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TITLE OF THE INVENTION
PATTERN FORMING APPARATUS, DECIDING METHOD, PROGRAM
INFORMATION PROCESSING APPARATUS, AND ARTICLE
MANUFACTURING METHOD

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The presentinvention relates to a pattern formapgaratus, a deciding
method, a program, an information processing appsyrand an article

manufacturing method.

Description of the Related Art

[0002] Along with the progress in microfabrication antegration of devices,

an improvement in alignment accuracy is required péattern forming apparatus
such as an exposure apparatus or an imprint apgaraln alignment, in general,
an alignment mark provided on a substrate to besored is measured (captured)
by a measurement optical system to obtain datak(insge), and the data
undergoes image or signal processing by a proagssiih, obtaining the position
of the alignment mark, that is, the substrate.

[0003] At the time of measurement of the alignment mhadwever, nonlinear
error components may be overlaid due to the inflteesf a variation in device
manufacturing process, the aberration of the measemt optical system, electric
noise of the processing unit, or the like, lowerihg alignment accuracy. To
cope with this, Japanese Patent Laid-Open No. 224854 proposes a technique
of making various conditions such as the wavelepnfiitumination light and an
illumination condition selectable, and selectingop@timum condition in

accordance with a device in a measurement optysédéi. Japanese Patent
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Laid-Open No. 2003-324054 proposes a techniquetirihizing an alignment
condition (alignment parameter) easily and acclyate

[0004] Inrecent years, however, a case in which theatiani in device
manufacturing process poses a problem increase®dureincrease in various
device manufacturing steps. In such a situatioorder to implement accurate
alignment, the related art of optimizing the aliggmhparameter on a specific
device basis or on a step basis in the same degmames insufficient. More
specifically, it becomes necessary to optimizealignment parameter on the all
step basis of all devices, on the shot basis ubatgate surface in the same step,
or on an alignment mark basis in the same shot.

[0005] For an alignment parameter having the small (Iaweshsional) number
of combinations of the illumination conditions athe like to be optimized in the
related art, it is also possible to optimize thgrahent parameter automatically
by confirming all conditions. However, automatlgalptimizing an alignment
parameter having the large (high-dimensional) numobeombinations of
template shapes used in prealignment, window shagegsin fine alignment, and

the like is not easy because of its enormous ciondit

SUMMARY OF THE INVENTION

[0006] According to one aspect of the present inventiogre is provided a
pattern forming apparatus that forms a pattern substrate, the apparatus
including a detection optical system configurealbtain optical information of a
mark provided on the substrate by detecting thekn@ard a processing unit
configured to perform a process of obtaining atmmsiof the mark by using a
template for obtaining the position of the markid®ng applied to the optical
information of the mark and a window which indicateregion for extracting an

amount of characteristic indicating the positiontef mark from a waveform
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signal obtained from the optical information, wheréne processing unit decides,
based on the optical information of the mark ol&ediby the detection optical
system, a parameter indicating at least one ohpesbf the template and a shape
of the window for each of a plurality of substratasd obtains the position of the
mark by using the decided parameter.

[0007] Further aspects of the present invention will Inee@pparent from the
following description of exemplary embodiments wigierence to the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Fig. 1 is a schematic view showing the arrangeraEah exposure
apparatus according to an aspect of the presestiion.
[0009] Fig. 2 is a schematic view showing the arrangeratatdetection optical
system of the exposure apparatus shown in Fig. 1.
[0010] Fig. 3 is a view showing an example of the shdmnalignment mark
used for prealignment.
[0011] Fig. 4 is a view showing an example of the shdmnalignment mark
used for fine alignment.
[0012] Fig. 5 is a flowchart for explaining general exp@sprocessing.
[0013] Fig. 6 is a view showing an example of a templesed in prealignment.
[0014] Fig. 7 is a view showing an example of an imag ithcludes an
alignment mark used in prealignment.
[0015] Fig. 8 is a view showing an example of a one-disimmal waveform
signal generated in fine alignment.
[0016] Fig. 9 is a flowchart for explaining exposure presing according to the
first embodiment.

[0017] Figs. 10A and 10B are views each for explaining&ample of a
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measure in reinforcement learning in detail.

[0018] Fig. 11 is a flowchart for explaining a processssguence in
reinforcement learning of a template shape.

[0019] Fig. 12 is a graph showing the result of optim@abf a learning count,
and a degree of characteristigddistand a maximum degree of characteristic
Rnccangaccording to the first embodiment.

[0020] Fig. 13 is a graph for explaining that the tempktiape can be optimized
to a robust state.

[0021] Fig. 14 is a flowchart for explaining exposureqassing according to the
second embodiment.

[0022] Fig. 15 is a view showing a detailed example ofaak distance between
alignment marks;

[0023] Figs. 16A and 16B are views each for explainingsample of a
measure in reinforcement learning in detail.

[0024] Fig. 17 is a flowchart for explaining a processasgjuence in
reinforcement learning of a window shape.

[0025] Fig. 18 is a graph showing a relationship betwae&arning count and
30(M) when reinforcement learning is performed.

[0026] Fig. 19 is a flowchart for explaining exposuregassing according to the
third embodiment.

[0027] Fig. 20 is a block diagram for explaining the thuembodiment.

[0028] Fig. 21 is a block diagram for explaining theHiEmbodiment.

[0029] Fig. 22 is a block diagram for explaining the Bigtbodiment.

DESCRIPTION OF THE EMBODIMENTS
[0030] Preferred embodiments of the present inventiohbeildescribed below

with reference to the accompanying drawings. Nodt the same reference
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numerals denote the same members throughout thengis and a repetitive
description thereof will not be given.

[0031] Fig. 1is a schematic view showing the arrangeragah exposure
apparatus 1 according to an aspect of the presesmntion. The exposure
apparatus 1 is a pattern forming apparatus thatdar pattern on a substrate 4 and
in this embodiment, exposes the substrate 4 bygting a pattern of a reticle 2
on the substrate 4 via a projection optical syssemThe exposure apparatus 1
includes the projection optical system 3 that mgjéreduces and projects) a
pattern formed on the reticle 2, and a chuck 5hbéds the substrate 4 on which
an underlayer pattern and an alignment mark haga f@med in a previous step.
The exposure apparatus 1 also includes a substeaje 6 that holds the chuck 5
and positions the substrate 4 at a predeterminsitigng a detection optical
system 7 that obtains optical information of agrtent mark provided on the
substrate 4 by detecting the alignment mark, arobahit CU, and a storage unit
SU. Note that the optical information of the ahggnt mark includes positional
information of the alignment mark obtained by dateclight from the alignment
mark. The optical information of the alignment karcludes, for example, an
image including the alignment mark (image therea) alignment signal (one-
dimensional waveform signal) indicating the inténsif the light from the
alignment mark, and the like which are obtaineadgturing the alignment mark.
[0032] The control unit CU is formed by, for examplecnputer (information
processing apparatus) that includes a CPU, a meiadythe like and
comprehensively controls the respective units efdkposure apparatus 1 in
accordance with programs stored in the storageSuhiand the like. In this
embodiment, the control unit CU functions as a pssing unit that performs,
based on the optical information of the alignmeatkobtained by the detection

optical system 7, a process (alignment processbtaining the position of the
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alignment mark, that is, the position of the sudist# in alignment of the
substrate 4. Note that a template is used tobtai position of the alignment
mark by being applied to the optical informatiortteé alignment mark. A
window indicates a region for extracting an amaafritharacteristic that indicates
the position of the alignment mark from a wavefaignal obtained from the
optical information of the alignment mark.

[0033] The storage unit SU stores, for example, a progreeded to perform
exposure processing for exposing the substratecbbiyolling the respective
units of the exposure apparatus 1. Note thatxtpesire processing also
includes the above-described alignment processiigthis embodiment, the
storage unit SU also stores the optical informatibthe alignment mark obtained
by the detection optical system 7 and the temjidtape thereof) or the window
(shape thereof) needed for the alignment processing

[0034] Fig. 2 is a schematic view showing the arrangeroétiie detection
optical system 7. Light from a light source 8aflected by a beam splitter 9 and
illuminates an alignment mark 11 or 12 providedtmn substrate 4 via a lens 10.
Light diffracted by the alignment mark 11 or 12Zéseived by a sensor 14 via the
lens 10, the beam splitter 9, and a lens 13. Nhatiethe lenses 10 and 13 enlarge
light from the alignment mark 11 or 12 by a pred®ieaed magnification, and
form an image of the light on the sensor 14.

[0035] The exposure apparatus 1 adopts, as an alignnethbd) a method
obtained by combining prealignment capable of datg@n alignment mark in a
wide range with low accuracy and fine alignmentatae of detecting an
alignment mark in a narrow range with high accuracyherefore, each of the
alignment marks 11 and 12 provided on the subsiries a shape suitable for an
alignment application. For example, the alignnmaatk 11 is used for

prealignment and has a shape shown in Fig. 3 snetimbodiment. The
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alignment mark 12 is used for fine alignment ansl @ahape shown in Fig. 4 in
this embodiment. However, the respective shapéseadlignment marks 11 and
12 are not limited to the shapes shown in Figaid34a For example, the
alignment marks 11 and 12 may have the same shapé¢his embodiment, the
alignment marks 11 and 12 are detected by the timteaptical system 7.
However, the alignment marks 11 and 12 may be thteseparately by different
detection optical systems.

[0036] General exposure processing in the exposure appdtavill be
described with reference to Fig. 5. The outlin@ gfrocess until the substrate 4
is aligned and exposed will be described here.stdp S101, the substrate 4 is
loaded to the exposure apparatus 1. In step $tO2lignment is performed.
More specifically, the alignment mark 11 providedtbe substrate 4 is detected
by the detection optical system 7, obtaining theitpm of the substrate 4 roughly.
At this time, the alignment marks 11 are detecated plurality of shot regions of
the substrate 4, obtaining a whole shift in thesgalte 4 and a one-dimensional
linear component (a magnification or a rotationlNote that a process of
obtaining the position of the alignment mark 11 Wwé described later.

[0037] In step S103, fine alignment is performed. Mauecifically, based on
the result of prealignment, the substrate stagedBiven to a position capable of
detecting the alignment mark 12 by the detectidicapsystem 7, and the
alignment mark 12 provided in each of the pluratityshot regions of the
substrate 4 is detected by the detection opticgegy 7. Then, the whole shift in
the substrate 4 and the one-dimensional linear coemt (the magnification or
the rotation) are obtained precisely. At this tifhés also possible to obtain a
higher-order deformation component of the subs#giescisely by obtaining the
positions of the large number of shot regions. sThakes it possible to obtain

the precise position of each shot region of thessate 4. Note that a process of
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obtaining the position of the alignment mark 12 wé described later.
[0038] In step S104, the substrate 4 is exposed. Maeifglly, after
performing fine alignment, the pattern of the feti2 is transferred to each shot
region of the substrate 4 via the projection opsgatem 3. In step S105, the
substrate 4 is unloaded from the exposure appatatus
[0039] First, the process of obtaining the position @ dignment mark 11 in
prealignment (step S102) will be described here .helobtaining the position
(the position on the sensor) of the alignment nidrkfor example, template
matching is used. As a method for template matgtarcase in which a
normalized cross-correlation (NCC) is used as aousnnof characteristic will be
described below as an example. However, the anafwttaracteristic is not
limited to NCC, and various types shown below camubed as the amount of
characteristic.

SSD (Sum of Squared Difference)

SAD (Sum of Absolute Difference)

ZNCC (Zero-mean Normalized Cross-Correlation)
[0040] An equation of the NCC is given by:

N-1M -1

22 EDTE )

_ =0 i=0
Ruce = \/N—lM -1 N-1M -1 (1)

DY DTG )

j=0i=0 j=0i=0

where T(i, j) is a value of brightness of the teat@] I(i, j) is a value of brightness
of a mark, M is the number of pixels of the temglit a horizontal direction, N is
the number of pixels of the template in a vertdiatction, and Rcc is a degree

of correlation.

[0041] With respect to an image including the alignmeatkrll (image
thereof), the template is scanned in the imageckiey for the position of the

maximum degree of correlation in the image. Thiea,position of the
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maximum degree of correlation is set to the pasitibthe alignment mark 11.
Note that the image including the alignment marksldbtained by the detection
optical system 7 as the optical information of atignment mark 11.

[0042] Since a short processing time is also requirguéalignment, a template
for the alignment mark 11 uses several tens ofelisc/alues indicated by a frame
of circles in Fig. 6. Elements needed for preatignt accuracy is, regardless of
a process, a high degree of correlation at a toséipn of the alignment mark and
a low degree of correlation at a position othenttiee alignment mark. For
example, with respect to the image including thgnahent mark 11 as shown in
Fig. 7, consider a case in which the template shawig. 6 is scanned in the
image. In this case, the template has only theretlis limited values, and thus
the degree of correlation between the templateadattice pattern present above
the alignment mark 11 tends to become high. Bexafithis, the position of the
alignment mark 11 may be obtained erroneouslyefample, when the state of a
process changes.

[0043] The process of obtaining the position of the atignt mark 12 in fine
alignment (step S103) will be described next. ite falignment, images of the
alignment mark 12 which are included in an imageioled by the detection
optical system 7 are integrated in a non-measurediettion to generate a one-
dimensional waveform signal, and signal processingerformed on the one-
dimensional waveform signal, obtaining the positidthe alignment mark 12.
Fig. 8 is a view showing an example of the one-disi@nal waveform signal
which is generated by integrating the images ofallgnment mark 12 included in
the image in the non-measurement direction.

[0044] Concerning a means for integrating the imagesqalpgimages) of the
alignment mark 12, there is, for example, a metbfadtegrating the optical

images by a lens and receiving light by a one-dsiwaral line sensor or a method
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of integrating the optical images on a computemfan image obtained by a two-
dimensional area sensor. As the means for integrétie images of the
alignment mark 12, there is also PDA (Phase Dete@&lignment). PDAIis a
method of obtaining an interference signal witleference lattice and generating
the one-dimensional waveform signal by irradiainigttice-shaped alignment
mark with laser light and scanning the substrages6 while receiving the
diffracted light by the detection optical system.

[0045] When obtaining the position of the alignment mh2kfrom the one-
dimensional waveform signal, as in prealignmentN&CT using a template, an
NCC with a self-inversion image if the alignmentriknd2 has symmetry, or the
like is used. However, the present invention islinaited to these, and the
position of the alignment mark 12 may be obtaimedifthe one-dimensional
waveform signal by using various amounts of charstics such as a PC (Phase
Correlation) using a correlation with phase infotiom

[0046] In the signal processing for the one-dimensiorateform signal, an
important element needed to implement high accuisaayspecific portion of the
one-dimensional waveform signal to receive attentmobtain an amount of
characteristic, that is, a setting of a processgipn (to be referred to as a
"window shape" hereinafter) for the one-dimensiomaveform signal. The
window shape is generally set with reference tesigh value of the alignment
mark. However, if the size of the alignment maakies from the design value
due to the influence of a device manufacturing essaor the like, a noise signal
including an error component enters the window,gomg the alignment accuracy.
[0047] Therefore, as in the related art, only optimiznigw-dimensional
alignment parameter such as the wavelength of iligiminating the alignment
mark, an illumination condition, or the like is uficient. Therefore, in this

embodiment, there is provided a new technique tifroping a high-dimensional
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alignment parameter such as the shape of a temydatkin prealignment, the
shape of a window used in fine alignment, or tke. i
[0048] <First Embodiment>

In the first embodiment, a template shape (a paranindicating the
shape of a template) used in prealignment is opéichby using reinforcement
learning. Reinforcement learning is a learninghodtof acquiring an optimum
action in an unknown environment through trial @ner based on reward data.
The details of reinforcement learning theory arblighed in many literatures
such as "Sutton, Richard S.; Barto, Andrew G. (3J9B@inforcement Learning:
An Introduction”. Only the outline related to tl@sbodiment will be described
here.
[0049] In reinforcement learning, values of various forras be used for
rewards to be goals at the time of learning. la example, however, a learning
example by an "action evaluation functio(€ a)" is shown. The action
evaluation function {s, a) is given by:

Q"(s.8) =EfY, ¥ ls =sa =2} - (2)
where t represents time, s represents a statpresents an actiom,represents a
policy, E{ I represents an expectation value under the patjayrepresents a
reward,y represents a discount rate of a future reward karegpresents time until
the future reward.
[0050] An acting subject (agent) acts so as to maxinfizeattion evaluation
function d{(s, a) in equation (2). At this time, the actisperformed while
selecting, in accordance with the predeterminetpat an "optimum action
based on a past experience" and a "search for ackown" aiming at acquiring a
further reward. At this time, since an equationhaf expectation value considers
the future reward, it is possible to cope withtaation in which though a reward

decreases in a short term, a large reward is @atama long term. This makes
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it possible to learn a state and an action of mekig the action evaluation
function d{s, a).

[0051] The first embodiment will be described in det&ldw. Fig. 9is a
flowchart for explaining exposure processing aceaydo the first embodiment.
The outline of a process until a substrate 4 gnall and exposed will be
described here. As described above, the exposacessing is performed by
causing the control unit CU to comprehensively marthe respective units of the
exposure apparatus 1.

[0052] In step S201, the substrate 4 is loaded to ansexp@pparatus 1. In
step S202, a template shape is obtained from aggamit SU. In step S203,
prealignment is performed. In step S204, an infeggrk image) obtained by
detecting an alignment mark 11 by a detection aptigstem 7 is stored in the
storage unit SU in prealignment. In step S20% filgnment is performed. In
step S206, the substrate 4 is exposed. In pavatlelexposure of the substrate 4,
reinforcement learning of the template shape ifopmed in step S207. Note
that reinforcement learning of the template shajiebe described later. In step
S208, the template shape (the template shapereiitéorcement learning)
obtained in step S207 is stored (saved) in thageounit SU. In step S209, the
substrate 4 is unloaded from the exposure appatatus

[0053] Concerning reinforcement learning of the temp&tape (step S207), a
state setting, a reward setting, an action setéimplicy setting, and a processing
sequence will be described in detail in that order.

[0054] A template shape used in prealignment is defirset(®;, v;), and let s be
a state. Note that i represents a template nutdber< N), N represents the
number of templates, angdand y represent coordinates (X, y) of the ith template.
In this embodiment, the state s changes in accoedaith the policyrtto be

described later.
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[0055] An optimum state of the template shape to be exhbly reinforcement
learning is set to a template shape that satigfee$ollowing condition (1) and
condition (2).
[0056] Condition (1): The sum total of degrees of corielatt true positions of
alignment marks 11 in mark images on a pluralitguabstrates is maximized.
[0057] Condition (2): The sum total of the maximum degrefsorrelation at
positions other than the true positions of theratignt marks 11 in the mark
images on the plurality of substrates is minimized.
[0058] The reward r in equation (2) representing theoaativaluation function
Q'{(s, a) is defined by:

=Y (Ruccstw) ~100(Ruccanit) -@3)
where w represents a substrate number, WN repeseentotal number of
substrates, fcisqw) represents a degree of correlation at the trugipo®f the
alignment mark 11 in the mark image on the wth sabes, and Rccandw)
represents a maximum degree of correlation at gigo®ther than the true
position of the alignment mark 11 in the mark imagethe wth substrate.
[0059] Equation (3) expects that the reward r increasesnwthe degree of
correlation at the true position of the alignmeiirknll is high, and the degree of
correlation at the position other than the truatposof the alignment mark 11 is
low. In other words, the reward r is obtained bing the sum total of degrees of
correlation between a template and mark regiorsubstrates where the
alignment marks 11 exist, and the sum total of eegof correlation between the
template and peripheral regions of the mark regioréowever, the present
invention is not limited to equation (3), and amyation may be used as long as
the same effect as equation (3) is obtained. @erisig that a contribution is not
made any more to the reward r if a value is equaktsmaller than a specific

threshold, Rccandw)may pass through an activating function to be kebbnly if
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the value is larger than the threshold. Note ttatotal number of substrates
WN may be 25 as the general total number for ohetanay be larger or smaller
than 25.

[0060] The action a is defined by:
31 _{311131213131314}

T y) - T(x+2),y)

T %) - T(x=2),.v)

.(>s yi) - T, (y+1))

T, y) - Tx.(y-2))

where i represents the template numbeg (¥ N), and N represents the number

—

314

of templates. The action a is an action of movirgposition of a template by
one step for each of vertical and horizontal dicect in order to search for a new
template shape. The present invention is notdidhib the action a as long as an
action can search for the new template shape, mottier action may be defined.
[0061] The policymtis defined as follows.

[0062] PolicyTtt An action ais selected randomly, and the template shape is
updated if the action evaluation functiof(§ a) is increased.

[0063] Note that without considering the future rewanheik until the future
reward is set to O, the discount rgtef the future reward is set to 0.01, and the
action evaluation function {5, a) is set to be equivalent to the reward r.

[0064] The policyrtwill be described in detail with reference to FijeA and
10B. First, a template shape in an initial stgtet$ = O is a shape shown in Fig.
10A. Then, the template shape changes to a shapesn Fig. 10B by an
action &(Ti(x;, ¥i) - T1((x + 1), yi)) selected randomly. If the action evaluation
function J{(s, a) at this time is increased relative to th@acevaluation function
Q'(s, a) in the initial stateysa template shape in a staiast = 1 is updated to the
shape shown in Fig. 10B. On the other hand, i&ttt@®n evaluation function

Q'(s, a) at this time is not increased relative todhtion evaluation function’(3,
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a) in the initial stategsthe template shape in the statatst = 1 remains the shape
shown in Fig. 10A. Thus, if the action evaluatfanction J(s, a) is better than
the previous action evaluation functiofi(§ a), the template shape is updated.
This makes it possible to perform optimization tiemplate shape in which the
action evaluation function @, a) is increased as the time t progresses tineer
policy . Note that the time t is equivalent to a learrdéngnt (epoch), and thus
progress of the time t by one step will be refetreds "leaning once" hereinafter.
[0065] Note that the definition of the poliaymay select the action a in
accordance with any probability distribution. Atbigrary condition such as
unselecting an action of shifting to a searchetk steay be added. Setting a
value equal to or larger than 1 for the time kluht future reward, the action
evaluation function s, a) may be maximized based on an accumulateardew
In this case, though the learning count until otation increases, it becomes
possible to optimize a template shape withoutrfglinto a local solution even if
an optimum template shape exists at a small distanc

[0066] A processing sequence in reinforcement learnirgtefnplate shape will
be described with reference to Fig. 11. In ste@l$Sa condition basis for
optimization is set. For example, if a templatepshis optimized for each shot
region of the substrate 4, the number of shot regis set as the condition basis
for optimization. In step S302, a mark image aisdiby the detection optical
system 7 for each of the plurality of substratés @btained (read out) from the
storage unit SU. In step S303, the upper limthefexecution count of
reinforcement learning (learning upper limit coustyet. The learning upper
limit count to be set here is the maximum countesable in parallel with
exposure of the substrate 4 in a situation in whaalhning does not progress
sufficiently.  On the other hand, 0 may be setlierlearning upper limit count in

a situation in which reinforcement learning progesssufficiently, and a desired
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reward is obtained. Even in a situation in which tlesired reward is not
obtained, 0 may be for the learning upper limitrdoy determining that the
upper limit of optimization is reached if an amoohtfin increase in reward at the
time of the previous reinforcement learning is éqaar smaller than a
predetermined threshold. In step S304, above-ibestreinforcement learning
is performed in accordance with the condition b&mi®ptimization set in step
S301 and the learning upper limit count set in §803.

[0067] Fig. 12 is a graph showing the result of optim@abf the learning count
(epoch), and a degree of characteristied?s:and a maximum degree of
characteristic Recangin a case in which reinforcement learning is penked by
adding an activating function having a 60% thregholRyccangin equation (3).

In Fig. 12, the ordinate represents a degree oélation, and the abscissa
represents the learning count. Referring to Fag.itlis found that the degree of
characteristic Recistat a true position of an alignment mark increaaed, the
maximum degree of characteristigddzngat a position other than the true
position of the alignment mark decreases to thestiold (60%) by repeating
reinforcement learning. In other words, it is plokesto optimize the template
shape as desired by repeating reinforcement legarnin

[0068] Note that the degree of characteristigRstat the true position of the
alignment mark is the sum total of the mark imagieshe plurality of substrates 4,
and thus optimization can also be made to the nobsist state for a variation in
device manufacturing process. For example, asshoWwig. 13, a variation in
degree of correlation among the substrates alsonibes small before and after
optimization. In Fig. 13, the ordinate representtegree of correlation, and the
abscissa represents a substrate number. Notaftbabptimization (After)
corresponds to a case in which this embodimerip$ied, and before

optimization (Before) corresponds to a case in tithés embodiment is not
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applied, that is, the related art.
[0069] According to this embodiment, it becomes posdiblautomatically
optimize (decide) the template shape used for igreakent. It also becomes
possible to optimize the template shape in anrargitondition basis for
optimization. Note that a timing at which reinfersent learning is performed is
not limited to a timing in parallel with exposurktbe substrate 4. For example,
in prealignment (at the time of detection of agmtent mark), reinforcement
learning may be performed until the desired revisabtained, or the timing at
which reinforcement learning is performed may beadnitrary timing.
[0070] When storing the mark images on the pluralityudsrates 4 in the
storage unit SU, a mark image on the substrateb¢ giored may be decided
freely. For example, the storage unit SU may updgbast mark image so as to
store the latest mark images on the plurality dsswates 4.  If the degree of
similarity between a new mark image and a storexkimaage is equal to or
smaller than a threshold, the new mark image mastdred, and a memory
amount (data amount) for mark images may be ineteas much as possible.
[0071] <Second Embodiment>

In the second embodiment, a window shape (a paeanimglicating the
shape of a window) used in fine alignment is oaxli by using reinforcement
learning.
[0072] Fig. 14 is a flowchart for explaining exposureqassing according to the
second embodiment. The outline of a process artilbstrate 4 is aligned and
exposed will be described here. As described glibeeexposure processing is
performed by causing the control unit CU to compreively control the
respective units of the exposure apparatus 1.
[0073] In step S401, the substrate 4 is loaded to ansexp@pparatus 1. In

step S402, prealignment is performed. In step S#@3window shape is
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obtained from a storage unit SU. In step S404 éilignment is performed. In
step S405, a one-dimensional waveform signal wisicibtained from an image
(mark image) obtained by detecting an alignmenknrby a detection optical
system 7 is stored in the storage unit SU in filghenent. In step S406, the
substrate 4 is exposed. In parallel with exposfitee substrate 4,
reinforcement learning of the window shape is penfed in step S407. Note
that reinforcement learning of the window shapé kel described later. In step
S408, the window shape (the window shape aftefaiament learning)
obtained in step S407 is stored (saved) in thageounit SU. In step S409, the
substrate 4 is unloaded from the exposure appatatus

[0074] Concerning reinforcement learning of the windowaysh (step S407), a
state setting, a reward setting, an action setéimplicy setting, and a processing
sequence will be described in detail in that order.

[0075] A window shape used in fine alignment is defined\f and let s be a
state. Note that Wepresents the weight £0W, < 1) added to the ith value
when extracting an amount of characteristic, amghiesents a window number (1
<i<N), and N represents the number of windows. imdmbodiment, the state
s changes in accordance with a polictp be described later.

[0076] An optimum state of the window shape to be readlyekinforcement
learning is to be set to a window shape that $asishe following condition (A).
[0077] Condition (A): Measurement errors at true positiohthe alignment
marks 12 of one-dimensional waveform signals otueafity of substrates are
minimized.

[0078] However, in order to obtain the measurement eabte true positions
of the alignment marks 12, it is necessary to digteapose the substrates 4 and
measure an overlay result thereof by an externakoméng apparatus, resulting in

taking time. To cope with this, in this embodimehe optimum state of the
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window shape to be reached by reinforcement legrisiset to a window shape
that satisfies the following condition (B).
[0079] Condition (B): A variation in the mark distance Mtiveen the alignment
marks 12 of the one-dimensional waveform signaltherplurality of substrates is
minimized.
[0080] Fig. 15 is a view showing the mark distance M lestvthe alignment
marks 12 in detail. The mark distance M is idealtyinvariant to be the same
value on all the substrates 4. In practice, howekie measurement errors when
measuring the alignment marks 12 become dominansikg the variation in the
mark distance M (a variation in size of the aligmin@arks 12 or a variation in
positional shift of the alignment marks 12) amolmg plurality of substrates 4. It
is therefore possible to regard the mark distan@sMn approximate value of a
measurement error to be minimized truly, makingpissible to use it for learning
in a targeted optimum state. Thus, a reward giragon (2) representing an
action evaluation function @, a) is defined by:

r=cg(M) ..(4)
wherea(M) represents a standard deviation of M on a fityraf substrates WN,
and WN represents the total number of substratdete that the total number of
substrates WN may be 25 as the general total nufabene lot, or may be larger
or smaller than 25.

[0081] An action_a is defined by:
a ={a,a,}

1
LW - =xW
a11 i 2 i
8, W — 2xW
where i represents the window numbeg(I< N), N represents the number of
windows. The action a is an action of increasiagrdasing the weight of each

window in order to search for a new window shapéhe present invention is not
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limited to the action a as long as an action cancéefor the new window shape,
and another action may be defined.

[0082] The policymtis defined as follows.

[0083] Policytt An action ais selected randomly, and the window shape is
updated if the action evaluation functiof(§ a) is increased.

[0084] Note that without considering a future reward, tiknentil the future
reward is set to 0, a discount ratef the future reward is set to 0.01, and the
action evaluation function @, a) is set to be equivalent to the reward r.
[0085] The policyrtwill be described in detail with reference to Fij6A and
16B. First, a window shape in an initial stagatt = 0 is a shape shown in Fig.
16A. Then, the window shape changes to a shapensimoFig. 16B by an
action & (W; - 1/2x W) selected randomly. If the action evaluation tiorc
Q'{(s, a) at this time is increased relative to th@acevaluation function {s, a)
in the initial state  a window shape in a statead t = 1 is updated to the shape
shown in Fig. 16B. On the other hand, if the acgwaluation function s, a)
at this time is not increased relative to the ac@ivaluation function @s, a) in
the initial state § the window shape in the stateast = 1 remains the shape
shown in Fig. 16A. This makes it possible to perf@ptimization to a window
shape in which the action evaluation functiof{SQa) is increased as time t
progresses under the polioy

[0086] Note that the definition of the poliaymay select the action a in
accordance with any probability distribution. Atbigrary condition such as
unselecting an action of shifting to a searchetk steay be added. Setting a
value equal to or larger than 1 for the time kluht future reward, the action
evaluation function s, a) may be maximized based on an accumulateardew
In this case, though the learning count until otation increases, it becomes

possible to optimize a window shape without fallingp a local solution even if
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the weight of a window has a nonlinear characierist

[0087] A processing sequence in reinforcement learnireywindow shape will
be described with reference to Fig. 17. In stepl$a condition basis for
optimization is set. For example, if a window shapoptimized for each
alignment mark 12 in a shot region of the subs#atbe number of shot regions
x the number of alignment marks 12 is set as théiton basis for optimization.
In step S502, a one-dimensional waveform signativis obtained from a mark
image obtained by the detection optical systenr e&eh of the plurality of
substrates 4 is obtained (read out) from the séouait SU. In step S503, the
upper limit of the execution count of reinforceméarning (learning upper limit
count) is set. The learning upper limit count ¢odet here is the maximum count
executable in parallel with exposure of the sulbstdan a situation in which
learning does not progress sufficiently. On theeohand, 0 may be set for the
learning upper limit count in a situation in whiainforcement learning
progresses sufficiently, and a desired reward igiobd. Even in a situation in
which the desired reward is not obtained, 0 mafobghe learning upper limit
count by determining that the upper limit of optzation is reached if an amount
of an increase in reward at the time of the previ@inforcement learning is equal
to or smaller than a predetermined threshold. tdp §504, above-described
reinforcement learning is performed in accordanith the condition basis for
optimization set in step S501 and the learning uppet count set in step S503.
[0088] Fig. 18 is a graph showing a relationship betwtberlearning count
(epoch) and 8(M) (3 Standard Deviation of M) in a case in whieinforcement
learning is performed. In Fig. 18, the ordinateresents 8(M), and the
abscissa represents the learning count. Refetwifgg. 18, it is found that
30(M) indicating a measurement error decreases byatém reinforcement

learning. Note that an initial value (learning nbe 0) before reinforcement
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learning corresponds to a case in which this enmbedi is not applied, that is, the
related art.
[0089] According to this embodiment, it becomes posdiblautomatically
optimize (decide) the window shape used for fingnmhent. It also becomes
possible to optimize the window shape in an anyitendition basis for
optimization. Note that a timing at which reinfergent learning is performed is
not limited to a timing in parallel with exposurktbe substrate 4. For example,
in fine alignment (at the time of detection of digrament mark), reinforcement
learning may be performed until the desired revisabtained, or the timing at
which reinforcement learning is performed may beadnitrary timing.
Reinforcement learning of the window shape maydréopmed simultaneously
with reinforcement learning of a template shapeldee prealignment.
[0090] <Third Embodiment>

In the third embodiment, in fine alignment usimgaptimized window
shape, a measurement value offset between theipptimindow shape and an
initial window shape is corrected.
[0091] Fig. 19 is a flowchart for explaining exposureqassing according to the
third embodiment. The outline of a process unsilbstrate 4 is aligned and
exposed will be described here. As described glibeeexposure processing is
performed by causing the control unit CU to compreively control the
respective units of the exposure apparatus 1. thateprocesses from step S601
to step S605 are the same as processes from Qépdsdtep S405 described in
the second embodiment, and thus the detailed g¢iscrinere will be omitted.
[0092] In step S606, a difference between the positickagurement value) of
an alignment mark 12 obtained by using the in{tigfore learning) window
shape and the position of the alignment mark 13ioktl by using a current (after

learning) window shape is obtained from a storage$UJ, correcting the
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measurement value offset. Note that an effecookecting the measurement
value offset will be described later. In step SG88@é substrate 4 is exposed. In
parallel with exposure of the substrate 4, reirdarent learning of the window
shape is performed in step S608. In step S60%yitheow shape (the window
shape after reinforcement learning) obtained ip St@08 is stored (saved) in the
storage unit SU. In step S610, the measuremené \aifset is stored in the
storage unit SU. Here, a difference between a uneasent value obtained by
using the initial window shape and a measuremdoewabtained by using the
current window shape is obtained for each of thedimensional waveform
signals on the plurality of substrates 4 obtaimestép S502, and an average value
thereof is stored in the storage unit SU as thesomeaent value offset. In step
S611, the substrate 4 is unloaded from the expagqparatus 1.

[0093] The effect of correcting the measurement valusedffstep S606) will be
described. In alignment of an exposure apparatascdémmon error component
among the substrates is obtained as an alignmiset aft the time of the initial
input in each device step. The alignment offsebimined with reference to the
measurement value obtained by using the initiabewm shape. Accordingly, if
the window shape is changed by reinforcement lagrrd common alignment
offset among the substrates may be changed.

[0094] In this embodiment, it becomes possible, by coimga common change
amount among the substrates, to continue the opemiteach device step
without changing the alignment offset. A targeb#ocorrected here is a
common offset among the substrates, and the cmmedbes not influence the
effect of optimization of the window shape. Ndtattin this embodiment, fine
alignment has been described as an example. Howbgeneasurement value
offset may be corrected in the same manner inigreaknt as well.

[0095] <Fourth Embodiment>
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In the fourth embodiment, reinforcement learnifi@ template shape is
performed in an external apparatus EA includintpeage unit.
[0096] Fig. 20 is a block diagram showing a process peréadl in each of an
exposure apparatus 1 and the external apparatus E#e outline of a process
until a substrate 4 is aligned and exposed willéscribed here.
[0097] First, the process performed in the exposure ajpad will be described.
In step S701, the substrate 4 is loaded to an exp@pparatus 1. In step S702,
a template shape is obtained from the storageofittie external apparatus EA.
In step S703, prealignment is performed. In stépdSan image (mark image)
obtained by detecting an alignment mark 11 by ad&n optical system 7 is
stored in the storage unit of the external apparg#in prealignment. In step
S705, fine alignment is performed. In step S7066,dubstrate 4 is exposed. In
step S707, the substrate 4 is unloaded from thesexp apparatus 1.
[0098] Next, the process performed in the external appsuA will be
described. In step S708, the template shape @&@nat from the storage unit.
In step S709, the mark image is obtained from theage unit. In step S710,
reinforcement learning of the template shape ifopmed. Note that
reinforcement learning of the template shape essribed in the first
embodiment. In step S710, however, it is possibket a learning upper limit
count freely without any constraint that the leagnis performed in parallel with
exposure of the substrate 4. In step S711, thpléaenshape (the template shape
after reinforcement learning) obtained in step Sigl€lored (saved) in the storage
unit.
[0099] According to this embodiment, it becomes posdiblgerform
reinforcement learning at a timing other than arigrat which the substrate 4 is
exposed and improve a learning speed. Note ththtsrembodiment,

reinforcement learning of the template shape has described as an example.
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However, the present invention is also applicableinforcement learning of a
window shape. Reinforcement learning of the tetephape and reinforcement
learning of the window shape may be performed gimmelously.
[0100] <Fifth Embodiment>

In the fifth embodiment, reinforcement learningaoivindow shape is
performed by using an overlay inspection resuétniroverlay inspection apparatus
IA in an external apparatus EA including a storagé. The overlay inspection
result in the overlay inspection apparatus IA@exd in the storage unit of the
external apparatus EA.
[0101] Fig. 21 is a block diagram showing a process peréadl in each of an
exposure apparatus 1 and the external apparatus E#e outline of a process
until a substrate 4 is aligned and exposed willéscribed here.
[0102] First, the process performed in the exposure ajppad will be described.
In step S801, the substrate 4 is loaded to an exp@pparatus 1. In step S802,
prealignment is performed. In step S803, a windbape is obtained from the
storage unit of the external apparatus EA. In S84, fine alignment is
performed. In step S805, a one-dimensional wawefignal which is obtained
from an image (mark image) obtained by detectinglegmment mark 12 by a
detection optical system 7 is stored in the stotageof the external apparatus
EAin fine alignment. In step S806, the substdaite exposed. In step S807,
the substrate 4 is unloaded from the exposure apsat.
[0103] Next, the process performed in the external appsuA will be
described. In step S808, the window shape is iddigirom the storage unit.
In step S809, the one-dimensional waveform signabiained from the storage
unit. In step S810, the overlay inspection resuthe overlay inspection
apparatus IA is obtained from the storage unit. teNbat it is necessary here to

obtain an overlay inspection result correspondintihé one-dimensional
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waveform signal obtained in step S809. In steplSBiinforcement learning of
the window shape is performed. Note that reinforest learning of the window
shape is as described in the second embodimernthddefinition of a reward r is
different. The definition of the reward r will lnkescribed later. It is also
possible to set a learning upper limit count fregithout any constraint that the
learning is performed in parallel with exposurdlaf substrate 4. In step S812,
the window shape (the window shape after reinforr@ntearning) obtained in
step S811 is stored (saved) in the storage unit.

[0104] The definition of the reward r in reinforcemerdreing of the window
shape (step S811) will be described. In this ermbedt, the reward r is defined
by:

r =o(ovL) ..(5)
wherec(OVL) represents a standard deviation of OVL onuaiglity of substrates
WN, OVL represents the overlay inspection result] WN represents the total
number of substrates. Note that the total numbsulstrates WN may be 25 as
the general total number for one lot, or may bgdaor smaller than 25.

[0105] According to this embodiment, the storage unihefexternal apparatus
EAis configured to be able to obtain the overlagpiection result in the overlay
inspection apparatus IA. This makes it possibldgfine an overlay inspection
result to be minimized truly as a direct reward pedorm reinforcement learning
of the window shape more accurately.

[0106] <Sixth Embodiment>

In the sixth embodiment, reinforcement learning ¢émplate shape is
performed to be optimum for a plurality of exposapparatuses 1 and 1'in an
external apparatus EA including a storage unit.

[0107] Fig. 22 is a block diagram showing a process pewa in each of the

exposure apparatus 1, the exposure apparatusithemexternal apparatus EA.
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In this embodiment, the two exposure apparatusesill' are connected to the
external apparatus EA. However, the number of suppapparatuses connected
to the external apparatus EA is not limited. Nob&g processes from step S901
to step S911 are the same as processes from 2ép@G3tep S711 described in
the fourth embodiment.

[0108] In this embodiment, by performing reinforcemerirfeng by using mark
images obtained by the plurality of exposure apgpass, it is possible to perform
(accelerate) reinforcement learning on a condiwth less learning frequency
such as of an exposure apparatus having a low tipgerate or a device step
processed in small number. Note that in this ermbedt, reinforcement
learning of the template shape has been describad axample. However, the
present invention is also applicable to reinforcetearning of a window shape.
Reinforcement learning of the template shape aimfloreement learning of the
window shape may be performed simultaneously.

[0109] As has been described in each embodiment, thesas@apparatus 1
decides at least one of the shape of a templat¢hershape of a window
(parameters indicating them) based on the markénadtained by the detection
optical system 7 for each of the plurality of suasts 4. More specifically,
based on the mark image obtained by the detecpitioab system 7 for each of
the plurality of substrates 4, the position of &grement mark is obtained while
changing the template shape or the window shapartgger). Then, an action
evaluation function ®serving as an evaluation index for evaluatingtémeplate
shape or the window shape from the position ofallgnment mark is obtained,
and the template shape or the window shape is @gasidch that the action
evaluation function Omeets a criterion. At this time, the templatepshar the
window shape may be decided so as to maximize oimize the evaluation

index.
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[0110] A method of manufacturing an article accordingmoembodiment of the
present invention is suitable for manufacturingaéitle such as a device (for
example, a semiconductor device, magnetic storaggum, or liquid crystal
display device). This manufacturing method inchidestep of forming a pattern
on a substrate by using the exposure apparatustépaf processing the substrate
on which the pattern has been formed, and a stagaaofifacturing an article from
the processed substrate. This manufacturing methodurther include other
well-known steps (for example, oxidation, film faation, deposition, doping,
planarization, etching, resist removal, dicing, diog, and packaging). When
compared to the conventional methods, the methodaofufacturing an article
according to this embodiment is advantageous lieast one of the performance,
quality, productivity, and production cost of atice.

[0111] Embodiment(s) of the present invention can alsebézed by a
computer of a system or apparatus that reads ougx@@cutes computer
executable instructions (e.g., one or more progyaet®rded on a storage
medium (which may also be referred to more fullyaason-transitory computer-
readable storage medium') to perform the functadrene or more of the above-
described embodiment(s) and/or that includes omaave circuits (e.g.,
application specific integrated circuit (ASIC)) feerforming the functions of one
or more of the above-described embodiment(s), gralrhethod performed by
the computer of the system or apparatus by, fomgie, reading out and
executing the computer executable instructions filmenstorage medium to
perform the functions of one or more of the abogsetibed embodiment(s)
and/or controlling the one or more circuits to perf the functions of one or more
of the above-described embodiment(s). The compuégrcomprise one or
more processors (e.g., central processing unit {Cildro processing unit

(MPU)) and may include a network of separate coensubr separate processors
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to read out and execute the computer executalifeigtions. The computer
executable instructions may be provided to the aderpfor example, from a
network or the storage medium. The storage medaay include, for example,
one or more of a hard disk, a random-access me(R#), a read only memory
(ROM), a storage of distributed computing systeamspptical disk (such as a
compact disc (CD), digital versatile disc (DVD),Biu-ray Disc (BD)™), a flash
memory device, a memory card, and the like.

[0112] The present invention does not limit a pattermifiog apparatus to an
exposure apparatus and can apply the pattern fgrapparatus to an imprint
apparatus as well. Note that the imprint apparatungys a mold and an imprint
material supplied onto a substrate into contadt wéch other, and applies curing
energy to the imprint material, forming a pattefm@ured product to which a
pattern of the mold has been transferred. Theedegcribed article
manufacturing method may be performed by usingrtipgint apparatus.

[0113] While the present invention has been describell refierence to
exemplary embodiments, it is to be understoodtti@tnvention is not limited to
the disclosed exemplary embodiments. The scopieedbllowing claims is to
be accorded the broadest interpretation so asctungpass all such modifications

and equivalent structures and functions.
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WHAT IS CLAIMED IS:
1. A pattern forming apparatus that forms a patter a substrate,

the apparatus comprising:

a detection optical system configured to obtaitical
information of a mark provided on the substratelbiecting the mark; and

a processing unit configured to perform a procdssbtaining a
position of the mark by using a template for olitagrthe position of the mark by
being applied to the optical information of the knand a window which
indicates a region for extracting an amount of abtaristic indicating the position
of the mark from a waveform signal obtained from tiptical information,

wherein the processing unit

decides, based on the optical information ofrntiaek obtained
by the detection optical system, a parameter itidigat least one of a shape of
the template and a shape of the window for eachpdfirality of substrates, and

obtains the position of the mark by using thedisdt parameter.

2. The apparatus according to claim 1, whereirptbeessing unit
obtains, based on the optical information ofrtierk obtained
by the detection optical system, the position efrark while changing the
parameter for each of the plurality of substradesl
obtains an evaluation index for evaluating theapeeter from
the position of the mark obtained for each of theglity of substrates and

decides the parameter such that the evaluationx im#ets a criteria.

3. The apparatus according to claim 2, whereirptbeessing unit

decides the parameter so as to maximize or minitheevaluation index.
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4, The apparatus according to claim 2, whereirptbeessing unit
updates the parameter if the evaluation indexti®bthan a previous evaluation

index.

5. The apparatus according to claim 2, whereirptbeessing unit
obtains the evaluation index by using a sum tdtdlegrees of correlation
between the template and mark regions on the phudlsubstrates where the
marks exist, and a sum total of degrees of corogldtetween the template and

peripheral regions of the mark regions on the pityraf substrates.

6. The apparatus according to claim 2, whereirptbeessing unit
obtains the evaluation index by using a variatiosize of the mark obtained from
the amount of characteristic extracted from thedeim among the plurality of

substrates.

7. The apparatus according to claim 2, whereirptbeessing unit
obtains the evaluation index by using a variatiopasitional shift of the mark
obtained from the amount of characteristic extétem the window among the

plurality of substrates.

8. The apparatus according to claim 1, whereirptbeessing unit

decides the parameter for each shot region ofuthstsate.

9. The apparatus according to claim 1, whereirptbeessing unit

decides the parameter for each of the marks prdvidshot regions of the

substrates.
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10. The apparatus according to claim 1, wheramtiocessing unit
obtains a difference between an average valueegbadisitions of the marks for the
plurality of substrates before deciding the paramahd an average value of the
positions of the marks for the plurality of substgaafter deciding the parameter,

and obtains an offset for correcting the difference

11. The apparatus according to claim 1, furthenmdsing a storage

unit configured to store the optical informationtieé mark.

12. The apparatus according to claim 11, whefeardegree of
similarity between new optical information of a tkand the stored optical
information of the mark is not more than a thredhtie storage unit stores the

new optical information of the mark.

13. The apparatus according to claim 1, wheramtiocessing unit

decides the parameter while forming the patterthersubstrate.

14. A deciding method of deciding a parameter ithased for a
process of obtaining a position of a mark provideda substrate, and indicates at
least one of a shape of a template applied toaptibormation of the mark and a
shape of a window which indicates a region foraoting an amount of
characteristic indicating the position of the madm a waveform signal obtained
from the optical information, the method comprising

obtaining the optical information of a mark predl on each of
a plurality of substrates by detecting the marki an
deciding, based on the optical information of itinerk obtained

for each of the plurality of substrates, a parametticating at least one of the
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shape of the template and the shape of the window.

15. A program for causing a computer to perfordeeiding method
of deciding a parameter that is used for a proogebtaining a position of a mark
provided on a substrate, and indicates at leasbbaeshape of a template applied
to optical information of the mark and a shape wfimdow which indicates a
region for extracting an amount of characteristdi¢ating the position of the
mark from a waveform signal obtained from the agdtinformation, the program
causing the computer to execute:

obtaining the optical information of a mark predl on each of
a plurality of substrates by detecting the marki an

deciding, based on the optical information of itinerk obtained
for each of the plurality of substrates, a paramiegticating at least one of the

shape of the template and the shape of the window.

16. An information processing apparatus comprising

a processing unit configured to decide a parantiesd is used
for a process of obtaining a position of a markvfgted on a substrate, and
indicates at least one of a shape of a templatiéeap optical information of the
mark and a shape of a window which indicates arefpr extracting an amount
of characteristic indicating the position of therkntom a waveform signal
obtained from the optical information,

wherein the processing unit

obtains the optical information of a mark prowddm each of a
plurality of substrates by detecting the mark, and

decides, based on the optical information ofrttaek obtained

for each of the plurality of substrates, a parametticating at least one of the
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shape of the template and the shape of the window.

17. An article manufacturing method comprising:

forming, by using a pattern forming apparatugatiern on a
substrate by obtaining a position of a mark onsiiigstrate using a decided
parameter and controlling a position of the substbased on the obtained
position of the mark;

processing the substrate on which the patteriéeas formed in
the forming; and

manufacturing an article from the processed satast

wherein the pattern forming apparatus includes

a detection optical system configured to obtaitical
information of a mark provided on the substratelbiecting the mark, and

a processing unit configured to perform a procéssbtaining a
position of the mark by using a template for olitagrthe position of the mark by
being applied to the optical information of the knand a window which
indicates a region for extracting an amount of abtaristic indicating the position
of the mark from a waveform signal obtained from tiptical information, and

the processing unit decides, based on the optiftaimation of
the mark obtained by the detection optical systeparameter indicating at least
one of a shape of the template and a shape ofitidow for each of a plurality of

substrates.
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