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(54) Polishing method and polishing apparatus

(57) A polishing method capable of obtaining an ac-
curate thickness of a silicon layer during polishing of a
substrate and determining an accurate polishing end
point of the substrate based on the thickness of the silicon
layer obtained. The method includes: calculating relative
reflectance by dividing the measured intensity of the in-
frared ray by predetermined reference intensity; produc-
ing spectral waveform representing relationship between
the relative reflectance and wavelength of the infrared
ray; performing a Fourier transform process on the spec-
tral waveform to determine a thickness of the silicon layer
and a corresponding strength of frequency component;
and determining a polishing end point of the substrate
based on a point of time when the determined thickness
of the silicon layer has reached a predetermined target
value.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a method and
an apparatus for polishing a substrate having a silicon
layer forming a surface thereof, and more particularly to
a polishing method and a polishing apparatus capable
of detecting a polishing end point of the substrate based
on optical information contained in reflected light from
the substrate.

Description of the Related Art:

[0002] Semiconductor devices are fabricated through
several processes including a process of polishing a di-
electric film, e.g., SiO2, and a process of polishing a metal
film, e.g., copper or tungsten. A fabrication process of
backside illumination CMOS sensor includes a process
of polishing a silicon layer (silicon wafer), in addition to
the polishing processes of the dielectric film and the metal
film. The backside illumination CMOS sensor is an image
sensor using BSI (backside illumination) technique and
has a light-receiving surface constituted by the silicon
layer. A fabrication process of through-silicon via (TSV)
also includes a process of polishing a silicon layer. The
through-silicon via is an electrode constructed by metal,
such as copper, formed in a hole passing through the
silicon layer.
[0003] Polishing of the silicon layer is terminated when
its thickness has reached a predetermined target value.
CMP (Chemical Mechanical Polishing) apparatus is used
for polishing the silicon layer. FIG. 1 is a schematic view
of the CMP apparatus. The CMP apparatus includes a
polishing table 101 with a polishing pad 100 attached to
an upper surface thereof, a top ring 110 for holding a
wafer W, a slurry supply unit 115 for supplying a polishing
liquid (slurry) onto the polishing pad 100, and a film-thick-
ness measuring device 120 for measuring a film thick-
ness of the wafer W. The film-thickness measuring de-
vice 120 is embedded in the polishing table 101.
[0004] The top ring 110 and the polishing table 101
rotate as indicated by arrows. In this state, the top ring
110 presses the wafer W against the polishing pad 110,
while the slurry supply unit 115 supplies the polishing
liquid onto the polishing pad 110. The wafer W is polished
by sliding contact with the polishing pad 110 in the pres-
ence of the polishing liquid. During polishing of the wafer
W, the film-thickness measuring device 120 rotates to-
gether with the polishing table 101 and measures the film
thickness while sweeping a surface of the wafer W. Pol-
ishing of the wafer W is terminated when the film thick-
ness has reached the predetermined target value.
[0005] An optical film-thickness measuring device is
one example of the film-thickness measuring device 120
used in the above-described CMP apparatus. This optical

film-thickness measuring device is designed to direct
light to the surface of the wafer and analyze reflected
light from the wafer to determine a thickness of a film
formed on the surface of the wafer. Silicon (Si) has a
larger refractive index than that of dielectric material,
such as SiO2, and hardly allows visible light to pass there-
through. Thus, instead of the visible light, infrared ray,
which has a good permeability, is used in measuring of
the thickness of the silicon layer.
[0006] The film-thickness measuring device using the
infrared ray can measure the thickness of the silicon lay-
er. However, the film-thickness measuring device incor-
porated in the CMP apparatus may fail to measure the
thickness if there is a variation in the thickness of the
silicon layer because it measures the thickness of the
silicon layer while the device itself is moving as shown
in FIG. 1. In particular, the silicon layers that have been
polished in the above-mentioned BSI fabrication process
and the TSV fabrication process have a polished surface
with low flatness, which is likely to cause the failure of
measurement. One possible solution to such measure-
ment failure is to shorten a measuring time per one meas-
uring operation. However, in this case, a quantity of the
reflected infrared ray is reduced and as a result S/N ratio
is lowered. This makes it difficult to achieve accurate
measurement. Moreover, since the silicon layer is
scraped away every time the polishing table makes one
revolution, it is impossible to measure the thickness at
the same position under the same conditions.

SUMMARY OF THE INVENTION

[0007] The present invention has been made in order
to solve the above drawbacks. It is therefore an object
of the present invention to provide a polishing method
and a polishing apparatus capable of obtaining an accu-
rate thickness of the silicon layer (or a film formed on the
substrate) during polishing of the substrate (e.g., wafer)
and capable of accurately determining a substrate pol-
ishing end point based on the thickness of the silicon
layer obtained.
[0008] One aspect of the present invention for achiev-
ing the above object provides a method of polishing a
substrate having a silicon layer. The method includes:
polishing the substrate by pressing the substrate against
a polishing tool on a rotating polishing table; irradiating
the substrate with infrared ray when polishing the sub-
strate, receiving the infrared ray reflected from the sub-
strate; measuring intensity of the reflected infrared ray
at respective wavelengths; calculating relative reflect-
ance by dividing the measured intensity of the infrared
ray by predetermined reference intensity; producing
spectral waveform representing relationship between the
relative reflectance and wavelength of the infrared ray;
performing a Fourier transform process on the spectral
waveform to determine a thickness of the silicon layer
and a corresponding strength of frequency component;
and determining a polishing end point of the substrate
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based on a point of time when the determined thickness
of the silicon layer has reached a predetermined target
value.
[0009] Another aspect of the present invention pro-
vides a method of polishing a substrate having a film
formed on a surface thereof. The method includes: pol-
ishing the substrate by pressing the substrate against a
polishing tool on a rotating polishing table; irradiating the
substrate with light when polishing the substrate, receiv-
ing the light reflected from the substrate; measuring in-
tensity of the reflected light at respective wavelengths;
calculating relative reflectance by dividing the measured
intensity of the light by predetermined reference intensity;
producing spectral waveform representing relationship
between the relative reflectance and wavelength of the
light; performing a Fourier transform process on the spec-
tral waveform to determine a thickness of the film and a
corresponding strength of frequency component; identi-
fying the determined thickness of the film as a reliable
measured value if the determined strength of the frequen-
cy component is higher than a predetermined threshold
value and/or the determined thickness of the film is within
a predetermined range; and determining a polishing end
point of the substrate based on a point of time when the
reliable measured value has reached a predetermined
target value. The threshold value is determined based
on frequency distribution of the strength of the frequency
component that has been obtained previously.
[0010] Another aspect of the present invention pro-
vides a method of polishing a substrate having a film
formed on a surface thereof. The method includes: pol-
ishing the substrate by pressing the substrate against a
polishing tool on a rotating polishing table; irradiating the
substrate with light when polishing the substrate, receiv-
ing the light reflected from the substrate; measuring in-
tensity of the reflected light at respective wavelengths;
calculating relative reflectance by dividing the measured
intensity of the light by predetermined reference intensity;
producing spectral waveform representing relationship
between the relative reflectance and wavelength of the
light; performing a Fourier transform process on the spec-
tral waveform to obtain relationship between thickness
of the film and strength of frequency component and to
determine the thickness of the film; identifying the deter-
mined thickness of the film as a reliable measured value
if a strength of the frequency component at a predeter-
mined observation thickness is lower than a predeter-
mined threshold value; and determining a polishing end
point of the substrate based on a point of time when the
reliable measured value has reached a predetermined
target value.
[0011] Another aspect of the present invention pro-
vides a method of polishing a substrate having a film
formed on a surface thereof. The method includes: pol-
ishing the substrate by pressing the substrate against a
polishing tool on a rotating polishing table; irradiating the
substrate with light when polishing the substrate, receiv-
ing the light reflected from the substrate; measuring in-

tensity of the reflected light at respective wavelengths;
calculating relative reflectance by dividing the measured
intensity of the light by predetermined reference intensity;
producing spectral waveform representing relationship
between the relative reflectance and wavelength of the
light; performing a Fourier transform process on the spec-
tral waveform to obtain relationship between thickness
of the film and strength of frequency component and to
determine the thickness of the film and a corresponding
strength of frequency component; identifying the deter-
mined thickness of the film as a reliable measured value
if an absolute value of a difference between a strength
of the frequency component at a predetermined obser-
vation thickness and the determined strength of frequen-
cy component is larger than a predetermined threshold
value; and determining a polishing end point of the sub-
strate based on a point of time when the reliable meas-
ured value has reached a predetermined target value.
[0012] Another aspect of the present invention pro-
vides an apparatus for polishing a substrate having a
silicon layer. The apparatus includes: a rotatable polish-
ing table for supporting a polishing tool thereon; a top
ring configured to press the substrate against the poling
tool on the rotating polishing table; an irradiator config-
ured to irradiate the substrate with infrared ray when the
substrate is held by the top ring; an optical receiver con-
figured to receive the infrared ray reflected from the sub-
strate; a spectroscope configured to measure intensity
of the reflected infrared ray at respective wavelengths;
and a polishing monitoring unit configured to determine
a thickness of the silicon layer from infrared-ray intensity
data obtained by the spectroscope. The polishing mon-
itoring unit is configured to calculate relative reflectance
by dividing the measured intensity of the infrared ray by
predetermined reference intensity, produce spectral
waveform representing relationship between the relative
reflectance and wavelength of the infrared ray, perform
a Fourier transform process on the spectral waveform to
determine a thickness of the silicon layer and a corre-
sponding strength of frequency component, and deter-
mine a polishing end point of the substrate based on a
point of time when the determined thickness of the silicon
layer has reached a predetermined target value.
[0013] Another aspect of the present invention pro-
vides an apparatus for polishing a substrate having a film
formed on a surface thereof. The apparatus includes: a
rotatable polishing table for supporting a polishing tool
thereon; a top ring configured to press the substrate
against the poling tool on the rotating polishing table; an
irradiator configured to irradiate the substrate with light
when the substrate is held by the top ring; an optical
receiver configured to receive the light reflected from the
substrate; a spectroscope configured to measure inten-
sity of the reflected light at respective wavelengths; and
a polishing monitoring unit configured to determine a
thickness of the film from light intensity data obtained by
the spectroscope. The polishing monitoring unit is con-
figured to calculate relative reflectance by dividing the
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measured intensity of the light by predetermined refer-
ence intensity, produce spectral waveform representing
relationship between the relative reflectance and wave-
length of the light, perform a Fourier transform process
on the spectral waveform to determine a thickness of the
film and a corresponding strength of frequency compo-
nent, identify the determined thickness of the film as a
reliable measured value if the determined strength of the
frequency component is higher than a predetermined
threshold value and/or the determined thickness of the
film is within a predetermined range, and determine the
polishing end point of the substrate based on a point of
time when the reliable measured value has reached the
predetermined target value. The threshold value is de-
termined based on frequency distribution of the strength
of the frequency component produced by a plurality of
measured values that have been obtained previously.
[0014] Another aspect of the present invention pro-
vides an apparatus for polishing a substrate having a film
formed on a surface thereof. The apparatus includes: a
rotatable polishing table for supporting a polishing tool
thereon; a top ring configured to press the substrate
against the poling tool on the rotating polishing table; an
irradiator configured to irradiate the substrate with light
when the substrate is held by the top ring; an optical
receiver configured to receive the light reflected from the
substrate; a spectroscope configured to measure inten-
sity of the reflected light at respective wavelengths; and
a polishing monitoring unit configured to determine a
thickness of the film from light intensity data obtained by
the spectroscope. The polishing monitoring unit is con-
figured to calculate relative reflectance by dividing the
measured intensity of the light by predetermined refer-
ence intensity, produce spectral waveform representing
relationship between the relative reflectance and wave-
length of the light, perform a Fourier transform process
on the spectral waveform to obtain relationship between
thickness of the film and strength of frequency compo-
nent and to determine the thickness of the film, identify
the determined thickness of the film as a reliable meas-
ured value if a strength of the frequency component at a
predetermined observation thickness is lower than a pre-
determined threshold value, and determine the polishing
end point of the substrate based on a point of time when
the reliable measured value has reached the predeter-
mined target value.
[0015] Another aspect of the present invention pro-
vides an apparatus for polishing a substrate having a film
formed on a surface thereof. The apparatus includes: a
rotatable polishing table for supporting a polishing tool
thereon; a top ring configured to press the substrate
against the poling tool on the rotating polishing table; an
irradiator configured to irradiate the substrate with light
when the substrate is held by the top ring; an optical
receiver configured to receive the light reflected from the
substrate; a spectroscope configured to measure inten-
sity of the reflected light at respective wavelengths; and
a polishing monitoring unit configured to determine a

thickness of the film from light intensity data obtained by
the spectroscope. The polishing monitoring unit is con-
figured to calculate relative reflectance by dividing the
measured intensity of the light by predetermined refer-
ence intensity, produce spectral waveform representing
relationship between the relative reflectance and wave-
length of the light, perform a Fourier transform process
on the spectral waveform to obtain relationship between
thickness of the film and strength of frequency compo-
nent and to determine the thickness of the film and a
corresponding strength of frequency component, identify
the determined thickness of the film as a reliable meas-
ured value if an absolute value of a difference between
a strength of the frequency component at a predeter-
mined observation thickness and the determined
strength of frequency component is larger than a prede-
termined threshold value, and determine the polishing
end point of the substrate based on a point of time when
the reliable measured value has reached the predeter-
mined target value.
[0016] According to the present invention, the reliable
measured value, which is a measured value accurately
reflecting the thickness of the silicon layer (or the film
formed on the surface of the substrate), is obtained.
Therefore, an accurate polishing end point can be de-
tected based on the measured value obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is a schematic view of a CMP apparatus;
FIG. 2 is a schematic view for illustrating the principle
of an optical polishing end point detection method;
FIG. 3 is a plan view showing positional relationship
between wafer and polishing table;
FIG. 4 is a diagram showing spectral waveform cre-
ated by a first processor;
FIG. 5 is a diagram showing frequency spectrum cre-
ated by the first processor;
FIG. 6 is a diagram showing an example in which
measuring operation is performed five times while
the polishing table is making one revolution;
FIG. 7 is a table showing measurement data ob-
tained when polishing a wafer having backside illu-
mination (BSI) image sensor formed thereon;
FIG. 8 is a diagram showing spectral waveforms ob-
tained when polishing the wafer having the backside
illumination (BSI) image sensor;
FIG. 9 is a diagram showing frequency spectra cre-
ated from the spectral waveforms shown in FIG. 8;
FIG. 10 is a diagram showing relationship between
thickness of a silicon layer and polishing time;
FIG. 11 is a diagram showing polishing profiles be-
fore and after polishing;
FIG. 12 is a diagram showing an example of using
a predetermined threshold value with respect to
strength of frequency component as a criterion for
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sorting measured values;
FIG. 13 is a diagram showing an example of using
the predetermined threshold value with respect to
the strength of the frequency component and a pre-
determined range with respect to thickness of the
silicon layer as criteria for sorting measured values;
FIG. 14 is a diagram showing spectral waveforms
obtained when polishing the silicon layer in fabrica-
tion process of through-silicon via (TSV);
FIG. 15 is a diagram showing frequency spectra cre-
ated from the spectral waveforms shown in FIG. 14;
FIG. 16 is a histogram showing frequency distribu-
tion of the strength of the frequency component;
FIG. 17 is a diagram showing cumulative frequency
polygon graph created from the histogram shown in
FIG. 16;
FIG. 18 is a diagram for illustrating another method
of discriminating between reliable measured values
and unreliable measured values;
FIG. 19 is a diagram for illustrating modified example
of the discrimination method shown in FIG. 18;
FIG. 20 is a cross-sectional view schematically
showing a polishing apparatus;
and
FIG. 21 is a cross-sectional view of a modified ex-
ample of the polishing apparatus shown in FIG. 20.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0018] Embodiments of the present invention will be
described below with reference to the drawings. FIG. 2
is a schematic view for illustrating the principle of an op-
tical polishing end point detection method, and FIG. 3 is
a plan view showing positional relationship between wa-
fer and polishing table. A wafer (or substrate) W is a wafer
used in fabricating backside illumination (BSI) image sen-
sor or through-silicon via (TSV). As shown in FIG. 2, the
wafer W has an underlying layer (e.g., integrated circuits)
and a silicon layer formed on the underlying layer. The
wafer W is held by a top ring (not shown in FIGS. 2 and
3) and rotated about its central axis as shown in FIG. 3.
A surface of the wafer W is pressed by the top ring against
a polishing pad 22 on a rotating polishing table 20, so
that the silicon layer of the wafer W is polished by sliding
contact with the polishing pad 22, which is a polishing
tool having a polishing surface for polishing the wafer W.
[0019] An irradiator 11 and an optical receiver 12 are
disposed in the polishing table 20 and are arranged so
as to face the surface of the wafer W. The irradiator 11
has LED (not shown) for emitting infrared ray and is con-
figured to direct the infrared ray to the surface of the wafer
W. Each time the polishing table 20 makes one revolu-
tion, multiple regions, including the center of the wafer
W, are irradiated with the infrared ray.
[0020] The optical receiver 12 is configured to receive
the infrared ray reflected from the wafer W. A spectro-
scope 13 is coupled to the optical receiver 12. This spec-

troscope 13 resolves the reflected infrared ray according
to wavelength and measures intensity of the reflected
infrared ray at each of wavelengths. A first processor 15A
is coupled to the spectroscope 13. This first processor
15A is configured to read intensity data of the infrared
ray obtained by the spectroscope 13 and create intensity
distribution of the reflected infrared ray. More specifically,
the first processor 15A produces spectral waveform that
represents intensities of the infrared ray at the respective
wavelengths. This spectral waveform is expressed as
line graph (i.e., waveform) showing relationship between
wavelength and intensity of the infrared ray.
[0021] The infrared ray, directed to the wafer W, is re-
flected off an interface between a medium (e.g., water in
the example of FIG. 2) and the silicon layer and an inter-
face between the silicon layer and the underlying layer
beneath the silicon layer. The infrared rays from these
interfaces interfere with each other. The manner of inter-
ference between the infrared rays varies according to the
thickness of the silicon layer (i.e., a length of an optical
path). As a result, the spectral waveform produced from
the reflected infrared ray from the wafer varies according
to the thickness of the silicon layer. The first processor
15A performs FFT (fast Fourier transform) process on
the spectral waveform to analyze the spectral waveform
and determines a current thickness of the silicon layer
from the analysis result. As shown in FIG. 2, when water
is used as the medium, it is preferable to use near infrared
ray having the wavelength in the range of 800 nm to 1000
nm in order to prevent the infrared ray from being ab-
sorbed into the water. The near infrared ray in the range
of 800 nm to 1000 nm is suitable for a thin silicon layer
(with the thickness of at most 2 mm).
[0022] The first processor 15A is coupled to a second
processor 15B. A value of the thickness of the silicon
layer determined by the first processor 15A is sent to the
second processor 15B. This second processor 15B is
configured to compare the thickness of the silicon layer
with a predetermined target value and determine whether
or not the thickness of the silicon layer has reached the
target value. When the thickness of the silicon layer has
reached the target value, the second processor 15B judg-
es that polishing of the silicon layer has reached its end
point and sends a polishing end point detection signal to
an operation controller 16 of a polishing apparatus (CMP
apparatus). Upon receiving the polishing end point de-
tection signal, the operation controller 16 terminates the
wafer polishing operation. In this embodiment, the first
processor 15A and the second processor 15B constitute
a polishing monitoring unit. The first processor 15A and
the second processor 15B may be unified into one proc-
essor.
[0023] Hereinafter, the first processor 15A will be de-
scribed in more detail. FIG. 4 is a diagram showing spec-
tral waveform created by the first processor 15A. In FIG.
4, horizontal axis represents wavelength of the infrared
ray reflected from the wafer, and vertical axis represents
relative reflectance derived from the intensity of the in-
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frared ray. The relative reflectance is an index that rep-
resents the reflection intensity of the infrared ray. More
specifically, the relative reflectance is a ratio of the inten-
sity of the infrared ray to a predetermined corresponding
reference intensity. By dividing intensities of the infrared
ray (i.e., the actually measured intensity) at the respec-
tive wavelengths by predetermined reference intensities,
unwanted noise, such as a variation in the intensity in-
herent in an optical system or light source of the appa-
ratus, are removed from the actually measured intensity.
As a result, the spectral waveform reflecting only the
thickness information of the silicon layer can be obtained.
[0024] The predetermined reference intensity may be
an intensity of the reflected infrared ray obtained when
a silicon wafer (bare wafer) with no film thereon is being
polished in the presence of water. In the actual polishing
process, a dark level (which is a background intensity
obtained under the condition that the light is cut off) is
subtracted from the actually measured intensity to deter-
mine a corrected actually measured intensity. Further,
the dark level is subtracted from the reference intensity
to determine a corrected reference intensity. Then the
relative reflectance is calculated by dividing the corrected
actually measured intensity by the corrected reference
intensity. That is, the relative reflectance R(λ) can be
calculated by using 

where λ is wavelength, E(λ) is the intensity of the infrared
ray reflected from the wafer, B(λ) is the reference inten-
sity, and D(λ) is the background intensity (i.e., dark level)
obtained under the condition that the wafer does not exist.
[0025] The first processor 15A performs the fast Fou-
rier transform (or Fourier transform) process on the ob-
tained spectral waveform to analyze the spectral wave-
form. More specifically, the first processor 15A extracts
frequency components and strengths thereof from the
spectral waveform, converts the frequency components
obtained into thicknesses of the silicon layer using a pre-
determined relational expression, and produces a fre-
quency spectrum that represents relationship between
the thickness of the silicon layer and the strength of the
frequency component. The above-mentioned predeter-
mined relational expression is a linear function represent-
ing the thickness of the silicon layer and having the fre-
quency component as variable. This linear function can
be obtained from actual measurement results or the like.
[0026] FIG. 5 is a diagram showing the frequency spec-
trum produced by the first processor 15A. In FIG. 5, ver-
tical axis represents strength of the frequency component
contained in the spectral waveform, and horizontal axis
represents thickness of the silicon layer. As can be seen
from FIG. 5, the strength reaches its maximum at the

thickness of t1. That is, this frequency spectrum indicates
that the thickness of the silicon layer is t1. In this manner,
the thickness of the silicon layer is determined from a
peak of the frequency spectrum.
[0027] It is preferable to measure the thickness of the
silicon layer several times while the polishing table 20 is
making one revolution. One measuring time depends on
an exposure time of the wafer W, i.e., a time during which
the wafer W is exposed to the infrared ray. Therefore,
the number of measuring operations conducted while the
polishing table 20 is making one revolution is determined
from the exposure time, the rotational speed of the pol-
ishing table 20, and the rotational speed of the top ring.
FIG. 6 is a diagram showing an example in which the
measuring operation is performed five times while the
polishing table 20 is making one revolution under the
condition that the rotational speed of the polishing table
20 and the rotational speed of the top ring are approxi-
mately the same. As shown in FIG. 6, tips of the irradiator
11 and the optical receiver 12 pass through the center
of the wafer W when sweeping the wafer W. During the
sweep across the wafer W, five measuring operations
are performed. Therefore, each time the polishing table
20 makes one revolution, five measured values, each
representing the thickness of the silicon layer, are ob-
tained. These measured values are sent from the first
processor 15A to the second processor 15B, which de-
termines the polishing end point based on the measured
values of the thickness of the silicon layer.
[0028] As discussed above, several measured values
are obtained during one revolution of the polishing table
20. However, some of the measured values may not rep-
resent the thickness of the silicon layer accurately. Pos-
sible causes of such unreliable measured values include
relatively large steps existing on the surface of the silicon
layer which are measured together with other regions
through one measuring operation and lack of a quantity
of infrared ray reflected from the wafer due to some rea-
sons.
[0029] FIG. 7 is a table showing measurement data
obtained when polishing a wafer having backside illumi-
nation (BSI) image sensor formed thereon. Typically, in
the fabrication process of the backside illumination image
sensor, a silicon layer having a thickness of less than
about 10 mm is polished. As can be seen from FIG. 7,
each time the polishing table 20 makes one revolution,
five measured values each indicating the silicon layer
thickness and five values each indicating the strength of
the frequency component corresponding respectively to
these measured values are obtained.
[0030] However, the measured value with a low
strength tends to differ greatly from other measured val-
ues. In other words, the measured value with a low
strength of the frequency component does not represent
the actual thickness of the silicon layer accurately. Thus,
the measured value with a lower strength of the frequency
component than a predetermined threshold value is re-
moved from measurement data, so that the second proc-
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essor 15B obtains monitoring data that contains only re-
liable measured values. Symbol s shown in FIG. 7 rep-
resents measured value with the strength equal to or
more than the predetermined threshold value, and sym-
bol 3 represents measured value with the strength lower
than the predetermined threshold value. In FIG. 7, the
monitoring data consists of the measured values with the
symbol s.
[0031] Every time the measured value is obtained, the
strength of the frequency component corresponding to
that measured value obtained is compared with the
threshold value. If the strength is equal to or higher than
the threshold value, the measured value (i.e., the meas-
ured value with the symbol of s) is identified as reliable
measured value by the second processor 15B. This re-
liable measured value is added to the monitoring data
and is used in monitoring of the thickness of the silicon
layer. If the strength is lower than the threshold value,
the measured value (i.e., the measured value with the
symbol 3) is not added to the monitoring data. As a result,
the monitoring data contains only the reliable measured
values.
[0032] FIG. 8 is a diagram showing spectral waveforms
obtained when polishing the wafer having the above-de-
scribed backside illumination (BSI) image sensor formed
thereon. FIG. 8 shows two spectral waveforms s1, s2
that are obtained in different regions on the wafer while
the polishing table 20 is making one revolution. As can
be seen from FIG. 8, the spectral waveform s1 contains
relatively clear sine wave, while the other spectral wave-
form s2 does not contain clear sine wave. This is probably
due to the steps formed on the surface of the silicon layer
or lack of the quantity of the reflected infrared ray, as
described above.
[0033] FIG. 9 is a diagram showing frequency spectra
created from the spectral waveforms shown in FIG. 8. In
FIG. 9, vertical axis represents the strength of the fre-
quency component contained in the spectral waveform,
and horizontal axis represents thickness of the silicon
layer converted from the frequency component. The
strength of the frequency component represents a size
of the sine wave forming the spectral waveform, and is
approximately proportional to an amplitude of the sine
wave. A frequency spectrum f1 shown in FIG. 9 corre-
sponds to the spectral waveform s1 shown in FIG. 8, and
a frequency spectrum f2 shown in FIG. 9 corresponds to
the spectral waveform s2 shown in FIG. 8.
[0034] As can be seen from FIG. 9, the frequency spec-
trum f1 has a peak indicating that the silicon layer has a
thickness of 3.5 mm. That is, the frequency spectrum f1
indicates that the silicon layer has a thickness of 3.5 mm.
The frequency spectrum f2 has a peak indicating that the
silicon layer has a thickness of 1 mm. Therefore, the
measured value of the thickness of the silicon layer ob-
tained from the frequency spectrum f2 is 1 mm. However,
this measured value of 1 mm is greatly different from the
measured value of 3.5 mm obtained from the frequency
spectrum f1.

[0035] As can be seen from FIG. 8 and FIG. 9, when
the spectral waveform shows clear sine wave, the fre-
quency spectrum has a peak indicating a high strength.
The spectral waveform showing the clear sine wave is
considered to mean the fact that the infrared rays shown
in FIG. 2 interfere with each other without being affected
by a variation in the thickness of the silicon layer. There-
fore, it can be said that such spectral waveform contains
accurate information of the thickness of the silicon layer.
Thus, the second processor 15B removes inaccurate
measured values from the measurement data based on
the strength indicated by the peak of the frequency spec-
trum to produce the monitoring data containing only ac-
curate measured values. More specifically, the second
processor 15B selects the measured values with the
strength equal to or higher than the predetermined
threshold value and adds only the selected measured
values to the monitoring data.
[0036] The threshold value can be determined as fol-
lows. One wafer is polished, so that the measurement
data is obtained. A provisional threshold value is set for
the measurement data obtained. For example, if a total
number of measured values whose strength is not more
than the provisional threshold value is equal to or less
than 20% of the measurement data, the provisional
threshold value is used as the above-mentioned thresh-
old value.
[0037] In the example shown in FIG. 9, the threshold
value is set to 1.2, while the strength indicated by the
peak of the frequency spectrum f1 is about 1.8. There-
fore, the measured value of 3.5 mm, which is obtained
from the peak of the frequency spectrum f1, is determined
to be a reliable measured value and is used as the mon-
itoring data. On the contrary, the frequency spectrum f2
has its peak indicating the strength of about 0.9. There-
fore, the measured value of 1 mm, which is obtained from
the frequency spectrum f2, is not used as the monitoring
data. In this manner, the measured values are sorted into
reliable ones and unreliable ones based on the corre-
sponding strength of the frequency component.
[0038] In the above example, the threshold value is a
preset fixed value. Instead, the threshold value may be
changed based on a plurality of measured values con-
tained in the monitoring data that have been obtained
previously. For example, an average of the strengths of
the multiple frequency components corresponding to the
latest multiple measured values may be calculated, and
a predetermined percentage of the average obtained
may be used as the threshold value. For example, 80%
of the average obtained may be determined to be the
threshold value. The previously obtained measured val-
ues include measured values that have been obtained
previously in the current polishing process of the wafer,
measured values that have been obtained when a fore-
going wafer was being polished, and measured values
that have been obtained previously in another polishing
apparatus.
[0039] The second processor 15B receives the meas-
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urement data from the first processor 15A and produces
the above-described monitoring data from the measure-
ment data. As discussed above, the monitoring data con-
tains only the reliable measured values. The second
processor 15B monitors the measured values contained
in the monitoring data and determines the polishing end
point from a point of time when the measured value has
reached a predetermined target value. In order to deter-
mine the polishing end point more accurately, it is pref-
erable to calculate moving average of the reliable meas-
ured values obtained. In this case, a point of time when
the moving average has reached the predetermined tar-
get value is determined to be the polishing end point.
Further, in order to determine the polishing end point
more accurately, it is preferable to obtain average of the
reliable measured values that are obtained while the pol-
ishing table 20 makes one revolution. Further, it is pref-
erable to obtain moving average of the average obtained.
[0040] FIG. 10 is a diagram showing relationship be-
tween thickness of the silicon layer and polishing time.
In FIG. 10, graph a shows a temporal change in the av-
erage of the multiple measured values obtained while
the polishing table 20 is making one revolution, and graph
b shows a temporal change in the moving average of the
above-mentioned average. The moving average is an
average of the latest averages (e.g., the latest three av-
erages). The polishing end point is a point of time when
the average (the graph a) or the moving average (the
graph b) of the measured values has reached the preset
target value. The second processor 15B determines the
polishing end point of the wafer (i.e., the polishing end
point of the silicon layer) from the point of time when the
average (the graph a) or the moving average (the graph
b) of the measured values has reached the preset target
value. As can be seen from FIG. 10, the graph b is
smoother than the graph a. Therefore, in order to detect
a more accurate polishing end point, it is preferable to
calculate the moving average as shown by the graph b
and monitor the moving average obtained.
[0041] FIG. 11 is a diagram showing polishing profiles
before and after polishing of the wafer. Vertical axis rep-
resents the thickness of the silicon layer, and horizontal
axis represents radial position on the wafer. As shown in
FIG. 11, the variation in the measured value at the central
region of the wafer is relatively small. In other words, the
measured values obtained in the central region of the
wafer are reliable ones. Therefore, it is preferable to de-
termine the polishing end point by using only the meas-
ured values obtained in the central region of the wafer.
However, the present invention is not limited to this ex-
ample. The measured values obtained in regions other
than the central region of the wafer can also be used.
For example, it is possible to determine the polishing end
point using only the measured values obtained in a pe-
ripheral region of the wafer. Further, it is also possible to
use the measured values obtained in preselected regions
(e.g., the central region and the peripheral region of the
wafer shown in FIG. 6).

[0042] While the measured values are sorted into re-
liable ones and unreliable ones based on the strength of
the frequency component in the example shown in FIG.
7 and FIG. 9, the measured values may be sorted based
on the measured values themselves. Specifically, if the
measured value obtained is within a predetermined
range, that measured value is identified as the reliable
measured value. For example, in a case where the thick-
ness of the silicon layer is known (e.g., in the range of
about 3 mm to 4 mm), if the measured value obtained is
in the range of 2.0 mm to 4.0 mm (shown by hatching in
FIG. 12), that measured value can be determined to be
a reliable one. On the contrary, if the measured value
obtained is outside the range of 2.0 mm to 4.0 mm, that
measured value can be determined to be an unreliable
one. In this manner, when the thickness of the silicon
layer to be polished is known, the range of the known
thickness can be used as a criterion for judging the reli-
ability of the measured value.
[0043] Further, it is also possible to use both of the
predetermined threshold value with respect to the
strength of the frequency component and the predeter-
mined range with respect to the thickness of the silicon
layer so as to sort the measured values obtained. FIG.
13 is a diagram showing an example of using the prede-
termined threshold value with respect to the strength of
the frequency component and the predetermined range
with respect to the thickness of the silicon layer as criteria
for sorting the measured values. In this example, the
threshold value with respect to the strength of the fre-
quency component is 1 and the predetermined range with
respect to the thickness of the silicon layer is from 2.0
mm to 4.0 mm. If the strength of the frequency component
is equal to or higher than 1 and the thickness of the silicon
layer is within the range of 2.0 mm to 4.0 mm (i.e., if the
peak of the frequency spectrum lies in a mesh region
shown in FIG. 13), then the measured value is deter-
mined to be reliable by the second processor 15B and is
added to the monitoring data. On the contrary, if the peak
of the frequency spectrum is out of the mesh region
shown in FIG. 13, then the measured value is determined
to be unreliable and is not added to the monitoring data.
[0044] The two spectral waveforms shown in FIG. 8
are inclined with right upward gradient in their entirety.
Such inclination of the spectral waveform in its entirety
appears as noise on the frequency spectrum, which pre-
vents accurate measurement of the thickness of the sil-
icon layer. Thus, in order to obtain the frequency spec-
trum with no noise, it is preferable to perform a noise
removing process which includes the steps of: preparing
a reference silicon wafer (bare silicon wafer); irradiating
the reference silicon wafer with the infrared ray; calcu-
lating the relative reflectance at respective wavelengths
of the infrared ray reflected from the reference silicon
wafer to obtain a reference spectral waveform; perform-
ing the fast Fourier transform process on the reference
spectral waveform to obtain a reference frequency spec-
trum in advance; and dividing the frequency spectrum
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obtained when polishing the wafer W as shown in FIG.
9 by the reference frequency spectrum to thereby obtain
a frequency spectrum with no noise. More specifically,
the frequency spectrum obtained during polishing is cor-
rected by dividing the strengths of the frequency compo-
nent at the respective thicknesses of the silicon layer on
the currently-obtained frequency spectrum by the corre-
sponding strengths of the frequency component on the
reference frequency spectrum. It is preferable to deter-
mine the thickness of the silicon layer and the corre-
sponding strength of the frequency component based on
the corrected frequency spectrum.
[0045] FIG. 14 is a diagram showing the spectral wave-
forms obtained when polishing the silicon layer in the
fabrication process of through-silicon via (TSV), and FIG.
15 is a diagram showing the frequency spectra created
from the spectral waveforms shown in FIG. 14. The spec-
tral waveforms s3, s4, and s5 in FIG. 14 correspond to
the frequency spectra f3, f4, and f5 in FIG. 15, respec-
tively. The spectral waveforms shown in FIG. 14 and the
frequency spectra shown in FIG. 15 are produced in the
same ways as the spectral waveform shown in FIG. 4
and the frequency spectrum shown in FIG. 5. Therefore,
repetitive explanations are omitted.
[0046] In the fabrication process of through-silicon via
(TSV), the thickness of the silicon layer to be polished is
in the range of about 20 mm to 50 mm. In this case also,
the predetermined threshold value of the strength of the
frequency component and/or the predetermined range
of the thickness of the silicon layer may be used as the
criterion of sorting the measured values. The polishing
end point detection technique according to the present
invention can be applied to both the BSI process including
the polishing process of the silicon layer having a thick-
ness of less than 10 mm and the TSV process including
the polishing process of the silicon layer having a thick-
ness in the range of about 20 mm to 50 mm.
[0047] The irradiator 11 is configured to switch the
quantity of the infrared ray emitted from the irradiator 11.
It is preferable to change the quantity of the infrared ray
in accordance with conditions of the silicon layer to be
polished. The conditions of the silicon layer include the
thickness of the silicon layer, a flatness of the surface of
the silicon layer (i.e., uniformity of surface flatness), a
thickness and a material of a film lying under the silicon
layer, and a density of interconnect patterns lying under
the silicon layer. For example, when polishing a thin sil-
icon layer as in the BSI process, it is preferable to reduce
the quantity of the infrared ray emitted from the irradiator
11, and when polishing a thick silicon layer as in the TSV
process, it is preferable to increase the quantity of the
infrared ray.
[0048] Next, an example of a method of determining
the threshold value will be described. FIG. 16 is a histo-
gram showing frequency distribution of the strength of
the frequency component. In FIG. 16, vertical axis rep-
resents frequency of appearance of the strength of the
frequency component, and horizontal axis represents the

strength of the frequency component. The histogram in
FIG. 16 shows the strengths of the frequency component
corresponding to 25 measured values. These 25 meas-
ured values are those obtained in five regions on the
wafer (see FIG. 6) during five revolutions of the polishing
table. Therefore, a sum total of the frequency of appear-
ance is 25.
[0049] The frequency distribution of the strength of the
frequency component varies depending on characteris-
tics of the wafer to be polished. The example in FIG. 16
shows a tendency that the strengths of the frequency
component are polarized into two groups: a reliable group
and an unreliable group. In this case, an intermediate
value (i.e., an average) between weighted averages of
the respective two groups is used as the above-described
threshold value. In the example shown in FIG. 16, the
weighted average of the strengths of the frequency com-
ponent belonging to the reliable group is about 0.4, while
the weighted average of the strengths of the frequency
component belonging to the unreliable group is about
1.6. The intermediate value of these two weighted aver-
ages is 1.0 (= (0.4+1.6) / 2). Therefore, in this example,
the threshold value of the strength of the frequency com-
ponent is 1.0. If the strengths of the frequency component
are not polarized, a weighted average of the whole
strengths of the frequency component shown in the fre-
quency distribution (histogram) is used as the threshold
value. In this manner, stable sorting of the measured val-
ues based on the reliability can be achieved by determin-
ing the threshold value based on the weighted average
calculated from the frequency distribution showing the
strengths of the frequency component that have been
obtained previously.
[0050] Next, another example of the method of deter-
mining the threshold value will be described. FIG. 17 is
a diagram showing cumulative frequency polygon graph
created from the histogram shown in FIG. 16. Vertical
axis represents cumulative value (expressed as percent-
age) of frequency of appearance of the strength of the
frequency component. A value of 100% corresponds to
25 which is a total number of measured values. Accord-
ingly, percentage per one measured value is 4% (=100%
/ 25). Since there is one measured value with the strength
of 0.2, the frequency of appearance of that measured
value is 4%. Since there are three measured values with
the strength of 0.3, the frequency of appearance of that
measured value is 12% (=4%33). Since the vertical axis
in FIG. 17 represents the cumulative value of the fre-
quency of appearance, the cumulative value at the
strength of 0.3 is 4+12=16%. That is, the cumulative fre-
quency polygon graph is a graph representing a ratio of
the cumulative value of the frequency of appearance to
the total number of the measured values.
[0051] The threshold value is determined from the ratio
of the reliable measured values to the measured values
obtained previously. For example, in a case where the
ratio of the unreliable measured values to all of the meas-
ured values is known to be about 20% and where 20%
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of the total number of measured values is permitted to
be discarded, the threshold value is determined to be 0.4
because the value of 20% on the vertical axis corre-
sponds to the strength of 0.4 on the horizontal axis. In
this case, the polishing end point is detected using 80%
of all of the measured values.
[0052] Both of the above-described frequency distri-
bution and the cumulative frequency polygon graph may
be used to determine the threshold value. For example,
an average of the threshold value determined from the
frequency distribution and the threshold value deter-
mined from the cumulative frequency polygon graph may
be used as the threshold value for sorting the measured
values. In the above-described methods of determining
the threshold value, the measurement data that has been
obtained previously is used. Examples of the previously-
obtained measurement data include measured values
that have been obtained previously in the current polish-
ing process of the wafer, measured values that have been
obtained when a foregoing wafer was being polished,
and measured values that have been obtained previously
in another polishing apparatus.
[0053] The method of determining the threshold value
discussed with reference to FIG. 16 and FIG. 17 is based
on a threshold-value determining method used in a bi-
narization process in an image-processing field. For ex-
ample, the method shown in FIG. 17 is Percentile meth-
od. It is also possible to use other threshold-value deter-
mining method in the image-processing field, such as a
discriminate analysis method using separation metrics
(this method is also referred to as Otsu’s method).
[0054] FIG. 18 is a diagram for illustrating another
method of discriminating between the reliable measured
values and the unreliable measured values. FIG. 18
shows two frequency spectra f6 and f7 whose peaks in-
dicate relatively high strengths. In this example, if the
threshold value is set to 0.065, the measured values of
the silicon layer thickness obtained from the frequency
spectra f6 and f7 are both determined to be reliable. How-
ever, the frequency spectrum f7 has an obscure peak
shape, compared with that of the frequency spectrum f6.
Generally, the frequency spectrum having a clear peak
shape tends to indicate a reliable measured value, while
the frequency spectrum having an obscure peak shape
tends to indicate an unreliable measured value.
[0055] Thus, in this method, instead of the strength at
the peak of the frequency spectrum, a strength of the
frequency component at a predetermined observation
thickness is used to determine the reliability of the meas-
ured value. Specifically, if the strength of the frequency
component at the predetermined observation thickness
is lower than the threshold value, the measured value of
the silicon layer thickness indicated by the peak of the
frequency spectrum is determined to be reliable. On the
contrary, if the strength of the frequency component at
the predetermined observation thickness is equal to or
higher than the threshold value, the measured value of
the silicon layer thickness indicated by the peak of the

frequency spectrum is determined to be unreliable.
[0056] In the example shown in FIG. 18, the predeter-
mined observation thickness is set to 2 mm, and the
threshold value is set to 0.065. In the frequency spectrum
f6, a strength a1 of the frequency component at the ob-
servation thickness of 2 mm is lower than the threshold
value 0.065. Therefore, the measured value obtained
from the frequency spectrum f6 is determined to be reli-
able. On the contrary, in the frequency spectrum f7, a
strength b1 of the frequency component at the observa-
tion thickness of 2 mm is higher than the threshold value
0.065. Therefore, the measured value obtained from the
frequency spectrum f7 is determined to be unreliable.
Plural observation thicknesses may be set. In this case,
the strength at each observation thickness is compared
with the above threshold value, and the reliability of the
measured value is determined in the same manner as
described above.
[0057] In this method, the reliability of the measured
value may be determined based on the strength of the
frequency component at the predetermined observation
thickness, in addition to the strength at the peak of the
frequency spectrum. Specifically, if the strength indicated
by the peak of the frequency spectrum is higher than the
predetermined threshold value and if the strength of the
frequency component at the predetermined observation
thickness is lower than the predetermined threshold val-
ue, the measured value of the silicon layer thickness in-
dicated by the peak of the frequency spectrum is deter-
mined to be reliable. On the contrary, if the strength in-
dicated by the peak of the frequency spectrum is equal
to or lower than the predetermined threshold value and/or
if the strength of the frequency component at the prede-
termined observation thickness is equal to or higher than
the predetermined threshold value, the measured value
of the silicon layer thickness indicated by the peak of the
frequency spectrum is determined to be unreliable. In
this manner, the reliability determination using the
strength at the peak and the reliability determination us-
ing the strength at the predetermined observation thick-
ness may be combined so as to realize more accurate
sorting of the measured values.
[0058] FIG. 19 is a diagram for illustrating modified ex-
ample of the discrimination method shown in FIG. 18. In
this method, a difference (absolute value) between the
strength at the peak of the frequency spectrum and the
strength at the predetermined observation thickness is
compared with a predetermined set value. If the differ-
ence is larger than the set value, the measured value of
the silicon layer thickness determined from the peak of
the frequency spectrum is determined to be reliable. On
the contrary, if the difference is equal to or smaller than
the set value, the measured value of the silicon layer
thickness determined from the peak of the frequency
spectrum is determined to be unreliable.
[0059] In the example shown in FIG. 19, the set value
of the above-described difference is 0.005. The differ-
ence a2 between the strength at the peak of the frequen-
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cy spectrum f6 and the strength at the observation thick-
ness of 2 mm is larger than the predetermined set value
of 0.005. Therefore, the measured value of the silicon
layer thickness determined from the peak of the frequen-
cy spectrum f6 is determined to be reliable. On the con-
trary, the difference b2 between the strength at the peak
of the frequency spectrum f7 and the strength at the ob-
servation thickness of 2 mm is smaller than the predeter-
mined set value of 0.005. Therefore, the measured value
of the silicon layer thickness determined from the peak
of the frequency spectrum f7 is determined to be unreli-
able. In this example also, plural observation thicknesses
may be set.
[0060] In this method also, it is possible to combine the
determination of the reliability based on the strength at
the peak of the frequency spectrum and the determina-
tion of the reliability based on the above-described dif-
ference. Specifically, if the strength indicated by the peak
of the frequency spectrum is higher than the predeter-
mined threshold value and if the above-described differ-
ence is larger than the predetermined set value, the
measured value of the silicon layer thickness indicated
by the peak of the frequency spectrum is determined to
be reliable. On the contrary, if the strength indicated by
the peak of the frequency spectrum is equal to or lower
than the predetermined threshold value and/or if the
above-described difference is equal to or smaller than
the predetermined set value, the measured value of the
silicon layer thickness indicated by the peak of the fre-
quency spectrum is determined to be unreliable.
[0061] While the above methods discussed with refer-
ence to FIG. 16 through FIG. 19 are applied to measure-
ment of the silicon layer thickness using the infrared ray,
these methods can also be applied to measurement of
a film (e.g., a dielectric film such as SiO2) on a substrate
using visible light.
[0062] FIG. 20 is a cross-sectional view schematically
showing a polishing apparatus that can perform the
above-discussed polishing end point detection methods.
The polishing apparatus includes the polishing table 20
for supporting the polishing pad 22 thereon, a top ring 24
configured to hold the wafer W and press the wafer W
against the polishing pad 22, and a polishing liquid supply
unit 25 configured to supply a polishing liquid (slurry) onto
the polishing pad 22. The polishing table 20 is coupled
to a motor (not shown in the drawing) provided below the
polishing table 20, so that the polishing table 20 can rotate
about its own axis. The polishing pad 22 is secured to an
upper surface of the polishing table 20.
[0063] The polishing pad 22 has an upper surface 22a,
which provides a polishing surface for polishing the wafer
W. The top ring 24 is coupled to a motor and an elevating
cylinder (not shown in the drawing) through a top ring
shaft 28. With these configurations, the top ring 24 can
move in the vertical direction and can rotate about the
top ring shaft 28. The top ring 24 has a lower surface
which is configured to hold the wafer W by vacuum suc-
tion or the like.

[0064] The wafer W, held on the lower surface of the
top ring 24, is rotated by the top ring 24, and is pressed
by the top ring 24 against the polishing surface 22a of
the polishing pad 22 on the rotating polishing table 20.
Simultaneously, the polishing liquid is supplied onto the
polishing surface 22a of the polishing pad 22 from the
polishing liquid supply unit 25. The surface of the wafer
W is polished in the presence of the polishing liquid be-
tween the surface of the wafer W and the polishing pad
22. A relative movement mechanism for providing sliding
contact between the wafer W and the polishing pad 22
is constructed by the polishing table 20 and the top ring
24.
[0065] The polishing table 20 has a first hole 30A and
a second hole 30B each having an upper open end lying
in the upper surface of the polishing table 20. The pol-
ishing pad 22 has a through-hole 31 at a position corre-
sponding to the holes 30A and 30B. The holes 30A and
30B are in fluid communication with the through-hole 31,
which has an upper open end lying in the polishing sur-
face 22a. The first hole 30A is coupled to a liquid supply
source 35 via a liquid supply passage 33 and a rotary
joint 32. The second hole 30B is coupled to a liquid dis-
charge passage 34.
[0066] During polishing of the wafer W, the liquid sup-
ply source 35 supplies water (preferably pure water) as
a transparent liquid into the first hole 30A. The water fills
a space formed between the lower surface of the wafer
W and tip ends of optical fibers 12 and 41. The water
further flows into the second hole 30B and is expelled
through the liquid discharge passage 34. The polishing
liquid is discharged together with the water and thus a
path of light is secured. The liquid supply passage 33 is
provided with a valve (not shown in the drawing) config-
ured to operate in conjunction with the rotation of the
polishing table 20. The valve operates so as to stop the
flow of the water or reduce the flow of the water when
the wafer W is not located over the through-hole 31. In
this embodiment, the liquid supply source 35 and the
liquid supply passage 33 serve as a water supply mech-
anism.
[0067] The polishing apparatus has a polishing moni-
toring unit for monitoring the progress of the polishing
process and detecting the polishing end point according
to the above-discussed method. This polishing monitor-
ing unit includes: the irradiator 11 for irradiating the sur-
face, to be polished, of the wafer W with the infrared ray;
the optical fiber 12 as the optical receiver for receiving
the infrared ray reflected from the wafer W; the spectro-
scope 13 configured to resolve the reflected infrared ray
according to the wavelength and measure the intensity
of the reflected infrared ray over a predetermined wave-
length range; the first processor 15A configured to de-
termine the thickness of the silicon layer from the infrared-
ray intensity data obtained by the spectroscope 13; and
the second processor 15B configured to monitor the
thickness of the silicon layer obtained from the first proc-
essor 15A and determine the polishing end point of the
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wafer W (i.e., the polishing end point of the silicon layer).
The first processor 15A and the second processor 15B
may be provided as one processor.
[0068] The irradiator 11 includes a light source 40 and
the optical fiber 41 coupled to the light source 40. The
optical fiber 41 is an optical transmission element for di-
recting the infrared ray, emitted from the light source 40,
to the surface of the wafer W. The tip ends of the optical
fiber 41 and the optical fiber 12 are arranged in the first
hole 30A and are located near the surface, to be polished,
of the wafer W. The tip ends of the optical fiber 41 and
the optical fiber 12 are arranged so as to face the center
of the wafer W held by the top ring 24, so that multiple
regions, including the center of the wafer W, are irradiated
with the infrared ray each time the polishing table 20
makes one revolution as shown in FIG. 3 and FIG. 6. The
infrared ray in the range of 800 nm to 900 nm can travel
through the water relatively easily. Therefore, it is pref-
erable to use near infrared ray.
[0069] A light emitting diode (LED) can be used as the
light source 40. The infrared ray to be emitted from the
light source 40 is preferably the near infrared ray having
the wavelength in the range of 920 nm to 980 nm. Since
the near infrared ray in this wavelength range is hardly
absorbed into the water as compared with infrared ray
having longer wavelength, more precise measurement
can be realized. The optical fiber 41 and the optical fiber
12 are arranged in parallel with each other. The tip ends
of the optical fiber 41 and the optical fiber 12 are approx-
imately perpendicular to the surface of the wafer W, so
that the optical fiber 41 directs the infrared ray to the
surface of the wafer W perpendicularly.
[0070] During polishing of the wafer W, the irradiator
11 irradiates the wafer W with the infrared ray, and the
optical fiber 12 receives the infrared ray reflected from
the wafer W. During the irradiation, the water is supplied
into the holes 30A and 30B and the through-hole 31 to
fill the space between the surface of the wafer W and the
tip ends of the optical fibers 41 and 12. The spectroscope
13 measures the intensity of the reflected infrared ray
over the predetermined wavelength range and sends the
infrared-ray intensity data to the first processor 15A,
which performs the FFT (fast Fourier transform) process
on the spectral waveform as described above to deter-
mine the thickness of the silicon layer. The second proc-
essor 15B determines the polishing end point based on
the thickness of the silicon layer obtained from the first
processor 15A.
[0071] FIG. 21 is a cross-sectional view showing a
modified example of the polishing apparatus shown in
FIG. 20. In the example shown in FIG. 21, the liquid sup-
ply passage, the liquid discharge passage, and the liquid
supply source are not provided. Instead, a transparent
window 45 is provided in the polishing pad 22. The optical
fiber 41 of the irradiator 11 directs the infrared ray to the
surface of the wafer W on the polishing pad 22 through
the transparent window 45, and the optical fiber 12 as
the optical receiver receives the infrared ray reflected

from the wafer W through the transparent window 45.
The other structures are the same as those of the pol-
ishing apparatus shown in FIG. 20.
[0072] The above-described silicon layer may be a sil-
icon substrate itself. The present invention is applicable
to polishing (or grinding) of the silicon substrate itself.
For example, the present invention can be applied to a
process of grinding a back-side surface of the silicon sub-
strate. An apparatus for polishing (or grinding) the silicon
substrate uses a bonded abrasive (or grinding stone) as
the polishing tool, instead of the polishing pad 22.
[0073] The previous description of embodiments is
provided to enable a person skilled in the art to make and
use the present invention. Moreover, various modifica-
tions to these embodiments will be readily apparent to
those skilled in the art, and the generic principles and
specific examples defined herein may be applied to other
embodiments. Therefore, the present invention is not in-
tended to be limited to the embodiments described herein
but is to be accorded the widest scope as defined by
limitation of the claims and equivalents.

Claims

1. A method of polishing a substrate having a silicon
layer, said method comprising:

polishing the substrate by pressing the substrate
against a polishing tool on a rotating polishing
table;
irradiating the substrate with infrared ray when
polishing the substrate,
receiving the infrared ray reflected from the sub-
strate;
measuring intensity of the reflected infrared ray
at respective wavelengths;
calculating relative reflectance by dividing the
measured intensity of the infrared ray by prede-
termined reference intensity;
producing spectral waveform representing rela-
tionship between the relative reflectance and
wavelength of the infrared ray;
performing a Fourier transform process on the
spectral waveform to determine a thickness of
the silicon layer and a corresponding strength
of frequency component; and
determining a polishing end point of the sub-
strate based on a point of time when the deter-
mined thickness of the silicon layer has reached
a predetermined target value.

2. The method according to claim 1, further comprising:

identifying the determined thickness of the sili-
con layer as a reliable measured value if the
determined strength of the frequency compo-
nent is higher than a predetermined threshold
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value and/or the determined thickness of the sil-
icon layer is within a predetermined range,
wherein said determining of the polishing end
point of the substrate comprises determining a
polishing end point of the substrate based on a
point of time when the reliable measured value
has reached the predetermined target value.

3. The method according to claim 2, further comprising:

repeating the steps from said irradiating of the
substrate with the infrared ray to identifying of
the reliable measured value several times to ob-
tain a plurality of reliable measured values; and
calculating an average of the plurality of reliable
measured values,
wherein said determining of the polishing end
point of the substrate comprises determining a
polishing end point of the substrate based on a
point of time when the average has reached the
predetermined target value.

4. The method according to claim 3, further comprising:

calculating a moving average of the average,
wherein said determining of the polishing end
point of the substrate comprises determining a
polishing end point of the substrate based on a
point of time when the moving average has
reached the predetermined target value.

5. The method according to claim 2, further comprising:

repeating the steps from said irradiating of the
substrate with the infrared ray to identifying the
reliable measured value several times to obtain
a plurality of reliable measured values; and
calculating a moving average of the plurality of
reliable measured values,
wherein said determining of the polishing end
point of the substrate comprises determining a
polishing end point of the substrate based on a
point of time when the moving average has
reached the predetermined target value.

6. The method according to claim 2, wherein:

said irradiating of the substrate comprises irra-
diating a central region of the substrate with in-
frared ray when polishing the substrate; and
the reliable measured value is a measured value
of the thickness of the silicon layer in the central
region of the substrate.

7. The method according to claim 2, wherein:

said irradiating of the substrate comprises irra-
diating a plurality of regions of the substrate with

infrared ray when polishing the substrate; and
the reliable measured value is a measured value
of the thickness of the silicon layer in at least
one region preselected from the plurality of re-
gions of the substrate.

8. The method according to claim 2, wherein said pre-
determined threshold value varies based on a plu-
rality of reliable measured values that have been ob-
tained previously.

9. The method according to claim 1, wherein said per-
forming a Fourier transform process on the spectral
waveform to determine a thickness of the silicon lay-
er and a corresponding strength of frequency com-
ponent includes:

performing a Fourier transform process on the
spectral waveform to obtain a frequency spec-
trum representing relationship between thick-
ness of the silicon layer and strength of the fre-
quency component;
irradiating a reference silicon wafer with infrared
ray and calculating relative reflectance of the in-
frared ray reflected from the reference silicon
wafer at respective wavelengths to thereby ob-
tain a reference spectral waveform;
performing a Fourier transform process on the
reference spectral waveform to obtain a refer-
ence frequency spectrum;
dividing the strength of the frequency compo-
nent at each silicon layer thickness on the fre-
quency spectrum by corresponding strength of
frequency component on the reference frequen-
cy spectrum to thereby correct the frequency
spectrum; and
determining the thickness of the silicon layer and
the corresponding strength of the frequency
component from the corrected frequency spec-
trum.

10. The method according to claim 1, wherein a quantity
of the infrared ray directed to the substrate is
changed according a condition of the silicon layer to
be polished.

11. The method according to claim 1, wherein the silicon
layer is a silicon layer forming a light receiving sur-
face of a backside illumination image sensor.

12. The method according to claim 1, wherein the silicon
layer is a silicon layer of a through-silicon via.

13. The method according to claim 1, wherein the infra-
red ray is near infrared ray having wavelength in a
range of 800 nm to 1000 nm.

14. An apparatus for polishing a substrate having a sil-
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icon layer, said apparatus comprising:

a rotatable polishing table for supporting a pol-
ishing tool thereon;
a top ring configured to press the substrate
against the poling tool on said rotating polishing
table;
an irradiator configured to irradiate the substrate
with infrared ray when the substrate is held by
said top ring;
an optical receiver configured to receive the in-
frared ray reflected from the substrate;
a spectroscope configured to measure intensity
of the reflected infrared ray at respective wave-
lengths; and
a polishing monitoring unit configured to deter-
mine a thickness of the silicon layer from infra-
red-ray intensity data obtained by said spectro-
scope,
wherein said polishing monitoring unit config-
ured to
calculate relative reflectance by dividing the
measured intensity of the infrared ray by prede-
termined reference intensity,
produce spectral waveform representing rela-
tionship between the relative reflectance and
wavelength of the infrared ray,
perform a Fourier transform process on the
spectral waveform to determine a thickness of
the silicon layer and a corresponding strength
of frequency component, and
determine a polishing end point of the substrate
based on a point of time when the determined
thickness of the silicon layer has reached a pre-
determined target value.

15. The apparatus according to claim 14, wherein the
infrared ray is near infrared ray having wavelength
in a range of 800 nm to 1000 nm.

16. The apparatus according to claim 14, further com-
prising:

a water supply mechanism configured to supply
water into a space between the substrate
pressed against the polishing tool and tip ends
of said irradiator and said optical receiver.
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