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SUBSTRATE INSPECTION APPARATUS

The present invention relates to a apparatus for
inspecting substrates such as semiconductor wafers and
liquid crystal panels, more specifically to a substrate
inspection apparatus for automatically measuring stress
or composition of thin films prepared on a surface of
the substrate or wvarious patterned microfabricated
parts, and further, thickness or index of refraction of
the thin film.

In the semiconductor manufacturing process, the
quality control of a substrate such as a semiconductor
wafer 1s extremely important. Particularly, acqguiring
physical information such as thickness, index of
refraction, stress and composition of the thin film
prepared on the surface of the semiconductor wafer and
the like and controlling the above so as to be in an
appropriate state it is necessary to maintain a stable
performance of the semiconductor device and the
electronic circuit fabricated on the semiconductor
wafer.

A CMOS circuit is used to achieve high
performance large-scale integrated circuit (LSI) in a
sub-100 nm region in the semiconductor device, and high
performance, high-speed of CMOS circuit are essential
factors in manufacturing semiconductors. In order to
have the CMOS circuit of high performance and high-
speed, a method of shortening the gate length and a
method of increasing the carrier speed are proposed,
but if the circuit is miniaturized to shorten the gate
length, a short channel effect occurs and thus
miniaturization of the circuit has limitations.

Recently, for a technique of achieving high-

performance without greatly shortening the gate length,



a technigque of manufacturing semiconductor devices
using strained silicon with carrier mobility far
greater than the normal silicon 1is given attention.
This is a technigue of improving carrier mobility by
forming a silicon layer on a SiGe layer, of which the
lattice constant 1is larger than that of silicon, and
applying tensile strain on the silicon layer (thin
film) to modulate the silicon band structure. Further,
in order to improve the performance of the MOSFET while
suppressing the short channel effect, thin filming the
gate oxide film is performed but has limitations, and
thus the strained silicon technique 1s again given
attention as a means for providing MOSFET of high
performance without involving thin filming of the oxide
film.

In recent semiconductor wafer manufacturing
process, 1n particular, 1t 1s necessary to perform an
examination associated with thickness and stress
measurement of the thin film to improve quality
control/productivity. Raman spectroscopic technique 1is
conventionally known for the stress measurement of
semiconductor materials such as silicon. The stress
measurement using the Raman spectroscopic technique is
such in which the stress at the measurement point 1is
estimated from change of peak positions of the Raman
spectrum by wusing the fact that the Raman spectrum
shifts when stress acts on the single crystal silicon
and the like.

In Japanese Patent Application 8-5471, the
structure of a stress measurement method and the stress
measurement device for performing stress measurement
using Raman spectroscopy 1in the semiconductor device
manufacturing process is disclosed. It is contrived to

perform inspection on each part relating to stress in



the manufacturing process by means of the stress
measurement device disclosed in Japanese Patent
Application 8-5471 so as to improve quality control and
productivity.

However, since the stress measurement apparatus
disclosed 1in Japanese Patent Publication ©No. 8-5471
cannot sequentially and automatically measure the
surface of a plurality of wafers, the quality
evaluation cannot be sufficiently performed on all the
manufactured semiconductor wafers or the semiconductor
devices, and an accurate process control in the
manufacturing process of the wafer becomes difficult.
Further, although obtaining film thickness in addition
to stress at each microfabricated part, it is important
to find the correlation between stress and film
thickness 1in manufacturing the semiconductor wafer,
both stress and film thickness cannot be measured for
the wafer to be measured.

In addition, it is supposed that when embedding
a thick oxide film such as a trench configuration in
the semiconductor device, a particularly significant
Stress concentration 1is likely to occur near the
microfabricated part. Thus, if the thick oxide film is
formed at the microfabricated part in the sub-100 nm
region, stress produced at the interface of the thin
films becomes great and heat or stress 1is generated
even when stress similar to when forming a relatively
thin oxide film is acted, which may become the cause of
defects such as thermal migration or stress migration.
Therefore, finding the relationship between stress and
film thickness at the same microscopic region becomes
important in quality control of the wafer.

In developing future semiconductor wafers, in

particular, the strained silicon technique is likely to



be introduced and thus the strained silicon tends to be
formed in the semiconductor wafer. Therefore,
measuring various physical gquantities such as internal
stress and film thickness of the strained silicon, and
further, composition of SiGe layer serving as a base
layer, and analyzing the correlation between film
thickness and Stress are becoming increasingly
important, and adjusting the manufacturing process so
as to control the <conditions of stress and film
thickness to be optimum and manufacturing the
semiconductor wafer so as to manufacture an integrated
circuit of higher performance are extremely important.
In manufacturing the semiconductor wafer adopting the
strained silicon technigue, the inspection process of
all the manufactured wafers 1is considered necessary,
but a substrate inspection apparatus for simply and
easily performing stress measurement and film thickness
measurement does not exist.

In a laser anneal equipment disclosed in
Japanese Patent Application 9-213652, a Raman
spectroscopic photometer and an ellipsometer are
mounted to allow measurement of structure and index of
refraction of the crystalline silicon film immediately
after laser anneal, but since the measurement points of
the Raman/ellipsometer optical systems differ each
other, wvarious physical information at a specific
microscopic region cannot be obtained all at once.
Further, an equipment of Japanese Patent Application 9-
213652 is included in the equipment of the
manufacturing process and thus is difficult to be
applied for use as an inspection apparatus.

The present invention, which has made in view of
the above aspects, mainly aims to provide a substrate

inspection apparatus that sequentially and



automatically measures at least the thickness and the
internal stress of the thin film at a predetermined
measurement point on the surface of every manufactured
semiconductor substrate to strictly perform quality
control on each substrate, that reliably recognizes the
cause of defects to improve productivity, and that
accurately analyzes the correlation between film
thickness and stress to establish the manufacturing
processes necessary for manufacturing the semiconductor
substrate of higher performance, and in addition to the
above aim, aims to easily measure the distribution of
physical quantity such as internal stress, 1index of
refraction, and composition of the semiconductor
substrate 1in the film thickness direction, and to
accurately measure the physical quantity without being
influenced by change in ambient environmental
temperature thereby further improving inspection
precision.

The present invention provides a substrate
inspection apparatus including a sample stage
configured so as to be movable, a conveying device for
conveying a sample to be measured to the sample stage,
an optical microscope for observing a measurement point
on the sample to be measured on the sample stage, an
ellipsometric optical system for irradiating a
polarized light of multiple wavelength to the
measurement point and outputting information relating
to the sample to be measured, a Raman spectroscopic
optical system for idirradiating a laser 1light to the
measurement point of the optical microscope and
outputting different information relating to the sample
to be measured, and an arithmetic processing unit for
analyzing and outputting stress or composition in

addition to film thickness or 1index of refraction at



the measurement point using the obtained information.

In a preferred embodiment of the invention, a
plurality of laser light sources of different
wavelength and a laser 1light selecting device for
selectively and automatically switching the laser light
for irradiating to the measurement point on the sample
to be measured from the plurality of laser 1light
sources are arranged in the Raman spectroscopic optical
system.

In a further embodiment of the present invention
a reference sample may be arranged at a position in the
vicinity of the sample to be measured on the sample
stage, and the information relating to the sample
output from the ellipsometric optical system and the
Raman spectroscopic optical system can be desirably
calibrated with the information obtained by measuring
the reference sample as necessary with the
ellipsometric optical system and the Raman

spectroscopic optical system.

Preferably, measurement by means of the
ellipsometric optical system and the Raman
spectroscopic optical system is performed after

performing position adjustment in the height direction
of the sample stage while checking the position of the
focal point thereof by using the image observed by the
optical microscope or the intensity of the 1light
obtained when the laser 1light 1s i1rradiated to the
sample.

The invention also provides a substrate
inspection apparatus including a sample stage
configured so as to be movable, a conveying device for
conveying a sample to the sample stage, an optical
microscope for observing a measurement point on the

sample to be measured on the sample stage, a Raman



spectroscopic optical system for irradiating a laser
light to the measurement point of the optical
microscope and outputting different information
relating to the sample, and an arithmetic processing
unit for analyzing and outputting stress or strain at
the measurement point using the obtained information.

Preferably 1in this embodiment a plurality of
laser light sources of different wavelength and a laser
light selecting device capable of selectively and
automatically switching the laser light for irradiating
to the measurement point on the sample to be measured
from the plurality of laser light sources are arranged
in the Raman spectroscopic optical system.

In this embodiment a reference sample is
preferably arranged at a position in the wvicinity of
the sample on the sample stage, and the information
relating to the sample output from the Raman
spectroscopic optical system can be desirably
calibrated with the information obtained by measuring
the reference sample by means of the Raman spectroscopy
optical system.

The arithmetic processing unit preferably includes
inspection recipe data consisting of coordinates
indicating the position of the measurement point on the
sample to be measured; measurement condition containing
information of wavelength region of the light used in
the Raman spectroscopic optical system and the
ellipsometric optical system, the accumulated time in
detection, and the analytical curve used; and
examination result output conditions indicating the
output pattern of the examination result, and further
including an automatic examination function for
sequentially performing the same examination on a

plurality of samples to be measured in accordance with



the examination recipe data.
The arithmetic processing unit preferably includes

a recognition image formed by an image observed by the
optical microscope at the measurement point on the
sample as the data indicating the position of the
measurement point of the 1inspection recipe data, and
measurement using the ellipsometric optical system and
the Raman spectroscopic optical system 1is performed
after moving the sample stage in the direction of the
plane surface and adjusting the plane surface position
of the measurement point by comparing the image
obtained by observing the surface of the sample with
the optical microscope and the recognition image.

According to the present invention, the
thickness of the thin film, for example, 1is measured at
high precision using the ellipsometric optical system
at a microscopic region of the surface of the sample,
and the stress is also measured at good precision using
the Raman spectroscopic optical system at the same
microscopic region. That 1is, by measuring both film
thickness and stress of thin film at the same
microscopic region at high precision and simultaneously
outputting or displaying the same, the film thickness
dependency of stress 1is found and the manufacturing
processes may be appropriately adjusted to manufacture
the semiconductor substrate that does not create
concentration of stress with the thin film of necessary
film thickness formed. Further, since the measurement
point 1is observed by including the optical microscope,
the operator is able to check the state of the surface
of the sample to be measured through observation and
thus the operation is facilitated.

In particular, the Raman spectroscopic optical

system is suited for measuring stress applied to the



microscopic region or composition at high precision,
and the ellipsometric optical system 1s suited for
measuring film thickness and index of refraction at the
microscopic region at high precision. Therefore, 1in
the semiconductor substrate, the combination of the
Raman spectroscopy optical system and the ellipsometer
optical system is most suitable for measuring stress
and film thickness, which are important ©physical
quantities in manufacturing the semiconductor substrate
with its performance or durability being optimum.
Particularly, as the strained silicon technique 1is
recently being adopted in manufacturing the
semiconductor substrates, the fact that the Raman
spectroscopic optical system and the ellipsometric
optical system measure the correlation between stress
and film thickness at the same microscopic region
greatly contributes to enhancement of advancement or
productivity of technique in such field.

Further, since all manufactured semiconductor
substrates are taken out one by one to sequentially
obtain the measurement value of stress or film
thickness at the surface thereof, application to all
examinations o0of the semiconductor substrate Dbecomes
possible, and reliability on the semiconductor
substrate manufactured Dby performing an extremely
precise product management 1is enhanced. Further, as
the cause is more easily investigated from the
measurement result when defects occur, the productivity
may be also enhanced.

According to the present invention, in addition
to the advantage of being able to simultaneously obtain
the information of stress and film thickness which are
physical gquantities essential in manufacturing the

semiconductor substrate with its performance or



durability being optimum with a combination of the
Raman spectroscopic optical system and the
ellipsometric optical system and measure the
correlation at the same microscopic region, when
measuring stress or composition by means of the Raman
spectroscopy optical system, the distribution in the
depth direction (film thickness direction) of stress or
composition of the sample to be measured 1is easily
measured by selectively and automatically switching and
irradiating the laser light of different wavelength to
the measurement point on the sample from a plurality of
laser 1light sources, and thus even when having the
semiconductor substrate using the strained silicon
mostly adopted 1in manufacturing recent semiconductor
substrates as the object to be measured, various
physical quantities such as 1internal stress of the
strained silicon and composition of the SiGe layer
serving as a base layer are reliably measured and
substrate inspection 1s performed at a higher precision.

Particularly, the reference sample 1is arranged
at a position 1in the wvicinity of the sample to be
measured on the sample stage, and when calibrating the
information relating to the sample output from the
ellipsometric optical system and the Raman
spectroscopic optical system with the information
obtained by measuring the calibration sample as
necessary with the ellipsometer optical system and the
Raman spectroscopy optical system as the reference,
even when wavelength shift occurs from the strain of
optical components and the like or shift of peak shift
of the Raman spectrum occurs due to variation of
optical system such as deterioration of the optical
filter or temperature influence of the sample itself to

be measured originating from the fluctuation of ambient
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environmental temperature, calibration 1is ©performed
based on the information obtained through measurement
of the calibration sample, and various physical
quantities are accurately measured and the precision of
substrate inspection is further enhanced irrespective
of the fluctuation of the environmental temperature.

Further, when performing measurement using the
ellipsometer optical system and the Raman spectroscopy
optical system after performing position adjustment in
the height direction of the sample stage while checking
the position of the focal point thereof by using the
image observed by the optical microscope or the
intensity of the light obtained when the laser light 1is
irradiated to the sample to be measured, the
ellipsometer optical system and the Raman spectroscopy
optical system reliably focuses the focal points at the
measurement point by the position adjustment in the
height direction of the sample stage even when warp 1is
created at the sample to be measured, and thus film
thickness or 1index of refraction 1s analyzed at the
measurement point with high precision.

The arithmetic processing unit includes
inspection recipe data consisting of the coordinates
indicating the position of the measurement point on the
sample to be measured; the measurement condition
containing information of wavelength region used in the
Raman spectroscopic optical system and the ellipsometer
optical system, the accumulated time indetection, and
the analytical curve used; and examination result
output conditions indicating the output pattern of the
inspection result, and further including an automatic
examination function for sequentially performing the
same examination on a plurality of samples to be

measured 1n accordance with
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the examination recipe data, a common inspection
according to the measurement conditions set using the
inspection recipe data is sequentially and
automatically performed on all the samples to Dbe
measured.

Further, the measurement conditions are easily
changed by changing the inspection recipe data.

When the arithmetic processing unit includes a
recognition image formed by an image observed Dby the
optical microscope at the measurement point on the
sample as the data indicating the position of the
measurement point of the inspection recipe data, and
when performing the measurement using the ellipsometric
optical system and the Raman sSpectroscopic optical
system after moving the sample stage in the direction
of the plane surface and adjusting the plane surface
position of the measurement point by comparing the
image obtained by observing the surface of the sample
with the optical microscope and the recognition image,
the physical information of the measurement point
corresponding to the part of a specific circuit pattern
is automatically inspected with an electronic circuit
already formed on the sample to be measured. That 1is,
the determination of whether the measurement point
corresgsponding to the part of a specific circuit pattern
is in a state of exhibiting a sufficient performance or
not is made in advance from the measurement values of
film thickness or stress at the measurement point.

According to the present invention, the stress
at the microscopic region and the like is measured in
high precision using the Raman spectroscopic optical
system at the microscopic region of the surface of the
sample. That is, the manufacturing process thereof is

appropriately adjusted to manufacture a semiconductor
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substrate forming a thin film applied with stress of an
appropriate strength. Further, as the measurement
point 1is observed by including the optical microscope,
the operator is able to check the state of the surface
of the object through observation, and thus the
operation is facilitated.

According to the present invention, 1in addition
to the advantage of being able to measure stress at the
microscopic region of the sample in high precision, and
to appropriately adjust the manufacturing process of
the semiconductor substrate for forming the thin film
applied with appropriate stress when measuring stress
or composition with the Raman spectroscopic optical
system, the distribution in the depth direction (film
thickness direction) of stress or composition of the
sample to be measured is easily measured by selectively
and automatically switching and irradiating the laser
light of different wavelength to the measurement point
on the sample from a plurality of laser light sources,
and various physical gquantities such as internal stress
of the strained silicon and composition of the SiGe
layer serving as the base layer are reliably measured
even when having the semiconductor substrate using the
strained silicon mostly adopted in manufacturing recent
semiconductor substrates as the object, and thus
substrate inspection is performed with higher precision.

Particularly, when arranging the reference
sample at a position in the vicinity of the sample on
the sample stage and calibrating the information
relating to the sample output by the Raman
spectroscopic optical system with the information
obtained through measurement of the calibration sample
as necessary by means of the Raman spectroscopic

optical system as the reference, even when wavelength
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shift occurs due to strain of optical components and
the like or shift of peak shift of the Raman spectrum
occurs from variation of the optical system such as
deterioration of +the optical filter or temperature
influence of the sample itself to be measured
originating from the fluctuation of the ambient
environmental temperature, calibration 1is performed
based on the information obtained through measurement
of the reference sample and various physical gquantities
are accurately measured irrespective of the fluctuation
of the environmental temperature, and thus the
substrate inspection precision is further enhanced.
Preferred embodiments of the invention will now be

described with reference to the accompanying drawings

wherein:
Fig. 1 1is a plan view schematically showing an
entire configuration of a substrate inspection

apparatus according to a first embodiment of the
present invention;

Fig. 2 1s a front elevation of the apparatus of
Fig. 1, in the direction of arrow II;

Fig. 3 1is a front perspective view from one side
of the apparatus of Fig. 1;

Fig. 4 is a rear perspective view of the apparatus
on the opposite side from Fig. 3;

Fig. 5 1is a schematic plan view of a measuring
chamber and transport apparatus of Figs 1 to 4;

Fig. 6 1is a perspective view from one side of a
sensor unit of a stress measuring system as a main part
of a substrate inspection apparatus according to a
first embodiment.

Fig. 7 1s a perspective view of the sensor unit of
Fig. 6, from the opposite side to that of Fig. 6;

Fig. 8 is a view showing a configuration of a main

-14-



part of the substrate inspection apparatus according to
the first embodiment;

Fig. 9 is a view explaining one example of
measurement points of the substrate inspection
apparatus according to the first embodiment;

Fig. 10 is view showing a configuration of a main
part of a substrate inspection apparatus according to a
second embodiment of the present invention;

Fig. 11 is a cross sectional configuration view of
a strained silicon substrate serving as one example of
the substrate to be measured;

Fig. 12 is a view showing a relationship of
wavelength and spectral intensity in Raman spectrum
measurement of the strained silicon substrate;

Fig. 13 1is a configuration view of a main part
showing a measurement state of a reference sample by
the substrate inspection apparatus according to the
second embodiment of Fig. 10;

Fig. 14 is a view showing a configuration of a
main part of a substrate examining device according to
a third embodiment of the present invention; and

Fig. 15 shows a Raman spectral curve S;.

Referring to the drawings, Figs. 1 to 4 show
schematically an entire configuration of a substrate
inspection apparatus 1 according to a first embodiment
of the present invention and Fig. 6 is a view showing a
configuration of a main part of the substrate
inspection apparatus 1. In Figs. 1 to 5, 2A 1is a
measuring chamber of the substrate inspection apparatus
1 equipped with a Raman spectroscopic optical
system/ellipsometric optical system and, 2B is a
transport apparatus set up next to the measuring
chamber 2A.

Referring to Fig 5, 3 1is a substrate (sample,

-15-



hereinafter referred to as a wafer) of for example, a
silicon wafer formed by applying the strained silicon
technique where the thin film of silicon layer 1is
formed on the SiGe layer with large lattice constant, 4
is a sample stage configured so as to be movable in
three-dimensional direction of horizontal direction (X,
Y directions) and height direction (Z direction), and 5
is a driving section for the sample stage 4.

In Fig. 5, 6 1s a robot arm with a function of
grasping the wafer 3 and transporting the same onto the
sample stage 4, 7 1s a <case for accommodating a
plurality of wafers 3 so as to Dbe stacked 1in a
longitudinal direction with a predetermined spacing,
and 8 1s a case table for mounting the case 7. The
wafer 3 accommodated so as to be stacked 1in the
longitudinal direction, for example, 1is taken out one
by one and transported to the sample stage 4 and the
Inspectd wafer 3 1s again returned to the original
location by means of the robot arm 6. However, when
arranging two cases 7 next to each other as in the
first embodiment, the wafer 3 taken out from one case 7
and Inspectd may be accommodated in the other case 7
one by one.

Figs. ©6 and 7 1illustrate a sensor unit of a
stress measuring system 1A which is a main part of a
substrate inspection apparatus 1’ according to the
second embodiment of the present invention, illustrated
in detail in Fig. 8.

The sensor unit is mounted on a stone surface
plate 80 on four vibration isolators 82, mounted in
turn on a support frame 84.

In Fig. 8, 10 is an optical microscope for
observing the surface of +the wafer 3, +the optical

microscope 10 including a CCD camera 11 arranged on an
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optical axis L1 at substantially right angles to the
surface of the wafer 3, a collective lens 12 arranged
on the optical axis L1, a beam splitter (half mirror)
13, an objective lens 14, a white light source 15 for
irradiating a white light to the wafer 3 by way of the
half mirror 13, a shutter 16 and a collimator lens 17.
Further, 18 is a movable mirror arranged on the optical
axis L1, and a measurement point P of a microscopic
region at the surface of the wafer 3 is observed with
the optical microscope 10 by moving the mirror 18 to a
position shown with a virtual line in Fig. 8. It is to
be noted that the white light source 15, the shutter 16
and the collimator lens 17 are arranged on an optical
axis perpendicular to the optical axis L1.

20 1s a Raman spectroscopy optical system for
irradiating the laser 1light onto the wafer 3 and
detecting the Raman light wusing the optical axis L1
same as the optical microscope 10 by moving the mirror
18 to a position shown with a solid line in Fig. 8.
The Raman spectroscopy optical system 20 includes a
spectroscope 21 arranged on the optical axis L2
reflected by the mirror 18 so as to be in a direction
perpendicular to the optical axis L1, a detector 22 for
detecting the spectral Raman 1light, a 1lens 23 for
adjusting the Raman light entering the spectroscope 21,
a pin hole 24, a collimator lens 25, a collective lens
26, a notch filter or edge filter 27 for reflecting
only the Rayleigh light of the Raman analysis, a laser
light source 28 for irradiating the laser 1light using
the notch filter or edge filter 27, a shutter 29, a
collective lens 30, an optical filter 31 for removing
the light of wavelength other than the laser light that
excites the Raman 1light, a beam splitter 32 for

reflecting 5 to 10% of the 1light at the back of the
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notch filer 27 on the optical axis L2, a collective
lens 33 and a detector 34 for focal point detection.

It is to be noted that the Raman spectroscopy
optical system 20 1is configured so as to use the
objective lens 14 in common with the optical microscope
10. Further, the laser light source 28, the shutter 29
the collective lens 30, and the optical filter 31 are
arranged on an optical axis perpendicular to the
optical axis L2. Similarly, the beam splitter 32, the
collective lens 33 and the detector 34 are arranged on
a different optical axis perpendicular to the optical
axis L2.

40 is an ellipsometer optical system arranged to
irradiate a polarized light L3 of multiple wavelengths
to the measurement point P on the wafer 3 to where the
optical microscope 10 is focused and to output physical
information at such measurement point. The
ellipsometer optical system 40 includes an incidence
optical system 41 for irradiating the polarized 1light
L3 to the surface of the wafer 3 on the sample stage 4
diagonally from above on one side, a detection optical
system 42 arranged diagonally above with respect to the
surface on the other side o0of the sample stage 4, a
spectroscope 43 and a detector 44.

The 1incidence optical system 41 1is configured
from a white light source 45 made of for example, xenon
lamp that emits a light of wide wavelength region of
for example, 190 to 830 nm, a shutter 46, a slit 47 for
narrowing the light emitted from the white light source
45, a beam reducing optical system 48, and a polarizer
49, The beam reducing optical system 48 includes for
example, two concave mirrors 48a, 48b.

The detection optical system 42 1is arranged to

output wvariation of polarization L4 reflected when the
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polarized light L3 1is irradiated onto the measurement
point P of the surface of the wafer 3 to, for example,
the spectroscope 43, and 1includes a phase modulated
element 50, an analyzer 51, a beam reducing optical
system 52 consisting of two concave mirrors 52a, 52b,
and an optical fiber 53 for retrieving a signal for the
spectroscope 43, where a pin hole section 54 is
arranged between the beam reducing optical system 52
and the optical fiber 53.

The pin hole section 54 1is formed by opening a
plurality of pin holes 57 o0of a size (diameter)
different from each other at an appropriate spacing on
the same circumference of a circular plate 56 attached
to a rotating shaft 55a of for example, a stepping
motor 55. Therefore, as shown 1in Fig. 8, the 1light
exiting from the beam reducing optical system 52 enters
the optical fiber 53 through the pin hole 57 only when
one of the pin holes 57 is positioned on a light path
connecting the beam reducing optical system 52 and the
optical fiber 53.

60 is an arithmetic processing unit (hereinafter
referred to as a computer) connected to the driving
section (not shown) of the movable mirror 18 and the
like in addition to the <conveying device 2B, the
driving section 5 of the sample stage 4, the optical
microscope 10, the Raman spectroscopy optical system 20,
and the ellipsometer optical system 40 to control the
entire substrate examining device 1. A control program
Pa indicating the operation of an examination sequence
of sequentially taking out the wafer 3 one by one from
a plurality of wafers 3 accommodated in the case 7,
arranging one of the wafer on the sample stage 4,
executing a series of examination on each wafer 3 1in

such state and accommodating the Inspectd wafer 3 again
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in the case 7 by controlling for example, the conveying
device 2B, the driving section 5 of the sample stage 4,
the optical microscope 10, the Raman spectroscopy
optical system 20, and the ellipsometer optical system
40; an examination result output program Pb indicating
the operation of performing arithmetic process on the
examination result and displaying the result on a
screen (not shown) or recording the result in a medium;
examination recipe data D1 formed by recording the
measurement condition, examination result output
condition and the 1like for each wafer 3; and stored
data D2 of the examination result are recorded in the
computer 60.

The examination recipe data D1 includes
measurement point data Da, measurement condition data
Db, and output condition data Dc. The measurement
point data Da is obtained by setting for example, a few
to more than a dozen points of measurement points Pl to
Pn (include measurement point P in the state shown in
Fig. 2) at equidistant on the surface of each wafer 3,
and recording the coordinates indicating the position
of each measurement point P, P1 to Pn, where n
measurement points Pl to Pn are set at equidistant in
two-dimensional direction in the example shown in Fig.
2.

The measurement condition data Db is the data
containing information indicating the wavelength region
Dbl of the 1light wused in for example, the optical
microscope 10, the Raman spectroscopy optical system 20,
and the ellipsometer optical system 40; the accumulated
time Db2 indicating the accumulated time of when
detecting the 1light with each detector 22, 44; and
various analytical curves Db3 used when obtaining

stress or composition of the thin film and film
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thickness or index of refraction of the thin film from
the intensity of 1light of each wavelength or the
shifted amount of the spectrum detected by each
detector 22, 44.

Further, the output condition data Dc shows the
output pattern Dcl for setting the output layout by
selecting stress, film thickness and the 1like as the
physical gquantity to be output among the physical
quantity obtained as the examination result and the
like, and specifying the way of representing the
correlation between stress and film thickness. The
output pattern Dcl includes for example, a setting of
defining the upper limit and the lower limit of each
physical gquantity and outputting those exceeding the
limit range as defects, and a setting of outputting
statistics such as wvariation of each physical quantity
for every plurality of measurement points P1 to Pn or
for each wafer.

Further, the correlation between stress and film
thickness may be represented with a function for
deriving an estimated wvalue of carrier mobility from
the measurement values of for example, stress and film
thickness. It 1is to Dbe noted that the function
expressing the correlation may be derived based on the
carrier mobility calculated by actually measuring the
stress and the film thickness using a plurality of the
wafer 3 as sample in advance, and actually measuring
the properties of CMOS circuit after forming the CMOS
circuit. Further, since the function is information
contained in the output condition data Dc, 1t may be
updated as needed in accordance with the actual
measurement value.

Therefore, the control program Pa executes the

examination complying with the same c¢criteria to each
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wafer 3 with reference to the measurement point data Da
and the measurement condition data Db contained in the
examination recipe data Dl1. The examination result
output program Pb displays the measurement value of
each physical quantity obtained through examination of
each measurement point Pl to Pn on the surface of each
wafer 3 using the screen (not shown) and the 1like in
the output layout defined in advance as the output
pattern Dcl of the examination result output condition
data Dc with reference to the output condition data Dc
contained in the examination recipe data Dl or records
the same as stored data D2 of the examination result.
The content of the inspection recipe 1is shown as

follows:

Recipe content

1. Setting of measurement conditions of Raman
spectrophotometric system
(1) Excitation wavelength (laser wavelength)
(2) Diffraction grating
(3) Center of measurement range
(4) ND filter (adjustment of laser power)
(5) Hole diameter (confocal optical system)
(6) Entrance slit width (spectroscope)
(7) Measurement data integrated time
(8) Number of accumulated spectra
(9) Setting of presence or absence of auto-focus
(10) Range of curve fitting (plurality acceptable)
(11) Fitting curvefunction (Gauss/Lorentz/Gauss+Lorentz)
(12) Number of fitting curves
(13) Initial value of fitting curve
[1] Peak shift, peak intensity, half-value
width
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(14) Arithmetic expression

Ex. Stress-strain value calculation
calibration curve
(15) Output parameters

Peak shift, peak intensity, half-value width,

stress, strain, etc.

2. Setting of measurement point coordinates
3. Setting of measurement conditions of calibration
samples

Content is same as that of Section 1. (1)

through (15).
4. Setting of presence or absence of measurement of
calibration samples

The curve S; illustrates the relationship between

peak intensity I;, half-value width ®w; and frequency v;.

The operation of each part from the operation of
the control program Pa will now be explained. When the
worker places the case 7 accommodating a plurality of
wafers 3 on the case table 8 and operates the substrate
examination device 1, as shown in Figs. 1 to 8, the
robot arm 6 of the conveying device 2B takes out one
wafer 3 from the case 7 and arranges the wafer on the
sample stage 4 from control of the computer 60.

Next, the position of the wafer 3 1is moved 1in
the Z direction (height direction) and the X-Y
direction (horizontal direction) so that the focal
point of the optical microscope 10 coincides with one
of the measurement point P of a plurality of
measurement points P1l to Pn indicated in the
measurement point data Da by controlling the driving
section 5 by means of the computer 60 while maintaining
the wafer 3 at a horizontal state. Further, since the

measurement point P shifts in the height direction due
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to the warp of the wafer 3, the final positioning 1is
performed by moving the driving section 5 in the 2
direction while observing the image of the surface of
the wafer 3 by means of the optical microscope 10 or
the Raman spectroscopy optical system 20.

That is, when performing positioning in the Z
direction using the optical microscope 10, the computer
60 only opens the shutter 16 of the optical microscope
10 with the shutters 29, 46 of the Raman spectroscopy
optical system 20 and the ellipsometer optical system
40 closed and the reflective mirror 18 moved to the
position shown with the virtual line, so that the light
from the white light source 15 is reflected by the half
mirror 13 and 1is irradiated onto the surface of the
wafer 3 through the objective lens 14. The light from
the surface of +the wafer 3 +transmits through the
objective lens 14 and the half mirror 13 and enters the
CCD camera 11 by means of the collective lens 12, and
thus the computer 60 obtains the image at the focal
position of the objective lens 14. When the focal
point of the image obtained by the optical microscope
10 is shifted, the computer 60 controls so as ¢to
appropriately move the driving section 5 in the Z
direction (vertical direction) and align the focal
positions.

The optical axis and the focal point of the
ellipsometer optical system 40 are adjusted in advance
so as to be the same as the focal point of the optical
microscope 10 at the surface of the wafer 3. Therefore
when the focal point of the optical microscope 10 1is
fine adjusted by the alignment operation, the
ellipsometer optical system 40 irradiates the polarized
light L3 to the measurement point P same as the optical

microscope 10 to obtain the physical information at the
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measurement point P.

When the image (pattern) recognizable by the
optical microscope 10 is not obtained at the surface of
the wafer 3, the computer 60 only opens the shutter 29
of the Raman spectroscopy optical system 20 with the
shutters 16, 46 of the optical microscope 10 and the
ellipsometer optical system 40 closed and the
reflective mirror 18 arranged at a position shown with
the solid line, so that the laser light from the laser
light source 28 1is reflected by the reflective mirror
18 and 1is irradiated onto the surface of the wafer 3
through the objective lens 14. The Raman light from
the surface of the wafer 3 is thereby reflected by the
objective lens 14, the reflective mirror 18, and the
beam splitter 32, and enters the detector 34 and thus
the computer 60 defines the focal position of the
objective lens 14 wusing the intensity of the 1light
obtained when the laser 1light 1is irradiated on the
surface of the wafer 3.

When the wavelengths of the 1light measured by
the Raman spectroscopy optical system 20 and the
optical microscope 10 greatly differ, the focal points
of the Raman spectroscopy optical system 20 and the
optical microscope 10 are considered to be slightly
shifted only in the Z direction. Since the computer 60
is capable of obtaining the shifted amount of the focal
position of the Raman spectroscopy optical system 20
from the wavelength region Dbl of the light defined in
advance by the above mentioned measurement condition
data Db and be used, the sample stage 4 is moved in the
Z direction and correction of the focal position
thereof 1is performed for when performing measurement
using the Raman spectroscopy optical system 20 and for

when performing measurement using the optical
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microscope 10 and the ellipsometer optical system.

The computer 60 then measures the film thickness
of the thin film of the surface of the wafer 3 using
the ellipsometer optical system 40. That 1is, the
computer 60 controls so as to only open the shutter 46
of the ellipsometer optical system 40 with the shutters
16, 29 of +the optical microscope 10 and the Raman
spectroscopy optical system 20 <closed, so that the
polarized light L3 from the incidence optical system 41
irradiates the surface of the wafer 3. The polarized
light L4 reflected by the thin film of the surface of
the wafer 3 enters the spectroscope 43 by way of the
detection optical system 42, and the spectral intensity
of the spectral polarized light L5 is detected by the
detector 44. The detector 44 is set by the accumulated
time Db2 contained in the measurement condition data Db.
The computer 60 analyzes the spectral intensity
obtained from the detector 44 to obtain the film
thickness of the silicon thin film at the surface of
the wafer 3. It 1is to Dbe noted that the physical
quantity obtained using the ellipsometer optical system
40 may not only be film thickness and may alsc be index
of refraction.

Subsequently, the computer 60 measures the
magnitude of stress at the thin film of the surface of
the wafer 3 using the Raman spectroscopy optical system
20. The Raman spectroscopy optical system 20 1is
arranged on the optical axis L1 same as the optical
microscope 10, and thus the position in the XY
direction thereof 1is reliably the same as the optical
microscope 10. It 1s to be noted that when the
wavelengths of the 1light measured with the Raman
spectroscopy optical system 20 and the optical
microscope 10 greatly differ, the shift of the focal
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points in the Z direction of the Raman spectroscopy
optical system 20 and the optical microscope 10 must be
corrected at this point.

The computer 60 controls so as to only open the
shutter 29 of the Raman spectroscopy optical system 20
with the shutters 16, 46 of the optical microscope 10
and the ellipsometer optical system 40 closed and the
reflective mirror 18 moved to a position shown with the
solid 1line, so that the laser 1light from the laser
light source 28 is reflected at the notch filter 27 and
the reflective mirror 18 and is 1irradiated onto the
surface of the wafer 3 through the objective lens 14.
The light generated at the surface of the wafer 3 1is
led to the optical axis L2 by the objective lens 14 and
the reflective mirror 18, and the Raman scattering
light excluding the Rayleigh 1light is transmitted
through the notch filter 27 and enters into the
spectroscope 21 by way of various optical systems 23 to
26. The spectral intensity of the Raman scattering
light spectroscoped by the spectroscope 21 is detected
by the detector 22.

It is to be noted that the detector 22 is set by
the accumulated time Db2 contained in the measurement
condition data Db. The computer 60 analyzes the
spectral intensity obtained from the detector 22 and
obtains the physical quantity such as stress or
composition at the measurement point P on the surface
of the wafer 3 from the relationship of Raman spectrum
and stress stored in advance.

As mentioned above, 1in the substrate examining
device 1, two light sources 28, 45 for spectroscopic
analysis and one light source 15 for optical microscope
are arranged, but since shutters 16, 29, 46 are

arranged at the respective light exiting part and the
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shutters other than the relevant shutter are closed
during measurement, the 1light from a light source of
another optical system does not adversely affect the
measurement result.

Next, the physical guantity obtained using the
Raman spectroscopy optical system 20 and the
ellipsometer optical system 40 is output in accordance
with the operation defined by the examination result
output program Pb. That is, the measurement values of
each physical quantity obtained by examining each
measurement point Pl to Pn on the surface of each wafer
3 are screen displayed with the output layout set in
advance as the output pattern Dcl of the examination
result output condition data Dc or recorded as the
stored data D2 of the examination result. Further,
when the upper limit and the lower 1limit are set for
each physical qguantity as the output pattern Dcl, a
warning alarm and the like 1is output to notify the
worker of the abnormality if the wafer 3 exceeding such
limit range is produced.

In the above mentioned example, an example of n
measurement points Pl to Pn dotted in two dimensional
direction 1is given in the measurement point data Da
thereby allowing a general distribution of each
physical gquantity at substantially the entire surface
of the wafer 3 to be found, and the time needed for
examination to be shortened. However, the present
invention 1is not limited to such aspect, and the region
to be measured may be defined in the measurement point
data Da. In this case, the driving section 5 is moved
at a predetermined interval to perform mapping of
stress and film thickness of the surface of the wafer 3.

In the above first embodiment, the optical fiber

53 is wused as a means for entering the light to the
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spectroscope 43 of the ellipsometer optical system 40,
but is also applicable to the Raman spectroscopy
optical system 20. On the other hand, with regards to
a means of entering light the ellipsometer spectroscope
43, the light may enter directly from the pin hole 57
to the spectroscope 43 without using the optical fiber
53.

Further, 1in the above first embodiment, stress
is given by way of an example and explained as
information obtained by analyzing the Raman spectral
spectrum by means of the Raman spectroscopy optical
system 20, but the present invention 1s not limited
thereto. That is, by storing information relating to
magnitude of physical gquantity such as shifted amount
of the Raman spectral spectrum, and the structure and
composition or electrical property of the substrate
with respect to strength in the computer 60, the Raman
spectroscopy optical system 20 may be used in measuring
not only stress but also physical gquantity such as
structure, composition or electrical property.

When a microfabricated shape is provided such as
when an electronic circuit is formed in the wafer 3,
not only the coordinates of each measurement point Pl
to Pn but also the recognition image for specifying the
correct measurement point P may be recorded in the
measurement point data Da.

Fig. 9 is a view showing an example in which a
specific position on the surface of +the substrate
provided with the microfabricated shape is defined as a
measurement point. In Fig. 9, I is an image
(recognition image) of the surface of the wafer 3
formed with a circuit pattern observed using the
optical microscope 10, and the recognition image I 1is

stored in the computer 60 as measurement point data Da
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for each measurement points Pl to Pn.

The recognition image I is given for every
measurement point Pl to Pn using the image of when
observing the surface of the first wafer 3 to set each
measurement point Pl to Pn. That is, when setting the
measurement points Pl to Pn, the surface of the wafer 3
is observed using the optical microscope 10, and the
result is displayed on the screen and the like of the
computer 60. The operator then operates the driving
section 5 using the computer 60 to adjust the
measurement points Pl to Pn while watching the screen.
When the operator sets the measurement points Pl to Pn,
the computer 60 stores the coordinates of the
measurement points Pl to Pn and the image picked up by
the optical microscope 10 as the measurement point data
Da.

When examining the second or the subsequent
wafers 3 formed with the same circuit pattern, after
placing the wafer 3 on the sample stage 4 by the
conveying device 2B, sequentially selecting one
measurement point P out of the <coordinates of each
measurement point Pl to Pn stored as the measurement
point data Da, and controlling the driving section 5 in
accordance with such coordinate Dby means of the
computer 60, fine adjustment of the measurement point P
is performed by comparing the image observed using the
optical microscope 10 with the =recognition image I
stored as the measurement point data Da and controlling
the driving section 5.

As 1in the first embodiment, by recording the
image observed by means of the optical microscope 10 at
each measurement point Pl to Pn as the recognition
image I, the control program Pa determines a

predetermined part of the formed circuit pattern as the
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measurement point P in measurement and accurately
measures the relationship between stress and film
thickness of the relevant part even if the position of
the wafer 3 on the sample stage 4 is shifted. That is,
the generating condition of a partial stress caused by
forming the circuit pattern and the film thickness and
the like at the part where such stress is generated are
measured 1n a comprehensive manner, and thus the
examination of the wafer 3 is performed focusing on the
part acting as the main part and the reliability of the
examination is improved by such extent.

Fig. 10 is a view showing a configuration of a
main part of a substrate examining device 1A according
to a second embodiment of the present invention. The
substrate examining device 1A of the second embodiment
includes a plurality of laser light sources 28a, 28b,
28c, , 28n of different wavelength as the excitation
light source for the Raman spectroscopic measurement in
the Raman spectroscopy optical system 20. More
specifically, the Ar lasers 28a, 28b, 28c, , set ¢to
wavelength of 514 nm, 488 nm, 310 nm, , etc. and He-Cd
ion laser 28n set to ultraviolet light of wavelength of
325 nm are used and a position movable light path
switching mirrors 6la, ©61b, 6lc, , 6ln for selecting
one of the laser 1light of different wavelength and
leading the selected laser light to the wafer 3 to be
measured are arranged at a position facing an
oscillating part of the laser light sources 28a, 28D,
28c, , 28n. For transmission of light from laser head
to Raman optical system, optical fiber may be used.

Further, in addition to the collective lens 23
for adjusting the Raman light entering the spectroscope
21, the pin hole 24, the collimator 1lens 25, and the

collective lens 26 for leading the collected light to
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the spectroscope 21, a laser light selecting device 1is
arranged in the Raman spectroscopy optical system 20.
This laser light selecting device includes a circular
plate 62 attached with an optical filter (band pass
filter) 62a for cutting the light of wavelength other
than the excitation light exited from the laser light
selected from a plurality of laser 1light sources 28a,
28b, 28c, , 28n and rotated by a stepping motor 63, a
collective lens 64, a laser light shutter 65 for
shielding the laser 1light, a collimator lens 66 for
changing the laser 1light to a collimated light, and a
circular plate 67 attached with an optical filter 67a
for leading the laser 1light to the wafer 3 and then
cutting the Rayleigh 1light and rotated by a stepping
motor 68, and is capable of selectively and
automatically switching the laser light for irradiating
to the measurement point P of the wafer 3.

Further, 1in the Raman spectroscopic analysis,
the wultraviolet 1light of wavelength of 325 nm 1is
sometimes used as the excitation light, and thus taking
into consgsideration the fact that the focal points
differ in an auto focus mechanism in which an image 1is
obtained from the 1light entering the CCD camera 11
through the collective lens 12, a detector for
detecting a focal 71, for detecting the Rayleigh light
intensity through the beam splitter 69 and the
collective lens 70 arranged on the optical axis L1 same
as the optical microscope 10 and movement controlling
the driving section 5 of the sample stage 4 in the Z
direction (vertical direction) so that the value of the
detected Rayleigh light intensity is a maximum value to
align the focal position is arranged.

Further, 1in the substrate examining device 1A

according to the second embodiment, a data calibration
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sample 72 1is arranged at a position in the vicinity of
the sample stage 4 close to the wafer 3 to be measured.
Desirably, for the data calibration sample 72, those in
which the film thickness and the index of refraction
are known in advance such as NIST sample 1is used for
the ellipsometer, and one or a plurality (four 1in the
figure shown) of cut-outs formed by cutting the single
crystal silicon without film or the strained silicon in
which stress and composition are known in advance into
a several dozen mm square is used for Raman
spectroscopy, but the number to be arranged or the type
thereof may be selected arbitrarily.

Other configurations of the substrate examining
device 1A according to the second embodiment are the
same as those explained in the first embodiment, and
thus the same reference characters are denoted for the
relevant part or the relevant region, and the detailed
explanation thereof is omitted.

According to the substrate examining device 1A
according to the second embodiment, in addition to the
advantages similar to the substrate examining device
according to the first embodiment in that both film
thickness and index of refraction by the ellipsometer
optical system 40 and stress and composition by the
Raman spectroscopy optical system 20 at the same
microscopic region are measured at high precision and
cach of the results 1is simultaneously output such as
displayed, when measuring stress and composition with
the Raman spectroscopy optical system 20, the
distribution thereof 1in the depth direction 1is also
easily measured.

For instance, as shown in Fig. 11, when having
the silicon wafer 3 formed with a few nm to a few dozen

nm of strained silicon layer 3a, a few dozen nm to a
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few hundred nm of SiGe layer 3b, and a single crystal
silicon substrate 3c stacked in such order from the
surface as an object to be measured, the Raman spectrum
resulting from the Si-Si band in the SiGe layer 3b may
be detected at high intensity by selecting the Ar laser

28a of wavelength ( A = 514 nm) having a large

penetration depth of 760 nm and irradiating the laser
light to the measurement point P, but at the same time,
the Raman spectrum of the S$i-Si band in the uppermost
layer or the strained silicon layer 3a is influenced by
the Raman spectrum of the Si-Si band of the single
crystal silicon substrate 3c and thus 1is difficult to
detect, as shown in Fig. 12.

Only the Raman spectrum of the uppermost layer

or the strained silicon layer 3a is measured by
selecting the He-Cd ion laser 28n of wavelength ( A =

325 nm) having a penetration depth of about 10 nm with
the laser light selecting device and irradiating the
ultraviolet light onto the measurement point P. In
this case, when the laser 1light having an extremely
small penetration depth is used, the excitation light
does not reach the SiGe layer 3b and the Raman spectrum
of the SiGe layer 3b may become impossible to detect,
and thus although depending on the thickness of the
uppermost layer 3a, the laser light having a wavelength
that is barely influenced by the substrate 3¢ and that
reaches the 35iGe layer 3b must be selected.

Therefore, by selectively and automatically
switching and irradiating the laser light of different
wavelength in accordance with the stacked structure of
the substrate to be measured or the thickness and the
like of the uppermost layer or the strained silicon

layer 3a, the distribution in the depth direction (film
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thickness direction) of stress or composition of the
wafer 3 to be measured is easily and reliably detected
without barely being influenced by the substrate 3c,
and thus even when the semiconductor substrate using
the strained silicon, mainly adopted in manufacturing
recent semiconductor substrates, is to be measured,
various physical gquantities of internal stress of the
strained silicon layer 3a, and further, composition and
the like of the SiGe layer 3b acting as the base layer
are reliably measured, and thus the substrate
examination is performed at high precision.

Further, in the substrate examining device
included and used in the semiconductor production line,
repeatability in obtaining a stable measurement result
over a long period of time is expected. Particularly,
the high precision measurement of about 0.01/cm 1is
required for the stress measurement Dby means of the
Raman spectral of silicon-based material, but in order
to maintain the repeatability of such high precision
measurement over a long period of time, temperature
control of the sample (wafer) to be measured, variation
control of the optical system involved in fluctuation
of ambient environmental temperature, maintenance of
performance of the optical filter and the like must be
sufficiently considered. In order to handle optical
system fluctuations resulting from changes 1in ambient
temperature, for example, wavelength deviation caused
by slight distortion of optical parts, or positional
shift of Raman spectral peak associated with
temperature changes of semiconductor material itself to
be measured, it is possible to take in gas laser plasma
line together with Raman light (scattering light
associliated with irradiation of excitation light),

correct the peak position of Raman spectra using the
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peak positional shift of this plasma line, and measure
the stress from the peak position of the corrected
Raman spectra. In such event, add the atomic beam of
emission lamp may be used in place of gas laser plasma
line as reference light (for wavelength calibration).

In the substrate examining device 1A of the
second embodiment, 1in view of the above consideration,
the driving section 5 1s moved in the horizontal
direction (X, Y directions) and the height direction (Z
direction) so that the data calibration sample 72
arranged at a position in the wvicinity of the sample
stage 4 becomes the measurement point P, as shown in
Fig. 9, at an arbitrary timing of for example, before
or after a predetermined measurement of the wafer 3 to
be measured, or in the middle of conveying the wafer 3
to the sample stage 4 by means of the robot arm 6.

By measuring film thickness and/or index of
refraction of the data calibration sample 72 using the
ellipsometer optical system 40 and measuring stress
and/or composition of the data calibration sample 72
using the Raman spectroscopy optical system 20, and
calibrating the measurement values of the wafer 3 to be
measured with the above measurement values as the
reference, even if wavelength shift caused by variation
of the optical system such as deterioration of the
optical filter or strain of the optical component
resulting from fluctuation in the ambient environmental
temperature, and further, shift in peak shift of the
Raman spectrum caused by the temperature influence of
the wafer 3 itself to be measured arise, various
physical quantities such as stress or composition, and
film thickness or index of refraction are accurately
measured irrespective of the fluctuation of the ambient

environmental temperature, and thus the substrate
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examining precision may be maintained with satisfactory
repeatability.

Specific examples for correcting sample spectra on
the basis of spectra of data calibration sample 72 are
described as follows:

Measurement sequence

Calibration sample: Single crystal silicon
Reference light for wave number calibration: Gas

laser plasma line

Measurement sequence 1 (measurement of calibration

samples, with correction)

1. Load wafer to stage (including alignment).

2. Move wafer to calibration sample measuring
point.

3. Measure spectrum of calibration sample.

4, Compute spectral parameters of calibration

sample (curve fitting treatment)

[1] ro, IRo, ®ORO, SRo

(Plasma line spectral parameter for wave
number calibration)

[2] Vr1, IRl, OR1, Sr1

(Spectral parameter of calibration

sample)
[3] ©Vr1' = (DRL VRO) +cl
[cl: correction value]
5. Move sample to the sample measurement point.
6. Measure sample spectrum.
7. Compute spectral parameters of sample.

[1] wso, Iso, ©s0, “so

(Plasma line spectral parameter for wave
number calibration)

[2] wvs1, Ts1, os1, st

(Sample spectral parameter 1)
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[3] ws2, ‘52, Qs2, °s2
(Sample spectral parameter 2)
[4] Correction of peak shift
Vs1r = (VLs1 Vso) +el
Vs2' = (Vs2 Vso) +cl
[cl: correction value]
8. Correct sample spectrum parameters.
[1] Peak shift
Vsiv - (Dsf - DRl’)+c2
Vs2r = (Dszr - DRl’)+c2
[c2: correction value: in the case of
single crystal silicon: 520.7 cm ']
[2] Peak intensity
Is1 = Isi/Iri
Is2r = Is2/Ir1
[3] Half-value width
Sl = (WS ORI1)+c3
®S2 = (MS2 MR1)+c3
[c3: correction value: dependent on
spectrum measurement conditions]

[4] Band area

Ssi+ = Ss1/Sr1
Ss2r = Ss2/Sr1
9. Compute output (result display) parameters.

Ex. Computation of stress value

[1]os1=AXA vsi,Avst =vsir DRI* (cm )
[2] os2=AXAvs2, Avs2r: =vs2  VRrRI* (cm )
[A (MPa/cm ') :parameter set for every
material and measurement condition]
10. Repeat Paragraphs 4 through 8 until
measurements at all the established measurement points
are finished.

11. Unload wafer.
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Measurement sequence 2 (measurement of calibration

samples, without correction)

1. Load wafer to stage (including alignment).

2. Move wafer to calibration sample measuring
point.

3. Measure spectrum of calibration sample.

4. Compute spectral parameters of calibration

sample (curve fitting treatment)
[1] wvso, Iso, ®so, Ss0
(Plasma line spectral parameter for wave
number calibration)
[2] ws1, 151, ws1, °s1
(Sample spectral parameter 1)
[3] mws2, Tso, ws2, Ss2
(Sample spectral parameter 2)
[4] Correction of peak shift
Vs1' = (Vs1 Vso) +c1
Vs2: = (Vs2 Vso) +c1
[cl: correction value]
5. Compute output (result display) parameters.

Ex. Computation of stress value

[1]os1=AXAwvsi,Avstr =vs1r  520.7 (cm™ )
[2] os2=AXAwvs2, Avs2r =vs2 520.7 (cm™})
LA(MPa/cmﬂ):parameter set for every
material and measurement condition]

6. Repeat paragraphs 4 though 8 until
measurements at all the established measurement points
are finished.

7. Unload wafer.

Fig. 14 is a view showing a configuration of a
main part of a substrate examining device 1B according

to a third embodiment of the present invention. The
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substrate examining device 1B of the third embodiment
is configured by omitting the ellipsometer optical
system 40 in the substrate examining device 1 according
to the first embodiment and the substrate examining
device 1A according to the second embodiment explained
above, and including the Raman spectroscopy optical
system 20 and an arithmetic processing unit (computer)
60, which Raman spectroscopy optical system 20, similar
to the second embodiment, includes a plurality of laser
light sources 28a, 28b, 28c, , 28n of different
wavelength as the excitation light source for Raman
spectroscopic measurement, and includes the data
calibration sample 72 at a position in the vicinity of
the sample stage 4 close to the wafer 3 to be measured.
Here, other configurations of the Raman spectroscopy
optical system 20 are the same as the configurations of
the second embodiment and thus the same reference
characters are denoted for the relevant part and the
relevant region, and the detailed explanation thereof
is omitted.

According to the substrate examining device 1B
of the third embodiment, by selectively and
automatically switching and irradiating the laser light
of different wavelength from a plurality of laser light
sources 28a, 28b, 28¢c, , 28n to the wafer 3 in
accordance with the stacked structure of the wafer 3 to
be measured and the thickness and the 1like of the
uppermost layer, the distribution in the depth
direction (film thickness direction) of stress or
composition of the wafer 3 to be measured can be easily
and reliably detected without barely being influenced
by the substrate, and thus even when having the
semiconductor substrate wusing the strained silicon,

mainly adopted 1in manufacturing zrecent semiconductor
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substrates, as the object to be measured, not only are
various physical gquantities such as internal stress of
the strained silicon and composition of the SiGe layer
acting as the Dbase layer reliably measured and
substrate examination performed at high precision, but
further, stress and/or composition of the data
calibration sample 72 1s measured as necessary using
the Raman spectroscopy optical system 20, and the
measurement values of the wafer 3 to be measured are
calibrated with the above measurement values as the
reference, and thus stress or composition of the wafer
3 to be measured are accurately measured irrespective
of fluctuation in the ambient environmental temperature
thereby improving substrate examination precision and
achieving a long term repeatability.

When using the single c¢crystal silicon as the
data calibration sample 72, the relationship between
the temperature and the peak shift of the single
crystal Raman spectrum and the relationship between the
temperature of the data calibration sample 72 and the
temperature of the sample (wafer) 3 to be measured are
only accurately measured in advance. Further, with the
spectrum half bandwidth and the spectrum peak intensity
obtained by measuring the data calibration sample 72
using the Raman spectroscopy optical system 20 at a
normal state as the reference, normality/abnormality of
the Raman spectroscopy optical system 20 is determined
by comparing the spectrum half bandwidth and the
spectrum peak 1intensity obtained when measuring the
data calibration sample 72 with the reference values as
necessary. Particularly, the variation of intensity is
often caused by deterioration of the optical filter or
shift of optical axis, wvariation of output power from

the laser 1light source and the 1like, and thus the
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abnormal part in the substrate examining device 1is
easily identified by monitoring the intensity value.

In addition, a thermometer may be attached to
the data calibration sample 72 itself to allow direct
measurement of the temperature change of the data
calibration sample 72. In this case, the fluctuation
of the ambient environmental temperature is immediately
detected and 1is effectively wused in <calibrating the
measurement values of the wafer 3 to be measured. The
ellipsometer may be a spectroscopic ellipsometer or
single wavelength ellipsometer.

Preferred main wunits of the substrate inspection
apparatus of Figs. 1 to 8 are summarized in the
following Table 1, and the main variations of the
apparatus of Figs. 10, 13 and 14 are summarized 1in

Table 2.
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CLAIMS

1. A substrate inspection apparatus comprising a sample
stage configured so as to be movable, a conveying device for
conveying a sample to be measured to the sample stage, an
optical microscope for observing a measurement point on the
sample to be measured on the sample stage, a Raman
spectroscopy optical system for irradiating a laser light to
the measurement point of the optical microscope and outputting
information relating to the sample to be measured, and an
arithmetic processing unit for analyzing and outputting stress
or strain at the measurement point using the obtained
information, wherein the arithmetic processing unit includes
examination recipe data consisting of coordinates indicating
the position of the measurement point on the sample to be
measured; measurement condition containing information of
wavelength region of the light used in the Raman spectroscopy
optical system, the accumulated time in detection, and the
analytical curve used; and examination result output condition
indicating the output pattern of the examination result, and
further including an automatic examination function for
sequentially performing the same examination on a plurality of
samples to be measured in accordance with the examination

recipe data.

2. A substrate inspection apparatus according to
claim 1, wherein a plurality of laser light sources of
different wavelength and a laser light selecting device
capable of selectively and automatically switching the laser
light for irradiating to the measurement point on the sample
to be measured from the plurality of laser light sources are

arranged in the Raman spectroscopy optical system.

3. The substrate inspection apparatus according to

claim 1 or claim 2, wherein a calibration sample is arranged
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at a position in the vicinity of the sample to be measured on
the sample stage, and the information relating to the sample
to be measured output from the Raman spectroscopy optical
system can be desirably calibrated with the information
obtained by measuring the calibration sample by means of the

Raman spectroscopy optical system.

4. The substrate inspector apparatus according to
claim 1 wherein the arithmetic processing unit includes a
recognition image formed by an image observed by the optical
microscope at the measurement point on the sample to be
measured, the data indicating the position of the measurement
point of the examination recipe data, and measurement using
the Raman spectroscopy optical system being performed after
moving the sample stage in the direction of the plane surface
and adjusting the plane surface position of the measurement
point by comparing the image obtained by observing the
surface of the sample to be measured with the optical

microscope and the recognition image.
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Amendments to the claims have been filed as follows:
CLAIMS

1. A substrate inspection apparatus comprising a sample
stage configured so as to be movable, a conveying device for
conveying a sample to be measured to the sample stage, an
optical microscope for observing a measurement point on the
sample to be measured on the sample stage, a Raman
spectroscopy optical system for irradiating a laser light to
the measurement point of the optical microscope and outputting
information relating to the sample to be measured, and an
arithmetic processing unit for analyzing and outputting stress
or strain at the measurement point using the obtained
information, wherein the arithmetic processing unit includes
examination recipe data consisting of coordinates indicating
the position of the measurement point on the sample to be
measured; measurement condition containing information of
wavelength region of the light used in the Raman spectroscopy
optical system, the accumulated time in detection, and the
analytical curve used; and examination result output condition
indicating the output pattern of the examination result, and
further including an automatic examination function for
sequentially performing the same examination on a plurality of
samples to be measured in accordance with the examination
recipe data;

wherein the arithmetic processing unit includes a
recognition image formed by an image observed by the optical
microscope at the measurement point on the sample to be
measured, the data indicating the position of the measurement
point of the examination recipe data, and measurement using
the Raman spectroscopy optical system being performed after
moving the sample stage in the direction of the plane surface

and adjusting the plane surface position of the measurement
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point by comparing the image obtained by observing the surface
of the sample to be measured with the optical microscope and

the recognition image.

2. A substrate inspection apparatus according to claim 1,
wherein a plurality of laser light sources of different
wavelength and a laser light selecting device capable of
selectively and automatically switching the laser light for
irradiating to the measurement point on the sample to be
measured from the plurality of laser light sources are

arranged in the Raman spectroscopy optical system.

3. The substrate inspection apparatus according to claim 1
or claim 2, wherein a calibration sample is arranged at a
position in the vicinity of the sample to be measured on the
sample stage, and the information relating to the sample to be
measured output from the Raman spectroscopy optical system can
be desirably calibrated with the information obtained by
measuring the calibration sample by means of the Raman

spectroscopy optical system.
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