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DATA PROCESSING FOR MONITORING CHEMICAL MECHANICAL
POLISHING

BACKGROUND

The present invention relates to monitoring during chemical mechanical polishing.

An integrated circuit is typically formed on a substrate by the sequential deposition of
conductive, semiconductive or insulating layers on a silicon wafer. One fabrication step
involves depositing a filler layer over a non-planar surface, and planarizing the filler layer
until the non-planar surface is exposed. For example, a conductive filler layer can be
deposited on a patterned insulating layer to fill the trenches or holes in the insulating layer.
The filler layer is then polished until the raised pattern of the insulating layer is exposed.
After planarization, the portions of the conductive layer remaining between the raised pattern
of the insulating layer form vias, plugs and lines that provide conductive paths between thin
film circuits on the substrate. In addition, planarization is needed to planarize the substrate
surface for photolithography.

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 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 slurry, including at least one
chemically reactive agent, and abrasive particles if a standard pad is used, is supplied to the
surface of the polishing pad.

An important step in CMP is detecting 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. Overpolishing (removing too much) of a
conductive layer or film leads to increased circuit resistance. On the other hand,
underpolishing (removing too little) of a conductive layer leads to electrical shorting.
Variations in the initial thickness of the substrate 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 variations in the material removal rate. These variations cause
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variations in the time needed to reach the polishing endpoint. Therefore, the polishing
endpoint cannot be determined merely as a function of polishing time. |

To detect the polishing endpoint, the substrate can be removed from the polishing
surface and transferred to a metrology station. At the metrology station, the thickness of a
substrate layer can be measured, e.g., with a profilometer or a resistivity measurement. If the
polishing endpoint is not reached, the substrate can be reloaded into the CMP apparatus for
further processing. '

Alternatively, polishing can be monitored in situ, i.e., without removing the substrate
from the polishing pad. In-situ monitoring has been implemented with optical and
capacitance sensors. For in-situ endpoint detection, other techniques propose monitoring
friction, motor current, slurry chemistry, acoustics, or conductivity. A recently developed
endpoint detection technique uses eddy currents. The technique involves inducing an eddy
current in the metal layer covering the substrate, and measuring the change in the eddy

current as the metal layer is removed by polishing.

SUMMARY

To efficiently evaluate thickness of a substrate, reference traces are used to process
data traces acquired by a monitor during polishing. In general, in one aspect, the invention
provides methods and apparatus to implement techniques for monitoring polishing a
substrate. Two or more data points are acquired, where each data point has a value affected
by features inside a sensing region of a sensor and corresponds to a relative position of the
substrate and the sensor as the sensing region traverses through the substrate. A set of
reference points is used to modify the acquired data points. The modification compensates
for distortions in the acquired data points caused by the sensing region traversing through the
substrate. Based on the modified data points, a local property of the substrate is evaluated to
monitor polishing.

Particular implementations can include one or more of the following features.
Acquiring data points can include acquiring one or more data points that are affected by eddy
currents in the substrate. Modifying the acquired data points can include using one or more
reference points to compensate for local sensitivity changes of the sensor as the sensing
region traverses through the substrate. Compensating for local sensitivity changes can

include dividing the value of one or more acquired data points by a corresponding sensitivity
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value that is based on the one or more reference points to compensate for local sensitivity
changes of the sensor.

Modifying the acquired data points can include using one or more reference points to
compensate for local bias changes in the acquired data points as the sensing region traverses
through the substrate. Compensating for local bias changes can include subtracting one or
more reference values from the value of corresponding acquired data points, the one or more
reference values being based on the one or more reference points to compensate for local bias
changes.

Modifying the acquired data points can include compensating for signal loss caused
by an edge of the substrate traversing through the sensing region. Compensating for signal
loss caused by an edge can include calculating one or more reference points characterizing
overlaps of the sensing region and the substrate.

The set of reference points can be acquired with the sensor. Acquiring the set of
reference points can include measuring a specially prepared substrate with the sensor and/or
measuring the substrate with the sensor before polishing.

Evaluating a local property of the substrate can include evaluating a thickness of a
metal layer on the substrate. Based on the evaluation of the thickness, an endpoint can be
detected for polishing the metal layer on the substrate, and/or one or more parameters of the
polishing process can be modified.

The invention can be implemented to provide one or more of the following
advantages. Multiple data traces can be acquired and processed during a single polishing
operation without interrupting the polishing. By using reference traces, the acquired data
traces can be processed, e.g., by locally adjusting bias and/or normalization, to more
accurately and efficiently evaluate substrate thickness that is remaining or has been removed
during polishing. The data traces can be analyzed to determine a polishing profile describing
thickness variations of the polished metal layer. Based on the polishing profile, the polishing
process can be modified to obtain an optimally polished substrate. The thickness of the metal
layer can be efficiently evaluated even near the edge of the substrate. The data traces can be
analyzed for improved endpoint detection. The acquired data traces can be processed to
minimize effects of an incomplete overlap between a substrate and a sensing region of a
monitor, or to adjust local biases. Reference traces can be acquired by the same monitor that

is used to acquire the data traces.
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In another aspect, the invention is directed to a method for monitoring polishing of a
substrate. In the method, a reference trace is generated. The reference trace represents a scan
of a sensor of an in-situ monitoring system across a face of a substrate prior to a polishing
step. The substrate is polished in a chemical mechanical polishing system, and during
polishing a measurement trace is generated by scanning the sensor of the in-situ monitoring
system across the face of the substrate. The measurement trace is modified using the
reference trace, and a polishing endpoint is detected from the modified measurement trace.

Implementations of the invention may include one or more of the following features.
Modifying the measurement trace may include subtracting the reference trace from the
measurement trace or dividing the measurement trace by the reference trace. Generating the
reference trace may include scanning the sensor of the in-situ monitoring system across the
face of the substrate prior to the polishing step, or calculating an overlap between a sensing
region of the sensor and the substrate. The sensor of the in-situ monitoring system may make
a plurality of sweeps across the face of the substrate to generate a plurality of measurement
traces, and each of the plurality of measurement traces may be modified using the reference
trace.

In another aspect, the invention is directed to a polishing apparatus. The apparatus
has a carrier to hold a substrate, a polishing surface, a motor, a monitoring system and a
controller. The motor is connected to at least one of the carrier and the polishing surface to
generate relative motion between the substrate and the polishing surface. The monitoring
system includes a sensor that scans across a face of the substrate while the substrate is
contacting the polishing surface and generates a measurement trace. The controller is
configured to modify the measurement trace using a reference trace representing a scan of the
sensor of the in-situ monitoring system across the face of the substrate prior to polishing, and
configured to detecting a polishing endpoint from the modified measurement trace.

The details of one or more embodiments of the invention are set forth in the accompa-
nying drawings and the description below. Other features, objects, and advantages of the

invention will be apparent from the description and drawings, and from the claims.
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DESCRIPTION OF DRAWINGS

FIGS. 1A and 1B are schematic diagrams showing a substrate polished in a CMP
apparatus and monitored by an in-situ monitor using eddy currents.

FIGS. 2A and 2B show schematic traces of data points acquired by an in-situ monitor
using eddy currents.

FIG. 3 is a flowchart showing a method for detecting polishing endpoint with an in-
situ monitor in one implementation of the invention.

FIG. 4 is a flowchart showing a method for data processing to detect polishing
endpoint in one implementation of the invention.

FIGS. 5A and 5B show schematic traces of data points generated from the acquired
data points in FIGS. 2A and 2B, respectively, by locally adjusting bias.

FIGS. 6A and 6B show schematic traces of data points generated from the acquired
data points in FIGS. 2A and 2B, respectively, by normalizing sensitivity.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

FIGS. 1A and 1B show a substrate 10 polished in a polishing apparatus and
monitored by an in-situ monitor 40. The in-situ monitor 40 can acquire data traces
characterizing thickness of the substrate during polishing, as discussed with reference to
FIGS. 2A and 2B. The acquired data traces can be processed to increase spatial resolution of
measured thickness by using reference traces, and the processed traces can be used for
endpoint detection, as discussed with reference to FIGS. 3-6B.

As shown in FIG. 1A, the substrate 10 can be polished or planarized at a polishing
station 22 of a polishing apparatus. For example, the polishing apparatus can be a CMP
apparatus, such as described in U.S. Patent No. 5,738,574, the entire disclosure of which is
incorporated herein by reference. The substrate 10 can include a silicon wafer having a
dielectric layer, e.g., an oxide, covered by a conductive layer, e.g., a metal such as copper.
The dielectric layer has a surface with patterned trenches and holes that are filled by the
conductive layer. By polishing the conductive layer until the underlying surface of the
insulating layer is exposed, the portion of the conductive layer remaining in the trenches and

holes can form circuit elements for an integrated circuit.
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The substrate 10 is held at the polishing station 22 by a carrier head 70. A description
of a suitable carrier head 70 can be found in U.S. Patent No. 6,218,306, the entire disclosure
of which is incorporated herein by reference. The carrier head 70 presses the substrate 10
against a polishing pad 30 that rests on a platen 24. During polishing, a platen 24 supporting
the polishing pad 30 rotates about a central axis 25, and a motor 76 rotates the carrier head 70
about an axis 71. The polishing pad 30 typically has two layers, including a backing layer 32
that abuts a surface of the platen 24 and a covering layer 34 that is used to polish the
substrate 10. A polishing slurry 38 can be supplied to the surface of the polishing pad 30 by
a slurry supply port or combined slurry/rinse arm 39.

The polishing station 22 uses the in-situ monitor 40 for endpoint detection. The in-
situ monitor 40 monitors thickness of a metal layer on the substrate 10. A suitable in-situ
monitor is disclosed in U.S. Patent Application No. 09/574,008, filed May 19, 2000, and U.S.
Patent Application No. 09/847,867, filed May 2, 2001, the entire disclosures of which are
incorporated herein by reference.

In one implementation, the in-situ monitor 40 includes a drive coil 44 and a sense coil
46 wound around a core 42 that is positioned in a recess 26 of the platen 24. By driving the
coil 44 with an oscillator 50, the in-situ monitor 40 generates an oscillating magnetic field
that extends through the polishing pad 30 into the substrate 10. In the metal layer of the
substrate, the oscillating magnetic field induces eddy currents that are detected by the sense
coil 46. The sense coil 46 and a capacitor 52 form an LC circuit. The impedance in the LC
circuit is influenced by the eddy currents in the metal layer. As the thickness of the metal
layer changes, the eddy currents and the impedance change as well. To detect such changes,
the capacitor 52 is coupled to an RF amplifier 54 that sends a signal to a computer 90 through
a diode 56.

The computer 90 can evaluate the signal to detect an endpoint, or to measure a
thickness of the metal layer. Optionally, user interface devices, such as a display 92, can be
connected to the computer 90. The disﬁlay can provide information to an operator of the
polishing apparatus.

In operation, the core 42, drive coil 44, and sehse coil 46 rotate with the platen 24.
Other elements of the in-situ monitor 40 can be located apart from the platen 24, and coupled

to the platen 24 through a rotary electrical union 29.
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FIG. 1B shows the motion of the core 42 relative to the substrate 10 during polishing.
The core 42 is located below a section 36 of the polishing pad 30 on the platen 24. As the
platen 24 rotates, the core 42 sweeps beneath the substrate 10. A position sensor 80 can be
added to the polishing station 22 (see also FIG. 1A) to sense when the core 42 is beneath the
substrate 10. The position sensor 80 can be an optical interrupter mounted on the carrier
head 70. Alternatively, the polishing apparatus can include an encoder to determine the
angular position of the platen 24.

As the core 42 passes beneath the substrate 10, the in-situ monitor 40 generates data
points based on the signal from the sense coil 46 around the coil 42 at a substantially constant
sampling rate. A suitable sampling rate can be chosen by considering the rotation rate of the
platen 24 and the desired spatial resolution for measured data. For example, at typical
rotation rates of about 60-100 rpm (i.e., revolution per minute), a 1KHz sampling rate (i.e.,
generating one datapoint per millisecond) provides a spatial resolution of about one
millimeter. Larger sampling rates or smaller rotation rates may increase the spatial
resolution.

The in-situ monitor 40 detects eddy currents in a sensing region around the core 42.
As the platen 24 rotates and the core 42 moves relative to the substrate 10, each data point
corresponds to a sampling zone 96 through which the sensing region sweeps during the
sampling time for the data point. In one implementation, the duration of the sampling time is
set by the inverse of the sampling rate. The size of the sampling zone 96 depends on the
rotation rate of the platen 24, the sampling rate, and the size of the sensing region. The size
of the sensing region also puts a limit on the spatial resolution of the measured data.

The in-situ monitor 40 generates data points corresponding to sampling zones 96 with
different radial positions on the substrate 10. By sorting the data points according to the
radial positions of the corresponding sampling zones, the in-situ monitor 40 can monitor the
thickness of the metal layer as a function of the radial position on the substrate 10. For
example, if the core 42 is positioned so that it passes beneath the center of the substrate 10,
the in-situ monitor 40 will scan sampling zones with radial positions starting at the
substrate’s radius, moving through the center of the substrate, and back to the substrate’s
radius, as the core 42 sweeps beneath the substrate.

FIG. 2A and 2B show schematic traces formed by data points acquired by the in-situ
monitor 40 scanning the substrate 10 as the platen 24 rotates. Each data point (the individual
data points are not illustrated in these traces, only the resulting overall traces) is indexed by a

7
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time indicating when the data point is measured during the sweep of the core 42 beneath the
substrate. Because the platen 24 rotates, the time indices correspond to sampling zones with
different radial positions. Zero time index corresponds to a sampling zone including the
center of the substrate 10, and increasing absolute time indices correspond to sampling zones
with increasing radial position.

FIG. 2A shows three schematic traces acquired by measuring a relative amplitude of
the signal received from the RF amplifier 54 (see FIG. 1A). The first trace is a reference
amplitude trace 201 acquired by scanning the substrate 10 before starting a polishing
operation. The second 202 and third 203 traces are amplitude traces acquired during
polishing, near the middle and the end, respectively, of the polishing operatior.

The reference amplitude trace 201 has flat portions where data points have
substantially the same value for a range of time indices. At large absolute time indices, a first
210 and a third 230 flat portions include data points measured when the entire substrate is
outside of the sensing region of the core 42. Accordingly, the first 210 and third 230 flat
portions have the same relative amplitude value. Near zero time index, a second flat portion
221 includes data points that are measured when the substrate is in the entire sensing region.
Due to the presence of a metal layer on the substrate, the second flat portion 221 has smaller
relative amplitude than the first 210 and third 230 flat portions.

Between the first 210 and second 221 flat portions in the reference amplitude trace
201, there is a first edge region 215 including data points that are measured when the
substrate’s leading edge is inside the sensing region of the core 42. As the substrate moves
into the sensing region with increasing time indices, the relative amplitude of the data points
decreases from the value of the first flat portion 210 to the value of the second flat portion
221. Similarly in a second edge region 225, data points between the second 221 and third
230 flat portions are measured when the substrate’s trailing edge is inside the sensing region.
As the substrate moves out of the sensing region with increasing time indices, the relative
amplitude of the data points increases from the amplitude value of the second flat portion 221
to the amplitude value of the third flat portion 230.

The second amplitude trace 202 is acquired by scanning the substrate 10 during
polishing of the metal layer on the substrate, near the middle of the polishing operation. The
second amplitude trace 202 has the same first 210 and third 230 flat portions as the reference
amplitude trace 201, because data points in these flat portions are measured when the
substrate is outside of the sensing region. When the substrate is at least in part in the sensing

8
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region, the data points have an increased relative amplitude value in the second amplitude
trace 202 compared to the corresponding values in the reference amplitude trace 201. The
amplitude value is increased due to the decreasing thickness of the metal layer on the
substrate.

Around zero time index, instead of the second flat portion 221 in the reference
amplitude trace 201, the second amplitude trace 202 shows a “hump™ 222 of increased
relative amplitudes. The “hump” 222 is a result of uneven polishing that has produced a
thinner metal layer near the center of substrate than near the edges.

The third amplitude trace 203 is acquired by scanning the substrate 10 near the end of
the polishing of the metal layer on the substrate. The third amplitude trace 203 has the same
first 210 and third 230 flat portions as the reference amplitude trace 201. Near zero time
index, i.e., near the center of the substrate, however, the third amplitude trace 203 has a
fourth flat portion 223 that has a different amplitude value than the second flat portion 221 in
the reference amplitude trace 201.

The fourth flat portion 223 has a relative amplitude value that is close to the
amplitude value of the first 210 and third 230 flat portions where the substrate is outside of
the sensing region. In one implementation, only the polished metal layer can support eddy
currents in the sensing region, and such relative amplitude value of the portion 223 can
indicate that the second polishing has almost entirely removed the metal layer near the center
of the substrate. In alternative implementations, the amplitude value of the portion 223 can
be different from the amplitude value of the first 210 and third 230 flat portions even if the
metal layer has been removed. For example, the substrate or the head can include additional
metal layers or other conductive elements that can support eddy currents in the sensing region
and alter the amplitude value of the portion 223.

FIG. 2B shows three schematic traces 251-253 formed by data points acquired by
measuring a relative phase shift between signals received from the RF amplifier 54 and the
oscillator 50 (see FIG. 1A). The three phase traces 251-253 in FIG. 2B correspond to the
same scans of the substrate as the three amplitude traces 201-203 shown in FIG. 2A.

The phase traces 251-253 have similar qualitative features than the amplitude traces
201-203. For example, similar to the second flat portion 221 in the reference amplitude trace
201, the first, i.e., reference, phase trace 251, has a flat portion 260 near zero time index.
Furthermore, in the second 252 and third 253 phase traces, the relative phase shift values
increase compared to the corresponding values in the reference phase trace 251 qualitatively

9
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the same way as in the case of the amplitude traces. For example, similar to the “hump” 222,
the second and third phase traces have increased relative phase shift values near the center of
the substrate due to the uneven polishing. Furthermore, in outer regions 270 and 280, similar

to the first 210 and third 230 flat portions of the amplitude traces, the relative phase shift data

~ points do not sensibly change after the substrate is polished, i.e., in the second 252 and third

253 phase traces.

FIG. 3 is a flowchart showing a method 300 for detecting polishing endpoint with an
in-situ monitor, such as the in-situ monitor 40 measuring eddy currents (FIGS. 1A and 1B).
To efficiently determine if a polishing endpoint is reached, the method 300 uses reference
data to modify data traces acquired by the in-situ monitor.

The method 300 starts by providing one or more reference traces (step 310). In one
implementation, a reference trace is acquired by scanning the substrate with the in-situ
monitor before starting polishing the substrate. FIGS. 2A and 2B show acquired reference
traces 201 and 251 for amplitude and phase traces, respectively. The acquired reference
traces can be used to measure a thickness that is removed during polishing the substrate.

Alternatively or in addition, a reference trace can be acquired by scanning a “perfect”
reference substrate that has a metal layer with one or more high precision features, such as an
especially flat surface, a high rotational symmetry around the center, or known thickness
values for one or more radial zones. The “perfect” reference trace can be used to measure the
remaining thickness of the substrate during polishing.

Optionally, a reference trace can be obtained from theoretical considerations alone or
in combination with an acquired trace. For example, a theoretical functional form can be
specified for the reference trace, and parameters in the functional form can be adjusted to fit
the acquired trace.

After starting to polish the substrate (step 320), data points are acquired with the in-
situ monitor (step 330) to form an acquired trace. The acquired trace has data point values
that are related to the thickness of the substrate, such as the relative amplitude and phase shift
values shown in FIGS. 2A and 2B, respectively. Data points in the acquired trace are
modified by using the reference trace (step 340), to facilitate detecting an endpoint from the
data points. Modifying the acquired trace is discussed in more detail with reference to FIGS.
4-6B.

10
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As processing proceeds, the modified data from one or more of the previous traces is
analyzed to determine if the polishing has reached an endpoint (decision 350). Endpoint
detection can be based on one or more criteria. For example, remaining or removed thickness
can be evaluated at pre-selected radial positions or can be averaged over regions of the
substrate. Alternatively, an endpoint can be detected without evaluating thickness, for

example, by comparing the modified data to a threshold value of relative amplitude or phase

shift.

If polishing has not reached the endpoint (“No” branch of decision 350), a new data
trace is acquired (i.e., the method 300 returns to step 330). Thus, for each sweep of the
sensor beneath the substrate, a separate new trace can be generated without stopping the
operation or removing the substrate, and each new trace can be modified using the same
reference trace to generate the modified data.

Optionally, the acquired trace can be analyzed to determine how to modify the
polishing process in order to obtain an optimally polished substrate. For example, if
necessary, the carrier head can be adjusted to apply different pressure on the substrate. When
it is determined that the endpoint is reached (“’Yes” branch of decision 350), the polishing
stops (step 360).

As shown in FIG. 4, a method 400 can use a reference trace to modify data in an
acquired trace to facilitate evaluation of substrate thickness from the data points. The
modified data traces can be used to determine an endpoint as discussed with reference to FIG.
3.

Bias is locally adjusted (step 410) in the acquired trace based on a comparison with
the reference trace. Different local bias at different positions in the acquired trace can be
caused by, e.g., the presence or absence of metal parts at different locations in the substrate or
the polishing head, or a partial overlap between the sensing region of the monitor and the
substrate.

In one implementation, bias is adjusted using a reference trace that has data points
with the same time indices as the acquired trace. For each time index, the adjusted data point
value can be obtained by subtracting the data point value in the reference trace from the data
point value in the acquired trace. Alternatively, if the acquired trace has data points with
time indices that are not available in the reference trace, data points with the required time

indices can be generated from the reference trace, for example, by using a standard
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interpolation or extrapolation formula. Exemplary local bias adjustments are discussed
below with reference to FIGS. 5A and 5B.

After bias adjustment, sensitivity is normalized in the acquired trace (step 420), e.g.,
using a sensitivity function. For each time index (or radial position) in the acquired trace, the
sensitivity function specifies a sensitivity value that characterizes the sensitivity of the sensor
to detect changes in the thickness of the metal layer of the substrate. The sensitivity value
can be different at different radial positions, for example, because the substrate covers
different percentages of the sensing region of the sensor, or due to the presence or absence of
metal parts in the substrate or the polishing head.

In one implementation, the sensitivity function can be generated from an acquired
reference trace such as the reference amplitude trace 201 shown in FIG. 2A. For example, a
global bias can be applied to the reference amplitude trace 201 such that the first 210 and
third 230 flat portions take zero data value, because these portions correspond to zero
sensitivity. After applying the global bias, the reference amplitude trace can be globally
multiplied by a number such that the relative amplitude value of the second flat portion 221
becomes one, corresponding to full sensitivity. The resulting sensitivity function will have
values between zero and one in the first 215 and second 225 edge regions. Optionally, the
sensitivity function can be filtered to remove measurement noise originally present in the
reference trace.

Alternatively, the sensitivity function can be estimated from the overlap between the
substrate and a sensing region around the in-situ monitor that has acquired the data trace. For
example, as the overlap decreases, the same difference in the metal layer thickness causes
decreasing difference in the measured signal. That is, a partial overlap limits the sensitivity
of the in-situ monitor to detect features of the metal layer on the substrate. In one
implementation, the sensitivity function is obtained by normalizing the overlaps to be one
near the center of the substrate. The size of the sensing region can be estimated, for example,
from a size of the magnetic core that the in-situ monitor uses to induce and detect eddy
currents in a metal layer of the substrate. Optionally, the sensitivity function can include
dependence on a distance between the substrate and the in-situ monitor.

In one implementation, sensitivity is normalized by dividing data point values in the
acquired trace with the corresponding sensitivity value of the sensitivity function. The
normalization can be restricted to regions of the acquired trace where the sensitivity value of
the sensitivity function is substantially different from zero. In regions where the sensitivity

12



10

15

20

25

30

WO 2004/113021 PCT/US2004/019171

function is essentially zero, the normalized trace can have an assigned zero value. Examples
for normalizing sensitivity are discussed below with reference to FIGS. 6A and 6B.

Optionally, the two steps of the method 400 can be performed in reversed order, or
one of the steps can be omitted. Alternatively, the two steps can be combined into a single
deconvolution step using, e.g., Fourier data analysis.

The data processing method 400 can be used to compensate for edge effects in the
acquired trace. Edge effects ocour as the edge of the substrate moves through a sensing
region of the in-situ monitor. Examples of edge effects include the first 215 and second 225
edge regions shown in FIGS. 2A and 2B. In the edge regions, data point values depend not
only on the properties of the substrate but also on the degree of overlap between the substrate
and the sensing region. For example, due to a partial overlap, data point values can pick up
an extra amplitude or phase value that changes as the in-situ monitor sweeps under the
substrate. The extra amplitude or phase values can be compensated by the local bias
adjustment (step 410). Furthermore, as explained above, when the degree of overlap
changes, the in-situ monitor has a changing sensitivity to detect features of the substrate. The
changing sensitivity can be compensated by the sensitivity normalization (step 420).

FIGS. 5A and 5B show schematic examples of adjusted traces generated by locally
adjusting bias in data traces acquired by an in-situ monitor, such as the in-situ monitor 40
(FIGS. 1A and 1B). The adjusted traces can be generated, for example, by using the
techniques discussed with reference to FIG. 4.

FIG. 5A shows adjusted amplitude traces 502 and 503 generated from the second 202
and third 203 amplitude traces in FIG. 2A, respectively. The adjusted amplitude traces 502
and 503 have been generated by subiracting the reference amplitude trace 201 from the
second 202 and third 203 amplitude traces, respectively: for each time index, the reference
data point value has been subtracted from data point values that have the same time index in
the amplitude traces.

The adjusted amplitude traces 502 and 503 may indicate how much of the metal layer
has been removed during the polishing. For example, the local bias adjustment moves the
first 210 and third 230 flat portions in the amplitude traces into first 210 and third 230’
adjusted flat portions, respectively, where each adjusted flat portion is characterized by zero
adjusted amplitude value. The zero adjusted amplitude value indicates that polishing has not
affected these portions where the polished substrate is out of the sensing region of the in-situ
monitor. Furthermore, near zero time index, i.e., in adjusted portions 222’ and 223°, the
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larger the adjusted amplitude value the larger the thickness that has been removed from the
metal layer during polishing.

Starting from the first 210” and third 230" adjusted flat portions, the adjusted
amplitude traces 502 and 503 increase in the edge regions 215 and 225 towards the center of
the substrate represented by zero time index. In the edge regions 215 and 225, the adjusted
amplitude values depend not only on the thickness of the removed metal layer, but also on
the percentage of the sensing region covered by the metal layer.

FIG. 5B shows adjusted phase traces 552 and 553 generated from the second 252 and
third 253 phase traces in FIG. 2B, respectively. The adjusted phase traces 552 and 553 have
been generated by subtracting the reference phase trace 251 from the second 252 and third
253 phase traces, respectively: for each time index, the reference data point value has been
subtracted from the data point values that have the same time index in the phase traces.

Similar to the adjusted amplitude traces, the adjusted phase traces 552 and 553 have
adjusted phase values that indicate how much of the metal layer has been removed during
polishing. For example, the adjusted flat portions 270’ and 280 have zero adjusted phase
values indicating no effect of polishing, and in the portions 522 and 523 near zero time index,
the adjusted phase values indicate the thickness of the removed metal layer. In the edge
regions 215 and 225, the adjusted phase values also depend on the percentage that the metal
layer covers in the sensing region of the in-situ monitor.

FIGS. 6A and 6B show schematic normalized amplitude and phase traces,
respectively, by normalizing sensitivity. FIG. 6A shows normalized amplitude traces 602
and 603, generated from the adjusted amplitude traces 502 and 503 (FIG. 5A), respectively.
FIG. 6B shows normalized phase traces 652 and 653 generated from the adjusted phase
traces 552 and 553 (FIG. 5B), respectively. All sensitivity normalization has used an
estimated sensitivity function: for each time index of the data traces, a sensitivity function
value has been estimated from the overlap of the substrate and a sensing region of the in-situ
monitor. Except for data points in the zero value flat portions 2107, 2307, 270°, and 280,
sensitivity has been normalized by dividing data points by corresponding sensitivity function

values, i.e., the sensitivity values with the same time index.
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Due to the sensitivity normalization, data point values are changing sharply with time
indices in the first 215 and second 225 edge regions (see FIGS. 6A and 6B). The sharp
change reflects that the edge of the substrate moved into the sensing region of the sensor. By
using the sensitivity normalization, the thickness of the metal layer can be efficiently
evaluated near the edge of the substrate.

A number of embodiments of the invention have been described. Nevertheless, it will
be understood that various modifications may be made without departing from the spirit and
scope of the invention. For example, the invention may be applicable to other sorts of in-situ
monitoring systems, such as optical monitoring systems or monitoring based on measuring
acoustic emission, friction coefficient, or temperature. In addition, the invention may be
applicable to polishing system configurations other than rotary platens. Accordingly, other

embodiments are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method for monitoring processing of a substrate, comprising:

during processing of a substrate, generating a measurement trace by scanning
a sensor of an in-situ monitoring system across a face of the substrate, the measurement trace
including data points whose values are affected by the substrate’s features inside a sensing
region of the sensor as the sensing region traverses across the subsirate;

modifying the measurement trace using a reference trace representing a scan
of the sensor of the in-situ monitoring system across the face of the substrate; and

from the modified measurement trace, evaluating a local property of the

substrate.

2. The method of claim 1, wherein:
generating the measurement trace includes acquiring data points whose values

are affected by eddy currents in the substrate.

3. The method of claim 1, wherein:
modifying the measurement trace includes using the reference trace to
compensate for edge effects caused in the measurement trace by an edge of the substrate as

the sensing region traverses across the substrate.

4, The method of claim 3, wherein:
compensating for edge effects includes compensating for signal loss due to a

partial overlap between the sensing region and the substrate.

5. The method of claim 1, wherein:
modifying the measurement trace includes using the reference trace to
compensate for local sensitivity changes of the sensor as the sensing region traverses across

the substrate.
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6. The method of claim 1, wherein:
modifying the measurement trace includes using the reference trace to
compensate for local bias changes in the measurement trace as the sensing region traverses

across the substrate.

7. The method of claim 1, wherein:
modifying the measurement trace includes dividing the measurement trace by

the reference trace.

8. The method of claim 1, wherein:
modifying the measurement trace includes subtracting the reference trace from

the measurement trace.

9. The method of claim 1, further comprising:

generating the reference trace.

10.  The method of claim 9, wherein generating the reference trace comprises:
calculating an overlap between the sensing region of the sensor and the
substrate; and
generating one or more reference points in the reference trace based on the

calculated overlap.

11. The method of claim 9, wherein:
generating the reference trace includes generating a reference trace that

represents a normalized sensitivity function.

12. The method of claim 9, wherein:
generating the reference trace includes measuring the substrate by scanning

the sensor across the face of the substrate prior to the processing of the substrate.

13. The method of claim 9, wherein:
generating the reference trace includes measuring a specially prepared
substrate.
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14.  The method of claim 1, wherein the processing of the substrate includes
polishing the substrate, and wherein:
evaluating a local property of the substrate includes evaluating a thickness of a

metal layer on the substrate from the modified measurement trace.

15.  The method of claim 14, wherein:
evaluating the thickness of the metal layer includes determining a remaining

thickness of the metal layer.

16. The method of claim 14, wherein:
evaluating the thickness of the metal layer includes determining a thickness

that is removed from the metal layer.

17.  The method of claim 14, further comprising:
based on the evaluation of the thickness, modifying one or more parameters of

the polishing process.

18.  The method of claim 14, further comprising:

based on the evaluation of the thickness, detecting a polishing endpoint.

19. The method of claim 1, wherein:
during the processing of the substrate, the sensor of the in-situ monitoring
system makes a plurality of sweeps across the face of the substrate to generate a plurality of
measurement traces; and
each of the plurality of measurement traces is modified using the reference

trace.

18



WO 2004/113021 PCT/US2004/019171

20.  Apolishing apparatus, comprising:

a carrier to hold a substrate;

a polishing surface;

a motor connected to at least one of the carrier and the polishing surface to

5 generate relative motion between the substrate and the polishing surface;

a monitoring system including a sensor that scans across a face of the
substrate while the substrate is contacting the polishing surface and generates a measurement
trace; and

a controller configured to:

10 modify the measurement trace using a reference trace representing a
scan of the sensor of the in-situ monitoring system across the face of the substrate, and

detect a polishing endpoint from the modified measurement trace.
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