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FINDING SUBSTRATE NOTCH ON SUBSTRATE BETWEEN PLATENS IN
CHEMICAL MECHANICAL POLISHING
TECHNICAL FIELD
This disclosure relates 1o detecting the angular position of a substate, such as the

position of a substrate notch, 1n a chemical mechanical polishing (CMP) system.

BACKGROUND

An integrated circuit is typically formed on a substrate by the sequential
deposition of conductive, semiconductive, or insulative layers on a silicon wafer. One
fabrication step involves depositing a filler layer over a non-planar surface and
planarizing the filler layer. For certain applications, the filler layer is planarized until the
top surface of a patterned layer 15 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 planarization, the portions of the metallic 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 predetermined thickness is left over the
non-planar surface. In addition, planarization of the substrate surface is usually required
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 1s typically placed against a rotating
polishing pad. The carrier head provides a controlliable load on the substrate to push it
against the polishing pad. An abrasive polishing slurry s typically supplied to the

surface of the polishing pad.

SUMMARY
A polishing apparatus includes a plurality of stations including a first station that
is a polishing station or a transfer station and a second station that is a polishing station, a
carrier head to hold a substrate and that is movable by an actuator along a path tfrom the

first station to the second station, a motor to rotate the carrier head about an axis of
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rotation, a notch finding station positioned on the path between the first station and the
second station where the notch finding station includes a sensor to generate a signal that
depends on an proportion of a sensing region of the sensor that is covered by the
substrate, and a controller. The controller is configured to cause the actuator to position
the carrier head such that the substrate s positioned at the notch finding station such that
sensing region of the sensor is at an edge of the substrate, cause the motor to rotate the
carrier head such that the sensing region of the sensor scaus along a circurnference of the
substrate, and detect an angular position of a notch in an edge of the substrate based on a
signal from the sensor, including compensating for a sinusoidal component of the signal
resulting from an offset of the center of the substrate from the axis of rotation.

In another aspect, a method includes holding a substrate in a carrier head with the
substrate positioned such that a sensing region of a sensor of a notch finding station is at
an edge of the substrate, rotating the carrier head to rotate the substrate such that the
seusing reglon of the sensor scans along a circumference of the substrate, and detecting
an angular position of a notch in an edge of the substrate based on a signal from the
sensor, including coropensating for a sinusotdal component of the signal resulting from
an offset of the center of the substrate from the axis of rotation.

In another aspect, a notch finding station includes a sensor to generate a signal
that depends on an proportion of a sensing region of the sensor that is covered by a
substrate, and a controller is configured to cause an actuator to position a carrier head
relative to the substrate with the sensing region of the sensor at an edge of the substrate,
cause a motor to generate relative motion between the carrier head and the sensor such
that the sensing region of the sensor scans along a circumference of the substrate, and
detect an angular position of a notch in the edge of the substrate based on a signal from
the sensor, including compensating for a sinusoidal component of the signal resulting
from an offset of the center of the substrate from the axis of rotation.

Implementations may include one or more of the following potential advantages.
The angular position of a substrate relative to the carrier head can be determined, and the
carrier head can rotate to place the substrate notch in a desired angular position.
Polishing can be performed more cousistently on a wafer-to-wafer basis, thus reducing

water-to-wafer non-uniformity (WTWNU). In-sttu monitoring can be more reliable, thus
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improving both within-water uniformity (WIWU) and water-to-water uniformity
{(WTWU).

The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other aspects, features and advantages will be

apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic plan view of an example of a polishing apparatus.

FIG. 2 15 a schematic cross-sectional view of an example of a polishing apparatus.

FIG. 3 is a schematic side view of an example of an inter-platen noteh finder.

FIGS. 4A and 4B are schematic top views of substrates with different notches.

FIG. S 1s a schematic bottom view of a subsirate and a retaining ring showing a
path of a scanning spot along a circumference of the substrate.

FIG. 6 15 an itlustrative graph of 1utensity of reflected light as a function of the
angular position of the carrier head.

FIG. 7 is a schematic side view of another example of an inter-platen notch finder
that includes two light sources.

FIG. 8 15 a schematic side view of another example of an inter-platen notch finder
that includes a camera.

FIG. 9 15 a schematic side view of another example of an inter-platen notch finder
that directs a light beam through a water column.

FIG. 10 1s a schematic side view of another example of an inter-platen notch
finder that submerges a face of the substrate in a Hiquid bath.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
In some polishing operations the substrate is held by a rotating carrier head and
pressed against the rotating polishing pad. Rotation of the carrier head imparts rotation to
the substrate.
It would be desirable to align each subsirate to a consistent angular orientation

before chemical mechanical polishing, as this can result in more reproducible polishing
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and in-situ measuring of film thickness, especially for patterned wafers. Without being
timited to any particular theory, a consistent angular orientation improves the likelihood
that a sensor scans gach substrate on a repeatable path, so that the resulting signal is
consistently positioned on the same portion of the substrate as a function of time on a
wafer-to-water basis. This in turn imaproves reliability of a pressure control algorithm,
which can improve both within-wafer uniformity (WIWU) and wafer-to-wafer
uniformity.

Hypothetically, a carrier head could simply rotate to a preset angular orientation
before polishing commences, e.g., before the substrate 1s lowered into contact with the
polishing pad. However, the angular orientation of the substrate relative to the carrier
head may not stay constant; the substrate can be subject to a “precession” effect in which
the substrate rotates relative to the carrier head. Thus, simply relying on the carrier head
orientation, €.¢.,. as measured by a motor encoder, may not be sufficient.

A techoique to address this problem is to measure the angular onentation of the
substrate before a polishing operation or between two separate polishing operations, e.g.,
at a station positioned between two platens of the polishing system. For example, a hight
beam can be directed at the edge of the substrate, a detector can measure an intensity of
the reflected light, and the carrier head can rotate. When the notch passes through the
situminated spot, the amount of reflected light should change, e g., drop.

A turther issue 1s that when the substrate 1s “chucked” to the carrier head for
transfer between platens, the center of the substrate may not be precisely aligned with the
axis of rotation of the carrier head. As a result, merely rotating the carrier head to scan a
sensor around the circumference of the subsirate may not work. For example, the sensor
may move outside the radius of the substrate, resulting in a loss of signal. Moreover, the
signal from the sensor can be subject to vartation simply from scanning across different
radial positions on the substate, and this variation can exceed the effect of the notch on
the signal, thus masking the position of the notch.

A technique to address this problem is to detect and filter out a sinusoidal
vartation in the signal from the sensor, and then to detect a variation in the signal, eg., a

drop 1o sigoal strength, that indicates the presence of the notch.
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FIG. 115 a plan view of a chemical mechanical polishing apparatus 100 for
processing one or more substrates. The polishing apparatus 100 includes a plurality of
polishing stations 110. For example, the polishing apparatus can include three polishing
stations 110a, 110b, and 110c. The polishing apparatus 100 also includes at least one
carrier head 140, e.g, four carrier heads 140, The polishing apparatus 100 also includes a
transfer station 104 for loading and unloading substrates from the carrier heads 140. The
stations of the polishing apparatus 100, including the transfer station 104 and the
polishing stations 110, can be positioned at substantially equal angular intervals around
the center of the platform 106.

Referring to FIG. 2, each polishing station 110 includes a polishing pad 130
supported on a rotatable platen 120. The polishing pad 130 can be a two-layer polishing
pad with an outer polishing laver 132 and a softer backing laver 134 (see FIG. 2). A top
surface of the polishing laver 132 can provide a polishing surface 136

Returning to FIG. 1, for a polishing operation, one carrier head 140 is positioned
at each polishing station 110, Another additional carrier head 140 can be positioned in
the transfer station 122 to exchange a polished substrate for an unpolished substrate while
the other substrates are being polished at the polishing stations 110,

The carrier heads 140 are held by a support structure, e.g., a rotatable carousel or
a carriage suspended from a track, that can cause carrier head to move along a 106 path
that passes, in order, each polishing station 110a-110¢ and the transfer station 104,

Referring to FIGS. 1 and 2, each polishing station 110 can include a port 160,
e.g., at the end of an arm 162, to dispense polishing liquid 164, such as abrasive slurry,
onto the polishing pad 130, Each polishing station 110 of the polishing apparatus 100
can also include pad conditioning apparatus 170 to abrade the polishing pad 130 to
maintain the polishing surface 136 1o a consistent abrasive state. For example, the
conditioning apparatus can include a conditioning head 172 with a conditioning disk at
the end of an arm 174,

As shown in FIG. 2, the platen 120 at each platen 120 is operable to rotate about
an axis 122. For example, a motor 124 can turn a drive shaft 126 to rotate the platen 120,

Each carrier head 140 is operable to hold a substrate 10 against the polishing pad

130. Each carrier head 140 can include a retaining ring 142 to retain the substrate 10
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below a flexible membrane 144. Each carrier head 140 can also include a plurality of
independently controllable pressurizable chambers defined by the membrane, e g, three
chambers 146a-146¢, which can apply independently controliable pressurizes to
associated zones on the flexible membrane 144 and thus on the substrate 10, Although
only three chambers are tllustrated in FIG. 2 for ease of illusiration, there could be one or
two chambers, or four or more chambers, e g, five chambers.

Fach carrier head 140 is suspended from the support structure 150, and 18
connected by a drive shaft 154 to a carrier head rotation motor 156 so that the carrier
head can rotate about an axis 152, Optionally each carrier head 126 can oscillate
faterally, e.g, driven by a carriage on the track, by a motor that oscillates the carrier head
radially, or by rotational oscillation of the carousel itself.

in operation, the platen is rotated about its central axis 121, and each carrier head
is rotated about its central axis 127 and translated iaterally across the top surface of the
polishing pad.

An in-situ monitoring system can inchide a sensor 180 installed in the platen 120
to monitor the progress of the polishing operation and/or maeasure a thickness of the layer
on the substrate 10 that is being polished. The sensor 180 could be an optical sensor, e.g.,
a spectrometer, an eddy current sensor, a capacitive sensor, a friction sensor, etc.

A controller 190, such as a programmable computer, is connected to each motor
126, 156 to independently countrol the rotation rate of the platen 120 and the carrier heads
140. For example, each motor 156 can include an encoder 158 that measures the angular
position or rotation rate of the associated drive shaft 154, The associated drive shatis can
have respective reference angular positions that are recognized by the encoder 138 1o
measure the number of revolutions of the drive shafts.

The countroller 190 1s also connected to pressure regulators to control the pressures
in the chambers 140a-146¢. In particular, the controller 190 can be configured to receive
thickness measurements from the in-site monitoring systern and control the pressures in
the chambers 146a-146¢ to provide improved polishing unitformity.

The controtler 190 can include a central processing unit {CPU) 192, a memory
194, and support circuits 196, e g, input/output circuitry, power supplies, clock circuits,

cache, and the like. The memory is connected to the CPU 192. The memory is a non-

6
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transitory computable readable medium, and can be one or more readily available
memory such as random access memory (RAM), read only memory (ROM), floppy disk,
hard disk, or other form of digital storage. In addition, although illusirated as a single
computer, the controlier 190 could be a distributed system, e g, including multiple
independently operating processors and memories.

Referring to FIGS. 1, and 3, the polishing apparatus 100 can also include one or
more noich~finding stations 200. Io some implementations, a notch-finding station 200a
is positioned on the path 106 at a spot between the transfer station 104 and a first
polishing station, e.g., polishing station 110a. One or more notch-finding stations 200b,
200¢ can be positioned on the path 106 travelled by the carrier heads 140 between two
polishing stations 200,

in some implementations, the polishing system includes two inter-platen notch-
finding stations 200b, 200¢c. The two inter-platen notch-finding stations 200b, 200¢ could
be on the path 106 on opposite sides of a polishing station, ¢.g., the second polishing
station 110b.

Iu some modes of operation, the substrate orientation 1s weasured at a notch-
finding station 200 located before a polishing station 110 along the path 106, and then
moved forward along the path 106 to the polishing station 110 and polished at that
polishing station 110, However, in some modes of operation, the substrate orientation
can be measured at a notch-tinding station 200 located atter a polishing station 110 along
the path 106, and then moved backward along the path 106 to the polishing station 110
and polished at that polishing station 110, The substrate can then be moved forward
again along the path 106 o the next polishing station, optionally stopping at the notch-
finding station 200 before being polished at the next polishing station.

FIG. 3 illustrates an implementation of a votch finding station 200 positioned
between two platens 120 of two polishing stations 110 that are adjacent along the path.
This implementation of the notch finding station 200 has an optical notch detector 210
that includes a light source 212, a light detector 214, and circuitry 216 for sending and
receiving signals between the controller 190 and the light source 212 and light detector
214. The optical notch detector 210 can also be considered to include some of the

functionality implemented, e.g., software, in the controiler 190,

~3
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The light source 212 is focated such that a carrier head 140 can be positioned on
the path 106 where the substrate 100 can scanned by the optical notch detector 210, In
particular, the light source 212 generates a light beam 220 that can be reflected by the
substrate 10, and the light detector 214 1s positioned to receive a reflected light beam 222
from the substrate 10. The light detector 214 can be positioned where the hight bearn 220
and reflected light beam 22 have equal incidence angles, e g, such that the light detector
214 19 receiving reflected (rather than scattered) hight. The angle of incidence on the
substrate 10 can be normal to the substrate surface, or an oblique angle up to 80°, eg.,
30° or 45° Although FIG. 2 illustrates the light beam 220 travelling 1n a straight line to
the substate 10, one or more mirrors can be posttioned in the optical path of the light
beam 220

The light source 212 can generate substantially monochromatic light and/or
coliimated light. For example, the light source 212 can be a laser, e.g. in the visible
wavelength range of 400-700 nm, as this can make aligoment of the sensor easier.
However, wavelengths in infrared range or ultraviolet range can be used. Alternatively,
the light source 212 can be operable to ermt white light. For example, the hight source
212 can be is a xenon lamp or a xenon mercury lamp. The light detector 164 canbe a
photodetector, ¢.g., a detector that outputs a simple scalar signal indicating total hight
intensity. Alternatively, the light detector 164 can output multiple signals, each for a
ditferent wavelength range.

Optionally, one or more optical fibers can be used to transmit the light from the
light scurce 212 to a position below the substrate, and/or transmit light reflected from the
subsirate 10 to the detector 214, For example, a bifurcated optical fiber can be used to
transimit the light from the light source 212 to the substrate 10 and back to the detector
214,

The notch finding station 200 can include a mechanism to adjust the vertical
height of the optical component from which the light beam passes directly to the substrate
10¢. For example, the optical components, including mirrors if present, can be supported
on an optical plate or frame 240, A actuator 242 can adjust the vertical position of the
optical plate or frame 240, In some implementations, the actuator 242 can also include

an XY actuator system that includes two independent linear actuators to move the optical
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plate or frame 240 independently along two orthogonal axes. If an optical fiber is used,
then the actuator 242 can adjust a position of an end of the fiber.

in some implementations, a shield 230 can be positioned between the carrier head
140 and the optical components of the optical notch detector 210, e g, the light source
212 and detector 214, 1o prevent liguid that may be present on the subsirate 10 or
retaining ring 142 from dripping on and contaminating the optical components. In this
case, the hight beam 220 and reflected light beam 222 pass through a window 232 ina
shield 230G, The top surface of the shield 230 can be coplanar with the top surtaces of the
platen{s} 120.

A purge gas 234 can be directed from an outlet 236 to flow across the bottom
surface of the window 232, This can remove droplets from the bottom of the window
232 and prevent condensation and fogging of the window 232, The purge gas can be
nitrogen or filtered air,

Alternatively or in addition, a purge gas can be directed onto the impingement
spot 224. The purge gas can be humid gas, e.g., generated by passing deionized water
and filtered air through an atomizer.

The output of the circutiry 216 can be a digital electronic signal that passes to the
controller 190 for analysis. Similarly, the light source 212 can be turned on or off in
response to control commands in digital electronic signals that pass from the controller
190 to the optical notch detector 210, Alternatively, the cireuitry 216 could communicate
with the controlier 190 by a wireless signal.

For some processes, it is useful to have each substrate oriented to a consistent
angular position before polishing commences. If the polishing operation has some
inherent angular variation, e.¢., due to a pattern of features on the substrate, then a
cousistent starting angular position can improve the ability to compensate for such
variation, e.g., by application of varying pressure by the chambers inside the carrier head.
In addition, a consistent starting angular position can improve the likelihood that the
sensor 180 traces a consistent series of paths across the substrate on a wafer-to-wafer
basis, thus making processing of the signal from the m-situ monitoring system more

reliable,
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The substrate 10 to be polished generally includes a notch that allows the
substrate 10 to be angularly oriented, for example, by a specific angle from the notch.
The fiducial 1s generally defined by removal of a portion of the substrate. For example,
as shown in FIGS. 4A-4B, a circular substrate 10 can have a notch 12 formed by the
removal of a portion from the edge 14 of the subsirate. The substrate 10 can have a
diameter D1 of 200 mm or 300 mum. As shown in FIG. 4A, the notch 12 can be triangular
in shape. Such a notch 12 can be relatively small, e g, no more than 1 mym 1n depth from
the substrate edge 14 and no more that 1 mm wide along the circumference {the size is
significantly exaggerated in FIG. 4A for clarity). Alternatively, as shown in FIG. 4B, the
notch 12 can be a “flat.”

Returning to FIG. 3, to operate, the carrier head 140 is positioned in the notch
finding station 200 with the substrate 10 posttioned above and spaced apart from the
optical components of the at the optical notch detector 210, In particular the carrier head
140 15 positioned such that the light beam 220 impinges the substrate 10 10 an
impingement spot 224 that contacts or overlaps the substrate edge 16. The carrier head
140 rotates so that the subsirate 10 rotates, thus sweeping the light beam along the
circumference of the substrate 10, Since the membrane 144 will have a different
reflectivity than the substrate 10, the signal from the detector 214 should change when
the notch 12 passes across the light beam 220,

Hypothetically, the scan of the light beam along the circumference of the
substrate would result in a uniform signal, except for change where the notch is {ocated.
However, 1n practice, the situation is complicated. First, during the loading operation at
the transfer station, the center of the substrate may not be precisely aligned with the axis
of rotation of the carrier head. Second, during pelishing, the substrate 10 can be driven
{aterally by frictional force from the polishing pad 1uto contact with the retaining ring
142, As aresult, referring to FIG. 5, the center point 16 of the substrate 10 can be offset
from the axis of rotation 152 of the carrier head. This results the substrate edge 14 being
closer to the inner diameter surface 143 of the retaining ring 142 in one region, e.g., at
point 18a, and farther from the inner diameter surface 143 of the retaining ring 142 at an
opposiie region, ¢.g., at point 18b. This difference can be larger than the depth of the

notch 12, e.g., 0.5-4 mm. Thus, for the light beam 220 to reliably catch the notch 12, the

10
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fight beam needs to be wide enough that the notch 12 will fall within the impingement
spot 224, regardless of the angular position of the substrate 10 relative to the carrier head
140. As such, the impingement spot 224 may need to have a radial width of about 1-10
mm, e.g., a diameter D2 of 5-10 m for a circular impingement spot,

Ideally, the carrier bead 1s positioned such that impingement spot 224 does not
overiap the retaining ring 142 of the carrier head. However, the carrier head can be
positioned such that imapingewent spot 224 overlaps the retaining ting 142, In this case,
the retaining ring will contribute to the signal from the signal. However, since the
retaining ring rotates about the axis of rotation 152, this contribution should be constant
with the angular orientation of the carrier head.

Reterring now to FIGS. 5 and 6, as the carrier head rotates, the impingement spot
224 of the light beam will scan along the edge of the substrate 10 (shown by arrow A}
As a result, the percentage of the impingement spot 224 that 1s reflected from the
substrate 10 will vary with rotation of the carrier head.

In general, the membrane can be expected to have a lower reflectivity than the
substrate 10. Thus, at angle o where substrate 10 s farthest from the retaiming ring 142,
reflected light should be at a minimum han. In contrast, at angle a2 where substrate 10 s
closest to the retaining ring 142 and which should be offset from o1 by 180°, the reflected
fight should be at 2 maximum Imax. At other postiions between a1 and o2 the reflected
tight should vary between huiv and Euax, resulting 1o a signal from the sensor in the form
of a sinusoidal wave 250 as shown in FIG. 6. In the example of FIGS. 5 and 6, the
substrate starts at angle oo with the reflected intensity first dropping and then increasing.
But this is not required; the phase of the sinusoidal wave 250 relative to the starting
position oo depends on the position of the closest point 18a along the circumference of
the substrate 10.

When the carrier head is at an angular position ax where the impingement spot
224 overlaps the notch 12, there should be a drop 252 in the intensity of reflected Light
As the notch 12 is relatively small compared to the impingement spot 224, the intensity
ditference Al of this drop can be smaller than the amplitude (Tvax - Ty of the sinusoidal

wave 250,

B
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However, a variety of techniques can still be used to detect this drop 252 1 signal
intensity, and thus the angular position ax of the notch 12, For example, the first
derivative of the reflected light intensity signal can be monitored, and the controller can
detect where the first derivate exceeds a threshold value. Where the first denvate
exceeds the threshold value wodicates the presence of the notch 12, As another example,
the second derivative of the reflected light intensity signal can be monitored, and the
controller can detect where the second derivate exceeds a threshold value. Where the
second derivate exceeds the threshold value indicates the presence of the notch 12 can be
used to indicate the presence of the notch 12, As another example, a sinusoidal function
can be fit to the signal from the sensor, this sinusoidal function can be subtracted from
the signal, and then the resulting differential can be analyzed to detect the drop 252, As
yet another example, the signal can be subject to a high-pass filter.

Although FIG. 6 illustrates a smooth sinusoidal wave 250, in practice the signal
may be subject to noise. Examples are distortions or noise include passage of the sensing
across a portion of the retaining ring {or edge of the carrier head}, the presence of water
droplets in the case of dry measurernents ot the presence of air bubbles in the case of wet
measurements, wafer pattern notse, and elecirical/sensor noise as well as mechanical and
alignment noise. These can be partially or completely filtered out with proper signal
processing.. For example, the signal may be subject to one or more filters, e.g., a low-
pass filter.

The encoder for the drive shatt 156 outputs a signal indicating the angular
position of some arbitrary (but fixed) point on the drive shaft. Once the angular position
ax of the carrier head at which the notch 1s detected 15 known, the angular offset Aw of
the notch 12 relative to the carrier head can be calculated. The fixed point might be at aw,
in which case Ao = ax, but more generically Ag = or - ax.

With the angular offset Aa known, the carrier head can be rotated to bring the
substrate 10 1nto a desired starting substrate angular orientation apn before the polishing
process, e.g., before fowing the substrate 10 into contact with the polishing pad. For
exampie, the carrier head can be rotated to a starting carrier head angle as, where as = up

- Ag,
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FIG. 7 shows an implementation of an optical notch detector 210 that includes
two light sources 212a, 212b that generate light beams of different wavelengths, and a
beam combiner 240 to combine the light beams into a single incident beam 220, For
exarple, a first light source 212a can generate infrared light, whereas a second hight
source 212b can generate blue light.

For patterned substrates, there may be too much noise at certain wavelengths due
to the pattern. However, by selecting an appropriate wavelength, votse from the pattern
can be reduced. For a particular pattern, there should be a consistent wavelength that is
superior. The controller 190 cause the optical notch detector 210 to scan the substrate 10
using each light source 212a, 212b sequentially, and then determine which light source
provides a signal with the lower notse. In some implementations, light sources could be
combined or selected individually to achieve better performance. The controller 190 can
then use that light source or sources for monitoring of other substrates with the same
pattern. That is, the controller 190 maintain & database that stores identifying information
for different patterns, with each pattern having an associate light source(s} or wavelength.

FIG. 8 shows an implementation of an optical notch detector 210 that includes a
camera 260 with a field of view 262 of the substrate 10. For this implementation, the
camera 260 can take an image or a sequence of images of substrate 10 when the substrate
is at the notch detection station 20, In the illustrated implementation the view of view
262 spans the entire substrate 10, However, it the field of view is smaller than the
substrate 10, then a combination of images may be used to construct a full substrate
image; this may involve rotation and scanning of carrier head.

Image processing techniques can be used by the controller 190 on the image or
sequence of images to determine the position of the notch and thus the angular orientation
of the substrate 10.

in some implementations, image processing techniques can then be used by the
controller 190 to determine the angular orientation of the pattern, e g, the scribe lines and
dies, of the substrate. This can provide an initial estimation of the angular orientation of
the substrate, which can then be refined by detection of the notch position.

FIG. 9 shows an optical notch detector that divects the light bearn 220 through a

water column. In this implementation, a bifurcated optical fiber has two bifurcated ends

13
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that are connected to the light scurce and detector, respectively, and a trunk 270 that s
situated inside a tube 272 A liquid 274, e.g., de-1onized water, can be pumped from a
fiquid source 276 into and through the tube 272, During the measurement, the substrate
10 can positioned over the trunk end of the optical fiber. The height of the substrate 10
relative to the top of the tube 272 and the flow rate of the liquid 274 is selected such that
as the liguid 274 overflows the tube 272, the liquid 274 fills the space between the end
270 of the optical fiber and the substrate 10,

FIG. 10 shows an optical notch detector 210 in which at least the face of the
substrate 1s fowered into a reservoir 280, The notch finding station 200 includes a
housing or tub 292 which ts holds a fiquid 294. The substrate 10 and a portion of the
carrier head, e g, the bottom surface of the retaining ring 142, can be submerged in a
fiquid 284, e.g., de-ionized water, in the reservoir 280, The thickness of the substrate 10
is exageerated in FIG. 10; in practice it is likely that the back surface of the substrate
would be below the surface 234a of the liquid 284 of the reservoir 280, The trunk end
270 of the optical fiber can extend through the housing 292 into the reservoir 280 to be
positioned near the edge of the substrate 10

fn either case of FIG. 9 or 10, in operation, light travels from the light source,
travels through the liquid 274 or 284 to the surface of the substrate 10, 18 reflected from
the surface of the substrate 10, enters the trunk end 270 of the optical fiber, and returns to
the detector.

Although the description above has focused on a notch finding station that has an
optical notch detector that uses reflected light intensity or imaging, a notch detector can
use other types of sensors.

For example the notch detector can use confocal microscopy or laser
displacement measurements. For example, a confocal microscope or a laser displacement
sensor can be used to measure a height profile in a region that scans along the
circumterence of the substrate. The height difference between the bottom surface of the
substrate and the bottom surface of the membrane or other backing surface that holds the
substrate can be detected. This indicates the location of the notch teature.

As another example, the notch detector can use a capacitive sensing technique. In

this example, the notch detector a capacitive sensor, and a capacitive signal resulting

14
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from scanning the sensor along the circumference of the substrate can be analvzed to
detect the notch.

The above described polishing apparatus and methods can be applied in a variety
of polishing systems. The platen may orbit rather than rotate. The polishing pad canbe a
circular {or some other shape) pad secured to the platen. The polishing laver canbea
standard (for example, polyurethane with or without fillers) polishing material, a soft
material, or a fixed-abrasive material.

The controller and other computing devices part of systems described herein can
be implemented 1n digital electronic circuitry, or in computer software, firmware, or
hardware. For example, the controller can include a processor to execute a computer
program as stored in a computer program product, e.g , in a non-transitory machine-
readable storage medium. Such a computer program (also known as a program, software,
software application, or code) can be written in any form of programming language,
including compiled or interpreted languages, and it can be deployed n any form,
including as a standalone program or as a module, component, subroutine, or other unit
suitable for use in a computing environment.

in context of the controller, “configured” indicates that the controller has the
necessary hardware, firmware or software or combination to perform the desired function
when in operation {as opposed to simply being programmable to perform the desire
function).

A number of implementations have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and
scope of the description. Accordingly, other implementations are withio the scope of the

following claims.
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WHAT IS CLAIMED I

1. A polishing apparatus, comprising;

a plurality of stations including a first station that is a polishing station or a
transfer station and a second station that ts a polishing station;

a carrier head to hold a substrate, the carrier head movable by an actator along a
path from the first station to the second station;

a motor 1o rotate the carrier head about an axis of rotation;

a notch finding station positioned on the path between the first station and the
second station, the notch finding station including a sensor 10 generate a signal that
depends on an proportion of a sensing region of the sensor that 15 covered by the
substrate; and

a controller configured to

cause the actuator to position the carrier head such that the substrate is
positioned at the notch finding station such that sensing region of the sensor is at an edge
of the substrate,

cause the motor to rotate the carrier head such that the sensing region of
the sensor scans along a circumference of the substrate, and

detect an angular position of a notch tn an edge of the substrate based on a
signal from the sensor, including compensating for a sinusoidal component of the signal

resulting from an offset of the center of the substrate from the axis of rotation.

2. The apparatus of claim 1, wherein the sensor comprises an optical sensor
including a light source to generate a light beam that impinges a surface of the substrate
and a detector to detect reflected light and generate a signal indicating an intensity of the

reflected light.

3. The apparatus of claim 2, wherein the optical sensor is configured to at an oblique
angle.
4. The apparatus of claim 2, wherein the optical sensor is configured to generate a

fight beam that impinges a surface the substrate normal to the surface.

16
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5. The apparatus of claim 2, wherein the light source comprises a laser.

6. The apparatus of claim 2, wherein the light source comprises a plurality of light

sources that generate Hight bearns having different wavelengths.

7. The apparatus of claim 6, wherein the coutroller 1s configured to select a light

source from the plurality of light sources based on a pattern on the substrate.

& The apparatus of claim 1, wherein the sensor comprises a capacitive sensor.

9. The apparatus of claim 1, wherein the sensor comprises a confocal microscope.
10, The apparatus of claimy 1, wherein the sensor comprises a laser displacement
SEeNnsor.

t1.  The apparatus of claim 1, wherein the first station is a polishing station.

12, The apparatus of claim 1, wherein the first station is a transfer station.

i

(8]

The apparatus of claim 1, wherein the controller 1s configured to compensate for
the sinusoidal component of the signal by monitoring a first denivative of the signal and

detecting a portion of the first derivative that exceeds a threshold value.

14, The apparatus of claim 1, wherein the countroller 1s configured to compensate for
the sinusoidal component of the signal by monitoring a second derivative of the signal

and detecting a portion of the second derivative that exceeds a threshold value.

1S, The apparatus of claim 1, wherein the controlier 1s configured to compensate for
the sinusoidal component of the signal by subtracting a sinusoidal function from the

signal.
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6. The apparatus of claim 15, wherein the sinusoidal function 1s fit to the signal

before being subtracted from the signal.

17. The apparatus of claim 1, wherein the controlier 1s configured to compensate for
the sinuscidal component of the signal by applying a high-pass filter to the signal that

removes the sinusotdal component.

18, The apparatus of claim 1, wherein the sensing region has a radial width of 5-10
mm.

19, The apparatus of claim 1, wherein the sensing region is substantially circular,
20, The apparatus of claim 1, wherein the controller 13 configured cause the actuator

to position the carrier head such that the substrate is positioned such that the sensing does

not overlap a retaining riog of the carrier head.

21, A method, comprising:

holding a substrate in a carrier head with the substrate positioned such that a
sensing region of a sensor of a notch finding station 1s at an edge of the substrate;

rotating the carrier head to rotate the substrate such that the sensing region of the
sensor scans along a circumference of the substrate; and

detecting an angular position of a noich in an edge of the substraie based on a
signal from the sensor, including compensating for a sinusoidal component of the signal

resulting from an offset of the center of the substrate from the axis of rotation.

22. A notch finding station, comprising:

a sensor 1o generate a signal that depends on an proportion of a sensing region of
the sensor that is covered by a substrate; and
a controller 1s configured to

cause an actuator to position a carrier head relative to the substrate with

i3
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the sensing region of the sensor at an edge of the substrate,

cause a motor to generate relative motion between the carrier head and the
sensor such that the sensing region of the sensor scans along a circumference of the
substrate, and

detect an angular position of a notch in the edge of the subsirate based on
a signal from the sensor, including compensating for a sinuscidal component of the signal

resulting from an offset of the center of the substrate from the axis of rotation.

19
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