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TITLE OF THE INVENTION

EXPOSURE METHOD AND EXPOSURE APPARATUS, AND
DEVICE MANUFACTURING METHOD

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to an exposure method and
an exposure apparatus. More particularly, the present
invention rellates to an exposure method and exposure apparatus
used in a lithographic process to manufacture devices such
as a semiconductor and a liquid crystal display, and a device
manufacturing method using the exposure apparatus.
DESCRIPTION OF THE RELATED ART

Conventionally, in the case of manufacturing devices
such as semiconductor devices or liquid crystal displaydevices

and the like in a lithographic process, various exposure

~apparatus have been used. The projection exposure apparatus

. is commonly used recently. The projection exposure apparatus

transfers a pattern formed on a photomask or a reticle
(hereinafter to be generally referred to as a “reticle”) onto
a substrate such as a wafer or a glass plate (hereinafter to
be generally referred to as a “wafer” as appropriate) that
is- coated with a photb'sensitive agent such as a photoresist.

| ~As this type of projection exposure apparatus, in recent
years, the reduction projec;tion exposure apparatus based on
the step-and-repeat method (usually referred to as a stepper)

and the projection exposure apparatus which is an improvement
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of the stepper based on the step-and-scan method, that is,
what is called a scanning stepper, have become widely used.
The scanning stepper is capable of performing exposure on a
la.rger' field with a'smaller optica.l system, compared with the
stépper. Therefore, the projection optical system can be
easily built, and an averaging effect is produced due to the
relative scanning of the reticle and wafer in respect to the
projection optical system, providing advantages such as
impfovemenf in distortion or the depth of focus. Thus, it is
said that the scanning stepper will become the mainstream in
the future. -

With the integrated circuits requiring higher
integration in recent years, the device rule (practical minimum
line width) is also becoming finer, and with the projection
exposure apparatus, the demand on improvement in areas such
as resolution limit, depth of focus, and line width control
accuracy has become an important requirement, along with
improvement in throughput. |

As amethod of improving resolutionbeyond the resolution
limit, the double exposure method is being re-examined, and
attempts are being made to use this double exposure method
in the KrF excimer laser exposure appara;us or the ArF ekcimer
laser exposure apparatus to perform exposure up to the line
and space (L/S) of O0.1lum. With such double exposure,.
improvement in two areas, that is, resolution and depth of
focus, can be expected.

Multipie exposure, such as the double exposure described

above, has been performed mainly for the purpose of improving
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the resolutibﬁ; Therefore, proposals have been made in the
past on conditions which contribute to improving the resolution,
such as, changing the illumination conditions on the first:
exposure and the second exposure (for example, refer to Japanese
Patent Laid Open No. 04—273245).

However, other conditions, especially the condition that
contribute to the imprdvement in throughput that has nothing
to do with improving the resolution, was the same each time
exposure was performed. That is, in the process program file
which is a type of database to set conditions on exposure,
only one type of various control parameters could be set..
Therefore, for example, in the case of the scanning stepper,
conditions such as the scanning velocity of the respective
stages when the reticle and the wafer moves in synchronous,
the stepping velocity in between shots, the permissible
positional error when settling the set position, or the
permissible positional errorwhichis the criteria when judging
the synchronous settlement, were the same in the first exposure
and the second exposure. In addition, for example, in the case
of the stepper, conditions such as the stepping velocity of
the_wafef stage in between shots, the permissible positional -
error on settlement Qf the setting position, were the same
in the first exposure and in the second exposure.

Meaﬁwhile, in the case.of double exposure, the exposure
accuracy required in each exposure was not always the same
in the first exposure and the second exposure.

Nevertheless, with the conventional projection exposure

apparatus, since exposure was performed under almost the same
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conditions as is described above regardless of the exposure
accuracy required, even in the case when the throughput should
be of more importance than the exposurel accuracy, exposure
was performedusing the same control values as of whenresolution
was important and high exposure accuracy was required.

As canbe seen, until now, when performing double exposure,
there was no room for considering improvement in throughput,
since too much priority was put on resolution, thus reducing’
the throughput on double exposure more than necessary.

Similar problems as described above, are occurring also
when performing exposure on different layers on the same wafer.
That is, usuaily, on performing exposure on the respective
layers, the same cohtrol values are used for the scanning
velocity, the stepping velocity in between shots, the
permissible positional error when settling the set position,
or the permissible pésitional error which is the criteria when
judging the synchronous settlement, andthelike. Inaddition,
similar problems as above occur for exampie, when performing
exposure based on the stitching method, which is a method to
respectively expose a plurality of areas on the same layer

where the edges partly overlap one another.

SUMMARY OF THE INVENTION
The present invention has been made in consideration
of the circumstances described above, and has as its first

object to provide an exposure method and an exposure apparatus

'_ that can improve the throughput while maintaining the exposure

accuracy at a sufficient level.
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And the present invention has-as its second object to
provide a device manufacturing method that can improve the
productivity of highly integrated microdevices.

According to the first aspect of this invention, there
is provided an exposure method which performs exposure on a
substrate at least twicé, the exposure method comprising:
performingafirstexposureonthesubstratewithafirstcontrol
éccuracy which corresponds to a first exposure accuracy
required; and performihg'a second exposure on the substrate
with a second control accuracy which corresponds to a second
exposure accuracy different from the first exposure accuracy
required.

According to this method, for example, when exposure

is performed that requires high exposure accuracy (one of the

first exposure and the second exposure), the control accuracy
is to b_e normal. And when exposure is performed that does not
require exposure accuracy so high (the remaining of the first
exposure and the second exposure), the control accuracy can
be looser thannormal. Thatis,thecontrolaccuracyischanged
in accordance with the exposure accurécy required for each
exposure. Accordingly,whenexposureisp@rformedonthesame
wafer a plurality of times, the throughpu; can be improved
compared with the case when exposure is performed each time
with the same control accuracy. In addition; the exposure
accuracy can be maintained at a sufficient level.

In this case, the first exposure and the second exposure
can be exposure on different layers on the substrate, or the

first exposure and the second exposure can be exposure on a
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same layer on the substrate.

In the latter case, the first exposure énd the second
exposure can be a stitching exposure on which patterns are
transferred onto adjacent divided areas on the substrate so
that the patterns are joined on the substrate, or the first
exposure and the second exposure can be a multiple exposure
on which patterns are dverlaid and transferred onto the same
area on the substrate.

With the exposure method of the present invention, the
first exposure can be an exp.osure which is pérformed on the
substrate to set a pattern size, and the second exposure can
be an exposure which is performed on the substrate to set a
shapé of the pattern.

In this description, to “set a pattern size” is a concept
including not only setting the pattern line width by resolving
a finer line pattern with the accuracy required, but also
resolving patterns such as a smaller hole pattern, rectangular
pattern with the accuracy required so és to set these pattern
size to a desired size.

In this case, the second control accuracy can be set
looser than the first control accuracy. In such a case,
compared with the first control accuracy bf the first exposure
whichsetsthepatternsizerequiringhighresolutioningeneral,
the second control accuraéy'of the second exposure which sets
the shape of pattern that does not require such high resolution
is loosely set. Therefore, in the case of performing exposure
on the same wafer likewise with the first exposure and second

exposure a plurality of times, the throughput can be improved
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when compared with performing each exposure with the same
control accuracy. And, the exposure accuracy can aléo be
maintained at a sufficient level.

With the exposure method according to the present
invention, in the case the first exposure is an exposure which
is performed on the substrate to set a pattern size, and the

second exposure is an exposure which is performed on the

‘substrate to set a shapé of the pattern, the first exposure

and the second exposure can be exposure on different layers

on the substrate. Or, the first exposure and the second

_exposure can be exposure on a same layer on the substrate.

In the latter case, the first eXposure and the second
exposure can be a stitching exposure on which patterns are
transferred onto adjacent divided areas on the substrate so
that the patterns are joined on the substrate, or the first
éxposure and the second exposure can be a multiple exposure
on which patterns are overlaid and transferred onto a same
area on the substrate.

With the exposure method of the preseﬁt invention, the
control accuracy can include at least one of a movement state
of the substfate_ when position setting a plurality of dividéd
areas on the substrate to predetermined referenqe positions,
apermissiblevalﬁeofpositionalérroronthepositionsetting,
a relative alignment precision between the substfate and a
mask on which a pattern to be transferred onto the substrate
is formed, a movemeﬁt state when the mask and the substrate
is moved in synchronous in a predeterminéd direction, and a

permissible value to determine the settlement when the mask
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and the. substrate is moved in synchronous.

According to the second aspect of this invention, there
is'provided an exposure apparatus comprising: an exposure
systém which irrédiates an energy beam onto a mask on which
a pattern is formed and transfers the pattern onto a substrate
held oh a substrate stage; and a control system which totally
controls the exposure system and changes a control factor of
the exposure system contributing to throughput, in accordance
with the exposure accuracy required in each exposure when
repetitively performing exposure at .least twice on the
substrate.

With this apparatus, when exposure is performed at least
twice on the same substrate, the control s'ystem changes the
control factor cdntributing to throughput (hereinafter
referred to as “throughput control factor” as appropriate),
in accordance with the exposure accuracy required in each
exposure. For example, the throughput control factor is
changed so that on exposure when the exposure accuracy required
is high the control factor is changed to a state (or a value)
inwhich importance isput onresolutionrather than throughput,
and on exposure when the exposure accuracy requiredis moderéte,
then, on the contrary, the throughput control factor is ch.anged
sothat priorityisput onthroughput. There-fore, when exposure
isperformedat least twiceonthe same substrate, the throughput
can be obviously improved compared with the case when the
exposure systemis coﬁtrolled so that each exposure is performed
with the same throughput control factor. In addition, in this

case, the throughput control factor is changed to a state (or
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a value) in Whiéh importance is put on throughput only when
the exposure accuracy required is moderate, in other words,
only when a decrease in exposure accuracy is acceptable to
some extent. Thus, the exposure accuracy can be sufficiently
maintained. |

‘In this case, the control system can change the control
factor of the exposure system contributing to throughput, in
accordance with the exposure accuracy required in each layer .
when performing exposure on different layers on the substrate.
Or, the control system can also change'the control factor of
the exposure system contributing to throughput, in accordance
with the exposure accuracy required in each: exposure when
performing exposure at least twice on the.séme layer on the
substrate.

In the latter case, the control system can control the
éxposure system and perform stitching expoéure on which
patterns are transferred onto adjacent divided areas on the
substrate so that the patterns are joined on the substrate,
as expoSure performed at least twice on the same layer on the
substrate. Or the control systemcan also control the exposure
system and perform multiple exposure on which patterns are
overlaid and transferred onto a same area on the substrate,
as e#posure performed at least twice on the same layer on the
substrate.

In the latter case, the control system can control the
exposure syétem for the multiple exposure, which includes at
least a first exposureto set apatternsize and a second exposure

to set a shape of the pattern on the substrate.
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In gene_rél, in the first exposure to set a pattern size,

the exposure accuracy required is high, whereas in the second

exposure to set the shape of the pattern, the exposure accuracy
required is moderate. Therefo;e, in this case, the control
system changes the throughput control féctor so that in the
first exposure more importance is put on resolution. rather
than throughput, and in the second exposure the priority is
put on throughput rather than res_olution. Furthermore, in the
present invention, the order of the first exposure and the
second ‘exposure may be reversed. That is, the shape of the
pétterrlmaybe set-in the first exposure, and the pattern size
may be set in the second exposuré.

With the exposure apparatus in the present invention,
the control factor changed by the control system can include
at léast one of a movement state.of the substrate stage when
position setting sequentially a plurality of divided areas
on the substrate to predetermined reference positions, and
a permissible value of positional error on position setting.

“Position setting sequentially a plurality of divided

" areas on the substrate to predetermined reference positions,”

in this case, includes both position setting of each shot during
stepping operations between shots in the case of the exposure
apparatus based on the step-and-repeat method, and position
setting of eéch shot.to the starting position for scanning
exposure in the case of the exposure apparatus based on the
step-and-scanmethod. Andthe “movement state of the substrate
stage” includes both the velocity and the acceleration of the

stage.
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If the moving velocity of the substrate stage is
accelerated when position setting sequentially a plurality
of divided areas on the substrate to predetermined reference
positions, that is, if the stepping velocity between shots
is accelerated, the time required for exposure of the substrate
(exposure time) can be reduced. In the case of increasing the
stepping velocity, however, since the substrate stage ﬁbves
faster within a limited distance (distance iri bétween shots)
the absolute value of the acceleration/deceleration velocity
becomes larger, thus increasing the vibration on posifion
setting. Naturally, the settling time required for position
setting_ (positio.n setting settlement time) becomes longer.
Therefore, it is important to change the movement stage of
the substrate stage within an extent so that the throi:lghput
is increased as a whole, in consideration of the time reduced
by increasing the stepping velocity and the increase in the
position setting settlement time.

Inaddition, if the permissiblevalue of positional error
on position setting is larger, then the substréte stage can
move into a pos.ition setting state in a shorter period of time.
Thus, the next operation (such as the exposure operation) can
be executeci earlier, reducing the total time required for
exposure operations, leading to an improvement in throughput.

Also, when the stepping velocity is increased, although
the vibration on positionsetting bécomes larger, by increasing
the permissible value on position setting in accordance with
the increase of stepping velocity, the time required for

exposure operations can be reduced without increasing the
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position setting settlement time.

With thé_exposure apparatus in the present ihvention, |
in the cése the exposure system comprises a pr.ojlection optical
syétem which projects the energy beam outgoing from the méék
onto the substrate, the control factor changed by the control
system can include a permissible value of defocus on each
exposure.

For example, when the exposure accuracy required is high,
the defocus amount allowed on exposure becomes extremely small,
and when the exposure accuracy requifed is moderate, then the
defocus amoﬁnt allowed can be more or. less increased, since
it hard'ly has any effect to the exposure. Accordihgly, in the
case the required exposure accuracy is high, the control system
sets a small permissible defocus amount which'corresponds to
the exposure accuracy level, and in the case the required
exposure accuracy is not so high, then sets the permissible
defocus amount mofe or less loose. As a conseqﬁence, the
pre-focusing to a proximate level becomes shorter in. the latter
case than in the former, and the time required for exposure
can be reduced compared with the case when setting the
permissible defocus amount the same in each exposure. And in
this case, the exposure accuracy can be maintained at a
sufficient level. |

With the exposure apparatus in the present' invention,
in the case the exposure system comprises a pulse 1ase.r light
source as an energy beam source which emits the energy beam,
the control factor changed by the control system can include

at least one of an energy intensity and a repetition frequency .
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Qf a pulse light irradiated on the substrate emitted from the
pulse laser light source on each exposure.

The “energy intensity”, here, includes both the energy
amount irradiated on the. substrate a unit time per area and
the energy amount per pulse. Acéordingly, when changing the
energy intensity, it includes changirig both the illumina‘tion
on the substrate and the permissible value of the energy
intensity dispersion.

If the energy intensity of the energy beam irradiated
on the substrate (illumination on the substrate) is stronger,
then the time required to expose the substrate canbe shortened, '
therefore, the time required for exposure can be reduced. and.
the thrbughput can be improved. The energy beam intensity
irradiated on the substrate can be increased, by increasing
the energy value per pulse from the energy beam source, or
by changing the attenuation ratio of the attenuation elements
along the optical path between thé energy beam source and the
substrate. Or it can be increased, for example, by simply
changing the illumination conditioﬁs from conditions such as
ring-shaped illumination or modified illumination to normal
illumination. In the case of exposure in which resolution is
required, however, it is preferable to perform exposure under
the illumination condition such as modified illumination, so
that the intensify of the energy beam irradiated on the mask
is weaker compared to normél illumination.

In addition, the permissible wvalue of the energy
intensity dispersion of the pulse light differs depending on

the exposure accuracy required. If the permissible value of
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the energy intensity dispersion of the pulse light is large,
then the adjustment time can be _reduced. Also, if the
repetition frequency becomes high, the energy power increases
according to the frequency, and re-rﬁeasurement of the light
amount becomes required. However, if the exposure accuracy
required is moderate, then the re-measurement can be omit'ted.
Accordingly, the time required for exposure can be reduced,
by omitting the re-measurement and the increased energy power
due to the increased repetition frequency.

With the exposure apparatus in the .present invention,

-the control factor changed by the control system can include

a relative alignment precision between the pattern of the mask
and.the substrate. 'In such a case, wher_1 the exposure accuracy
required is high, the control system tightens the relative
alignment precision between the mask and the substrate in
accordance with the exposure accuracy. And when the exposure
accuracy required is not so high, then loosens the relative
alignment precision between the mask and the substrate
accordingly. Therefore, the total exposure time including the
relative alignment of the maskand the substrate canbe reduced,
compared with the case of setting a tight relative alignment
precision between the mask and substrate at all times.

The change of fche relative alignment precision between
the mask and the subétrate, here, includes any method if it
consequently changes the relative élignment_pr_ecision between
the mask and the substrate, whether the change may be of the
mask alignment, or of 'fhe substrate alignment.

In this case, the control factor changed by the control
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' system can be an alignment mode of at least one of the mask

and the substrate. Or, the control factor changed by the
control system can be at least one of a number of sample shots
and a number of sample marks on'alignmeﬁt~of the substrate.
Or, the control factor changed by the control system can be
a number of sample marks on alignment of the mask. .

With the exposure apparatﬁs in the present invention,
in the case the exposure system comprises: a mask stage which
holds the mask; and a synchronous driving uniit which drives
the mask stage and the substrate stage in sYnchronous in a
predetermined direction in réspect to the energy beam on each
exposure, the control factor changed by the control system
can include at least one of a movement state of the mask stage
and the substrate'stage and an intensity of the energy beam
corresponding to the movement state irradiated on the substrate,
and a permissible value of positional error to determine
synchronous settlement of the mask stage and the substrate
stage on each exposure.

When the moving velocity (scénning velocity) of the rﬁaék '
stageandsubstratestageisincreasedonexposure,itisobvious
that the exposure time (scanning ekbosure time) is reduced.
In this case, however, the intensity (illumination) of the
energy beam irradiated on the substrate needs to be stronger
according to the increase of scanning velocity, so that the
exposure amount on the substrate surface can be maintained
at a target value. In such case, the width of the energy beam
can be widened in the scanning direction, or the oscillation

frequency (repetition frequency) of the energy beam can be
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increased. That is, either thé intensity of the energy beam,
the width, or the oscillation frequency, needs to be chanQe_d.

Inaddition, if the permissible value of positional error
to determine éynchronous settlement of the mask stage and the
substrate stage is increased, the mask stage and the substrate
stage moves into a synchronous settlement state at an earlier
stage. Therefore, the ﬁext exposure operation can be pulled
up, which reduces the total exposure time and makes it possible
to improve the throughput.

Also, in the case of increasing the scanning velocity,
since themovement strokes of themaskstageareusuallylimited,
the acceleration/deceleration before and after scanning
becomes larger, thus increa.sing the synchronous settlement -
time. In this case, by increasing the permissible value of
positional error todetermine synchronous settlement according '
to the increase in scanning velocity, the time required for
exposure can be reduced without increasing the synchronous
settlement time.

| With the exposure apparatus in the present invention,
a complicated exposure ;ﬁrocess program (software) can be made
that includes a judgement program to change the control factors
on the control systems own judgement. And the program can be
incorporated into the control system, according to the exposure
accuracy required each time exposure is 'perfor-med. However,
in the.case the.control system has a process program file to
set various parameters to control the exposure system,
parameter.values for eadh exposure can be set individually

in the process program file. In such a case, the operator
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individually sets various parameter values used in each

-eXxposure in advance, and the control system controls the

eﬁposuresystemaccordingtotheprocessprogramfile. Bydoing
so,.the control factors are changed on each exposure in
accordance with the exposure accuracy required. Therefore,
there is no need to create aﬁy cofnplicated exposure processing
files, and only a minor change in the current process program
file is required.

Furthermore, in a lithographic process, by using the
eﬁposuremethodinthepresentinvention,exposureisperformed
with the throughput increased, while maintaining the exposure
accuracy at a sufficient level. Accordingly, the throughput
ofthemicrodeviceanditsproductivitycanbeimproved,without
decreasing the yield of the microdevice on which an extremely
fine pattern is formed. Similarly, ina lithographic process,
by performing exposure using the exposure apparatus in the
present invention, the' throughput is dincreased while
maintaining the exposure accuracy at a sufficient level.
Therefore, the throughput of the microdevice and its
productivity can be improved, without décreasing the yield
ofthendcrodeviceonwhichanextremelyfinepatternisformed.
Accordingly, from another aspecf of the présent invention,
there is provided a device manufacturing method that uses the
exposure method or the exposure appafatus of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying dréwings:
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Fig. 1 is a schematic view showing the configuration
of the exposure apparatus of the embodiment in the present
invention; | |

Fig. 2 is a comparison chart showing the velocity change
of the wafer stage during stepping operations in between shots
in the case of (a) 1§w—speed stepping, and (b) high-speed’
stepping;

Fig. 3(A) is a chart corresponding to Fig. 2 (a), showing
the positional error against the target value after
deceleration has been completed;

Fig. 3(B) is a chart corresponding to Fig. 2 (b), showing
the positional error against the target value after
deceleration has been completed;

Fig. 4 is a flow chart for explaining an embodiment of
a device manufacturing method according to the present
invention; and

Fig. 5 is a flow chart showing the processing in step

204 in Fig. 4.

Description of the Preferred Embodiments

An embodiment of the present invention will be described
below with reference to Figs. 1 to 3.

'Fig. 1 shows the schematic arrangement of an exposure,
apparatus 100 according to the embodiment. The exposure
apparatus 100 is a scanning exposure apparatus based on the
step-and-scan method, that is, what is called a scanning
stepper.

The exposure apparatus 100 irradiates an energy beam
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IL onto the réticle R serving as a mask, on which a pattern
is formed. The exposure apparatus 100, is made up of two parts;
the exposure system 102 which transfers the pattern of the
reticle R onto the wafer W serving as a substrate via the
proj ection optical system PL, and the main controller 20 which
serves as a control system and totally controls the exposure
systém 102.

The exposure system 102 comprises: a pulse laser light
source (hereinafter referred to as-“light source”) 1 such as
an ArF excimer laser light source (oscillation wavelength:
193nm), a KrF excimer laser 1light source (oscillation
wavelength: 248nm), or an F2 laser light source (oscillation
wavelength: 157nm) serving as an energy beam; an illumination
optical system (2, 3, 5to 8) which structures the illumination
systemalong withthe light source l; areticle stage RST serving
as a mask stage which holds the reticle R illuminated by the
energy beam (hereinafter referred to as “exposure light”) IL
from the illumination system; a projection optical system PL
which projects the exposure light IL outgoing from the reticle
R; a wafér stage WST serving as a substrate stage Which holds
the wafer W and moves in an XY two dimensional direction; and
a chamber 10 which houses the respective parts structuring
the exposure system 102 excluding the light source 1.

The light source 1 is, in actual, arranged in a service
room with low degree of.cleanline.ss, separate from the clean
room. The respective elements structuring the illumination
optical system, and the main body of the exposure apparatus

made up of parts such as the reticle stage RST, the préj-ection



)

10

15

20

25

20

optical system PL, and the wafer stage WST, that are housed

" in the chamber 10, are arranged in the clean room. The light

source 1 is connected to the chamber 10 via a light guiding

'opticalsystem (a 1ight transmission optical system) not shown

in Figs. Furthermore, as the light source, an emission line
(g line or i line) in the ultraviolet light region emitted
from an ultraéhigh pressure mercury lamp, a metal vapor laser
beam, or a harmonic of a YAG laser beam and the like, may be
used.
Thelightsourcelhasalaserresonator,anenergymonitor,
an energy.controller, a high-voltage power supply, and the
like (all of these not shown in Figs). The energy monitor
monitors the optical properties of thejpulse light from the
laser resonator. The energy controller feedback-controls the
power supply voltage of the high-voltage power supply so.that
the output from the energy monitor corresponds to the target
value of energy per pulse, which is supplied from thé main
controller 20. In addition, the energy coﬁtroller controls
the energy supplied to the laser resonator through the
high-voltage power supply, thereby also changing the
oscillation frequency (repetition frequency). That is, the
energy‘coht;oller sets the oscillation frequency'of the light
source 1 to a frequency instructed by the main controller 20
iﬁ accordance with the control information provided from the
main controller 20. The energy cont;oller also
feedback-controls the power supply voltége of the high-voltage
power supply so that the energy per pulse of the light source

1 becomes the value instructed by the main controller 20 (that
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is, the value within the range of the permissible value of
the energy intensity dispersion). Such details are disclosed .
in, for example, Japanese Patent Laid Open No. 08-250402, and
the corresponding U.S. Patent No. 5,728,495. Thedisclosﬁres
reférred to above, are fully incorporated herein by reference.
In addition, within the light source 1, a-shutter is
arianged which shields the exposure light IL in accordance
with the control information from the main controller 20.
The illumination optical system has- an arfangement
including: én illumination unifying optical system 2; a relay
lens 3; a reticle blind 5; a relay lens 6; a deflection mirror

7: and a condenser lens 8, and the like.

The illumination unifying optical system 2 is, for -
example, made.up of: a beam shaping optical system which is
sequentiallyarrangedontheopticalpathoftheexposurelight
IL;aroughenergyadjuster;afly—e?elensservingasanoptical
integrator; and an illumination system aperture stop plate,
ahdthelike(allofthesenotshowninFigs). Moreparticularly,
the beam shaping optical system shapes the cross—-sectional
shape of the exposure light IL, which is a pulse beam emitted
from the light source 1, so that the exposure light IL can
be efficiently.incident on the fly-eye lens arranged

downstream of the optical path of the exposure light IL. The

beam shaping optical'system can be configured, for example,

of a cylinder'lens or beam expander.

In addition, the rough energy adjuster is arranged on
the optical path of the exposure light IL, further downstream

of the beam shaping optical system. The rough energy adjuster
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can, for example, switch.the‘transmittance (=1 - attenuation
ratio) geometrically in multiple steps from 100%. The
transmittance of the rough energy adjuster to the exposure

light IL is switched by the main controller 20 via the driving

unit (not shown in Figs.).

The fly-eye lens is arranged on the optical path of the
exposure light IL emitted fronlthe'rough energy adjuster, and
forms a planar light source consisting of a pluralit_:y of point
light sources (light source images) on the focal plane of the
outgoing surface so that it illuminates the reticle R with
auniforﬁilluminancedistribution. That is, asecondarylight
source is formed. The illumination system aperture stop plate
is arranged in the vicinity of the focal plane of the emitting
surfaceof the fly-eye lens. Itisnmdeofacﬁsk—shapedmember,
and on the illumination system aperture stop plate, a plurality
of aperture stops are arranged at substantially equal angular
intervals. The aperture stops, for example, may have an
ordinary circular aperture, or it may have a small
circular-shaped aperture for reducing the o-value, which is
a coherence factor. It may also héve a ring-shaped aperture
for ring-shaped illumination, or aplurality of apertures where
the center position of each aperture'differ from the optical
axis position for modified illumination. In this case, the
main controller 20 drives thé illumination system aperture
stop plate via the driving system (not- shown in Figs;) and
selectively chooses one of the apertures and arranges it on
the optical path of the exposure light IL.

On the optical path of the exposure light IL outgoing
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from the illumination system aperture stop plate, a beam

splitter having a large transmittance and a small reflectance

-is arranged. And, further downstream on the optical path, a

relay lens system made up of the relay lens 3 and 6 is arranged
withthereticleblindSarrangedihbetween.;Thereticleblind
5 is made up.of a fixed reticle blind 5A and a movable reticle
blind 5B.

The fixed reticle blind 5A is arranged on a surface
slightly defocused from the conjugate plane relative to the
pattern surface of the reticle R, forming a rectangular opening
which sets the illumination area IAR on the reticle R. 1In
addition, in the vicinity of the fixed reticle blind 5A, the
movable reticle blind 5B which has an opening variable in
position'and width in the direction corresponding to the
scanning direction is arranged. And at the beginning and the
end of the scanning exposure, by further restricting the
illumination area IAR through the movable reticle blind 5B,
exposure on unnéceséarygareas can be avoided.

On the optical path of the exposure light IL further
downstream of the relay lens 6 structuring the relay optical
system, the deflection mirror 7 which deflects the exposure
light IL having passed through the relay lens 6 towards the
reticle R, 1is arranged. And furfher downstream of the
deflection mirror 7 on the opticéi path of the exposure light
IL, the condenser lens 8 is arranged.

Furthermore, on the optical path of the light reflectéd
on the beam splitter arranged in the illumination unifying

optical system 2, an integrator sensor (not shown in Figs.)
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made of a photoelectric conversion element is arranged.
Theoperationsoftheilluminationopticalsysteﬂhaving
théarrangémentdescribedabovewillbebrieflydescribednext.
The pulse light emitted from the light source 1, that is, the
exposure light IL , is incident on the illumination unifying
optical system 2. After the exposure light IL enters:the
illumination unifying optical system 2, the sectional'shape
of the exposure light IL is shaped by the beam shaping optical
system so that the incident efficiency on the fly-eye lens
arranged further downstream is improved. Then, the exposure
light IL is incident on the rough energy adjuster. And after
theexposurelightILpassesthroughtheroughenergyadjuéterf
it enters the fly-eye lens, which creates the secondary light
source made up of many point light sources on the outgoing
end of the fly-eye lens. The exposure light IL, outgoing from
these point light sources, then passes through one of the
aperture stops, and proceedé to the rectangular opening of
the fixed reticle blind 5A and the movable reticle blind 5B
via the relay lens 3. After passing through the fixed reticle
blind 5A and themovable reticleblind 5B, it then passes through
the relay lens 6, and is bent vertically downward by the
deflection mirror 7, to the condenser lens 8, and then r_eaches
the illumination area IRS of the reticle R held on the reticle
stage RST, and illuminates the area with uniformdistribution.
Meanwhile, the exposure light IL which is reflected on
the beam splitter (not shown in Fig.) arranged in the
illumination unifying optical system 2, is detected by the

integrator sensor, and the photoelectric conversion signal
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of the integrator sensor is sent to the main controller 20
via a peak hold circuit and an A/D con#erter_(not shown in
Figs.). |

' Al.t.hough it is not illustrated in Fig. 1, the respective
portions structuring the illumination optical system (2, 3,
5 - 8) are fixed inside a case called an illumination casting.
The inside of the illuminationcasting is sealed fromtheoutside
air, andisfilledwithcleannitrogengas (N2) which air (oxygen)
concentration does not exceed a few ppb, or an inert gas such
as helium gas (He), and the like. This case is supported by
a support frame planted on the mainframe (neither of them shown
in Figs.).

On the r_eticlé stage RST, the reticle R is fixed, for
example, by vacuumchucking. ThereticlestageRST, isarranged
on a reticle base (not shown in Figs.), and can be fiﬁely driven
within a plane (XY plane) which is perpendicular to the optical
axis IX of the illumination optical system, and scanned within
a predetermined range of strokes in fhe scanning direction
(inthiscase, itistheYdirectionbeingthe landscape direction
in Fig. 1) by the reticle driving portion 11.

The position (including rotation) of the reticle stage
RST wit_:hin the rhoving surface is detected at all times at a
resolutJ’_.on of around, for example, 0.5 to 1lnm, by a reticle
laser interferometer 16 via a movable mirror 15 attached on
the upper moving surface of the reticle stage RST. The
positional informationof the reticle stageRST fromthe reticle
laser interferometer 16 is sent to the stage control system

19, andthentothemaincontroller20. Thestage control system
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19 drives and controls the reticle stage RST via the reticle
driving portion 11 based on the positional information, in
accordance with instrucﬁions from the main controller 20.
Although, it is omitted in the drawings, the reticle base is
held by a holding member called Invar, which also holds the
projection optical system PL. The Invar is planted on the
mainframe (not shown in Figs). |

Furthermore, the material usedl for the reticle R should
differ depending on the light source used. That is, in the
case of using the ArF excimer laser or the KrF excimer as the
light source, materials such as fluorite or synthetic silica
glass can be used. However, in the case of using the F,; laser
as the light source, the material used should be of fluoride
crystal, such as fluorite.

The projection optical system PL is arranged under the
reticle stage RST as shown in Fig. 1, and the direction in
the optical axis (coincides with the optical axis IX of the-
illﬁmination optical system) is the Z-axis direction. The
projection optical system PL is, for example, a double
telecentric reduction system that is made up of a plurality
of lens elements arraﬁged along the optical axis direction
in predetermined intervals. The projectién magnification B
of the projection optical system PL is, for example, 1/4 or
1/5. Therefore, when the illumination area IAR of the reticle
R is illuminated by the exposure light IL, as is described
earlier, the pattern formed on the reticle R is reduced by

the projection magnification B, and the reduced image is

- projected and transferred onto the wafer W coated with resist
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(photosensitive agent), on the slit shaped illumination area
IA.

The inside of the barrel of the projection optical system
PL, isalsofilledwithcleannitrogengas (Nz) whichair (oxygen)
COncéntration does not exceed a few ppb, or an inert gas such
as helium gas (He), and the like.

In the case of using the KrF excimer light or the ArF
excimer light as the exposuré light IL, as the lens elements
making up the projection optical system PL, materials such
as fluorite or synthetic silica glass can be used. However,
inthe case of usingthe F, laser as the 1light source, thematerial
ﬁsed for the lens of the projection optical system PL should
all be made of fluoride crystal, such as fluorite.

The wafer stage WST can be driven freely within the XY
two dimensional plane (including the 0z rotation (rotation
around the Z—axié)) via a wafer driving unit 21 which is
strﬁctured of, for exampie, a 1ihear-motor or a planar motor
and the 1like. A wafer holder 25 is arfanged on the wafer stagé
WST, and the wafer holder 25 holds the wafer W by, for example,
vacuum chucking; The wafer holder 25 is, in actual, mounted
on the Z leveling table that can be. finely driven in the 2
directionandthetiltdirectionintheXYplane(theBxdirection
being the rotational direction around the X-axis and the Oy
direction being the rotational direction around the Y-axis).
Accordingly, the position and posture of the wafer W can be
controlled in directions of six degrees of freedom, in the
X, Y, Z, 0x, By, and 8z directions. 1In éddition, although it

is omitted in the drawings, a reference mark plate that has
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various typesof referencemarks formed ontheplate, isarranged
on the Z leveling table (not shown in Figs.) . The surface. of
the reference mark plate, is almost the same level as of the
surface of the wafer W.

In addition, the position of the wafer stage WST within
the XY plane is detected at-ali 'timeé at a resolution of around, .
fof example, 0.5 to 1lnm, by a wafer laser interferometer 31
via a movable mirror 27. The positional information (or the
velocity information) of the wafer stage WST is sent to the
stage control system 19, and then to the main controller 20.
The stage.control system 19 drives and controls the wafer stage
WST via the wafer driving portion‘ 21 based on the positional
information (or the velocity information), in accordance with
instructions from the main controller 20.

Onthe side surfaceof thebarrel of theprojectionoptical

system PL, an alignment optical system ALG serving as a mark

‘detection system based on the off-axis method is arranged.

As fhe alignment optical system ALG, an alignment sensor which
measures the position of the mark by illuminating the mark
with a. broadbanded light such as a halogen lamp and image
processing t.he hark image, that is, FIA (field Image Alignment)
system, is used. The alignment optical system ALG is capable
of measuring thepositionof the reference marksonthe reference
mark plate and the alignment marks on the wafer W in the X,
Y two dimensional direction.

The information from the alignment optical system ALG
is sent to the alignment control unit (not shown in Figs.}.

And the alignment control unit digitally converts the
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information intoa _waveform signal, and by prbcessing the signal
the position of the mark is detected. The information on the
mark position detected, is sent to the main controllér 20.

Furthermore, as the alignment optical system ALG, such
an élignment sensor that irradiates coherent detection iight

onto the objective mark and detects the scattered light or

the diffracted light generated from the mark, or an alignment

sensor that detects the two diffracted lights (such as: even
order) generated from the mark by making them interfere, may
be used exclusively, or may be combined in use as appropriate.
For example, alignment sensors of an LSA (Laser Step Alignment)
system, LIA (Laser Interferométric Alignment) system, and the
like can be used.

In addition, the exposure system 102 consists of an
irradiation optical system 13 and a photodetection optical
system 14 that are integrally fixed to the holding member which
holds the projection optical system PL, and comprises a focus
sensor which measures the position of the wafer W in theiZ
direction. As the focﬁs sensor (13, 14), a multiple focal
position detection.system which details are disclosed in, for
example, Japanese Patent Laid Open No. 06-283403, and the
corresponding U..S. Patent.No. 5,448,332, is employed; The
output of the focus sensor (13, 14) is sent tothemaincontroller
20, and the main controller 20 sends instructions to the stage
control unit 19 to control the Z position and leveliﬁg of the
wafer holder 25 via the Z leveling table (not shown in Figs.).
That is, the main controller 20 performs what is called a focus

levelingcontrol. Thedisclosures referred to above, are fully
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incorporated heréin by-reference.

Furthermore, although it is omitted in Fig. 1, a pair
of reticle alignment microscopes are arranged a-bove thereticle
R. The details of the reticle alignment microscope, are-
disclosed in, for example, Japanese Patent Laid Open No.
07417646-8, and the corresponding U.S. Patent No. 5,646, 413.
The reticle alignment microscope disclosed, is structured of
the TTR (Through The Reticle) élignment optical system which
uses the exposure wavelength to observe the reticle mark (not
shown in Figs.) on the reticle IR and the mark on the reference
plate at the same time via the pr0]; ectioﬁ optical system. The
detection signals from the reticle alignment microscopes, are
sent to the main controller via the alignment control unit
(not shown in Figs.).

The main controller 20 is structured of a CPU (Central
Processing Unit), a ROM (Read Only Memory), a RAM (Random Access
Memory), a microcomputer (or a workstation) including parts
such as the I/0O interfaée, and totally dontrols each parts
configuring the exposure system 102.

Along with the main controller 20, an input/output unit
30 is arranged. The input/output unit 30 includes a pointing
device such as a mouse or a keyboard,_ and-a display unit. The
operator inputs various data through the input/output device
30, and the process program which is a type of database to
set exposure conditions ismade. Thiswillbe refer:;ed tolater
in the description.’

The main controller 20 totally controls the synchronous

scanningof thereticleRandthewaferW, the steppingoperations
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of the wafer W, the exposure timing, and the like, so that
the exposure operation is performed accurately.

To be more precise, the main controller 20, for example,
controls the position of the reticle stage RST and the wafer
stage WST based on the measurement values of the laser
interferometer 16 and 31 during scanning exposure, while giving
outinstructionstotﬁestagecontrolsystemlgtosynbhronously
move the reticle stage RST and the wafer stage WST. And
according to the instructions, the stagé control system 19
controls the position and the velocity of the reticle stage
RST and the wafer stage WST via the reticle driving portion
11 and the wéfer_driving portion 21 while monitoring the
measurement values of the laser interferometer 16 and 31. By
this control, the reticle R is scanned via the reticle stage
RST in the +Y direction (or -Y direction) at a velocity Vr=V
in respect to the illumination area IAR, and'the wafer W is
also scanned in synchronous via the wafer stage WST in the
-Y direction (or +Y direction) at a velocity Vw=B-V (B is the
mégnification from the reticle R to the wafer W) in respect
to the exposure area IA. | Thus, in the embodiment, the reticle
drivingportionil,thewaferdrivingportionZl,andthestage
control system 19 make up a synchronous driving unit which
drives the reticle stage RST and the wafer stage WST in
synchronous in a predetermined directibn in respect to the
exposure light IL, each time exposure is performed.

Also, when the stepping operation is performed, the main
controller 20 gives instructions to the stage control syétem

19 on stepping operations, while controlling the position of
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the wafer stage WST based on the measureﬁent values of the
laser interferometer 31. And according to the instructions,
the stage control system 19 controls the position of the wafer
stage WST-via the wafer driving portion 21, while monitoring
the measurement values of the laser interferometer 31.

In addition, the main controller 20 controls the
oscillgtion wavélength (emission timing) of the light source
1 and the emission power and the like by providing control
information to the light source 1 while monitoring the output
of the integrator sensor, or controls ‘the 1light amount
irradiated oh the reticle R by controlling the rough energy
adjuster,sothatthetargetexposureamountwhichisdetermined
by expoéure conditions and the sensitivity of the resist is
provided to the wafer W dufing scanning exposure. Also, the
main controller 20 controls the illuminétion system aperture
stop plate, and furthermore, controls the opening and closing

of themovablereticleblind 5B in synchronouswith theoperation

information of the stage system.

Next, with the expdsure apparatus 100 related to the
embodiment, the setting of exposure conditions for making the
process program, which is performed prior to exposure, wili
be briefly described. As an example, the case of setting
exposureconditionsfordoubleexposuretoprintisolatedlinés
with an extremely thin line width on the wafer W, will be
described. With the double exposure, in the first exposure,
a phase shift reticle (hereinafter referred to as “reticle
R1” for the sake of convenience), on which fine lines and space

(L/S) patterns are formed, is used to perform exposure with
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high'precision. Next, in the second exposure, a reticle
(hereinafter referred to as “reticle R2" for the sake of
cqnvenience)onwhiéha;mtternisformedthatmasksthepattern
to be transferred (the pattern to be printed onto the wafer),

is used for exposure. By using this reticle, the unnecessary -

‘portion of the L/S pattern is erased, and only the isolated

lines are printed on the wafer. Such details, are disclosed
in, for example, Japanese Patent Laid Open No. 04-273427.

First of all, the operator selects “double exposure”
on the main menu shown on the display of the input/output unit
30, by using, for example, the mouse. And in correspondence
with the selection of double exposure, the main controller
20 shows the screen to determine the name of the reticle used
in the double exposure. The opefator, then inputs the names
of the respective reticles, “R1” and “R2”, to be used in the
first exposure and in the second exposure through the keyboard.
The data of the reticle “R1” and “R2” are respectively stored
in the first data storage area and the second data storage
area of the RAM.

After completing the input of the name of the reticle,
when the operator clicks the finish button with the mouse,
the main controller 20 then shows the next screen where input
is'reéuired, such as the setting screen for illumination
conditions. The operator then inputs the data of illumination
conditions for the first exposure and the second exposure
through the keyboard. Fof example, as the illumination
condition for the first exposure and the second exposure,

modified illumination and normal illumination are input. The
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data input on modified illumination and normal illumination
are respectively stored in the first data storage area and
the second data storage area of the RAM.

Then, by the operator clicking the finish button with
the mouse, the main controller 20 shows the next screen which
requires input on the display, and similarly in this manner,
input of conditions and the scroll of the screenis repetitively
performed. And when all the exposure conditions are input,
the process program including the daté set on .exposure
conditions for each ekposure is made and filed in the RAM.

The operation on double exposure performed according
to the process program will be described next. |

As a premise, when starting the exposure operations,
preparatory operations in respect to the wafer W such as the
loading of the wafer Wonto the wafer stage WST and EGA (enhanced
global alignment) of the wafer W using the alignment optical

system ALG are to be complet'ed beforehand. The details of EGA,

~are disclosed in, e.g., Japanese Patent Laid Open No. 61-44429

and the corresponding U.S. Patent No. 4,780,617, and the
disclosures cited above are fully incorporated herein by
reference. |
. Then, the operator givés instructions through the
input/output unit 30 to start exposure, and thus the exposure
operation begins. | |
First, the main controller 20 reads the data on exposure
condiﬁions (a part of the process program file) stored in the

first data storage area of the RAM, and sets the exposure

conditions based on the data. In concrete, the reticle Rl is



10

15

20

25

35

loaded onto the reticle stage RST via the reticle holder (not
showh in Figs.). Also, basedon the data read, which is stored
in the first data storage area of the RAM, the illumination
conditionofthefirstexposureissetalongwithotheréxposure
conditions. Dntheconditionssetforilluminatioﬁ,selection
of the aperture stop on the illumination system aperture stop
plate is included. Inthis case, the aperture stop formodified
illumination.is to be selected.

Next, the main controller 20 performs r-eticlé'alignment
in fine mode, as in the following example, based on the data
related to exposure accuracy which is also in the data read
in the first data storage area of the RAM such as the information
on the reticle Rl (to be more specific, that the reticle Rl
is a phase shift reticle and the pattern formed is anL/S pattern
with an extremely thin line width).

-Thatiis, the main controller 20 gives instructions to
the stage control system 19 based on the measurement results
of the laser interferometer 16 and 31 to move the reticle stage
RST and the wafer sﬁage WST, so that out of 4 pairs of reference
marks for reticle alignment (hereinafter referred to as “the
first reference mark”) formed on t;lle reference mark plate on
the wafer stage WST, a predetermined pair of the first reference
mark and the reticlé mark image on the re-ticle R1 corresponding
to the first reference mark can be observed at the same time

by using the pair of reticle alignment microscopes (not shown

in Figs.).

Then, the main controller 20 measures the amount of

positional shift of the reticle mark image on the reticle Rl



10

15

20

25

36

corresponding to the first reference mark with the pair of

‘"reticle alignment microscopes.

The maiﬁ controller 20 then gives instructions to the
stage control system 19, and by synchronously moving the
refe;ence mark plate and the reticle Rl by the projection
magnification in the Yidirection, sequentially measures the
amount lof positional shift of the reticle mark images
corresponding to the remaining three pairs of reference marks.

And from the amount of positional shift of the reticle
mark images corresponding to the four pairs of reference marks,
themaincontrollerZOcalculétestheoffset,rotationalangle,
distortibn, and the shift of angle in the scanning direction
and the like of the positional shift of the projection image
of the reticle R1 in respect to the reference mark plate, or
inotherwords;thewaferstageWST,andStoresthecalcuiation
results in the temporary storage area of the RAM. The details
pfthereticlealignmentoperationarédisclosedin,forexample,
Japanese Patent Laid Open No. 07-176468, and the corresponding |
U.S. Patent No. 5,646,413, and the disclosures cited above
are fully incorporated herein for reference. Then, the main
controller 20 corrects the image forming characteristics of
the projection optical system PL through the image forming
characteristics correction controller so that the distortion
referred to above is suppresséd to a minimum.

After thereticlealignment described above is completed,
the main controller 20 then moves the wafer stage WST so that
the reference mark plate is arranged directly below the

alignment optical system ALG, and detects the amount of
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positional shift of the second reference mark on the reference

plate from the detection center of the alignment optical system

 ALG. Andbasedonthedetectionresultsonthepositional shift,

the measurement values of the laser interferometer 31 at this
point, and the designed bas'eliné amount, the main controller
20 caiculates what is called the baseline amount. |
When the preparatory operations to expose the 'wafer W
is completed in this manner, the main controller 20 then gives
instructions to the stage control system 19 to move the wafer
stage WST and the reticle stage RST based on the results of
the wafer alignment, baseline measurement and the like. The
stage control system 19 then controls the wafer driving portion
21 based on the measurement values of the laser interferometer

31, and moves the wafer stage WST to the starting position

of scanning exposure of the first shot area on the wafer W.

And at the same time, the stage control system 19 controls
the reticle driving portion 11 based on the measurement values
of the laser interferometer 16, and also moves the reticle
stage RST to the starting position of scanning exposure. While .
this movement is performed by the instructions from i:he main
controller 20, the stage control system 19 also corrects the
position of the reticle Rl so thaﬁ the amount of positionai
shift of the reticle Rl obtained in the retic]..e-alignment is
reduced to a minimum. -

Next, based on instructions from the main controller
20, the stage control system 19 begins to scan the ret_iclé
stage RST and the wafer stage WST in the Y direction via the

driving portions 11 and 21. And when both the stages, RST and
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WST respectively reach the target scanning velocity (scanning
velocity), and the main controller 20 decides that both the
stagesRSTandWSThavereachedthésynchronoussettlingstate,
the ultraviolet pulse light from the light source 1 starts
illuminating the pattern area of the reticle R, and thus the
scanning exposure begins.

The light source 1 starts to emit the ultraviolét pulse
light prior to the scanning exposure, however, since the main
controller 20 controls the movement of each blade of themovable
reticleblind5BinSynchronouswiththenwvementofthereticle
stage RST, the irradiation of the ultraviolet pulse light onto
areas other than the pattern area of the r-eticle Rl is avoided,
as is with the scanning stepper in general.

And, different areas of the pattern area of the reticle
Rl are sequentially illuminated by theultraviolet pulse light,
and by completing illumination of the entire pattern area,
scanning exposure of the first shot area is completed. In this

manner, the pattern of the réticle Rl is reduced and transferred

" onto the first shot area on the wafer W via the projection

optical system PL.

During the scanning exposure, in accordance with

instructions from the main controller 20, the stage control

system 19 corrects the angular error of the reticle Rl in the
scanning direction which is obtained during the reticle
alignment described earlier.

When the scanning exposure of the first shot area is
completed in this manner, based on inétructions from the main

controller 20, the stage control system 19 then steps thé wafer
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stage WST to the next shot area via the wafer driving portion
21, and moves the wafer stage WST to the starting position
of scanning exposure on the second shot area.

When the stepping is performed, the stage control system
19 measures the positional deviation of the wafer stage WST
intheX, Y, end 0z direction realtime, based on the measurement
values of the laser interferometer 31 according to instructions
from the main controller 20. And, based on the measurement
results, the stage control system 19 controls the wafer driving
portion 21 so that the XY positional deviation of the wafer
stage WST is set at a predetermined state.

In addition, according to instructione from the main
controller 20, the stage control system 19 controls the reticle
driving portion 11 based on the information on deviation of
the wafer stage WST in the Oz direction, and -rotatabl-y controls
the reticle stage RST so as to compensate for the rotational
deviation error on the wafer W eide.

And, when the main controller 20 judges that the wafer
stage WST has settled to the starting position for scanning
exposure on the second shot area, scanning exposure is performed
on the second shot area of the wafer W, as is described earlier.

Inthismanner, scanningexposure and steppingoperations
to expose the next sh-ot area is repeated, and the pattern of
the reticle R1 is sequentially transferred onto the shot areas
subject to exposure on the wafer W, and thus the first exposure
is completed. | |

Then, the main controller 20 reads the data on exposure

conditions (a .part of the process program file) stored in the
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second data storage area of the RAM, and sets the exposure
conditions based on the data. In concrete, the reticle R2 is
loaded onto the reticle stage RST via the reticle holder (not

shown in Figs.). Also, based on the data read, which is stored

'in the second data storage area of the RAM, the illumination

conditionof the secondexposure is set alongwithother exposure

conditions. Intheconditions set for illumination, selection

‘of the aperture stop on the illumination system aperture stop

plate is included. This time, the aperture stop for normal
illumination is to be selected.

Next, the main controller 20 performs reticle alignment
inquickmode, which is amode simplifying the fine mode referred
to earlier, based on the data related to exposure accuracy
which is also in the data read in the second data storage area
of the RAM, such as the information on the reticle R2 (to be
more specific, that the reticle R2 is a normal reticle and
only a part of the pattern is formed so as to avoid unnecessary
patterns from being transferred).

That is, the main controller 20 gives instructions to
the stage control system 19 based on the measurement results
of the laser interferometer 16 and 31 to move the reticle stage
RST and the wafer stége WST via the reticle driving portion
11 and the wafer.driving portion 21, so that out of 4 pairs
of referencemarks for reticle alignment formed onthe reference
mark plate on the wafer stage WST, a predetermined pair of
the first reference mark and the reticle mark image on the
reticle R2 cox;responding to the first reference mark can be

observed at the same time by using the pair of reticle alignment
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microscopes (not shown in Figs.).

Then, the main controller 20 measures the amount of
positional shift of the reticle mark image corresponding to
the first reference mark with the pair of reticle alignment
microscopes. |

And from the amount of positional shift of the pair'of
reticle mark images, the main controllér 20 calculates the
offset and rotational angle of the positional shift of the
projection image of the reticle R2 in respect to the reference
mark plate, or in other words, the wafer stage WST, and stores
the calculétion results in the temporary storage area of the
RAM. The details of the reticle alignment operation are
disclosed in, for example, Japanese Patent Laid Open No.
07-176468, and the corresponding U.S. Patent No. 5,646,413,
and the disclosures cited above are fully incorporated herein
for reference.

Aftercompletingthereticlealignmenﬁdescribedabove,
without performing the baseline measurement, the second
exposure is performed using the reticle R2 based on the
step—and-scanmethod, likewisewith the first exposure. Thus,
the pattern of the reticle 2 is.overlaid.on all the shot areas
onthewaferWsubjecttoexposurethatalreathavethepattern
of the feticle Rl accurately transferred. | |

By the double exposure, the image of isolated lin.es with
an extremely thin line width is formed on each shot area on
the wafer W, and by developing the wafer W wi'th the developing
unit, the resist image of isolated lines with an extremely

thin line width is formed on each shot area on the wafer W.
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In the description so far, for the sake of simplicity,
the explanation has been omitted, but with the exposure

apparatus 100 in the embodiment, in the first exposure and

.-thesecondexposure,themaincontrollerZOcmangesthenmximum

movement velocity (and acceleration/deceleration velocity)
of thewafer stage WST during stepping operationsbetween shots,
and the permissible value of positional error when judging
the éettlement to the set position

More parficularly, Fig. 2 schematically shows (a) the
temporal changé of.velocity of the wafer stage WST during
steppingoperationsijlthefirstexpgsure,and (b) the temporal
change of velocity of the wafer stage WST during stepping
operations in the second exposure. And Fig. 3(A) corresponds
to Fig. 2(a), showing the temporal change of the positional
error against thé target value after completing deceleration,
whereas Fig. 3(B) corresponds to Fig. 2 (b) and shows the temporal
change of the positional error against the target value after
completing deceleration.

As is obvious from Fig. 2, the time itself required for
stepping operations is apparently shorter in the second
exposure, since the maximum movement velocity (stepping
velocity) between shots is faster. Accbrdingly,byincreasing
the stepping velocity of the wafer stage WST, the time required
to expose the wafer W can be reduced. However, in the case
of increasing the stepping velocity, since the wafer stage
WST moves faster within a limitedldistance {the distance in
between shots)  @s can be seen from Fig. 2, the absolute value

of the acceleration/deceleration velocity becomes larger. As
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a cohsequence, as is apparént when comparing Fig. 3(A) and -
Fig. 3-(B) , vibration caused with position setting becomes

greater. Therefore, if thepermissible valueof thepositional

error (err) against the target value to judge the settlement
of position setting is both the same value, A,' then naturally,

the time required for the settlemenf. of position settingbecomes

longer when the stepping velocity is faster.

So, the main controller 20 changes the movement state
of the wafer stage WST in the first exposure and second exposure
as shown in Fig. 2, based on the data related to the exposure
accuracy required such as information on the reticle Rl and
information on the reticle R2. Also, the main controller
changes the permissible value of the positional error (err)
in the second exposure to thé value, B, shown in Fig. 3(B).
By doing so, as shown in Fig. 3(B), the time required to complete
position setting in the second exposure is shortened by T1.
Consequently, as can be seen when comparing Fig. 3(A) and Fig.
3(B), the time required for stepping qperations in the second
exposure can be reduced compared to the first exposure without
increasing the settlement time for position setting.

In addition, the main controller 20 changes the movemént
state (scanning velocity, acceleration/deceleration
velocity) of the reticle stage RST and wafer stage WST in the
first exposure and the second exposure, basedonthedatarelated
to fhe exposure accuracy redquired such as information on the
reticleRl and information on the reticle R2, likewise as above.
As a matter of course, the scanning velocity of the second

exposure is faster than the first exposure. By increasing the
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scanning velocity, it is obvious that the time required for
exposure (scanning exposure time) is reduced.

In this case, as is referred to earlier, modified
illumination is employed for the first exposure, whereas,
normal illumination is employed for the ‘second exposure.
There'fore, the illumination (the int—ensity of the energy beam
irradiated on the wafer W) on the wafer surface (image plane)

is stronger in the second exposure. The main controller 20,

| therefore, sets the scanning velocity during exposure higher

in the second exposure in accordance with the illumination
variation, so that the desirable exposure amount is provided
onto each point on the wafer W at all times.

Also, in the case of increasing the scanning velocity,

since the movement strokes of the reticle stage RST are limited

the acceleration/deceleration veldcity before and after
scanning (scanning in this case, is the period'of constant
synchronous movement) needs to be larger. This also increases
the error of the reticle stage RST and wafef stage WST after
completing acceleration against the target velocity
.(accordinc.;ly, the error against the target position). And as
a consequence, when judging the | completion of synchronous
settlement basedon thé same permissible value of thepositional
error, the time required for both stages RST and WST to reach
the coﬁstan.t synchronous state (synchronous settlement time)
becomes longer. .Therefore, the main controller 20 increases
the permissible value of the positional error which determines
the synchronous settlement in accordance with the scanning

velocity increased, so that the synchronous settlement time
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in the second exposure does not increase compared with that
of the first_exposure. |

" As is described, with the exposure apparatus 100 related
to the embodiment, in the case of performing exposure two times

on the same wafer, for example, performing double exposure

on each shot area on the wafer W by using the reticle Rl and

R2 to print isolated.lines with extremely thin line width on
the wafer W, the main controller 20 changes: a. the movement
state of the wafer stage WST (stepping velocity,.
acceleration/deceleration velocity) during stepping
operations betweeh shots and the permissible value of the
positional error (err) against the target value to judge the
settlement of position setting to the starting position of
scanning on the next shot area; b. the movement state of.both
the stages WST and RST for exposure (scanning velocity,
acceleration/deceleration velocity) and the permissible value
of the positional error todetermine the synchronous settlement
in accordance with the increase in scanning velocity; and c.
the setting of fine mode or quick mode in reticle alignment,
according to the exposure accurécy (in the embodiment, the
exposure accuracy is judged, for example, based on the
information on the reticle Rl and R2) required ih each exposure.
Inthis case, the main controller 20 changes each control factor
so that in the first exposure where high exposure accuracy
is required, more importance is put on resolution rather than

throughput, and on the other hand, in the case where the exposure

" accuracy required is not so high, then the priority is on

throughput rather than resolution.
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By changing the movement state of the wafer stage WST
.(stepping velocity, acceleration/deceleration velocity)
during stepping operatioﬁs between shots and the permissible
value of the positional error (err) against the target value
to judge the settlement of position setting to the starting
position of scanning on the next shot area, as is described
above in a., the time required for stepping operations can-
be reduced in the second exposure when compared with the first
exposure without increasing the settlement time for pdsition
setting, as isdescribedearlier. Therefore, as a consequence,
the time required for exposure can be reduced.

However, this does not always have to be executed. If
the velocity and acceleration/deceleration velocity (the
‘movement state) of the wafer stage WST.during stepping
operationsischangedinconsiderétionofreducingtheexposufe
time by increasing the stepping velocity and the increase in-
settlement time of position setting, to an extent so that the
throughput increases in general, the same value may be used
at all times as the permissible value of the positional error
. (err) against the target value to judge the settlement of
position setting.

Or, in the first exposure and the Second.exposure, only
the permissible value of the positional error on position
setting may be changed, without changing the wvelocity and
acceleration/deceleration vélocity (the movement state) of
the wafer stage WST during stepping operations. When the
permissible value of the positional error is increased, the

position setting state can be defined at an earlier stage,
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which in turn pulls up the start of the next operation (such
as the scanning operations of the reticle stage RST and wafer
stage WST on exposure), thus making it possible to reduce the
total exposure time. |

In addition, by changing the movement state of both the

.stages WST and RST for exposure (scanning velocity,

acceleration/deceleration velocity) and the permissible value

of the positional error todetermine the synchronous settlement

in accordance with the increase in scanning velocity, as is

stated above in b., when the 5canning velocity in.the second
exposure is increased compa;ed with the first exposure, the
time iequired for scanning exposure can be reduced without
increasing the settlement time for position setting, as is
described earlier.

However, regardleés of what is described above, if the
movement state of both the stages WST and RST during scanning
(velocity, acceleration/deceleration velocity) is changed in
consideration of reducing thé scanning- exposure time by
increasing the scanning velocity and the increase in the

synchronous settlement time, toanextent sothat the throughput

" increases in general, the same value may be used at all times

as the permissible value of the positional error to judge the

synchronous settlement.

Alternatively, the permissible value of the positional
error to judge the synchronous settlement of both stagés may
be increased, without changing the scanning velocity and the
like of the reticle stage RST and wafer stage WST. In this

case, since both stages reach the synchronous settling state



10

15

20

25

48

at an earlier stage, the next expdsure operation (irradiation
of the exposure light IL) can start eaflier, thus making it
possible'to reduce the total exposure time. |

By changing the reticle alignment mode, as is stated
above in c., the time réquired for reticle alignment in the
second exposure is appareﬁtly reduced compared with the first
exposure, allowing improvement in throughput. comparéd with
the case when the fine mode reticle alignment is performed
in each exposure. The reticle alignment is performed to align
the position (overlay) between the reticle and the wafer,
therefore, in the embodiment, the main controller 20
cbnsequently changes the relative alignment precision between
the reticle pattern and the wafer on exposure, by changing
the mode of reticle alignment.

With the exposure apparatus 100 according to the
embodiment, the main controller 20 changes various throughput
control factors such as a. — c¢. described above in accordance
with the exposure accuracy required. Therefore, whén
performing double exposure on the samé wafer, compared with
the case when the exposure system 102 is controlled based on
fhe same throughput control factor on each exposure, it ié
obvious that the throughput can be improved. Meanwhile, since
the throughput factor is changed in the second exposure where
the exposure accuracy required is not so high, that is, the
throughput factor is changed so that priority is put on
throughput only when a decrease in exposure accuracy is allowed
to some extent, as a consequence, thé exposure.accuracy can

be maintained at a sufficient level. Furthermore, of the
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throughput control factors a. to c., for example, the factor

c. does not necessarily have to be performed.. That is, in the

- first exposure and the second exposure, only at least one

throughput control factor, which is related to the exposure
operation othef than alignment', needs to be changed.

Furthermore, in the description so far, the case has
been described of perfofming double exposure to print a pattern-
of isolated lines-with an.extremely thin line width on the
wafer W. The present invention, however, is not limited to
this, and similarly, in the case of double exposure with the
first exposure to set the pattern size and the second exposure
to set the shape of the pattern, the throughput can be improved
while maintaining suffj.cient exposure accuracy with the
eprsure apparatus 100 in the embodiment, likewise with the
case described ear;ier.

As other examples of the double exposure method, there
is an exposure method of using longer L/S or isolated lines
than that of thedesigned value (the final pattérn tobe ﬁrinted)
as the first pattern, and when transferring the first pattern
using modified illumination or the phase shift reticle to
improve the resolution and depth of focus (DOF) in the first
exposure, whereas in the second exposure as the second pattern
a frame shaped pattern corresponding to each line pattern is
transferred under the condition of normal illumination so as
to remove both ends of the line pattern that grow thinner.
Such an exposure method, is disclosed in, for example, Japanese
Patent Laid Open No. 10-284377, and the corresponding U.S.

Application No. 055,949 (appliéation filed: April 7, 1998),
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and the disclosures cited above are fully incorporated herein
by reference.

As other examples, there is the opticai proximity
correction (OPC) to print a _Small, squarish-shaped pattern
onto the wafer, which detéils are disclosed in, Japanese Patent
Laid Open No. 02-166717. With the OPC, not only the pattern
required, but also the unnecessary patterns are printed in
the first exposure. And, the second exposure is pérformed to
remove the unnecessary patterns, however, in the second
exposure, the exposure accuracy required is not so tight és
the first exposure. Accordinély, by changing the throughput
control factor (changing the control accuracy) in accordance
with the exposure accuracy required likewise as above, the
time required for the second eXposure is reduced, making it
possible to improve thé throughput.

Furthermore, _in the embodiment, the cése has been
described of double exposure on the same wafer. The method
of changing the throughput control factor (changing the control
accuracy) in accordance with the exposure accuracy required,
however, can be applied as a matter of course, to multiple
exposure such as triple exposure and over.

In the description so far, the case has been described
in which the present invention is applied to multiple'exposure
such as double eprsure. If the exposure accuracy required
in each exposure differs, however, the present invention can
be applied to joint exposure (stitchiﬁg exposure) where
patterns are transferred oh adjacent divided areas on the same

wafer (substrate) so that the patterns are joined on the wafer.
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‘Inaddition, if the exposu'r-e'accuracy required each time
(or in each layer) differs, the first expoéure and the second
exposure may be performed on the same wafer (substrate) but
on different layers. In this case, as is described above, the
first exposure may be to set the pattern size and the second
exposure may be to set the shape of the pattern. In such a
case, the control accuracy on the second exposure.(the accuracy
changed by changing the throughput control factor as in a.
- ¢. when described in line with the embodiment) can be loosely
set compared with the control accuracy of the first exposure.
By doing so, f:he throughput can be improved while sufficiently
maintaining the exposure accuracy, likewise with ﬁhe
embodiment.

For example, in the case of performing exposure on
different layers on the same wafer,-the main controller 20
can change either the movement state of the wafer stage WST
(stepping velocity, acceleration/deceleration ‘velocity)
during stepping. operations between shots or the permissible
vahlue of the pos’itiona.l error on posifion setting, the movement
state of the reticle stage RST and wafer stage WST on scanning
exposure (scanning ve'locity, acceleration/deceleration
velocity) and either one of the corresponding illumination
on the wafer surface and the permissible value of the positional
error to determine the synchronous settlement, or the retilcle

| alignment mode, or all of these three according to the exposure
accuracy requiredineachlayer. Alternatively, orinaddition
to these, the méin controller 20 may change the number of the

' sample shots or the number of the sample marks in the EGA which
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is perfofmed prior to each exposure, from the second exposure
onward according to the exposure accuracy required. In this
case, when the exposure accuracy .required is high, then the
number of the EGA sample shots is increased,-and in. the case.
the required exposure accuracy is not so high, then the number
of the EGA sample shots is reduced. This allows an increase
in throughput compared with when the same number of sample
shots are uséd regardless of the exposure accuracy required..
Also, the exposure accuraéy can be sufficiently maintained.
In this case, needles to say, the relative alignment precision
between the reticle and the wafer is changed by changing the

number of EGA sample shots. Inaddition, apluralityof wafer

~ alignment modes (including modes such as an EGA mode, and a

weighted EGA mode which provides weight to the positional
information correspbnding to the distance between the shot
which coordinate value has to be obtained and each sample shot)
can be used, and the mode may be changed in accordance with
the exposure-accuracy.

Alternate to, or in addition to what has been described,

. themain controller 20 may change at least one of the permissible

value of the energy dispersipn of the pulse light emitted from
the light source 1 and irradiated on the wafer W and the
repetition frequency on each exposure as the throu.ghput control
factor, according to the exposure accuracy réq.uireﬂd. If the
permissible value of the energy intensity dispersion of the
pulse light is large, then the time required for adjustment

can be reduced. And if the repetition frequency is high, the

_energy power also increases, therefore re-measurement of the
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light améunt is required. However, if the_ exposure acéuracy
required is loose enough, thenthe re—méasurém‘ent maybeomitted.
Accordingly, by omitting the re-measurement and by the energy
power increased with the increase of the repetition ffequency
(in the case of the scanning exposure apparatus, the scanning
velocity needs to be adjusted according to this increase),
the time required for exposure can be reduced.
Furthermore, in the embodiment above, the case has been
described when the main controller 20 changes the throughput
control factor on its own judgement, according to the .exposure
accuracy required each time e;;posure is performed, however,
the present invention is not limited to this. For example,
in the case the control system has a process program file that
sets various parameters to control the exposure system, similar
to the embodiment above, the process pr-ograni file may be made
so that the various parameter values related to the control

factors used in each exposure can be individually set. In such

' a case, the operator individually sets the various parameter

values used in each exposure in the process program file in
advance_-, and the control system controls the exposure system
in accordance with the process program file. Thus, the control
factor is changed on each exposure, aécording to the exposure
accuracy required. Therefore, only a minor change in the
current process program file is needed, and there is no heed
tomake a new, complex exposure processing program (software).

In addition, in the embodiment above, the case has been
described of the present inventionbeing appliedto the scanning

exposure apparatus based on the step-and-scan method. Th



10

15

20

25

54

present invention, however, is hot limited to this, and is
suitably applicable to a.static type exposure apparatus'sﬁch
as the steﬁper. In the case of the stepper, as the control
system, instead of the throughput control factor (excluding
the factors related to scanning) which has been described,
orinadditiontoit, thepermissiblevalueof defocusonexposure
may be changed.

For example, when the required exposure accuracy is tight,
the defocus amount allowed is extremely small, and if the

exposure accuracy required is loose, then even if the

'permissible defocus amount may be a little large, it hardly

affects the exposure. Accordingly, the control system sets
asmallpermissiblevaluefordefocuswhentheexposureaccuracy
required is high, and sets a somewhat large permissible value
for defocus when thé exposure accuracy required ié not so high.
As a consequence, compared to the former, the latter requires
less time for pre-focusing to bring_the focus up to a proximate
level,andcomparedwiththecaseoféettingthesamepermissible
value for defocus on exposure regardless of the exposure
accuracy required, the time required for exposure canbe reduced.
In this case, the exposure accuracy can.be sufficiently
maintained.

In addition, in thé1case of the stebper, an alignment
method may be employed, in which the mégnification and rotation
and the like of the reticle are obtained via the projection
optical system by using a method similar to EGA on the reticle
(mask) side. The details of this.method are disclosed in, for

example, Japanesé Patent Laid Open No. 07-122473, and the
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correspondingU.S.ApplicétionNo.240,599(applicationfiled:

February 1, 1999)ﬁ And by changing the number of the sample

marks of the EGA in accordance with the exposure_accuracy
required, the relative alignment precision between the mask
and the substrate may be changed. The disclosures referred
to above, are fully incorporated herein by reference.
Also, in the case of the stepper, if the intensity of
the energy beam irradiated on the substrate (illumination on
the substrate) is stronger, the time required to expose the
substrate can be reduced, and by reducing the exposure time
the throughput canbe improved. Whenchangingtheillumination
on the substrate, in the case the energy beam source is a pulse

laser light source the repetition frequency may be increased,

"or the energy amount per pulse from the energy beam source

may be increased. Or, the attenuation ratio of the attenuation
element along the optical path between the energy beam source
and the substrate may be changed. |
In addition, the present invention can be applied to
an X-ray exposure apparatus based on the proximity méthod,
and the like, that does not use the projection optical system.
Furthermore, in the embodiment above, the case has been
described in which the preéent invention is applied to the
exposure apparatus using the ArF excimer laser beam
(wavelength: 193nm) or the F; laser beam (wavelength: 157nm)
and the like as the exposure light IL. The present invention,
however, is not limited to this, and can be suitably applied
to an exposure apparatus using vacuum ultraviolet light such

as the Kr, laser beam (wavelength: 146nm), Ar, laser beam
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(wavelength: 126nm) and the like, or an exposure apparatus
using EUV light in the soft X-ray region (wavelength: 5-30nm).

In addition, with the preSent invention, as the energy
beam a harmonic may be used. Tﬁis harmonic, is obtained by
amplifying a single-wavelength laser beam in the infrared or
visible range being emitted by a DFB semiconductof laser or
fiber laser with a fiber émplifier doped with erbium (or both

erbium and ytteribium), and converting the wavelength into

- ultraviolet light using a nonlinear optical crystal.

If, for example, the oscillation wavelength of a
single-wavelength laser is set within the range of 1.51 to
1.59 um, an eighth-harmonics whose generation wavelength falls
within the range of 189 to 199 nm or a tenth-harmonics whose
generation wavelength falls within the range of 151 to 159
nm is output. If the oscillation wavelength is set in the range
of 1.544 to0 1.553 um, in particular, an eighth-harmonics whose
generation wavelength falls within the rahge of 193 to_194
nm, that is, ultraviolet light having almost the same wavelength
as that of an ArF excimer laser beam, can be obtained. If the
_oscillation wavelength is set within the range of 1.57 to 1.58
um, a tenth-harmonics whose generation wavelength fallswithin-
the range of 157 to 158 nm, that is, ultraviolet light having
almost the same wavelength as that of an F, laser beam, can

be obtained.

If the oscillation wavelength is set within the range

of 1.03 to 1.12 pm, a seventh-harmonics whose‘generation

wavelength falls within the range of 147 to 160 nm is output.

If the oscillation wavelength is set within the range of 1.099
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to 1.106 pm, in particular, a seventh-harmonics whose
generation wavelength falls within the range of 157 to 158
pm, that is, ultraviolet light having almost the same wavelength

as that of an F», laser beam, can be obtained. In this case,

as a single—wavelength_oscillation laser, for example, an

ytteribium-doped fiber laser can be used.

Furthermore, the projection optical system or the
illumination optical system referred to in the embodiment,
is amere examplé, and it is a matter of course that the present
invention is not limited to this. For example, the projection
optical system is not limited to the refraction optical system,

and a reflection system made up of only reflection optical

‘elements, or a reflection/refraction system (catadioptric

system) comprising refle.ction optical elements and refraction
optical elements may be employed.

Furthermore, the present invention can be applied to.
not only an exposuie apparatus manufacturing a semiconductor
elemenf but also to an exposure apparatus to transfer a device
pattern onto a glass plate used to manufacture a display such
as a liquid crystal display, to transfer a device pattern onto
a ceramic wafer used to manufacture thin-film magnetic heads,
an exposure apparatus used tomanufacture image sensingdevices
(CCDs and the like), an exposure apparatus used to manufacture
a micromachine and DNA chips, and in addition, an exposure
apparatus used to manufacture a mask or a reticle.

The éxposure apparatus 100 in the embodiment above:
related to the present iriv_ention can be made by incorporating

the illumination optical systemmade up of a plurality of lenses
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and the projection optical system into the main body of the
exposure apparatus, performing optical adjustment, while
incorporating the retiéle stage or wafer stage that are made
up of various mechanical components into the main body of the
exposure apparatus, and connecting the wiring and piping, Iand
furthermore, performing total adjustment (electrical
adjustment, operational adjustment). The expos-ure_ appafatus
ié preferably made in a clean room in which temperature, degrée
of cleanliness, and the like are controlled.

- Device Manufacturing Method

A device manufacturing method using the exposure
apparatus 100 and the exposure method described above in a
lithographic process, will be described next.

Fig. 4 is a flow chart showing an example of manufacturing
a device (a semiconductor chip such as an IC or LSI, a liquid
c1_:ystal panel, | a CCD, a thin magnetic head, a micromachine,
or the like). As shown in Fig. 4, in step 201 (design step),
function/performance is designed for a device (e.g., circuit
design for a semiconductor device) and a pattern to implement
the functionisdesigned. Instep202 (maskmanufacturingstep),
a mask on which the designed circuit pattern is formed is
manufactured. 1In step 203 (wafermanufacturing step), awafer
is manufacturing by using a silicon material or the like.

In step 204 (wafer'processing step), an actual circuit
and the like is formed on the wafer by lithography or the like
using the mask and wafer prepared in steps 201 to 203, as will
be described later. 1In step 205 (device assembly step), a

device is assembled ﬁsing'the wafer processed in step 204.
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Step 205 includes proéesses such as dicing, bonding, and
packaging (chip encapsulation).

Finally, in step 206 (inspection step), a test on the
oberation of the device, durability test, and the like are
performed. After.these steps, the device is completed and
shipped out.

Fig. 5 is a flow cha;t showing a detailed example of.
step 204 described above in manufacturing the semiconductor
device. Referring to Fig. 5, in step 211 (oxidation step),
the surface of the wafer is oxidized. 1In step 212 (CVD step),
an insulating film is formed on the wafer surface. In step
213'(electrode formation step), an electrode is formed on the
waferbyvapordeposition. Instep214 (ionimplantationstep),
ions are implantéd into the wafer. Steps 211 to 214 described
above constitute a pre-process forlthe respective steps in
the wafer process and are-selectively executed in accordance
with the processing required in the respective steps.

| When the above pre-process is completed in the respective
stepsinthewafefprocess,apost—processisexecutedasfollows.
In this post-process,'first, in step 215 (resist formation
step), the wafer is coated with a photosensitive ageht . Next,
as in step 216, the circuit pattern on the mask is transcribed
onto the wafer by the above exposure apparatus and method.
Then, in step 217 (developing step), the exposed wafer is
developed. In step 218 (etching step),'an exposed member on
a portion other than a portion where the resist is left is
removedbyetching. Finally, instep219 (resist removingstep),

the unnecessary_résist after the etching is removed.



10

15

20

60

By repeatedly performing these pre—pfocess and
post-process steps, multiple circuit patterns are formed on

the wafer.

.Asdescribedabove,accordingtothedevicemanufacturing
method of this embodiment, the exposure apparatus and the
exposuremethod in the embodiment isused inthe exposureprocess

(step 216). Therefore, exposure is performed with the

‘throughput improved, while sufficiently maintaining the

exposure accuracy. Accordingly, the throughput can be
improved without reducing the yield of the microdevice on which
afine patternis formed, and as a consequence, the productivity
is improved.

While the above-described embodiments of the present
invention are the presently preferred embodiments thereof,
those skilled in the art of lithography systems will readily
recodhize that numerous additions, modifications, and
substitutidns may be made to the above-described embodiments
without departing from the spirit and scope thereof. It is
intended that all such modifications, additions, and
substitutions fall within‘the scope-of the present invention,

which is best defined: by the claims appended below.
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WHAT IS CLAIMED IS:

1. An exposure method which performs exposure on a
substrate at least twice, said exposure method compriSing:

performing a first exposure on said substrate with a
first control accuracy which corresponds to a first exposure
accuracy required} and

performing a second exposure on said substrate with a
second control accuracy which corresponds to a second exposure

accuracy different from said first exposure accuracy required.

2. The exposure method according to Claim 1, wherein
said first exposure and said second exposure are exposure on

different layers on said substrate.

3. The exposure method according to Claim 1, wherein
said first exposure and said second exposure are exposure on

a same layer on said substrate.

4. The exposure method according to Claim 3, wherein
said first exposure and said second exposure are a stitching
exposure on which patterns are transfefred onto adjacent
divided areas on said substrate so that said patterns are joined

on said substrate.

5. The exposure method according to Claim 3, wherein
said first exposure and said second exposure are a multiple

exposure on which patterns are overlaid and transferred onto
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a same area on said substrate.

6. The exposure method according to Claim 1, wherein

said first exposure is an e#posure which is performed
on said substrate to set a paftern size, and

said second exposure is an exposure which is performed

on said substrate to set a shape of said pattern.

7. The.exposure method according to Claim 6, wherein
said second control accuracy is set looser than said first

control accuracy.

8. The exposure method according to Claim 6, wherein
said first exposure and said second exposure are exposure on

different'layers on said substrate.

9. The exposure method according to Claim 6, wherein
said first exposure and said second exposure are exposure on

a same layer on said substrate.

'10.. The exposure method according to Claim 6, wherein
said first exposure and said second exposure are a stitching
exposure on which patterns are transferred onto adjacent
divided areas on said substrate so that said patterns are joined

on said substrate.

11. The exposure method according to Claim 6, wherein

said first exposure and said second exposure are a multiple
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exposure on which patterns are overlaid and transferred onto

a same area on said substrate.

12. The-exposure method according to Claim 1, wherein
said control accuracy includes at least one of a movement state
of said substrate when position setting a plurality of divided
areas on said substrate to predetermined reference positions,
apermissiblevalueofpositionalerroronsaidpositionsetting,
a relative alighment precision between said substrate and a
mask on which a pattern to be transferred onto said substrate
is formed, a movement state when said mask and said substrate
is moved in synchronous in a predetermined direction, and a
permissible value to determine a settlement when said mask

and said substrate is moved in synchronous.

13. An exposure apparatus -édmprising:

an exposure system which irradiates an energy beam onto
a mask on which a pattern is formed and transfers said pattérn
onto a substrate held on a substrate stage; and

a control system which totally controls said exposure
system and changes a control factor of said exposure system
contributing to throughput, in accordance with the exposure
accuracyrequiredineachexposure'when-repetitivelyperforming

exposure at least twice on said substrate.

14. The exposure apparatus according to Claim 13,
wherein said control system chénges-said control factor of

said exposure system contributing to throughput, in accordance
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with the exposure accuracy required in each layer when

performing exposure on different layers on said substrate.

15. The exposure apparatus according to Claim 13,
wherein said control system changes said control factor of
said exposure system contributing to throughput, in accordance
with the exposure accuracy ;equired in each exposure when
performing exposure at least twice on a same layer on said

substrate.

16. The exposure apparatus according to Claim 15,
wherein séid.control system controls said exposure system and
performs a stitching exposure onwhichpatterns are transferred
onto adjacent divided areas on said substrate so that said
patterns are joined on said subStrateL as exposure performéd

at least twice on said same layer on said substrate.

17. The exposure apparatus according to Claim 15,
wherein said control systenlcontrols said exposure system and
perfdrms a multiple exposure on which patterns are overlaid
and transferred onto a same area on said substrate, as exposure

performed at least twice on said same layer on said substrate.

18. The exposure apparatus according to Claim 17,
wherein said control system controls said exposure System.for
saidmuitipleexposure,whiChincludesatleastafirstexposure
to set a pattern size and a second exposure to set a shape

of said pattern on said substrate.
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19. The exposure apparatus according to Claim 13,
wherein said control factor changed by said control system
includes at least one of

. a movement state of said substrate stage when position
setting sequentially a plurality of divided areas on said
substrate to predetermined reference positions, and

a permissible value of positional error on said position

setting.

20. The exposure apparatus according to Claim 13,
wherein said exposure system comprises a projection optical
system which projects said energy beam outgoing from said mask
onto said substrate, and said control factor changed by said
control system includes a permissible value of defocus on said

each exposure.

21. The exposure apparatus according to Claim 13,
wherein said exposufe system comprises a pulse laser light
source'as an energy beam source which emits said energy beam,
andsaidéontrolfactorchangedbysaidcwntrolsystemincludes
at least one of an energy intensity and a repetition frequency
of a pulse light irradiated on said suﬁstrate_emitted from

said pulse laser light source on said each exposure;

22. The exposure apparatus according to Claim 13,
wherein said control factor changed by said control system

includes a relative alignment preéecision between said pattern
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of said mask and said substrate.

23. The exposure apparatus according to Claim 22,
wherein said control factor changed by said control system
is an alignment mode of at least one of_said'mask and said

substrate.

24. The exposure apparatus according to Claim 22,
wherein said control factor changed by said control system
is at least one of a number of sample shots and a number of

sample marks on_alignment of said substrate.

25. The éxposure apparatus according to Claim 22,
wherein said control factor changed by said control system

is a number of sample marks on alignment of said mask.

26. The exposure apparatus according to Claim 13,
whereih said exposure system comprises:

a mask stage which holds said mask; and

a synchronous driving unit which drives said mask stage
and said substrate stage in synchronous in a predetermined
direction in reépect to said energy beam on said each exposure,
and

said contfol factor changed by said control system
includes at least one of

a movement state of said mask stage and said
substrate stage and an intensity of said energy beam

corresponding to said movement state irradiated on said
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substrate, and
a permissible value of positional error to
determine synchronous settlement of said mask stage and

said substrate stage on said each exposure.

27. The exposure apparatus according to Claim 13,
wherein said éontrol system has é process program file to set
various parameters to control said éxposure system, and
parameter values for said each exposure can be set individually

in said process program file.

28. A device manufacturing method including a
lithographic process, wherein exposure is performed by using

said exposure method according to Claim 1.

29. A device manufacturing method including a
lithographic process, wherein exposure is performed by using

said exposure apparatus according to Claim 13.



