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(54) Exposure apparatus

(57) A scanning exposure apparatus has a wafer
stage (7), a reticle stage (5), projection optical system
(9) for projecting the image of a reticle (4) onto a sub-
strate (6) on the wafer stage (7), X-Y laser interferom-
eters (17) for measuring the position of the wafer stage
(7) in the X direction, Z interferometers (16) for measur-
ing the wafer stage position in the Z direction, and X-Y
laser interferometers (41) for measuring the position of

the reticle stage (5) in the X and Y directions, and trans-
fers the image of the reticle (4) onto the wafer (6) by
exposure while synchronously driving the wafer stage
(7) and reticle stage (5). The exposure apparatus in-
cludes a plurality of laser heads (110-1 - 110-3) for gen-
erating laser beams to be provided to the interferom-
eters. A reference signal (ref-in) is supplied from one
laser head (110-1) to the remaining laser heads (110-2,
110-3) to synchronize all laser heads.
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Description

[0001] The present invention relates to an exposure
apparatus and, more particularly, to an exposure appa-
ratus which executes exposure while controlling a sub-
strate stage and master stage on the basis of outputs
from interferometers. The present invention can be ap-
plied to, e.g., a scanning exposure apparatus.
[0002] As typical exposure apparatuses used to man-
ufacture semiconductor devices or the like, there are
step-and-repeat exposure apparatuses (also referred to
as steppers) which sequentially transfer the pattern of
a master (reticle or mask) onto a plurality of exposure
regions on a substrate (wafer or glass substrate)
through a projection optical system by exposure while
moving the substrate stepwise, or step-and-scan expo-
sure apparatuses (also referred to as scanners or scan-
ning exposure apparatuses) which repeat step move-
ment and scanning exposure to repeatedly transfer a
pattern onto a plurality of regions on a substrate by ex-
posure. Especially, the step-and-scan exposure appa-
ratuses are expected to be a mainstream in the future
because they limit light through a slit and use only rays
relatively close to the optical axis of the projection opti-
cal system, and therefore, allows exposure using a pre-
cise and wide-angled fine pattern.
[0003] For a step-and-scan exposure apparatus
which synchronously moves the reticle stage and wafer
stage for scanning during exposure, it is very important
to improve the accuracy of synchronization between the
reticle stage and wafer stage, unlike a step-and-repeat
exposure apparatus in which the reticle and wafer are
at rest during exposure. Since a reticle and wafer are
moved for scanning during exposure, the synchroniza-
tion accuracy and movement accuracy of stages are di-
rectly reflected on the exposure transfer accuracy.
[0004] To measure the stage position, laser interfer-
ometers capable of highly accurate distance measure-
ment are normally used. Especially, in a scanning expo-
sure apparatus, since not only the wafer stage but also
the reticle stage moves for scanning, the number of ax-
es, i.e., the number of axes of laser beams to be posi-
tion-measured largely increases. However, improve-
ment of the light amount output from one laser head is
limited. In a method of dividing one laser beam into a
desired number of axes to prepare measurement light
beams, as the number of measurement axes increases,
the light amount per measurement light beam decreas-
es to lower the distance measurement accuracy.
[0005] In addition, when the number of measurement
light beams increases, the number of optical elements
for dividing or guiding the laser beams also increases.
This complicates the space layout in which the optical
elements are disposed and laser beams travel, and
therefore, increases limitations on design.
[0006] An aspect of the present invention solves the
problem of decrease in light amount in use of a plurality
of interferometers and reduce limitations on layout of

interferometers and associated elements.
[0007] According to a first aspect of the present inven-
tion, there is provided an exposure apparatus which has
a substrate stage, a master stage, a projection optical
system projecting an image of a master held by the mas-
ter stage onto a substrate on the substrate stage, a first
interferometer measuring a position of the substrate
stage, and a second interferometer measuring a posi-
tion of the master stage, and projects the image of the
master onto the substrate by exposure while driving the
substrate stage and the master stage on the basis of
measurement results by the first and second interferom-
eters, comprising a first light generation section provid-
ing first light to the first interferometer, a second light
generation section providing second light to the second
interferometer, and synchronization means for synchro-
nizing the first light generation section and the second
light generation section with each other.
[0008] In the exposure apparatus according to the first
aspect of the present invention, preferably, for example,
the synchronization means comprises a reference sig-
nal generation circuit generating a reference signal, and
the first and second light generation sections are syn-
chronized with each other by supplying the reference
signal from the reference signal generation circuit to the
first and second light generation sections.
[0009] In the exposure apparatus according to the first
aspect of the present invention, the reference signal is
preferably, e.g., an excitation signal.
[0010] In the exposure apparatus according to the first
aspect of the present invention, for example, each of the
first and second light generation sections preferably
comprises an amplifier amplifying the excitation signal
supplied from the reference signal generation circuit,
and a laser tube generating a laser beam as the light in
accordance with an output signal from the amplifier.
[0011] In the exposure apparatus according to the first
aspect of the present invention, preferably, for example,
the first interferometer is adapted to measure the posi-
tion of the substrate stage in the horizontal direction, the
apparatus further comprises a third interferometer
measuring the position of the substrate stage in the ver-
tical direction, and a third light generation section pro-
viding third light to the third interferometer, and the syn-
chronization means is adapted to synchronize the first
light generation section, the second light generation
section, and the third light generation section with each
other.
[0012] The exposure apparatus according to the first
aspect of the present invention preferably further com-
prises, e.g., a lens-barrel platen supporting the projec-
tion optical system, the lens-barrel platen being elasti-
cally supported by a mount.
[0013] In the exposure apparatus according to the first
aspect of the present invention, for example, the sub-
strate stage and the lens-barrel platen are preferably in-
sulated from each other in association with vibration.
[0014] In the exposure apparatus according to the first
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aspect of the present invention, for example, the first
and second interferometers are preferably fixed with ref-
erence to the lens-barrel platen.
[0015] In the exposure apparatus according to the first
aspect of the present invention, for example, the master
stage is preferably fixed to a master stage platen fixed
to the lens-barrel platen through a support frame.
[0016] In the exposure apparatus according to the first
aspect of the present invention, for example, the first
and second light generation sections are preferably
fixed with reference to the lens-barrel platen.
[0017] In the exposure apparatus according to the first
aspect of the present invention, for example, the first
and second interferometers and the first and second
light generation sections are preferably fixed with refer-
ence to the lens-barrel platen.
[0018] The exposure apparatus according to the first
aspect of the present invention preferably further com-
prises, e.g., a reaction force reception structure receiv-
ing a reaction force generated upon driving the sub-
strate stage.
[0019] The exposure apparatus according to the first
aspect of the present invention preferably further com-
prises, e.g., a reaction force reception structure receiv-
ing a reaction force generated upon driving the master
stage.
[0020] The exposure apparatus according to the first
aspect of the present invention preferably further com-
prises, e.g., a first reaction force reception structure re-
ceiving a reaction force generated upon driving the sub-
strate stage, and a second reaction force reception
structure receiving a reaction force generated upon driv-
ing the master stage.
[0021] In the exposure apparatus according to the first
aspect of the present invention, preferably, for example,
the apparatus further comprises a stage base member
supporting the substrate stage, and the reaction force
reception structure receives a reaction force generated
upon driving the substrate stage from the stage base
member.
[0022] The exposure apparatus according to the first
aspect of the present invention preferably further com-
prises, e.g., an elastic support elastically supporting the
reaction force reception structure on a floor, the elastic
support damping transmission of vibration having not
less than a predetermined frequency between the reac-
tion force reception structure and the floor.
[0023] The exposure apparatus according to the first
aspect of the present invention preferably further com-
prises, e.g., a force actuator applying a force between
the stage base member and the reaction force reception
structure.
[0024] In the exposure apparatus according to the first
aspect of the present invention, for example, the force
actuator preferably comprises a vertical force actuator
generating a force in the vertical direction, and a hori-
zontal force actuator generating a force in the horizontal
direction.

[0025] In the exposure apparatus according to the first
aspect of the present invention, for example, the force
actuator preferably comprises a linear motor.
[0026] In the exposure apparatus according to the first
aspect of the present invention, for example, a baryc-
enter of the substrate stage and a position at which the
horizontal force actuators apply the force to the stage
base member are preferably substantially at the same
level.
[0027] The exposure apparatus according to the first
aspect of the present invention preferably further com-
prises, e.g., a mount elastically supporting the stage
base member on the floor.
[0028] In the exposure apparatus according to the first
aspect of the present invention, for example, the reac-
tion force reception structure is preferably arranged un-
derneath the stage base member.
[0029] In the exposure apparatus according to the first
aspect of the present invention, for example, the fre-
quency is preferably higher than a natural frequency of
the floor.
[0030] In the exposure apparatus according to the first
aspect of the present invention, for example, the fre-
quency is preferably higher than 10 Hz.
[0031] The exposure apparatus according to the first
aspect of the present invention preferably further com-
prises, e.g., a control unit controlling operation of se-
quentially transferring a pattern onto a plurality of re-
gions on the substrate by scanning and exposure using
a step-and-scan scheme while driving the substrate
stage and the master stage in synchronism with each
other.
[0032] According to the second aspect of the present
invention, there is provided an exposure apparatus hav-
ing a substrate stage and a projection optical system
projecting a pattern onto a substrate on the substrate
stage, comprising a plurality of interferometers obtain-
ing position information necessary for positioning the
substrate and the pattern, a control section controlling
an exposure operation on the basis of measurement re-
sults by the plurality of interferometers, a first light gen-
eration section providing first light to interferometers of
the plurality of interferometers, which belong to a first
group, a second light generation section providing sec-
ond light to interferometers of the plurality of interferom-
eters, which belong to a second group, and synchroni-
zation means for synchronizing the first light generation
section and the second light generation section with
each other.
[0033] According to the third aspect of the present in-
vention, there is provided an exposure apparatus having
a substrate stage and a projection optical system pro-
jecting a pattern onto a substrate on the substrate stage,
comprising a plurality of interferometers obtaining posi-
tion information necessary for positioning the substrate
and the pattern, the plurality of interferometers being
classified into a plurality of groups, a control section con-
trolling exposure operation on the basis of measure-
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ment results by the plurality of interferometers, a plural-
ity of light generation sections providing common light
to interferometers belonging to the respective groups,
and synchronization means for synchronizing the plu-
rality of light generation sections with each other.
[0034] According to the fourth aspect of the present
invention, there is provided an exposure apparatus
which has a substrate stage, a master stage, a projec-
tion optical system projecting an image of a master held
by the master stage onto a substrate on the substrate
stage, a plurality of interferometers measuring positions
of the substrate stage and the master stage, and
projects the image of the master onto the substrate by
exposure while driving the substrate stage and the mas-
ter stage on the basis of measurement results by the
plurality of interferometers, comprising a first light gen-
eration section providing first light to interferometers of
the plurality of interferometers, which belong to a first
group, a second light generation section providing sec-
ond light to interferometers of the plurality of interferom-
eters, which belong to a second group, and synchroni-
zation means for synchronizing the first light generation
section and the second light generation section with
each other.
[0035] According to the fifth aspect of the present in-
vention, there is provided an exposure apparatus which
has a substrate stage, a master stage, a projection op-
tical system projecting an image of a master held by the
master stage onto a substrate on the substrate stage, a
plurality of interferometers measuring positions of the
substrate stage and the master stage, and projects the
image of the master onto the substrate by exposure
while driving the substrate stage and the master stage
on the basis of measurement results by the plurality of
interferometers, the plurality of interferometers being
classified into a plurality of groups, comprising a plurality
of light generation sections providing common light to
interferometers belonging to the respective groups, and
synchronization means for synchronizing the plurality of
light generation sections with each other.
[0036] According to the sixth aspect of the present in-
vention, there is provided a method of manufacturing a
device, comprising the steps of applying a resist to a
substrate, placing the substrate on a substrate stage of
any one of the above exposure apparatuses and trans-
ferring a pattern onto the substrate by exposure using
the exposure apparatus, and developing the substrate.
[0037] Embodiments of the present invention will now
be described with reference to the accompanying draw-
ings, in which:

Fig. 1 is a view showing the schematic arrangement
of an exposure apparatus according to an embodi-
ment of the present invention;
Fig. 2 is a view showing the layout of laser interfer-
ometers around a wafer stage of the apparatus
shown in Fig. 1;
Fig. 3 is a block diagram showing the circuit ar-

rangement of a laser head;
Fig. 4 is a diagram showing a connection for syn-
chronously driving n laser heads shown in Fig. 3
connected;
Fig. 5 is a view showing the layout of laser heads
according to another embodiment of the present in-
vention;
Fig. 6 is a flow chart showing the flow of manufac-
turing semiconductor devices; and
Fig. 7 is a flow chart showing a detailed flow of sub-
strate process.

<Embodiment of Scanning Exposure Apparatus>

[0038] An embodiment of the present invention will be
described below with reference to the accompanying
drawings. Fig. 1 is a view schematically showing an ex-
posure apparatus for manufacturing a semiconductor
device according to an embodiment of the present in-
vention. In this embodiment, the present invention is ap-
plied to a so-called step-and-scan exposure apparatus
which transfers a reticle pattern onto a shot region of a
wafer by exposure while synchronously scanning both
a reticle and wafer, and repeats this operation while
moving the wafer stepwise, thereby transferring the pat-
tern onto a plurality of shot regions.
[0039] The apparatus shown in Fig. 1 comprises a
base frame 2 as the base of the exposure apparatus
main body, a movable reticle stage 5 on which a reticle
4 as a master is placed, a movable wafer stage 7 on
which a wafer 6 (or glass substrate) as a substrate to
be exposed is placed, an illumination optical system 8
for illuminating the reticle 4 with illumination light, a pro-
jection optical system 9 for reducing and projecting the
pattern of the reticle 4 to the wafer 6 at a predetermined
magnification (e.g., 4 : 1), a lens-barrel platen 10 that
holds the projection optical system 9, and an air condi-
tioner room 11 for supplying temperature-controlled
clean air.
[0040] The illumination optical system 8 incorporates
a light source (discharge lamp such as an ultra-high-
pressure mercury lamp) or sends illumination light,
through a beam line, from a light source unit (excimer
laser unit) (not shown) placed on the floor independently
of the exposure apparatus. The illumination optical sys-
tem 8 generates slit light through various lenses or a
stop and illuminates the reticle 4 as a master held on
the reticle stage 5 with the slit light from the upper side.
[0041] The base frame 2 is set on a setting floor 1 of
a clean room in a semiconductor manufacturing factory.
The base frame 2 is fixed on the floor 1 at high rigidity,
and therefore, can be substantially integrated with the
floor 1 or be an extension of the floor 1. The base frame
2 includes three or four columns 3 with high rigidity and
supports the lens-barrel platen 10 in the vertical direc-
tion at the top of each base frame column 3 through
three or four active mounts 12. Each active mount 12
incorporates an air spring, damper, and actuator to pre-
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vent transmission of vibration from the floor 1 to the lens-
barrel platen 10 and actively compensate for any tilt or
swing of the lens-barrel platen 10.
[0042] The lens-barrel platen 10 holding the projec-
tion optical system 9 also supports a reticle stage platen
14 through a reticle support frame 13. An alignment de-
tector 15 for detecting the alignment state between the
reticle 4 and wafer 6 is attached to the lens-barrel platen
10, so the two members are aligned using the lens-bar-
rel platen 10 as a reference. To detect the position of the
wafer stage 7 with reference to the lens-barrel platen
10, laser interferometers are attached to the lens-barrel
platen 10. These include Z interferometers 16 for meas-
uring the position of the wafer stage 7 in the Z direction
and X-Y interferometers 17 for measuring the position
of the wafer stage 7 in the X and Y directions. As for
interferometer mirrors paired with the interferometers, a
Z interferometer mirror 18 is fixed to a wafer stage platen
31, and an X-Y interferometer mirror 19 is fixed to the
wafer stage 7. The Z interferometer mirror 18 is attached
not to a stage base member 33 but to the wafer stage
platen 31 due to the following reasons. The stage platen
31 is close to the stage 7 which must be finally posi-
tioned. In addition, although the stage base member 33
may slightly deform when actuators 38 and 39 are ac-
tuated, the stage platen 31 is rarely influenced and al-
lows accurate measurement. A laser head 110-1 sup-
plies laser beams to the X-Y interferometers 17 for
measuring the position of the wafer stage 7. A laser
head 110-2 supplies laser beams to interferometers 41
for measuring the position of the reticle stage 5. These
laser heads are set on the lens-barrel platen 10.
[0043] The reticle stage 5 is set on the reticle stage
platen 14 and moved by a driving mechanism including
a driving source 20 (linear motor) and a static pressure
bearing in the left and right directions (Y direction) in Fig.
1 in the order of acceleration, constant speed, and de-
celeration in scanning exposure. As will be described
later, the stator of the driving source 20 (linear motor) of
the reticle stage 5 is connected to the air conditioner
room 11 as a reaction force reception structure for the
reticle stage 5 through a coupling member 21 and force
actuator 22 (linear motor). With this arrangement, a var-
iable thrust generated by the force actuator 22 can be
transmitted between the driving source 20 and air con-
ditioner room 11. To detect the position of the reticle
stage 5 with reference to the reticle stage platen 14 with
reference to the lens-barrel platen 10, four X-Y laser
interferometers 41 are attached to the reticle stage plat-
en 14 for measuring the position of the reticle stage 5 in
the X and Y directions. An X-Y interferometer mirror 27
is fixed to the reticle stage 5.
[0044] The structure around the wafer stage of this
embodiment will be described next. The wafer stage 7
with the wafer 6 as a substrate placed thereon can po-
sition the wafer 6 in a total of six axial directions, i.e.,
along moving axes in the horizontal plane (X and Y di-
rections) and in the vertical direction (Z direction) and

along rotary axes (ωx, ωy, and ωz) in the respective di-
rections. As the driving source for positioning, a linear
motor is employed. Basically, the wafer stage 7 has a
two-dimensional stage comprising an X stage which
moves straight in the X direction and an X linear motor,
and a Y stage which moves in the Y direction perpen-
dicular to the X direction and a Y linear motor. A stage
movable in the Z direction, tilt directions (ωx and ωy),
and rotational direction is mounted on the two-dimen-
sional stage. As guides in the respective directions, stat-
ic pressure bearings are used. For a more detailed
structure of the wafer stage 7, see, e.g., Japanese Pat-
ent Laid-Opens Nos. 1-188241, 3-245932, and
6-267823.
[0045] Fig. 2 shows the layout of laser interferometers
around the wafer stage. The X-Y interferometer mirror
19 comprises an X interferometer mirror 19x and Y inter-
ferometer mirror 19y and has an L shape. The two mir-
rors may be integrated or separated. Two laser interfer-
ometers are attached in correspondence with each mir-
ror with reference to the lens-barrel platen 10 (Fig. 1).
As the X-Y laser interferometers 17, a laser interferom-
eter 17x1 for measuring the position of the wafer stage
7 in the X direction and a laser interferometer 17y1 for
measuring the position of the wafer stage 7 in the Y di-
rection are prepared. Additionally, laser interferometers
17x2 and 17y2 are also arranged to measure a yaw (ro-
tation amount about the Z axis) ωz of the wafer stage 7.
The yaw ωz can be measured by any one of combina-
tions of the laser interferometers 17x1 and 17x2 and the
laser interferometers 17y1 and 17y2, so one of the laser
interferometers 17x2 and 17y2 suffices for the measure-
ment of the yaw ωz. Four laser beams to be supplied to
these laser interferometers are generated by dividing a
laser output from the first laser head 110-1 (Fig. 1) set
on the upper surface of the lens-barrel platen 10 into
four beams by an optical division element such as a half
mirror.
[0046] For the reticle stage 5 as well, four X-Y laser
interferometers 41 for the reticle stage are mounted on
the reticle stage platen 14 with reference to the lens-
barrel platen 10, like the wafer stage. A laser beam from
the second laser head 110-2 set on the upper surface
of the lens-barrel platen 10 is divided into four beams
and supplied to the X-Y laser interferometers 41.
[0047] Four Z interferometers 16 are mounted on the
lower surface of the lens-barrel platen 10 in correspond-
ence with the four corners of the wafer stage platen 31,
respectively. A laser beam from a third laser head 110-3
set on the lower surface of the lens-barrel platen 10 is
divided into four beams and supplied to the four Z inter-
ferometers 16.
[0048] The four laser interferometers 17 for measur-
ing the position or posture of the wafer stage 7, four laser
interferometers 41 for measuring the position or posture
of the reticle stage 5, four laser interferometers 16 for
measuring the distance between the lens-barrel platen
10 and wafer stage 7, and three laser heads 110-1,
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110-2, and 110-3 are substantially set with reference to
the lens-barrel platen 10. For this reason, any relative
positional variations between the interferometers can be
reduced.
[0049] In this embodiment, a total of 12 measurement
beams are generated using three different laser heads.
This embodiment will be compared with a case (com-
parative example) in which a laser beam from one laser
head is divided into 12 measurement beams. Put simply,
if the laser output remains the same, the light amount
per measurement beam in this embodiment is three
times larger than that in the comparative example. Ac-
tually, when a laser beam is divided, a loss is generated
in the half mirror or optical elements for light guide.
When this loss is taken into consideration, the light
amount per laser beam becomes larger than three
times. That is, in this embodiment using a plurality of (n)
laser heads, a light amount larger than that of a laser
beam of each measurement axis, which is obtained by
dividing a laser beam from one laser head, by n times
or more can be obtained. In other words, a compact and
lightweight laser head (laser tube) with an output smaller
by 1/n or less can be used to obtain a measurement light
amount necessary for measurement of each measure-
ment axis.
[0050] When a plurality of laser heads are used, as
described above, accurate synchronous scanning of the
wafer stage 7 and reticle stage 5 may be impeded es-
pecially in scanning exposure. This is partly because the
data ages of the plurality of laser heads do not match,
and a relative measurement error occurs between the
measurement axes. In this embodiment, a first laser
head 101 for measuring the wafer stage 7, a second la-
ser head 102 for measuring the reticle stage 5, and a
third laser head 103 for measuring the distance between
the lens-barrel platen 10 and wafer stage 7 are synchro-
nously driven (caused to oscillate laser beams), thereby
preventing any data age difference between the laser
heads.
[0051] Fig. 3 is a schematic view showing the circuit
arrangement of each of the laser heads 110 (110-1,
110-2, and 110-3). Referring to Fig. 3, reference numeral
111 denotes a reference frequency oscillation circuit;
112, a frequency division circuit for dividing the frequen-
cy of an output signal from the reference frequency os-
cillation circuit 111 by N; 113, a switch for selecting one
of an excitation signal generated by the frequency divi-
sion circuit 112 and an excitation signal input from a ref-
erence signal input terminal ref-in; 114, an amplifier for
amplifying the excitation signal; and 115, a laser tube
for oscillating a laser beam with a desired frequency in
accordance with the excitation signal output from the
amplifier 114 and outputting a laser beam (reference
light for interferometer).
[0052] Fig. 4 is a diagram showing a connection for
synchronously driving n (in this embodiment, n = 3) laser
heads. Referring to Fig. 4, the laser heads 110-1 to
110-n shown in Fig. 3 are connected in series by cables

120 to transmit a reference signal (sync signal). The la-
ser head 110-1 sets the switch 113 to the side of a con-
tact a (Fig. 3) to supply an excitation signal generated
in the internal circuits (111 and 112) to the amplifier 114
and also supply the excitation signal to the reference
signal output terminal ref-out as a reference signal. In
each of the remaining laser heads 110-1 to 110-n, the
switch 113 is set to the side of a contact b to supply a
reference signal input from the upstream-side laser
head to the reference signal input terminal ref-in to the
amplifier 114 as an excitation signal. The excitation sig-
nal supplied to the amplifier 114 is also supplied to the
reference signal output terminal ref-out of the self circuit.
As a result, the excitation signal generated by the refer-
ence frequency oscillation circuit 111 and frequency di-
vision circuit 112 of the laser head 110-1 is supplied to
the amplifiers 114 of the laser heads 110-1 to 110-n. The
laser tubes 115 of the laser heads oscillate laser beams
with the same frequency as that of the excitation signal
from the laser head 110-1. That is, the laser tubes of the
laser heads 110-1 to 110-n output laser beams in syn-
chronism, i.e., in phase. When the data ages of the laser
heads are matched with each other to reduce the rela-
tive difference between a pieces of positional informa-
tion of the stages sampled, the wafer stage and reticle
stage whose positions are controlled using these pieces
of positional information can be moved for scanning at
a high synchronization accuracy.
[0053] Referring back to Fig. 1, the wafer stage 7 is
supported by the wafer stage platen 31 and moves on
the X-Y horizontal guide surface (guide surface) of the
wafer stage platen 31. The wafer stage platen 31 is sup-
ported on the stage base member 33 by three (or four)
support legs 32. The support legs 32 have a high rigidity
and have no damping function. The stage base member
33 is supported at three portions by the base frame 2
from the lower side through three mounts 34. Most of
the weight of the stage base member 33 and members
mounted on the stage base member 33 is basically sup-
ported by the three mounts 34. The weight received by
the mounts 34 is received by the base frame 2 which is
substantially integrated with the floor 1. Hence, the
weight of the wafer stage 7 is essentially supported by
the floor 1. As the mounts 34, air springs capable of sup-
porting a large weight are used.
[0054] A reaction force reception structure 35 (reac-
tion force reception pallet) with a large mass is located
immediately underneath the stage base member 33.
Since the reaction force reception structure 35 is located
below the stage base member 33, the occupation area,
i.e., so-called footprint of the apparatus on the floor 1
can be reduced.
[0055] The reaction force reception structure 35 is
supported in the vertical direction by the floor 1 through
four vertical elastic supports 36. In the horizontal direc-
tion, the reaction force reception structure 35 is support-
ed by supporting the stage base member 33 on the side
surfaces of the columns 3 (or side surfaces of members
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fixed to the floor 1) through horizontal elastic supports
37 arranged in the X and Y directions, respectively (Fig.
1 illustrates only the horizontal elastic support 37 in the
Y direction) . Each of the vertical and horizontal elastic
supports 36 and 37 has a spring element and damper
element. For example, antivibration rubber members or
air springs can be used as the vertical and horizontal
elastic supports 36 and 37. As the spring element, a
spring or a leaf spring is suitable, and as the damper
element, oil viscosity or electromagnetic fluid is suitable.
The fact that the elastic support has a spring element
and damper element means that it has a mechanical fil-
ter function of damping transmission of vibration within
a predetermined frequency range. In this embodiment,
the elastic supports damp transmission of high-frequen-
cy vibration containing at least the natural frequency of
the floor and that of the apparatus. In Fig. 1, the hori-
zontal elastic supports 37 are interposed between the
reaction force reception structure 35 and the columns 3
of the base frame 2. However, the horizontal elastic sup-
ports 37 may be inserted between fixed members 41
fixed to the floor 1 and the reaction force reception struc-
ture 35.
[0056] Force actuators for generating thrusts in the
vertical and horizontal directions are inserted between
the stage base member 33 and reaction force reception
structure 35. For the vertical direction, a plurality of
(four) vertical force actuators 38 are used. For the hor-
izontal direction, a plurality of (two) force actuators are
disposed in correspondence with the scanning expo-
sure direction (Y direction). When viewed from the upper
side, the four vertical force actuators 38 are located at
almost the same positions as those of the four vertical
elastic supports 36. Force transmission between the
stage base member 33 and reaction force reception
structure 35 can be controlled by variable thrusts gen-
erated by these force actuators. The level of the baryc-
enter (indicated by a barycenter symbol 45 in Fig. 1)
nearly equals the level of the position of force action of
horizontal force actuators 39. For this reason, since a
compensation force can be applied to a position at
roughly the same level as that where the reaction force
acts, the reaction force can be effectively canceled.
[0057] An acceleration sensor 40 is attached on the
stage base member 33 to measure the acceleration in
the vertical and horizontal (Y) directions. The accelera-
tion sensor 40 may be attached on the wafer stage plat-
en 31. As the force actuators 22, 38, and 39, a micros-
troke linear motor is preferable because of its high con-
trol response speed and excellent mechanical vibration
damping function due to the noncontact structure of the
stator and movable element. Alternatively, an electro-
magnetic actuator using an electromagnetic force, a flu-
id actuator using a fluid pressure such as pneumatic
pressure or hydraulic pressure, or a mechanical actua-
tor using a piezoelectric element can be used.
[0058] In this embodiment, the reticle stage 5 and pro-
jection optical system 9 which are substantially integrat-

ed through the lens-barrel platen 10 are substantially
supported on the floor 1 from the lower side through the
active mounts 12 and the columns 3 of the base frame
2. On the other hand, the wafer stage 7 and stage base
member 33 are substantially supported on the floor 1
from the lower side through the mounts 34 and base
frame 2. The mounts 34 will be defined as first mounts,
and the active mounts 12 will be defined as second
mounts. The wafer stage 7 and reticle stage 5 are inde-
pendently supported on the floor 1 through the first and
second mounts, respectively, thereby forming a system
free from interference even upon occurrence of vibration
or swing.
[0059] The stage base member 33 is supported on the
floor from the lower side through the mounts 34. The
reaction force reception structure 35 is supported on the
floor from the lower side through the vertical elastic sup-
ports 36. These two members are independently sup-
ported by the floor except the force actuators (38 and
39).
[0060] The Z interferometers 16 are provided to con-
trol the relative positional relationship between the wafer
stage 7, reticle stage 5, and projection optical system 9,
which is generated when the wafer stage 7, reticle stage
5, and projection optical system 9 independently vibrate
and, more particularly, the distance in the Z direction in
exposure.
[0061] The air conditioner room 11 as a reaction force
reception structure of the reticle stage 5 is supported on
the floor 1 from the lower side through elastic supports
23 having a damping function. The elastic supports 23
serve as mechanical filters and damp transmission of
vibration containing at least the natural frequency of the
floor (e.g., 20 to 40 Hz) and that of the exposure appa-
ratus (e.g., 10 to 30 Hz) and other higher frequency com-
ponents.
[0062] The air conditioner room 11 incorporates a
blower fan, temperature adjustment unit (heater or re-
frigerator), chemical filter, and the like and circulates a
temperature-controlled gas in the chamber of the expo-
sure apparatus. Basically, the temperature-controlled
gas is supplied by downflow from the upper side. The
temperature-controlled gas is also locally supplied to-
ward the projection optical system 9 and wafer stage 7
(especially near the laser interferometer optical path).
To do this, an air outlet port is provided, and a gas filter
for trapping fine particles in the gas is attached to the
air outlet port.
[0063] The air conditioner room 11 incorporates a
control unit 30 for the exposure apparatus in its lower
space. The control unit 30 controls the operation se-
quence of the exposure apparatus, drive of the force ac-
tuators, drive of the active mounts, and the like.
[0064] The operation of the apparatus having the
above arrangement will be described next. In the basic
operation sequence of the step-and-scan exposure ap-
paratus, step operation for moving the wafer stage step-
wise in the X or Y direction to position a shot region
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where a pattern is to be transferred and scanning oper-
ation for performing scanning exposure while synchro-
nously moving the reticle stage 5 and wafer stage 7 in
the Y direction are repeated. In the scanning operation,
the reticle stage 5 and wafer stage 7 are synchronously
moved in opposite directions at a constant speed and a
predetermined speed ratio (4 : 1 in this embodiment)
while irradiating the reticle 4 with slit-shaped illumination
light under the control of the control unit 30, thereby
transferring the entire pattern of the reticle 4 in one shot
region of the wafer 6 by scanning exposure.
[0065] In driving the reticle stage 5 and wafer stage
7, acceleration is generated by acceleration at the start
of scanning and by deceleration at the end of scanning.
The linear motors as driving sources for moving the
stages must generate a driving force corresponding to
<mass of stage moving body> x <acceleration>. This
will be described in association with the wafer stage 7.
The reaction force of this driving force acts on the linear
motor stator in the horizontal direction and is transmitted
from the stator to the stage base member 33 through
the stage platen 31 supporting the linear motor. The re-
action force is generated only in the horizontal direction
(Y direction). However, a moment is generated because
the barycenter position level of the driving source of the
stage 7 and that of the stage base member 33 are dif-
ferent, and therefore, the influence of the reaction force
acts on the stage base member 33 not only in the hori-
zontal direction but also in the vertical direction. Natural
vibration of the mechanical system of the exposure ap-
paratus excited by the reaction force produces large vi-
bration.
[0066] As a basic technical idea of the reaction force
reception system for reducing vibration or swing due to
the influence of the reaction force, the reaction force with
a vibration frequency within a predetermined range gen-
erated upon driving the stage is let escape to the reac-
tion force reception structure isolated from the floor. The
vibration frequency within a predetermined range
means vibration of, e.g., 10 Hz or more that covers at
least a frequency of 20 to 40 Hz as the natural frequency
of the floor. That is, the reaction force reception structure
itself may vibrate to reduce vibration of the floor. The
lower limit value of the predetermined range is not lim-
ited to 10 Hz and can be equal to or smaller than the
natural frequency of the floor within the range of about
10 to 40 Hz.
[0067] To realize it, this embodiment has the movable
stage 7 on which a substrate to be exposed is placed,
the stage base member 33 supporting the stage 7, and
the reaction force reception structure 35 which is differ-
ent from the stage base member 33 and receives a re-
action force according to drive of the stage 7. Transmis-
sion of vibration having a predetermined frequency or
more is damped between the reaction force reception
structure 35 and floor 1.
[0068] The control unit 30 controls drive of the force
actuators by feedforward control (predictive control) in

accordance with drive of the stage. There are two con-
trol modes.
[0069] As the first mode, the control unit 30 performs
feedforward control of the force actuators 38 and 39 in
correspondence with acceleration or deceleration of the
stage 7, thereby decreasing vibration or swing of the
stage base member 33 due to the reaction force in ac-
celeration/deceleration. More specifically, a force corre-
sponding to the force that acts on the force actuators 38
and 39 due to the reaction force is predicted, and a force
equivalent to the predicted force is generated by the
force actuators 38 and 39 to cancel the reaction force.
The force generated by the force actuators 38 and 39
acts on both the stage base member 33 and reaction
force reception structure 35. However, since the reac-
tion force reception structure 35 is supported by the floor
1 or base frame 2 through the elastic supports 36 and
37 (corresponding to a mechanical filter means), trans-
mission of high-frequency vibration to the floor 1 is fil-
tered.
[0070] As the second mode, the control unit 30 per-
forms feedforward control of the force actuators 38 in
correspondence with weight movement according to
movement of the stage 7. Since the barycenter position
of the stage 7 changes in the horizontal direction as the
stage 7 moves, the force for tilting the stage base mem-
ber 33 acts from the wafer stage 7 on the stage base
member 33. To reduce this force, weight shift according
to movement of the stage 7 is predicted, and the forces
generated by the plurality of vertical force actuators 38
are individually changed. The weight of the stage base
member 33 and movable members thereon is basically
supported by the three mounts 34. Only the weight
change component by the movement is actively com-
pensated for by the force actuators 38.
[0071] The control unit 30 performs not only feedfor-
ward control but also feedback control. In feedback con-
trol, the accelerations (in vertical and horizontal direc-
tions) detected by the acceleration sensor 40 attached
on the stage base member 33 are fed back to control
the vertical and horizontal force actuators 38 and 39,
thereby reducing the influence of unpredicted distur-
bance vibration and further decreasing swing of the wa-
fer stage 7.
[0072] The mounts 34 substantially elastically support
the stage base member 33 on the floor 1 or base frame
2. The mounts 34 construct a mechanical filter means
of certain type and prevent transmission of vibration
from the floor 1 to the stage base member 33. With this
arrangement, the apparatus of this embodiment satis-
fies both conditions: (1) vibration due to the driving re-
action force of the stage is not transmitted to the floor,
and (2) vibration of the floor is not transmitted to the
stage 7.
[0073] The reaction force reception system on the wa-
fer stage 7 side have been described above in detail. A
reaction force reception system based on the same prin-
ciple is also formed on the reticle stage 5 side. More
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specifically, the system has the lens-barrel platen 10
supporting the reticle stage 5, the mounts (active
mounts 12) through which the lens-barrel platen 10 is
substantially supported on the floor 1 or base frame 2
from the lower side, the reaction force reception struc-
ture (air conditioner room) 11 which includes the force
actuator 22 and receives a reaction force upon driving
the reticle stage 5, and the elastic supports 23 through
which the reaction force reception structure 11 is sub-
stantially elastically supported on the floor 1 or base
frame 2. The control unit 30 performs feedforward con-
trol of the force actuator 22 to compensate for the influ-
ence of the reaction force according to movement of the
reticle stage 5. Since the reaction forces of both of the
synchronously moving wafer and reticle stages are re-
ceived, an excellent step-and-scan exposure apparatus
with minimum floor vibration can be provided.
[0074] According to the above embodiment, in the
step-and-scan exposure apparatus, a plurality of (12)
interferometers for obtaining position information nec-
essary for control of exposure operation are classified
into the group of a plurality of (4) X-Y laser interferom-
eters 17 for measuring the position of the wafer stage 7
in the X and Y directions, the group of a plurality of (4)
Z interferometers 16 for measuring the position of the
wafer stage 7 in the Z direction, and the group of a plu-
rality of (4) X-Y laser interferometers 41 for measuring
the position of the reticle stage 5 in the X and Y direc-
tions. These groups have laser heads, respectively, and
these laser heads are synchronized with each other.
[0075] However, the present invention is not limited to
this, and various changes and modifications can be
made. For example, as shown in Fig. 5, the plurality of
interferometers for measuring the position of the wafer
stage 7 may be classified into the group consisting of
the interferometers 17x1 and 17x2 for measuring the po-
sition in the X direction, and the group consisting of the
interferometers 17y1 and 17y2 for measuring the posi-
tion in the Y direction, and the laser heads 110-1 and
110-4 may be assigned to the groups, respectively. The
plurality of interferometers for measuring the position of
the reticle stage 5 may also be classified into the group
consisting of interferometers for measuring the position
in the X direction and the group consisting of the inter-
ferometers for measuring the position in the Y direction,
and laser heads may be individually assigned to the
groups. These laser heads are connected by the cables
120, as shown in Fig. 4, and synchronously driven.
[0076] One laser head may be used in correspond-
ence with each measurement axis, i.e., each interfer-
ometer (in this case, the number of groups matches the
number of interferometers).
[0077] When a plurality of interferometers are divided
into a plurality of groups, and laser heads are individu-
ally assigned to the groups and synchronously driven,
the problem associated with the decrease in amount of
reference light due to an increase in number of interfer-
ometers can be solved. In other words, the output of

each laser head can be decreased, and the laser heads
can be made compact. In addition, according to the
present invention, the number of optical components
necessary to divide or guide reference light can be de-
creased. Furthermore, the designer is relieved from
cumbersome design for ensuring an optical path for
guiding reference light.
[0078] According to the scanning exposure apparatus
with the above arrangement, the stage position on a plu-
rality of axes is measured by interference of laser beams
(reference light) generated by the plurality of laser
heads. For this reason, even when the number of meas-
urement axes increases, the light amount of laser beam
for each axis can be prevented from decreasing. In ad-
dition, since the laser heads are synchronously driven,
any relative error in measured value due to the differ-
ence in oscillation frequency or phase can be prevented.
As a consequence, the relative error in measured value
of each axis can be reduced, and the synchronization
or positioning accuracy of stage movement can be in-
creased.
[0079] The number of optical elements for dividing a
beam or guiding the optical path can be decreased. Al-
so, the layout and shapes of members in the apparatus
can be designed without blocking the optical path or
passing the optical path near or above the heat gener-
ation portion. That is, according to the scanning expo-
sure apparatus having the above arrangement, the
number of optical elements required to divide or guiding
a laser beam can be decreased. In addition, limitations
on design are reduced, so the space where a laser beam
passes through can be made small.

<Embodiment of Microdevice Manufacture>

[0080] An example of device manufacture using the
above-described exposure apparatus will be described
next. Fig. 6 shows the flow of manufacturing a microde-
vice (e.g., a semiconductor chip such as an IC or an LSI,
liquid crystal panel, CCD, thin-film magnetic head, or mi-
cromachine). In step 1 (circuit design), the pattern of a
device is designed. In step 2 (reticle preparation), a ret-
icle having the designed pattern is prepared. In step 3
(substrate manufacture), a substrate is manufactured
using a material such as silicon or glass. In step 4 (sub-
strate process) called a preprocess, an actual circuit is
formed on the substrate by lithography using the pre-
pared reticle and substrate. In step 5 (assembly) called
a post-process, a semiconductor chip is formed from the
substrate prepared in step 4. This step includes proc-
esses such as assembly (dicing and bonding) and pack-
aging (chip encapsulation). In step 6 (inspection), in-
spections including operation check test and durability
test of the semiconductor device manufactured in step
5 are performed. A semiconductor device is completed
with these processes and delivered (step 7).
[0081] Fig. 7 shows details of the substrate process.
In step 11 (oxidation), the surface of the substrate is ox-
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idized. In step 12 (CVD), an insulating film is formed on
the substrate surface. In step 13 (electrode formation),
an electrode is formed on the substrate by deposition.
In step 14 (ion implantation), ions are implanted into the
substrate. In step 15 (resist process), a resist is applied
to the substrate. In step 16 (exposure), the circuit pattern
of the reticle is printed on the substrate by exposure us-
ing the above-described exposure apparatus In step 17
(development), the exposed substrate is developed. In
step 18 (etching), portions other than the developed re-
sist image are etched. In step 19 (resist peeling), the
unnecessary resist remaining after etching is removed.
By repeating these steps, a multilayered structure of cir-
cuit patterns is formed on the substrate. When the pro-
duction method of this embodiment is used, a precision
device which is conventionally difficult to manufacture
can be manufactured at high productivity, i.e., at low
cost.
[0082] Since a sufficient amount of reference light can
be ensured for laser interferometers, the stage meas-
urement accuracy is improved. Hence, in, e.g., a scan-
ning exposure apparatus, the wafer stage and reticle
stage can be accurately synchronously scanned.
[0083] In the embodiments, the design of an optical
path for measurement using interferometers can be sim-
plified, and the degree of freedom in design can be
greatly increased.
[0084] Improvement of the measurement system us-
ing interferometers can be applied not only to a scanning
exposure apparatus but also to an exposure apparatus
of another type having a plurality of interferometers. The
above-described effect can be obtained even when the
present invention is applied to an exposure apparatus
of another type.
[0085] When the exposure apparatus of the present
invention is used, devices can be manufactured more
precisely as compared to the prior art.
[0086] The present invention is not limited to the
above embodiments and various changes and modifi-
cations can be made within the scope of the present in-
vention as defined in the following claims.

Claims

1. An exposure apparatus which has a substrate stage
(7), a master stage (5), a projection optical system
(9) projecting an image of a master (4) held by said
master stage (5) onto a substrate (6) on said sub-
strate stage (7), a first interferometer (17) measur-
ing a position of said substrate stage (7), and a sec-
ond interferometer (41) measuring a position of said
master stage (5), and projects the image of the mas-
ter (4) onto the substrate (6) by exposure while driv-
ing said substrate stage (7) and said master stage
(5) on the basis of measurement results by said first
and second interferometers (17, 41), comprising:

a first light generation section (110-1) providing
first light to said first interferometer (17);
a second light generation section (110-2) pro-
viding second light to said second interferom-
eter (41); and
synchronization means (111, 112, 113, 120) for
synchronizing said first light generation section
(110-1) and said second light generation sec-
tion (110-2) with each other.

2. The apparatus according to claim 1, wherein

said synchronization means comprises a refer-
ence signal generation circuit (111, 112) gener-
ating a reference signal (ref-out), and
said first and second light generation sections
(110-1, 110-2) are synchronized with each oth-
er by being supplied the reference signal (ref-
out) from said reference signal generation cir-
cuit (111, 112).

3. The apparatus according to claim 2, wherein the ref-
erence signal is an excitation signal.

4. The apparatus according to claim 3, wherein

each of said first and second light generation
sections (110-1, 110-2) comprises
an amplifier (114) amplifying the excitation sig-
nal supplied from said reference signal gener-
ation circuit (111, 112), and
a laser tube (115) generating a laser beam as
the light in accordance with an output signal
from said amplifier (114).

5. The apparatus according to claim 1, wherein

said first interferometer (17) is adapted to
measure the position of said substrate stage (7)
in the horizontal direction,
said apparatus further comprises
a third interferometer (16) measuring the posi-
tion of the substrate stage (7) in the vertical di-
rection, and
a third light generation section (110-3) provid-
ing third light to said third interferometer (16),
and
said synchronization means is adapted to syn-
chronize said first light generation section
(110-1), said second light generation section
(110-2), and said third light generation section
(110-3) with each other.

6. The apparatus according to claim 1, further com-
prising

a lens-barrel platen (10) supporting said pro-
jection optical system (9), said lens-barrel platen
(10) being elastically supported by a mount (12).
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7. The apparatus according to claim 6, wherein
said substrate stage (7) and said lens-barrel

platen (10) are insulated from each other in associ-
ation with vibration.

8. The apparatus according to claim 6, wherein
said first and second interferometers (17, 41)

are fixed with reference to said lens-barrel platen
(10).

9. The apparatus according to claim 8, wherein
said master stage (5) is fixed to a master

stage platen (14) fixed to said lens-barrel platen
(10) through a support frame (13).

10. The apparatus according to claim 6, wherein
said first and second light generation sections

(110-1, 110-2) are fixed with reference to said lens-
barrel platen (10).

11. The apparatus according to claim 6, wherein
said first and second interferometers (17, 41)

and said first and second light generation sections
(110-1, 110-2) are fixed with reference to said lens-
barrel platen (10).

12. The apparatus according to claim 1, further com-
prising

a reaction force reception structure (35) re-
ceiving a reaction force generated upon driving said
substrate stage (7).

13. The apparatus according to claim 1, further com-
prising

a reaction force reception structure (11) re-
ceiving a reaction force generated upon driving said
master stage (5).

14. The apparatus according to claim 1, further com-
prising

a first reaction force reception structure (35) re-
ceiving a reaction force generated upon driving
said substrate stage (7), and
a second reaction force reception structure (11)
receiving a reaction force generated upon driv-
ing said master stage (5).

15. The apparatus according to claim 12, wherein

said apparatus further comprises a stage base
member (33) supporting said substrate stage
(7), and
said reaction force reception structure (35) re-
ceives a reaction force generated upon driving
said substrate stage (7) from said stage base
member (33).

16. The apparatus according to claim 12, further com-
prising

an elastic support (36) elastically supporting
said reaction force reception structure (35) on a
floor, said elastic support (36) damping transmis-
sion of vibration having not less than a predeter-
mined frequency between said reaction force re-
ception structure (35) and the floor.

17. The apparatus according to claim 15, further com-
prising

a force actuator (38; 39) applying a force be-
tween said stage base member (33) and said reac-
tion force reception structure (35).

18. The apparatus according to claim 17, wherein

said force actuator comprises
a vertical force actuator (38) generating a force
in the vertical direction, and
a horizontal force actuator (39) generating a
force in the horizontal direction.

19. The apparatus according to claim 17, wherein
said force actuator (38; 39) comprises a linear

motor.

20. The apparatus according to claim 18, wherein
a barycenter (45) of said substrate stage (7)

and a position at which said horizontal force actua-
tors (39) apply the force to said stage base member
(33) are substantially at the same level.

21. The apparatus according to claim 15, further com-
prising

a mount (34) elastically supporting said stage
base member (33) on the floor.

22. The apparatus according to claim 15, wherein
said reaction force reception structure (35) is

arranged underneath said stage base member (33).

23. The apparatus according to claim 16, wherein
the frequency is higher than a natural frequen-

cy of the floor.

24. The apparatus according to claim 16, wherein
the frequency is higher than 10 Hz.

25. The apparatus according to claim 1, further com-
prising

a control unit (30) for controlling operation of
sequentially transferring a pattern onto a plurality of
regions on the substrate (6) by scanning and expo-
sure using a step-and-scan scheme while driving
said substrate stage (7) and said master stage (5)
in synchronism with each other.
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26. An exposure apparatus having a substrate stage (7)
and a projection optical system (9) projecting a pat-
tern onto a substrate (6) on said substrate stage (7),
comprising:

a plurality of interferometers (17x1, 17x2, 17y1,
17y2) obtaining position information necessary
for positioning the substrate (6) and the pattern;
a control section (30) controlling an exposure
operation on the basis of measurement results
by said plurality of interferometers (17x1, 17x2,
17y1, 17y2);
a first light generation section (110-1) providing
first light to interferometers (17x1, 17x2) of said
plurality of interferometers (17x1, 17x2, 17y1,
17y2), which belong to a first group;
a second light generation section (110-4) pro-
viding second light to interferometers (17yl,
17y2) of said plurality of interferometers (17x1,
17x2, 17y1, 17y2), which belong to a second
group; and
synchronization means (111, 112, 113, 120) for
synchronizing said first light generation section
(110-1) and said second light generation sec-
tion (110-4) with each other.

27. An exposure apparatus having a substrate stage (7)
and a projection optical system (9) projecting a pat-
tern onto a substrate (6) on said substrate stage (7),
comprising:

a plurality of interferometers (17x1, 17x2, 17y1,
17y2) obtaining position information necessary
for positioning the substrate (6) and thepattern,
said plurality of interferometers (17x1, 17x2,
17y1, 17y2) being classified into a plurality of
groups;
a control section (30) controlling exposure op-
eration on the basis of measurement results by
said plurality of interferometers (17x1, 17x2,
17y1, 17y2);
a plurality of light generation sections (110-1 -
110-n) providing common light to interferom-
eters belonging to the respective groups; and
synchronization means (111, 112, 113, 120) for
synchronizing said plurality of light generation
sections (110-1 - 110-n) with each other.

28. An exposure apparatus which has a substrate stage
(7), a master stage (5), a projection optical system
(9) projecting an image of a master (4) held by said
master stage (5) onto a substrate (6) on said sub-
strate stage (7), a plurality of interferometers (17,
41) measuring positions of said substrate stage (7)
and said master stage (5), and projects the image
of the master (4) onto the substrate (6) by exposure
while driving said substrate stage (7) and said mas-
ter stage (5) on the basis of measurement results

by said plurality of interferometers (17, 41), com-
prising:

a first light generation section (110-1) providing
first light to interferometers (17) of said plurality
of interferometers (17, 41), which belong to a
first group;
a second light generation section (110-4) pro-
viding second light to interferometers (41) of
said plurality of interferometers (17, 41), which
belong to a second group; and
synchronization means (111, 112, 113, 120) for
synchronizing said first light generation section
(110-1) and said second light generation sec-
tion (110-4) with each other.

29. An exposure apparatus which has a substrate stage
(7), a master stage (5), a projection optical system
(9) projecting an image of a master (4) held by said
master stage (5) onto a substrate (6) on said sub-
strate stage (7), a plurality of interferometers (16,
17, 41) measuring positions of said substrate stage
(7) and said master stage (5), and projects the im-
age of the master (4) onto the substrate (6) by ex-
posure while driving said substrate stage (7) and
said master stage (5) on the basis of measurement
results by said plurality of interferometers (16, 17,
41), said plurality of interferometers (16,17,41) be-
ing classified into a plurality of groups, comprising:

a plurality of light generation sections (110-1 -
110-n) providing common light to interferom-
eters belonging to the respective groups; and
synchronization means (111,112,113,120) for
synchronizing said plurality of light generation
sections (110-1 - 110-n) with each other.

30. An exposure method using an exposed apparatus
which has a substrate stage (7), a master stage (5),
and a projection optical system (9) for projecting an
image of a master (4) held by said master stage (5)
onto a substrate (6) on said substrate stage (7), the
method comprising:

generating light in synchronism for a first inter-
ferometer (17) for measuring a position of said sub-
strate stage (7) and for a second interferometer
(410 for measuring a position of said master stage
(5), measuring a position of the master stage (5) us-
ing the first and second interferometers, and pro-
jecting the image of the master (4) onto the sub-
strate (6) by exposure while driving said substrate
stage (7) and said master stage (5) on the basis of
the measurement results by said first and second
interferometers.

31. A method of manufacturing a device, comprising
the steps of:
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applying a resist to a substrate (6);
placing the substrate (6) on a substrate stage
(7) of an exposure apparatus;
transferring the pattern of the resist onto the
substrate (6) by exposure using the method of
claim 30; and
developing the substrate (6).

32. A method of manufacturing a device, comprising
the steps of:

applying a resist to a substrate (6);
placing the substrate (6) on a substrate stage
(7) of an exposure apparatus of any one of
claims 1 to 29, and transferring a pattern onto
the substrate (6) by exposure using said expo-
sure apparatus; and
developing the substrate (6).
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