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TITLE OF THE INVENTION
STAGE DRIVING APPARATUS, LITHOGRAPHY APPARATUS, AND
METHOD OF MANUFACTURING ARTICLE

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The presentinvention relates to a stage drivppgpeatus, a lithography

apparatus, and a method of manufacturing an article

Description of the Related Art

[0002] Some lithography apparatuses to be used to manuasemiconductor
devices and the like use a multi-phase linear nfotoselectively switching coils
to be turned on in accordance with the positioa nfovable element, as a
mechanism of driving a stage for holding an origiassubstrate, or the like.
Japanese Patent No. 3501559 proposes a multi-pkesation sine-wave driving
method using the principle of ${®) + co$(x) = 1, as a method of controlling a
driving current of a multi-phase linear motor litkés. When driving the stage in
this multi-phase excitation sine-wave driving methelectric currents equivalent
to the magnetic flux densities of two-phase codsifioned apart from each other
at a magnetic flux density phase angle ¢f & simultaneously supplied to these
coils (that is, two-phase excitation is performedonsequently, a predetermined
thrust can be obtained by reducing the unevenrfabsust.

[0003] As micropatterning and integration of semicondudvices advance,
the lithography apparatuses are being requiredatoage measurement errors of
stage positions and shape errors of parts andratéssin the apparatuses, and
accurately form patterns on substrates. Therefioieedesirable to accurately

control an internal temperature of an apparatug;twis one cause of these errors,
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so as to reduce the fluctuation of temperature. wéder, the heat generated by
the linear motor for driving the stage during aystdriving period is largely
different from that during a stage stopping perio@his may make it difficult to

reduce the temperature fluctuation in the apparatus

SUMMARY OF THE INVENTION
[0004] The present invention provides, for example, Anegue advantageous in
controlling generation of heat from a linear motor.
[0005] According to one aspect of the present inventiogexe is provided a
stage driving apparatus for driving a stage, cosimpgi a linear motor including a
stator which includes a coil array obtained byrakiéely arraying first phase coils
and second phase coils, and a movable elemenidptercthe stage; and a control
unit configured to control the linear motor by awtitng an energization state of
the coil array, wherein in a stopping period dunvigch the stage is stopped in a
predetermined position, the control unit holds sifan of the stage in the
predetermined position by turning on the first ghasil among the coil array, and
generates heat by turning on the second phasarcaiiged in a position where no
thrust is given to the movable element among tlileacay.
[0006] According to one aspect of the present inventiogre is providea
lithography apparatus for forming a pattern onlassate, comprising: a stage
configured to hold the substrate; and a stagerdyigpparatus configured to drive
the stage, wherein the stage driving apparatuadesl a linear motor including a
stator which includes a coil array obtained byrakiéely arraying first phase coils
and second phase coils, and a movable elemenidptercthe stage; and a control
unit configured to control the linear motor by awtitng an energization state of
the coil array, and wherein in a stopping periodrduwhich the stage is stopped

in a predetermined position, the control unit hadsosition of the stage in the
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predetermined position by turning on the first ghasil among the coil array, and
generates heat by turning on the second phasarcaiiged in a position where no
thrust is given to the movable element among tlileacay.

[0007] According to one aspect of the present inventiogre is providea
method of manufacturing an article, the method aisimy: forming a pattern on
a substrate using a lithography apparatus; praug$ise substrate, on which the
pattern has been formed, to manufacture the grtidierein the lithography
apparatus includes: a stage configured to holduhstrate; and a stage driving
apparatus configured to drive the stage, wherairstage driving apparatus
includes: a linear motor including a stator whicobludes a coil array obtained by
alternately arraying first phase coils and secdmabkp coils, and a movable
element placed on the stage; and a control unfigumed to control the linear
motor by controlling an energization state of tbé array, and wherein in a
stopping period during which the stage is stoppeal predetermined position, the
control unit holds a position of the stage in thedetermined position by turning
on the first phase coil among the coil array, aedegates heat by turning on the
second phase coil arranged in a position wherémst is given to the movable
element among the coil array.

[0008] Further features of the present invention willdmae apparent from the
following description of exemplary embodiments wigierence to the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Fig. 1is a schematic view showing a configuragaample of an
exposure apparatus;
[0010] Figs. 2A to 2F are views for explaining the operabf a multi-phase

excitation linear motor;
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[0011] Fig. 3 is a flowchart showing the operation seqeenf the exposure
apparatus;

[0012] Fig. 4 is a graph showing the relationship betwiheroperation of the
exposure apparatus and the heat generation ahtfar Imotor;

[0013] Fig. 5 is a view showing a configuration examgla atage driving
apparatus of the first embodiment;

[0014] Fig. 6 is a timing chart showing the output timsraf an electric current
from a current driver and the switching timingsaiswitching unit;

[0015] Fig. 7 is a view showing a configuration examgla agtage driving
apparatus of the third embodiment; and

[0016] Fig. 8 is a view showing a predetermined positietiing example.

DESCRIPTION OF THE EMBODIMENTS

[0017] Exemplary embodiments of the present inventiohlvéldescribed below
with reference to the accompanying drawings. No&t the same reference
numerals denote the same members throughout théndim and a repetitive
description thereof will not be given. Also, iretfollowing embodiments, an
example in which a stage driving apparatus of tiesgnt invention is applied to
an exposure apparatus for transferring a maskigatigoattern onto a substrate
will be explained. However, the present inveni®not limited to this. For
example, the stage driving apparatus of the pr@seantion is also applicable to
other lithography apparatuses such as an imprdrapus for forming an imprint
material pattern on a substrate by using a mold aadrawing apparatus for
forming a pattern on a substrate by irradiatingiih a charged particle beam.
[0018] <First Embodiment>

An exposure apparatus 100 of the first embodimahbe explained

with reference to Fig. 1. Fig. 1 is a schematewshowing a configuration
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example of the exposure apparatus 100 of this emmerd. The exposure
apparatus 100 of this embodiment can include amitation optical system 11, a
mask stage 12 for holding a mask M, a projectidicapsystem 13, a substrate
stage 14 for holding a substrate W, a linear ma@ofa driving unit) for driving

the substrate stage 14, and a control unit 30. c®hé&ol unit 30 includes a CPU,
a memory, and the like, and controls each unihefexposure apparatus 100
(controls a process of exposing the substrate W) this embodiment, a stage
driving apparatus for driving the substrate stagyedn be constructed by the
linear motor 20 and the control unit 30.

[0019] The illumination optical system 11 illuminates thask M held by the
mask stage 12 by using light emitted from a lighirse. The projection optical
system 13 has a predetermined magnification, anigqts a pattern formed on
the mask M onto the substrate W. The mask M aadthstrate W are
respectively held by the mask stage 12 and themstibstage 14, and arranged in
almost optically conjugate positions (the objeetngl and the image plane of the
projection optical system 13) via the projectionicgd system 13. The mask
stage 12 holds the mask M by a vacuum suction ford¢ke like, and can move in,
for example, the XY directions. The substrate estdg holds the substrate W by
a vacuum suction force or the like, and is driverfor example, the XY
directions (the X direction in this configuratioraenple shown in Fig. 1) by the
linear motor 20. The linear motor 20 includesa@t21 including a plurality of
coils (a coil array) 21a, and a movable elemerfo2®ed for the substrate stage
14.

[0020] The exposure apparatus 100 can further includeasorement device 16
for measuring the position of the substrate stalgafdd a temperature-regulator
17 for regulating the temperature of the statoofthe linear motor 20. The

measurement device 16 includes a laser interfeemat encoder, or the like,
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and measures the present position of the substage 14 (the movable element
22). The measurement device 16 shown in Fig. ludies a laser interferometer,
irradiates a mirror 22a formed on the substratgesial with a laser beam, and
measures the present position of the substrate dtafthe movable element 22)
by using the laser beam reflected by the mirror 228 so, the temperature-
regulator 17 can regulates the temperature ofttters21 by supplying a fluid to
a channel formed in the stator 21 of the linearan@0. The temperature-
regulator 17 shown in Fig. 1 recovers the fluidhirthe channel of the stator 21
via a recovery pipe 17a, and regulates the temyeraf the recovered fluid to a
target temperature based on the result of deteofitime temperature of the fluid
by a temperature sensor. Then, the temperatutdateg 17 regulates the
temperature of the stator 21 by supplying the teatpee-regulated fluid to the
channel of the stator 21 via a supply pipe 17b.

[0021] Next, the linear motor 20 of this embodiment Wil explained. The
linear motor 20 of this embodiment includes theality of coils 21a obtained by
alternately arraying first phase coils and secdmabp coils in the stator 21, and is
configured as a multi-phase linear motor capabkeetdctively switching the coils
21a to be turned on in accordance with the postafdhe movable element 22.
Also, this embodiment uses a multi-phase excitagior-wave driving method (to
be sometimes simply called "a multi-phase excitatiethod" hereinafter), as a
method of controlling the driving current of thaedar motor 20 (i.e. a method
controlling an energization state of the coil ar2dy). In the linear motor 20
configured as described above, the position ofitbeable element 22 can be
controlled by turning on, for example, a pair of first phase coil and the second
phase coil selected from the plurality of coils Ziaccordance with the position
of the movable element 22. In the following expiaon, the first phase coil is

an A-phase coil, and the second phase coil is hd&gcoil. However, these
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relationships may also be switched (that is, tret fihase coil can be the B-phase
coil, and the second phase coil can be the A-ptaite

[0022] Figs. 2A to 2F are views for explaining the operabf the multi-phase
excitation linear motor 20 according to this eminogint. Figs. 2A to 2E are
views showing the state transition of the lineatan@0 in time series when
moving the movable element in the direction of eow& R. Figs. 2A to 2E
depict the linear motor 20 which includes the statbincluding the plurality of
coils 21a obtained by alternately arraying A-phegiés and B-phase coils, and the
movable element 22 including a plurality of magnetk Figs. 2A to 2E, of the
plurality of coils 21a in the stator 21, the A-pba®ils are given numbers Al to
A3, and the B-phase coils are given numbers B13to Bn the linear motor 20
having the arrangement as described above, itssilpie to continuously give
thrust to the movable element 22 and move the mievelement 22 by turning on
an A-phase coil and a B-phase coil selected basgmsition information of the
movable element 22 measured by the measurementede®di Referring to Figs.
2A and 2B, the A-phase coil A1 and the B-phaseBbikre selected as the coils
21a to be turned on, based on the position infaomatf the movable element 22
measured by the measurement device 16. Referikgys. 2C to 2E, the B-
phase coil B1 and the A-phase coil A2 are seleictd¢lde same manner.

[0023] Fig. 2F shows an example of the magnetic flux igmsstribution
representing the state of a magnetic flux densigsmg through each coil 21a.
In Fig. 2F, the abscissa indicates the positiothefmovable element 22, and the
ordinate indicates the magnetic flux density passiimough each coil. The
magnetic flux density distribution of the A-phassl ¢s obtained by continuously
connecting the magnetic flux densities of A-phasitsselected and turned on in
accordance with the position of the movable eler@@htamong the plurality of A-

phase coils. Similarly, the magnetic flux densiistribution of the B-phase coil
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is obtained by continuously connecting the magrfeiicdensities of B-phase
coils selected and turned on in accordance witlptsition of the movable
element 22, among the plurality of B-phase coil§he magnetic flux density
distribution shown in Fig. 2F is an example of nmgvthe movable element 22 in
the direction of the arrow R.  When actually collitng the position of the
movable element 22, the phase and the intensitpl{ame) can change in
accordance with the moving velocity of the movadleEment 22, a thrust to be
generated by the linear motor 20, and the like.

[0024] Referring to Figs. 2A to 2F, when driving the mbkaelement 22, an
electric current proportional to sin(x) is suppltedhe A-phase coil selected in
accordance with the position of the movable eler2@ntso that the magnetic flux
density becomes sin(x) with respect to a positiarf the movable element 22.
For the B-phase coil spaced apart from the A-pbagext a magnetic flux density
phase angle of 90an electric current proportional to cos(x) isdigx to the B-
phase coil selected in accordance with the postifdhe movable element 22, so
that the magnetic flux density becomes cos(x). thimmanner, a thrust which is
determined by the magnetic flux and the electritent in each of the A-phase
coil and the B-phase coil has a relationship of(z)n+ cog(x) = 1, so a
predetermined thrust can be generated by reduegrievenness of thrust.
[0025] The operation sequence of the exposure appara@uill be explained
below with reference to Fig. 3. Fig. 3 is a flowdhshowing the operation
sequence of the exposure apparatus 100. Thislilsvof Fig. 3 shows the
operation sequence of the exposure apparatus 160 pdrforming an exposure
process on each of a plurality of substrates Wuohedl in one lot, and the
operation sequence can repetitively be performdtewhanging lots. Note that
the flowchart shown in Fig. 3 explains the movenwrthe substrate stage 14 (the

movable element 22), and a practical explanatigh@&xposure process will be
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omitted.

[0026] In step S11, the control unit 30 controls thedineotor 20 to move the
substrate stage 14 (the movable element 22) tedef@rmined position, and hold
(maintain) the substrate stage 14 in the predetenposition. In this step, lot
replacement (exchange) or the like can be performéustep S12, the control
unit 30 controls a substrate conveying mechanisootwey the substrate W (a
target substrate W) as a target of the exposu@psp among the plurality of
substrates W included in one lot, onto the sulessttge 14, and controls the
substrate stage 14 to hold the target substrateStéps S11 and S12 are
performed before the exposure process is stamedthe substrate stage 14 isin a
stopping state (idling state).

[0027] In step S13, the control unit 30 controls thedinmotor 20 to place the
target substrate W below the projection opticateys13. In step S14, the
control unit 30 repeats the exposure process in eba plurality of shot regions
on the target substrate W while inserting steppedaement. The exposure
method in this step can be either a step-and-repetitod or a step-and-scan
method. In step S15, the control unit 30 conttioéslinear motor 20 to move the
substrate stage 14 (the movable element 22) tedef@rmined position, and hold
(maintain) the substrate stage 14 in the predetenposition. In step S16, the
control unit 30 controls the substrate conveyingmagism to recover the target
substrate W from the substrate stage 14. In st@&pt8e control unit 30
determines whether the exposure processes fdreaditbstrates W in the lot are
completed. If the substrate W for which no expeguocess is performed exists,
the process returns to step S12. On the other, ifathe exposure processes for
all the substrates W are completed, the processitggminated.

[0028] In this operation sequence, in steps in whichsthisstrate stage 14 is

frequently moved as in steps S13 to S15, a thsuptmerated in the linear motor
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by turning on the coils 21a of the stator 21, sodtator 21 generates Joule heat.
The calorific value is generally the product of fiiare of the current value
supplied to the coil 21a per unit time, and the i@€istance of the coil 21a. In
recent exposure apparatuses, the acceleratioe sitbstrate stage 14 is
increasing in order to achieve a high productiatyd repetitive driving at this
high acceleration may increase the calorific valfithe stator 21 to about a few
hundred W. On the other hand, in a period afteretkposure processes for all
the substrates W in the lot are completed and befgposure processes for
substrates W in the next lot are started as irss$dfi and S12, the substrate stage
14 is in the stopping state (idling state). Irstté@se, the linear motor 20 need
only generate a force of maintaining the stoppiates Therefore, the current
value to be supplied to the coil 21a becomes velignearly zero) compared to
that when moving the substrate stage 14.

[0029] Fig. 4 is a graph showing the relationship betwiheroperation of the
exposure apparatus 100 and heat generation (theficabalue per unit time) of
the linear motor 20. In the exposure apparatusakhown in Fig. 4, the heat
generation of the linear motor 20 in a stoppingqaeduring which the substrate
stage 14 is stopped in a predetermined posititargely different from that in a
period during which the exposure process is perokrthat is, in a moving period
during which the movement frequency of the subststage 14 is high. (The
moving period can also be regarded as a perioaglwhich the position of the
substrate stage 14 is controlled in a positiorediiit from a predetermined
position.) When the heat generation of the limeator 20 thus fluctuates, the
internal temperature of the apparatus also fluegiatcordingly. As a
consequence, the measurement error of the positithre substrate stage 14 and
the shape errors of components, substrates, arittd¢hia the apparatus change,

and this makes it difficult to accurately transdgpattern onto a substrate. Also,
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even when the temperature-regulator 17 for requdatie temperature of the
stator 21 is installed, a temperature-regulatiantrobd delay sometimes occurs
when changing (switching) the stopping period drdrhoving period.

[0030] Inthe exposure apparatus 100, therefore, itafepable to control
current supply to each coil 21a of the stator 2thénstopping period, so that the
heat generation of the linear motor 20 in the stopperiod approaches that of
the linear motor 20 in the moving period. In theltinphase excitation method
described above, it is possible to generate thimsipposite directions in the A-
phase coil and the B-phase coil in the stoppingdeso that the position of the
substrate stage 14 is held and the heat genedtibe linear motor approaches
that in the moving period. In this case, howetre,thrusts generated in the A-
phase coil and the B-phase coil may apply an und#é stress to the substrate
stage 14, and cause strain deformation on therstbstage 14 and the substrate
W.

[0031] In the stopping period of this embodiment, themefthe position of the
substrate stage 14 is held by turning on the pinsise coil, and the second phase
coil arranged in a position where no thrust is git@ the movable element 22 is
turned on. That is, the linear motor 20 is comtbkuch that the first phase coil
controls holding of the position of the substrdtge 14, and the second phase
coil controls the heat generation of the linearan@0. When using the multi-
phase excitation method, therefore, it is posgibleduce the heat generation
fluctuation of the linear motor 20 and the unintedidtress to the substrate stage
14. As described previously, the first phase isoiine of the A-phase coil and
the B-phase coil, and the second phase colil istther one of the A-phase coil
and the B-phase coil.

[0032] Fig. 5 is a view showing a configuration examgla atage driving

apparatus of this embodiment. This stage drivijgasatus shown in Fig. 5
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includes the substrate stage 14 for holding thetsate W, the linear motor 20 for
driving the substrate stage 14, the measuremeital@@ (a laser interferometer)
for measuring the position of the substrate stalgedd the control unit 30. The
stator 21 of the linear motor 20 includes a pltyadi coils obtained by alternately
arraying A-phase coils and B-phase coils. To diyfihe drawing, this example
shown in Fig. 5 depicts three A-phase coils A1 8akd three B-phase coils B1
to B3. However, the number of the A-phase coiltherB-phase coils is not
limited to three, and may also be four or more. e €antrol unit 30 can include,
for example, a subtractor 31, a position compengtpcurrent drivers 33a and
33b, switching units 34a and 34b, a selector 38,aatemperature compensator 36.
[0033] The subtractor 31 calculates a deviation betwikemptesent position of
the movable element 22 measured by the measureteeice 16 and a target
position, and supplies the calculated deviationrimiation to the position
compensator 32. The position compensator 32 IDa®&mpensator or the like,
and, based on the deviation information from tHatrswwtor 31, determines a
command value for driving the substrate stage e ifiovable element 22) so
that the deviation falls within an allowable rar{fgr example, so that the
deviation becomes zero). The current driver 33puda an electric current to be
supplied to the A-phase coil, based on the commahge from the position
compensator 32. The current driver 33b outputsl@ctric current to be
supplied to the B-phase coil, based on the commahgt from the position
compensator 32. The current drivers 33a and 38tubthe electric currents
such that the electric current to be supplied ¢éoAkphase coil and the electric
current to be supplied to the B-phase coil havhase angle difference of 90
[0034] The switching unit 34a switches the A-phase doilehich the current
driver 33a supplies the electric current, based signal from the selector 35.

The switching unit 34b switches the B-phase coilwhich the current driver 33b
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supplies the electric current, based on a sigoat the selector 35. The
switching units 34a and 34b can mechanically switehcurrent supply
destinations, and can also switch them by softwaféne selector 35 selects a
pair of the A-phase coil and the B-phase coil tauveed on, from the plurality of
coils 21a based on the present position of the trlewvelement 22 measured by
the measurement device 16. Then, the selectoor®¥bots the switching units
34a and 34b so as to switch the current supplyridgiins to the selected A-phase
coil and B-phase coil.

[0035] As control modes for controlling the linear mogdr, the selector 35 can
include a stopping mode (first mode) for holding giosition of the substrate
stage 14 in a predetermined position, and a maviade (second mode) for
controlling the position of the substrate stagenld position different from the
predetermined position. For example, the movinglenis applied during the
exposure process as shown in step S14 of Fig.r8thelmoving mode, the
selector 35 selects a pair of (for example, oneé&mh of) the A-phase coil and the
B-phase coil to be turned on so as to move thetmibsstage 14 by giving thrust
to the movable element 22, based on the preseitigmosf the movable element
22 measured by the measurement device 16. Thesetbctor 35 controls the
switching units 34a and 34b so that the select@thdse coil and B-phase coil are
the current supply destinations.

[0036] On the other hand, the stopping mode is applieehwiolding the
substrate stage 14 in the predetermined positioirs step S11 of Fig. 3. The
moving mode is changed to the stopping mode whisrdigtermined that the
substrate stage 14 is arranged in the predetermiosition, based on the position
of the substrate stage 14 measured by the measurdmece 16.

[0037] The predetermined position is a position whereptbstion of the
substrate stage 14 can be held by turning on ardyod the A-phase coil and the
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B-phase coil, that is, a position where the rafithe current value of the A-phase
coil to that of the B-phase coil is almost 100 tor@lmost 0 to 100, and can be
setin advance. The predetermined position iaseescribed above because, as
will be described later, when the position of thbstrate stage 14 is held by using
both the A-phase coil and the B-phase caill, itipassible to use one of them to
generate heat without generating any thrust. érettample shown in Fig. 5, a
position where the position of the substrate sfizjean be held by turning on the
B-phase coil Bl is set as the predetermined positidhe predetermined

position includes the positions of the substraagestl4 when conveying the
substrate W onto the substrate stage and whenagogwthe substrate from the
substrate stage, and can also include a positi@neanthe substrate stage 14 is
waiting when changing lots. That is, the predetreth position is not limited to
one position, and can be set to a plurality of jomss.

[0038] In the stopping mode, the selector 35 select8thhase coil B1 as the
destination of current supply from the current dri@3b, and controls the
switching unit 34b so as to switch the current $pestination to the B-phase
coil B1. In this state, the current driver 33bpus an electric current to be
supplied to the B-phase coil B1, based on a commaahat determined by the
position compensator 32 so that the substrate ddelds the predetermined
position. Also, as the destination of current $yfyom the current driver 33a,
the selector 35 selects an A-phase coil arrangadowsition where no thrust is
given to the movable element 22, from the pluradityA-phase coils Al to A3,

and controls the switching unit 34a so as to switehcurrent supply destination
to the selected A-phase coil. For example, thecsat 35 can select, from the
plurality of A-phase coils, an A-phase coil farthigem the substrate stage 14 (the
movable element 22) stopped in the predeterminsdipo, as a current supply

destination. An A-phase coil to be selected asreeat supply destination can
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also be set in advance for each predeterminedusit In the example shown in
Fig. 5, the A-phase coil A3 can be selected. iscthse, the current driver 33a
outputs an electric current to be supplied to thghase coil, based on a command
value determined by the temperature compensator 36.

[0039] The temperature compensator 36 will be explaireddvin  In the
stopping mode, an electric current to be suppletthé¢ coil 21a (the B-phase coil
B1) so as to hold the position of the substratgestal is very small (almost zero)
compared to that in the moving mode. Therefore témperature compensator
36 estimates (calculates) the heat generationeosttitor 21 in the moving mode,
and determines a current command value to be supfdithe coil 21a, so that the
heat generation of the stator 21 in the stoppindarapproaches the estimated
heat generation in the moving mode. For exampben fan electric current i to
be applied to the coil 21a and a resistance valoktRe coil 21a when
accelerating/decelerating the substrate stage a4antrol period (moving
period) in the moving mode, the temperature comgtens6 calculates the heat
generation of the linear motor 20 By<iR. Then, average heat generatforn R

x t of the linear motor in the moving period candadculated by multiplying?ix

R by ratio t% of the accelerating/decelerating tohéhe substrate stage 14 in the
moving period (that is, the ratio of a time durimgich the coil 21a is actually
turned on). The temperature compensator 36 detesva current command
value to be supplied to the coil 21a, so that tiieala generates heat equivalent
to the calculated average heat generafierR x t even in the stopping mode.
[0040] As described above, the exposure apparatus 1bsambodiment
adopts the stage driving apparatus including thii+pliase excitation linear
motor 20. In the stopping mode, the stage dri@pparatus as described above
holds the position of the substrate stage 14 ipptedetermined position by

turning on the first phase coil of the linear md26r(the stator 21), and turns on
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the second phase coil arranged in a position whethrust is given to the
movable element 22. This makes it possible tocedhe fluctuation of heat
generation from the linear motor 20, and accurdtaiyn a pattern on a substrate.
The stage driving apparatus of this embodimenbidimited to driving of the
substrate stage 14, and is also applicable tordrief a stage on which an object
is mounted, such as the mask stage 12.
[0041] <Second Embodiment>

The second embodiment according to the preseantion will be
explained. The second embodiment basically takesthe first embodiment,
so differences from the first embodiment will bgkned below.
[0042] When changing a control mode of a linear motob@@veen a moving
mode and a stopping mode in a stage driving apmaratis necessary to
synchronize the timing at which a switching unia3% 34b switches current
supply destinations and the timing at which a autrdeiver 33a or 33b switches
current values. If these switching timings shifinfi each other, however, an
overcurrent is applied to a coil 21a, a countectedenotive force is generated,
and so on, and this sometimes makes it difficuttdotrol the position of a
substrate stage 14. In this embodiment, therefbeegontrol mode is changed
between the moving mode and the stopping mode witderupting current
supply to a second phase coil to be used to genbeat without generating any
thrust.
[0043] Fig. 6 is a view showing the timing of currentpuitfrom the current
driver 33a or 33b and the switching timing of tistshing unit 34a or 34b when
switching the moving mode and the stopping modes siown in Fig. 6, when
switching the moving mode to the stopping modetrentroutput from a current
driver 33a based on a command value from a posittompensator 32 is

interrupted, and a switching unit 34a switches Ag#coils as current supply
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destinations from Al to A3 in this state. Thenerathe switching unit 34a
switched the A-phase coils, the current driver &aats current output based on a
command value from a temperature compensator 36is applies to a case in
which the stopping mode is switched to the movirmgiemn  Control like this can
prevent the application of an overcurrent to thik2ba, the generation of a
counter electromotive force, and the like when shitg the modes.
[0044] <Third Embodiment>

The third embodiment according to the presentritiva will be
explained. The third embodiment basically takesrdkie first embodiment, so
differences from the first embodiment will be exp&d below. Fig. 7 is a view
showing a configuration example of a stage driapgaratus of the third
embodiment. The differences of the stage drivipgeaatus of the third
embodiment from the stage driving apparatus ofitseembodiment shown in
Fig. 5 are the arrangement of a stator 21 andrth@gement of switching units
34a and 34b. The stator 21 of this embodimentudes a plurality of A-phase
coils Al to A5 and a plurality of B-phase coils 81B5, and the switching units
34a and 34b are so configured as to corresporitetoumbers of the A-phase
coils and the B-phase coils. To simplify the dmagyiFig. 7 does not show a
measurement device 16, a subtractor 31, a positiorpensator 32, and a
temperature compensator 36.
[0045] When the stator 21 is spatially extended as showdig. 7, it is
preferable to dispersedly generate heat by a jthul coils 21a, instead of
generating heat by one coil 21a, from the viewpofrthe uniformity of a spatial
heat distribution. In a stopping mode of this edibeent, therefore, a selector
35 selects the A-phase coils A3 to A5 arrangedsitipns where no thrust is
given to a movable element 22, from the pluralitpgpohase coils Al to A5, as

the destinations of current supply from a currgivtedt 33a. When the plurality
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of A-phase coils A3 to A5 arranged in the positiarigere no thrust is given to the
movable element 22 exist as described above, teetse35 controls the
switching unit 34a so as to temporally (for evergdetermined time) switch the
A-phase coils to which the current driver 33a sigsphn electric current. In this
state, the current driver 33a outputs an electricent to be supplied to the A-
phase coil based on a command value determineaettygmperature compensator
36.
[0046] <Fourth Embodiment>

The fourth embodiment according to the presergntion will be
explained. The fourth embodiment basically takesr the first embodiment.
In this embodiment, the setting of a predetermipesition where a linear motor
20 is operated in a stopping mode will be explawét reference to Fig. 8.
[0047] Fig. 8 is a view showing a setting example ofghedetermined position.
For example, as shown in Fig. 8, the position sifilastrate stage 14 when
conveying a substrate W by using a substrate camgegyechanism 18 (a robot)
can be selected from a plurality of position caatkg 41 in which the ratio of the
current value of an A-phase coil to that of a Bggheoil is almost 100 to O or
almost 0 to 100. In this example shown in Figh®, predetermined position can
be set in a position suitable for the substratezeging mechanism 18 to convey
the substrate W onto the substrate stage 14, tonpbe, a position 42 where the
time required for the substrate conveying mechadi8rto convey the substrate
W is shortened most, among the plurality of positandidates 41.
[0048] <Embodiment of Method of Manufacturing Article>

A method of manufacturing an article accordingmocembodiment of the
present invention is suitable for manufacturingaéicle, for example, a
microdevice such as a semiconductor device oremesit having a

microstructure. The method of manufacturing aitl@raiccording to this
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embodiment includes a step of forming a pattera sabstrate by using the
above-mentioned lithography apparatus (exposurarapgs), and a step of
processing the substrate on which the patterrrisdd in the above step. This
manufacturing method further includes other weliAkn steps (for example,
oxidation, film formation, deposition, doping, ptization, etching, resist
removal, dicing, bonding, and packaging). When garad to the conventional
methods, the method of manufacturing an articlewrting to this embodiment is
advantageous in at least one of the performaneitgyproductivity, and
production cost of an article.
[0049] <Other Embodiments>

Embodiment(s) of the present invention can alstebézed by a
computer of a system or apparatus that reads outxecutes 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)) fperforming 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 fileenstorage 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
to read out and execute the computer executalileiations. The computer

executable instructions may be provided to the aderpfor example, from a
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network or the storage medium. The storage mednay 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.

[0050] 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 scopigedbllowing 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 stage driving apparatus for driving a stagengrising:

a linear motor including a stator which includesod array obtained by
alternately arraying first phase coils and secdmabkp coils, and a movable
element placed on the stage; and

a control unit configured to control the lineartardby controlling an
energization state of the coil array,

wherein in a stopping period during which the stegstopped in a
predetermined position, the control unit holds sifan of the stage in the
predetermined position by turning on the first ghasil among the coil array, and
generates heat by turning on the second phasarcaiiged in a position where no
thrust is given to the movable element among tlileacay.

2. The apparatus according to claim 1, whereirptedetermined position

is a position where the position of the stage ahddd by only the first phase coil,
without using any second phase coil.

3. The apparatus according to claim 2, whereirptedetermined position

is a position where the position of the stage @ahddd by only one first phase
coil among the coil array.

4, The apparatus according to claim 1, whereirptedetermined position
includes at least one of a position where an oligembnveyed onto the stage, and
a position where an object is recovered from thgest

5. The apparatus according to claim 1, whereiménstopping period, the
control unit determines a second phase coil fartinesy the movable element
among the coil array, as a second phase coil tarhed on.

6. The apparatus according to claim 1, whereiténstopping period, in a
case where a plurality of second phase coils aedngpositions where no thrust

is given to the movable element exist, the contrit temporally switches a
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second phase coil to be turned on among the phlsecond phase coils.
7. The apparatus according to claim 1, whereirctirgrol unit determines a
current value to be supplied to the second phasedbe stopping period such
that heat generation of the second phase coil appes heat generation of the
stator in a moving period during which the stage@/ed.
8. The apparatus according to claim 1, wherein

the control unit includes a first mode and a sdaoode as control
modes of the linear motor,

the first mode is a mode for holding the positadithe stage by turning
on the first phase coil, and generating heat hyingron the second phase coil
arranged in a position where no thrust is givethéomovable element, and

the second mode is a mode for controlling thetfwosof the stage by
switching, among the coil array, pairs of the fghfise coils and the second phase
coils to be turned on to give thrust to the movahenent.
9. The apparatus according to claim 8, whereirctigrol unit switches the
first mode and the second mode in a state in wductent supply to the second
phase coil is interrupted.
10. The apparatus according to claim 1, whereialectric current to be
supplied to the first phase coil and an electricant to be supplied to the second
phase coil have a phase angle difference &f 90
11. A lithography apparatus for forming a pattenaocsubstrate, comprising:

a stage configured to hold the substrate; and

a stage driving apparatus configured to drivestage,

wherein the stage driving apparatus includes:

a linear motor including a stator which inclu@desoil array

obtained by alternately arraying first phase caild second phase coils, and a

movable element placed on the stage; and
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a control unit configured to control the lineaotor by
controlling an energization state of the coil araayd
wherein in a stopping period during which the stegstopped in a
predetermined position, the control unit holds sifan of the stage in the
predetermined position by turning on the first ghasil among the coil array, and
generates heat by turning on the second phasarcaiiged in a position where no
thrust is given to the movable element among tlileacay.
12. A method of manufacturing an article, the mdtbomprising:
forming a pattern on a substrate using a lithdogyapparatus;
processing the substrate, on which the pattermhéeas formed, to
manufacture the article,
wherein the lithography apparatus includes:
a stage configured to hold the substrate; and
a stage driving apparatus configured to drivestage,
wherein the stage driving apparatus includes:
a linear motor including a stator which inclu@desoil array
obtained by alternately arraying first phase caild second phase coils, and a
movable element placed on the stage; and
a control unit configured to control the lineaotor by
controlling an energization state of the coil araayd
wherein in a stopping period during which the stegstopped in a
predetermined position, the control unit holds sifian of the stage in the
predetermined position by turning on the first ghasil among the coil array, and
generates heat by turning on the second phasarcaiiged in a position where no

thrust is given to the movable element among tlileacay.
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