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Description

[0001] The present invention relates to an apparatus
and a method as per the preambles of claims 1 and 33.
[0002] An example of such an apparatus and method
is disclosed by US 5 660 672 A.

[0003] 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 until
the non-planar surface is exposed. For example, a con-
ductive filler layer can be deposited on a patterned insu-
lative layer to fill the trenches or holes in the insulative
layer. The filler layer is then polished until the raised pat-
tern of the insulative layer is exposed. After planarization,
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. In addition, planarization is
needed to planarize the substrate surface for photolithog-
raphy.

[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 placed against a rotating polishing disk
pad or belt pad. The polishing pad can be either a "stand-
ard" 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 sub-
strate 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 sup-
plied to the surface of the polishing pad.

[0005] One problem in CMP is determining whether
the polishing process is complete, i.e., whether a sub-
strate 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 con-
ductive layer or film leads to increased circuit resistance.
On the other hand, underpolishing (removing too little)
of a conductive layer leads to electrical shorting. Varia-
tions in the initial thickness of the substrate layer, the
slurry composition, the polishing pad condition, the rela-
tive 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 variations
inthe time needed to reach the polishing endpoint. There-
fore, the polishing endpoint cannot be determined merely
as a function of polishing time.

[0006] One way to determine the polishing endpoint is
to remove the substrate from the polishing surface and
examine it. For example, the substrate can be transferred
to a metrology station where the thickness of a substrate
layer is measured, e.g. with a profilometer or a resistivity
measurement. If the desired specifications are not met,
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the substrate is reloaded into the CMP apparatus for fur-
ther processing. This is a time-consuming procedure that
reduces the throughput of the CMP apparatus. Alterna-
tively, the examination might reveal that an excessive
amount of material has been removed, rendering the sub-
strate unusable.

[0007] More recently, in-situ monitoring of the sub-
strate has been performed, e.g., with optical or capaci-
tance sensors, in order to detect the polishing endpoint.
Other proposed endpoint detection techniques have in-
volved measurements of friction, motor current, slurry
chemistry, acoustics and conductivity. One detection
technique that has been considered is to induce an eddy
current in the metal layer and measure the change in the
eddy current as the metal layer is removed.

[0008] Another reoccurring problem in CMP is dishing
of the substrate surface when polishing a filler layer to
expose an underlying layer. Specifically, once the under-
lying layer is exposed, the portion of the filler layer located
between the raised areas of the patterned underlying lay-
er can be overpolished, creating concave depressions in
the substrate surface. Dishing can render the substrate
unsuitable for integrated circuit fabrication, thereby low-
ering process yield.

[0009] US-A-5,660,672 discloses a method and appa-
ratus for in situ monitoring of conductive films on semi-
conductor wafer. The change in thickness of a film on a
semiconductor wafer is monitored in situ by inducing a
currentin the film and as the thickness of the film chang-
es, the changes in the current are detected. With a con-
ductive film, eddy currents are induced in the film by gen-
erating an alternating electromagnetic field for the sensor
which includes a capacitor and an inductor.

[0010] This invention provides a chemical mechanical
polishing apparatus, comprising a polishing pad, a carrier
to hold a substrate against a first side of the polishing
pad, an eddy current sensor including at least one induc-
tor, an oscillator electrically coupled to the at least one
inductor to induce an alternating current in a coil of the
inductor and thereby generate an alternating magnetic
field, and a capacitor electrically coupled to the at least
one inductor, and a motor coupled to at least one of the
polishing pad and carrier for generating relative motion
therebetween, wherein the inductor is positioned on a
second side of the polishing pad opposite the substrate
and the inductor includes a core positioned at least par-
tially in a recess in the polishing pad on the second side
of the polishing pad.

[0011] In one arrangement a sensor for monitoring a
conductive film in a substrate has a core positionable in
proximity to the substrate as aforesaid, a first coil wound
around a first portion of the core, an oscillator electrically
coupled to the first coil to induce an alternating current
in the first coil and generate an alternating magnetic field
in proximity to the substrate, and a second coil wound
around a second portion of the core. A capacitor is elec-
trically coupled to the second coil, and an amplifier is
electrically coupled to the second coil and the capacitor
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to generate an output signal.

[0012] The oscillator may induce an alternating current
with a frequency selected to provide a resonant frequen-
cy when the substrate is not in proximity to the core. The
core may consist essentially of ferrite, and may include
two prongs and a connecting portion between the two
prongs. The first coil may be wound around the connect-
ing portion, and the second coil may be wound around
at least one of the two prongs. The second coil and the
capacitor may be connected in parallel. The sensor may
be positioned on a side of a polishing pad opposite the
substrate. The polishing pad may include an upper layer
and a lower layer, and an aperture may be formed in at
least a portion of the lower layer adjacent the core. A
computer may receive the output signal.

[0013] In a further arrangement the apparatus has a
polishing pad, a carrier to hold a substrate against a first
side of the polishing surface, an eddy current sensor, and
a motor coupled to at least one of the polishing pad and
carrier head for generating relative motion therebetween.
The sensor includes at least one inductor positioned on
a second side of the polishing pad opposite the substrate,
an oscillator electrically coupled to the at least one in-
ductor to induce an alternating current in the coil and
generate an alternating magnetic field, and a capacitor
electrically coupled to the at least one inductor.

[0014] Aplaten may supportthe polishing pad, and the
at least one inductor may be positioned in a recess in a
top surface of the platen. The platen may rotate, and a
position sensor may determine an angular position of the
platen and a controller to sample data from the eddy cur-
rent sensor when the at least one inductor is positioned
adjacent the substrate. A recess may be formed in the
second side of the polishing pad. The polishing pad may
include a cover layer on the first side of the polishing pad
and a backing layer on the second side of the polishing
pad, and the recess may be formed by removing a portion
ofthe backing layer. The eddy current sensor may include
a core having two poles positioned adjacent the recess
in the polishing pad, and the at least one inductor is
wound around a first portion of the core. The eddy current
sensor may include a core, and the at least one inductor
may include a first inductor wound around a first portion
of the core and a second inductor wound around a second
portion of the core. The oscillator may be electrically cou-
pled to the first coil to induce an alternating current in the
first coil. The capacitor may be electrically coupled to the
second coil. The oscillator may induce an alternating cur-
rent with a frequency selected to provide a resonant fre-
guency when the substrate is not in proximity to the core.
An endpoint detection system may receive an output sig-
nal from the eddy current sensor. The endpoint detection
system may be configured to signal a polishing endpoint
if the output signal exceeds a predetermined threshold.
[0015] The invention also provides a method of mon-
itoring a thickness of a conductive layer in a substrate
during a polishing operation, comprising positioning a
substrate on a first side of a polishing surface; generating
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an alternating magnetic field from an inductor positioned
opposite the substrate, the magnetic field extending
through the polishing surface to induce eddy currents in
the conductive layer; and detecting a change in the al-
ternating magnetic field caused by a change in the thick-
ness of the conductive layer; wherein the inductor in-
cludes a core positioned at least partially in a recess on
a second side of the polishing surface.

[0016] Implementations of the method may include
one or more of the following features. A first coil may be
driven with an oscillator at a first frequency. The first fre-
quency may be a resonant frequency when the substrate
is not in proximity to the magnetic field. The alternating
magnetic field may be sensed with a second coil. The
second coil may be connected in parallel with a capacitor.
The first coil may be wound around a first portion of a
core, and the second coil may be wound around a second
portion of the core. When the inductor is adjacent the
substrate may be determined. The inductor may be driv-
en with a first signal, and a second signal may be gen-
erated from the alternating magnetic field. A change in
amplitude in the second signal may be determined. A
change in a phase difference between the first signal and
the second signal may be determined.

[0017] Inthe method, a substrate having a conductive
layer is positioned on a first side of a polishing surface.
An alternating magnetic field is generated from an induc-
tor positioned on a second side of the polishing surface
opposite the substrate. The magnetic field extends
through the polishing surface to induce eddy currents in
the conductive layer. Relative motion is created between
the substrate and the polishing surface to polish the con-
ductive layer. The eddy currents in the substrate are
sensed, and polishing is halted when the sensed eddy
currents exhibit an endpoint criteria.

[0018] Implementations of the invention may include
one or more of the following features. The endpoint cri-
teria may be the eddy currents passing a threshold
strength or leveling off.

[0019] The apparatus has a polishing pad with a pol-
ishing surface, a carrier to hold a substrate against the
polishing surface, a motor coupled to at least one of the
polishing pad and carrier head for generating relative mo-
tion therebetween, and a conductive layer thickness
monitoring system. The conductive layer thickness mon-
itoring system including at least one inductor, a current
source that generates a drive signal, the current source
electrically coupled to the at least one inductor to induce
an alternating current in the at least one inductor and
generate an alternating magnetic field, sense circuitry
including a capacitor electrically coupled to the at least
one inductor to sense the alternating magnetic field and
generate a sense signal, and phase comparison circuitry
coupled to the current source and the sense circuitry to
measure a phase difference between the sense signal
and the drive signal.

[0020] Implementations of the invention may include
one or more of the following features. At least one first
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gate, e.g., an XOR gate, may convert sinusoidal signals
from the inductor and the oscillator into first and second
square-wave signals. A comparator, e.g., an XOR gate,
may compare the first square-wave signal to the second
square-wave signal to generate a third square-wave sig-
nal. A filter may convert the third square-wave signal into
differential signal having an amplitude proportional to the
phase difference between the first and second square
wave signals. The phase comparison circuitry may gen-
erate a signal with a duty cycle proportional to the phase
difference.

[0021] In the method, a coil is energized with a first
signal to generate an alternating magnetic field. The al-
ternating magnetic field induces eddy currents in a con-
ductive layer of the substrate. The alternating magnetic
field is measured and a second signal is generated in-
dicative of the magnetic field. Te first and second signals
are compared to determine a phase difference therebe-
tween.

[0022] The apparatus has a polishing pad, a carrier to
hold a substrate against a first side of the polishing sur-
face, an eddy current monitoring system positioned to
generate an alternating magnetic field in proximity to the
substrate, an optical monitoring system that generates a
light beam and detects reflections of the light beam from
the substrate, a controllertoreceive signals fromthe eddy
current monitoring system and the optical monitoring sys-
tem, and a motor coupled to at least one of the polishing
pad and carrier head for generating relative motion ther-
ebetween.

[0023] Implementations of the invention may include
one or more of the following features. The eddy current
monitoring system may include an inductor positioned
on a second side of the polishing pad opposite the sub-
strate. The inductor may be positioned in a first cavity in
a platen below the polishing pad. The optical monitoring
system may include a light source and a photodetector
positioned on a second side of the polishing pad opposite
the substrate. The light source and photodetector may
be positioned in the first cavity in a platen below the pol-
ishing pad, or in a second cavity. The eddy current mon-
itoring system and the optical monitoring system may be
positioned to monitor substantially the same radial posi-
tion on the substrate. The controller may be configured
to detect endpoint criteria in signals from both the eddy
current monitoring system and the optical monitoring sys-
tem.

[0024] In the method, a substrate is positioned on a
first side of a polishing surface, relative motion is created
between the substrate and the polishing surface to polish
the substrate, a first signal is generated from an eddy
current monitoring system, a second signal is generated
from an optical monitoring system, and the first and sec-
ond signals are monitored for endpoint criteria.

[0025] Implementations of the invention may include
one or more of the following features. Polishing may be
halted when endpoint criteria have been detected in both
the firstand second signals, or when an endpoint criterion
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has been detected in either the first or second signal.
The substrate may include a metal layer, and the moni-
toring step may include monitoring the signal from the
eddy current monitoring system until the metal layer
reaches a predetermined thickness and then monitoring
the signal from the optical monitoring system.

[0026] The substrate is polished at a first polishing sta-
tion with a first polishing surface at a first polishing rate.
Polishing at the first polishing station is monitored with
an eddy current monitoring system, and the substrate is
transferred to a second polishing station when the eddy
currentmonitoring system indicates that a predetermined
thickness of the metal layer remains on the substrate.
The substrate is polished at the second polishing station
with a second polishing surface at a second polishing
rate that is lower than the first polishing rate. Polishing
is monitored at the second polishing station with an op-
tical monitoring system, polishing is halted when the op-
tical monitoring system indicates that a first underlying
layer is at least partially exposed.

[0027] Implementations of the invention may include
one or more of the following features. The first underlying
layer may be a barrier layer. The substrate may be trans-
ferred to a third polishing station and polished with a third
polishing surface. Polishing at the third polishing station
may be monitored with a second optical monitoring sys-
tem, and polishing may be halted when the second optical
monitoring systemindicates thata second underlying lay-
er is at least partially exposed. Polishing at the third pol-
ishing station may continue until the second underlying
layer is substantially entirely exposed. Polishing at the
second polishing station may continue until the first un-
derlying layer is substantially entirely exposed. Polishing
the substrate at the second polishing station may include
an initiation polishing step at a higher pressure than the
remaining polishing at the second polishing station.
[0028] The substrate is polished at a first polishing sta-
tion with a first polishing surface at a first polishing rate.
Polishing at the first polishing station is monitored with
an eddy current monitoring system, and the polishing rate
at the first polishing station is reduced when the eddy
currentmonitoring systemindicates that a predetermined
thickness of the metal layer remains on the substrate.
Polishing at the first polishing station is monitored with
an optical monitoring system, and polishing is halted
when the optical monitoring system indicates that a first
underlying layer is at least partially exposed.

[0029] Implementations of the invention may include
one or more of the following features. The first underlying
layer may be a barrier layer. The substrate may be trans-
ferred to a second polishing station and polished with a
second polishing surface. Polishing at the second pol-
ishing station may be monitored with a second optical
monitoring system, and polishing may be halted when
the second optical monitoring system indicates that a
second underlying layer is at least partially exposed. The
substrate may be transferred to a third Polishing station
and buffed with a bufflig surface. Polishing at the second
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polishing station may continue until the first underlying
layer is substantially entirely exposed.

[0030] Polishing is monitored with an eddy current
monitoring system, and the polishing rate is reduced
when the eddy current monitoring system indicates that
a predetermined thickness of the metal layer remains on
the substrate. Polishing is monitored with an optical mon-
itoring system, and polishing is halted when the optical
monitoring system indicates that an underlying layer is
at least partially exposed.

[0031] Possible advantages of implementations of the
invention can include one or more of the following. During
bulk polishing of the metal layer, the pressure profile ap-
plied by the carrier head can be adjusted to compensate
for non-uniform polishing rates and non-uniform thick-
ness of the incoming substrate. In addition, the polishing
monitoring system can sense the polishing endpoint of
a metal layer in-situ. Furthermore, the polishing monitor-
ing system can determine the point at which the polishing
apparatus should switch polishing parameters. For ex-
ample, the polishing monitoring system can be used to
trigger a polishing rate slow-down during polishing of a
metal layer prior to the polishing endpoint Polishing can
be stopped with high accuracy. Overpolishing and un-
derpolishing can be reduced, as can dishing and erosion,
thereby improving yield and throughput.

[0032] Otherfeatures and advantages of the invention
will become apparent from the following description ref-
erence being made to the accompanying drawings in
which:

FIG. 1 is a schematic exploded perspective view of
a chemical mechanical polishing apparatus.

FIG. 2is a schematic cross-sectional view of a carder
head.

FIG. 3 is a schematic side view, partially cross-sec-
tional, of a chemical mechanical polishing station
that includes an eddy current monitoring system and
an optical monitoring system.

FIGS. 4A-4E are schematic top views of a platen
from the polishing station of FIG. 3.

FIG. 5is a schematic cross-sectional view illustrating
a magnetic field generated by the eddy current mon-
itoring system.

FIG. 6 is a schematic perspective view of a core from
an eddy current sensor.

FIGS. 7A-7D schematically illustrate a method of de-
tecting a polishing endpoint using an eddy current
sensor.

FIG. 8is a graph illustrating an amplitude trace from
the eddy current monitoring system.

FIGS. 9A and 9B are schematic circuit diagrams of
an eddy current monitoring systems.

FIG. 10is agraphillustrating a phase shift trace from
the eddy current monitoring system.

FIG. 11isagraphillustrating an amplitude trace from
the optical monitoring system.

FIG. 12 is a flowchart illustrating.a method of polish-
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ing a metal layer.

FIG. 13is aflowchart illustrating an alternative meth-
od of polishing a metal layer.

FIG. 14 is a schematic side view, partially cross-sec-
tional, of a chemical mechanical polishing station
that includes an eddy current monitoring system.
FIGS. 15A-15B are schematic cross-sectional views
of a polishing pad.

[0033] Referring to FIGS. 1, one or more substrates
10 can be polished by a CMP apparatus 20. A description
of a similar polishing apparatus 20 can be found in U.S.
Patent No. 5,738,574, the entire disclosure of which is
incorporated herein by reference. Polishing apparatus
20 includes a series of polishing stations 22a, 22b and
22c, and a transfer station 23. Transfer station 23 trans-
fers the substrates between the carrier heads and a load-
ing apparatus.

[0034] Each polishing station includes a rotatable plat-
en 24 on which is placed a polishing pad 30. The first
and second stations 22a and 22b can include a two-layer
polishing pad with a hard durable outer surface or a
fixed-abrasive pad with embedded abrasive particles.
The final polishing station 22c can include a relatively
soft pad or a two-layer pad. Each polishing station can
also include a pad conditioner apparatus 28 to maintain
the condition of the polishing pad so that it will effectively
polish substrates.

[0035] Referring to FIG. 3A, a two-layer polishing pad
30 typically has a backing layer 32 which abuts the sur-
face of platen 24 and a covering layer 34 which is used
to polish substrate 10. Covering layer 34 is typically hard-
er than backing layer 32. However, some pads have only
a covering layer and no backing layer. Covering layer 34
can be composed of foamed or cast polyurethane, pos-
sibly with fillers, e.g., hollow microspheres, and/or a
grooved surface. Backing layer 32 can be composed of
compressed feltfibers leached with urethane. A two-layer
polishing pad, with the covering layer composed of
IC-1000 and the backing layer composed of SUBA-4, is
available from Rodel, Inc., of Newark, Delaware (IC-1000
and SUBA-4 are product names of Rodel, Inc.).

[0036] During a polishing step, a slurry 38 containing
a liquid (e.g., deionized water for oxide polishing) and a
pH adjuster (e.g., potassium hydroxide for oxide polish-
ing) can be supplied to the surface of polishing pad 30
by a slurry supply port or combined slurry/rinse arm 39.
If polishing pad 30 is a standard pad, slurry 38 can also
include abrasive particles (e.g., silicon dioxide for oxide
polishing).

[0037] Returning to FIG. 1, a rotatable multi-head car-
ousel 60 supports four carrier heads 70. The carousel is
rotated by a central post 62 about a carousel axis 64 by
a carousel motor assembly (not shown) to orbit the carrier
head systems and the substrates attached thereto be-
tween polishing stations 22 and transfer station 23. Three
of the carrier head systems receive and hold substrates,
and polish them by pressing them against the polishing
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pads. Meanwhile, one of the carrier head systems re-
ceives a substrate from and delivers a substrate to trans-
fer station 23.

[0038] Each carrier head 70 is connected by a carrier
drive shaft 74 to a carrier head rotation motor 76 (shown
by the removal of one quarter of cover 68) so that each
carrier head can independently rotate about its own axis.
In addition, each carrier head 70 independently laterally
oscillates in a radial slot 72 formed in carousel support
plate 66. A description of a suitable carrier head 70 can
be found in US-A-6422927 and US-A-6450868. In oper-
ation, the platen is rotated about its central axis 25, and
the carrier head is rotated about its central axis 71 and
translated laterally across the surface of the polishing
pad.

[0039] Asdisclosed inthe foregoing patent application
and as shown in FIG. 2, an exemplary carrier head 70
includes a housing 202, a base assembly 204, a gimbal
mechanism 206 (which can be considered part of the
base assembly 204), a loading chamber 208, a retaining
ring 210, and a substrate backing assembly 212 which
includes three pressurizable chambers, such as a float-
ing upper chamber 236, a floating lower chamber 234,
and an outer chamber 238. The loading chamber 208 is
located between the housing 202 and the base assembly
204 to apply a load to and to control the vertical position
of the base assembly 204. A first pressure regulator (not
shown) can be fluidly connected to the loading chamber
208 by a passage 232 to control the pressure in the load-
ing chamber and the vertical position of base assembly
204.

[0040] The substrate backing assembly 212 includes
a flexible internal membrane 216, a flexible external
membrane 218, an internal support structure 220, an ex-
ternal support structure 230, an internal spacer ring 222
and an external spacer ring 232. The flexible internal
membrane 216 includes a central portion which applies
pressure to the wafer 10 in a controllable area. The vol-
ume between the base assembly 204 and the internal
membrane 216 that is sealed by an inner flap 244 pro-
vides the pressurizable floating lower chamber 234. The
annular volume between the base assembly 204 and the
internal membrane 216 that is sealed by the inner flap
244 and outer flap 246 defines the pressurizable floating
upper chamber 236. The sealed volume between the in-
ternal membrane 216 and the external membrane 218
defines a pressurizable outer chamber 238. Three pres-
sure regulators (not shown) can be independently con-
nected to the floating lower chamber 234, the floating
upper chamber 236 and the outer chamber 238. Thus, a
fluid such as a gas can be directed into or out of each
chamber independently.

[0041] The combination of pressures in the floating up-
per chamber 236, the floating lower chamber 234 and
the outer chamber 238 control both the contact area and
the pressure of the internal membrane 216 against a top
surface of the external membrane 218. For example, by
pumping fluid out of the floating upper chamber 236, the
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edge of the internal membrane 216 is lifted away from
the external membrane 218, thereby decreasing the con-
tact diameter D of the contact area between the internal
membrane and external membrane. Conversely, by
pumping fluid into the floating upper chamber 236, the
edge of the internal membrane 216 is lowered toward
the external membrane 218, thereby increasing the con-
tactdiameter D¢ of the contact area. In addition, by pump-
ing fluid into or out of the floating lower chamber 234, the
pressure of the internal membrane 216 against the ex-
ternal membrane 218. Thus, but the pressure in and the
diameter of the area loaded by the carrier head can be
controlled.

[0042] Referring to FIGS. 3A and 3B, a recess 26 is
formed in platen 24, and a transparent section 36 is
formed in polishing pad 30 overlying recess 26. Aperture
26 and transparent section 36 are positioned such that
they pass beneath substrate 10 during a portion of the
platen’s rotation, regardless of the translational position
of the carrier head. Assuming that polishing pad 32 is a
two-layer pad, thin pad section 36 can be constructed by
removing a portion of backing layer 32 and inserting a
transparent plug 36 into the cover layer 34. The plug 36
can be a relatively pure polymer or polyurethane, e.g.,
formed without fillers. In general, the material of trans-
parent section 36 should be non-magnetic and non-con-
ductive.

[0043] Referring to FIGS. 3 and 4A to 4E, the first pol-
ishing station 22a includes an in-situ eddy current mon-
itoring system 40 and an optical monitoring system 140.
The eddy current monitoring system 40 and optical mon-
itoring system 140 can function as a polishing process
control and endpoint detection system. The second pol-
ishing station 22b and the final polishing station 22c can
both include just an optical monitoring system, although
either may additionally include an eddy current monitor-
ing system.

[0044] The eddy current monitoring system 40 in-
cludes a drive system to induce eddy currents in a metal
layer on the substrate and a sensing system to detect
eddy currents induced in the metal layer by the drive sys-
tem. The monitoring system 40 includes a core 42 posi-
tioned in recess 26 to rotate with the platen, a drive coll
44 wound around one part of core 42, and a sense coil
46 wound around second part of core 42. For drive sys-
tem, monitoring system 40 includes an oscillator 50 con-
nected to drive coil 44. For sense system 58, monitoring
system 40 includes a capacitor 52 connected in parallel
with sense coil 46, an RF amplifier 54 connected to sense
coil 46, and a diode 56. The oscillator 50, capacitor 52,
RF amplifier 54, and diode 56 can be located apart from
platen 24, and can be coupled to the components in the
platen through a rotary electrical union 29.

[0045] Referring to FIG. 5, in operation the oscillator
50drives drive coil 44 to generate an oscillating magnetic
field that extends through the body of core 42 and into
the gap 46 between the two poles 42a and 42b of the
core. At least a portion of magnetic field 48 extends
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through-thin portion 36 of polishing pad 30 and into sub-
strate 10. If a metal layer 12 is present on substrate 10,
oscillating magnetic field generates eddy current in the
metal layer 12. The eddy currents cause the metal layer
12 to act as an impedance source in parallel with sense
coil 46 and capacitor 52. As the thickness of the metal
layer changes, the impedance changes, resulting in a
change in the Q-factor of sensing mechanism. By detect-
ing the change in the Q-factor of the sensing mechanism,
the eddy current sensor can sense the change in the
strength of the eddy currents, and thus the change in
thickness of metal layer 12.

[0046] Referringto FIG. 6, core 42 can be a U-shaped
body formed of anon-conductive material with a relatively
high magnetic permeability (e.g., of about 2500). Specif-
ically, core 42 can be ferrite. In one implementation, the
two poles 42a and 42b are about 0.6 inches apart, the
core is about 0.6 inches deep, and the cross-section of
the core is a square about 0.2 inches on a side.

[0047] In general, the in-situ eddy current monitoring
system 40 is constructed with a resonant frequency of
about 50 kHz to 10 MHz, e.g., 2 MHz. For example, the
sense coil 46 can have an inductance of about 0.3 to 30
microH and the capacitor 52 can have a capacitance of
about 0.2 to 20 nF. The driving coil can be designed to
match the driving signal from the oscillator. For example,
if the oscillator has a low voltage and a low impedance,
the drive coil can include fewer turns to provide a small
inductance. On the other hand, if the oscillator has a high
voltage and a high impedance, the drive coil can include
more turns to provide a large inductance.

[0048] In one implementation, the sense coil 46 in-
cludes nine turns around each prong of the core, and the
drive coil 44 includes two turns around the base of the
core, and the oscillator drives the drive coil 44 with an
amplitude of about 0.1 V t0 5.0 V. Also, in one implemen-
tation, the sense coil 46 has an inductance of about 2.8
microH, the capacitor 52 has a capacitance of about 2.2
nF, and the resonant frequency is about 2 MHz. In an-
other implementation, the sense coil has an inductance
of about 3 microH and the capacitor 52 has a capacitance
of about 400 pF. Of course, these values are merely ex-
emplary, as they are highly sensitive to the exact winding
configuration, core composition and shape, and capaci-
tor size.

[0049] Ingeneral, the greater the expected initial thick-
ness of the conductive film, the lower the desired reso-
nant frequency. For example, for a relatively thin film,
e.g., 2000 Angstroms, the capacitance and inductance
can be selected to provide a relatively high resonant fre-
guency, e.g., about 2 MHz. On the other hand, for a rel-
atively thicker film, e.g., 20000 Angstroms, the capaci-
tance and inductance can be selected to provide a rela-
tively lower resonant frequency, e.g., about 50 kHz. How-
ever, high resonant frequencies may still work well with
thick copper layers. In addition, very high frequencies
(above 2 MHz) can be used to reduce background noise
from metal parts in the carrier head.
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[0050] Initially, referring to FIGS. 3A, 4 and 7A, before
conducting polishing, oscillator 50 is tuned to the reso-
nant frequency of the LC circuit, without any substrate
present. This resonant frequency results in the maximum
amplitude of the output signal from RF amplifier 54.
[0051] As shown in FIGS. 7B and 8, for a polishing
operation, a substrate 10 is placed in contact with pol-
ishing pad 30. Substrate 10 can include a silicon wafer
12 and a conductive layer 16, e.g., a metal such as cop-
per, disposed over one or more patterned underlying lay-
ers 14, which can be semiconductor, conductor or insu-
lator layers. A barrier layer 18, such as tantalum or tan-
talum nitride, may separate the metal layer from the un-
derlying dielectric. The patterned underlying layers can
include metal features, e.g., vias, pads and intercon-
nects. Since, prior to polishing, the bulk of conductive
layer 16 is initially relatively thick and continuous, it has
a low resistivity, and relatively strong eddy currents can
be generated in the conductive layer. As previously men-
tioned, the eddy currents cause the metal layer to function
as an impedance source in parallel with sense coil 46
and capacitor 52. Consequently, the presence of con-
ductive film 16 reduces the Q-factor of the sensor circuit,
thereby significantly reducing the amplitude of the signal
from RF amplifier 56.

[0052] Referringto FIGS. 7C and 8, as substrate 10 is
polished, the bulk portion of conductive layer 16 is
thinned. As the conductive layer 16 thins, its sheet resis-
tivity increases, and the eddy currents in the metal layer
become dampened. Consequently, the coupling be-
tween metal layer 16 and sensor circuitry 58 is reduced
(i.e., increasing the resistivity of the virtual impedance
source). Asthe coupling declines, the Q-factor of the sen-
sor circuit 58 increases toward its original value.

[0053] Referringto FIGS. 7D and 8, eventually the bulk
portion of conductive layer 16 is removed, leaving con-
ductive interconnects 16’ in the trenches between the
patterned insulative layer 14. At this points, the coupling
between the conductive portions in the substrate, which
are generally small and generally non-continuous, and
sensor circuit 58 reaches a minimum. Consequently, the
Q-factor of the sensor circuit reaches a maximum value
(although not as large as the Q-factor when the substrate
is entirely absent). This causes the amplitude of the out-
put signal from the sensor circuit to plateau.

[0054] Thus, by sensing when the amplitude of the out-
put signal is no longer increasing and has leveled off
(e.g., reached a local plateau), computer 90 can sense
a polishing endpoint. Alternatively, by polishing one or
more test substrates, the operator of the polishing ma-
chine can determine the amplitude of the output signal
as a function of the thickness of the metal layer. Thus,
the endpoint detector can halt polishing when a particular
thickness of the metal layer remains on the substrate.
Specifically, computer 90 can trigger the endpoint when
the output signal from the amplifier exceeds a voltage
threshold corresponding to the desired thickness. Alter-
natively, the eddy current monitoring system can also be
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used to trigger a change in polishing parameters. For
example, when the monitoring system detects a polishing
criterion, the CMP apparatus can change the slurry com-
position (e.g., from a high-selectivity slurry to a low se-
lectivity slurry). As another example, as discussed below,
the CMP apparatus can change the pressure profile ap-
plied by the carrier head.

[0055] Referring to FIG. 9A, in addition to sensing
changes in amplitude, the eddy current monitoring sys-
tem can include a phase shift sensor 94 to calculate a
phase shift in the sensed signal. As the metal layer is
polished, the phase of the sensed signal changes relative
to the drive signal from the oscillator 50. This phase dif-
ference can be correlated to the thickness of the polished
layer.

[0056] An implementation for both the amplitude and
phase shift portions of the eddy current monitoring sys-
tem is shown in FIG. 9B. This implementation, as shown
in FIG. 9B, combines the drive and sense signals to gen-
erate a phase shift signal with a pulse width or duty cycle
which is proportional to the phase difference. In this im-
plementation, two XOR gates 100 and 102 are used to
convert sinusoidal signals from the sense coil 46 and
oscillator 50, respectively, into square-wave signals. The
two square-wave signals are fed into the inputs of a third
XOR gate 104. The output of the third XOR gate 104 is
a phase shift signal with a pulse width or duty cycle pro-
portional to the phase difference between the two square
wave signals. The phase shift signal is filtered by an RC
filter 106 to generate a DC-like signal with a voltage pro-
portional to the phase difference. Alternatively, the sig-
nals can be fed into a programmable digital logic, e.g., a
Complex Programmable Logic Device (CPLD) or Field
Programmable Gate Array (FGPA) that performs the
phase shift measurements. Another implementation of
the amplitude sensing portion of the eddy current moni-
toring system is shown in FIG. 9C. An example of a trace
generated by an eddy current monitoring system that
measures the phase difference between the drive and
sense signalsis shownin FIG. 10. Since the phase meas-
urements are highly sensitive to the stability of the driving
frequency, phase locked loop electronics may be added.
[0057] A possible advantage of the phase difference
measurement is that the dependence of the phase dif-
ference on the metal layer thickness may be more linear
than that of the amplitude. In addition, the absolute thick-
ness of the metal layer may be determined over a wide
range of possible thicknesses.

[0058] ReturningtoFIG. 3A, the optical monitoring sys-
tem 140, which can function as a reflectometer or inter-
ferometer, can be secured to platen 24 in recess 26 ad-
jacent the eddy current monitoring system 40. Thus, the
optical monitoring system 140 can measure the reflec-
tivity of substantially the same location on the substrate
asis being monitored by the eddy current monitoring sys-
tem 40. Specifically, the optical monitoring system 140
can be positioned to measure a portion of the substrate
at the same radial distance from the axis of rotation of
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the platen 24 as the eddy current monitoring system 40.
Thus, the optical monitoring system 140 can sweep
across the substrate in the same path as the eddy current
monitoring system 40.

[0059] The optical monitoring system 140 includes a
light source 144 and a detector 146. The light source
generates a light beam 142 which propagates through
transparent window section 36 and slurry to impinge up-
on the exposed surface of the substrate 10. For example,
the light source 144 may be a laser and the light beam
142 may be a collimated laser beam. The light laser beam
142 can be projected from the laser 144 at an angle from
an axis normal to the surface of the substrate 10. In ad-
dition, if the hole 26 and the window 36 are elongated, a
beam expander (not illustrated) may be positioned in the
path of the light beam to expand the light beam along the
elongated axis of the window. In general, the optical mon-
itoring system functions as described in U.S. Patent No.
6,159,073, and U.S. Patent Application No. 09/184,767,
filed November 2, 1998, the entire disclosures of which
are incorporated herein by references.

[0060] An example of a trace 250 generated by an op-
tical monitoring system that measures the phase differ-
ence between the drive and sense signals is shown in
FIG. 11. The overall shape of intensity trace 250 may be
explained as follows. Initially, the metal layer 16 has some
initial topography because of the topology of the under-
lying patterned layer 14. Due to this topography, the light
beam scatters when it impinges the metal layer. As the
polishing operation progresses in section 252 of the
trace, the metal layer becomes more planar and the re-
flectivity of the polished metal layer increases. As the
bulk of the metal layer is removed in section 254 of the
trace, the intensity remains relatively stable. Once the
oxide layer begins to be exposed in the trace, the overall
signal strength drops quickly in section 256 of the trace.
Once the oxide layer is entire exposed in the trace, the
intensity stabilizes again in section 258 of the trace, al-
though it may undergo small oscillations due to interfer-
ometric effects as the oxide layer is removed.

[0061] Returning to FIGS. 3 and 4A to 4E, the CMP
apparatus 20 can also include a position sensor 80, such
as an optical interrupter, to sense when core 42 and light
source 44 are beneath substrate 10. For example, the
optical interrupter could be mounted at a, fixed point op-
posite carrier head 70. A flag 82 is attached to the pe-
riphery of the platen. The point of attachment and length
of flag 82 is selected so that it interrupts the optical signal
of sensor 80 while transparent section 36 sweeps be-
neath substrate 10. Alternately, the CMP apparatus can
include an encoder to determine the angular position of
platen.

[0062] A general purpose programmable digital com-
puter 90 receives the intensity signals and phase shift
signals from the eddy current sensing system, and the
intensity signals from the optical monitoring system.
Since the monitoring systems sweep beneath the sub-
strate with each rotation of the platen, information on the
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metal layer thickness and exposure of the underlying lay-
er is accumulated in-situ and on a continuous real-time
basis (once per platen rotation). The computer 90 can
be programmed to sample measurements from the mon-
itoring system when the substrate generally overlies the
transparent section 36 (as determined by the position
sensor). As polishing progresses, the reflectivity or thick-
ness of the metal layer changes, and the sampled signals
vary with time. The time varying sampled signals may be
referred to as traces. The measurements from the mon-
itoring systems can be displayed on an output device 92
during polishing to permit the operator of the device to
visually monitor the progress of the polishing operation.
In addition, as discussed below, the traces may be used
to control the polishing process and determine the
end-point of the metal layer polishing operation.

[0063] Since signals from both the eddy current mon-
itoring system 40 and the optical monitoring system 140
are fed into the computer 90, either or both monitoring
systems can be used for endpoint determination. This
permits the chemical mechanical polisher to have robust
endpoint detection capabilities for polishing of both die-
lectric and metallic materials. The signals from the both
systems can be monitored for endpoint criteria, and the
detection of the endpoint criteria from the two systems
can be combined with various Boolean logic operations
(e.g., AND or OR) to trigger the polishing endpoint or
change in process parameters. Possible process control
and endpoint criteria for the detector logic include local
minima or maxima, changes in slope, threshold values
in amplitude or slope, or combinations thereof. One mon-
itoring system may serve to confirm the other monitoring
system. For example, the polishing apparatus could halt
polishing only upon detection of appropriate endpoint cri-
teria in both the eddy current signal and the optical in-
tensity signal. Alternatively, one system may serve as a
backup endpoint detector. For example, the polishing ap-
paratus could halt polishing only upon detection of a first
endpoint criteria from one system, e.g., the eddy current
monitoring system, and if the endpoint criteria is not de-
tected in a certain time frame, polishing could be halted
upon detection of a second endpoint criteria from the
other system, e.g., the optical monitoring system. In ad-
dition, the two systems may be used during different por-
tions of the polishing operation. For example, during met-
al polishing (particularly copper polishing) a majority of
the substrate could be polished while being monitored
with the eddy current monitoring system.

[0064] In a polishing operation for a metal layer, CMP
apparatus 20 uses eddy current monitoring system 40
and optical monitoring system 140 to determine when
the bulk of the filler layer has been removed and to de-
termine when the underlying stop layer has been sub-
stantially exposed. The computer 90 applies process
control and endpoint detection logic to the sampled sig-
nals to determine when to change process parameters
and to detect the polishing endpoint. When the eddy cur-
rent monitoring system determines that the metal film
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has reached a predetermined thickness, the optical mon-
itoring system may be used to detect when the underlying
insulator layer is exposed.

[0065] In addition, the computer 90 can be pro-
grammed to divide the measurements from both the eddy
current monitoring system 40 and the optical monitoring
system 140 from each sweep beneath the substrate into
a plurality of sampling zones 96, to calculate the radial
position of each sampling zone, to sort the amplitude
measurements into radial ranges, to determine mini-
mum, maximum and average measurements for each
sampling zone, and to use multiple radial ranges to de-
termine the polishing endpoint, as discussed in U.S. Pat-
ent Application Serial No. 09/460,529, filed December
13, 1999, the entirety of which is incorporated herein by
reference.

[0066] Computer 48 may also be connected to the
pressure mechanisms that control the pressure applied
by carrier head 70, to carrier head rotation motor 76 to
control the carrier head rotation rate, to the platen rotation
motor (not shown) to control the platen rotation rate, or
to slurry distribution system 39 to control the slurry com-
position supplied to the polishing pad. Specifically, after
sorting the measurements into radial ranges, information
on the metal film thickness can be fed in real-time into a
closed-loop controller to periodically or continuously
modify the polishing pressure profile applied by a carrier
head, as discussed in U.S. Patent Application Serial No.
09/609,426, filed July 5, 2000, the entirety of which is
incorporated herein by reference. For example, the com-
puter could determine that the endpoint criteria have
been satisfied for the outer radial ranges but not for the
inner radial ranges. This would indicate that the under-
lying layer has been exposed in an annular outer area
but not in an inner area of the substrate. In this case, the
computer could reduce the diameter of the area in which
pressure is applied so that pressure is applied only to the
inner area of the substrate, thereby reducing dishing and
erosion on the outer area of the substrate.

[0067] A method of polishing a metal layer, such as a
copper layer, is shown in flowchart form in FIG. 12. First,
the substrate is polished at the first polishing station 22a
to remove the bulk of the metal layer. The polishing proc-
ess is monitored by the eddy current monitoring system
40. When a predetermined thickness, e.g., 2000 Ang-
stroms, of the copper layer 14 remains over the under-
lying barrier layer 16 (see FIG. , the polishing process is
halted and the substrate is transferred to the second pol-
ishing station 22b. This first polishing endpoint can be
triggered when the phase shift signal exceeds an exper-
imentally determined threshold value. Exemplary polish-
ing parameters for the first polishing station include a
platen rotation rate of 93 rpm, a carrier head pressure of
about 3 psi, and an IC-1010 polishing pad. As polishing
progresses at the first polishing station, the radial thick-
ness information from the eddy current monitoring sys-
tem 40 can be fed into a closed-loop feedback system
to control the pressure and/or the loading area of the
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carrier head 200 on the substrate. The pressure of the
retaining ring on the polishing pad may also be adjusted
to adjust the polishing rate. This permits the carrier head
to compensate for the non-uniformity in the polishing rate
or for non-uniformity in the thickness of the metal layer
of the incoming-substrate. As a result, after polishing at
the first polishing station, most of the metal layer has
been removed and the surface of the metal layer remain-
ing on the substrate is substantially planarized.

[0068] At the second polishing station 22b, the sub-
strate is polished at a lower polishing rate than at the first
polishing station. For example, the polishing rate is re-
duced by about a factor of 2 to 4, i.e., by about 50% to
75%. To reduce the polishing rate, the carrier head pres-
sure can be reduced, the carrier head rotation rate can
be reduced, the composition of the slurry can be changed
to introduce a slower polishing slurry, and/or the platen
rotation rate could be reduced. For example, the pressure
on the substrate from the carrier head may be reduced
by about 33% to 50%, and the platen rotation rate and
carrier head rotation rate may both be reduced by about
50%. Exemplary polishing parameters for the second pol-
ishing station 22b include a platen rotation rate of 43 rpm,
a carrier head pressure of about 2 psi, and an IC-1010
polishing pad.

[0069] Optionally, when the polishing begins at the
second polishing station, the substrate may be briefly
polished, e.g., for about 10 seconds, at a somewhat high-
er pressure, e.g., 3 psi, and rotation rate, e.g., 93 rpm.
This initial polishing, which can be termed an "initiation”
step, may be needed to remove native oxides formed on
the metallayer orto compensate forramp-up ofthe platen
rotation rate and carrier head pressure so as to maintain
the expected throughput.

[0070] The polishing process is monitored at the sec-
ond polishing station 22b by an optical monitoring sys-
tem. Polishing proceeds at the second polishing station
22b until the metal layer is removed and the underlying
barrier layer is exposed. Of course, small portions of the
metal layer can remain on the substrate, but the metal
layer is substantially entirely removed. The optical mon-
itoring system is useful for determining this endpoint,
since it can detect the change in reflectivity as the barrier
layer is exposed. Specifically, the endpoint for the second
polishing station can be triggered when the amplitude or
slope of the optical monitoring signal falls below an ex-
perimentally determined threshold value across all the
radial ranges monitored by the computer. This indicates
that the barrier metal layer has been removed across
substantially all of the substrate. Of course, as polishing
progresses at the second polishing station 22b, the re-
flectivity information from the optical monitoring system
40 can be fed into a closed-loop feedback system to con-
trol the pressure and/or the loading area of the carrier
head 200 on the substrate to prevent the regions of the
barrier layer that are exposed earliest from becoming
overpolished.

[0071] Byreducing the polishing rate before the barrier
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layer is exposed, dishing and erosion effects can be re-
duced. In addition, the relative reaction time of the pol-
ishing machine is improved, enabling the polishing ma-
chine to halt polishing and transfer to the third polishing
station with less material removed after the final endpoint
criterion is detected. Moreover, more intensity measure-
ments can be collected near the expected polishing end
time, thereby potentially improving the accuracy of the
polishing endpoint calculation. However, by maintaining
a high polishing rate throughout most of the polishing
operation at the first polishing station, high throughput is
achieved. Preferably, at least 75%, e.g., 80-90%, of the
bulk polishing of the metal layer is completed before the
carrier head pressure is reduced or other polishing pa-
rameters are changed.

[0072] Once the metal layer has been removed at the
second polishing station 22b, the substrate is transferred
to the third polishing station 22c for removal of the barrier
layer. Exemplary polishing parameters for the second
polishing station include a platen rotation rate of 103 rpm,
a carrier head pressure of about 3 psi, and an IC-1010
polishing pad. Optionally, the substrate may be briefly
polished with an initiation step, e.g., for about 5 seconds,
at a somewhat higher pressure, e.g., 3 psi, and platen
rotationrate, e.g., 103 rpm. The polishing processis mon-
itored at the third polishing station 22c by an optical mon-
itoring system, and proceeds until the barrier layer is sub-
stantially removed and the underlying dielectric layer is
substantially exposed. The same slurry solution may be
used at the first and second polishing stations, whereas
another slurry solution may be used at the third polishing
station.

[0073] Analternative method of polishing ametal layer,
such as a copper layer, is shown in flowchart form in FIG.
13. This method is similar to the method shown in FIG.
12. However, both the fast polishing step and the slow
polishing step are performed at the first polishing station
22a. Removal of the barrier layer is performed at the sec-
ond polishing station 22b, and a buffing step is performed
at the final polishing station 22c.

[0074] The eddy current and optical monitoring sys-
tems can be used in a variety of polishing systems. Either
the polishing pad, or the carrier head, or both can move
to provide relative motion between the polishing surface
and the substrate. The polishing pad can be a circular
(or some other shape) pad secured to the platen, a tape
extending between supply and take-up rollers, or a con-
tinuous belt. The polishing pad can be affixed on a platen,
incrementally advanced over a platen between polishing
operations, or driven continuously over the platen during
polishing. The pad can be secured to the platen dur-
ing-polishing, or there could-be a fluid bearing between
the platen and polishing pad during polishing. The pol-
ishing pad can be a standard (e.g., polyurethane with or
without fillers) rough pad, a soft pad, or a fixed-abrasive
pad. Rather than tuning when the substrate is absent,
the drive frequency of the oscillator can be tuned to a
resonant frequency with a polished or unpolished sub-
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strate present (with or without the carrier head), or to
some other reference.

[0075] Although illustrated as positioned in the same
hole, the optical monitoring system 140 could be posi-
tioned at a different location on the platen than the eddy
current monitoring system 40. For example, the optical
monitoring system 140 and eddy current monitoring sys-
tem 40 could be positioned on opposite sides of the plat-
en, so that they alternately scan the substrate surface.
[0076] ReferringtoFIG. 14, inanotherimplementation,
the first polishing station includes only an eddy current
monitoring system 40, and no optical monitoring system.
In this case, section 36’ of the pad would not need to be
transparent. However, it might be beneficial for section
36’ to be relatively thin. Fore example, assuming that
polishing pad 30 is a two-layer pad, thin pad section 36’
can be constructed as shown in FIG. 15A by removing a
portion 33’ of backing layer 32'. Alternatively, as shown
in FIG. 15B, thin pad section 36" can be formed by re-
moving a portion 33" of both backing layer 32" and a por-
tion of cover layer 34". Thus, this implementation has a
recess in the bottom surface of cover layer 34" in the thin
pad section 36". If the polishing pad is a single-layer pad,
thin pad section 36 can be formed by removing a portion
of the pad material to create a recess in the bottom sur-
face of the pad. If the polishing pad is itself sufficiently
thin or has a magnet permeability (and conductivity) that
does not interfere with the eddy current measurements;
then the pad does not need any modifications or recess-
es.

[0077] Various aspects of the invention, such as place-
ment of the coil on a side of the polishing surface opposite
the substrate or the measurement of a phase difference,
still apply if the eddy current sensor uses a single coil. In
a single coil system, both the oscillator and the sense
capacitor (and other sensor circuitry) are connected to
the same coil.

[0078] The present invention has been described in
terms of a preferred embodiment. The invention, howev-
er, is not limited to the embodiment depicted and de-
scribed. Rather, the scope of the invention is defined by
the appended claims.

Claims

1. A chemical mechanical polishing apparatus, com-
prising:

a polishing pad (30);

a carrier (70) to hold a substrate (10) against a
first side of the polishing pad;

an eddy current sensor (58) including at least
one inductor (42,44,46), an oscillator (50) elec-
trically coupled to the at least one inductor to
induce an alternating current in a coil of the in-
ductor and thereby generate an alternating mag-
netic field, and a capacitor (52) electrically cou-
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10.

20

pled to the at least one inductor; and

a motor (76) coupled to at least one of the pol-
ishing pad (30) and carrier (70) for generating
relative motion therebetween;

characterised in that the inductor is positioned
on a second side of the polishing pad opposite
the substrate and the inductor includes a core
(42) positioned at least partially in a recess in
the polishing pad on the second side of the pol-
ishing pad.

An apparatus as claimed in claim 1, characterised
in that the core (42) consists essentially of ferrite.

An apparatus as claimed in claim 1, characterised
in that the core (42) includes two prongs and a con-
necting portion between the two prongs.

An apparatus as claimed in claim 3, characterised
in that the inductor (40) comprises a first coil (44)
and a second coil (46), and wherein the first coil is
wound around the connecting portion of the core (42)
and the second coil is wound around at least one of
the two prongs of the core (42).

An apparatus as claimed in claim 1, characterised
in that the inductor (40) comprises a first coil (44)
and a second coil (46), and wherein the second coil
and the capacitor (52) are connected in parallel.

An apparatus as claimed in claim 1, characterised
in that the oscillator (50) induces an alternating cur-
rent with a substantially constant frequency selected
to provide a resonant frequency when the substrate
(10) is not in proximity to the core (42).

An apparatus as claimed in claim 1, characterised
in that the polishing pad (30) includes an upper layer
(34) and a lower layer (32), and the recess (33) is
formed in at least a portion of the lower layer (33)
adjacent the core (42).

An apparatus as claimed in claim 1, further compris-
ing a platen (24) to support the polishing pad (30),
characterised in that the inductor (40) comprises
at least one coil (44,46) wrapped around the core.

An apparatus as claimed in claim 8, characterised
in that the platen (24) is rotatable.

An apparatus as claimed in claim 1, further compris-
ing a platen (24) to support the polishing pad (30), a
position sensor (140) to determine an angular posi-
tion of the platen, and a controller to sample data
from the eddy current sensor (50) when the at least
one inductor (40) is positioned adjacent the substrate
(10).
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12.

13.

14.

15.

16.

17.

18.

19.

21

An apparatus as claimed in claim 1, further compris-
ing acomputer (90) to receive and monitor the output
signal from the sensor (140) while the substrate (10)
contacts the polishing pad and the oscillator (50) in-
duces the alternating current.

An apparatus as claimed in claim 1, characterised
in that the polishing pad includes a cover layer (34)
on the first side of the polishing pad (31) and a back-
ing layer (32) on the second side of the polishing
pad, and the recess (33) is formed by removing a
portion of the backing layer.

An apparatus as claimed in claim 1, characterised
in that the core (42) includes two poles positioned
adjacent the recess (33) in the polishing pad (30),
and the at least one inductor (44) is wound around
a first portion of the core (42).

An apparatus as claimed in claim 1, characterised
in that the oscillator (50) induces the alternating cur-
rent with a substantially constant frequency.

An apparatus as claimed in claim 14, characterised
in that the inductor (40) comprises a first coil (44)
and a second coil (46), and wherein the oscillator
(50) is electrically coupled to the first coil (44) to in-
duce an alternating current in the first coil.

An apparatus as claimed in claim 15, characterised
in that the capacitor (52) is electrically coupled to
the second coil (46).

An apparatus as claimed in claim 1, characterised
in that the oscillator (50) induces an alternating cur-
rent with a frequency selected to provide a resonant
frequency when the substrate (10) is not in proximity
to the core (42).

An apparatus as claimed in claim 17, further com-
prising an endpoint detection system to receive an
output signal from the eddy current sensor (58), the
endpoint detection system configured to signal a pol-
ishing endpoint if the output signal exceeds a pre-
determined threshold.

An apparatus as claimed in claim 1, characterised
in that the eddy current sensor (58) is included in a
conductive layer thickness monitoring system (40),
in that the oscillator (50) generates a drive signal,
and in that the capacitor (52) is included in sense
circuitry to sense the alternating magnetic field and
generate a sense signal, and further comprising
phase comparison circuitry coupled to the oscillator
and the sense circuitry to measure a phase differ-
ence between the sense signal and the drive signal
and generate a phase difference signal therefrom;
and
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a computer (90) to receive the phase difference sig-
nal and monitor the phase difference signal for pol-
ishing endpoint criteria.

An apparatus as claimed in claim 19, further com-
prising at least one first gate (100,102) to convert
sinusoidal signals from the inductor (42,44,46) and
the oscillator (50) into first and second square-wave
signals.

An apparatus as claimed in claim 20, characterised
in that the atleast one first gate (100,102) is an XOR
gate.

An apparatus as claimed in claim 20, further com-
prising a comparator (104) to compare the first
square-wave signal to the second square-wave sig-
nal to generate a third square-wave signal.

An apparatus as claimed in claim 22, characterised
in that the comparator is an XOR gate (104).

An apparatus as claimed in claim 22, further com-
prising a filter (106) to convert the third square-wave
signal into differential signal having an amplitude
proportional to the phase difference between the first
and second square wave signals.

An apparatus as claimed in claim 19, characterised
in that the phase comparison circuitry generates a
signal with a duty cycle proportional to the phase
difference.

An apparatus as claimed in claim 1, characterised
in that the eddy current sensor is included in an eddy
current monitoring system positioned to generate the
alternating magnetic field in proximity to the sub-
strate, and further comprising:

an optical monitoring system that generates a
light beam and detects reflections of the light
beam from the substrate; and

a controller to receive signals from the eddy cur-
rent monitoring system and the optical monitor-
ing system.

An apparatus as claimed in claim 26, characterised
in that the optical monitoring system includes a light
source and a photodetector positioned on a second
side of the polishing pad opposite the substrate.

An apparatus as claimed in claim 27, further com-
prising a platen, and

characterised in that the light source and photo-
detector are positioned in a first cavity in a platen
below the polishing pad.

An apparatus as claimed in claim 28, characterised
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in that the inductor is positioned at least partially in
the first cavity in the platen.

An apparatus as claimed in claim 28, characterised
in that the inductor is positioned at least partially in
a second cavity in the platen separate from the first
cavity.

An apparatus as claimed in claim 26, characterised
in that the eddy current monitoring system and the
optical monitoring system are positioned to monitor
substantially the same radial position on the sub-
strate.

An apparatus as claimed in claim 26, characterised
in that the controller is configured to detect endpoint
criteria in signals from both the eddy current moni-
toring system and the optical monitoring system.

A method of monitoring a thickness of a conductive
layer in a substrate during a polishing operation,
comprising:

positioning a substrate on a first side of a pol-
ishing surface;

generating an alternating magnetic field from an
inductor positioned opposite the substrate, the
magnetic field extending through the polishing
surface to induce eddy currents in the conduc-
tive layer; and

detecting a change in the alternating magnetic
field caused by a change in the thickness of the
conductive layer;

characterised in that the inductor includes a
core positioned at least partially in a recess on
a second side of the polishing surface.

A method as claimed in claim 33, characterised in
that generating the alternating magnetic field from
an inductor includes driving a first coil with an oscil-
lator at a first frequency.

A method as claimed in claim 34, characterised in
that the first frequency is a resonant frequency when
the substrate is not in proximity to the magnetic field.

A method as claimed in claim 34, characterised in
that detecting a change in the alternating magnetic
field includes sensing the alternating magnetic field
with a second coil.

A method as claimed in claim 36, characterised in
that the second coil is connected in parallel with a
capacitor.

A method as claimed in claim 36, characterised in
that the first coil is wound around a first portion of
the core and the second coil is wound around a sec-
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ond portion of the core.

A method as claimed in claim 33, further comprising
determining when the inductor is adjacent the sub-
strate.

A method as claimed in claim 33, characterised in
that generating an alternating magnetic field from
an inductor includes driving the inductor with a first
signal, and detecting a change in the alternating
magnetic field includes generating a second signal
from the alternating magnetic field.

A method as claimed in claim 40, further comprising
determining a change in amplitude in the second sig-
nal.

A method as claimed in claim 40, further comprising
determining a change in a phase difference between
the first signal and the second signal.

A method as claimed in claim 33, further comprising:

halting polishing when an eddy current signal
associated with the detected change in the al-
ternating magnetic field exhibits one or more
endpoint criteria.

A method as claimed in claim 43, characterised in
that the endpoint criteria comprises the eddy current
signal passing a threshold strength.

A method as claimed in claim 43, characterised in
that the endpoint criteria comprises a slope of the
eddy current signal leveling off.

A method as claimed in claim 33, characterised in
that generating the alternating magnetic field com-
prises energizing a coil included in the inductor with
a first signal;

and in that detecting a change in the alternating
magnetic field caused by a change in the thickness
of the conductive layer comprises measuring the al-
ternating magnetic field and generating a second sig-
nal indicative of the magnetic field; and further com-
prising:

comparing the first and second signals to deter-
mine a phase difference therebetween; and
monitoring the phase difference for polishing
endpoint criteria.

A method as claimed in claim 33, characterised in
that the inductor is included in an eddy current mon-
itoring system, and further comprising:

generating a first signal from an eddy current
monitoring system;
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generating a second signal from an optical mon-
itoring system;

monitoring the first and second signals for end-
point criteria.

A method as claimed in claim 47, further comprising
halting polishing when endpoint criteria have been
detected in both the first and second signals.

A method as claimed in claim 47, further comprising
halting polishing when an endpoint criterion has
been detected in either the first or second signal.

A method as claimed in claim 47, characterised in
that the monitoring step includes monitoring the sig-
nal from the eddy current monitoring system until the
conductive layer reaches a predetermined thickness
and then monitoring the signal from the optical mon-
itoring system.

A method as claimed in claim 33, characterised in
that the inductor is included in an eddy current mon-
itoring system, and further comprising:

polishing the substrate at a first polishing station
with a first polishing surface at a first polishing
rate;

monitoring polishing at the first polishing station
with an eddy current monitoring system;
transferring the substrate to a second polishing
station when the eddy current monitoring sys-
tem indicates that a predetermined thickness of
the conductive layer remains on the substrate;
polishing the substrate at the second polishing
station with a second polishing surface at a sec-
ond polishing rate that is lower than the first pol-
ishing rate;

monitoring polishing atthe second polishing sta-
tion with an optical monitoring system; and
halting polishing when the optical monitoring
system indicates that a first underlying layer is
at least partially exposed.

A method as claimed in claim 51, characterised in
that the first underlying layer is a barrier layer.

A method as claimed in claim 52, further comprising
transferring the substrate to a third polishing station
and polishing the substrate with a third polishing sur-
face.

A method as claimed in claim 53, further comprising
monitoring polishing at the third polishing station with
a second optical monitoring system, and halting pol-
ishing when the second optical monitoring system
indicates that a second underlying layer is at least
partially exposed.
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A method as claimed in claim 53, characterised in
that polishing at the third polishing station continues
until the second underlying layer is substantially en-
tirely exposed.

A method as claimed in claim 51, characterised in
that polishing at the second polishing station con-
tinues until the first underlying layer is substantially
entirely exposed.

A method as claimed in claim 51, characterised in
that polishing the substrate at the second polishing
station includes aninitiation polishing step ata higher
pressure than the remaining polishing at the second
polishing station.

A method as claimed in claim 33, characterised in
that the inductor is included in an eddy current mon-
itoring system, and further comprising:

polishing the substrate at a first polishing station
with a first polishing surface at a first polishing
rate;

monitoring polishing at the first polishing station
with the eddy current monitoring system;
reducing the polishing rate at the first polishing
station when the eddy current monitoring sys-
tem indicates that a predetermined thickness of
the conductive layer remains on the substrate;
monitoring polishing at the first polishing station
with an optical monitoring system; and

halting polishing when the optical monitoring
system indicates that a first underlying layer is
at least partially exposed.

A method as claimed in claim 58, characterised in
that the first underlying layer is a barrier layer.

A method as claimed in claim 58, further comprising
transferring the substrate to a second polishing sta-
tion and polishing the substrate with a second pol-
ishing surface.

A method as claimed in claim 60, further comprising
monitoring polishing at the second polishing station
with a second optical monitoring system, and halting
polishing when the second optical monitoring system
indicates that a second underlying layer is at least
partially exposed.

A method as claimed in claim 61, further comprising
transferring the substrate to a third polishing station
and buffing the substrate with a buffing surface.

A method as claimed in claim 58, characterised in
that polishing at the second polishing station con-
tinues until the first underlying layer is substantially
entirely exposed.
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64. A method as claimed in claim 33, characterised in

that the inductor is included in an eddy current mon-
itoring system and further comprising:

polishing the substrate at a first polishing rate;
monitoring polishing with the eddy current mon-
itoring system;

reducing the polishing rate when the eddy cur-
rent monitoring system indicates that a prede-
termined thickness of the metal layer remains
on the substrate;

monitoring polishing with an optical monitoring
system; and

halting polishing when the optical monitoring
system indicates that an underlying layer is at
least partially exposed.

Patentanspriiche

Chemisch-mechanisches Poliergerat, umfassend:

ein Polierkissen (30);

einen Trager (70), um ein Substrat (10) gegen
eine erste Seite des Polierkissens zu halten;
einen Wirbelstromsensor (58), der mindestens
einen Induktor (42, 44, 46), einen Oszillator (50),
der elektrisch mit dem mindestens einen Induk-
tor gekoppelt ist, um einen Wechselstrom in ei-
ner Spule des Induktors zu induzieren und um
somit ein magnetisches Wechselfeld zu erzeu-
gen, und einen Kondensator (52), der elektrisch
mit dem mindestens einen Induktor gekoppelt
ist, einschlief3t, und

einen Motor (76), der mit dem Polierkissen (30)
und/oder dem Trager (70) gekoppeltist, um eine
relative Bewegung zwischen ihnen zu erzeu-
gen;

dadurch gekennzeichnet, dass der Induktor auf
einer zweiten Seite des Polierkissens entgegenge-
setzt zum Substrat angeordnet ist, und dass der In-
duktor einen Kern (42) einschlief3t, der mindestens
teilweise in einer Vertiefung im Polierkissen auf der
zweiten Seite des Polierkissens angeordnet ist.

Geréatnach Anspruch 1, dadurch gekennzeichnet,
dass der Kern (42) im wesentlichen aus Ferrit be-
steht.

Geratnach Anspruch 1, dadurch gekennzeichnet,
dass der Kern (42) zwei Schenkel und einen Ver-
bindungsabschnitt zwischen den zwei Schenkeln
einschlieft.

Gerat nach Anspruch 3, dadurch gekennzeichnet,
dass der Induktor (40) eine erste Spule (44) und
eine zweite Spule (46) umfasst, wobei die erste Spu-
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le um den Verbindungsabschnitt des Kerns (42) und
die zweite Spule um mindestens einen der zwei
Schenkel des Kerns (42) gewickelt ist.

Gerat nach Anspruch 1, dadurch gekennzeichnet,
dass der Induktor (40) eine erste Spule (44) und
eine zweite Spule (46) umfasst, wobei die zweite
Spule und der Kondensator (52) parallel verbunden
sind.

Geratnach Anspruch 1, dadurch gekennzeichnet,
dass der Oszillator (50) einen Wechselstrom mit ei-
ner im wesentlichen konstanten Frequenz induziert,
die so ausgewahlt ist, dass sie eine Resonanzfre-
guenz liefert, wenn sich das Substrat (10) nicht in
der Nahe des Kerns (42) befindet.

Gerat nach Anspruch 1, dadurch gekennzeichnet,
dass das Polierkissen (30) eine obere Schicht (34)
und eine untere Schicht (32) einschlief3t, und die Ver-
tiefung (33) zumindest in einem Abschnitt der unte-
ren Schicht (33) neben dem Kern (42) ausgebildet
ist.

Gerat nach Anspruch 1, wobei es weiter eine Platte
(24) umfasst, um das Polierkissen (30) zu tragen,
dadurch gekennzeichnet, dass der Induktor (40)
mindestens eine Spule (44, 46), die um den Kern
gewickelt ist, umfasst.

Gerat nach Anspruch 8, dadurch gekennzeichnet,
dass die Platte (24) drehbar ist.

Gerat nach Anspruch 1, wobei es weiter eine Platte
(24), um das Polierkissen (30) zu tragen, einen Po-
sitionssensor (140), um eine Winkelposition der Plat-
te zu bestimmen, und eine Steuerung, um Daten
vom Wirbelstromsensor (50) zu nehmen, wenn der
mindestens eine Induktor (40) neben dem Substrat
(10) angeordnet ist, umfasst.

Gerat nach Anspruch 1, wobei es weiter einen Com-
puter (90) umfasst, um das Ausgangssignal vom
Sensor (140) zu empfangen und zu Uberwachen,
wéahrend das Substrat (10) das Polierkissen kontak-
tiert und der Oszillator (50) einen Wechselstrom in-
duziert.

Gerat nach Anspruch 1, dadurch gekennzeichnet,
dass das Polierkissen eine Deckschicht (34) auf der
ersten Seite des Polierkissens (31) und eine Trager-
schicht (32) auf der zweiten Seite des Polierkissens
einschlief3t, und die Vertiefung (33) durch das Ent-
fernen eines Teils der Tragerschicht ausgebildet
wird.

Gerat nach Anspruch 1, dadurch gekennzeichnet,
dass der Kern (42) zwei Pole einschliel3t, die neben
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der Vertiefung (33) im Polierkissen (30) angeordnet
sind, und dass der mindestens eine Induktor (44) um
einen ersten Abschnitt des Kerns (42) gewickelt ist.

Gerat nach Anspruch 1, dadurch gekennzeichnet,
dass der Oszillator (50) den Wechselstrom mit einer
im wesentlichen konstanten Frequenz induziert.

Gerat nach Anspruch 14, dadurch gekennzeich-
net, dass der Induktor (40) eine erste Spule (44)
und eine zweite Spule (46) umfasst, wobei der Os-
zillator (50) elektrisch mit der ersten Spule (44) ge-
koppelt ist, um einen Wechselstrom in der ersten
Spule zu induzieren.

Geréat nach Anspruch 15, dadurch gekennzeich-
net, dass der Kondensator (52) mit der zweiten Spu-
le (46) elektrisch gekoppelt ist,

Gerat nach Anspruch 1, dadurch gekennzeichnet,
dass der Oszillator (50) einen Wechselstrom mit ei-
ner Frequenz induziert, die ausgewahlt ist, um eine
Resonanzfrequenz zu liefern, wenn sich das Sub-
strat (10) nicht in der N&he des Kerns (42) befindet.

Gerat nach Anspruch 17, wobei es weiter ein End-
punktdetektionssystem umfasst, um ein Ausgangs-
signal vom Wechselstromsensor (58) zu empfan-
gen, wobei das Endpunktdetektionssystem konfigu-
riert ist, um einen Polierendpunkt zu signalisieren,
wenn das Ausgangssignal einen vorbestimmten
Schwellwert Uberschreitet.

Geréat nach Anspruch 1, dadurch gekennzeichnet,
dass der Wechselstromsensor (58) in einem Dik-
kenuiberwachungssystem (40) der leitenden Schicht
eingeschlossen ist, dass der Oszillator (50) ein An-
steuersignal erzeugt, und dass der Kondensator (52)
in der Messschaltung eingeschlossen ist, um das
magnetische Wechselfeld zu messen und ein
Messsignal zu erzeugen, und weiter eine Phasen-
vergleichsschaltung umfasst, die mit dem Oszillator
und der Messschaltung verbunden ist, um eine Pha-
sendifferenz zwischen dem Messsignal und dem An-
steuersignal zu messen und daraus ein Phasendif-
ferenzsignal zu erzeugen; und

es einen Computer (90) umfasst, um das Phasen-
differenzsignal zu empfangen und das Phasendiffe-
renzsignal auf Polierendpunktkriterien zu berwa-
chen.

Geréat nach Anspruch 19, wobei es weiter minde-
stens ein erstes Gatter (100, 102) umfasst, um si-
nusférmige Signale vom Induktor (42, 44, 46) und
vom Oszillator (50) in erste und zweite Rechteckwel-
lensignale umzuwandeln.

Gerat nach Anspruch 20, dadurch gekennzeich-
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net, dass das mindestens eine erste Gatter (100,
102) ein XOR-Gatter (Exklusiv-Oder-Gatter) ist.

Gerat nach Anspruch 20, wobei es weiter eine Ver-
gleichsvorrichtung (104) umfasst, um das erste
Rechteckwellensignal mit dem zweiten Rechteck-
wellensignal zu vergleichen, um ein drittes Recht-
eckwellensignal zu erzeugen.

Gerat nach Anspruch 22, dadurch gekennzeich-
net, dass die Vergleichsvorrichtung ein XOR-Gatter
(Exklusiv-Oder-Gatter) 104 ist.

Geratnach Anspruch 22, wobei es weiter einen Filter
(106) umfasst, um das dritte Rechteckwellensignal
in ein Differentialsignal umzuwandeln, das eine Am-
plitude aufweist, die proportional der Phasendiffe-
renz zwischen den ersten und zweiten Rechteckwel-
lensignalen ist.

Gerat nach Anspruch 19, dadurch gekennzeich-
net, dass die Phasenvergleichsschaltung ein Signal
mit einem Tastverhaltnis proportional zur Phasen-
differenz erzeugt.

Gerat nach Anspruch 1, dadurch gekennzeichnet,
dass der Wechselstromsensor in einem Wechsel-
stromiberwachungssystem eingeschlossen ist, das
positioniert ist, um das magnetische Wechselfeld in
der Nahe des Substrats zu erzeugen, und weiter um-
fasst:

ein optisches Uberwachungssystem, das einen
Lichtstrahl erzeugt und Reflektionen des Licht-
strahls vom Substrat detektiert; und

eine Steuerung, um die Signale vom Wirbel-
stromuberwachungssystem und dem optischen
Uberwachungssystem zu empfangen.

Gerat nach Anspruch 26, dadurch gekennzeich-
net, dass das optische Uberwachungssystem eine
Lichtquelle und einen Photodetektor, der auf einer
zweiten Seite des Polierkissens gegeniber dem
Substrat angeordnet ist, einschlief3t.

Gerat nach Anspruch 27, wobei es weiter eine Platte
umfasst und dadurch gekennzeichnet ist, dass
die Lichtquelle und der Photodetektor in einem er-
sten Hohlraum in einer Platte unterhalb des Polier-
kissens angeordnet sind.

Gerat nach Anspruch 28, dadurch gekennzeich-
net, dass der Induktor zumindest teilweise im ersten
Hohlraum in der Platte angeordnet ist.

Gerat nach Anspruch 28, dadurch gekennzeich-
net, dass der Induktor zumindest teilweise in einem
zweiten Hohlraum in der Platte getrennt vom ersten
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Hohlraum angeordnet ist.

Gerat nach Anspruch 26, dadurch gekennzeich-
net, dass das Wirbelstromuberwachungssystem
und das optische Uberwachungssystem angeordnet
sind, um im wesentlichen dieselbe radiale Position
auf dem Substrat zu tberwachen.

Gerat nach Anspruch 26, dadurch gekennzeich-
net, dass die Steuerung konfiguriert ist, um End-
punktkriterien in Signalen sowohl vom Wirbelstrom-
iberwachungssystem als auch vom optischen Uber-
wachungssystem zu detektieren.

Verfahren zur Uberwachung einer Dicke einer lei-
tenden Schichtin einem Substrat wahrend eines Po-
liervorgangs, umfassend;

Positionieren eines Substrats auf einer ersten
Seite einer Polierflache;

Erzeugen eines magnetischen Wechselfeldes
von einem Induktor, der gegeniiber dem Sub-
strat angeordnet ist, wobei sich das Magnetfeld
durch die Polierflache erstreckt, um Wirbelstro-
me in der leitenden Schicht zu induzieren; und
Detektieren einer Anderung im magnetischen
Wechselfeld, die durch eine Anderung der Dicke
der leitenden Schicht verursacht wird;
dadurch gekennzeichnet, dass der Induktor
einen Kern einschlief3t, der zumindest teilweise
in einer Vertiefung auf einer zweiten Seite der
Polierflache angeordnet ist.

Verfahren nach Anspruch 33, dadurch gekenn-
zeichnet, dass das Erzeugen eines magnetischen
Wechselfeldes von einem Induktor das Ansteuern
einer ersten Spule mit einem Oszillator bei einer er-
sten Frequenz einschlieft.

Verfahren nach Anspruch 34, dadurch gekenn-
zeichnet, dass die erste Frequenz eine Resonanz-
frequenz ist, wenn sich das Substrat nicht in der N&-
he des Magnetfeldes befindet.

Verfahren nach Anspruch 34, dadurch gekenn-
zeichnet, dass das Detektieren einer Anderung im
magnetischen Wechselfeld das Messen des magne-
tischen Wechselfeldes mit einer zweiten Spule ein-
schlief3t.

Verfahren nach Anspruch 36, dadurch gekenn-
zeichnet, dass die zweite Spule parallel mit einem
Kondensator verbunden ist.

Verfahren nach Anspruch 36, dadurch gekenn-
zeichnet, dass die erste Spule um einen ersten Ab-
schnitt des Kerns und die zweite Spule um einen
zweiten Abschnitt des Kerns gewickelt ist.
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Verfahren nach Anspruch 33, wobei es weiter die
Bestimmung, wann der Induktor sich neben dem
Substrat befindet, umfasst.

Verfahren nach Anspruch 33, dadurch gekenn-
zeichnet, dass das Erzeugen eines magnetischen
Wechselfeldes von einem Induktor das Ansteuern
des Induktors mit einem ersten Signal einschlief3t,
und dass das Detektieren einer Anderung im ma-
gnetischen Wechselfeld das Erzeugen eines zwei-
ten Signals vom magnetischen Wechselfeld ein-
schlief3t.

Verfahren nach Anspruch 40, wobei es weiter das
Bestimmen einer Anderung der Amplitude im zwei-
ten Signal umfasst.

Verfahren nach Anspruch 40, wobei es weiter das
Bestimmen einer Anderung der Phasendifferenz
zwischen dem ersten Signal und dem zweiten Signal
umfasst.

Verfahren nach Anspruch 33, wobei es weiter um-
fasst:

das Anhalten des Polierens, wenn ein Wirbel-
stromsignal, das mit der detektierten Anderung
im magnetischen Wechselfeld verbunden ist,
ein oder mehrere Endpunktkriterien zeigt.

Verfahren nach Anspruch 43, dadurch gekenn-
zeichnet, dass die Endpunktkriterien das Wirbel-
stromsignal, das einen Stérkeschwellwert durch-
lauft, umfassen.

Verfahren nach Anspruch 43, dadurch gekenn-
zeichnet, dass die Endpunktkriterien eine Neigung
der Abflachung des Wirbelstromsignals umfassen.

Verfahren nach Anspruch 33, dadurch gekenn-
zeichnet, dass das Erzeugen des magnetischen
Wechselfeldes das Erregen einer Spule, die im In-
duktor eingefugtist, miteinem ersten Signal umfasst;

und dass das Detektieren einer Anderung im
magnetischen Wechselfeld, die durch eine An-
derung der Dicke der leitenden Schicht verur-
sacht wird, das Messen des magnetischen
Wechselfeldes und das Erzeugen eines zweiten
Signals, das das Magnetfeld anzeigt, umfasst;
und weiter umfassend:

Vergleichen der ersten und zweiten Signa-
le, um eine Phasendifferenz zwischen ih-
nen zu bestimmen; und

Uberwachen der Phasendifferenz auf Po-
lierendpunktkriterien hin.
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Verfahren nach Anspruch 33, dadurch gekenn-
zeichnet, dass der Induktor in einem Wirbelstrom-
Uiberwachungssystem eingefligt ist, und weiter um-
fassend:

Erzeugen eines ersten Signals von einem Wir-
belstromiiberwachungssystem;

Erzeugen eines zweiten Signals von einem op-
tischen Uberwachungssystem;

Uberwachen der ersten und zweiten Signale auf
Endpunktkriterien.

Verfahren nach Anspruch 47, wobei es weiter das
Anhalten des Polierens umfasst, wenn die End-
punktkriterien sowohl in den ersten als auch den
zweiten Signalen detektiert werden.

Verfahren nach Anspruch 47, wobei es weiter das
Anhalten des Polierens umfasst, wenn die End-
punktkriterien im ersten oder im zweiten Signal de-
tektiert werden.

Verfahren nach Anspruch 47, dadurch gekenn-
zeichnet, dass der Uberwachungsschritt das Uber-
wachen des Signals vom Wirbelstromiberwa-
chungssystem, bis die leitenden Schicht eine vorbe-
stimmte Dicke erreicht, und dann das Uberwachen
des Signals vom optischen Uberwachungssystem
umfasst.

Verfahren nach Anspruch 33, dadurch gekenn-
zeichnet, dass der Induktor in einem Wirbelstrom-
Uiberwachungssystem eingeschlossen ist, und wei-
ter umfassend:

Polieren des Substrats in einer ersten Poliersta-
tion mit einer ersten Polierflache mit einer ersten
Poliergeschwindigkeit;

Uberwachen des Polierens an der ersten Polier-
station mit einem Wirbelstromuberwachungssy-
stem;

Uberfiihren des Substrats auf eine zweite Po-
lierstation, wenn das Wirbelstromiberwa-
chungssystem anzeigt, dass eine vorbestimmte
Dicke der leitenden Schicht auf dem Substrat
verbleibt;

Polieren des Substrats an der zweiten Polier-
station mit einer zweiten Polierflache mit einer
zweiten Poliergeschwindigkeit, die geringer als
die erste Poliergeschwindigkeit ist;
Uberwachen des Polierens an der zweiten Po-
lierstation mit einem optischen Uberwachungs-
system; und

Anhalten des Polierens, wenn das optische
Uberwachungssystem anzeigt, dass eine erste
darunter liegende Schicht mindestens teilweise
freigelegt ist.
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Verfahren nach Anspruch 51, dadurch gekenn-
zeichnet, dass die erste darunter liegende Schicht
eine Barrierescliieht ist.

Verfahren nach Anspruch 52, wobei es weiter das
Uberfiihren des Substrats auf eine dritte Polierstati-
on und das Polieren des Substrats mit einer dritten
Polierflache umfasst.

Verfahren nach Anspruch 53, wobei es weiter das
Uberwachen des Polierens an der dritten Poliersta-
tion mit einem zweiten optischen Uberwachungssy-
stem und das Anhalten des Polierens, wenn das
zweite optische Uberwachungssystem anzeigt,
dass eine zweite darunter liegende Schicht zumin-
dest teilweise freigelegt ist, umfasst.

Verfahren nach Anspruch 53, dadurch gekenn-
zeichnet dass das Polieren an der dritten Poliersta-
tion sich fortsetzt, bis die zweite darunter liegende
Schicht im wesentlichen vollstandig freigelegt ist.

Verfahren nach Anspruch 51, dadurch gekenn-
zeichnet, dass das Polieren an der zweiten Polier-
station sich fortsetzt, bis die erste darunter liegende
Schicht im wesentlichen vollstandig freigelegt ist.

Verfahren nach Anspruch 51, dadurch gekenn-
zeichnet, dass das Polieren des Substrats an der
zweiten Polierstation einen anfénglichen Polier-
schritt mit einem hdéheren Druck als das verbleiben-
de Polieren an der zweiten Polierstation einschlief3t.

Verfahren nach Anspruch 33, dadurch gekenn-
zeichnet, dass der Induktor in einem Wirbelstrom-
Uberwachungssystem eingeschlossen ist und es
weiter umfasst:

Polieren des Substrats an der ersten Poliersta-
tion mit einer ersten Polierflache mit einer ersten
Poliergeschwindigkeit;

Uberwachen des Polierens an der ersten Polier-
station mit dem Wirbelstromiberwachungssy-
stem;

Reduzieren der Poliergeschwindigkeit an der er-
sten Polierstarion, wenn das Wirbelstromiiber-
wachungssystem anzeigt, dass eine vorbe-
stimmte Dicke der leitenden Schicht auf dem
Substrat verbleibt;

Uberwachen des Polierens an der ersten Polier-
station mit einem optischen Uberwachungssy-
stem; und

Anhalten des Polierens, wenn das optische
Uberwachungssystem anzeigt, dass eine erste
darunter liegende Schicht zumindest teilweise
freigelegt ist.

Verfahren nach Anspruch 58, dadurch gekenn-
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zeichnet, dass die erste darunter liegende Schicht
eine Barriereschicht ist.

Verfahren nach Anspruch 58, wobei es weiter das
Uberfuhrungen des Substrats auf eine zweite Polier-
station und das Polieren des Substrats mit einer
zweiten Polieroberflache umfasst.

Verfahren nach Anspruch 60, wobei es weiter das
Uberwachen des Polierens an der zweiten Polier-
station mit einem zweiten optischen Uberwachungs-
system und das Anhalten des Polierens, wenn das
zweite optische Uberwachungssystem anzeigt,
dass eine zweite darunter liegende Schicht zumin-
dest teilweise freigelegt ist, umfasst.

Verfahren nach Anspruch 61, wobei es weiter das
Uberfiihren des Substrats auf eine dritte Polierstati-
on und das Hochglanzpolieren des Substrats mit ei-
ner Hochglanzpolierflache umfasst.

Verfahren nach Anspruch 58, dadurch gekenn-
zeichnet, dass das Polieren an der zweiten Polier-
station sich fortsetzt, bis die erste darunter liegende
Schicht im wesentlichen vollstéandig freigelegt ist.

Verfahren nach Anspruch 33, dadurch gekenn-
zeichnet, dass der Induktor in einem Wirbelstrom-
Uiberwachungssystem eingeschlossen ist, und es
weiter umfasst:

Polieren des Substrats mit einer ersten Polier-
geschwindigkeit;

Uberwachen des Polierens mit dem Wirbel-
stromuberwachungssystem;

Reduzieren der Poliergeschwindigkeit, wenn
das Wirbelstromiiberwachungssystem anzeigt,
dass eine vorbestimmte Dicke der Metallschicht
auf dem Substrat verbleibt;

Uberwachen des Polierens mit einem optischen
Uberwachungssystem; und

Anhalten des Polierens, wenn das optische
Uberwachungssystem anzeigt, dass eine dar-
unter liegende Schicht zumindest teilweise frei-
gelegt ist.

Revendications

1.

Appareil  de
comprenant :

polissage  chimico-mécanique

un tampon de polissage (30),

un support (70) destiné a retenir un substrat (10)
contre une premiére face du tampon de polis-
sage,

un capteur a courants de Foucault (58) compre-
nant au moins un inducteur (42, 44, 46), un 0s-
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cillateur (50) relié électriguement a le au moins
un inducteur pour induire un courant alternatif
dans un bobinage de I'inducteur et générer ainsi
un champ magnétique alternatif, et un conden-
sateur (52) relié électriquement a la au moins
un inducteur, et

un moteur (76) relié a au moins I'un du tampon
de polissage (30) et du support (70) afin d’en-
gendrer un mouvement relatif entre eux,

caractérisé ence que linducteur est positionné sur
une seconde face du tampon de polissage opposée
au substrat et I'inducteur comprend un noyau (42)
positionné au moins partiellement dans un évide-
ment dans le tampon de polissage sur la seconde
face du tampon de polissage.

Appareil selon la revendication 1, caractérisé en ce
que le noyau (42) est constitué essentiellement de
ferrite.

Appareil selon la revendication 1, caractérisé en ce
que le noyau (42) comprend deux griffes et une par-
tie de liaison entre les deux griffes.

Appareil selon la revendication 3, caractérisé en ce
que l'inducteur (40) comprend un premier bobinage
(44) et un second bobinage (46), et dans lequel le
premier bobinage est enroulé autour de la partie de
liaison du noyau (42) et le second bobinage est en-
roulé autour d’au moins 'une des deux griffes du
noyau (42).

Appareil selon la revendication 1, caractérisé en ce
que I'inducteur (40) comprend un premier bobinage
(44) et un second bobinage (46), et dans lequel le
second bobinage et le condensateur (52) sont reliés
en parallele.

Appareil selon la revendication 1, caractérisé en ce
que l'oscillateur (50) induit un courant alternatif
ayant une fréquence sensiblement constante choi-
sie pour procurer une fréquence de résonance lors-
gue le substrat (10) n'est pas a proximité du noyau
(42).

Appareil selon la revendication 1 caractérisé en ce
que le tampon de polissage (30) comprend une cou-
che supérieure (34) et une couche inférieure (32),
etl'évidement (33) est formé dans au moins une par-
tie de la couche inférieure (33) adjacente au noyau
(42).

Appareil selon la revendication 1, comprenant en
outre une platine (24) pour supporter le tampon de
polissage (30), caractérisé en ce que linducteur
(40) comprend au moins un bobinage (44, 46) en-
roulé autour du noyau.
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Appareil selon la revendication 8, caractérisé en ce
que la platine (24) peut tourner.

Appareil selon la revendication 1, comprenant en
outre une platine (24) pour supporter le tampon de
polissage (30), un capteur de position (140) pour dé-
terminer une position angulaire de la platine, et un
contrdleur pour échantillonner des données prove-
nant du capteur a courants de Foucault (50) lorsque
le au moins un inducteur (40) est positionné de fagon
adjacente au substrat (10).

Appareil selon la revendication 1, comprenant en
outre un ordinateur (90) pour recevoir et surveiller le
signal de sortie provenant du capteur (140) pendant
que le substrat (10) est en contact avec le tampon
de polissage et I'oscillateur (50) induit le courant al-
ternatif.

Appareil selon la revendication 1, caractérisé en ce
que le tampon de polissage comprend une couche
de couverture (34) sur la premiere face du tampon
de polissage (31) et une couche de soutien (32) sur
la seconde face du tampon de polissage, et I'évide-
ment (33) est formé en retirant une partie de la cou-
che de soutien.

Appareil selon la revendication 1, caractérisé en ce
que le noyau (42) comprend deux pdles positionnés
de fagon adjacente a I'évidement (33) dans le tam-
pon de polissage (30), et le au moins un inducteur
(44) est enroulé autour d’'une premiere partie du
noyau (42).

Appareil selon la revendication 1, caractérisé en ce
gue l'oscillateur (50) induit le courant alternatif avec
une fréquence sensiblement constante.

Appareil selon la revendication 14, caractérisé en
ce que linducteur (40) comprend un premier bobi-
nage (44) et un second bobinage (46), et dans lequel
I'oscillateur (50) est relié électriquement au premier
bobinage (44) pour induire un courant alternatif dans
le premier bobinage.

Appareil selon la revendication 15, caractérisé en
ce que le condensateur (52) est relié électriquement
au second bobinage (46).

Appareil selonlarevendication 1, caractérisé en ce
que l'oscillateur (50) induit un courant alternatif avec
une fréquence choisie pour procurer une fréquence
de résonance lorsque le substrat (10) n'est pas a
proximité du noyau (42).

Appareil selon la revendication 17, comprenant en
outre un systéme de détection de point d’extrémité
destiné a recevoir un signal de sortie provenant du
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capteur a courants de Foucault (58), le systeme de
détection de point d’extrémité étant configuré pour
signaler un point d’extrémité de polissage sile signal
de sortie dépasse un seuil prédéterminé.

Appareil selon la revendication 1, caractérisé en ce
que le capteur a courants de Foucault (58) est inclus
dans unsystéme de surveillance d’épaisseur de cou-
che conductrice (40) en ce que l'oscillateur (50) gé-
nére un signal d’attaque, et en ce que le condensa-
teur (52) estinclus dans un circuit de mesure destiné
amesurer le champ magnétique alternatif et générer
un signal de mesure, et comprenant en outre un cir-
cuit de comparaison de phase relié a I'oscillateur et
au circuit de mesure pour mesurer une différence de
phase entre le signal de mesure et le signal d’attaque
et générer un signal de différence de phase a partir
de celui-ci, et

un ordinateur (90) destiné a recevoir le signal de
différence de phase et surveiller le signal de diffé-
rence de phase pour les criteres de point d’extrémité
de polissage.

Appareil selon la revendication 19, comprenant en
outre au moins une premiére porte (100, 102) des-
tinée a convertir des signaux sinusoidaux provenant
de l'inducteur (42, 44, 46) et I'oscillateur (50) en des
premier et second signaux & onde carrée.

Appareil selon la revendication 20, caractérisé en
ce que la au moins une porte est une porte OU EX-
CLUSIF (XOR) (100, 102).

Appareil selon la revendication 20, comprenant en
outre un comparateur (104) pour comparer le pre-
mier signal a onde carrée au second signal & onde
carrée afin de générer un troisieme signal a onde
carrée.

Appareil selon la revendication 22, caractérisé en
ce que le comparateur est une porte OU EXCLUSIF
(104).

Appareil selon la revendication 22, comprenant en
outre un filtre (106) destiné a convertir le troisieme
signal a onde carrée en un signal différentiel présen-
tant une amplitude proportionnelle & la différence de
phase entre les premier et second signaux a onde
carrée.

Appareil selon la revendication 19, caractérisé en
ce que le circuit de comparaison de phase génére
un signal ayant un rapport cyclique proportionnel &
la différence de phase.

Appareil selon la revendication 1, caractérisé en ce
qgue le capteur a courants de Foucault est inclus
dans un systéme de surveillance a courants de Fou-
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cault positionné de fagcon a engendrer le champ ma-
gnétique alternatif & proximité du substrat, et com-
prenant en outre :

un systeme de surveillance optique qui génere
un faisceau de lumiere et détecte des réflexions
du faisceau de lumiére provenant du substrat, et
un contrbleur destiné a recevoir des signaux
provenant du systéme de surveillance & cou-
rants de Foucault et du systeme de surveillance
optique.

Appareil selon la revendication 26, caractérisé en
ceque le systemede surveillance optique comprend
une source de lumiére et un photodétecteur posi-
tionné sur une seconde face du tampon de polissage
Opposée au substrat.

Appareil selon la revendication 27, comprenant en
outre une platine et caractérisé en ce que lasource
de lumiére et le photodétecteur sont positionnés
dans une premiére cavité dans une platine en des-
sous du tampon de polissage.

Appareil selon la revendication 28, caractérisé en
ce que l'inducteur est positionné au moins partielle-
ment dans la premiére cavité dans la platine.

Appareil selon la revendication 28, caractérisé en
ce que l'inducteur est positionné au moins partielle-
ment dans une seconde cavité dans la platine, sé-
parée de la premiére cavité.

Appareil selon la revendication 26, caractérisé en
ce que le systeme de surveillance a courants de
Foucault et le systeme de surveillance optique sont
positionnés de fagon asurveiller sensiblementlamé-
me position radiale sur le substrat.

Appareil selon la revendication 26, caractérisé en
ce que le controleur est configuré pour détecter des
critéres de point d'extrémité dans des signaux pro-
venant a la fois du systéeme de surveillance a cou-
rants de Foucault et du systéme de surveillance op-
tique.

Procédé de surveillance d’'une épaisseur d'une cou-
che conductrice dans un substrat pendant une opé-
ration de polissage, comprenant :

le positionnement d’'un-substrat sur une premie-
re face d’une surface de polissage,

la génération d’un champ magnétique alternatif
a partir d’'un inducteur positionné a I'opposé du
substrat, le champ magnétique s’étendant au
travers de la surface de polissage pour induire
des courants de Foucault dans la couche con-
ductrice, et

10

15

20

25

30

35

40

45

50

55

21

EP 1294 534 B1

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

40

la détection d’une variation du champ magnéti-
que alternatif provoquée par une variation de
I'épaisseur de la couche conductrice,

caractérisé en ce que linducteur comprend un
noyau positionné au moins partiellement dans un
évidement sur une seconde face de la surface de
polissage.

Procédé selon la revendication 33, caractérisé en
ce que la génération du champ magnétique alterna-
tif provenant d’un inducteur comprend I'attaque d’'un
premier bobinage avec un oscillateur a une premiere
fréquence.

Procédé selon la revendication 34, caractérisé en
ce que la premiére fréquence est une fréquence de
résonance lorsque le substrat n'est pas a proximité
du champ magnétique.

Procédé selon la revendication 34, caractérisé en
ce que la détection d’'une variation du champ ma-
gnétique alternatif comprend la mesure du champ
magnétique alternatif avec un second bobinage.

Procédé selon la revendication 36, caractérisé en
ce que lesecondbobinage estrelié en paralléle avec
un condensateur.

Procédé selon la revendication 36, caractérisé en
ce que le premier bobinage est enroulé autour d’'une
premiéere partie du noyau et le second bobinage est
enroulé autour d’'une seconde partie du noyau.

Procédé selon la revendication 33, comprenant en
outre la détermination du moment ou l'inducteur est
adjacent au substrat.

Procédé selon la revendication 33, caractérisé en
ce que la génération d'un champ magnétique alter-
natif a partir d'un inducteur comprend l'attaque de
'inducteur avec un premier signal, et la détection
d’une variation du champ magnétique alternatif com-
prend la génération d’'un second signal & partir du
champ magnétique alternatif.

Procédé selon la revendication 40, comprenant en
outre la détermination d’une variation de 'amplitude
du second signal.

Procédé selon la revendication 40, comprenant en
outre la détermination d’'une variation d’'une différen-
ce de phase entre le premier signal et le second si-
gnal.

Procédé selon la revendication 33, comprenant en
outre :
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I'arrét du polissage lorsqu’un signal de courants
de Foucault associé a la variation détectée dans
le champ magnétique alternatif présente un ou
plusieurs critéres de point d’extrémite.

Procédé selon la revendication 43, caractérisé en
ce que lescriteres de point d’extrémité comprennent
le franchissement d’une intensité seuil par le signal
de courants de Foucault.

Procédé selon la revendication 43, caractérisé en
ce que lescriteres de point d’extrémité comprennent
une pente de stabilisation du signal de courants de
Foucault.

Procédé selon la revendication 33, caractérisé en
ce que la génération du champ magnétique alterna-
tif comprend I'excitation d’'un bobinage inclus dans
linducteur avec un premier signal,

et en ce que la détection d'une variation du champ
magnétique alternatif provoquée par une variation
de I'épaisseur de la couche conductrice comprend
la mesure du champ magnétique alternatif et la gé-
nération d’'un second signal indicatif du champ ma-
gnétique, et comprenant en outre :

la comparaison des premier et second signaux
pour déterminer une différence de phase entre
eux, et

la surveillance de la différence de phase pour
rechercher les criteres de point d’extrémité du
polissage.

Procédé selon la revendication 33, caractérisé en
ce que l'inducteur est inclus dans un systeme de
surveillance a courants de Foucault, et comprenant
en outre :

la génération d’un premier signal provenantd’'un
systeme de surveillance a courants de Foucault,
la génération d’'un second signal depuis un sys-
teme de surveillance optique,

la surveillance des premier et second signaux
pour rechercherles critéres de point d’extrémité.

Procédé selon la revendication 47, comprenant en
outre l'arrét du polissage lorsque des critéres de
point d’extrémité ont été détectés a la fois dans les
premier et second signaux.

Procédé selon la revendication 47, comprenant en
outre l'arrét du polissage lorsqu’un critére de point
d’extrémité a été détecté dans I'un ou 'autre du pre-
mier ou du second signal.

Procédé selon la revendication 47, caractérisé en
ce que l'étape de surveillance comprend la sur-
veillance du signal provenant du systeme de sur-
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veillance a courants de Foucault jusqu’a ce que la
couche conductrice atteigne une épaisseur prédé-
terminée et ensuite la surveillance du signal prove-
nant du systéme de surveillance optique.

Procédé selon la revendication 33, caractérisé en
ce que linducteur est inclus dans un systeme de
surveillance a courants de Foucault, et comprenant
en outre :

le polissage du substrat a un premier poste de
polissage avec une premiéere surface de polis-
sage a une premiére vitesse de polissage,

la surveillance du polissage au premier poste
de polissage avec un systeme de surveillance
a courants de Foucault,

le transfert du substrat vers un second poste de
polissage lorsque le systeme de surveillance a
courants de Foucault indique qu’une épaisseur
prédéterminée de la couche conductrice subsis-
te sur le substrat,

le polissage du substrat au second poste de po-
lissage avec une seconde surface de polissage
a une seconde vitesse de polissage qui est in-
férieure a la premiére vitesse de polissage,

la surveillance du polissage au second poste de
polissage avec un systéme de surveillance op-
tique, et

I'arrét du polissage lorsque le systéeme de sur-
veillance optique indique qu’une premiéere cou-
che sous-jacente est au moins partiellement ex-
posée.

Procédé selon la revendication 51, caractérisé en
ce que la premiére couche sous-jacente est une
couche de barriére.

Procédé selon la revendication 52, comprenant en
outre le transfert du substrat vers un troisieme poste
de polissage et le polissage du substrat avec une
troisiéme surface de polissage.

Procédé selon la revendication 53, comprenant en
outre la surveillance du polissage au troisieme poste
de polissage avec un second systeme de surveillan-
ce optique, et I'arrét du polissage lorsque le second
systeme de surveillance optique indique qu’une se-
conde couche sous-jacente est au moins partielle-
ment exposée.

Procédé selon la revendication 53, caractérisé en
ce que le polissage au troisieme poste de polissage
se poursuit jusqu'a ce que la seconde couche
sous-jacente soit pratiguement entierement expo-
sée.

Procédé selon la revendication 51, caractérisé en
ce que le polissage au second poste de polissage
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se poursuit jusqu'a ce que la premiére couche
sous-jacente soit pratiquement entierement expo-
sée.

Procédé selon la revendication 51, caractérisé en
ce que le polissage du substrat au second poste de
polissage comprend une étape de polissage de dé-
but & une pression supérieure a celle du polissage
restant au second poste de polissage.

Procédé selon la revendication 33, caractérisé en
ce que l'inducteur est inclus dans un systeme de
surveillance a courants de Foucault, et comprenant
en outre :

le polissage du substrat a un premier poste de
polissage avec une premiére surface de polis-
sage a une premiere vitesse de polissage,

la surveillance du polissage au premier poste
de polissage avec le systéme de surveillance a
courants de Foucault,

la réduction de la vitesse de polissage au pre-
mier poste de polissage lorsque le systéeme de
surveillance a courants de Foucault indique
gu'une épaisseur prédéterminée de la couche
conductrice subsiste sur le substrat,

la surveillance du polissage au premier poste
de polissage avec un systeme de surveillance
optique, et

l'arrét du polissage lorsque le systéme de sur-
veillance optique indique qu’une premiére cou-
che sous-jacente est au moins partiellement ex-
posée.

Procédé selon la revendication 58, caractérisé en
ce que la premiére couche sous-jacente est une
couche de barriére.

Procédé selon la revendication 58, comprenant en
outre le transfert du substrat vers un second poste
de polissage et le polissage du substrat avec une
seconde surface de polissage.

Procédé selon la revendication 60, comprenant en
outre la surveillance du polissage au second poste
de polissage avec un second systeme de surveillan-
ce optique, et I'arrét du polissage lorsque le second
systeme de surveillance optique indique qu’une se-
conde couche sous-jacente est au moins partielle-
ment exposée.

Procédé selon la revendication 61, comprenant en
outre le transfert du substrat vers un troisiéme poste
de polissage et tamponnage du substrat avec une
surface de polissage.

Procédé selon la revendication 58, caractérisé en
ce que le polissage au second poste de polissage
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se poursuit jusqu'a ce que la premiére couche
sous-jacente soit pratiguement entierement expo-
sée.

Procédé selon la revendication 33, caractérisé en
ce que linducteur est inclus dans un systeme de
surveillance a courants de Foucault et comprenant
en outre :

le polissage du substrat a une premiére vitesse
de polissage,

la surveillance du polissage avec le systéeme de
surveillance a courants de Foucault,

la réduction de la vitesse de polissage lorsque
le systeme de surveillance a courants de Fou-
cault indique qu’une épaisseur prédéterminée
de la couche métallique subsiste sur le substrat,
la surveillance du polissage avec un systeme
de surveillance optique, et

I'arrét du polissage lorsque le systéme de sur-
veillance optique indiqgue qu'une couche
sous-jacente est au moins partiellement expo-
sée.
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