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(57) ABSTRACT 

Methods for predicting polishing characteristics of polishing 
pads in mechanical or chemical-mechanical planariZation of 
microelectronic substrate assemblies, and methods and 
machines for planariZing microelectronic substrate assem 
blies. One embodiment of a method in accordance With the 
invention includes ascertaining a surface parameter of a 
bearing surface of at least one raised feature projecting from 
a base portion of a raised feature polishing pad. The raised 
feature, for example, can be a pyramidal structure having a 
?rst cross-sectional area at the base portion of the pad and 
a second cross-sectional area at the bearing surface. The ?rst 
cross-sectional area is generally greater than the second 
cross-sectional area. To ascertain the surface parameter of 
the bearing surface, one particular embodiment of the inven 
tion involves determining an indication of the surface area of 
the bearing surface. The surface area of the bearing surface 
can be estimated by illuminating the bearing surface With a 
light source and detecting an intensity of the light re?ected 
from the bearing surface. The intensity of the re?ected light 
is proportional to the surface area of the bearing surface, and 
thus the surface area of the bearing surface can be estimated 
by correlating the detected intensity of the re?ected light 
With a predetermined relationship betWeen the surface area 
and the light intensity. The actual surface area of selected 
bearing surfaces can also be measured by vieWing the 

(51) Int. Cl.7 ................................................... .. B24B 49/00 bearing surfaces through a confocal microscope or another 
(52) US. Cl. .............................................................. .. 451/21 type of optical device. 
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METHODS FOR PREDICTING POLISHING 
PARAMETERS OF POLISHING PADS, AND 

METHODS AND MACHINES FOR PLANARIZING 
MICROELECTRONIC SUBSTRATE ASSEMBLIES 
IN MECHANICAL OR CHEMICAL-MECHANICAL 

PLANARIZATION 

TECHNICAL FIELD 

[0001] The present invention relates to mechanical or 
chemical-mechanical planariZation of microelectronic sub 
strate assemblies and, more particularly, to methods for 
predicting polishing characteristics of polishing pads used in 
such processes. 

BACKGROUND OF THE INVENTION 

[0002] Mechanical and chemical-mechanical planariZing 
processes (collectively “CMP”) are used in the manufactur 
ing of electronic devices for forming a ?at surface on 
semiconductor Wafers, ?eld emission displays and many 
other microelectronic substrate assemblies. CMP processes 
generally remove material from a substrate assembly to 
create a highly planar surface at a precise elevation in the 
layers of material on the substrate assembly. 

[0003] FIG. 1 is a schematic isometric vieW of a Web 
format planariZing machine 10 that has a table 11 With a 
support surface 13. The support surface 13 is generally a 
rigid panel or plate attached to the table 11 to provide a ?at, 
solid Workstation for supporting a portion of a Web-format 
planariZing pad 40 in a planariZing Zone “A” during pla 
nariZation. The planariZing machine 10 also has a pad 
advancing mechanism including a plurality of rollers to 
guide, position, and hold the Web-format pad 40 over the 
support surface 13. The pad advancing mechanism generally 
includes a supply roller 20, ?rst and second idler rollers 21a 
and 21b, ?rst and second guide rollers 22a and 22b, and a 
take-up roller 23. As explained beloW, a motor (not shoWn) 
drives the take-up roller 23 to advance the pad 40 across the 
support surface 13 along a travel axis T-T. The motor can 
also drive the supply roller 20. The ?rst idler roller 21a and 
the ?rst guide roller 22a press an operative portion of the pad 
against the support surface 13 to hold the pad 40 stationary 
during operation. 
[0004] The planariZing machine 10 also has a carrier 
assembly 30 to translate a microelectronic substrate assem 
bly 12, such as a thin silicon semiconductor Wafer, across the 
pad 40. In one embodiment, the carrier assembly 30 has a 
head 32 to pick up, hold and release the substrate assembly 
12 at appropriate stages of the planariZing process. The 
carrier assembly 30 also has a support gantry 34 and a drive 
assembly 35 that can move along the gantry 34. The drive 
assembly 35 has an actuator 36, a drive shaft 37 coupled to 
the actuator 36, and an arm 38 projecting from the drive 
shaft 37. The arm 38 carries the head 32 via another shaft 39. 
The actuator 36 orbits the head 32 about an axis B-B to move 
the substrate assembly 12 across the pad 40. 

[0005] The polishing pad 40 may be a non-abrasive poly 
meric Web (e.g., a polyurethane sheet), or it may be a ?xed 
abrasive polishing pad in Which abrasive particles are ?x 
edly dispersed in a resin or another type of suspension 
medium. The polishing pad 40 can have a planariZing 
surface 42 With a plurality of small raised features projecting 
from a base portion, or the pad 40 can have a relatively ?at 
planariZing surface 42. FIG. 2A, for example, is an isomet 
ric vieW of a raised feature polishing pad in Which the 
planariZing surface 42 has a plurality of raised features 43 
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projecting from a base portion of the pad 40. Each raised 
feature 43 has a small bearing surface 44 to contact the 
substrate assembly 12. FIG. 2B is an isometric vieW of a 
planar polishing pad in Which the planariZing surface 42 has 
a large bearing surface 44 to contact the substrate assembly 
12. The planar polishing pad shoWn in FIG. 2B can also 
have a plurality of grooves 45 to transport planariZing 
solution (not shoWn) under the substrate assembly 12. In 
either the raised feature pad or the planar pad shoWn in 
FIGS. 2A or 2B, abrasive particles may be ?xedly attached 
to the pads such that the bearing surfaces 44 are abrasive. 

[0006] Referring again to FIG. 1, a planariZing ?uid 46 
?oWs from a plurality of noZZles 47 during planariZation of 
the substrate assembly 12. The planariZing ?uid 46 may be 
a conventional CMP slurry With abrasive particles and 
chemicals that etch and/or oxidiZe the substrate assembly 
12, or the planariZing ?uid 46 may be a “clean” non-abrasive 
planariZing solution Without abrasive particles. In most CMP 
applications, abrasive slurries are used on non-abrasive 
polishing pads, and clean solutions are used on ?xed abra 
sive polishing pads. 

[0007] In the operation of the planariZing machine 10, the 
pad 40 moves across the support surface 13 along the pad 
travel path T-T either during or betWeen planariZing cycles 
to change the particular portion of the polishing pad 40 in the 
planariZing Zone A. For example, the supply and take-up 
rollers 20 and 23 can drive the polishing pad 40 betWeen 
planariZing cycles such that a point P moves incrementally 
across the support surface 13 to a number of intermediate 
locations I1, I2, etc. Alternatively, the rollers 20 and 23 may 
drive the polishing pad 40 betWeen planariZing cycles such 
that the point P moves all the Way across the support surface 
13 to completely remove a used portion of the pad 40 from 
the planariZing Zone A. The rollers may also continuously 
drive the polishing pad 40 at a sloW rate during a planariZing 
cycle such that the point P moves continuously across the 
support surface 13. Thus, the polishing pad 40 should be free 
to move axially over the length of the support surface 13 
along the pad travel path T-T. 

[0008] CMP processes should consistently and accurately 
produce a uniform, planar surface on substrate assemblies to 
enable circuit and device patterns to be formed With photo 
lithography techniques. As the density of integrated circuits 
increases, it is often necessary to accurately focus the critical 
dimensions of the photo-patterns to Within a tolerance of 
approximately 0.1 pm. Focusing photo-patterns to such 
small tolerances, hoWever, is dif?cult When the planariZed 
surfaces of substrate assemblies are not uniformly planar. 
Thus, to be effective, CMP processes should create highly 
uniform, planar surfaces on substrate assemblies. 

[0009] In the highly competitive semiconductor industry, 
it is also desirable to maximiZe the throughput of CMP 
processing by producing a planar surface on a substrate 
assembly as quickly as possible. The throughput of CMP 
processing is a function of several factors, one of Which is 
the ability to accurately stop CMP processing at a desired 
endpoint. In a typical CMP process, the desired endpoint is 
reached When the surface of the substrate assembly is planar 
and/or When enough material has been removed from the 
substrate assembly to form discrete components on the 
substrate assembly (e.g., shalloW trench isolation areas, 
contacts, damascene lines, etc.). Accurately stopping CMP 
processing at a desired endpoint is important for maintaining 
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a high throughput because the substrate assembly may need 
to be re-polished if it is “under-planariZed.” Accurately 
stopping CMP processing at the desired endpoint is also 
important because too much material can be removed from 
the substrate assembly, and thus it may be “over-polished.” 
For example, over-polishing can cause “dishing” in shalloW 
trench isolation structures or completely destroy a section of 
the substrate assembly. Thus, it is highly desirable to stop 
CMP processing at the desired endpoint. 

[0010] Raised feature polishing pads, like the one shoWn 
in FIG. 2A, are relatively neW and have the potential to 
produce highly planar surfaces because the small spaces 
betWeen the raised features 43 hold a portion of the pla 
nariZing solution on the pad 40 to provide a relatively 
uniform distribution of planariZing solution under the sub 
strate assembly 12 during planariZation. The raised feature 
polishing pads, hoWever, may have relatively short life 
cycles and they may produce unpredictable results. For 
example, the small raised features 43 shoWn in FIG. 2A 
generally Wear doWn much faster than the large bearing 
surface 44 of the planar pad shoWn in FIG. 2B. The faster 
Wear rate of the raised features 43 reduces the life cycle of 
raised feature pads. Moreover, any discrepancies of doWn 
force, residence time or other planariZing parameters can 
produce substantially difference Wear levels across a raised 
feature polishing pad over a number of planariZing cycles. 
The different Wear levels of the raised features Will generally 
result in signi?cantly different polishing rates either across 
the pad or from one planariZing cycle to another. Such 
changes in the polishing rate may make it dif?cult to predict 
the endpoint of planariZing cycles and/or produce planar 
surfaces on the ?nished substrate assemblies. Thus, raised 
feature polishing pads may produce unpredictable results. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed toWard methods 
for predicting polishing characteristics of polishing pads in 
mechanical and/or chemical-mechanical planariZation pro 
cesses, and to methods and machines for planariZing semi 
conductor Wafers and other microelectronic substrate assem 
blies. One aspect of a method in accordance With the 
invention includes ascertaining a surface parameter of a 
bearing surface of at least one raised feature projecting from 
a base portion of a raised feature polishing pad. The raised 
feature, for eXample, can be a pyramidal structure having a 
?rst cross-sectional area at the base portion of the pad and 
a second cross-sectional area at the bearing surface. The ?rst 
cross-sectional area is generally greater than the second 
cross-sectional area. To ascertain the surface parameter of 
the bearing surface, an indication of the surface area of the 
bearing surface may be determined. The surface area of the 
bearing surface can be estimated by illuminating the bearing 
surface With a light source and detecting an intensity of the 
light re?ected from the bearing surface. The intensity of the 
re?ected light is generally proportional to the surface area of 
the bearing surface, and thus the surface area of the bearing 
surface can be estimated by correlating the detected intensity 
of the re?ected light With a predetermined relationship 
betWeen the surface area and the light intensity. The actual 
surface area of selected bearing surfaces can also be mea 
sured by vieWing the bearing surfaces through a confocal 
microscope or another type of optical device, or using some 
other means. 
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[0012] Several polishing characteristics of raised feature 
polishing pads can be predicted using either an estimated or 
an actual measurement of the surface area of the bearing 
surfaces. One aspect of the present invention is the discovery 
that the surface area of the bearing surfaces is generally 
proportionate to the polishing rate for the polishing pad. As 
such, the polishing rate of a polishing pad, or even the 
polishing rate of a particular region on the polishing pad, can 
be predicted by measuring the surface area of the bearing 
surfaces. The estimated polishing rate can then be used to 
determine Whether the pad is suitable for a particular appli 
cation, or the estimated polishing rate can be used to adjust 
the time of the planariZing cycle for more accurate end 
pointing of CMP processing. Therefore, determining the siZe 
or surface area of the bearing surfaces is eXpected to enhance 
the consistency and predictability of planariZing substrate 
assemblies using raised feature polishing pads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is an isometric vieW of a Web-format 
planariZing machine in accordance With the prior art. 

[0014] FIG. 2A is an isometric vieW of a raised-feature 
polishing pad. 
[0015] FIG. 2B is an isometric vieW of a planar polishing 
pad. 
[0016] FIG. 3 is a partial cross-sectional vieW of a raised 
feature polishing pad at one stage of being analyZed in 
accordance With an embodiment of a method in accordance 
With the invention. 

[0017] FIG. 4 is a top plan vieW of the raised feature 
polishing pad of FIG. 3. 

[0018] FIG. 5 is a partial cross-sectional vieW of the raised 
feature polishing pad of FIG. 3 at another stage of being 
analyZed in accordance With an embodiment of the method 
shoWn in FIG. 3. 

[0019] 
FIG. 5. 

[0020] FIG. 7 is an isometric vieW of a Web-format 
planariZing machine in accordance With an embodiment of 
the invention. 

[0021] FIG. 8 is a partial isometric vieW of a polishing pad 
at one stage of being analyZed in accordance With another 
method in accordance With another embodiment of the 
invention. 

FIG. 6 is a top plan vieW of the polishing pad of 

[0022] FIG. 9 is a partial isometric vieW of the polishing 
pad of FIG. 8 at a different stage of being analyZed in 
accordance With the method shoWn in FIG. 8. 

[0023] FIG. 10 is an isometric vieW of a Web-format 
planariZing machine in accordance With another embodi 
ment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The present invention relates to methods for pre 
dicting polishing characteristics of raised feature polishing 
pads used in mechanical or chemical-mechanical planariZ 
ing processes, and to methods for planariZing semiconductor 
Wafers and other microelectronic substrate assemblies. 
Many speci?c details of the invention are described beloW 
With reference to raised feature polishing pads having pyra 
midal raised features to provide a thorough understanding of 
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such embodiments. The present invention, however, may be 
practiced on polishing pads having other raised feature 
structures, such as using mounds (e.g., Kapton Textured 
Polymide Pads) or irregular nodules (e.g., random patterned 
nodule pads as set forth in US. application Ser. No. 09/001, 
333, Which is herein incorporated by reference). Thus, one 
skilled in the art Will understand that the present invention 
may have additional embodiments, or that the invention may 
be practiced Without several of the details described in the 
folloWing description. 
[0025] FIGS. 3-6 illustrate a portion of a raised feature 
polishing pad 40 being analyZed at different stages of a 
method for predicting a polishing characteristic of the pol 
ishing pad 40 in accordance With one embodiment of the 
invention. FIGS. 3 and 4 shoW the polishing pad 40 at a 
relatively early stage in its life. The pad 40 has a planariZing 
surface 42 With a plurality of pyramidal raised features 43 
projecting upWardly from a base section 41 of the polishing 
pad 40. The pyramidal features 43 each have a bearing 
surface 44 at a height h1 above a base elevation E at this 
early stage in the life of the pad 40. For example, the height 
h1 can be approximately 10-1000 pm and the surface area of 
the bearing surfaces 44 can be approximately 10%-30% of 
the total surface area of the planariZing surface 42. FIGS. 5 
and 6 illustrate the pad 40 at a later stage in its life after 
planariZing one or more microelectronic substrate assem 
blies on the bearing surfaces 44. The abrasive contact 
betWeen the substrate assemblies and the bearing surfaces 44 
Wears the raised features 43, causing a change in height Ah 
of the bearing surfaces 44 from h1 to h2. Referring to FIGS. 
4 and 6 together, the change in height of the bearing surfaces 
44 causes an increase in the surface of the bearing surfaces 
44 because the sideWalls of the pyramidal raised features 43 
are inclined at an angle. As explained in more detail beloW, 
several polishing characteristics, such as the polishing rate 
and the quality of the pad, can be predicted from the change 
in surface area of the bearing surfaces 44. 

[0026] FIGS. 3 and 5, more particularly, illustrate one 
embodiment of a method for predicting polishing charac 
teristics of the polishing pad 40 by estimating the surface 
area of one or more of the bearing surfaces 44. Referring to 
FIG. 3, a light source 52 illuminates a region of the 
polishing pad 40 With a light beam 60. An unscattered 
portion 62 of the light beam 60 re?ects off of the bearing 
surfaces 44, and a scattered portion 64 re?ects off of other 
surfaces of the raised features 43 and the polishing pad 40. 
A light sensor 54 detects the intensity of a return light 65 
re?ected from the bearing surfaces 44 and the other surfaces 
of the pad 40. Comparing FIG. 3 to FIG. 5, as the surface 
area of the bearing surfaces 44 increases, the unscattered 
portion 62 of the light beam 60 increases and the scattered 
portion 64 decreases. The light sensor 54 accordingly detects 
an increase in the intensity of the return light 65 as the 
surface area of the bearing surfaces 44 increases. 

[0027] In one particular embodiment of a method in 
accordance With the invention, a relationship betWeen the 
surface area of the bearing surfaces 44 and the re?ected light 
65 is determined empirically by periodically measuring the 
intensity of the re?ected light 65 as the surface area of the 
bearing surfaces 44 increases, and then measuring the actual 
siZe of the bearing surfaces 44 for each light intensity 
measurement. A correlation betWeen the surface area of the 
bearing surfaces and the re?ected light intensity can then be 
established. In one embodiment, such a correlation is estab 
lished When the planariZing surface 42 is not covered by a 
planariZing ?uid by measuring the intensity of the re?ected 
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light 65 and then measuring the actual surface area of the 
bearing surfaces 44 using a microscope. In another embodi 
ment, this correlation is established When a clear planariZing 
?uid covers the planariZing surface 42 by measuring the 
intensity of the re?ected light 65 While the clear planariZing 
?uid is on the planariZing surface 42, removing the clear 
planariZing solution from the planariZing surface 42, and 
then measuring the actual surface area of the bearing sur 
faces 44 using a microscope. The planariZing ?uid is 
removed from the pad before measuring the surface area of 
the bearing surfaces 44 to avoid optical distortions or other 
errors that the clear planariZing ?uid may produce in mea 
surements taken With a microscope. Based upon the corre 
lation betWeen the intensity of the re?ected light and the 
surface area of the bearing surfaces 44 When the clear 
planariZing solution covers the planariZing surface area of 
the bearing surfaces 44 can thus be estimated by sensing the 
re?ected light either during or betWeen planariZing cycles. 

[0028] The data of the surface area of the bearing surfaces 
44 can be used to determine or predict the polishing rate of 
the raised feature polishing pad 40. One particular method of 
the invention accordingly determines the correlation 
betWeen the surface area of the bearing surfaces 44 and the 
polishing rate of the polishing pad 40 by measuring the 
actual surface area of the bearing surface 44 and the actual 
polishing rate of several microelectronic device substrate 
assemblies. It has been discovered that there is generally a 
linear correlation betWeen the surface area of the bearing 
surfaces 44 and the polishing rate of the polishing pad 40. 
The polishing rates of various regions of a raised feature 
polishing pad can accordingly be determined by detecting 
the intensity of the re?ected light from the bearing surfaces 
44 at several different regions across the polishing pad 40. 

[0029] The data of the surface area of the bearing surfaces 
44 can also be used to test the quality or status of the raised 
feature of polishing pad 40. For example, When a neW 
polishing pad is attached to the planariZing machine or a neW 
portion of a Web-format pad is introduced into the planariZ 
ing Zone, the surface area of the bearing surfaces 44 Will 
generally indicate Whether the planariZing surface 42 Will 
produce acceptable planariZing results. In the case of a neW 
pad, the planariZing surface may be defective When the 
surface area measurements are outside of a predetermined 
range. Similarly, surface area measurements of a region of 
the polishing pad in the planariZing Zone outside of a 
predetermined range may indicate premature Wearing of the 
pad or other defects. 

[0030] The methods described above With reference to 
FIGS. 3-6 are expected to enhance the uniformity of sub 
strate assemblies planariZed on raised feature polishing 
pads. For example, by predicting the polishing rates of 
several different regions across the polishing pad 40, a 
polishing pad With large variances in the polishing rates can 
be replaced With a pad in Which the surface area of the 
bearing surfaces 44 are more uniform. The more uniform 
surface area of the bearing surfaces 44 should provide more 
uniform polishing rates across the pad 40 and result in a 
more uniform planar surface. 

[0031] The methods described above With reference to 
FIGS. 3-6 are also expected to enhance the accuracy of 
endpointing planariZing cycles on raised feature polishing 
pads. For example, by predicting the polishing rate of the 
pads either during or before planariZing a substrate assem 
bly, the polishing time can be adjusted to compensate for 
changes in the polishing rate. With reference to FIGS. 3 and 
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5, the increase in surface area of the bearing surfaces 44 Will 
produce a higher polishing rate, and thus the planariZing 
time can be reduced When using the pad 40 at the stage 
shoWn in FIG. 5. Determining the surface area of the 
bearing surfaces 44, therefore, is expected to enhance the 
accuracy of endpointing CMP processing to avoid overpol 
ishing or underpolishing of the substrate assemblies. 

[0032] The methods described above With reference to 
FIGS. 3-5 are further eXpected to prolong the lifecycle of 
raised feature polishing pads to reduce the consumption of 
polishing pads. In conventional CMP processes using raised 
feature pads Without estimating the surface area of the 
bearing surfaces 44, many such pads Were considered Worn 
out after only approximately 10% of the height of the raised 
features 43 had Worn aWay because these pads often caused 
overpolishing of the substrate assemblies. The methods 
described above, hoWever, avoid overpolishing by predict 
ing the polishing rate of raised feature pads according to the 
surface area of the bearing surfaces 44 and adjusting the 
polishing time to remove the desired amount of material 
from the substrate assemblies. Therefore, it is eXpected that 
several embodiments of the methods described above can be 
used to prolong the pad life because accurately adjusting the 
polishing time Will alloW for more removal of material from 
the raised features before the polishing pad is too Worn to 
accurately planariZe the substrate assemblies. 

[0033] FIG. 7 is an isometric vieW of a planariZing 
machine in accordance With one embodiment of the inven 
tion for practicing the methods described above With refer 
ence to FIGS. 3-6. The planariZing machine 100 is similar to 
the planariZing machine 10 described above in FIG. 1, and 
like reference numbers refer to like parts. The planariZing 
machine 100 further includes a ?rst optical sensor 150a 
positioned over a ?rst region R1 of the planariZing Zone A 
and a second optical sensor 150b positioned over a second 
region R2 of the planariZing Zone A. In this embodiment, the 
?rst and second optical sensors 150a and 150b are illumi 
nating devices that each have a light source that projects a 
light beam 60 (identi?ed by reference numbers 60a and 60b) 
and a light sensor that detects a return light 65 (identi?ed by 
reference numbers 65a and 65b). The optical sensors 150a 
and 150b, for eXample, can be lasers or other types of light 
sources. The optical sensors 150a and 150b estimate the 
surface area of the bearing surfaces on the polishing pad 40 
in the manner described above With reference to FIGS. 3-6. 
The ?rst optical sensor 150a, more particularly, estimates 
the surface area of the bearing surfaces of the polishing pad 
40 at one side of the planariZing Zone AWhen a fresh portion 
of the polishing pad 40 enters the planariZing Zone A as the 
pad 40 moves along a travel path T-T. The second optical 
sensor 150b estimates the surface area of the bearing sur 
faces at an opposite side of the planariZing Zone A to 
determine Whether the polishing pad 40 should be incre 
mentally advanced along the travel path T-T to remove a 
Worn portion of the pad from the planariZing Zone A. 

[0034] FIGS. 8 and 9 are partial isometric vieWs of the 
raised feature polishing pad 40 illustrating a different 
method for predicting a polishing characteristic of the pol 
ishing pad 40. Referring to FIG. 8, the actual surface area 
of a bearing surface 44 is measured using a confocal 
microscope or another suitable optical measuring device. 
One suitable confocal microscope for practicing this 
embodiment of the invention is manufactured by Lasertec 
Company. To measure the actual siZe of the bearing surface 
44, the planariZing surface 42 is scanned With the micro 
scope, and then a scale is superimposed on the X and Y aXes 
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to determine the dimensions of the bearing surface 44. The 
pad 40 is typically scanned Without a planariZing solution on 
the planariZing surface 42. FIGS. 8 and 9, therefore, illus 
trate measuring the actual surface area of the bearing surface 
44 to predict the polishing rate and other characteristics of 
the polishing pad 40, as set forth above With respect to FIGS. 

[0035] FIG. 10 is an isometric vieW of another planariZing 
machine 200 in accordance With an embodiment of the 
invention. In this embodiment, the planariZing machine 200 
has an optical sensor 250 attached to a holder 252. In one 
embodiment, the optical sensor 250 is a microscope, a 
confocal microscope, or another suitable optical measuring 
device. Additionally, the holder 252 can move along the 
gantry 34 (arroW H), or the holder 252 can have a retractable 
rod 254 that moves vertically (arroW V) With respect to the 
pad 40. In operation, the holder 252 moves horiZontally 
along the gantry 34 and/or retracts the rod 254 vertically to 
move the optical sensor 250 out of the Way of the head 32 
during a planariZing cycle. After a substrate assembly 12 has 
been planariZed, the holder 252 then positions the optical 
sensor 250 over a desired region of the planariZing Zone A 
to measure the surface area of the bearing surfaces in that 
region. The holder 252 can accordingly move the optical 
sensor 250 over various regions of the pad 40 to measure the 
surface area of the bearing surfaces at a plurality of different 
regions across the planariZing Zone A. 

[0036] From the foregoing it Will be appreciated that, 
although speci?c embodiments of the invention have been 
described herein for purposes of illustration, various modi 
?cations may be made Without deviating from the spirit and 
scope of the invention. For example, other characteristics of 
surface features of the bearing surfaces, such as the topog 
raphy of the bearing surfaces, the outline or shape of the 
bearing surfaces and/or a change in height of the raised 
features, can be ascertained With a confocal microscope, an 
interferometer, or other types of optical vieWing or non 
optical measuring devices. Accordingly, the invention is not 
limited eXcept as by the appended claims. 

1. In mechanical or chemical-mechanical planariZation of 
microelectronic substrate assemblies, a method of predicting 
polishing characteristics of a raised feature polishing pad 
comprising ascertaining a surface parameter of a bearing 
surface of at least one raised feature projecting from a base 
portion of the raised feature polishing pad. 

2. The method of claim 1 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; and 

ascertaining the surface parameter of the bearing surface 
comprises determining an indication of a surface area 
of the bearing surface by illuminating the bearing 
surface With a light source and detecting an intensity of 
light re?ected from the bearing surface, the greater the 
intensity of the re?ected light indicating the greater the 
surface area of the bearing surface. 

3. The method of claim 1 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; 
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ascertaining the surface parameter of the bearing surface 
comprises determining a surface area of the bearing 
surface by measuring ?rst and second dimensions of 
the bearing surface With a microscope; and 

the method further comprises correlating the determined 
surface area of the bearing surface With a predeter 
mined relationship betWeen bearing surface siZe and 
polishing rate to estimate a polishing rate of a region of 
the polishing pad including the bearing surface. 

4. The method of claim 1 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; and 

ascertaining the surface parameter of the bearing surface 
comprises determining an actual surface area of the 
bearing surface. 

5. The method of claim 1 Wherein: 

the raised feature comprises a structure having a ?rst 
cross-sectional area at the base portion of the pad and 
a second cross-sectional area at the bearing surface; and 

ascertaining the surface parameter of the bearing surface 
comprises determining an indication of a surface area 
of the bearing surface. 

6. The method of claim 1 Wherein: 

the raised feature comprises a post projecting from the 
base portion of the pad, the post having at least a 
substantially constant cross-sectional dimension; and 

ascertaining the surface parameter of the bearing surface 
comprises determining a topography of the bearing 
surface. 

7. The method of claim 1 Wherein ascertaining the surface 
parameter of the bearing surface comprises determining a 
change in outline of the bearing surface. 

8. The method of claim 1 Wherein ascertaining the surface 
parameter of the bearing surface of at least one raised feature 
comprises estimating the surface area of a plurality of 
bearing surfaces of a plurality of raised features located in 
different regions across the polishing pad. 

9. The method of claim 1 Wherein: 

the polishing pad is a Web-format pad con?gured to be 
advanced across a stationary table to replace a Worn 
portion of the pad at one side of a planariZing Zone With 
a fresh portion of the pad at an opposite side of the 
planariZing Zone, and each raised feature comprises a 
pyramidal structure having a bottom section at the base 
portion of the pad and a separate bearing surface 
smaller than the bottom section; 

ascertaining the surface parameter of the bearing surface 
comprises determining the surface area of a bearing 
surface of at least one selected raised feature located at 
the Worn side of the planariZing Zone; and 

advancing the polishing pad to remove the selected raised 
feature from the planariZing Zone. 

10. In mechanical or chemical-mechanical planariZation 
of microelectronic substrate assemblies, a method of pre 
dicting polishing characteristics of polishing pads having a 
plurality of bearing surfaces to contact the substrate assem 
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blies, each bearing surface being at an upper terminus of a 
raised feature projecting from a base portion of the pad, the 
method comprising monitoring an outline of a bearing 
surface of at least one raised feature. 

11. The method of claim 10 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; and 

monitoring the outline of the bearing surface comprises 
determining a change in a surface area of the bearing 
surface by illuminating the bearing surface With a light 
source and detecting an intensity of light re?ected from 
the bearing surface, the greater the intensity of the 
re?ected light indicating the greater the surface area of 
the bearing surface. 

12. The method of claim 10 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; 

monitoring the outline of the bearing surface comprises 
determining a surface area of the bearing surface by 
measuring ?rst and second dimensions of the bearing 
surface With a microscope; and 

the method further comprises correlating the determined 
surface area of the bearing surface With a predeter 
mined relationship betWeen bearing surface siZe and 
polishing rate to estimate a polishing rate of a region of 
the polishing pad including the bearing surface. 

13. The method of claim 10 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; and 

monitoring the outline of the bearing surface comprises 
determining an actual surface area of the bearing sur 
face. 

14. The method of claim 10 Wherein: 

the polishing pad is a Web-format pad con?gured to be 
advanced across a stationary table to replace a Worn 
portion of the pad at one side of a planariZing Zone With 
a fresh portion of the pad at an opposite side of the 
planariZing Zone, and each raised feature comprises a 
pyramidal structure having a bottom section at the base 
portion of the pad and a separate bearing surface 
smaller than the bottom section; 

monitoring an outline of the bearing surface comprises 
determining the surface area of a bearing surface of at 
least one selected raised feature located at the Worn side 
of the planariZing Zone; and 

advancing the polishing pad to remove the selected raised 
feature from the planariZing Zone. 

15. In mechanical or chemical-mechanical planariZation 
of microelectronic substrate assemblies, a method of pre 
dicting polishing characteristics of polishing pads including 
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a plurality of raised features having bearing surfaces to 
contact the substrate assemblies, the method comprising 
determining a change in height of a selected bearing surface 
relative to a base elevation beloW the bearing surface. 

16. A method of mechanical or chemical-mechanical 
planariZation of microelectronic substrate assemblies, com 
prising: 

removing material from a ?rst substrate assembly by 
pressing the substrate assembly against a plurality of 
bearing surfaces of a plurality of raised features on a 
raised feature polishing pad and imparting relative 
motion betWeen the substrate assembly and the polish 
ing pad; and 

ascertaining a surface parameter of a bearing surface of at 
least one of the raised features; and 

adjusting the removal of material from the substrate 
assembly based on the ascertained surface parameter. 

17. The method of claim 16 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; and 

ascertaining the surface parameter of the bearing surface 
comprises determining an indication of a surface area 
of the bearing surface by illuminating the bearing 
surface With a light source and detecting an intensity of 
light re?ected from the bearing surface, the greater the 
intensity of the re?ected light indicating the greater the 
surface area of the bearing surface. 

18. The method of claim 16 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; 

ascertaining the surface parameter of the bearing surface 
comprises determining a surface area of the bearing 
surface by measuring ?rst and second dimensions of 
the bearing surface With a microscope; and 

the method further comprises correlating the determined 
surface area of the bearing surface With a predeter 
mined relationship betWeen bearing surface siZe and 
polishing rate to estimate a polishing rate of a region of 
the polishing pad including the bearing surface. 

19. The method of claim 16 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; and 

ascertaining the surface parameter of the bearing surface 
comprises determining an actual surface area of the 
bearing surface. 

20. The method of claim 16 Wherein: 

the raised feature comprises a structure having a ?rst 
cross-sectional area at the base portion of the pad and 
a second cross-sectional area at the bearing surface; and 
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ascertaining the surface parameter of the bearing surface 
comprises determining an indication of a surface area 
of the bearing surface. 

21. The method of claim 16 Wherein: 

the raised feature comprises a post projecting from the 
base portion of the pad, the post having at least a 
substantially constant cross-sectional dimension; and 

ascertaining the surface parameter of the bearing surface 
comprises determining a topography of the bearing 
surface. 

22. The method of claim 16 Wherein ascertaining the 
surface parameter of the bearing surface comprises deter 
mining a change in outline of the bearing surface. 

23. The method of claim 16 Wherein the ascertaining 
procedure comprises determining the surface area of a 
plurality of bearing surfaces of a plurality of raised features 
located in different regions across the polishing pad. 

24. The method of claim 16 Wherein: 

the polishing pad is a Web-format pad con?gured to be 
advanced across a stationary table to replace a Worn 
portion of the pad at one side of a planariZing Zone With 
a fresh portion of the pad at an opposite side of the 
planariZing Zone, and each raised feature comprises a 
pyramidal structure having a bottom section at the base 
portion of the pad and a separate bearing surface 
smaller than the bottom section; 

ascertaining the surface parameter of the bearing surface 
comprises determining the surface area of a bearing 
surface of at least one selected raised feature located at 
the Worn side of the planariZing Zone; and 

advancing the polishing pad to remove the selected raised 
feature from the planariZing Zone. 

25. A method of mechanical or chemical-mechanical 
planariZation of microelectronic substrate assemblies, com 
prising: 

removing material from a ?rst substrate assembly by 
pressing the substrate assembly against a plurality of 
bearing surfaces of a plurality of raised features on a 
polishing pad and imparting relative motion betWeen 
the substrate assembly and the polishing pad; and 

determining a change in height of selected bearing sur 
faces relative to a base elevation beloW the bearing 
surfaces. 

26. A method of mechanical or chemical-mechanical 
planariZation of microelectronic substrate assemblies, com 
prising: 

providing Web-format polishing pad con?gured to be 
advanced across a stationary table to replace a Worn 
portion of the pad at one side of a planariZing Zone With 
a fresh portion of the pad at an opposite side of the 
planariZing Zone, the polishing pad having a base 
portion and a plurality of raised features projecting 
from the base portion, each raised feature comprising a 
pyramidal structure having a bottom section at the base 
portion and a separate bearing surface smaller than the 
bottom section; 

removing material from a ?rst substrate assembly by 
pressing the substrate assembly against a plurality of 
the bearing surfaces in the planariZing Zone of the 
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polishing pad and imparting relative motion between 
the substrate assembly and the polishing pad; 

ascertaining a surface parameter of the bearing surface of 
at least one selected raised feature located at the Worn 
side of the planariZing Zone; and 

advancing the polishing pad to remove the selected raised 
feature from the planariZing Zone When the ascertained 
surface parameter indicates that the selected raised 
feature is to Worn for further planariZation. 

27. The method of claim 26 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; and 

ascertaining the surface parameter of the bearing surface 
comprises determining an indication of a surface area 
of the bearing surface by illuminating the bearing 
surface With a light source and detecting an intensity of 
light re?ected from the bearing surface, the greater the 
intensity of the re?ected light indicating the greater the 
surface area of the bearing surface. 

28. The method of claim 26 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; 

ascertaining the surface parameter of the bearing surface 
comprises determining a surface area of the bearing 
surface by measuring ?rst and second dimensions of 
the bearing surface With a microscope; and 

the method further comprises correlating the determined 
surface area of the bearing surface With a predeter 
mined relationship betWeen bearing surface siZe and 
polishing rate to estimate a polishing rate of a region of 
the polishing pad including the bearing surface. 

29. The method of claim 26 Wherein: 

the raised feature comprises a pyramidal structure having 
a ?rst cross-sectional area at the base portion of the pad 
and a second cross-sectional area at the bearing surface, 
the ?rst cross-sectional area being greater than the 
second cross-sectional area; and 

ascertaining the surface parameter of the bearing surface 
comprises determining an actual surface area of the 
bearing surface. 

30. The method of claim 26 Wherein: 

the raised feature comprises a structure having a ?rst 
cross-sectional area at the base portion of the pad and 
a second cross-sectional area at the bearing surface; and 

ascertaining the surface parameter of the bearing surface 
comprises determining an indication of a surface area 
of the bearing surface. 

31. The method of claim 26 Wherein: 

the raised feature comprises a post projecting from the 
base portion of the pad, the post having at least a 
substantially constant cross-sectional dimension; and 
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ascertaining the surface parameter of the bearing surface 
comprises determining a topography of the bearing 
surface. 

32. The method of claim 26 Wherein ascertaining the 
surface parameter of the bearing surface comprises deter 
mining a change in outline of the bearing surface. 

33. The method of claim 26 Wherein ascertaining the 
surface parameter of the bearing surface comprises deter 
mining the surface area of a plurality of bearing surfaces of 
a plurality of raised features located in different regions 
across the polishing pad. 

34. The method of claim 26 Wherein: 

the polishing pad is a Web-format pad con?gured to be 
advanced across a stationary table to replace a Worn 
portion of the pad at one side of a planariZing Zone With 
a fresh portion of the pad at an opposite side of the 
planariZing Zone, and each raised feature comprises a 
pyramidal structure having a bottom section at the base 
portion of the pad and a separate bearing surface 
smaller than the bottom portion; 

ascertaining the surface parameter of the bearing surface 
comprises determining the surface area of a bearing 
surface of at least one selected raised feature located at 
the Worn side of the planariZing Zone; and 

advancing the polishing pad to remove the selected raised 
feature from the planariZing Zone. 

35. In mechanical or chemical-mechanical planariZation 
of microelectronic substrate assemblies, a method of pre 
dicting a Wear level of a polishing pad having a plurality of 
bearing surfaces to contact the substrate assemblies, each 
bearing surface being at an upper terminus of a raised feature 
projecting from a base portion of the pad, the method 
comprising: 

determining a mathematical relationship betWeen a sur 
face area of the bearing surfaces and the polishing rate 
of the polishing pad; 

ascertaining an indication of a surface area of the bearing 
surface; and 

estimating a polishing rate by correlating the ascertained 
surface area of the bearing surface With the relationship 
betWeen the surface area of the bearing surface and the 
polishing rate of the polishing pad. 

36. In mechanical or chemical-mechanical planariZation 
of microelectronic substrate assemblies, a method of pre 
dicting a Wear level of a polishing pad having a plurality of 
bearing surfaces to contact the substrate assemblies, each 
bearing surface being at an upper terminus of a raised feature 
projecting from a base portion of the pad, the method 
comprising: 

determining a maximum surface area of the bearing 
surfaces at Which the polishing rate provides acceptable 
planariZing results; 

ascertaining an indication of a surface area of the bearing 
surface; and 

comparing the ascertained surface area With a desired 
surface area range to estimate Whether the pad is Within 
a useful Wear level. 

37. A planariZing machine for mechanical or chemical 
mechanical planariZation of microelectronic substrate 
assemblies, comprising: 
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a table; 

a polishing pad over the table, the pad having a planariZ 
ing surface including a plurality of raised features, and 
each raised feature having a bearing surface to contact 
the substrate assembly; 

a carrier assembly having a head con?gured to hold a 
microelectronic substrate assembly, Wherein at least 
one of the head or the polishing pad is moveable 
relative to the other to impart relative motion betWeen 
the substrate assembly and move the substrate assem 
bly across the planariZing surface in a planariZing Zone; 

a ?rst optical sensor positioned to optically sense a 
surface parameter of a bearing surface of at least one 
raised feature in a ?rst region of the planariZing Zone; 
and 

a second optical sensor positioned to optically sense a 
surface parameter of a bearing surface of at least one 
raised feature in a second region of the planariZing 
Zone. 

38. The planariZing machine of claim 37 Wherein: 

the ?rst optical sensor includes a ?rst laser that illumi 
nates the bearing surface in the ?rst region With a ?rst 
laser beam and a ?rst detector that detects a re?ected 
light from the ?rst laser beam; and 

the second optical sensor includes a second laser that 
illuminates the bearing surface in the second region 
With a second laser beam and a second detector that 
detects a re?ected light from the second laser beam. 

39. The planariZing machine of claim 37 Wherein: 

the ?rst optical sensor includes a ?rst microscope; and 

the second optical sensor includes a second microscope. 
40. A planariZing machine for mechanical or chemical 

mechanical planariZation of microelectronic-device sub 
strate assemblies, comprising: 

a table including a support surface having a ?rst dimen 
sion extending along a pad travel path, a second dimen 
sion transverse to the ?rst dimension, and a planariZing 
at Zone at least Within the ?rst and second dimensions; 

a polishing pad moveably coupled to the support surface 
of the table, the pad having a planariZing surface 
including a plurality of raised features, and each raised 
feature having a bearing surface to contact the substrate 
assembly; 

a pad advancing mechanism engaged With the pad, the 
advancing mechanism con?gured to move the pad over 
the table along the pad travel path to place a fresh 
portion of the planariZing surface at one end of a 
planariZing Zone on the table and to remove a Worn 

portion of the planariZing surface from an opposite end 
of the planariZing Zone; 
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a carrier assembly having a head for holding a substrate 
assembly and a drive assembly connected to the head to 
move the substrate assembly With respect to the pol 
ishing pad; 

a ?rst optical sensor positioned to optically sense a 
surface parameter of a bearing surface of at least one 
raised feature in a ?rst region of the planariZing Zone; 
and 

a second optical sensor positioned to optically sense a 
surface parameter of a bearing surface of at least one 
raised feature in a second region of the planariZing 
Zone. 

41. The planariZing machine of claim 40 Wherein: 

the ?rst optical sensor includes a ?rst laser that illumi 
nates the bearing surface in the ?rst region With a ?rst 
laser beam and a ?rst detector that detects a re?ected 
light from the ?rst laser beam; and 

the second optical sensor includes a second laser that 
illuminates the bearing surface in the second region 
With a second laser beam and a second detector that 
detects a re?ected light from the second laser beam. 

42. The planariZing machine of claim 40 Wherein: 

the ?rst optical sensor includes a ?rst microscope; and 

the second optical sensor includes a second microscope. 
43. A planariZing machine for mechanical or chemical 

mechanical planariZation of microelectronic substrate 
assemblies, comprising: 

a table; 

a polishing pad over the table, the pad having a planariZ 
ing surface including a plurality of raised features, and 
each raised feature having a bearing surface to contact 
the substrate assembly; 

a carrier assembly having a head con?gured to hold a 
microelectronic substrate assembly, Wherein at least 
one of the head or the polishing pad is moveable 
relative to the other to move the substrate assembly 
across the planariZing surface in a planariZing Zone; 
and 

a sensor system having a holder and an optical sensor 
attached to the holder, the holder being moveable to 
position the optical sensor over a plurality of regions of 
the planariZing Zone. 

44. The planariZing machine of claim 43 Wherein the 
optical sensor comprises a laser that illuminates bearing 
surfaces in the plurality of regions With a laser beam and a 
detector that detects a re?ected light from the ?rst laser 
beam. 

45. The planariZing machine of claim 43 Wherein the 
optical sensor comprises a microscope. 

* * * * * 


