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(57) ABSTRACT 

A computer implemented method includes obtaining at least 
one current spectrum with an in-situ optical monitoring sys 
tem, comparing the current spectrum to a plurality of different 
reference spectra, and determining based on the comparing 
whether a polishing endpoint has been achieved for the sub 
strate having the outermost layer undergoing polishing. The 
current spectrum is a spectrum of light reflected from a Sub 
strate having an outermost layer undergoing polishing and at 
least one underlying layer. The plurality of reference spectra 
represent spectra of light reflected from substrates with out 
ermost layers having the same thickness and underlying lay 
ers having different thicknesses. 
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ENDPOINT DETECTION IN CHEMICAL 
MECHANICAL POLISHING USING 

MULTIPLE SPECTRA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application Ser. No. 61/049,965, filed on May 2, 2008. 

BACKGROUND 

0002 The present invention relates to generally to spec 
trographic monitoring of a Substrate during chemical 
mechanical polishing. 
0003. An integrated circuit is typically formed on a sub 
strate by the sequential deposition of conductive, semicon 
ductive, or insulative layers on a silicon wafer. One fabrica 
tion step involves depositing a filler layer over a non-planar 
Surface and planarizing the filler layer. For certain applica 
tions, the filler layer is planarized until the top surface of a 
patterned layer is exposed. A conductive filler layer, for 
example, can be deposited on a patterned insulative layer to 
fill the trenches or holes in the insulative layer. After pla 
narization, the portions of the conductive layer remaining 
between the raised pattern of the insulative layer form vias, 
plugs, and lines that provide conductive paths between thin 
film circuits on the Substrate. For other applications, such as 
oxide polishing, the filler layer is planarized until a predeter 
mined thickness is left over the non planar Surface. In addi 
tion, planarization of the Substrate surface is usually required 
for photolithography. 
0004 Chemical mechanical polishing (CMP) is one 
accepted method of planarization. This planarization method 
typically requires that the Substrate be mounted on a carrier or 
polishing head. The exposed surface of the Substrate is typi 
cally placed against a rotating polishing disk pad or belt pad. 
The polishing pad can be either a standard pad or a fixed 
abrasive pad. A standard pad has a durable roughened surface, 
whereas a fixed-abrasive pad has abrasive particles held in a 
containment media. The carrier head provides a controllable 
load on the Substrate to push it against the polishing pad. A 
polishing liquid, such as a slurry with abrasive particles, is 
typically supplied to the Surface of the polishing pad. 
0005. One problem in CMP is determining whether the 
polishing process is complete, i.e., whether a Substrate layer 
has been planarized to a desired flatness or thickness, or when 
a desired amount of material has been removed. Overpolish 
ing (removing too much) of a conductive layer or film leads to 
increased circuit resistance. On the other hand, underpolish 
ing (removing too little) of a conductive layer leads to elec 
trical shorting. Variations in the initial thickness of the sub 
strate layer, the slurry composition, the polishing pad 
condition, the relative speed between the polishing pad and 
the Substrate, and the load on the Substrate can cause varia 
tions in the material removal rate. These variations cause 
variations in the time needed to reach the polishing endpoint. 
Therefore, the polishing endpoint cannot be determined 
merely as a function of polishing time. 

SUMMARY 

0006. In one general aspect, a computer implemented 
method includes obtaining at least one current spectrum with 
an in-situ optical monitoring system, comparing the current 
spectrum to a plurality of different reference spectra, and 

Nov. 5, 2009 

determining based on the comparing whether a polishing 
endpoint has been achieved for a Substrate having an outer 
most layer undergoing polishing. The current spectrum is a 
spectrum of light reflected from a Substrate having an outer 
most layer undergoing polishing and at least one underlying 
layer. The plurality of reference spectra represent spectra of 
light reflected from substrates with outermost layers having 
the same thickness and underlying layers having different 
thicknesses. 
0007 Implementations can include one or more of the 
following. Determining whether the polishing endpoint has 
been achieved may include calculating differences between 
the current spectrum and the reference spectra. Determining 
whether the polishing endpoint has been achieved may 
include determining whether at least one of the differences 
has reached a threshold value. The at least one of the differ 
ences may be a smallest difference. Determining whether the 
polishing endpoint has been achieved may include activating 
an endpoint detection algorithm when at least one of the 
differences has reached a threshold value. Determining 
whether the polishing endpoint has been achieved may 
include generating a difference trace that includes multiple 
points, each point representing a smallest of the differences 
calculated for a revolution of the platen. The endpoint detec 
tion algorithm may include determining whether the differ 
ence trace has reached a minimum. Determining whether the 
difference trace has reached a minimum may include calcu 
lating a slope of the difference trace or determining whether 
the difference trace has risen to a threshold value above the 
minimum. The reference spectra may be generated empiri 
cally or generated from theory. 
0008. In another aspect, a computer program product, 
encoded on a tangible program carrier, operable to cause data 
processing apparatus to perform operations comprising the 
steps of the method above. 
0009. As used in the instant specification, the term sub 
strate can include, for example, a product substrate (e.g., 
which includes multiple memory or processor dies), a test 
Substrate, a bare substrate, and a gating Substrate. The Sub 
strate can beat various stages of integrated circuit fabrication, 
e.g., the Substrate can be a bare wafer, or it can include one or 
more deposited and/or patterned layers. The term substrate 
can include circular disks and rectangular sheets. 
0010 Possible advantages of implementations of the 
invention can include one or more of the following. The 
endpoint detection system can be less sensitive to variations 
between Substrates in the underlying layers or pattern, and 
thus reliability of the endpoint system can be improved. The 
use of multiple reference spectra (as oppose to a single refer 
ence spectrum) improves accuracy in endpoint determination 
by providing a difference or endpoint trace that is generally 
Smoother than a trace generated by using a single reference 
spectrum technique. 
0011. The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and the 
description below. Other features, aspects, and advantages of 
the invention will become apparent from the description, the 
drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 shows a substrate. 
0013 FIG. 2 shows a chemical mechanical polishing 
apparatus. 
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0014 FIG. 3 is an overhead view of a polishing pad and 
shows locations where in-situ measurements are taken. 
0015 FIG. 4 is a flow diagram of determining a polishing 
endpoint. 
0016 FIG. 5 illustrates a difference trace from a spectro 
graphic monitoring system. 
0017 FIG. 6 is a flow diagram of another implementation 
of determining a polishing endpoint. 
0018. Like reference numbers and designations in the 
various drawings indicate like elements. 

DETAILED DESCRIPTION 

0019 Referring to FIG. 1, a substrate 10 can include a 
wafer 12, an outermost layer 14 that will undergo polishing, 
and one or more underlying layers 16, some of which are 
typically patterned, between the outermost layer 16 and the 
wafer 12. One potential problem with spectrographic end 
point detection during chemical mechanical polishing is that 
the thickness(es) of the underlying layer(s) can vary from 
substrate to substrate. As a result, substrates in which the 
outermost layer has the same thickness can actually reflect 
different spectra, depending on the underlying layer(s). Con 
sequently, a target spectrum used to trigger a polishing end 
point for Some Substrates may not function properly for other 
Substrates, e.g., if the underlying layers have different thick 
nesses. However, it is possible to compensate for this effect by 
comparing spectra obtained during polishing against multiple 
spectra, where the multiple spectra represent variations in the 
underlying layer(s). 
0020 FIG. 2 shows a polishing apparatus 20 operable to 
polish a substrate 10. The polishing apparatus 20 includes a 
rotatable disk-shaped platen 24, on which a polishing pad 30 
is situated. The platen is operable to rotate about axis 25. For 
example, a motor can turn a drive shaft 22 to rotate the platen 
24. 
0021 Optical access 36 through the polishing pad is pro 
vided by including an aperture (i.e., a hole that runs through 
the pad) or a solid window. The solid window can be secured 
to the polishing pad, although in Some implementations the 
Solid window can be supported on the platen 24 and project 
into an aperture in the polishing pad. The polishing pad 30 is 
usually placed on the platen 24 so that the aperture or window 
overlies an optical head 53 situated in a recess 26 of the platen 
24. The optical head 53 consequently has optical access 
through the aperture or window to a Substrate being polished. 
The optical head is further described below. 
0022. The polishing apparatus 20 includes a combined 
slurry/rinse arm 39. During polishing, the arm 39 is operable 
to dispense a polishing liquid 38. Such as a slurry. Alterna 
tively, the polishing apparatus includes a slurry port operable 
to dispense slurry onto polishing pad 30. 
0023 The polishing apparatus 20 includes a carrier head 
70 operable to hold the substrate 10 against the polishing pad 
30. The carrier head 70 is suspended from a support structure 
72, for example, a carousel, and is connected by a carrier drive 
shaft 74 to a carrier head rotation motor 76 so that the carrier 
head can rotate about an axis 71. In addition, the carrier head 
70 can oscillate laterally in a radial slot formed in the support 
structure 72. In operation, the platen is rotated about its cen 
tral axis 25, and the carrier head is rotated about its central 
axis 71 and translated laterally across the top surface of the 
polishing pad. 
0024. The polishing apparatus also includes an optical 
monitoring system, which can be used to determine a polish 

Nov. 5, 2009 

ing endpoint as discussed below. The optical monitoring sys 
tem includes a light source 51 and a light detector 52. Light 
passes from the light source 51, through the optical access 36 
in the polishing pad 30, impinges and is reflected from the 
substrate 10 back through the optical access 36, and travels to 
the light detector 52. 
0025 Abifurcated optical cable 54 can be used to transmit 
the light from the light source 51 to the optical access 36 and 
back from the optical access 36 to the light detector 52. The 
bifurcated optical cable 54 can include a “trunk' 55 and two 
“branches 56 and 58. 

0026. As mentioned above, the platen 24 includes the 
recess 26, in which the optical head 53 is situated. The optical 
head 53 holds one end of the trunk 5.5 of the bifurcated fiber 
cable 54, which is configured to convey light to and from a 
substrate surface being polished. The optical head 53 can 
include one or more lenses or a window overlying the end of 
the bifurcated fiber cable 54. Alternatively, the optical head 
53 can merely hold the end of the trunk 5.5 adjacent the solid 
window in the polishing pad. The optical head 53 can hold the 
above described nozzles of the flushing system. The optical 
head 53 can be removed from the recess 26 as required, for 
example, to effect preventive or corrective maintenance. 
0027. The platen includes a removable in-situ monitoring 
module 50. The in-situ monitoring module 50 can include one 
or more of the following: the light source 51, the light detector 
52, and circuitry for sending and receiving signals to and from 
the light source 51 and light detector 52. For example, the 
output of the detector 52 can be a digital electronic signal that 
passes through a rotary coupler, e.g., a slip ring, in the drive 
shaft 22 to the controller for the optical monitoring system. 
Similarly, the light source can be turned on or offin response 
to control commands in digital electronic signals that pass 
from the controller through the rotary coupler to the module 
SO. 

0028. The in-situ monitoring module can also hold the 
respective ends of the branch portions 56 and 58 of the bifur 
cated optical fiber 54. The light source is operable to transmit 
light, which is conveyed through the branch 56 and out the 
end of the trunk 5.5 located in the optical head 53, and which 
impinges on a Substrate being polished. Light reflected from 
the substrate is received at the end of the trunk 5.5 located in 
the optical head 53 and conveyed through the branch 58 to the 
light detector 52. 
0029. In one implementation, the bifurcated fiber cable 54 

is abundle of optical fibers. The bundle includes a first group 
of optical fibers and a second group of optical fibers. An 
optical fiber in the first group is connected to convey light 
from the light source 51 to a substrate surface being polished. 
An optical fiber in the second group is connected to received 
light reflecting from the Substrate Surface being polished and 
convey the received light to a light detector. The optical fibers 
can be arranged so that the optical fibers in the second group 
forman X like shape that is centered on the longitudinal axis 
of the bifurcated optical fiber 54 (as viewed in a cross section 
of the bifurcated fiber cable 54). Alternatively, other arrange 
ments can be implemented. For example, the optical fibers in 
the second group can form V like shapes that are mirror 
images of each other. A suitable bifurcated optical fiber is 
available from Verity Instruments, Inc. of Carrollton, Tex. 
0030 The light source 51 is operable to emit white light. In 
one implementation, the white light emitted includes light 
having wavelengths of 200-800 nanometers. A suitable light 
Source is a Xenon lamp or a Xenon mercury lamp. 



US 2009/0275265 A1 

0031. The light detector 52 can be a spectrometer. A spec 
trometer is basically an optical instrument for measuring 
intensity of light over a portion of the electromagnetic spec 
trum. A suitable spectrometer is a grating spectrometer. Typi 
cal output for a spectrometer is the intensity of the light as a 
function of wavelength. 
0032. The light source 51 and light detector 52 are con 
nected to a computing device operable to control their opera 
tion and to receive their signals. The computing device can 
include a microprocessor situated near the polishing appara 
tus, e.g., a personal computer. With respect to control, the 
computing device can, for example, synchronize activation of 
the light source 51 with the rotation of the platen 24. As shown 
in FIG. 3, the computer can cause the light source 51 to emit 
a series of flashes starting just before and ending just after the 
Substrate 10 passes over the in-situ monitoring module. (Each 
of points 301-311 depicted represents a location where light 
from the in-situ monitoring module impinged and reflected 
off.) Alternatively, the computer can cause the light source 51 
to emit light continuously starting just before and ending just 
after the substrate 10 passes over the in-situ monitoring mod 
ule. In either case, the signal from the detector can be inte 
grated over a sampling period to generate spectra measure 
ments at a sampling frequency. Although not shown, each 
time the substrate 10 passes over the monitoring module, the 
alignment of the Substrate with the monitoring module can be 
different than in the previous pass. Over one rotation of the 
platen, spectra are obtained from different radii on the sub 
strate. That is, some spectra are obtained from locations 
closer to the center of the substrate and some are closer to the 
edge. In addition, over multiple rotations of the platen, a 
sequence of spectra can be obtained over time. 
0033. In operation, the computing device can receive, for 
example, a signal that carries information describing a spec 
trum of the light received by the light detector 52 for a par 
ticular flash of the light source or time frame of the detector. 
Thus, this spectrum is a spectrum measured in-situ during 
polishing. 
0034. Without being limited to any particular theory, the 
spectrum of light reflected from the substrate 10 evolves as 
polishing progresses due to changes in the thickness of the 
outermost layer, thus yielding a sequence of time-varying 
spectra. Moreover, particular spectra are exhibited by particu 
lar thicknesses of the layer stack. 
0035. The computing device can process the signal to 
determine an endpoint of a polishing step. In particular, the 
computing device can execute logic that determines, based on 
the measured spectra, when an endpoint has been reached. 
0036. In brief, the computing device can compare the mea 
Sured spectra to multiple reference spectra, and uses the 
results of the comparison to determine when an endpoint has 
been reached. 
0037. As used herein, a reference spectrum is a predefined 
spectrum generated prior to polishing of the Substrate. A 
reference spectrum can have a pre-defined association, i.e., 
defined prior to the polishing operation, with a value of a 
Substrate property, Such as a thickness of the outermost layer. 
A reference spectrum can be generated empirically, e.g., by 
measuring the spectrum from a test Substrate having a known 
layer thicknesses, or generated from theory. 
0038 A reference spectrum can be a target spectrum, 
which can be an endpoint-process compensated target spec 
trum or an uncompensated target spectrum. An uncompen 
sated target spectrum refers to a spectrum exhibited by the 
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Substrate when the outermost layer has a target thickness. By 
way of example, a target thickness can be one to three 
microns. Alternatively, the target thickness can be Zero, for 
example, when the film of interest is cleared so that an under 
lying film is exposed. However, there may be a lag time 
between the system receiving a spectrum representing the 
target thickness and the time that polishing halts (which can 
be due to the endpoint detection algorithm needing spectra 
from multiple platen rotations, time for instructions to be 
transmitted from controller to processing system, and time 
needed to halt rotation of the platen). Therefore, the polishing 
endpoint can be set at a time prior to achieving the target 
thickness. An endpoint-process compensated target spectrum 
is a spectrum that when used to trigger a polishing endpoint 
under a particular endpoint algorithm and polishing control 
system results in the Substrate having Substantially the target 
thickness, e.g., significantly closer to the target thickness than 
if no compensation for the lag time were made. 
0039. As noted above, there are multiple reference spectra 
for a particular thickness of interest for the outermost layer. 
Such is the case because differing thicknesses in the under 
lying layer(s) for different substrates can result in different 
spectra even if the outermost layer has the same thickness. In 
addition, substrates for different integrated chip products will 
have different patterning of the layers, which also can result in 
different spectra even if the outermost layer has the same 
thickness. Thus, there can be multiple spectra for a particular 
thickness of the outermost layer, and the multiple spectra can 
include spectra that are different from each other because of 
differing thicknesses in the underlying layer(s) or differing 
patterns due to the substrate being intended to provide differ 
ent products. 
0040. The reference spectra are collected prior to the pol 
ishing operation, and the association of each reference spec 
trum with its associated substrate property is stored. The 
reference spectra can be determined empirically. 
0041. For example, to determine a target spectrum, a prop 
erty of a “set-up' substrate with the same pattern as the 
product Substrate can be measured pre-polish at a metrology 
station. The substrate property can be the thickness of the 
outermost layer. The set-up substrate is then polished while 
spectra are collected. The set-up substrate can be removed 
periodically from the polishing system, and its properties 
measured at a metrology station. The Substrate can be over 
polished, i.e., polished past a desired thickness, so that the 
spectrum of the light that reflected from the substrate when 
the target thickness is achieved can be obtained. 
0042. The measured thicknesses and the collected spectra 
are used to select, from among the collected spectra, one or 
more spectra determined to be exhibited by the substrate 
when it had a thickness of interest. In particular, linear inter 
polation can be performed using the measured pre polish film 
thickness and post polish Substrate thicknesses to determine 
the time and corresponding spectrum exhibited when the 
target thickness was achieved. The spectrum or spectra deter 
mined to be exhibited when the target thickness was achieved 
are designated to be the target spectrum or target spectra. 
0043. These steps can then be repeated for one or more 
additional set-up Substrates with the same pattern as the prod 
uct substrate but with a different thicknesses of the underlying 
layer(s) to generate additional reference spectra. Thus, the 
resulting collection of reference spectra includes target spec 
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tra for the same target thickness but which differ from each 
other because of differing thicknesses in the underlying layer 
(s). 
0044 Alternatively or in addition, these steps can then be 
repeated for one or more additional set-up substrates with 
different patterns from the product substrate to generate addi 
tional reference spectra. Thus, the resulting collection of ref 
erence spectra includes target spectra for the same target 
thickness but which differ from each other because of differ 
ing patterns. 
0045 Optionally, the spectra collected are processed to 
enhance accuracy and/or precision. The spectra can be pro 
cessed, for example: to normalize them to a common refer 
ence, to average them, and/or to filter noise from them. 
0046. In addition, some or all of the reference spectra can 
be calculated from theory, e.g., using an optical model of the 
Substrate layers. 
0047 FIG. 4 shows a method 200 for using spectra based 
endpoint determination logic to determine an endpoint of a 
polishing step. A product Substrate is polished using the 
above-described polishing apparatus (step 402). At each revo 
lution of the platen, the following steps are performed. 
0048. At least one spectrum of light reflecting off a sub 
strate Surface being polished is measured (step 404). Option 
ally, multiple spectra can be measured, e.g., spectra measured 
at different radii on the substrate can be obtained from a single 
rotation of platen, e.g., at points 301-311 (FIG.3). If multiple 
spectra are measured, a Subset of one or more of the spectra 
can be selected for use in the endpoint detection algorithm. 
For example, spectra measured at sample locations near the 
center of the substrate (for example, at points 305, 306, and 
307 shown in FIG. 3) could be selected. The spectra measured 
during the current platen revolution are optionally processed 
to enhance accuracy and/or precision. 
0049. A difference between each of the selected measured 
spectra and each of the reference spectra is calculated (step 
406). The reference spectra can be a target spectra. In one 
implementation, the difference is a sum of differences in 
intensities over a range of wavelengths. That is, 

E. 

Difference=Xabs(lauren (A) - Ireference(i)) 
A=a 

where a and b are the lower limit and upper limit of the range 
of wavelengths of a spectrum, respectively, and I.O.) and 
I,( ) are the intensity of a current spectra and the inten 
sity of the target spectra for a given wavelength, respectively. 
Alternatively, the difference can be calculated as a mean 
square error, that is: 

E. 

Difference=X (leuron (A) - Irderence(a)) 
A=a 

0050. One way to calculate a difference between each of 
the current spectra and each of the reference spectra is to 
select each of the current spectra. For each selected current 
spectra, the difference is calculated against each of the refer 
ence spectra. Given current spectra e,f, and g, and reference 
spectra E, F, and G, for example, a difference would be 
calculated for each of the following combinations of current 
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and reference spectra: e and E, e and F, e and G, fand E, fand 
F. f and G, g and E. g. and F, and g and G. 
0051. The smallest of the calculated differences is 
appended to a difference trace (step 408). The difference trace 
is usually updated once per platen revolution. The difference 
trace is generally a plot of one of the calculated differences (in 
this case the smallest of the differences calculated for the 
current platen revolution). As an alternative to the Smallest 
difference, another of the differences, for example, a median 
of the differences or the next to smallest difference, can be 
appended to the trace. 
0.052 Optionally, the difference trace can be processed, 
for example, Smoothing the difference trace by filtering out a 
calculated difference that deviates beyond a threshold from 
preceding one or more calculated differences. 
0053. Whether the difference trace is below a threshold 
value is determined (step 410). Once the difference trace 
crosses the below the threshold, endpoint logic is initiated and 
can be applied to detect an endpoint condition, e.g., the mini 
mum of the difference trace (step 412). For example, the 
endpoint can be called when the different trace begins to rise 
past a particular threshold value of the minimum, or called if 
the slope of the difference trace falls below a threshold that is 
near Zero, or other window logic can be applied. Once the 
endpoint logic detects the endpoint condition (step 414), pol 
ishing is halted (step 416). 
0054. In some implementations, once the difference trace 
falls below a threshold value, the particular reference spec 
trum that provided the closest match, e.g., the smallest differ 
ence from the measured spectrum, is then used as the only 
reference spectrum for the remainder of the endpoint deter 
mination process. This ensures that endpoint is based on a 
target spectra that represents a Substrate in which the under 
lying layers are similar to the Substrate being polished. 
0055. By using multiple reference spectra representing 
substrates with underlying layers of different thicknesses, the 
endpoint detection system becomes less sensitive to varia 
tions in the underlying layers, and thus reliability of the 
endpoint System can be improved. Similarly, by using mul 
tiple reference spectra representing substrates with different 
patterns, the endpoint detection system becomes less sensi 
tive to variations in the pattern, and thus reliability of the 
endpoint system can be improved. 
0056. If the difference trace is NOT determined to have 
reached a threshold range of a minimum, polishing is allowed 
to continue and steps 404, 406, 408, are repeated as appro 
priate. 
0057 FIG. 5 is an exemplary graph of a difference trace as 
a function of time illustrates the thresholds. Trace 502 is the 
difference trace, which can already be filtered and smoothed. 
Endpoint detection 508 is activated when the smoothed dif 
ference trace 502 reaches a threshold value 504 above the 
minimum 506. 

0.058 FIG. 6 shows a method 600 for determining an end 
point of a polishing step. Prior to the polishing operation, 
reference spectra are generated, e.g., collected empirically, 
Such as by polishing a set up Substrate and measuring the 
spectra, or calculated from theory, e.g., using an optical 
model of the substrate layers. The spectra are stored in a 
library. However, unlike the process of FIG. 4 in which only 
target spectra representing the target thickness are used, the 
reference spectra in the library represent substrates with a 
variety of different thicknesses in the outer layer. The mea 
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Sured spectra are then compared to the spectra in the library 
and one of the spectra in the library is selected as a match. 
0059. The spectra are indexed so that each spectrum from 
the collection of spectra representing a substrate with a par 
ticular underlying layer thickness has a unique index value 
(spectra representing Substrates with different underlying 
layer thicknesses can be associated with the same index 
value). The indexing is implemented so that the index values 
are sequenced in an orderin which the spectra were measured 
or are expected to be measured during polishing. An index 
value can be selected to monotonically increase as polishing 
progresses, e.g., the index values can be proportional, e.g., 
linearly proportional, to a number of platen rotations. Thus, 
each index number can be a whole number, and the index 
number can represent the expected platen rotation at which 
the associated spectrum would appear. The library can be 
implemented in memory of the computing device of the pol 
ishing apparatus. 
0060 A substrate from the batch of substrates is polished 
(step 602), and the following steps are performed for each 
platen revolution. One or more spectra are measured to obtain 
a current spectra for a current platen revolution (step 604). 
The spectra stored in the library which best fits the current 
spectra is determined (step 606). The index of the library 
spectrum that is the best fit to the current spectrum is deter 
mined from the library (step 608), and is appended to an 
endpoint index trace (step 610). As discussed above, the index 
can be determined prior to the polishing operation and stored, 
e.g., as database that relates the spectra to the index, for later 
access. Endpoint is called when the endpoint trace reaches the 
index of the target spectrum (step 612). 
0061. In some embodiments, the indexes that are matched 
to each obtained spectrum are plotted according to time or 
platen rotation. A line is fit to the plotted index numbers using 
robust line fitting. Where the line meets the target index 
defines the endpoint time or rotation. 
0062. As discussed above, by using multiple reference 
spectra representing Substrates with underlying layers of dif 
ferent thicknesses, the endpoint detection system becomes 
less sensitive to variations in the underlying layers, and thus 
reliability of the endpoint system can be improved. 
0063 A method that can be applied during the endpointing 
process is to limit the portion of the library that is searched for 
matching spectra. The library typically includes a widerrange 
of spectra than will be obtained while polishing a substrate. 
The wider range accounts for spectra obtained from a thicker 
starting outermost layer and spectra obtained after overpol 
ishing. During Substrate polishing, the library searching is 
limited to a predetermined range of library spectra. In some 
embodiments, the current rotational index N of a substrate 
being polished is determined. N can be determined by search 
ing all of the library spectra. For the spectra obtained during 
a Subsequent rotation, the library is searched within a range of 
freedom of N. That is, if during one rotation the index number 
is found to be N, during a subsequent rotation which is X 
rotations later, where the freedom is Y, the range that will be 
searched from (N+X)-Y to (N+X)+Y. For example, if at the 
first polishing rotation of a Substrate, the matching index is 
found to be 8 and the freedom is selected to be 5, for spectra 
obtained during the second rotation, only spectra correspond 
ing to index numbers 9-5 are examined for a match. 
0064. Embodiments of the invention and all of the func 
tional operations described in this specification can be imple 
mented in digital electronic circuitry, or in computer soft 
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ware, firmware, or hardware, including the structural means 
disclosed in this specification and structural equivalents 
thereof, or in combinations of them. Embodiments of the 
invention can be implemented as one or more computer pro 
gram products, i.e., one or more computer programs tangibly 
embodied in an information carrier, e.g., in a machine-read 
able storage device or in a propagated signal, for execution by, 
or to control the operation of data processing apparatus, e.g., 
a programmable processor, a computer, or multiple proces 
sors or computers. A computer program (also known as a 
program, Software, Software application, or code) can be writ 
ten in any form of programming language, including com 
piled or interpreted languages, and it can be deployed in any 
form, including as a stand-alone program or as a module, 
component, Subroutine, or other unit Suitable for use in a 
computing environment. A computer program does not nec 
essarily correspond to a file. A program can be stored in a 
portion of a file that holds other programs or data, in a single 
file dedicated to the program in question, or in multiple coor 
dinated files (e.g., files that store one or more modules, Sub 
programs, or portions of code). A computer program can be 
deployed to be executed on one computer or on multiple 
computers at one site or distributed across multiple sites and 
interconnected by a communication network. 
0065. The processes and logic flows described in this 
specification can be performed by one or more programmable 
processors executing one or more computer programs to per 
form functions by operating on input data and generating 
output. The processes and logic flows can also be performed 
by, and apparatus can also be implementedas, special purpose 
logic circuitry, e.g., an FPGA (field programmable gate array) 
or an ASIC (application-specific integrated circuit). 
0066. The above described polishing apparatus and meth 
ods can be applied in a variety of polishing systems. Either the 
polishing pad, or the carrierhead, or both can move to provide 
relative motion between the polishing surface and the sub 
strate. For example, the platen may orbit rather than rotate. 
The polishing pad can be a circular (or some other shape) pad 
secured to the platen. Some aspects of the endpoint detection 
system may be applicable to linear polishing systems, e.g., 
where the polishing pad is a continuous or a reel-to-reel belt 
that moves linearly. The polishing layer can be a standard (for 
example, polyurethane with or without fillers) polishing 
material, a soft material, or a fixed-abrasive material. Terms 
of relative positioning are used; it should be understood that 
the polishing Surface and Substrate can be held in a vertical 
orientation or some other orientation. 
0067 Particular embodiments of the invention have been 
described. Other embodiments are within the scope of the 
following claims. For example, the actions recited in the 
claims can be performed in a different order and still achieve 
desirable results. 

What is claimed is: 
1. A computer implemented method comprising: 
obtaining at least one current spectrum with an in-situ 

optical monitoring system, the current spectrum being a 
spectrum of light reflected from a Substrate having an 
outermost layer undergoing polishing and at least one 
underlying layer, 

comparing the current spectrum to a plurality of different 
reference spectra, the plurality of reference spectra rep 
resenting spectra of light reflected from substrates with 
outermost layers having the same thickness and under 
lying layers having different thicknesses; and 
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determining based on the comparing whether a polishing 
endpoint has been achieved for the substrate having the 
outermost layer undergoing polishing. 

2. The method of claim 1, whereindetermining whether the 
polishing endpoint has been achieved includes calculating 
differences between the current spectrum and the reference 
spectra. 

3. The method of claim 2, whereindetermining whether the 
polishing endpoint has been achieved includes determining 
whether at least one of the differences has reached a threshold 
value. 

4. The method of claim 3, wherein the at least one of the 
differences is a smallest difference from the differences. 

5. The method of claim 3, wherein the at least one of the 
differences is a median difference from of the differences. 

6. The method of claim 2, whereindetermining whether the 
polishing endpoint has been achieved includes activating an 
endpoint detection algorithm when at least one of the differ 
ences has reached a threshold value. 

7. The method of claim 6, whereindetermining whether the 
polishing endpoint has been achieved includes generating a 
difference trace that includes multiple points, each point rep 
resenting a smallest of the differences calculated for a revo 
lution of the platen. 

8. The method of claim 7, wherein the endpoint detection 
algorithm includes determining whether the difference trace 
has reached a minimum. 

9. The method of claim8, whereindetermining whether the 
difference trace has reached a minimum includes calculating 
a slope of the difference trace. 

10. The method of claim 7, wherein the endpoint detection 
algorithm includes determining whether the difference trace 
has risen to a threshold value above the minimum. 

11. The method of claim 1, wherein the reference spectra 
are generated empirically. 

12. The method of claim 1, wherein the reference spectra 
are generated from theory. 
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13. The method of claim 1, further comprising obtaining a 
plurality of current spectra at different times. 

14. The method of claim 13, wherein the plurality of cur 
rent spectra include a sequence of current spectra from a 
plurality of Sweeps of the in-situ optical monitoring system 
across the Substrate. 

15. The method of claim 13, wherein the plurality of cur 
rent spectra include a plurality of current spectra from a same 
Sweep of the in-situ optical monitoring system across the 
substrate. 

16. The method of claim 14, further comprising comparing 
the plurality of current spectra from the same sweep to the 
plurality of reference spectra to generate a plurality of differ 
ences between the current spectra and the reference spectra. 

17. The method of claim 15, further comprising, determin 
ing a smallest of the plurality of differences and using the 
smallest of the plurality of differences to determine whether a 
polishing endpoint has been achieved. 

18. A computer program product, encoded on a tangible 
program carrier, operable to cause data processing apparatus 
to perform operations comprising: 

obtaining at least one current spectrum with an in-situ 
optical monitoring system, the current spectrum being a 
spectrum of light reflected from a Substrate having an 
outermost layer undergoing polishing and at least one 
underlying layer, 

comparing the current spectrum to a plurality of different 
reference spectra, the plurality of reference spectra rep 
resenting spectra of light reflected from substrates with 
outermost layers having the same thickness and under 
lying layers having different thicknesses; and 

determining based on the comparing whether a polishing 
endpoint has been achieved for the substrate having the 
outermost layer undergoing polishing. 
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