being 
polished and re?ected back through the groove to the clear 
urethane. 

[0029] There are three methods to ?x the composite pad to 
the clear polishing table: 

[0030] The ?rst is to use a double side tape such as 
442KW a 3M product. This tape adheres to the side aWay 
from the grooved surface With one side of the tape and the 
other side of the tape adheres to the clear polishing table. 
The draW back from using the 442KW is that this product is 
not completely clear and can interfere With the light beam in 
both directions. Because of this a clear double side tape 
should be used. 

[0031] The second method of adhering the composite pad 
to the clear polishing table resolves the light transmission 
problem by providing the 442KW only to the outer and inner 
regions of the polishing pad. Areas Where the Wafer is not 
present. The back side of the composite pad can be machined 
to provide for a ?at surface With the tape installed. 

[0032] With this lamination the light is capable of passing 
through the clear table directly to the clear urethane and 
re?ecting off the Wafer to the sensor located beloW the table. 
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[0033] A third method of lamination is to install fastening 
devices on the back side of the composite pad. These could 
be snaps, screWs clamps etc that line up With mating 
fasteners located on the clear polishing table. With this 
method the pad is helps secure and is ?xed to the clear 
polishing table. It is also possible in this method to apply a 
light transmission ?uid betWeen the composite pad and the 
clear table to enhance the light transmission by eliminating 
one of the refracting surfaces at the interface. 

[0034] Once the pad is ?xed to the table the Wafer is 
positioned to polish the polishing machine dispenses pol 
ishing slurry to the pad. The grooves ?ll With slurry. This 
creates irregular light transmission making it di?icult to 
analyZe the re?ected light from the Wafer. The composite 
pad of the present invention minimiZes the effect of the 
slurry in the grooves by monitoring the light signal 100% of 
the polishing time or 360 degrees of table rotation. With this 
type of observation it is possible to ?lter out the noise from 
the slurry in the grooves. 

[0035] The second attribute of the current invention is to 
provide a polishing surface With a hard enough surface to 
provide a reference for planariZation While also absorbing 
any out of perfectly ?at topographies that exist in the system. 
This con?guration of hard polishing surface With a shock 
absorbing bulk material is also advantageous in controlling 
the polishing rate at the very edge of the Wafer. 

[0036] Please note the high edge removal rate on the top 
Wafer pro?le versus the loW edge removal rate on the loWer 
pro?le. These Wafers Were measured at 4 mm edge exclu 
sion. The high edge removal rate pro?le Was produced 
Without the use of a shock absorbing composite. 

[0037] The loW edge removal rate Wafer pro?le Was 
produced With a shock absorbing composite prototype mate 
rial. 

[0038] Please not the loW edge removal rate prototype Was 
repeated With these 4 Wafer pro?les. 

[0039] Additional attributes. This invention is of bene?t 
on each attribute alone. That is to say the table does not need 
to be clear to take advantage of the independent pressure 
loading in the Composite Pad. The loWer urethane does not 
have to be clear to take advantage of only the independent 
radial loading. Not all of the grooves need to penetrate 
through the closed cell urethane to provide the edge removal 
rate control and With in Wafer uniformity bene?ts disclosed 
in this invention. 

[0040] A composite pad capable of 360 degrees of end 
point detection monitoring. 

[0041] This alloWs for EPD With slurry in the grooves 
because the analysis is continuous and can ?lter out the 
slurry noise more accurately than the current EPD WindoW 
technology. 

[0042] Using a light source mounted beloW a clear pol 
ishing table. 

[0043] This improvement enables #1. 

[0044] A composite pad With independent polishing sur 
face pressure loading in the radial table direction While 
maintaining the long range planariZation characteristics of a 
planariZing pad in the radial direction. 
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[0045] With in Wafer non uniformity can be improved 
because the pressure loading is independent in the radial 
direction. The long range planariZation characteristics do not 
change. The current invention composite pad Will improve 
the shorten distance from the edge of the Wafer that a steady 
state removal rate can be achieved. 

[0046] Elimination of a tape layer to fabricate a composite 
pad. 
[0047] With no tape layer holding the pad surfaces 
together the pad has an elastic behavior. This alloWs for 
more consistent response to loading variations. 

[0048] Pad mounting fasteners in the table and mating 
mounting fasteners on the pad. 

[0049] The fastener idea is an improvement over taping 
the pad to the table for ease of removal and enables 
improved light transmitting characteristics. It is also pos 
sible to provide a vacuum table for the polishing table and 
securing the pad to the table via vacuum. The pad in the case 
of vacuum can be included in combination With other 
fastening devises other than tape. 

[0050] The invention has huge improvements to the per 
formance of the pad for CMP . . . one can control the 

hardness of the loWer half of the composite pad to control 
non-uniformity, hoWever there is no “gluing” the pad 
together, so the interaction of glue/Mylar (part of the glue 
layer)/pad/CMP slurry or Water is eliminated. It allows us to 
put grooves much deeper into the top layer than on pads that 
are ?rst made and then glued together. Also, by producing 
this bottom layer of the composite pad in a “clear” version, 
one can put grooves deep enough in the top layer to alloW 
optical transmission (useful for end point lasers in the CMP 
tool platen) Without causing a disruption of the polishing 
surface . . . making the performance uninterrupted by a pad 
WindoW. 

[0051] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments. 
HoWever, it may be appreciated that various modi?cations 
and changes may be made Without departing from the scope 
of the invention. The speci?cation and ?gures are to be 
regarded in an illustrative manner, rather than a restrictive 
one, and all such modi?cations are intended to be included 
Within the scope of invention. Accordingly, the scope of the 
invention should be determined by the appended claims and 
their legal equivalents, rather than by the examples given 
above. For example, the steps recited in any of the method 
or process claims may be executed in any order and are not 
limited to the order presented. 

[0052] Bene?ts, other advantages, and solutions to prob 
lems have been described above With regard to speci?c 
embodiments. HoWever, the bene?ts, advantages, solutions 
to problems, and any element(s) that may cause any bene?t, 
advantage, or solution to occur or become more pronounced 
are not to be construed as critical, required, or essential 
features or elements of any or all the claims. As used herein, 
the terms “comprises , comprising”, or any other variation 
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thereof, are intended to cover a non-exclusive inclusion, 
such that a process, method, article, or apparatus that com 
prises a list of elements does not include only those elements 
but may include other elements not expressly listed or 
inherent to such process, method, article, or apparatus. 
Further, no element described herein is required for the 
practice of the invention unless expressly described as 
“essential” or “critical”. 

1. A polishing pad comprising: 

an optically clear bottom layer; 

a closed cell polyurethane top layer; and 

a plurality of grooves contained in the top layer. 
2. The polishing pad of claim 1 Wherein the plurality of 

grooves traverse the top layer and are present in at least a 
portion of the bottom layer. 

3. The polishing pad of claim 1 Wherein the optically clear 
bottom layer comprises a polyurethane. 

4. The polishing pad of claim 1 Wherein the top layer has 
a Shore D hardness that is greater than the bottom layer. 

5. The polishing pad of claim 1 Wherein the top layer has 
a Shore D hardness of 60. 

6. The polishing pad of claim 1 Wherein the bottom layer 
has a Shore D hardness Within a range of 20 to 50. 

7. The polishing pad of claim 1 Wherein an interface 
betWeen the top and bottom layers comprises a urethane to 
urethane bond. 

8. A method for making a polishing pad comprising the 
steps of: 

providing a solid urethane piece having a cavity contained 
therein Wherein said solid urethane piece comprises a 
?rst Shore D hardness; 

pouring a liquid urethane formulation into the cavity of 
the solid urethane piece Wherein the liquid urethane 
formulation comprises a hardness formulation having a 
second Shore D hardness; 

alloWing the liquid urethane formulation to solidify and 
cure; 

machining the solid urethane piece to a desired thickness; 
and 

machining the solidi?ed liquid urethane formulation to a 
desired thickness. 

9. The method of claim 8 further comprising the step of 
machining grooves into at least one of the solid urethane 
piece and the solidi?ed liquid urethane formulation. 

10. The method of claim 9 Wherein the step of machining 
grooves comprises the step of machining grooves into both 
the solid urethane piece and the solidi?ed liquid urethane 
formulation. 

11. The method of claim 8 Wherein values of the ?rst 
Shore D hardness and the second Shore D hardness are 
distinct from one another. 


