
;e3e4T6T48Z 6 D E C 2002 ' i~~~~u~~~ MARK DETECTION METHOD,.EXPOSURE
METHOD, DEVICE MANUFACTURING MfiTHOD, MARK DETECTION APPARATUS, EXPOSURE
APPARATUS, AND DEVICE TECHNICAL FIELD The present invention relates to a
mark detection method, an exposure method, a device manufacturing method, a
mark detection apparatus, and an exposure apparatus. More particularly, the
present invention relates to a mark detection method for detecting a mark
for position measurement that is formed on an obj ect such as a
semiconductor substrate or a liquid crystal display device, an exposure
method for transferring a predetermined pattern on a substrate aligned by
the use of the mark detection method, a device manufacturing method using
the exposure method, a mark detection apparatus for detecting a mark for
position measurement which is formed on an object such as a semiconductor
substrate or a liquid crystal display device, an exposure apparatus for
transferring a predetermined pattern onto a substrate aligned by the mark
detection apparatus, and a device manufactured by the exposure apparatus,
BACKGROUND ART In manufacturing a semiconductor device and a liquid crystal
display device, a variety of planar techniques are utilized. In the planar
techniques, a finely patterned image formed on a photomask and a reticle
(hereinafter, referred to as reticle) by the use of an exposure apparatus
is projected and exposed on a substrate such as a semiconductor wafer or
glass plate on which a photosensitive agent such as photoresist is coated
(hereinafter, referred to as wafer). The reticle pattern is proj ected and
exposed by the use of, for example, an exposure apparatus of a
step-and-repeat system in such a manner that a position of the reticle and
a position of the wafer are adjusted (aligned) with high accuracy and the
reticle pattern is superposed on a pattern already formed on the wafer.
Particularly in recent years, high densification has been required for
semiconductor circuits. Accordingly, also in the alignment of the exposure
apparatus, as the pattern of the semiconductor circuit or the like becomes
finer, a demand for an ~w~w~~~~m   2 6 0 E C 2002 2 alignment performed
with highea accuracy has increased, and various processes for alignment
have been made. . . In general, the alignment of the reticle is performed
using exposure light. Among alignment systems for the reticle, there is a
Visual Reticle Alignment (V1ZA) system or the like, in which an alignment
mark drawn on a reticle is irradiated with exposure light, and image data
of the alignment mark picked up by a CCD camera or the like is subjected to
image processing, and a mark position is measured. The following are types
of alignment sensor's for wafers. ( 1 ) Laser Step Alignment (LSA)  This
sensor is a sensor for irradiating alignment marks arranged as a line of
dots on a wafer with a laser beam in order to detect a mark position by the
use of light diffracted or scattered by the mark. (2) Field Image Alignment
(FIA) 



This sensor is a sensor for irradiating alignment marks arranged as a line
of dots with light having a large wavelength bandwidth using a halogen lamp
or the like as a light source, and performing image processing of the image
data of an alignment mark imaged by a CCD camera or the like in order to
measure a mark-position. (3) Laser Interferometric Alignment (LIA) This
sensor is a sensor for irradiating alignment marks arranged in a
diffraction grating pattern on a wafer from two directions using laser
beams having slightly different frequencies and causing the two generated
diffraction lights to interfere with each other in order to measure a
position of the alignment mark from the phase obtained through the
interference. In the alignment by these optical systems, first, an
alignment mark on the reticie is detected and processed to measure a
position coordinate thereof. Next, an alignment mark on the wafer is
detected and processed to measure a position coordinate thereof, thus
position of a shot to be superposed is determined. Based on these results,
the wafer is moved by a wafer stage to perform an alignment so that a
pattern image of the reticle can be superposed on the shot position, and
the pattern image of the reticle is projected and exposed on the wafer. In
some of the above-described alignment systems, processing is performed
after a one-dimensional image or a two-dimensional image is obtained as an
alignment signal. For the case of a two-dimensional image, by adding mark
portions in the   2 s oEC 2ooz 3 measured direction, it can also be treated
as a one-dimensional image.. These signals are originally signals that are
continuously distributed with respect to the position, but for convenience
of signal transmission of an image pickup device, the signals will be
extracted as signals sampled at a predetermined interval. For example, when
an image processing sensor, such as a CCD camera or a line sensor, is used
as an image pickup device, since the pixel size is limited, the signals
will be sampled at an interval determined by the pixel size. Ideally, it is
desirable that signals output from the image pickup device be sampled by a
sampling apparatus at an interval corresponding to the pixel size of the
image pickup device. Edge detection, a correlation method or the like is
used for these sampled signals in order to measure the mark position.
Incidentally, in general, the accuracy required for the alignment sensor is
extremely high in comparison to the minimum resolving unit of the image
pickup device. For this reason, the position must be finally, determined
with an accuracy equal to or less than the sampled interval. Heretofore, in
edge detection and the correlation method, processing has been performed
for the sampled signals, and when the final position result is calculated,
the interval between the sampled points is fttted by an appropriate
function such as a linear or a quadratic function, and by solving the
function, a resolving power less than the sampled interval has been
obtained. Typically, the finer the sampling interval, the more the accuracy
is improved. On the other hand, when the magnification of the optical
system is increased in order to reduce the sampled interval on an object,
the visual field is narrowed due to a limitation in the number of pixels of
the CCD camera. Considering the constitution of the apparatus, the visual
field of the sensor must be ensured to some extent by conditions such as
size of the alignment mark or the accuracy of the pre-alignment performed
before the alignment measurement. In addition, in order to prevent the
conversion of a high-frequency component of a signal into a low-frequency
component by sampling (aliasing), a necessary condition is that the minimum
resolving unit of the image in the image pickup device is 0.5 times or less
of the minimum periodic component. The minimum periodic component of the
signal is given by, for example, in the case of an image processing sensor
using an optical microscope, the lower limit of the   2 6 0 EC 2002 4
minimum periodic component of the image as Pmi" as follows: 



pmin = ~( 2 X NA) ~.: vv~avelength of light ' ~"~ ' - NA: NA of optical
system However, this value will also vary depending on the illumination
conditions. By using this value, the sampling interval PS is given as: _ PS
< 0.5 x Pmin and, the above-described conditions can be satisfied. However,
when the sampling interval PS is increased, the error in sampling when
performing the edge measurement or correlation measurement becomes
significantly worse before the sampling interval PS reaches 0.5 X Pmin~
that is, from about 0.2 X Pm;". FIG. 14 is a diagram for explaining the
process during the execution of the edge detection. In a typical edge
detection algorithm, first, the point of maximum inclination, slope point
is found. ~ Typically, since the sampling interval is a fixed value, a
point is ,, , ,, ._ obtained where a difference 0 V between adjacent
sampled points in the V direction in the drawing is at a maximum. In the
example of FIG. 14, the point denoted by the reference symbol Po is the
point of maximum inclination. From this point, the closest relative maximum
and minimum are found by hill-climbing and hill-descending. In the example
shown in FIG. 14, with reference symbol Po as a center, points are found in
the H1 and HZ directions where the difference 0 V in the V direction in the
drawing becomes a minimum. These points are defined to be the maximum value
and the minimum value of the edge. In the example of FIG. 14, the sampled
point P, becomes the maximum value of the edge, and the sampled point PZ
becomes the minimum value of the edge. After the maximum value and the
minimum value of the edge are obtained, setting a slice level SL as, for
example, an intermediate value of these values, the edge positions E~ and
Ez are set as the points where the edge crosses the slice level. When the
sampling interval is increased to some extent, the maximum value and the
minimum value of the above-described edge will vary according to the
relationship between the sampled position and the signal edge position. For
this reason, the slice level SL varies, resulting in a variation of the
measurement result.   2 6 D E C 2002 



5 In addition, since the fitting is performed by a linear function, a
quadratic function, or the like, when obtaining the edge positions E~ and
EZ, an error occurs here also. Also in the correlation method, depending on
the positional relationship between the sampled position and the signal,
the mark signal causes deformation so as to change the center of gravity
thereof, resulting in a variation in the measurement result. Moreover, also
in the correlation method, since a resolving power which is smaller than
the sampled interval results from the fitting to a quadratic or the like,
an interpolation error occurs here also. Furthermore, heretofore, in order
to improve the accuracy, a plurality of marks have been typically used for
the alignment marks, and the accuracy has also been improved by averaging
of the respective marks obtained by sampling in different phases. -
Incidentally, when performing superposition by an exposure apparatus, a
shift of the image according to the structure of the alignment mark and
resulting from a comatic aben ation becomes a problem. However, it has
recently been found that the comatic aberration can be improved by
increasing NA. In addition, since the measurement accuracy improves as the
edge slope becomes steeper for a signal which has a noise at the same
level, it is also necessary to increase NA of the optical system used in
the alignment in order to improve the alignment accuracy. However, when NA
of the alignment optical system is increased, a problem occurs in that the
minimum periodic component Pm;" included in the image, that is, pmin = ~( 2
X NA ) decreases as NA increases. Since it is difficult to narrow the
visual field under the present situation, it has become difficult to
satisfy the condition of PS < 0.2 x Pm",. In addition, in using an
XY-simultaneous mark for measuring X and Y simultaneously in order to
increase speed (refer to the gazette of Japanese Unexamined Patent
Application, First Publication No. Hei 2-272305 for details), the number of
alignment marks must be reduced, and thus the above-described averaging
effect also decreases. Hereinbelow, simulation results will be used to
describe the relationship between the sampling interval and the position
measurement error. 



FIGS. 15 and 16 are diagrams showing position measurement errors when   6
sampling is performed for a step difference mark of a~ 6 a m line for
different sampling intervals. FIG. 15 is a diagram showing position
measurement errors when imaging is performed with an optical system having
a wavelength of 0.6 a m, an illumination sigma =l, and NA = 0.6. FIG. 16 is
a diagram showing position measurement errors when imaging is performed
with an optical system having a wavelength of 0.6 ~, m, an illumination
sigma = 1 and NA = 0.3. In FIGS. 15 and 16, the abscissa shows sampling
intervals, and the ordinate shows position measurement errors. In this
simulation, the minimum periodic component Pm;~ included in the
above-described image is 1 ~c m when NA is 0.3 and 0.5 a m when~NA is 0.6.
As shown in FIGS. 15 and 16, when the sampling interval is changed, a
result is obtained wherein the position measurement errors are cyclically
reduced. However, this sampling interval in which the position measurement
errors are reduced changes depending on the line width. In alignment of the
exposure apparatus and the like, the total required overlay (total overlay
accuracy) also varies depending on the line width of the circuit pattern
printed on the substrate. However, for this total overlay, typically an
accuracy of 1 /4 or less of the minimum line width of the printed circuit
pattern is required. An accuracy of about 50 nm is typically required for
the total overlay. In order to satisfy this requirement, the measwement
error allowable for the alignment sensor is about 3 to 5 nm. Now, the
alignment error allowable for alignment is assumed to be 5 nm. As is
apparent from FIGS. 15 and 16, even if NA is 0.6 and 0.3, when the sampling
interval PS is 0.2 x Pmin < PS < 0.39 X Pm;", and when the sampling
interval PS is PS > 0.41 x Pm",, the point measurement error exceeds the
allowable error. FIG. 17 is a diagram showing the simulation results
representing the relationship between the sampling interval and the
position measurement error when a normalized mutual correlation is used. As
shown in FIG. 17, as the sampling interval PS becomes longer, the position
measurement errors smoothly increase, and, with about PS < 0.2 x Pmin as a
reference, the deterioration of the accuracy cannot be permitted. Next, the
results obtained by performing the edge detection with an increase in the
number of alignment marks will be shown. FIGS. 18 to 20 are diagrams
showing the simulation results representing the   26DEC2002 7 relationship
between the sampling interval and the position measurement error when the
number of alignment marks is changed.. FIG. 18 is a diagram showing the
result when the number of line spaces (hereinafter referred to as L&S) is
three; FIG. 19 is a diagram showing the result when L&S is six; and FIG. 20
is a diagram showing the result when L&S is nine. In general, as the number
of alignment marks is increased, the position measurement error decreases.
However, from the results shown in FIGS. 18 to 20, it is understood that
there is a sampling interval where the position measurement error does not
decrease very much even if the number of alignment marks is increased.
Moreover, with reference to FIGS. 18 to 20, sampling intervals cyclically
appear at which the position measurement errors are extremely reduced. The
magnification of the optical system may be set so that the sampling
interval thereof can be matched to the above-described sampling interval.
However, this is not so desirable because the magnification accuracy during
manufacturing needs to be made strict and different mark intervals cannot
be dealt with. DISCLOSURE OF THE INVENTION The present invention was made
in consideration of the foregoing circumstances in mind. The object of the
present invention is to provide, even if a sampling interval must be set to
about 0.2 times or more of the lower limit of the minimum periodic
component, a mark detection method capable of reducing a position error of
a mark position, an exposure method for transferring a predetermined
pattern onto a substrate aligned using the mark detection method, a device
manufacturing method using the exposure method, a mark detection apparatus,
an exposure apparatus for transferring a predetermined pattern onto a
substrate aligned using the mark detection apparatus, and a device
manufactured by the use of the exposure apparatus. Another object of the
present invention is to provide, even if the sampling interval is equal to
0.5 times or more of the lower limit of the minimum periodic component,
that is, even if the sampling interval does not satisfy a sampling theorem,
a mark detection method capable of preventing a position measurement error
caused by aliasing, an exposure method for transferring a predetermined
pattern onto a substrate aligned using the mark detection method, a device
manufacturing method using the exposure method, a mark detection apparatus,
an exposure apparatus for transferring a   2 6 0 E C 2002 



8 predetermined pattern onto a substrate aligned~using the mark detection
apparatus and a device manufactured using the exposure apparatus. In order
to accomplish the foregoing objects, a first mark detection method of the
present invention comprises the steps of irradiating a mark~formed on an
object with a detection beam; imaging an image of the mark through an
image-forming system; converting the image of the mark which is formed on
an image pickup device into an electrical image signal; outputting a signal
related to the image signal in a predetermined sampling interval; and
interpolating the signals related to the image signal in cycles equal to or
less than the predetermined sampling intervals. . . According to this
invention, in the case where the minimum resolution unit of an image pickup
device must be 0.2 times the minimum periodic component of an image or
more, there is an advantage that the position measurement error of a mark
can be significantly reduced by interpolating in a cycle equal to or less
than a predetermined sampling interval for image signals of the mark which
are sampled at the predetermined intervals. In addition, in the
above-described mark detection method, the image pickup device has a
predetermined pixel size, the predetermined sampling interval includes an
interval of the predetermined pixel size, and the interpolation is
performed at an interval equal to or less than the predetermined pixel
size. In this case, the pixel size is preferably a predetermined multiple
of the minimum periodic component of the image formed on the image pickup
device. This minimum periodic component is defined by ~, /2NA based on the
wavelength ~, of the detection beam and the numerical aperture NA of the
imaging system. Moreover, it is preferable that the pixel size be 0.2 times
the minimum periodic component or more and, further, 0.5 times the minimum
periodic component or less. In this case, it is best if the pixel size is
anywhere between 0.39 times or more to 0.41 times or less of the minimum
periodic component. Moreover, it is preferable to perform a smoothing
operation to remove a component equal to or less than a predetermined cycle
from the image signal output at the sampling intervals. Furthermore, it is
preferable that the smoothing operation remove a periodic component equal
to or less than 1 /( 1 /PS - I /Pm",), which is represented by the
predetermined pixel size PS and the minimum periodic component Pm;". By
performing this processing, aliasing noise can be removed in the case where
the minimum resolving unit PS of the image pickup device must be 0.5 times
or more of   2 6 D E C 2002 9 the minimum periodic component Pm;" of the
image; thus there; is an advantage that error accuracy can be improved even
in conditions where the image of an object cannot be completely restored. .
As a result, since the position measurement iw a coarse sampling interval
can be performed on, for example, the image of the alignment mark, the
expansion of NA or the expansion of the visual field is possible even by
the use of a conventional image pickup device. Moreover, since an
interpolation operation accompanied with smoothing is performed in this
invention, there is an advantage in that processing time can be shortened
as compared with the case where interpolation and low pass filtering are
performed separately. Furthermore, the predetermined pixel size PS is
preferably more than 0.5 times the minimum periodic component Pm;n.
Specifically, the smoothing operation comprises: a step of setting a
smoothing point where smoothing is performed for the image signal; a step
of selecting, from the image signal, an image signal sampled in a
predetermined range that includes the smoothing point; a step of sampling a
function while removing a periodic component smaller than 1 /( 1 /Ps -
1/P",;") according to the distance between the position of the smoothing
point and a position of the selected image signal in a cycle identical to
the sampling interval of the image signal; and a step of adding the product
of the selected image signal and the sampled function, the product being
obtained for each of the image signals included in the predetermined range.
Alternatively, the smoothing operation comprises: a step of setting an
interpolation point where the interpolation for the image signal is to be
performed; a step of obtaining a most proximate position of the image
signal, which is most proximate to the position of the interpolation point;
a step of selecting, from the image signal, an image signal sampled in a
predetermined range including the most proximate position; and a step of
adding the product of the selected image signal and the function removing a
periodic component smaller than 1 /( I/Ps  1 /Pm;n) according to the
distance from the position of the selected image signal, the product being
obtained for each of the image signals included in the predetermined range.
Moreover, in this invention, the image signal is output as a sample point
in the predetermined sampling interval, and an interpolation is performed
on an arbitrary point in a cycle equal to or less than the predetermined
sampling interval by an interpolation   2 6 DEC 2002 io method using a
conversion including the linear combination ~of a plurality of the sample
points located in the vicinity of the arbitrary point. This interpolation
method includes a weighting operation using the plurality of the sample
points. , Furthermore, in this invention, the position of the object is
measured on the basis of the interpolated image signal. Herein, the
predetermined sampling interval is determined on the basis of the amount of
position measurement error in the measurement. The object predetermined
herein is a substrate onto which a circuit pattern is transferred, and the
amount of position measurement error in the predetermined sampling interval
is the value where a total overlay becomes 1/4 or less of the minimum line
width of the circuit pattern transferred onto the substrate. Still further,
in this invention, the interpolation is performed on the image signal
itself and on a correlation function obtained on the basis of the image
signal. 



In order to accomplish the foregoing objects, a second mark detection
method of the present invention comprises the steps of imaging a mark
formed on an object; converting an image of the mark, which is formed on an
image pic~laup~device, into an electrical image signal; outputting a signal
related to the image signal in a predetermined sampling interval as a
sample point; and performing an interpolation on an arbitrary point in a
cycle equal to or less than the predetermined sampling interval by an
interpolation method using a conversion including the linear combination of
a plurality of the sample points. Herein, in the interpolation method, the
arbitrary point is subjected to interpolation using the plurality of the
sample points located in the vicinity of the arbitrary point. This
interpolation method includes a step of performing a weighting operation
using the plurality of the sample points, and an interpolation filter for
determining a weighting coefficient used in the weighting operation.
Herein, when the predetermined sampling interval is T, the interpolation
filter includes an interpolation function s(dx) given by as: S(~) -
sin(2~ra5c / 2T) 2~rdx l 2T The interpolation filter is represented as:
S(dx) = s(dx)  W(dx). S is a product of the interpolation function s(dx)
and a window function W(dx) which is capable of converging an end portion
of the interpolation function s(dx) to zero. Herein, when a length of the
window is R, the window function W(dx) is represented as:   2 s occ zooz m
w(~) - 1 + cos(2~c / R) . 2 Moreover, the second mark detection method of
the preset invention . standardizes the interpolation filter so that the
sum total of the weighting coefficients used when a first arbitrary point
is subjected to interpolation and the sum total of the weighting
coefficients used when a second arbitrary point different from the first
arbitrary point is subjected to interpolation can be predeterminedvalues.
Herein, the standardization converts the respective coet~`icients of the
interpolation filter by dividing the respective coefficients by the sum
total of the respective coefficients. , Furthermore, the second mark
detection method of the present invention performs a smoothing process for
removing a component having a cycle equal to or less than a predetermined
cycle from the image signal output as a sample point in the predetermined
sampling interval. Herein, the image pickup device has a pixel size PS a
predetermined multiple of the minimum periodic component Pm;" of the image
formed on the image pickup device. The smoothing process includes a step of
removing a periodic component equal to or less than 1/(1/PS - 1/Pmin), on
the basis of the pixel size PS and the minimum periodic component Pm",. The
pixel size PS is larger than 0.5 times the minimum periodic component P~";
n. Furthermore, the interpolation is performed on the image signal itself.
The exposure method of the present invention is characterized in that the
obj ect is a substrate onto which a predetermined pattern is transferred,
and the predetermined pattern is transferred onto the substrate which is
aligned on the basis of the mark detected by the use of the mark detection
method. Moreover, a device manufacturing method of the present invention is
for manufacturing a device using the exposure method of transferring the
predetermined pattern onto the substrate. A first mark detection apparatus
of the present invention includes an irradiation system which irradiates a
mark formed on an object with a detection beam, an . image-forming system
which forms an image of the mark on the image-forming surface, and an image
pickup device disposed above the image-forming surface, a sampling device
which converts the image of the mark into an electrical image signal in
order to output a signal related to the image signal in a predetermined
sampling interval, and an interpolation device which interpolates the
signal related to the image signal in a cycle   2 6 D E C 2002 12 



equal to or less than the predetermined sampling interval. ~ ~ - . Herein,
the first mark detection apparatus of the present invention is
characterized in that the image-pickup-device has a pixel size a
predetermined multiple of the minimum periodic component of an image formed
on the image-forming surface, the predetermined sampling interval includes
a cycle of the pixel size, and the interpolation device performs an
interpolation in a cycle equal to or less than the pixel size. The minimum
periodic component is defined by ~, /2NA based on the wavelength ~ ~. ~ of
the detection beam and the numerical aperture NA of the image-forming
system. The pixel size is preferably 0.2 to 0.5 times the minimum periodic
component. In addition, the first mark detection apparatus of the present
invention further comprises a smoothing device which removes a component
equal to or less than a predetermined cycle from a signal output at the
sampling intervals by the sampling device. Herein, the pixel size PS is
larger than 0.5 times the minimum periodic component Pm;", and
the~smoothing device removes periodic components equal to or less than 1 /(
1 /PS - 1 IPmin)~ on the basis of the pixel size PS and the minimum
periodic component Pm;n. - ' ' ' Moreover, the first fiark detection
apparatus of the~present invention is characterized in that the sampling
device outputs a signal related to the image signal as a sample point in
the predetermined sampling interval, and the interpolation device
interpolates an arbitrary point in a cycle equal to or less than the
predetermined sampling interval by an interpolation method using a
conversion including the linear combination of a plurality of the sample
points located in the vicinity of the arbitrary point. Furthermore, the
first mark detection apparatus further comprises a measurement device which
measures a position of the object on the basis of the interpolated signal,
characterized in that the predetermined sampling interval is determined on
the basis of the amount of position measurement error of the measurement by
the measurement device. Still further, the first mark detection apparatus
is characterized in that the sampling device outputs the image signal
itself in the predetermined sampling interval, and the interpolation device
performs an interpolation on the image signal itself. A second mark
detection method of the present invention comprises a sampling device which
images a mark formed on an object, converting an image of the mark into an
electrical image signal and outputting a signal related to the image signal
in a predetermined sampling interval as a sampling point; and an
interpolating device which interpolates an arbitrary point in a cycle equal
to or less than the predetermined sampling   Z 6 D E C 2002 I3 interval by
an interpolation, method using a conversion including the linear
combination of a plurality of the sample points. Herein, the interpolation
device interpolates the arbitrary point using the plurality of the sample
points located in the vicinity of the arbitrary point, and the
interpolation device performs a weighting operation using the plurality of
the sample points, and includes an interpolation filer which-determines a
weighting coefficient used in the weighting operation. ~ When the
predetermined sampling interval is T, this interpolation filter includes an
interpolation function s(dx) represented as: s(~) _ sin(2mlx / 2T) 2~rdx I
2T Moreover, the fast mark detection apparatus of the present invention
further comprises a standardizing device which standardizes the
interpolation filter so that the sum total of the weighting coefficients
used when interpolation is performed on a first arbitrary point and the sum
total of weighting coefficients used when interpolation is performed on a
second arbitrary point different from the first arbitrary point can be
predetermined values. This standardizing device converts the respective
coefficients o f the interpolation filter by dividing the respective
coefficients by the sum total of the respective coefficients. Furthermore,
the first mark detection apparatus of the present invention further
comprises a smoothing device which removes a component equal to or less
than a predetermined cycle from the signal output as a sample point in the
predetermined sampling interval by the sampling device. Herein, the
sampling device includes an image pickup device having a pixel size PS of a
predetermined multiple of the minimum periodic component Pm;" of an image
formed on a predetermined image-forming surface, and the smoothing device
removes a periodic component equal to or less than 1/(1/PS  1 /Pm~n), on
the basis of the pixel size PS and the minimum periodic component P,";".
This pixel size PS is preferably larger than 0.5 times the minimum periodic
component Pm;n. In addition, the second mark detection apparatus of the
present invention is characterized in that the sampling device outputs the
image signal itself in the predetermined sampling interval, and the
interpolation device performs an interpolation on the image signal itself.
The exposure apparatus of the present invention is characterized in that
the object is a substrate onto which a predetermined pattern is
transferred, and the predetermined   2 6 DEC 2002 14 pattern is transferred
onto the substrate which is aligned on the basis of the mark detected by
the use of the mark detection apparatus. Furthermore, a device of the
present invention is manufactured through the step of transferring the
predetermined pattern onto the substrate by the exposure apparatus. 



BRIEF DESCRIPTION OF THE DRAWING FIG. 1 is a diagram schematically showing
a constitution of an exposure apparatus of one embodiment of the present
invention. FIG. 2 is a diagram for explaining a state in which
interpolation is performed on a one-dimensional image. FIG. 3 is a diagram
for explaining a state in which interpolation is performed on a
two-dimensional image signal. FIG. 4 is a one-dimensional projection of a
step difference mark image formed on an image pickup device by an optical
system for conditions where NA is 0.6, the wavelength is 0.6 ,u m, and the
illumination sigma is 1.0. FIG. 5 is a signal obtained by sampling the
image shown in FIG. 4 with a sampling interval of 0.24 a m. FIG. 6 is a
signal obtained by sampling the image shown in FIG. 4 with a sampling
interval of 0.24 ~ m. FIG. 7 is a diagram showing the dislocation amount of
an edge position when an image position for an image pickup device is
moved. FIG. 8 is a diagram showing the simulation results obtained by
performing a three-point interpolation on the respective sampled points for
the signal shown in FIG. 5. FIG. 9 is a diagram showing the simulation
results obtained by performing a three-point interpolation on the
respective sampled points for the signal shown in FIG. 6. FIG. 10 is a
diagram showing the dislocation amount of an edge position when an image
position for an image pickup device subjected to interpolation is moved.
FIG. I 1 is a diagram showing the simulation results of position
measurement error when a sampling interval is changed when performing only
interpolation. FIG. 12 is a diagram showing the simulation results of
position measurement error when the sampling interval is changed when
performing only low-pass filtering. FIG. 13 is a diagram showing the
simulation results of position measurement   



Z 6 D E C 2002 15 en or when the sampling interval is changed .when
performing interpolation and low-pass ' filtering. FIG. 14 is a diagram for
explaining the process of edge detection. FIG. 15 is a diagram showing
position measurement error when a step difference mark of a 6 a m line is
sampled for different sampling intervals. FIG. 16 is another diagram
showing the position measurement error when a step difference mark of a 6 a
m line is sampled for different sampling intervals. FIG. 17 is a diagram
showing the simulation results representing the relationship between the
sampling interval and position measurement error when normalized mutual
correlation is used. FIG. 18 is a diagram showing the simulation results
representing the relationship between the sampling interval and position
measurement error when the number of alignment marks is three. FIG. 19 is a
diagram showing the simulation results representing the relationship
between the sampling interval and position measurement error when the
number of alignment marks is six. FIG. 20 is a diagram showing the
simulation results representing the relationship between the sampling
interval and position measurement error when the number of alignment marks
is nine. FIG. 21 is a flowchart for the production of a device (a
semiconductor chip such as an IC or LSI, a liquid crystal panel, a CCD, a
thin-film magnetic head, a micro-machine or the like) in the embodiment of
the present invention. FIG. 22 is a flowchart showing the details of step
S304 of FIG. 21 for the case of a semiconductor device. BEST MODE FOR
CARRYING OUT THE INVENTION Hereinbelow, a description will be made in
detail for a mark detection method, an exposure method, a device
manufacturing method, a mark detection apparatus, and an 



exposure apparatus according to one embodiment of the present invention
with reference to the drawings. [Exposure apparatus] First, a description
according to one embodiment of the present invention will be   2 6 D E C
2002 16 made for an exposure apparatus, to which.a mark detection method
according to one embodiment of the present invention is applied. FIG. 1 is
a diagram schematically showing a constitution of the exposure apparatus
according to one embodiment of the present invention. In FIG. 1, reference
numeral 1 denotes a light source such as a super-high-pressure mercury lamp
or an excimer laser. Reference numeral 4 denotes a reflection mirror for
reflecting illumination light emitted from Iight source 1. Reference
numeral 5 denotes a wavelength selection filter which only transmits light
having a wavelength necessary for exposure therethrough. Reference numeral
6 denotes a fly-eye integrator 6 which adjusts the illumination light
transmitted through wavelength selection filter 5 into a luminous flux
having a uniform intensity distribution. Reference numeral 7 denotes a
reticle blind having an aperture S, which adjusts the illumination range of
the illumination light for a reticle 10, to be described later, by changing
the size of aperture S. Wavelength selection filter 5, fly-eye integrator 6
and reticle blind 7 are disposed sequentially on the same optical axis C 1.
- ' ' ' Reference numeral 8 denotes a reflection mirror for bending the
optical axis CI, and reference numeral 9 denotes a lens system for
irradiating a reticle with the illumination light reflected by reflection
mirror 8. Reticle 10 is disposed on an optical axis C2 where lens system 9
is disposed. On this reticle 10, a shot pattern is transferred onto a wafer
12 and an alignment mark for position measurement, which are to be
described later. Reference numeral 11 denotes a projection optical system
disposed on optical axis C2, which converges the illumination light
transmitted through reticle 10. Wafer 12 is a semiconductor substrate made
of silicon or the like, and resist (not shown) is coated on a surface
thereof. Reference numeral 13 denotes a stage for holding wafer 12 by
vacuum suction. In addition, the stage 13 has a known structure in which a
pair of blocks movable in directions perpendicular to each other are
superposed onto each other. Reference numeral 21 denotes a drive device
such as a motor, which moves stage 13 in a stage-moving coordinate system
formed in directions perpendicular to each other. Therefore, drive device
21 moves stage 13, and thus the shot position on wafer 12 is superposed on
an exposure visual field of projection optical system 11.   2 6 D E C 2flD1
17 In addition, a moving mirror 14 is fixed on a predetermined position of
stage 13. Reference numeral 20 denotes a laser. interferometer which
detects the position of stage 13 in the stage-moving coordinate system by
irradiating moving mirror 14 disposed on stage 13 with a laser beam 15. 



The above-described drive device 21 and laser interferometer 20 are
controlled by a stage control system 36. In addition, a reference mark
member 33 having a height equal to the surface of wafer 12 is fixed on a
predetermined position of stage 13. On a surface of reference mark member
33, a mark as a reference for alignment is formed. By measuring this mark,
a reference position of the alignment sensor can be determined, and a
positional relation between stage 13 and reticle 10 can be measured. Stage
control system 36 controls drive device 21 based on a control signal output
from a main control system 37 to control movement of stage 13. In addition,
detection results of laser interferometer 20 are supplied from stage
control system 36 to main control system 37, and main control system 37
outputs a control signal to stage control system 36 based on the
information of the results. The exposure apparatus in this embodiment
comprises: a reticle alignment sensor 31 for detecting an alignment mark
formed on reticle 10; and a wafer alignment sensor 32 for detecting a
reference mark on reference mark member 33 or an alignment mark formed on
wafer 12. Reticle alignment sensor 31 detects the alignment mark of reticle
10 by the use of, for example, light (detection beam) having a wavelength
equal to that of the illumination light (exposure light) from a light
source (irradiation system, not shown). The relative position of a
detection origin (for example, the center of an index mark) of reticle
alignment sensor 31 and an optical axis AX of the projection optical system
are obtained beforehand. And the relative position of the center of a
circuit pattern region drawn on the reticle and the alignment mark is also
obtained beforehand. Accordingly, the center of the circuit pattern of the
reticle and optical axis AX of the projection optical system can be aligned
by detecting the alignment mark and by obtaining an amount of a shift
thereof from the detection origin. Wafer alignment sensor 32 is a so-called
off axis alignment sensor which is separately provided outside projection
optical system 11. On an image projection surface, the optical axis of
wafer alignment sensor 32 and the optical axis of projection optical   2 6
D E C ~UOL system 11 are parallel to each other. Wafer alignment sensor 32
detects the reference mark provided on reference mark member 33 or the
alignment mark formed on wafer 12, and thus measures the relative
positional relation between these detected marks and the index mark formed
in alignment sensor 32. Note that the reference mark or the alignment mark
is irradiated with the detection beam from a light source (irradiation
system) which is not shown. Reticle alignment sensor 31 and Wafer alignment
sensor 32 comprise image-forming systems which form images of the alignment
mark and the reference mark and the like on an image pickup device. In
addition, although all types of the above-described sensors are applicable
as wafer alignment sensor 32, an example of this embodiment will be
described using an FIA alignment sensor as wafer alignment sensor 32.
Reference numeral 35 denotes an alignment control system to which reticle 



alignment sensor 31 and the wafer alignment sensor 32 are connected.
Alignment control system 35 processes alignment signals output from
alignment sensors'31 and 32, and outputs the same~to-the 'above-described
main control system 37: In the foregoing constitution, the illumination
light emitted from light source 1, such as a super-high-pressure mercury
lamp or an excimer laser, is reflected by reflection mirror 4 and incident
on wavelength selection filter 5. Wavelength selection filter 5 only
transmits light having a wavelength necessary for exposure therethrough,
and the illumination light transmitted through wavelength selection filter
5 is adjusted into a luminous flux having a uniform intensity distribution
by fly-eye integrator 6 and then reaches reticle blind 7. Reticle blind 7
changes the size of aperture S to adjust the illumination range on reticle
10 by the illumination light. The illumination light transmitted through
aperture S of reticle blind 7 is reflected by reflection mirror 8 and
incident on lens system 9. The image of aperture S of reticle blind 7 is
formed on reticle 10 by this lens system 9, and the desired range of
reticle 10 is illuminated. The image of the shot pattern or the alignment
mark, which exists in the illumination range of the reticle 10, is formed
on wafer 12 coated with resist by projection optical system 11, and thus
the pattern image of reticle 10 is exposed on a particular region of wafer
12. Reticle alignment sensor 31 detects the position of the alignment mark
formed on   2 6 DEC a'~? 19 reticle 10, and wafer alignment sensor 32
detects the reference mark position on reference mark member 33 fixed on
stage 13, and thus the alignment signal is output. This alignment signal is
output to alignment control system 35, and reference positions of reticle
10 and stage 13 are set. ~- _ Next, main control system 37 outputs a
control signal to stage control system 36 so that the alignment mark formed
on wafer 12 can be detected by the wafer alignment sensor 32. Stage control
system 36 drives stage 13 on the basis of this control signal, supplies a
detection signal output from laser interferometer 20 to main control system
37, and controls the detection signal by sending feedback to it. In such a
manner, main control system 37 controls and moves stage 13, measures the
position of the alignment mark formed on wafer 12, measures the positions
of reticle 10 and wafer 12, and performs an alignment for the same. At the
point when the alignment is terminated, the shot pattern formed on reticle
10 is transferred to the resist coated on wafer 12. A description will be
made in detail of the procedure for determining an alignment mark position
from the alignment signals output from reticle alignment sensor 31 and
wafer alignment sensor 32. It is effective to perform the interpolation of
the minimum division unit of the image pickup device if it is 0.2 to 0.5
times the minimum periodic component of the image formed on the image
pickup device by the alignment optical system. 



The mark image formed on the image pickup device is sent as an electrical
signal to a sampling apparatus which is a sampling device, and sent as a
digital image signal to a processing system. This processing system
constitutes an interpolation device, a smoothing device, a standardizing
device and a measurement device. A line sensor, a CCD camera or the like
can be used as the image pickup device. In the former case, the digital
image signal is one-dimensional, and in the latter case, two-dimensional.
In addition, it is desirable that the sampling interval for the digital
image signal output from the sampling apparatus typically be made to
correspond with the minimum division unit of the image pickup device. In
such a manner, the resolving power of the image pickup device can be
e~ciently utilized. [Mark detection method]   2 s o E c 2ocl 20 Next, a
description will be made in detail of a mark detection method according to
one embodiment of the present invention. (Interpolation of an image signal)
First, a description will be made of a method for performing an
interpolation of a digital image signal obtained by the foregoing image
pickup device. To simplify the description, the case of a one-dimensional
image will be described. Even a two-dimensional image can be treated as a
one-dimensional image by removing one scanning line or by adding scanning
lines in one direction. FIG. 2 is a diagram for explaining a state in which
interpolation is performed on a one-dimensional image. In FIG. 2, for
simplicity, a description will be made for the case of an interpolation
where an image is treated as a one-dimensional image. A case is considered
in which interpolation is performed on a one-dimensional digital image
signal fk (k: 0, 1, ..., n) having a sampling interval T in a cycle T'
satisfying T' < T. The signal after being subjected to interpolation is
defined to be fk~ (k': 0, 1, ..., n'). In order to perform the
interpolation, it is satisfactory that a convolution operation is performed
using an interpolation filter S(k, k') by the use of a point K, where a
position X(k) on a digital image indicated by k and a position X'(k')
indicated by k' are coincident with each other or proximate to each other
(hereinafter, referred to as a proximate point), and several points in
front of and behind this point. A description will be made more
specifically with reference to FIG. 2. In FIG. 2, f3 to fb denote
one-dimensional digital image signals, each having a sampling interval T.
The position coordinates of these one-dimensional digital image signals f3
to f6 are X3 to X6, respectively. Now, the case is considered in which the
interpolation is performed on these one-dimensional digital image signals
in the cycle T'. In the case where the interpolation is performed between
the one-dimensional digital image signals f4 and f5, the signal after the
interpolation is defined to be f 8 and the position coordinate thereof is
defined to be X'8. A one-dimensional digital image signal proximate to the
position coordinate of the signal after the interpolation is fs. This
one-dimensional digital image signal fs corresponds to the proximate point
K, which has a value of K = 5. Therefore, the interpolation is performed by
the use of several points in front of  



2 6 D E C 2002 21 and behind the proximate point K, for example, using the
one-dimensional digital image signals f4 and fs and the following Equation
(1): . f'k~= ~ fkS(k,k') ... (1) (K-m<k<K+m) In the foregoing Equation (1),
the interpolation filter S(k, k') is a function of k and k' in general;
however, in the case of performing a position measurement, the
interpolation filter S(dx), which depends only on the relative position dx
= ~ X(k) - X(k') ~, is typically used. Moreover, when the sampling
intervals T and T' are in an integer ratio, the values that the relative
position dx can take are limited. A11 of these numerical values are stored
beforehand held in a storage apparatus and by reading these numerical
values from the storage apparatus during the interpolation, the
interpolation operation can be performed. Note that the variable "m" used
in Equation ( 1 ) is a variable determined in consideration of the accuracy
of the interpolation and the like. Furthermore, in FIG. 2, in the case of
obtaining f ~, since the position coordinate of X'~ and the position
coordinate X4 of the one-dimensional digital image signal f4 are the same,
f4 corresponds to the proximate point K and the value thereof is K = 4.
When a sampling function represented by Equation (2) is used as the
foregoing interpolation filter S(dx), the original signal can theoretically
be restored. S(~) _ sin(2~rdxl2T) ... (2) 2ralx I 2T However, an errors
occurs which is attributable to the area of the pixel of the image pickup
device and the use of only data adjacent to the signal in the
interpolation. The error caused by the latter case noticeably appears when
the interpolation filter S(dx) does not smoothly converge to zero at the
end portions thereof. For this reason, in actually, the product of the
interpolation filter S(dx) having a limited length and the length itself,
that is, a window function W(dx) matching the distance fixed by the
variable m considered in performing the interpolation, is used as the
interpolation filter S(dx). The following Equation (3) is an equation
representing this interpolation filter S(dx). S(~) _ sin(2~cdx/ 2T) x W
(dx) ... (3) 2~dx l2T As an example of the foregoing window function, a
panning window or the like represented by the following Equation (4) may be
satisfactorily used.   2 6 DEC ?~:~2 22 ~,(~) =1 +cos(2ndxl R) ... (4) ,. ,
2 R: range and length of the window In the above-described method, for the
case where the position coordinate X(k') is coincident with the position
coordinate X(k), all of the points become zero except for the point where
the relative position dx = 0. Accordingly, the data prior to the
interpolation may be used as it is for the relative position, and thus the
processing speed may be increased. In addition, although in the above
description, the case was described wherein an 



image signal obtained from the image pickup device is handled as a
one-dimensional image, the processing can be performed for the case wherein
an image signal is handled as a two-dimensional image. (Removal of noise)
Moreover, there are many cases where noise is included in the image signal
which is a processing object. This noise is electrical noise generated on
the periphery of the image signal or a defect, such as dust or the like,
caused when the alignment mark is subjected to processing. Particularly, in
the case of performing asymptotic processing such as edge detection,
high-frequency noise causes detection errors and the like, resulting in
large measurement error. For this reason, in the case of performing a
position measurement, in general, low-pass filtering is commonly performed.
As described above, the interpolation is performed on the image signal
obtained in this embodiment, and thereafter, in the case of filtering, the
filtering is performed at the sampling intervals after the interpolation.
When the interpolation is performed, the sampling interval after the
interpolation becomes shorter than the sampling interval for the image
signal. Accordingly, in the case where the filtering is performed after the
interpolation, many operations are required and the processing time
increases. Furthermore, although the filtering can be performed before the
interpolation, in this case, the process of filtering becomes noise in the
interpolation operation, resulting in a deterioration of the accuracy.
However, the interpolation operation as described above is a convolution
2 6 D E C 2002 23 operation which is basically the same as the
filtering~operation. Therefore, it is considered that the deterioration of
the accuracy is prevented by simultaneously performing the interpolation
operation, and that the filtering operation and the processing speed can be
increased. ' Now, a predetermined low-pass filter is assumed to be R(x). In
the case of performing low-pass filtering after the interpolation is
performed using the interpolation filter S(x) represented in the
above-described Equation (2) or (3), first, the processing is performed on
the image signal' using the interpolation filter S(x), and then the
processing is performed using the low-pass filter R(x). 



Although not equivalently to the above process, when the following Equation
(5) is used, an almost similar process can be performed. LPS(x) = f S(x') *
R(x - x')dx' ... (5) Therefore, the image signal obtained from the image
pickup device is processed by the use of LPS(x) represented in Equation
(5), and thus a signal subjected to interpolation and filtering can be
obtained; and since these processes are performed simultaneously, the
processing time can be shortened. An operation for the case where a sinc
function is used as the above-described low-pass filter, R(x) corresponds
to a change of the cycle of the sinc function of the interpolation filter
S(x) represented by Equation (2). Accordingly, in this case, LPS(x) in
Equation (5) can be represented as in the following Equation (6) by the use
of a variable H satisfying H < T. LPS(dx) = sin(2~rdxl2H) ... (6) 2~dx l 2H
Moreover, in the case of using the window function W(dx) represented in
Equation (3), LPS(dx) is represented as in the following equation (7).
LPS(dx) - sin(2~dx / 2H) x W (dx) . .. (7) 2~rdx I 2H By using Equation (6)
or (7) in the processing of the image signal obtained from the image pickup
device, the interpolation and low-pass filtering can be performed at a
higher rate. The foregoing window function is represented by the following
Equation (8). W(~) - 1 + cos(2~dx / R) . , . (8) 2   26DEC?~U? 24 R: range
and length of the window (Interpolation of a two-dimensional image signal)
, , , Next, a description will be made in detail for the case where the
image signal obtained from the image pickup device is a two-dimensional
image. In the case of performing position measurement using a
two-dimensional image, 



position coordinates in two directions may be obtained from the same image
data, or a position coordinate in only one direction may be obtained. , In
this embodiment, for the case where the minimum division unit of the image
pickup device is about 0.2 times the minimum periodic component of an image
in at least one measurement direction, the interpolation is performed so
that the sampling interval of the digital image can be smaller than the
minimum division unit of the image pickup device at least in this
direction. A case is considered wherein the interpolation is performed on a
two-dimensional image signal f,~, ~y (sampling interval TX in the x
direction, sampling interval Ty in the y direction) and the two-dimensional
image signal f~) ~y is converted into a signal f~~, ,~y~ (kx': 0, 1, ...,
nx ; ky': 0, 1, ..., ny') sampled in a cycle Tx and Ty satisfying at least
one of Tx > Tx' and Ty > Ty'. After interpolation, each value of the image
signal f~~, ky is obtained by the following Equation (9) using signals f~,
~y of one or more limited close points (Px - mx < kx < PX + nx, Py - my <
ky < Py + ny) and an arbitrary interpolation filter S(kx, kx', ky, ky')
depending on k and k', with a point (PX, Py) as a center, wherein a
position PX(kx), Py(ky) on a two-dimensional image corresponding to kx, ky,
and a position PX (kx'), Py'(ky') corresponding to kx', ky' are coincident
or proximate to each other. Note that the foregoing variable m is a
variable set in relation to the accuracy. (Px-mx<kx<Px+nx) (Py-my<ky<Py+ny)
In order to facilitate understanding regarding the above-described process,
a specific example will be described with reference to FIG. 3. FIG. 3 is a
diagram for explaining a state in which the interpolation is performed on a
two-dimensional image signal. In FIG. 3, to simplify the explanation, a
case will be described wherein the sampling intervals of the
two-dimensional image in two directions (x direction and y direction in
FIG. 3) have the same T.   ~~n 25 In FIG. 3, (Px(2x), Py(3y)) to (PX(6x),
Py(6y)) are assumed to be points sampled by the image pickup device. , .
Now, the case is considered where the interpolation is performed a sampling
interval T' satisfying T' < T. Note that, in order to facilitate
understanding, the case wilt be described wherein the interpolation is
performed at the sampling intervals T' in any of the x direction and the y
direction. As shown in FIG. 3, the sampled points after the interpolation
are defined to be (PX~(3X~)~ Py (SY~)) to ~x (9X~)~ PY ( 1 ~Y~))~ Now, the
case is considered where the interpolation is performed for a point Q of
(Px'(Sx'), Py'(8y')) as shown in FIG. 3. First, a proximate point to the
point Q to be interpolated (hereinafter, referred to as a proximate point)
is obtained. In FIG. 3, (PX(4x), Py(Sy)) becomes the proximate point. Next,
at least one of the close points of this proximate point is selected. In
the example shown in FIG. 3, points ql to q8 are selected. After selecting
these close points, the operation represented by the foregoing Equation (9)
is performed. The interpolation filter S(kx, kx', ky, ky') is a function
depending on the- position in the two-dimensional image signal shown by k
and the position shown by k', similar to the case where the interpolation
is performed on the one-dimensional image signal. In many cases, the
interpolation on the two-dimensional image signal is represented using the
difference of these positions. For the case where the distance of these
positions in the x direction is defined to be dx = ~ Px(kx),- Px (kx') ~
and the distance thereof in the y direction is deftned to be dy = ~ Py(ky)
- Py'(ky') ~, the foregoing interpolation filter S(kx, kx', ky, ky') is
represented as the interpolation filter S(dx, dy). Moreover, the following
is also similar to the case where the interpolation is 



performed on the one-dimensional image signal. Specifically, if the
sampling interval T and the sampling interval T' are in an integer ratio,
when the operation of the foregoing Equation (9) is executed, the values of
all the interpolation filters S(dx, dy) that the above-described variable
can take are stored beforehand in the storage apparatus and can be read
while performing the interpolation operation. The interpolation filter
S(dx, dy), for the case of performing the interpolation on the
two-dimensional image signal, becomes a product of interpolation filters sX
and sy in their respective directions and is represented by the following
Equation ( 10).   26DECi"'~ 26 S(abr, dy) = sx(dx) x sy(dy) ~ .. . ( 10)
where- -  s=(dx) = sm(2~rdx I 2Tx) 2~rabr I 2Tx sy(dy) = sm(2~rdy l 2Ty)
2~rdy I 2TY The window function, for reducing noise due to the fact that
the interpolation filters sX and sy are limited filters, and the filtering,
for allowing the interpolation filters sx and sy to have a low-pass effect
or the like, are enabled in a manner similar to the case of the
one-dimensional image signal when each of a11 of the interpolation filters
sx(dx) and sy(dy) is subj ected to the window function and the low-pass
filtering, and then a product thereof is used. Moreover, similar to the
case of performing noise removal for the one-dimensional image signal, with
the interpolation filters sx(dx) and sy(dy) represented in Equation ( 10),
Hx and Hy satisfying a sampling interval of Hx < Tx, Hy < Ty are used to
convert Equation ( 10) into the following Equation ( 11 ), and thus
low-pass filtering and interpolation can be performed simultaneously. s~(~)
- sin(2ndx / 2Hx) 2~rdx I 2H,~ sv(~) = sin(2~rdy l 2Hy) 2~rdy l 2Hy ...
(11) Furthermore, by obtaining a product of S(dx, dy) in Equation ( 10) and
the window function W(dx, dy), a deficiency wherein the value does not
smoothly converge to zero at the end portion of the interpolation filter
during noise removal may be resolved. One example of the foregoing window
function W(dx, dy) is given by the following Equation ( 12). W (dx, dy) =
w.~(dx) x wy(dx) . . . ( 12) where wx(dx) = 1 + cos(2~rdx l Rx) 2 wy(dy) -
1 + cos(2~edy I Ry) 2   ~ D E C 2002 27 Rx: range and length of the window
in the x direction Ry: range and length of the window in the y direction
(Elimination of aliasing (smoothing)) In general, in order to obtain an
original image from a signal obtained by sampling after performing the
sampling for a certain image, the sampling interval must be 0.5 times or
less of the minimum cycle included in the image. Herein, for the case where
the wavelength of light used for the illumination is ~, and the numerical
aperture of the optical system is NA, the minimum periodic component of the
optical system is ~, /(2 x NA). - However, in order that the alignment mark
is first detected in the exposure apparatus, the magnification of the
optical system is reduced to make the visual field broader. After the
alignment mark is detected, the magnification of the optical system is
increased and the alignment is performed. . In such a case, the minimum
division unit of the image pickup device sometimes becomes 0.5 times or
more of the minimum periodic component of the image formed on the image
pickup device by the alignment optical system. Hereinbelow, a description
will be made for a mark detection method capable of reducing the position
measurement error even in such a case. For the case where the foregoing
conditions are not satisfied, for sampling 



performed by the image pickup device, aliasing occurs wherein a short
periodic component of the image is converted into a long periodic
component. For this reason, there is a problem that, in principle, a signal
cannot be restored only by performing the interpolation. In this
embodiment, a pseudo-signal component due to aliasing is included in the
signal and then removed. When the minimum periodic component of the image
pickup device is defined as PS and the minimum periodic component of the
image formed on the image pickup device by the alignment optical system is
defined as Pm",, the minimum periodic component of the pseudo-signal is
represented as l/(1/PS - I/Pm;n) Accordingly, filtering for removing the
component having this cycle or less may be satisfactorily performed. For
this, it is satisfactory that an operation represented by the following
Equation   26DEC2Q"' 28 ( 13) may be performed using a filter F(k, k')
which does not include the periodic component approximately equal to or
less than 1/(I/Ps - l/Pm;n) fk~= , ~ f~(k,k) ... (13) (K-m<k<K+nr)
Moreover, by obtaining the product of the right side of the above Equation
( 13 ) and the window function W(dx), a deficiency wherein the value does
not smoothly converge to zero at the end portion of the interpolation
filter during noise removal may be resolved. . Furthermore, in the actual
processing, values obtained by the operation represented by Equation ( 13)
are obtained beforehand and stored in the storage apparatus in tubular
form, and during the interpolation operation, the values may be read from
the storage apparatus to perform the process. In such a manner, the
operation processing time can be shortened, and further shortening of the
processing time can be achieved. Still further, a description will be made
for the case where the low-pass filtering of a two-dimensional signal f~,ky
(kx: 0, 1, ..., nx; ky: 0, 1, ..., ny; nx, ny~ 1; at least one of nx and ny
is > 1; x-directional sampling interval Tx; y-directional sampling interval
Ty) is performed. Now, the signal after the low-pass filtering is given as
f >~ ~,'. First, as for each value f ~' ky', a point (PX, Py) is obtained
wherein a position Px (kx), Py (ky) on the digital image which corresponds
to kx, ky, and a position Px'(kx'), Py'(ky') corresponding to kx', ky' are
coincident or proximate to each other. Next, with this point (Px, Py) as a
center, for signals f~) ,~y of one or more close points (PX - mx < kx < PX
+ nx, Py - my < ky < Py + ny), an operation shown by Equation ( 14) is
performed on an arbitrary function S(kx, kx', ky, ky') depending on k and
k' and on a function F(x, y) which can be regarded as not including a
periodic component approximately smaller than 1 /( 1 /PS - I /P,";") in at
least one direction by the use of a numerical value row F;, ~ obtained by
sampling in the cycle Tx, Ty. Thus, low-pass filtering of the
two-dimensional signal can be performed. .f'kx',kY~_ ~
fkx.kYf'kx-kr~,ky-Ay~ ... 14 ( Px-mx<kx<Px+nr) (Py-my<ky<Py+ny) In
addition, a description will be made for the case of performing
interpolation together with low-pass filtering. The signal after converting
the foregoing two-dimensional signal f,~,~, ky is defined as f~' ky'(kx':
0, 1, ..., nx'; ky': 0, 1, ..., ny'). This signal after the conversion has
a   ~ s o Ec zoos 29 sampling interval satisfying at least one of Tx > TX
and Ty > Ty'. In the case of performing interpolation together with
low-pass filtering, first, for each value of f ~' ky', a proximate point
(Px, Py) is obtained wherein the position PX(kx), 



Py(ky) on the digital image which corresponds to kx, ky, and the position
PX (kx'), Py'(ky') corresponding to kx', ky' are coincident or proximate to
each other. Next, with this point (Px, Py) as a center, an operation
represented in Equation ( 15) is performed using signal of one or more
limited close points f~, ky (PX - mx < kx < PX + nx, Py - my < ky < Py +
ny) and an arbitrary function S(la, kx', ky, ky') depending on k and k',
and thus low-pass filtering and interpolation of the two-dimensional signal
can be performed. (Px-mx<kr<Px+ru) (Py-my<ky<Py+ny) Herein, the function
S(kx, kx', ky, ky') is a function s(dx, dy) depending on the variables dx =
Px(kx) - PX (kx') and dy = Py(ky) - Py'(ky'). This function S(dx, dy) is a
function capable of being regarded as approximately ~/(1/PS - 1/Pm;") in at
least any one of the x direction and the y direction. In addition, the
function S{dx, dy) is represented by Equation (16) using Hx and Hy
satisfying: for the case of PS{x} > 0.5 x P{x}m~, H~ = 1/(1/PS(x) -
1/P{x}max)~ for the case of PS{y} > 0.5 x P{y}m~, Hy = 1/(1/PS{y) -
1/P{y}max) (where the symbol { } denotes the x or y direction.) S(dx, dy) =
sx(dx) x sy(dy) ... (16) where Sx{C~~ c sin(2~rdx l 2Hs) 2~rdx l 2Hx sy(dy)
= sin(2ndy l 2Hy) 2~rdy l 2Hy Moreover, as for the foregoing function S(dx,
dy), one obtained by further multiplying S(dx, dy), represented by Equation
( 16), by the window function W(dx, dy) may also be used. Furthermore, in
the actual processing, a method may be also adopted such that   ?6DEC?"''
30 values of the operation in Equation ( 16) are obtained beforehand and
stored in the storage apparatus in tabular form, and during the
interpolation operation, values corresponding to the value of dx and dy are
read from the storage apparatus and processed. With such a method, the
operation processing time can be shortened and further shortening of the
time can be achieved. It is recommended that the filter F~ _ ~ , ky, . ~y
be made as a limited length filter F(dkx, dky) depending, respectively, on
kx - kx' and ky - ky'. There are various types of filters, but obtained by
multiplying a sine function by an appropriate window function W(dx) is
used, for example. 



When the minimum periodic component of a false signal is represented as P~
_ 1 /( 1 /PS - I /Pm;~), the filter F(dx) is represented by Equation ( 17).
F(~) _ sin(2~rdxl P~) ... (1?) 2~rdx I P Other than the above, for a
Savitzky-Golay filter, for example, as the filter size thereof is made
larger, the minimum periodic component is relatively increased. Therefore,
a similar effect can be obtained by the use of a filter having an
appropriate size. In the above description, elimination of aliasing for a
one-dimensional image signal was described. However, similar to the case of
interpolation, such elimination can also be achieved for a two-dimensional
image signal using the product of the filter functions obtained in their
respective directions. Moreover, low-pass filtering and interpolation can
be performed simultaneously. The method of performing noise removal
simultaneously with interpolation was described previously. However, if the
condition is satisfied wherein the interpolation filter does not
approximately include a periodic component equal to or less than 1 /( 1 /PS
- 1 /Pro,), even for the case where the minimum division unit of the image
pickup device is 0.5 times or more of the minimum periodic component of the
image, a measurement with good accuracy is possible. The interpolation
operation has been described as above. Hereinbelow, a description will be
made for the use of interpolation in the position measurement. Edge
detection and a correlation method are well-known as mark delection method
In edge detection, an edge is predetermined by calculating a differential
image signal of an input image, a slice level is fixed for the edge by a
predetermined method, and   26DEC20','~ 31 the position where the edge.
crosses the slice level is interpolated therein; thus a measurement is
performed with accuracy equal to or less than the sampling interval of the
digital image data or less. An example of the correlation method is a
normalized mutual correlation method, in which a template image signal is
prepared beforehand, a normalized mutual correlation between the template
image signal and an input image signal is calculated while shifting the
relative position of the template image signal and the input image signal,
and a correlation function depending on this relative position is computed;
thus a peak position of the correlation function is obtained. Moreover,
there is a self correlation method used for the case where there is
symmetry in the input image. In the self correlation method, a signal is
divided into two parts at a position considered to be a close point to a
symmetrical point, the position coordinate of one part of the divided
signal is inverted, and a correlation is calculated. This calculation is
performed while shifting a center point which devides the signal into two
in order to compute a correlation function. By obtaining a peak of the
correlation function, the position of the symmetrical point of the image
can be measured. In performing the position measurement by these methods,
as a method of performing the interpolation, there is an interpolation
method of using the position measurement similar to that of a pre-process,
such as filtering. Specifically, the method consists of performing the
measurement after filtering or interpolation is performed. For this case,
the template image signal at the sampling intervals after the interpolation
must be used in the normalized mutual correlation method and the like.
Moreover, there is also a method of using interpolation in an intermediate
state of the measurement. Although both a differential signal and an
original signal thereof are used in edge detection, since the differential
signal is made for the purpose of "recognizing" an edge position, there are
many cases where the interpolation is not required. In this case, when a
signal obtained by differentiating the input image signal and a signal
subjected to interpolation and smoothing are used, there is a merit in the
processing rate. Furthermore, in the correlation method, the correlation
function becomes a   Z 6 D E C 2002 32 function of the relative position
between the input image signals or between the input image signal and the
template image signal, which are signals typically sampled at the sampling
intervals of the image data. 



Accordingly, the interpolation is performed for this correlation function,
and an improvement in the accuracy in the peak detection can also be
achieved. Hereinbelow, a description of the simulation results of sampling
measurement errors for the case of using the prior art and this embodiment
will be given. FIG. 4 is a one-dimensional projection of a step difference
mark image formed on an image pickup device by an optical system for
conditions where NA is 0.6, the wavelength is 0.6 a m, and the illumination
sigma is 1.0. This proj ection is obtained by a simulation. When the
minimum periodic component included in the image is calculated in
consideration of the magnification or the like of the optical system and
then converted with respect to wafer 12, the minimum periodic component is
0.6/(2 x 0.6) = 0.5 ~c m. FIGS. 5 and 6 are signals obtained by sampling
the image shown in FIG. 4 in a sampling interval of 0.24 a m. The mark
detection method according to one embodiment of the present invention was
not used for obtaining these results. The difference between FIGS. 5 and 6
is the difference in the sampling phases in the simulation results.
Specifically, in the actual apparatus, the simulation results correspond to
measurement results for the case of moving the position of the image pickup
device such as a CCD camera. When FIGS. 5 and 6 are compared with each
other, the shapes of the signals are apparently different from each other,
and thus it is anticipated that an error will occur when edge detection,
the correlation measurement and the like are performed. When the
measurement position is changed due to the phase relationship between the
position of the image and the position of the image pickup device, the
change in the measurement position causes an error in the sampling.
Therefore, in order to assess this error, after sampling is performed for
image data in a cycle of 0.24 a m while moving the same by a sampling
interval of 100 a m, edge detection is performed to investigate the
difference between the moving amount and the measurement value, and then
the shape in FIG. 7 appears. FIG. 7 is a diagram showing the dislocation
amount of the edge position for the case where the position of the image  



2 6 D E C 2002 33 for the image pickup device is moved. FIG. 15 shows a
variation in the dislocation amount between the moving amount and the
measurement value while changing the sampling interval. With reference to
FIG. 15, although the variation amount behaves cyclically, it can be seen
that the error increases after the sampling interval exceeds 0.2 ,u m. This
is a condition where the sampling interval is about 0.4 times the minimum
periodic component of the image. Incidentally, in the mark detection method
according to one embodiment of the present invention, interpolation is
performed during the measurement. FIGS. 8 and 9 are diagrams showing
simulation results obtained by performing a three-point interpolation on
the respective sampled points sampled from the signals shown in FIGS. 5 and
6. In addition, FIG. 10 is a diagram showing the dislocation amount of the
edge position for the case where the position of the image for the image
pickup device subjected to the interpolation is moved. With reference to
FIG. 10, there is hardly any dislocation amount of the edge position with
respect to the amount of movement, and it can be seen recognized that the
accuracy is significantly improved by performing the interpolation. FIG. 15
is a diagram showing simulation results of the position measurement error
for the case where the sampling interval is changed without performing the
pre-processing as described above. In addition, FIG. 11 is a diagram
showing simulation results of the position measurement error for the case
where the sampling interval is changed when performing only interpolation.
FIG. 12 is a diagram showing simulation results of the position measurement
error for the case where the sampling interval is changed when performing
only low-pass filtering. FIG. 13 is a diagram showing simulation results of
the position measurement error for the case where the sampling interval is
changed when performing interpolation and low-pass filtering. 



With reference to FIG. 11, it can be seen that by performing the
three-point interpolation, the measurement accuracy is good until the
sampling interval is 0.6 times the minimum periodic component of the image,
that is, until the sampling interval is 0.3 a m.   2 6 D E C 2002 34 Under
this condition, although aliasing occurs to diminish theoretically the
measurement accuracy, the amplitude of the minimum periodic component
included in the image is not relatively large and contributes little to the
measurement; thus the measurement accuracy is not diminished very much.
When the sampling interval exceeds 0.6 times the minimum periodic component
of the image, the accuracy diminishes as shown in the drawing. In FIGS. 12
and 13, filtering for removing a periodic component equal to 1 a m or less
is performed. Counting backwards from Pf = 1 /( 1 /PS - 1 /Pm;~), if PS <
0.3 3 ,u m, the aliasing component which causes a problem will be removed
ensuring good accuracy. In the case of performing only low-pass filtering
(see FIG. 12), the accuracy is improved slightly in comparison with the
case of performing no pre-processing (see FIG. 15 ); however, errors by
sampling other than aliasing are large, thus it cannot be said that there
is a very good effect. It is recognized that the errors are shifted to a
longer sampling interval as a whole. On the other hand, in the case of
performing low-pass filtering and interpolation together (see FIG. 11 ),
the accuracy is improved in comparison with the case of only performing
interpolation (see FIG. 12). With reference to FIG. 13, simulation results
with extremely good accuracy can be obtained up until the sampling interval
PS reaches PS =0.33um. From the above simulations, it is recognized that
the mark detection method according to this embodiment is extremely
effective for the case where the sampling interval cannot be set to be 0.5
times or less of the minimum periodic component of the image. Herein, once
more, a description will be made of the simulation results shown in FIG. 15
(numerical aperture NA = 0.6, Pm;n = 0.5 a m) and FIG. 16 (numerical
aperture NA = 0.3, Pm,~ = 1 ~c m). As described above, the accuracy is
deminished for any NA in the region of 0.2 x Pm~n < PS < 0.39 x Pm~n and in
the region of PS > 0.41 x Pm~n. (The position measurement error becomes
larger than the allowable error of about 3 to 5 nm.) However, the accuracy
is improved in the region 0.39 x Pmin ~ Ps < 0.41 X Pm~~. On the basis of
the simulation results described above, if the pixel size PS of the image
pickup device is determined so as to satisfy the condition of 0.39 x Pmin <
PS < 0.41 x Pm,~, the measurement error of the mark position (edge
position) can be controlled   26DEC1001 35 within an allowable value (5 nm
in FIG. 15), thus the measurement accuracy can be improved. In other words,
for the case where the pixel size PS cannot be changed (in the case of a
fixed pixel size), the magnification of the optical system (image-forming
optical system for observing a mark in order to form an image thereof on
the image pickup device) is determined so as to satisfy the condition of
0.39 X Pm;" < Ps < 0.41 x Pm,n, thus the measurement accuracy of the mark
can be improved. Moreover, on the basis of the foregoing simulation
results, if the condition that the line width of a mark = (2n + 1) x PS/2
is satisfied between the shape (pitch) of an observed mark (mark having a
cycle) and the pixel size PS, that is, if the sampling position and the
edge position are shifted from each other, the position measurement error
can be controlled towithin the allowable error (the accuracy can be
improved). Accordingly, also by using a mark satisfying the condition that
the line width of a mark = (2n + 1 ) x PS/2, the mark measurement accuracy
can be improved. In other words, when the magnification of the
image-forming optical system is determined so as to satisfy the condition
that theline width of a mark = (2n + 1 ) x PS/2, the mark measurement
accuracy can be improved. Note that this method is effective for both the
condition PS > 0.2 Pm",, where interpolation is required, and the condition
PS > 0.5 Pm;", where aliasing is generated. Furthermore, by forming the
line width of the mark unevenly in the mark, the sampling position and the
edge position of the mark can be shifted from each other. When such a mark
is used for the measurement, the mark measurement position can be improved.
In addition, when such an uneven mark (a mark constituted of a plurality of
lines and spaces and having different line widths and space widths in the
visual field (within the mark)) is used, the measurement error can be
reduced in all the pixel sizes by an averaging effect. Note that this
method is also effective for both the condition "PS > 0.2 Pm",, where
interpolation is required, and the condition PS > 0.5 Pm,~, where aliasing
is generated. Incidentally, the interpolation method in the above-described
embodiment is a method of obtaining intensities (for example, luminance) of
positions among the sample points (f3 to f6 in FIG. 2) by linear
combination of the intensities (for example, luminance) of the sample
points. More specifically, the interpolation method is a method of
obtaining an arbitrary point (interpolation point f 8) by performing a
weighting operation by the use of a 



Z 6 D EC 2002 36 proximate point (above-described f5 in FIG. 2) of an
arbitrary point to be subjected to interpolation (for example, previously
described f 8 in the description of FIG. 2) and several sample points in
front of and behind the proximate point (above-described f4 and fb in FIG.
2). The coefficients corresponding to the respective sample points (close
sample points f4 to f6 in FIG. 2) used in this linear combination
(weighting operation) are equivalent to the contribution from the
respective sample points, that is, the weighting (weighting coefficients).
Note that negative values are also included in this weighting.
Incidentally, according to the sampling theorem, in order to restore
continuous data to its pre-sampled state, the condition in that the sum
total of the weights for weighting is always constant must be satisfied.
When an infinite number of sample points are used (when the sum of an
infinite number of coefficients is taken), the sum total of the weights can
be made constant, and thus the foregoing condition can be satisfied.
However, in the actual interpolation processing, the weighting operation is
performed in a limited region (with limited sample points). When the
interpolation is performed in a limited region, the sum total of the
weights is not constant and cyclical noise occurs at the sampling
intervals, causing the reduction of an S/N ratio for a signal having a low
contrast. In order to solve this problem, standardizing processing must be
performed on the above-described interpolation filter (weighting function,
sinc function). Hereinbelow, a description will be made for the
standardizing processing for the interpolation filter. A description will
be made for the case of standardizing the interpolation filter S(dx) in the
foregoing Equation (3), which is given by the product of the interpolation
filter S having a limited length in the foregoing Equation (2) and the
previously-described window function W(dx). First, before a value of a
certain arbitrary point (the point to be interpolated) is calculated by the
use of the interpolation filter S(dx) in Equation (3), the sum (sum total)
obtained by the interpolation filter S(dx) is calculated. Next, the
coefficient values of the respective sample points (coefficients of the
respective sample points obtained by the interpolation filter) used for
this operation are divided by the obtained sum total. Thus, in a11 the
cases (in a11 the arbitrary interpolation points), the sum total of the
weighting can be set to "1" (a constant value). For this reason, the noise
described above is not generated. Then, this result obtained by the
26DEC2002 37 division is used as a weight coefficient of the sample point.
Herein, a description will be specifically made for this standardizing
processing by exemplifying the case where the interpolation is performed
for the arbitrary _ interpolation point f 8 described with reference to
FIG. 2 by the use of the sample points f4, f5 and fb in the vicinity of
interpolation point f 8. The weight coefficients of the respective sample
points f4, fs and f6, which are obtained by the interpolation filter S(dx)
are defined as a4, a5 and ab. The sum total E a of ad to a6 is obtained.
And, by dividing the respective coefficients ad to a6 by the sum total E a,
a~/ E a, a5/ E a and a~/ E a are determined as the weight coefficients of
the respective sample points f~, fs and f6. Next, a description will be
made for another aspect of the interpolation filter. Performing
differentiation after performing interpolation or performing interpolation
after performing differentiation leads to an increase in the processing
time. Therefore, a description will be made for an aspect where
differentiation and interpolation are simultaneously performed
simultaneously in order to achieve a shortening of the processing time. 



Performing the differentiation calculus after performing filtering by a
sinc function S(dx) is equivalent to performing filtering by a function
f(x) represented by the following Equation ( 18) when the sampling interval
is defined as T. f(x) _ 2 f ~ cos(2~cx / 2T ) _ sin(2nx l 2T ) ... ( 18) x
~x2 where f (x) = 0 In order to restore data by performing interpolation
using this filter f(x), the condition that the sum total of the
contributions (sum total of the weight coefficients) for calculating a
certain arbitrary interpolation point is always zero (hereinafter, referred
to as a "summation condition") must be satisfied, and the condition that a
moment E f (x)  x is always constant (hereinafter, referred to as a "moment
condition") must also be satisfied. However, as described previously, since
the weighting operation is performed in a limited region (with limited
sample points), these two conditions cannot be satisfied naturally. For
this reason, when the interpolation is performed by the use of this filter
f(x) without satisfying the conditions, cyclical noise occurs at the
sampling intervals, causing a reduction in an S/N ratio for a signal having
a low contrast. Accordingly, in the case of performing filtering using this
function f(x), the standardizing processing must also be performed.   2 6 D
E C 2002 38 First, the sum (sum total) E f(x) of the coefficients in the
respective sample points obtained by the filter f(x) is calculated. Next,
the obtained sum total E f(x) is divided by the number n of the sample
points utilized for the linear combination (weighting operation), and E
f(x)/n obtained by the division is subtracted from the values of the
coei~icients of the respective sample points (coefficients of the
respective sample points obtained by the filter f(x)). The function f(x)
representing the respective coefficients is converted as described above to
be a function f (x), that is, f (x) = f (x) - E f (x)/n. Next, by the use
of the conversion function f (x), the sum total E f (x)  x of the moments f
(x)  x of the coefficients in the respective sample points is obtained, and
the respective coefficients by the conversion function f(x) obtained
previously are divided by this sum total of the moments. And, the result f
(x)/( E f (x)  x) obtained by the division is used as a weight coefficient
of the sample point. In the foregoing manner, standardization of the filter
function f(x) is possible, that is, the above-described summation condition
and moment condition can be satisfied. Herein, a description will be
specifically made for this standardizing processing by exemplifying the
case where the interpolation is performed on the arbitrary interpolation
point f g described with reference to FIG. 2 using the sample points f4, fs
and fb in the vicinity of the point f g. Weight coefficients of the
respective sample points f4, fs and fb, which are obtained by the
interpolation filter f(x), are defined as b4, bs and b6. The sum total E b
of these b4 to b6 is obtained. And, b4 - E b/n, b5 - E b/n and b6 - E b/n,
which are obtained by subtracting E b/n, obtained by dividing the sum total
E b by the number of the sample points (in this case, three) from the
respective coefficients b4 to b6, are obtained. These b4 - E b/n, bs - E
b/n, and b6 - E b/n are respectively def ned as b4', bs', and bb'. Next,
the moments of the coefficients in the respective sample points are
obtained. When the distances of the function f(x) from the origin in the
sample points f4, fs and f6 are respectively defined as c4, cs and c6, the
moments of the respective coefficients b4 to h6 become c4  b4', c5  b5' and
"c6  b6'. Next, the sum total E x  f(x) of the respective moments is
obtained (specifically, E x  f (x) = c4  b4' + cs  bs' + c6  b6' is
established). Then, b4'/ E x  f (x), b5'/ E x  f (x) and bb'/ E x  f (x),
which are obtained by dividing   260EC1002 39 b4' to bb obtained previously
by the sum total E x  f (x) of the moments, are determined to be the weight
coeffcients of the respective sample points f4, fs and f6. Note that
although the alignment of the wafer has been exemplified in the mark
detection method and the exposure method according to the above-described
embodiment of the present invention, the present invention is not limited
to the above-described embodiment. For example, in the position measurement
using an image sensor having a limited minimum division unit such as a CCD
or a line sensor, the present invention can be applied to position
measurement for other objects such as a mask on a reference plate. 



The method of interpolating for a discretized signal and the method of
using a filter for removing aliasing is not limited to the case of
detecting.a position from an optical image. Specifically, for example, like
the above-described LSA-type alignment sensor, in the case of performing
position detection by taking a signal related to the alignment mark while
moving (scanning) a wafer stage relative to an alignment light, a light
intensity signal for a discretized position is similarly obtained. When
detecting the position from this signal, the sampling interval of the
signal must be sufficiently smaller than the minimum periodic component of
the signal. The sampling interval is determined by the clock frequency of
the electrical system and the moving rate (scanning rate) of the wafer
stage. By using a large sampling interval to perform the interpolation, the
scanning rate can be accelerated without reducing the accuracy. Therefore,
not only can throughput be improved, but also the clock frequency of the
electrical system can be decreased to improve the S/N ratio. In the case
where the contrast of the image is measured at some points with respect to
the direction of the optical axis of the projection optical system, and a
focal point position measurement signal depending on the focal point of the
projection optical system is obtained, the best focus position of the
projection optical system is obtained, and a focal point position
measurement signal regarding the discretized focal point is similarly
obtained. Also, in this case, the number of measurement points can be
reduced by using the interpolation of the present invention for the focal
point position measurement signal without lowering the measurement
accuracy; thus the measurement rate can be improved to a great extent. Note
that the exposure apparatus (FIG. 1 ) according to this embodiment is   2 6
D E C 20D2 40 manufactured so as to be able to control the position of
wafer 12 with good accuracy at a fast rate, and to enable exposure with
high exposure accuracy while improving throughput. Specifically, the
exposure apparatus according to this embodiment is manufactured in such a
manner that the respective elements shown in FIG. 1, such as the
above-described illumination systems 1 to 9, reticle alignment system 31,
wafer alignment system 32 and projection optical system 11 are coupled and
fabricated to one another electrically, mechanically, or optically, and
then an overall adjustment (electrical adjustment, operation confirmation,
or the like) is performed thereto. Note that the manufacturing of the
exposure apparatus is desirably performed in a clean room where the
temperature, degree of cleanness, and the like are controlled. Next, a
description will be made for the manufacturing of a device using the
exposure apparatus and method of this embodiment. FIG. 21 is a flowchart
for producing a device in this embodiment (a semiconductor chip such as an
IC and an LSI, a liquid crystal panel, a CCD, a thin-film magnetic head, a
micro-machine and the like). As shown in FIG. 2I, first, in step S301
(designing step), the function of the device is designed (for example,
design for a circuit of the semiconductor device), and pattern design for
realizing the function is performed. Subsequently, in step S302 (mask
manufacturing step), a mask having the designed circuit pattern formed
thereon is manufactured. Meanwhile, in step S303 (wafer producing step), a
wafer is produced by the use of a material such as silicon. Next, in step
S304 (wafer processing step), an actual circuit or the like is formed on
the wafer by a lithography technique as described later using the mask and
the wafer which are prepared in steps S301 to S303. Then, in step S305
(fabricating step), a chip is made using of the wafer processed in step
S304. In this step S305, processes such as an assembly process (dicing,
bonding) and a packaging process (chip sealing) are included. Finally, in
step S306 (inspection step), inspections, such as an operation confirmation
test and a durability test, are performed for the device fabricated in step
S305. The device is completed after going through such steps, and then
shipped. FIG. 22 is a flowchart showing the detailed flow of the foregoing
step S304 for the case of manufacturing a semiconductor device. In FIG. 22,
the surface of the wafer is oxidized in step 5311 (oxidation step). In step
5312 (CVD step), an insulating film is formed on the wafer surface. In step
S313 (electrode forming step), an electrode is formed on the wafer by
deposition. In step S314 (ion implanting step), ions are   2 6 D E C 2002
41 implanted in the wafer. Each of the above steps S311 to S314 constitutes
a pre-step for each stage of the wafer processing, and is selected and
executed according to the necessary processing in each stage. In each stage
of the wafer processing, after the pre-steps are completed, a post-step is
executed as follows. In this post-step, first, photosensitive agent is
coated on the wafer in step S315 (resist forming step). Then, in step S316
(exposure step), the circuit pattern of the mask is printed and exposed on
the wafer by the above-described exposure apparatus. Next, in step S317
(development step), the exposed wafer is developed. Subsequently, in step
S318 (etching step), exposed members of a portion other than the portion
where the resist remains are removed by etching. Then, in step S319 (resist
removal step), the unnecessary resist remaining after the etching has been
completed is removed. By performing these pre-steps and post-steps
repeatedly, a plurality of circuit patterns are formed on the wafer. In the
above-described manner, a device having a fine pattern formed thereon is
manufactured with high accuracy in mass production. Note that the exposure
apparatus of this embodiment can be applied to an exposure apparatus of a
scanning type (USP 5,473,410), which moves a mask and a substrate
synchronously to expose a pattern of a mask. Moreover, the exposure
apparatus of this embodiment can be applied to an exposure apparatus of a
step-and-repeat type, which exposes a pattern of a mask in a state where
the mask and substrate are made static, and then moves the substrate
sequentially by steps. Furthermore, the exposure apparatus of this
embodiment can be applied to a proximity exposure apparatus which allows a
mask and a substrate to closely contact each other without using a
projection optical system, and then exposes a pattern of the mask. 



In addition, the application of the exposure apparatus is not limited to an
exposure apparatus for manufacturing a semiconductor. For example, the
exposure apparatus can be extensively applied to an exposure apparatus for
liquid crystal which exposes a pattern of a liquid crystal display device
on a square-shaped glass plate, an exposure apparatus for manufacturing a
thin-film magnetic head, and the like. Not only a g-ray (436 nm), an i-ray
(365 nm), a KrF excimer laser (248 nm}, an ArF excimer laser ( 193 nm) and
an F2 laser ( 157nm), but also a charged particle ray such as an X-ray and
an electron ray can be used as the light source of the exposure apparatus
26DEC2002 42 of this embodiment,. For example, in the case of using an
electron ray, an electron gun, or lanthanum hexaboride (LaB6) and tantalum
(Ta) of the thermal electron radiation type can be used. The magnification
of the projection optical system is not only a reduction system but may
also be either an equal magnification system or a magnification system. In
the projection optical system, when using a far-ultraviolet ray such as an
excimer laser, a material which transmits a far-ultraviolet ray
therethrough such as quartz and fluorite is used as the glass material. In
the case of using an F2 laser or an X-ray, the projection optical system is
a catadioptric or dioptric system (a reflection type reticle is also used).
In addition, in the case of using an electron ray, an electron optical
system that consists of an electron lens and a polariscope may be
satisfactorily used as the optic system. The optical path for transmitting
an electron ray therethrough is in a vacuum state. When using a linear
motor for the wafer stage or the reticle stage (see USP 5,623,853 or USP
5,S28,1118), either an air-floating type utilizing an air-bearing or a
magnetic-floating type utilizing a Lorentz force or a reactance force may
be used. Moreover, the stage may be either a type which moves along a guide
or a guideless type which is not provided with a guide. Regarding the
apparatus for driving a stage, a plane motor for driving a stage by an
electromagnetic force may also be used, in which a magnet unit having
magnets disposed in two dimensions, and an armature unit having coils
disposed in two dimensions, are opposite each other. In this case, it is
satisfactory that any one of the magnetic unit and the armature unit may be
connected to the stage, and that the other unit may be provided on a moving
plane of the stage. As disclosed in the gazette of Japanese Unexamined
Patent Application, First Publication No. Hei 8-16647S (USP 5,S28,118), a
reaction force generated by moving the wafer stage may be sent to the floor
(the earth) mechanically by the use of a frame member. As disclosed in
Japanese Unexamined Patent Application, First publication No. Hei 8-330224
(US S/N 08/416,558), a reaction force generated by moving the reticl'e
stage may be sent to the floor (the earth) mechanically by the use of a
frame member. In addition, in the above-described embodiment, a description
has been made for the case where a sinc function is used when performing
the interpolation. However, the   Z 6 DEC 2002 43 interpolation may be done
by fitting using, for example, a spline function. In the case of performing
the interpolation on an input image signal itself, the interpolation may be
performed on a correlation function prepared on the basis of the concerned
image signal.   2 6 D E C 2002 



44 CLAIMS 1. A mark detection method comprising: irradiating a mark formed
on an object with a detection beam; forming an image of said mark through
an image-forming system; converting the image of said mark formed on an
image pickup element into an electrical image signal in order to output a
signal related to said electrical image signal at predetermined sampling
intervals; performing a smoothing operation to remove a component having a
cycle being equal to or less than a predetermined cycle from said signal
output at said sampling intervals; and performing interpolation on said
signal related to said electrical image signal in a cycle equal to or less
than said predetermined sampling interval. 2. A mark detection method
according to claim 1, wherein said image pickup element has a predetermined
pixel size, said predetermined sampling interval includes a cycle of said
predetermined pixel size, and said interpolation is performed in a cycle
equal to or less than said predetermined pixel size. 3. A mark detection
method according to claim 2, wherein said pixel size is a predetermined
multiple of a minimum periodic component of an image formed on said image
pickup element.   26DEC2002 45 4 A mark detection method according to claim
3, wherein said smoothing operation removes a periodic component equal to
or less than 1 /( 1 /PS - 1 /Pm",), on the basis of said predetermined
pixel size PS and said minimum periodic component Pm;n. A mark detection
method according to claim 4, wherein said 



predetermined pixel size PS is larger than 0.5 times of said minimum
periodic component Pmm 6. A mark detection method according to claim s ,
wherein said smoothing operation comprises: a step of setting a smoothing
point where smoothing is performed for said image signal; a step of
selecting, from said image signal, said image signal sampled in a
predetermined range that includes said smoothing point; a step of
performing a sampling in a cycle identical to the sampling interval of said
image signal, with respect to a function which removes a periodic component
smaller than said 1/(1/PS-1/P",;"), according to a distance between a
position of said smoothing point and a position of said selected image
signal, a step of calculating a product of said selected image signal and
said sampled function with respect to each of said image signals included
in said predetermined range, and adding them to each of said image signals.
A mark detection method according to claim 5 , wherein said smoothing
operation comprises: a step of setting an interpolation point where
interpolation for said image signal is performed; a step of obtaining a
most proximate position of said image signal, which is most proximate to a
position of said interpolation point; a step of selecting, from said image
signal, said image signal sampled in a predetermined range including said
most proximate position; and a step of calculating a product of said
selected image signal and a function for   Z 6 D E C 2002 4~ removing a
periodic component smaller than said 1/(1/1'S-I/Pm;") according to a
distance to a position of said selected image signal with respect to each
of said image signals included in said predetermined range, and adding said
product to said each of said image signals. 8- A mark detection method
according to claim 1, wherein said image signal is output as a sample point
in said predetermined sampling interval, and 



interpolation is performed for an arbitrary point in a cycle equal to or
less than said predetermined sampling interval by an interpolation method
using a conversion including a linear combination of a plurality of said
sample points located in the vicinity of the arbitrary point. 9 A mark
detection method according to claim $ , wherein said interpolation method
includes a weighting operation by the use of said plurality of said sample
points. Zo. A mark detection method according to claim 1, wherein
measurement is performed for a position of said object on the basis of said
interpolated image signal. iZ. A mark detection method according to claim
to , wherein said predetermined sampling interval is determined on the
basis of an amount of position measurement error amount in said
measurement. A mark detection method according to claim 11, wherein said
object is a substrate onto which a circuit pattern is transferred, and said
amount of position measurement error in said predetermined sampling
interval has a value of one-fourth a minimum line width of said circuit
pattern on which the total overlay is transferred onto said substrate. A
mark detection method according to claim 1, wherein said interpolation is
performed on said image signal itself.   ~0 LIOI~.IOd pua LI'S
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G6 tooZ~3a9Z   2 6 D E C 2002 ~s said interpolation function s(dx) to zero.
i8. A mark detection method according to claim is , wherein when a length
of a window is R) said window function W(dx) is represented as: W (~) _ I +
cos(2TCdx / R) 2 A mark detection method according to claim ~4 , wherein
said standardization converts the respective coefficients of said
interpolation filter by dividing the respective coefficients by the sum
total of the respective coefficients. 20. A mark detection method according
to claim i4 , wherein a smoothing processing of removing a periodic
component equal to or less than a predetermined cycle from said image
signal output as a sample point at said predetermined sampling intervals
21. A mark detection method according to claim 20 , wherein said image
pickup element has a pixel size PS a predetermined multiple of a minimum
periodic component Pm;" of an image formed on said image pickup element,
and said smoothing processing includes removing a periodic component equal
to or 



less thanl/(1/PS - I/Pm;~), on the basis of said pixel size PS and said
minimum periodic component P,n;n. u- A mark detection method according to
claimzt , wherein said pixel size PS is larger than 0.5 times of said
minimum periodic component Pm;". 23. A mark detection method according to
claim 14 , wherein said interpolation is performed on said image signal
itself. 24. A mark detection method according to claim 14, wherein said
image pickup element has a predetermined pixel size,   2 6 DEC 2002 49 said
predetermined sampling interval includes a cycle of said predetermined
pixel size, and said interpolation is penormed in a cycle eRual to or less
than said predetermined pixel size. 25. A mark detection method according
to claim ~4 , wherein said pixel size is a predetermined times of a minimum
periodic component of an image foamed on said image pickup element. 26. A
mark detection method according to claim 25, wherein said mark is
irradiated with a detection beam, and an image of said mark is formed
through an image-forming system, said minimum periodic component is defined
by ~. /2NA on the basis of a wavelength ~. of said detection beam and the
numerical aperture NA of said image-forming system. A mark detection method
according to claim'6, wherein said pixel size is equal to or more than 0.2
times of said minimum periodic component. Z8- A mark detection method
according to claim Z'r, wherein said pixel size is equal to or less than
0.5 times of said minimum periodic component. 29. A mark detection method
according to claim 28, wherein said pixel size is equal to or more than
0.39 times of said minimum periodic component, or is equal to or less than
0.41 times of said minimum periodic component. 30. A mark detection method
according to claim 14 , wherein the position of said object is measured
based on said interpolated image signal. A mark detection method according
to claim 30 , wherein said predetermined sampling interval is determined
based on an amount of position measurement error of said measurement. A
mark detection method according to claim 3~ , wherein said object is a   2
6 D E C 2002 50 



substrate onto which a circuit pattern is transferred, and said amount of
position measwement error in said predetermined sampling interval has a
~alue of one-fourth a minimum line width of said circuit pattern on which
the total overlay is transferred onto said substrate. 33. A mark detection
method comprising: irradiating a mark formed on an object with a detection
beam; forming an image of said mark through an image-forming system;
converting the image of said mark formed on an image pickup element into an
electrical image signal in order to output a signal related to said
electrical image signal at predetermined sampling intervals; and performing
interpolation on said signal related to said electrical image signal in a
cycle equal to or less than said predetermined sampling interval; wherein
said interpolation is performed with respect to a correlation function
obtained based on said image signal. An exposure method, wherein said
object is a substz~ate onto which a predetermined pattern is transferred,
and said predetermined pattern is transferred onto said substrate aligned
on the basis of a mark detected by the use of said mark detection method
according to any one of claims 1 to s3. 35- A device manufacturing method,
wherein a device is manufactured by the use of said exposure method of
transferring said predetermined pattern onto said substrate according to
claim 34 . A mark detection apparatus comprising: an irradiation system
which irradiates a mark formed on an object with a detection beam; an
image-forming system which forms an image of a mark on an image-forming
surface; an image pickup element disposed on said image-forming surface; a
sampling device which converts the image of said mark into an electrical
image signal in order to output a signal related to the image signal in a
predetermined sampling   2 6 D E C 2002 



51 interval; a smoothing device which removes a periodic component equal to
or less than a predetermined cycle from a signal output at said sampling
intervals by said sampling device; and an interpolation device which
interpolates the smoothed signal related to said image signal in a cycle
equal to or less than said predetermined sampling interval. A mark
detection apparatus according to claim. 3~, wherein said image pickup
element has a pixel size P5; said pixel size PS is larger than 0.5 times of
said minimum periodic component Pmin~ arid said smoothing device removes a
periodic component equal to or less than 1 /( 1 /PS - 1 /Pm;n), on the
basis of said pixel size PS and said minimum periodic component Pmm. 3s. A
mark detection apparatus comprising: a sampling device which picks up an
image of a mark formed on an object, converts said image of said mark into
an electrical image signal, and outputs a signal related to said image
signal at predetermined sampling intervals; an interpolation device which
interpolates an arbitrary point having a cycle equal to or less than said
predetermined sampling interval by an interpolation method including a
weighting operation using said plurality of said sample points located in
the vicinity of said arbitrary point; and a standardizing device which
standardizes an interpolation filter which determines each weighting
coefficient used in said weighting operation, so that the total of the
weighting coefficients used when interpolation is performed on a f rst
arbitrary point and the sum total of the weighting coefficients used when
interpolation is performed on a second arbitrary point different from the
first arbitrary point can be predetennined values. A mark detection
apparatus according to claim 38~ wherein when said predetermined sampling
interval is T, and said interpolation filter includes an interpolation
function s(dx) represented as:   2 6 D E C 2002 52 ~(~) _ sin(2~ra'x / 2T)
2~rdac I 2T 



40. A mark detection apparatus according to claim 3s, wherein said mark
detection apparatus irradiates said mark with a detection beam, and foams
an image of said mark through an image-forming system; said image pickup
element has a said pixel size which is a predetermined multiple of a
minimum periodic component of an image formed on said image pickup element;
said minimum periodic component is defined by ~, /2NA on the basis of a
wavelength ~, of said detection beam and the numerical aperture NA of said
image-forming system; and said pixel size is equal to 0.2 times or more and
0.5 times or less of said minimum periodic component. 41. A mark detection
device comprising: an irradiation system which irradiates a mark formed on
an object with a detection beam; an image-forming system which forms an
image of a mark on an image-forming surface; a sampling device which
includes an image pickup element disposed on said image-forming surface,
converts said image of said mark into an electrical image signal, and
outputs a signal related to said image signal at a predetermined sampling
intervals; and an interpolation device which performs interpolation of said
signal related to said electrical image signal in a cycle equal to or less
than said predetermined sampling interval; wherein said interpolation
device performs said interpolation with respect to a correlation function
obtained based on said image signal. 42. A mark detection apparatus
according to any one of claims 36 to 40 , wherein said sampling device
outputs said image signal at said predetermined sampling intervals, and
said interpolation device performs interpolation with respect to said image
signal.   



2 6 DEC 20p2 5~3 An exposure apparatus composing a marls detection
apparatus according to any one of claims sb to 4~ n wherein said object is
a substrate to be transferred with a predetermined pattern, and said
exposure apparatus transfers said predetermined pattern onto said substrate
positioned based on a mark detected by said marls detection apparatus. 94.
A device manufactured through a step of transfen~ing said predetermined
pattern onto said substrate by said exposure apparatus according to claim
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.AHY.ALF.AY?.ALH?.A`3.As,.Ae.A`,.As ,.A3L.As.ALhl,.A.A`
e.An.A5F.AsH.A.A[.ALn.A9.AL5 .As[.As[.As[.As.A`y8.AY.Ay[ .AnY.A
A&.A.AS.AS5.Af?.A@.A5-:IiR_np,y+ s
#w+}g}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]cTa]ca]ca]ca]ca]ca]ca]ca]cTa]ca!g~!6 V  !R!]!""j""";
#%S%%%M&{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caV]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]c(a]ca!M&&&A'P'R'''P(((F)))*g**+j+++9,
,,8-----.L..//}wrmhc^Y]]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!/%0n0p049::<r>>ACCCCCFHMMN
NN
N#N%NHQnVpV%X2X5X~Y~ytoid_ZU]ca]ca]ca]caU]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]
ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c0a]ca]ca!~YT\^~````aaaabb
Xbadd
ghgghohhh3iOiikkkkLlpprzupkfa\W]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c*a]c*a]caV]ca]c^a]ca]ca]ca]ca!rrt2uvvvyy*y5
y{cpsL C
qEdO{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]caV]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca!OB<#x3>`uySh
$v0|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!E~d4S7GJPi&#]@}xsnid_Z]]]]]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca!@5F-/<Ag/@&|wrmhb]X]]]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca!mub-w[n!Q}x
snid_Z]]]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!C]i!4"dozy}xsnid_ZU}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca
V]c^aV]ca]ca]caU]ca]caV]ca V]c^a]c^a]ca]ca]caV]ca
V]c^aV]ca]ca]caU]caV]ca]caKbu>C!;
w%LUtE}wrmhc^Y]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!E|'9O(25W
nOy}xsnid_ZUmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]c^a]ca]ca]ca]ca]caV]ca V]c^a]c^aV]ca]ca]caV]ca V]c^aV]ca]ca]ca]ca
LParP>BEa",/6Ndm}{vpic^YSmhV]ca]ca]caV]ca V]c^aV]ca]ca
V]c^aV]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
UV]caU]ca]ca]ca]ca]ca  5?FR%*,47:_k~}xsnhc\WRic^YS]ca]ca
UV]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca
V]c^aV]ca]ca]c^a]caV]ca]caV]ca]caV]ca V]c^a]c^aV]ca V]c^a]c^a #4]knbUtB $  



|wrmgb]Wic^YS]caU]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca
UV]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(a]ca]ca UV]ca UV]caV]caU]ca]ca
UV]caU]ca]ca%1:JV [ehE  C
&!w!{vqlgb]XS]]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caV]ca
V]c^aV]ca]ca]ca]ca]ca]ca]ca]caV]ca V]c^aV]caV]ca V]c^a
w!!#"/"z""(#v##$_$$%,%{%%"&q&&'U''V(((((8)**+n+++}xsnid_Zca]]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca!+',y,,,H---).L.../O////V0n001o1u1w11146g8;&;);
g=&A|wrmhc^Yca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!&AZEhEkE&HINNOOOPTPRmRRS[SxTT
UeUlUrU}UUUUUUUVYY|voje`[Vmhc^Yc]ca]ca]ca]ca]ca V]c^a]c^a]ca V]c^a]c^a
V]c^aV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
YYn\^accczgjmmmq3wxxxkyyh}>M;
anq#}xsnid_Zc]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!<UPs8BE<w2}xsnid_Zc]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca!_ELx+`@ORdKQZL}xsnid_Zc]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!BxW&E'4M~xr
mhb]Xnid_Zc]]ca]caU]ca]ca]caU]caU]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]
ca]ca]ca]c^a]ca]ca]caU]ca]ca]ca]ca]ca]ca }&p
hU11BJ|wrmhc^Yc]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca
]ca]ca]ca]ca]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca!$.-C(`&#25pHp9U}xsnid_Zc]]]]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca!-xp/;
HNy[~}xsnid_Zc]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!~5g#/wJ.H!1|(.8{vqlgb]Xc]]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]c^a]ca]ca
]ca]ca]ca]ca]ca]ca!Xp>-.H!1|(.8{vqlgb]Xc]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca:cA!+9!10
%HH&'()-10%&'()-S10%H&'()-f10%H&'()- 10%HH&'()-3(10%H&'()- :Ii^ R\]}[<1
10H#;10%H&'()-!>0`!10%HH&'()-:0`!10%H&'()-:!HY%&!10%HH&'()-
!>Y%&!10%HH&'()- #10%H&'()-]^_np,ymN/
Y10%z&'()-f10%z&'()-10%z&'()-10%z&'()- s10%z&'()-(10%z&'()-  10H 10Hy+ s
#dEmN/ Y10%zy10%z&'()-9  



10%z&'()-10%z&'()-10%z&'()- F z 10%z&'()- M!10%z&'()-#w+dEmN/
Y10%z!10%zS&'()-!10%z&'()-@y10%z&'()-&10%z&'()-10%z&'()-`10%z&'()-+}gdEmN/
Y10%z 7
10%z&'()-y510%z&'()-+M!10%z&'()-&*f10%z&'()-#!10%z&'()-z3",10%z&'()-gb@
Y10!49:!10%&'()-Z9:!10%3&'()-Zs10%&'()-( 10%&'()- 10z 10z
10z810%z&'()-0~zX6b@!L9`!10%&'()-!C9`!10%&'()-9`!10%&'()-!>9:!10%88&'()-Z!9
9:!10%&'()-Z!49:!10%&'()-ZrS4s10%&'()-10%&'()-3(10%&'()-4 10 10
10!Q9`!10%&'()-!Q9`!10%&'()-6dErS4s10g10%&'()-3s -10%&'()- :10%&'()-l
s10%&'()-Z10%&'()-10%&'()- V
!R!]!dErS4s10`F10%&'()-fz10%&'()-3`10%&'()-`@310%&'()-10%&'()-`F10%&'()-]!"
"j""";#}^?rS4s"M10%&'()-``!10%&'()-`10%&'()-`S 10%&'()-G!9`S 10%&'()-G!>`S
10%&'()-G;
#%S%%%M&&dErS4ss410%&'()-9310%&'()-s110%&'()-s010%&'()-Y.10%&'()-`$
10%&'()-&&>'?'@'A'P'R''bCss&10%&'()-t10%&'()-(10%&'()-  10 10
10,8&10%&'()-s610%&'()-''P(((F))dEbCsLZ10%&'()-s10%&'()-FLF 10%&'()-LT
10%&'()-s 10%&'()-L10%&'()-y))*g**+j+dEbCsL@z 10%&'()-`10%&'()-L
10%&'()-Ls10%&'()-s10%&'()-L9  10%&'()-j+++9,,,8-dEbCs#10%&'()-L3"
10%&'()-L
:!10%&'()-s10%&'()-Ly10%&'()-L10%&'()-8----.L..dEbCs-@10%&'()-L+10%&'()-`*1
0%&'()-L(10%&'()-F'S10%&'()-LY%10%&'()-.//%0k0l0m0n0p0xmbCs10%H&'()- 10 10
109s10%&'()-`Y7L10%&'()-510%&'()-`,/ 10%&'()-p02;
3N44W67z[9mbC![s!10%HH&'()-Fs!10%H&'()-F!9&!10%99&'()-!0&!10%HH&'()-!4&!10%
99&'()-&!10%H&'()-7P8+999999wi[MC![s!10% 10|,|, 10|,|,
10|,|,!|s!10%|,|,&'()-F!ss!10%<<&'()-F!ss!10%HH&'()-F!ns!10%HH&'()-F9::j;
<<r>^?MC!`L
10%&'()-4!C`s!10%&'()-!>`s!10%&'()-`s!10%&'()-s10%&'()-F(10%&'()-
r>>jAACCCCC}rg\=!,)10%g&'()-  



10 10 10s0 10%&'()-&!Hsy  10%DD&'()-M!4sy
10%&'()-MT10%&'()-CCPDFF>HH}^<g\=!!C` 10%&'()-`
10%g&'()-!>M!10%&'()-!>M!10%gg&'()-M!10%g&'()-10%g&'()-HLlMNNNN#N%NrS410%&'
()-(F10%&'()-  10gg 10gg
10gg!`!10%gg&'()-![!10%gg&'()-!10%g&'()-%NNOPHQiQnVz[9rS4!>L!10%&'()-!L!10%
&'()-!!C9!10%
&'()-!>9!10%&'()-!>9!10%&'()-9!10%&'()-nVpW"X#X$X%X2X5X*YbC!>s&!10%&'()-10%
&'()-`(10%&'()- 10 10
10L!10%&'()-!L!10%&'()-!*Y~Y_[\T\k^^z[9bC!H`s,&!10%%%&'()-s,&!10%&'()-!9s&!
10%&'()- !Cs&!10%&'()- s&!10%&'()-
!0s&!10%&'()-^~``aaaaaa~_@!H10%g&'()-)F10%g&'()- 10 10
103M!10%&'()-!F0-10%nn&'()-&M!10%&'()-abXbadd
ghgaB~_@!H"10%g&'()-Ls!10%g&'()-L10%g&'()-:!10%g&'()-@10%g&'()-!S`10%PP&'()
--hgghohhh3idE~_@!H+410%g&'()-)10%g&'()-
Y(10%g&'()-&!10%g&'()-3%10%g&'()-#910%g&'()-3iOiikkkkkkbC!H10%&'()- (
10%&'()- 10g 10g
10g`0:!10%g&'()-9.S10%g&'()-9-10%g&'()-kkLlpprrdEbC!H'10%&'()-`!10%&'()-Gy@
10%&'()-`@9!10%&'()-`10%&'()- s@10%&'()- rt2uvvvvvvbC!H10%T&'()-,)10%T&'()-
10 10 10s3`!10%&'()-@2g10%&'()-s(9!10%&'()-vSwy5y{{}}[<bC!S#s!10%Tj&'()-!C
10%&'()- !> 10%TT&'()-
!-Y10%00&'()-`!10%T&'()-`!10%T&'()-}~`abcpsrS410%g&'()-(10%g&'()-  10TT 



10TT 10TT!QS#s!10%TT&'()-!CS#s!10%TT&'()-S#s!10%T&'()-sL
CdErS410-10%g&'()-10%g&'()-G3 10%g&'()-10%g&'()- @y10%g&'()-!10%g&'()-C
qdErS41010%g&'()-M10%g&'()-S10%g&'()-9`10%g&'()-
10%g&'()-`10%g&'()-EddErS410L$10%g&'()-"-10%g&'()- &10%g&'()-
-10%g&'()-y&10%g&'()-10%g&'()-OBdErS410-`10%g&'()- ,, 10%g&'()-
*Y10%g&'()-( 10%g&'()- s'Y10%g&'()-%10%g&'()-<#xdE:/ 10g 10g710%g&'()-
610%g&'()-Y410%g&'()-210%g&'()-110%g&'()- y/-10%g&'()-3>xY:/
10g10%z&'()-S10%z&'()- 10%z&'()-!10%z&'()- 10%z&'()-(Y10%z&'()- 10g`ShdE:/
10g,10%z&'()-S 10%z&'()-10%z&'()-&M10%z&'()-  10%z&'()-3g10%z&'()-h $vdE:/
10gz10%z&'()-310%z&'()-10%z&'()- :10%z&'()-f10%z&'()-10%z&'()-0E~dE:/
10gL'S10%z&'()-%M!10%z&'()-&$10%z&'()-"10%z&'()- 10%z&'()-Y10%z&'()-~ddE:/
10g2 10%z&'()-010%z&'()-@/&10%z&'()--10%z&'()-s*10%z&'()-(10%z&'()-4bC
10g10%&'()-( 10%&'()- 10z 10z 10z910%z&'()-710%z&'()-3410%z&'()-}[9bC 



10g!9sY &!10%&'()-"!4sY &!10%&'()-"sY &!10%&'()-"!! 10%&'()-!& 10%&'()-
10%&'()-\S}[9bC 10g!CsY &!10%&'()-"!CsY &!10%&'()-"!>sY &!10%&'()-"sY
&!10%&'()-"!9sY &!10%qq&'()-"sY &!10%&'()-"S4567GJbC 10g!CL:!10%
h&'()-s,10% h&'()- 10% h&'()-(Y10% h&'()-  10 10 100 10%&'()-:Pi&aBbC
10g!CLm10% h&'()-sy10% h&'()-Ll t10% h&'()-s910% h&'()-s3 10%
h&'()-!y3%10%hh&'()- #]@dEbC 10g!CL`!10% h&'()-S10% h&'()-L10% h&'()-10%
h&'()-Ls10% h&'()-L10% h&'()-5FdEbC 10g!CLl%10% h&'()-L#10% h&'()-LF"`!10%
h&'()-L !10% h&'()-10% h&'()-Ly10% h&'()- F+*+,-<AuV7 10g10%&'()-L
10%&'()-:)F10%&'()-  10 h h 10 h h 10 h h!`L'!10% h h&'()-L'!10%
h&'()-AgdEuV7
10g10%&'()-Lz10%&'()-Lst!10%&'()-10%&'()-L910%&'()-`!10%&'()-/@dEuV7 



10g&*10%&'()-` 9!10%&'()-@10%&'()-`y10%&'()-`y 10%&'()-`@10%&'()-@&dE:/ 10
10810%&'()-s37m10%&'()-s5!10%&'()-3&!10%&'()-,210%&'()- `+`!10%&'()-muxY:/
10Y 10%T&'()-3 10%T&'()-10%T&'()-!10%T&'()-10%T&'()-y)Y10%T&'()-  10ubdE:/
1010%T&'()-@ 10%T&'()-10%T&'()-L 10%T&'()-z10%T&'()-s10%T&'()--wdE:/
10Y(&10%T&'()-&:!10%T&'()- 3%10%T&'()-#10%T&'()-"10%T&'()-f 10%T&'()-[ndE:/
102, 10%T&'()-`0@10%T&'()-.`10%T&'()-&-310%T&'()-+10%T&'()-)F10%T&'()-n !bC
1010%&'()-(10%&'()- 10T 10T 10T8&10%T&'()-@5S10%T&'()-3f 10%T&'()-!W>6zX6bC
10!4Lt!10%==&'()-!4Lt!10%&'()-!0Lt!10%&'()-!4Lt!10%&'()-Lt!10%'&'()-!!L
10%&'()-QhP}[9+C
10!Q`9-L!10%&'()-M!L`9-L!10%&'()-M`9-L!10%&'()-M!HL!10%--&'()-s!L!10%&'()-s
L!10%&'()-sC]igEC 10!Q`9!;0@f10%&'()-@f10%&'()-sy 10%&'()-
10%&'()-(310%&'()-  10 10ipo4zX6EC 10!S#
10%&'()-!H`Fs!10%&'()-`!C`Fs!10%&'()-``Fs!10%&'()-`!+s,s!10%&'()-!&s,s!10%&
'()-4y"zX6EC 10!97 10%&'()-!410%&'()--s .!10%&'()-!9s& 10%&'()-m!9s&
10%&'()-m!4s& 10%&'()-mduV70!'10%&'()-
@10%&'()-!D@Z10%&'()-,10%&'()-,)10%&'()- 10 10 



10dozydEuV70!'s9M!10%&'()- F10%&'()-10%&'()-l10%&'()-s3  10%&'()-s 10%&'()-
yKdEuV70!'y 10%&'()-sy 10%&'()-s@&!10%&'()-10%&'()-s
10%&'()-s10%&'()-bu>dEuV70!'*z10%&'()-Y(10%&'()-&10%&'()-sY%
10%&'()-#Z10%&'()-"M10%&'()->C dYNC0! 10 10
10810%&'()-6g10%&'()-S5&!10%&'()-310%&'()-+`!10%&'()-m!;w%dEYNC0! z
10%T&'()-Y 10%T&'()- 10%T&'()- 10%T&'()-10%T&'()-,)10%T&'()-%LtdEYNC0!
Fy10%T&'()-10%T&'()-` 10%T&'()-10%T&'()-910%T&'()- 10%T&'()-E|dEYNC0!
`$m10%T&'()-"
10%T&'()-9!10%T&'()-10%T&'()-l10%T&'()-10%T&'()-9O^?YNC0!010%T&'()-!1f-:10%
&'()-,10%T&'()-s*10%T&'()-!1'10%&'()-%`10%T&'()-O%&'(2rdV70!)10%&'()-  10
10 10!4 F710%&'()-5m10%T&'()-3 10%T&'()-@210%T&'()-25W ndEdV70!) 10%&'()-
sy10%&'()-Z10%&'()-s,10%&'()- 10%&'()-10%&'()-nOydEdV70!)s-
10%&'()-'10%&'()-`9!10%&'()-@10%&'()-`Y&10%&'()-`10%&'()- LPraBdV70!)s0
10%&'()-!@ -10%&'()-ys#M!10%&'()-!10%&'()-sf 10%&'()-s!10%&'()-P;
<=>Bxmb@0!!4( 310%&'()- 10 10
108@10%&'()-sS59!10%&'()-310%&'()-s210%&'()-BEazX6mb@0!4s!10%&'()-Y!9`s!10%
&'()-Y!9s!10%&'()-Y!4s!10%}}&'()-Y!>s!10%&'()-Y 10%&'()-8! z[9+@
10!H9-!10%&'()-`9-!10%&'()-`!Qs!10%&'()- !L`s!10%&'()- s!10%&'()-
!C`s!10%ii&'()-Y !",/da?@ 



10!!h`10%..&'()-!L`10%nn&'()-!p`10%&'()-10%z&'()-Y(3 10%z&'()-  10
10-RzX6?@ 10!9S&!10%&'()-!Ay 10%&'()-!3y 10%&'()- 10%z&'()-!+ 10%kk&'()- !&
10%zz&'()- %'()*7zl^P10(10%&'()- 10 10
10!+00L10%&'()-y!0L10%((&'()-y!p0L10%  &'()-yS&!10%z&'()-7:^<^P10(!4s3
`!10%&'()-!+s3 `!10%&'()-!!s3 `!10%&'()-s3 `!10% &'()-,10%&'()-
10%&'()-_lrzX6^P10!L%M!10%&'()-f!C%M!10%&'()-f!C%M!10%&'()-f!0%M!10%&'()-f%
M!10%&'()-f!9s3 `!10%&'()-kxV40!&`,
10%&'()-!6f10%$$&'()-`f10%&'()-10%&'()-'lF10%&'()- 10 10
10DzX9xV40!`&!10%&'()-!CLF'!10%&'()-!>LF'!10%&'()-!CLF'!10%&'()-LF'!10%&'()
-!+`, 10%&'()-#4Z[\]wi[M40!`&!10% 10 10 10!4s90!10%&'()-`!0s90!10%&'()-`!
s90!10%zz&'()-`! ~0s90!10%GG&'()-`]knbdEM40!`  10%z&'()- f- 10%z&'()- 



10%z&'()-g10%z&'()-  10%z&'()-Y(10%z&'()-UtBaBM40!S10%z&'()-10%z&'()-!S
`10%pp&'()-ys!10%z&'()-F 10%z&'()- 10%z&'()-B $ h
dEM40!`F"10%z&'()-FF"10%z&'()-F 10%z&'()- S10%z&'()-10%z&'()-M!10%z&'()-
1VdBM40!!010%&'()-S
-10%z&'()-3.10%z&'()-F,S10%z&'()-L*10%z&'()-F"10%z&'()-FV XYZ[exmbC0!!(
310%&'()- 10z 10z 10z810%z&'()- 7t10%z&'()-y5S 10%z&'()-3`10%z&'()-eh
}[9mbC0!!>`L!10%&'()-!)F 10%&'()-!9`&!10%&'()-f!9`&!10%&'()-f`&!10%&'()-f
10%&'()-EzXJ<C0!! 10YY
10YY!Q`&!10%YY&'()-!C`&!10%&'()-`&!10%&'()-!C`L!10%&'()-!>`L!10%&'()-arS1C0
!H'!10%gg&'()-'!10%g&'()-!>,s!10%&'()-,s!10%g&'()-10%g&'()-(m10%g&'()- 10YY
zX61C0!!Vy!10%gCgC&'()-G!Ly!10%gg&'()-G!Ly!10%gg&'()-Gy!10%g&'()-G!H'!10%GG
&'()-!H'!10%gg&'()- uV70!!S 10%g&'()- 10%g&'()- 10%g&'()-(F10%g&'()-3 10@@
10@@ 10@@!dy!10%@@&'()-GC   &!w!!dEuV70!!S 10%g&'()-910%g&'()-10%g&'()-G3 



10%g&'()- z10%g&'()-@10%g&'()- !#"/"z""(#v#dEuV70!!S
,10%g&'()-f10%g&'()-10%g&'()-,10%g&'()-
10%g&'()-s!10%g&'()-v##$_$$%,%dEuV70!!S
%10%g&'()-L$s!10%g&'()-"10%g&'()-&!10%g&'()-10%g&'()-s!10%g&'()-
,%{%%"&q&&'dEuV70!!S y/10%g&'()--@
10%g&'()-@,&10%g&'()-*10%g&'()-)m10%g&'()-s'y10%g&'()-'U''V((((((xmbC0!!S(1
0%&'()- 10g 10g 10g7T 10%g&'()-4
10%g&'()-210%g&'()-1910%g&'()-(((8)**+dEmbC0!!Ss10%&'()-L10%&'()-syM!10%&'(
)-`10%&'()-@10%&'()-10%&'()-+n+++',y,,dEmbC0!!S10%&'()-s10%&'()-SG10%&'()-:
10%&'()-sM!10%&'()-10%&'()-,,H---).L.dEmbC0!!S&$10%&'()-"10%&'()-
F10%&'()-Y10%&'()-sS 10%&'()- G10%&'()-L.../O///dEmbC0!!S-&10%&'()-,
10%&'()-s*Y10%&'()-(10%&'()-9'
10%&'()-%10%&'()-//V0n001o1dEmbC0!!S7!10%&'()-5- 10%&'()-
410%&'()-2-10%&'()-0S
10%&'()-@/l10%&'()-o1r1s1t1u11193<4_=0!!!&,M!10%gg&'()-!!,M!10%gg&'()-10%g&
'()-l(10%g&'()-  10 10 10910%&'()-s<445678g8}[9_=0!!!4!10%&'()-
!0!10%gg&'()- !10%g&'()- !+ 10%&'()-m 10%g&'()-m!&,M!10%&'()-g89;
;;;&;);=uV70!!S 10%z&'()- 910%z&'()-0(10%z&'()- 10gg 10gg
10gg!Cy,!10%gg&'()-y,!10%g&'()-=g=@&ACDWEXE}[9+7
10zz!L$M!10%zz&'()-!C$M!10%zz&'()-$M!10%z&'()-!H`!10%hh&'()-`!10%z&'()-!4S
10%}}&'()- XEYEZEhEkEFFGgE7 10zz!L!>L,!10%&'()-L,!10%&'()-L,!10%&'()-
10%&'()-(10%&'()-G 10zz 10zzG&HIIKKM}[9E7
10zz!QLM!10%&'()-@!QLM!10%&'()-@LM!10%&'()-@!HLt!10%&'()-lLt!10%&'()-l!CL,!
10%hh&'()-MMNNOOOOOO{\=0zz!10%&'()-3(10%&'()-  10 



10
10s3M!10%&'()-![LM!10%&'()-@![LM!10%&'()-@OPTPZQRmRRdE{\=0zz!9s10%&'()-L10%
&'()- 9,`!10%&'()-9,`!10%&'()-S10%&'()- L10%&'()- RS[SxTT UeUdE{\=0zz!L
10%&'()-LFg
10%&'()-:10%&'()-L@:!10%&'()--10%&'()-sY10%&'()-eUUUV*XYYYYaVK@0zz! 10 10
10L(!10%&'()-zL(!10%&'()-z'10%&'()-Y%10%&'()-!Hl"10%&'()-YYY0Z\n\]}[<VK@0zz
!L!10%&'()- !9L@`!10%&'()-!4L@`!10%&'()-!>L@`!10%&'()- 10%&'()-( 10%&'()-
]^`aa^ccc}^<.@ 10!H` 1!10%&'()-` 1!10%&'()-!L !10%&'()-L !10%&'()-L
!10%&'()-!CL!10%&'()- cccccrdxerfdB@
10!H!4s`!10%&'()-!0s`!10%&'()-s`!10%&'()-10%&'()-(10%&'()-F 10
10rf(gzgjjmmmz[9+@
10!C+M!10%&'()-+M!10%&'()-!LsS!10%&'()-sS!10%&'()-!Cs`!10%&'()-!9s`!10%&'()
-mmmmm!qqqdB@ 10!C!9s!10%aa&'()-z!&s!10%EE&'()-zs!10%&'()-z
10%&'()-(10%&'()-  10 10q8tuv3wxxxxz[PE:0! 10 10
103`!10%&'()-!Qs@!10%==&'()-!Hs@!10%&'()-!0s@!10%&'()-s@!10%&'()-xxxkyy)||a
?PE:0! 10!LsM!10%&'()-@sM!10%&'()-@!0z 10%SS&'()-z
10%&'()-10%&'()-(10%&'()-F|}h}>z[9+: 10!4. 10%&'()- . 10%&'()- !C
`!10%CC&'()-  `!10%&'()- !>sM!10%&'()-@!LsM!10%&'()-@]MdB: 



10!4!!!10%&'()-:!!10%&'()-:!10%&'()-: 10%&'()-3(10%&'()-3 10 10Mw;B}^?B:
10!#!10%!&'()-#!10%&'()-!0 10%&'()-F
10%&'()-F!Cs&!10%((&'()-s&!10%&'()-^_`anq}oP10 10%&'()-(10%&'()-G 10 10
10!L#!10%&'()-!>#!10%&'()-!9#!10%&'()-q#|}~bC0 10%10%M&'()-)Y10%M&'()- 10
10 10`@ 10%&'()-` 10%&'()- s!10%&'()- <dEbC0
10%F`!10%M&'()-S10%M&'()-10%M&'()- S-10%M&'()- -10%M&'()-
9Ls10%M&'()-UPdEbC0 10%10%M&'()-``10%M&'()--10%M&'()-F10%M&'()-
10%M&'()-10%M&'()-PsdEbC0 10%$10%M&'()-y#M10%M&'()-!`10%M&'()-@ s10%M&'()-
10%M&'()-10%M&'()-5678BEbC0 10%!10%&'()-l310%&'()-( 10%&'()- 10M 10M
10MF+10%M&'()- (s!10%M&'()-<w2aBbC0
10910%&'()-"10%&'()-!10%&'()-y!lf10%33&'()-   



10%&'()-y "10%&'()- _EdEbC0 10&10%&'()-"!10%&'()- y
y10%&'()-&10%&'()-S10%&'()-10%&'()-Lx+aBbC0
103s10%&'()-1310%&'()-L010%&'()-.10%&'()-!y&-10%cc&'()-F(`!10%&'()-+`=>?@Ox
mbC0 10(Y10%/&'()-3 10 10 103:@10%&'()- 810%&'()- 610%&'()- ,510%&'()-
ORddEmbC0 10m10%/&'()-@3 10%/&'()-y 10%/&'()- y!10%/&'()- fs "10%/&'()-
3310%/&'()-KQdEmbC0 10,,'10%/&'()-f10%/&'()-fL:!10%/&'()-f10%/&'()-
y10%/&'()-flz10%/&'()-QZLaBmbC0 10&-10%/&'()-!,+
10%//&'()-@Y(10%/&'()-,F%10%&'()-z,y !10%/&'()-S
10%/&'()-BxWrdV70&&!10%(&'()-  10// 10//
10//!@510%//&'()-@110%/&'()-@L0&!10%/&'()- .F10%/&'()-W&E{\=dV70Y,
10%(&'()-  "10%(&'()- !,10%((&'()- ,10%n&'()-)!y,10%pp&'()-F"10%(&'()-
'M^?dV70y)910%(&'()-!@&!10%((&'()-$f 10%(&'()-#10%(&'()- , 10%&'()- 



!  10%((&'()-}dEdV704&10%(&'()- f9310%(&'()-
110%(&'()-!/310%(&'()-l,!10%(&'()-+10%(&'()-}xmbC0 (10%/&'()- 10( 10( 10(
s?10%(&'()-3S<10%(&'()-S810%&'()- 6 10%(&'()-&p a?mbC0!S10%//&'()- !L
10%3/3/&'()-S@10%/&'()-f!10%/&'()- fLM10%/&'()-310%/&'()- hUdEmbC0!,!
10%/&'()-S`!10%/&'()-
S!10%/&'()-@9&!10%/&'()-Ss10%/&'()-Sl!10%/&'()-11BdEmbC0!,3.!10%/&'()-S+910
%/&'()-Sf)S 10%/&'()-'10%/&'()-S$3"10%/&'()-T#10%/&'()-J$bC0!s10%&'()-
3F10%&'()-`(10%&'()- 10/ 10/ 10/8
10%/&'()-3:10%/&'()-$.-CdEbC0!f&10%&'()-f!10%&'()-Yy!10%&'()-f10%&'()-s10%&
'()- y@M10%&'()-C(`&aBbC0!S,/ "10%&'()-y+
10%&'()-S(!10%&'()-S$!10%&'()-!fY!10%&'()-f`&!10%&'()-&
!"#25rS403F10%&'()-(10%&'()- 10 10 10!f: "10%&'()-
yY7`10%&'()-!f410%&'()-5pHpdErS403F10lS10%&'()-y10%&'()-
Sy10%&'()-f&!10%&'()-m10%&'()- fs&10%&'()- 9UdErS403F10SM10%&'()-
s10%&'()-S10%&'()-S9!10%&'()-
10%&'()-10%&'()-UaBrS403Ffl+10%&'()-SY(&!10%&'()-zS! 10%&'()- !ff z
10%YY&'()-S@ 



10%&'()-10%&'()--xaBrS403F610%&'()-f510%&'()-3910%&'()-f110%&'()-90s10%&'()
-!S.10%qq&'()-mnopbC03Fs10%&'()-3310%&'()-'10%&'()- 10 10 10f:`!10%&'()-
y810%&'()-/;dBbC03F!m10%  &'()-y10%&'()- 10%&'()-
yyZ10%&'()-y10%&'()-10%&'()-
HNydEbC03F!y10%&'()-f!10%{&'()-fs10%&'()-yM10%&'()-9z10%&'()-y10%&'()-y[~dE
bC03F!l+10%&'()-f3(:!10%&'()-f&!10%&'()- %910%&'()-f!10%&'()-f
10%&'()-5guj_@03F(10%&'()-  10 10 10ff810%&'()-
610%&'()-!f,510%..&'()-f-!10%&'()-/wJaBj_@03F10%&'()- S@910%&'()-S
"10%&'()- S  10%&'()-!`&f10%&'()-@ 10%&'()-J.HdEj_@03F@10%&'()-`10%&'()-SY
10%&'()-Sf10%&'()-310%&'()-SSf 10%&'()-
!1|dEj_@03F%10%&'()-Sf#10%&'()-!&10%&'()-S@
10%&'()-M10%&'()-S,10%&'()-(.8dEj_@03F&0f10%&'()-
S.&10%&'()-S,310%&'()-Y+10%&'()-S ( 10%&'()-SS&9!10%&'()-XpdYNC03F 10 10
10910%&'()- Sf810%&'()-6@10%&'()- S5f 10%&'()-S1s10%&'()->-aBYNC03FS10%
h&'()-10% h&'()-S910% h&'()-!3"10% h h&'()-10% h&'()-(10%
h&'()-3--aBYNC03FS10% h&'()-10% h&'()-S910% h&'()-!3"10% h h&'()-10%
h&'()-F"10% h&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c"
"Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Heading 93]c"A "Default Paragraph Font^@$m-6@K$U^hsb}6,'=!)\Z
%t.8YBLV`ju`~7?"o  "$&(*,.024gM&/~YrO@Ew!+&AY~
!"#$%&'()*+,-./01234567:]y#+g]!;
#&')j+8-.p079r>CH%NnV*Y^ahg3ikrv}sCh~SFA@un!i4dy>%O2nB 7]B
Ve!v#,%'(+,L./o1<4g8=XEGMOReUY]crfmqx|MqP+OQW} $C&5UyJ-89:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocument4
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


