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ANTI-VIBRATION APPARATUS, EXPOSURE
APPARATUS USING THE SAME, DEVICE
MANUFACTURING METHOD, AND
ANTI-VIBRATION METHOD

BACKGROUND OF THE INVENTION
[0001] Field of the Invention

[0002] The present invention relates to an anti-vibration
apparatus on which an object to be vibration-damped and
isolated from vibrations is mounted and, more particularly,
to an active anti-vibration apparatus used in precision equip-
ment such as a semiconductor exposure apparatus having a
moving mechanism, e.g., an X-Y stage. The present inven-
tion also relates to an exposure apparatus having this anti-
vibration apparatus and a device manufacturing method
using the exposure apparatus. In addition, the present inven-
tion relates to anti-vibration method of mounting an object
to be vibration-damped and isolated from vibrations.

[0003] With improvements in the preciseness of precision
equipment such as an electron microscope and semiconduc-
tor exposure apparatus, enhancement of performance of
precision anti-vibration apparatuses that mount them has
been demanded. In a semiconductor exposure apparatus, in
particular, an anti-vibration table from which external vibra-
tions from a pedestal, (apparatus installation pedestal) such
as a floor on which the apparatus is mounted, are removed
as much as possible is required to realize proper and quick
exposure. This is because vibrations that adversely affect
exposure must be prevented from being produced in the
exposure stage.

[0004] In a semiconductor exposure apparatus character-
ized by intermittent motions, step & repeat motions, the
repetitive step operation of the X-Y stage induces vibrations
of the anti-vibration table. This is because a driving reaction
force of the X-Y stage and the load movement of the X-Y
stage induce vibrations of the anti-vibration table. The
anti-vibration table is therefore required to have an anti-
vibration function against external vibrations from a pedes-
tal such as a floor on which the apparatus is installed and a
vibration control function against vibrations caused by the
motions of the equipment mounted on the anti-vibration
table.

[0005] Some semiconductor exposure apparatuses use the
scan exposure scheme instead of the step & repeat scheme.
In such an apparatus as well, externally transmitted vibra-
tions such as vibrations from the apparatus installation
pedestal must be removed as much as possible, and vibra-
tions of the anti-vibration table which are induced by the
scanning operation of the exposure stage must be instanta-
neously damped. In a scan exposure apparatus, in particular,
since exposure is performed while the exposure stage is
performing scanning operation, both the anti-vibration func-
tion against external vibrations and the vibration control
function against vibrations caused by the motions of the
equipment mounted on the anti-vibration table must meet
strict requirements. An anti-vibration apparatus with higher
performance becomes indispensable.

[0006] To meet such requirements, an active anti-vibration
apparatus has recently been put into practice, which detects
vibrations of an anti-vibration table through a sensor, and
compensates for the output signal from the sensor to feed
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back the resultant signal to an actuator for applying a control
force to the anti-vibration table, thereby actively controls the
vibrations of the anti-vibration table. An active anti-vibra-
tion apparatus can realize an anti-vibration apparatus having
the anti-vibration function and the vibration control function
with a good balance, which is difficult for a passive anti-
vibration apparatus comprised of springs, dampers, and the
like to realize.

[0007] As an actuator for applying a control force to an
anti-vibration table, a conventional active anti-vibration
apparatus generally uses a pneumatic actuator for actively
controlling a thrust to be generated by adjusting the internal
pressure of a pneumatic spring.

[0008] In an anti-vibration apparatus that mounts preci-
sion equipment, to maximize the anti-vibration function by
minimizing the natural frequency of a vibration system
constituted by an anti-vibration table and a support mecha-
nism for damping/supporting the anti-vibration table, it is
effective to increase the weight of the anti-vibration table
and use pneumatic springs, having a small spring constant,
for the support mechanism of the anti-vibration table. In
addition, the pneumatic springs can easily generate large
thrusts by increasing their pressure-receiving areas, and
hence can be suitably used as a support mechanism for
supporting a heavy anti-vibration table. If, therefore, a
pneumatic actuator is used as an actuator for applying a
control force to an anti-vibration table, an anti-vibration
apparatus having a relatively simple structure can be real-
ized because the actuator can also serve as a damper support
mechanism for the anti-vibration table.

[0009] When, however, a device having a driving means
such as an X-Y stage is mounted on an anti-vibration table,
as in a semiconductor exposure apparatus, the required
vibration suppressing effect cannot always be obtained by an
active anti-vibration apparatus using a pneumatic actuator.

[0010] In general, an X-Y stage has a mechanism for
driving a ball screw by using an electromagnetic motor or a
structure of linearly driving the stage by using an electro-
magnetic linear motor or the like. That is, the X-Y stage is
driven by using an electromagnetic actuator exhibiting fast-
response characteristics with respect to a driving force
command signal. In contrast to this, the response of the
pneumatic actuator to a driving force command signal is
slower than that of the electromagnetic actuator. In general,
the response frequency of the pneumatic actuator is lower
than that of the electromagnetic actuator by 100 times or
more. For this reason, the active anti-vibration apparatus
using the pneumatic actuator cannot generate a control force
corresponding to a driving reaction force of the X-Y stage
driven by the electromagnetic actuator at a satisfactory
response speed, thus failing to obtain a sufficient vibration
suppressing effect.

[0011] In order to solve such a problem, an electromag-
netic actuator may be used as an actuator for applying a
control force to an anti-vibration table. For example, as such
an apparatus, an anti-vibration apparatus designed to mag-
netically float the anti-vibration table by using the attraction
force of an electromagnet is available. As described above,
however, the anti-vibration table that mounts precision
equipment is very heavy, and hence very high energy must
be applied to the apparatus to support/drive the anti-vibra-
tion table with an electromagnetic force. In the electromag-
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netic actuator, in particular, heat is generated by coil wind-
ings used to generate an electromagnetic force. If, therefore,
the actuator is driven by applying high energy, a large
quantity of heat is generated. But precision equipment
including a semiconductor exposure apparatus and the like
is greatly influenced by changes in temperature; the appa-
ratus performance is seriously affected even by a 1° C. rise
in apparatus temperature. Therefore, it is unfavorable if the
electromagnetic actuator produces large amount of heat.

[0012] As higher preciseness and throughput are required
for semiconductor exposure apparatuses, there are great
demands for an active anti-vibration apparatus that can
support a heavy anti-vibration table and equipment mounted
thereon and generate a control force in quick response to a
driving reaction force of a device such as an X-Y stage
which is driven on the anti-vibration table at high speed.
Such requirements have become stricter in the field of
next-generation semiconductor exposure apparatuses and
the like, in which it is expected that a driving reaction force
of an X-Y stage will increase with an increase in driving
speed.

[0013] When vibrations produced by such a driving reac-
tion force are to be damped and controlled by using an
anti-vibration apparatus, damping and vibration control
operation must be performed not only in the vertical direc-
tion but also in the horizontal direction. In a semiconductor
exposure apparatus or the like, importance is often attached
to the integration of an anti-vibration apparatus as a unit. In
addition, it is difficult for a conventional anti-vibration
apparatus using an air cylinder to perform damping and
vibration control in both the vertical and horizontal direc-
tions. To realize this, the apparatus inevitably increases in
complexity. Demands have therefore arisen for an anti-
vibration apparatus that is made up of more compact com-
ponents and appropriately integrated with an exposure appa-
ratus with the components being efficiently arranged.

SUMMARY OF THE INVENTION

[0014] Ttis an object of the present invention to provide an
active anti-vibration apparatus which has a compact struc-
ture, satisfies the above requirements, maximizes the char-
acteristics of a pneumatic actuator capable of steadily gen-
erating a large thrust and an electromagnetic actuator having
fast-response characteristics, and minimizes the influences
of heat on the device such as a semiconductor exposure
apparatus mounted on an anti-vibration table, an exposure
apparatus using this active anti-vibration apparatus, a device
manufacturing method using the exposure apparatus, and an
anti-vibration method.

[0015] In order to achieve the above object, according to
the present invention, there is provided an anti-vibration
apparatus for actively damping an object vibrations by
generating control forces to reduce the vibrations, compris-
ing a first actuator for generating a first control force, and a
second actuator for generating a second control force, the
second actuator using a driving principle different from that
of the first actuator, wherein the first actuator generates
forces in vertical and horizontal directions, and the second
actuator generates a force at least in one of the vertical and
horizontal directions.

[0016] According to this anti-vibration apparatus, vibra-
tions of an object can be actively reduced by generating the
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forces in the vertical and horizontal directions, and the
respective components are made more compact and effi-
ciently arranged to realize a compact anti-vibration appara-
tus.

[0017] There is provided an exposure apparatus compris-
ing anti-vibration means using the above anti-vibration
apparatus.

[0018] Since vibrations of the components of the exposure
apparatus are accurately damped, the exposure apparatus
can perform high-speed, high-precision exposure.

[0019] There is provided a method of manufacturing a
device by using the above exposure apparatus, comprising
the steps of preparing the exposure apparatus defined in
claim 33, and transferring a pattern formed on a reticle onto
a wafer.

[0020] A device can be manufactured at high speed with
high precision by this device manufacturing method.

[0021] There is provided an anti-vibration method com-
prising the steps of detecting a displacement or vibration of
a damped/supported object, extracting signals representing
motion modes of translation and rotation from the detection
values, and performing compensation operation on the basis
of the signals, and controlling, based on the compensation
operation, at least one of a first actuator for generating forces
in vertical and horizontal directions and a second actuator
which generates a force in at least one of the vertical and
horizontal directions and is driven on a driving principle
different from a driving principle of the first actuator.

[0022] According to this anti-vibration method, vibrations
of a damped/supported object can be accurately damped in
the vertical and horizontal directions.

[0023] There is provided an anti-vibration method com-
prising the steps of performing feedforward compensation
operation on the basis of the state of the device mounted on
an anti-vibration apparatus or a signal from the device and
controlling, based on the compensation operation, at least
one of a first actuator for generating forces in vertical and
horizontal directions and a second actuator which generates
a force in at least one of the vertical and horizontal directions
and is driven by a driving principle different from a driving
principle of the first actuator.

[0024] According to this anti-vibration method, vibrations
of a device mounted on the anti-vibration apparatus can be
accurately damped in the vertical and horizontal directions
by feedforward compensation.

[0025] According to a preferred aspect of the present
invention, the first actuator of the anti-vibration apparatus
has one of a pneumatic actuator and an electromagnetic
linear motor, and the second actuator has the other of the
pneumatic actuator and the electromagnetic linear motor.

[0026] According to this anti-vibration apparatus, a large
thrust can steadily be generated by using the pneumatic
actuator with almost no heat generated. In addition, vibra-
tions can be damped at a high response speed by using the
electromagnetic linear motor in combination with the pneu-
matic actuator.

[0027] According to another preferred aspect of the
present invention, the first actuator of the anti-vibration
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apparatus includes two actuators for generating forces in the
vertical and horizontal directions.

[0028] According to still another preferred aspect of the
present invention, the second actuator of the anti-vibration
apparatus includes two actuators for generating forces in the
vertical and horizontal directions.

[0029] According to still another preferred aspect of the
present invention, the actuator of the anti-vibration appara-
tus which generates the force in the horizontal direction has
the opposing pneumatic actuator.

[0030] According to this anti-vibration apparatus, a large
thrust can be generated in the horizontal direction and a
displacement can be provided by using the opposing pneu-
matic actuator.

[0031] According to still another preferred aspect of the
present invention, the actuator of the anti-vibration appara-
tus which generates a force in the horizontal direction has
the pneumatic actuator and a pre-pressurizing mechanism.

[0032] According to this anti-vibration apparatus, by using
the pneumatic actuator and the pre-pressuring mechanism, a
large thrust and displacement can be provided in the hori-
zontal direction, and control of an air pressure and piping
can be facilitated.

[0033] According to still another preferred aspect of the
present invention, in the anti-vibration apparatus, the axis of
action of the first actuator for generating the force in the
vertical direction substantially coincides with the axis of
action of the second actuator for generating the force in the
vertical direction.

[0034] According to still another preferred aspect of the
present invention, in the anti-vibration apparatus, the axis of
action of the first actuator for generating the force in the
horizontal direction substantially coincides with the axis of
action of the second actuator for generating the force in the
horizontal direction.

[0035] According to still another preferred aspect of the
present invention, in the anti-vibration apparatus, fixation
parts of the first and also the second actuators are established
as a unit, mobile parts of the first and also the second
actuators are established as a unit.

[0036] According to still another preferred aspect of the
present invention, in the anti-vibration apparatus, a fixation
part of the first actuator for generating force in vertical
direction and a fixation part of the first actuator for gener-
ating force in horizontal direction are established as a unit,
a mobile part of the first actuator for generating force in
vertical direction and a mobile part of the first actuator for
generating force in horizontal direction are established as a
unit.

[0037] According to still another preferred aspect of the
present invention, the anti-vibration apparatus comprises at
least one of passive elastic support means and passive
vibration damping means.

[0038] According to still another preferred aspect of the
present invention, the anti-vibration apparatus further com-
prises displacement detection means for detecting a dis-
placement of a control target.
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[0039] According to this anti-vibration apparatus, a dis-
placement can be detected by the displacement detection
means.

[0040] According to still another preferred aspect of the
present invention, the anti-vibration apparatus comprises
vibration detection means for detecting vibrations of a
control target.

[0041] According to this anti-vibration apparatus, vibra-
tions can be detected by the vibration detection means.

[0042] According to still another preferred aspect of the
present invention, the vibration detection means of the
anti-vibration apparatus is an acceleration sensor.

[0043] According to still another preferred aspect of the
present invention, the vibration detection means of the
anti-vibration apparatus is an velocity sensor.

[0044] According to still another preferred aspect of the
present invention, the anti-vibration apparatus drives the
first or second actuator on the basis of at least one of output
signals from the displacement detection means and the
vibration detection means.

[0045] According to this anti-vibration apparatus, a dis-
placement or vibration is detected, and forces are generated
by the first and second actuators on the basis of the detection
value, thereby accurately damping vibrations in the vertical
and horizontal directions with a compact structure.

[0046] According to still another preferred aspect of the
present invention, the output signal from the displacement
detection means of the anti-vibration apparatus is compen-
sated and fed back to the pneumatic actuator.

[0047] According to still another preferred aspect, the
output signal from the vibration detection means of the
anti-vibration apparatus is compensated and fed back to the
electromagnetic linear motor.

[0048] According to still another preferred aspect of the
present invention, the pneumatic actuator of the anti-vibra-
tion apparatus has a dead zone in a direction perpendicular
to the direction in which the force is generated.

[0049] According to this anti-vibration apparatus, since
each pneumatic actuator has a backlash in a direction
perpendicular to the direction in which a force is generated,
the pneumatic actuators in the vertical and horizontal direc-
tions do not interfere with each other, and vibrations in the
two directions can be damped.

[0050] According to still another preferred aspect of the
present invention, the pneumatic actuator of the anti-vibra-
tion apparatus has a bellows structure.

[0051] According to this anti-vibration apparatus, since
each pneumatic actuator is formed by using a bellows
structures, a compact anti-vibration apparatus with a high
degree of integration can be provided.

[0052] According to still another aspect of the present
invention, the pneumatic actuator of the anti-vibration appa-
ratus has a pressure control valve for adjusting the internal
pressure of the pneumatic actuator or the flow rate valve for
adjusting the flow rate of air supplied/exhausted.

[0053] According to still another preferred aspect of the
present invention, the pneumatic actuator of the anti-vibra-
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tion apparatus comprises a pressure sensor for detecting the
internal pressure of the pneumatic actuator, and has a
pressure control loop for actuating at least one of the
pressure control valve and the flow rate control valve on the
basis of a compensation signal obtained from the pressure
compensation means.

[0054] According to still another preferred aspect of the
present invention, the electromagnetic linear motor of the
anti-vibration apparatus is a moving magnet type linear
motor.

[0055] According to this anti-vibration apparatus, the
influences of heat on an object whose vibrations must be
damped can be reduced, and wiring of the coil winding can
be facilitated.

[0056] According to still another preferred aspect of the
present invention, the electromagnetic linear motor of the
anti-vibration apparatus has a structure in which a coil is
placed in a magnetic field between a plurality of opposing
magnets.

[0057] According to still another preferred aspect of the
present invention, the electromagnetic linear motor of the
anti-vibration apparatus is a single-phase linear motor hav-
ing one coil.

[0058] According to still another preferred aspect of the
present invention, the electromagnetic linear motor of the
anti-vibration apparatus is a polyphase linear motor having
a plurality of coils.

[0059] According to still another preferred aspect of the
present invention, each of the plurality of coils of the
anti-vibration apparatus is energized in a direction opposite
to a direction in which a current flows in a corresponding
adjacent coil.

[0060] According to this anti-vibration apparatus, undes-
ired thrust components produced in each electromagnetic
linear motor can be easily reduced, and a high-precision
anti-vibration apparatus can be provided by using high-
precision, low-cost electromagnetic linear motors.

[0061] According to still another preferred aspect of the
present invention, the electromagnetic linear motor of the
anti-vibration apparatus comprises an interpole magnet.

[0062] According to this anti-vibration apparatus, the
magnetic flux generated by each electromagnetic linear
motor can be made uniform and strong, and the thrust
generated by each electromagnetic linear motor can be
increased, thereby realizing a high-precision anti-vibration
apparatus.

[0063] According to still another preferred aspect of the
present invention, each of the first and second actuators of
the anti-vibration apparatus comprises a plurality of actua-
tors.

[0064] According to this anti-vibration apparatus, vibra-
tions in motion modes of translation and rotation can be
damped and controlled by arranging a plurality of first and
second actuators.

[0065] According to still another preferred aspect of the
present invention, the plurality of electromagnetic linear
motors or coils of the electromagnetic linear motors
arranged in the anti-vibration apparatus are formed into
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several groups, and a plurality of electromagnetic linear
motors or coils of the electromagnetic linear motors which
are included in the same group are driven by the same
driving signal.

[0066] According to still another preferred aspect of the
present invention, the electromagnetic linear motors or coils
of the electromagnetic linear motors of the anti-vibration
apparatus which are driven by the same driving signal are
electrically connected in series or parallel.

[0067] According to this anti-activation apparatus, signals
and wiring of the control system of the anti-vibration
apparatus can be simplified, and a reduction in cost can be
achieved.

[0068] According to still another preferred aspect of the
present invention, in the anti-vibration apparatus, signals
representing motion modes of translation and rotation are
extracted from a displacement target value and output sig-
nals from the plurality of displacement detection means, and
the extracted signals are compensated for to drive at least
one of sets of the first actuators and the second actuators.

[0069] According to still another preferred aspect of the
present invention, the anti-vibration apparatus extracts sig-
nals representing motion modes of translation and rotation
from output signals from the plurality of vibration detection
means, and compensates for the extracted signals to drive at
least one of sets of the first actuators and the second
actuators.

[0070] According to still another preferred aspect of the
present invention, the anti-vibration apparatus further com-
prises first feedforward compensation operation means for
performing compensation operation on the basis of a state of
a device mounted on the anti-vibration apparatus or a signal
from the device, and drives the first actuator on the basis of
a compensated signal obtained by first feedforward com-
pensation operation.

[0071] According to still another preferred aspect of the
present invention, the anti-vibration apparatus further com-
prises second feedforward compensation operation means
for performing compensation operation on the basis of a
state of a device mounted on the anti-vibration apparatus or
a signal from the device, and drives the second actuator on
the basis of a compensated signal obtained by the second
feedforward compensation operation means.

[0072] This anti-vibration apparatus can damp vibrations
of a mounted device by feedforward compensation.

[0073] According to still another preferred aspect of the
present invention, the anti-vibration means of the exposure
apparatus supports a stage base plate and removes vibrations
of the stage base plate.

[0074] According to still another preferred aspect of the
present invention, the anti-vibration means of the exposure
apparatus supports a lens barrel base plate and removes
vibrations of the lens barrel base plate.

[0075] According to still another preferred aspect of the
present invention, a reticle base plate for supporting a reticle
stage of the exposure apparatus is coupled to a lens barrel
base plate, and the anti-vibration means supports the lens
barrel base plate and removes vibrations of the reticle stage.
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[0076] According to still another preferred aspect of the
present invention, the exposure apparatus is a scan type
exposure apparatus.

[0077] According to still another preferred aspect of the
present invention, the device manufacturing method further
comprises the steps of developing a portion exposed on the
wafer, and cutting a chip formed on the wafer.

[0078] A device can be manufactured at high speed with
high precision by this device manufacturing method.

[0079] Other features and advantages of the present inven-
tion will be apparent from the following description taken in
conjunction with the accompanying drawings, in which like
reference characters designate the same or similar parts
throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0080] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the
description, serve to explain the principles of the invention.

[0081] FIG. 1 is a schematic view showing an anti-
vibration apparatus according to the first embodiment of the
present invention;

[0082] FIG. 2 is a schematic view of the control system of
a pneumatic actuator used in the anti-vibration apparatus of
the first embodiment;

[0083] FIG. 3 is a schematic view showing an electro-
magnetic linear motor used in the anti-vibration apparatus of
the first embodiment;

[0084] FIG. 4 is a schematic view showing the control
system of the anti-vibration apparatus of the first embodi-
ment which is associated with the horizontal direction;

[0085] FIG. 5 is a schematic view showing an anti-
vibration apparatus according to the second embodiment of
the present invention;

[0086] FIG. 6 is a schematic view showing an electro-
magnetic linear motor used in an anti-vibration apparatus
according to the third embodiment of the present invention;

[0087] FIG. 7 is a schematic view showing an anti-
vibration apparatus according to the fourth embodiment of
the present invention;

[0088] FIG. 8 is a view for explaining driving forces
generated in a single-phase linear motor;

[0089] FIG. 9 is a schematic view showing an electro-
magnetic linear motor used in an anti-vibration apparatus
according to the fifth embodiment of the present invention;

[0090] FIG. 10 is a schematic view showing an electro-
magnetic linear motor used in an anti-vibration apparatus
according to the sixth embodiment of the present invention;

[0091] FIG. 11 is a schematic view showing an exposure
apparatus according to the seventh embodiment of the
present invention;

[0092] FIG. 12 is a flow chart showing a wafer manufac-
turing process; and

[0093] FIG. 13 is a flow chart showing a semiconductor
device manufacturing process.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0094] Preferred embodiments of the present invention
will be described in detail in accordance with the accom-
panying drawings.

[0095] [First Embodiment]

[0096] In this embodiment, an anti-vibration unit that
supports an anti-vibration table on which precision equip-
ment such as a semiconductor exposure apparatus is
mounted, and reduces harmful vibrations that adversely
affect the mounted equipment is disclosed.

[0097] FIG. 1 is a schematic view showing an active
anti-vibration apparatus according to the first embodiment.
This embodiment will be described below with reference to
FIG. 1.

[0098] An anti-vibration table 1 such as a base plate on
which precision equipment such as a semiconductor expo-
sure apparatus is mounted is supported by an anti-vibration
unit 50 firmly fastened to the anti-vibration table 1. Refer-
ence numeral 21 denotes a vertical pneumatic actuator for
applying a control force to the anti-vibration table 1 in the
vertical direction (Z direction); 22, a horizontal pneumatic
actuator for applying a control force to the anti-vibration
table 1 in the horizontal direction (X direction); 31, a vertical
linear motor as an electromagnetic actuator for applying a
control force to the anti-vibration table 1 in the vertical
direction; and 32, a horizontal linear motor as an electro-
magnetic actuator for applying a control force to the anti-
vibration table 1 in the horizontal direction. The anti-
vibration unit 50 includes the vertical pneumatic actuator 21,
the horizontal pneumatic actuator 22, the vertical linear
motor 31, and the horizontal linear motor 32.

[0099] The anti-vibration unit 50 also has a vertical vibra-
tion sensor 26a and a horizontal vibration sensor 26b which
respectively detect vibration signals representing accelera-
tions or velocities of the anti-vibration table 1 or anti-
vibration unit 50, which is firmly fastened to the anti-
vibration table 1, in the vertical and horizontal directions.

[0100] The anti-vibration unit 50 also has a vertical dis-
placement sensor 25a and a horizontal displacement sensor
25b which respectively detect displacement signals to the
reference positions.

[0101] The anti-vibration unit 50 may include an elastic
support means such as a spring mechanism and a passive
vibration damping means such as a viscous damper. If a
pneumatic actuator, to be described later, is used as an
actuator for applying a control force to the anti-vibration
table 1, as in the apparatus disclosed in the present invention,
the pneumatic actuator can also serve as an elastic support
means for supporting the anti-vibration table 1. In addition,
according to this apparatus, vibrations of the anti-vibration
table 1 can be damped by performing control operation to be
described later. The object of the present invention can
therefore be satisfactorily achieved by the anti-vibration unit
50 having no passive elastic support means and vibration
damping means as shown in FIG. 1.

[0102] <Pneumatic Actuator>

[0103] The vertical and horizontal pneumatic actuators 21
and 22 are pneumatic actuators for applying control forces
to the anti-vibration table 1 will be described next.
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[0104] As each of the vertical and horizontal pneumatic
actuators 21 and 22, an actuator unit made up of a pneumatic
spring and a pressure control valve for continuously adjust-
ing the internal pressure of the pneumatic spring in accor-
dance with an electrical command signal or an actuator unit
made up of a pneumatic spring and a flow rate control valve
for adjusting the flow rate of air supplied/exhausted to/from
the pneumatic spring can be used. As will be described later,
these actuators are driven on the basis of the displacement of
the anti-vibration table 1 with respect to a reference position
or a compensation signal for vibrations of the anti-vibration
table 1.

[0105] The vertical pneumatic actuator 21 adjusts a pres-
sure control valve or flow rate control valve (not shown) to
generate a force in a direction to raise the anti-vibration table
1 by increasing the internal pressure of the pneumatic spring
and a force in a direction to lower the anti-vibration table 1
by decreasing the internal pressure of the pneumatic spring.
A pneumatic actuator of this type using a pneumatic spring
cannot generate any force except for increasing the internal
pressure of the pneumatic spring. In the case with the
vertical pneumatic actuator 21, however, since the weight of
the anti-vibration table 1 is applied as a pre-pressure to the
vertical pneumatic actuator 21, a force in a direction to lower
the anti-vibration table 1 can be generated by decreasing the
internal pressure of the pneumatic spring.

[0106] Each pneumatic spring has a rubber bellows struc-
ture to ensure a backlash(allowable range of movement) in
a direction perpendicular to the direction in which a force is
generated. For example, to prevent the horizontal pneumatic
actuator from being interfered with the motions of the
vertical pneumatic actuator, the bellows structure is
designed to prevent interference between the respective
actuators when vibrations in both the vertical and horizontal
directions are removed. The structure of each pneumatic
spring is not limited to the bellows structure as long as the
actuator can move in a direction perpendicular to the direc-
tion in which a force is generated. For example, each
actuator may have a cylinder mechanism having a compen-
sation mechanism in a direction perpendicular to the direc-
tion in which a force is generated.

[0107] FIG. 1 shows the first example of the arrangement
of the horizontal pneumatic actuator 22 in this embodiment,
which includes two opposing pneumatic actuators. In this
case, forces in two directions, i.e., the +X direction and the
opposite direction, the -X direction, indicated by the arrows
in FIG. 1 can be generated for the anti-vibration table 1 by
controlling the balance between the forces generated by two
pneumatic springs 23a and 23b that are arranged opposite to
constitute the horizontal pneumatic actuators 22. More spe-
cifically, the pressure control valve or flow rate control valve
(not shown) is adjusted to increase the internal pressure of
the pneumatic spring 23a and decrease the internal pressure
of the pneumatic spring 23b so as to generate a force in the
+X direction. In addition, the above valve is adjusted to
decrease the internal pressure of the pneumatic spring 23a
and increase the internal pressure of the pneumatic spring
23b so as to generate a force in the -X direction.

[0108] Referring to FIG. 1, the horizontal pneumatic
actuator 22 in the anti-vibration unit 50 corresponds to only
one horizontal direction. If, however, two or more horizontal
pneumatic actuators are used, control forces can be applied
in a plurality of arbitrary directions.
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[0109] FIG. 2 is a conception diagram of the control
system for the pneumatic actuator.

[0110] The pneumatic actuator preferably has a pressure
control loop in which the internal pressure of the pneumatic
spring is detected by a pressure sensor 27, the difference
signal between an pressure command signal and the output
signal from the pressure sensor 27 is compensated for by a
pressure compensation means 48, and a control valve 28
such as a pressure control valve or flow rate control valve
which is driven on the basis of the compensated signal. FIG.
2 schematically shows the control system for the vertical
pneumatic actuator having the pressure control loop. In this
case, an input signal (driving command signal) to the
pneumatic actuator is the pressure command signal shown in
FIG. 2.

[0111] <Linear motor >

[0112] Linear motors used as the vertical linear motor 31
and the horizontal linear motor 32 will be described next.

[0113] FIG. 3 shows three views of an electromagnetic
linear motor, which is the first example of an arrangement of
an electromagnetic linear motor used as the vertical linear
motor 31 or horizontal linear motor 32 in this embodiment.

[0114] The electromagnetic linear motor in FIG. 3 is a
single-phase linear motor 33 made up of a coil assembly 33a
including one coil winding 33c and a magnet assembly 33b
including two pairs of opposing permanent magnets 33d.

[0115] As shown in FIG. 3, the coil assembly 33a is
placed in the magnetic circuit formed by the magnet assem-
bly 33b so as not to touch the magnet assembly 33b. As the
coil winding 33c, a copper wire or the like with several
hundred turns can be used.

[0116] As shown in FIG. 3, in the magnet assembly 33b,
the two pairs of permanent magnets 334, which oppose each
other through the coil winding 33¢, are opposite in polarity
and form a magnetic circuit in which the magnetic fluxes
formed by the respective pairs of permanent magnets are
opposite in direction. That is, as shown in FIG. 3, a pair of
permanent magnets having an N-S arrangement is placed
opposite to a pair of permanent magnets having an S-N
arrangement.

[0117] When a current is fed through the coil winding 33¢
placed in the magnetic field to cross the direction of mag-
netic fluxes at right angles, a thrust is generated between the
coil assembly 33¢ and the magnet assembly 33b in a
direction perpendicular to the direction of magnetic flux and
coil current direction. Referring to FIG. 3, when a current is
fed through the coil winding 33c in the direction indicated
by an arrow 1, a thrust proportional to the coil current and the
magnetic flux density in the space where the coil winding
33c is present acts on the coil assembly 334 and the magnet
assembly 33b in the direction indicated by an arrow f.

[0118] This electromagnetic linear motor can therefore be
used as an actuator for applying a control force to the
anti-vibration table 1 by mounting the coil assembly 33a on
the apparatus installation pedestal on which this anti-vibra-
tion apparatus is installed or a member firmly fastened to the
apparatus installation pedestal and also mounting the magnet
assembly 33b on the anti-vibration table 1 or a member
firmly fastened to the anti-vibration table 1.
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[0119] An electromagnetic linear motor of this type that
uses Lorentz force has no mechanical interference mecha-
nism between the coil assembly and the magnet assembly,
and these assemblies are mechanically isolated from vibra-
tions in a noncontact state. An anti-vibration apparatus is
required to minimize transmission of vibrations between two
structures, i.e., the anti-vibration table and the apparatus
installation pedestal. An electromagnetic linear motor of this
type can be suitably used in this field of anti-vibration
techniques. In addition, the electromagnetic linear motor
having this arrangement can be formed by a flat structure to
improve the spatial arrangement efficiency, thereby further
facilitating mounting of the electromagnetic linear motor in
the anti-vibration unit.

[0120] In the anti-vibration apparatus disclosed in the
present invention, each electromagnetic linear motor is
preferably used as a moving magnet type linear motor
obtained by mounting a coil assembly on the apparatus
installation pedestal or a member firmly fastened to the
apparatus installation pedestal and also mounting a magnet
assembly on the anti-vibration table 1 or a member firmly
fastened to the anti-vibration table 1. Since the coil winding
has an electric resistance, heat is generated when current is
fed through it. In consideration of the influence of heat on
the preciseness of the precision equipment mounted on the
anti-vibration table 1, the magnet assembly is preferably
mounted on the anti-vibration table 1 or a member firmly
fastened thereto. The coil assembly as a heating element is
undesirable for mounting on the anti-vibration table 1 or a
member firmly fastened thereto. This arrangement can sup-
press direct transmission of heat to the precision equipment
through the members constituting the anti-vibration unit.
This allows measures to be mainly taken for transmission of
heat through the atmosphere in the space where the electro-
magnetic linear motor is present. In addition, when the coil
assembly is mounted on the apparatus installation pedestal
or a member firmly fastened to the apparatus installation
pedestal, the coil can be located more easily than when the
coil is mounted on a movable portion. The transmission of
heat through the atmosphere in the space can be easily
suppressed by, for example, surrounding the electromag-
netic linear motor with a metal member having a large heat
capacity and drawing the air in the space.

[0121] A plurality of electromagnetic linear motors each
identical to the one described above are arranged on each
portion of the anti-vibration table 1. These electromagnetic
linear motors may be formed into several groups, and a
plurality of electromagnetic linear motors included in the
same group may be driven by the same driving command
signal. In addition, the plurality of electromagnetic linear
motors driven by the same driving command signal may be
further formed into several groups (at least one group), and
a plurality of electromagnetic linear motors included in the
same group may electrically be connected in parallel or
series to be driven.

[0122] Tt is preferable that the axis of action of each
pneumatic actuator almost coincide with that of each elec-
tromagnetic linear motor in both the vertical and horizontal
directions.

[0123] The operation of the anti-vibration unit 50 will be
described next.

[0124] FIG. 4 schematically shows the control system of
the anti-vibration unit 50 in the horizontal direction in this
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embodiment. The control system in the vertical direction has
the same arrangement as that in the horizontal direction.

[0125] The anti-vibration unit 50 is operated by driving
the vertical pneumatic actuator 21, the horizontal pneumatic
actuator 22, the vertical linear motor 31, and the horizontal
linear motor 32 on the basis of signals from a vertical
displacement sensor 254, a horizontal displacement sensor
25b, the vertical vibration sensor 264, the horizontal vibra-
tion sensor 26b, and other devices.

[0126] As the vertical displacement sensor 25a and the
horizontal displacement sensor 25b, oscillation type dis-
placement sensors such as eddy current sensors can be used.
As the vertical vibration sensor 26a and the horizontal
vibration sensor 26b, acceleration sensors can be used. The
sensors are not limited to the displacement sensor, vibration
sensor and may be included the velocity sensor. Especially,
it is possible to concomitantly use the velocity sensor and
acceleration sensor.

[0127] <Displacement Control>

[0128] Displacement control operation to be performed on
the basis of output signals from the vertical displacement
sensor 254 and the horizontal displacement sensor 25b will
be described first. In this case, this operation will be referred
to as displacement control for the sake of descriptive con-
venience. The vertical and horizontal displacements of the
anti-vibration table 1 or the anti-vibration unit 50 firmly
fastened to the anti-vibration table 1 are respectively
detected by the vertical displacement sensor 254 and the
horizontal displacement sensor 25b. The resultant detection
signals are input to a compensation operation means 40 to
calculate difference signals between the target values of
displacements with respect to the reference position of the
anti-vibration table 1 and the output signals from the vertical
displacement sensor 25a and the horizontal displacement
sensor 25b, i.e., deviation signals with respect to the vertical
and horizontal reference positions. The calculated deviation
signals are input to a deviation compensation operation
means 41 and compensated for. The deviation compensation
operation means 41 performs compensation operation for
the deviation signals by a control method such as a PID
compensation (proportional/integral/differential compensa-
tion) method. In this displacement control operation, in
particular, compensation operation such as PI compensation
(proportional/integral compensation) including integral
operation is preferably performed to set the anti-vibration
table 1 at a predetermined target position without any
deviation. The deviation compensation signals obtained as a
result of the above compensation operation are input to the
above actuators, i.e., the vertical pneumatic actuator 21 and
the horizontal pneumatic actuator 22 or the driving circuits
for the vertical linear motor 31 and the horizontal linear
motor 32 so as to drive the respective actuators, thereby
properly setting the anti-vibration table 1 at the predeter-
mined target position.

[0129] Note that in this displacement control operation, a
thrust must be steadily applied to the anti-vibration table 1
to keep the anti-vibration table 1 at a predetermined position.
In order to keep the anti-vibration table 1 at a predetermined
position in the vertical direction, in particular, a thrust large
enough to support the anti-vibration table 1 is required for
each actuator. The weight of the anti-vibration table 1 must
be increased to improve the anti-vibration effect, and a large
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thrust must steadily be generated to maintain the anti-
vibration table 1 at a predetermined position.

[0130] However, the electromagnetic linear motors used
as the vertical linear motor 31 and the horizontal linear
motor 32 generate heat when currents are fed through the
coils. When the electromagnetic linear motors are used in
displacement control operation to steadily generate large
thrusts, in particular, the amount of heat generated by the
coils increases, and the heat is transferred to the anti-
vibration unit 50 and the anti-vibration table 1, thereby
increasing the temperature of each portion.

[0131] The anti-vibration apparatus disclosed in the
present invention aims at mounting precision equipment. In
this field, however, contraction/expansion of members due
to changes in the temperatures of the anti-vibration table 1
and the device mounted thereon greatly affects the measure-
ment precision and operation precision of the precision
equipment.

[0132] 1t is therefore preferable that pneumatic actuators
such as the vertical pneumatic actuator 21 and the horizontal
pneumatic actuator 22 as shown in FIG. 4 be used as
actuators used in displacement control operation or used to
generate steady thrusts, and be used together with electro-
magnetic linear motors such as the vertical linear motor 31
and the horizontal linear motor 32 to damp and settle
transitional vibrations produced upon positioning of the
device.

[0133] <Vibration Control>

[0134] Vibration control operation to be performed on the
basis of output signals from the vertical vibration sensor 264
and the horizontal vibration sensor 2650 will be described
next. In this case, this operation will be referred to as
vibration control for the sake of descriptive convenience.
First of all, the vertical and horizontal vibrations of the
anti-vibration table 1 are respectively detected by the ver-
tical vibration sensor 26a and the horizontal vibration sensor
26b. The resultant detection signals are input to a vibration
compensation operation means 42 and compensated for. As
the vertical vibration sensor 264 and the horizontal vibration
sensor 26b, acceleration sensors are generally used. In this
embodiment, acceleration sensors are used as the vertical
vibration sensor 264 and the horizontal vibration sensor 26b.

[0135] In this vibration control operation, arithmetic pro-
cessing such as proportional compensation and integral
compensation or PI compensation (proportional/integral
compensation) is performed for the signals obtained by the
vertical vibration sensor 26a and the horizontal vibration
sensor 26b. Vibration control operation is implemented by a
method of feeding back a mass term by applying a force
proportional to the acceleration of the anti-vibration table 1
to the anti-vibration table 1, a method of feeding back a
damping term by applying a force proportional to the speed
of the anti-vibration table 1 to the anti-vibration table 1, a
method combining the above methods, or the like.

[0136] Vibration control operation will be described
below by exemplifying the method of damping the vibra-
tions of the anti-vibration table 1 by applying a force
proportional to the speed of the anti-vibration table 1 to the
anti-vibration table 1. In general, different compensation
operation methods are used in a case wherein the vertical
pneumatic actuator 21 and the horizontal pneumatic actuator
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22 are used as actuators for implementing vibration control
operation and a case wherein the vertical linear motor 31 and
the horizontal linear motor 32 are used for such actuators.
Each compensation method will therefore be described
below.

[0137] <Control of Pneumatic Actuators>

[0138] Control operation using the vertical pneumatic
actuator 21 and the horizontal pneumatic actuator 22 will be
described first. Assume that the response speed of each
pneumatic actuator is very low, and the response frequency
of a thrust generated in response to a driving command
signal to the actuator is lower than the natural frequency of
the vibration system constituted by the anti-vibration table 1
and the support mechanism for damping/supporting the
anti-vibration table 1 by 10 times or more. The pneumatic
actuator functions as an actuator having integral character-
istics in a frequency region near the natural frequency of the
vibration system of the anti-vibration table 1. A force
proportional to the speed of the anti-vibration table 1 can
therefore be applied to the anti-vibration table 1 in the main
band, i.e., the frequency region near the natural frequency of
the vibration system of the anti-vibration table 1, by detect-
ing the accelerations of the anti-vibration table 1 through the
vertical vibration sensor 26a and the horizontal vibration
sensor 26b, and feeding back the data obtained by perform-
ing proportional compensation (gain compensation) for the
detected accelerations to the vertical pneumatic actuator 21
and the horizontal pneumatic actuator 22. Since each actua-
tor has integral characteristics, a thrust proportional to the
speed of the anti-vibration table 1 is fed back to the
anti-vibration table 1.

[0139] Assume that the response speed of each pneumatic
actuator is very high, and the response frequency does not
differ much from the natural frequency of the vibration
system constituted by the anti-vibration table 1 and the
support mechanism for damping/supporting the anti-vibra-
tion table 1. In this case, acceleration signals obtained from
the vertical vibration sensor 26a and the horizontal vibration
sensor 26b may be compensated for by using a PI compen-
sation (proportional/integral compensation) device in which
parameters are set to have a zero point at the response
frequency of each pneumatic actuator, and the resultant
signals may be fed back to the vertical pneumatic actuator 21
and the horizontal pneumatic actuator 22. With this opera-
tion, the zero point of the PI compensation device cancels
out the pole (eigenvalue) of each pneumatic actuator, and a
combination of the outputs from the PI compensation device
and the pneumatic actuator becomes an integral element. As
a result, a force proportional to the integral of the accelera-
tions of the anti-vibration table 1, i.e., a speed proportional
signal, is applied to the anti-vibration table 1.

[0140] <Control of Linear Motors>

[0141] Vibration control operation using the vertical linear
motor 31 and the horizontal linear motor 32 will be
described next. In general, the response frequencies of
thrusts generated by electromagnetic linear motors such as
the vertical linear motor 31 and the horizontal linear motor
32 in response to driving command signals are much higher
than the natural frequency of the vibration system consti-
tuted by the anti-vibration table 1 and the support mecha-
nism for damping/supporting the anti-vibration table 1. The
natural frequency of the vibration system constituted by the
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anti-vibration table 1 and the support mechanism for damp-
ing/supporting the anti-vibration table 1 ranges from several
Hz to a maximum of about several ten Hz. On the other
hand, an electromagnetic linear motor has a relatively large
inductance if the number of turns of the coil is large. When
this motor is driven by a circuit of a voltage control type, the
response frequency may sometimes become 100 Hz or less.
In general, however, the electromagnetic linear motor is
driven by a driving circuit with current feedback. In this
case, owing to the effect of current feedback, a response
frequency of 100 Hz or more can be easily realized. It can
therefore be assumed that the electromagnetic linear motor
has gain characteristics in the frequency region near the
natural frequency of the vibration system of the anti-vibra-
tion table 1. As a consequence, a force proportional to the
speed of the anti-vibration table 1 can be applied to the
anti-vibration table 1 by performing integral compensation
for the accelerations of the anti-vibration table I which are
detected by the vertical vibration sensor 26a and the hori-
zontal vibration sensor 26b, and feeding back the resultant
data to the vertical linear motor 31 and the horizontal linear
motor 32.

[0142] As shown in FIG. 4, in the anti-vibration apparatus
disclosed in the present invention, vibration control opera-
tion based on acceleration signals obtained from the anti-
vibration table 1 and the like is preferably performed mainly
by using the electromagnetic linear motors having fast-
response characteristics. This is because control must be
performed by following a driving reaction force of the X-Y
stage, which operates at a high speed/acceleration and high
response speed. If vibration control is performed by using
the pneumatic actuators, which are lower in response speed
than the electromagnetic linear motors, the high-speed/-
acceleration operation of the X-Y stage cannot be properly
followed. In addition, the apparatus may be forced to use the
pneumatic actuators beyond their capacities, resulting in
undesirable variations in apparatus characteristics. In vibra-
tion control operation, therefore, it is preferable that the
electromagnetic linear motors be used or the load ratio of the
electromagnetic linear motors to the pneumatic actuators be
increased.

[0143] In this embodiment, displacement control opera-
tion for the anti-vibration table 1 is preferably performed by
extracting deviation signals with respect to the reference
positions in the respective motion modes of the anti-vibra-
tion table 1, e.g., translation and rotation, from target values
in the respective motion modes of the anti-vibration table 1,
e.g., translation and rotation, with respect to the reference
positions and output signals from a plurality of displacement
detection means for detecting the vertical and horizontal
displacements of the anti-vibration table 1 with respect to
the reference positions, performing compensation operation
for the signals, and distributing the resultant operation mode
compensated signals to the respective actuators that are
arranged at each portion of the anti-vibration table 1 to apply
control forces to the anti-vibration table 1.

[0144] Likewise, in this embodiment, vibration control
operation for the anti-vibration table 1 is preferably per-
formed by extracting vibration signals for the respective
motion modes of the anti-vibration table 1, e.g., translation
and rotation, from output signals form a plurality of vibra-
tion detection means for detecting the vertical and horizontal
vibrations of the anti-vibration table 1, performing compen-
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sation operation for the signals, and distributing the resultant
motion mode compensated signals to the respective actua-
tors that are arranged at each portion of the anti-vibration
table 1 to apply control forces to the anti-vibration table 1.

[0145] Control operation for each actuator based on sig-
nals from the above displacement detection means, vibration
detection means, and other devices will be described next.

[0146] The manner in which the above electromagnetic
linear motors or pneumatic actuators are driven by perform-
ing appropriate compensation operation based on signals
from a control means or the operation state of a device
having a driving means such as an X-Y stage and mounted
on the anti-vibration table 1 will be described first.

[0147] Assume that a device having a driving means such
as an X-Y stage 45 is mounted on the anti-vibration table 1,
as shown in FIG. 4. This X-Y stage 45 can move in two
arbitrary directions, i.e., the X and Y directions, using linear
mechanisms constituted by electromagnetic motors and ball
screws or electromagnetic linear motors. Each electromag-
netic motor or electromagnetic linear motor for driving the
X-Y stage 45 is driven by an X-Y stage driving circuit 47 on
the basis of a signal from an X-Y stage control means 46.

[0148] 1In this case, control operation is performed by
using a feedforward compensation operation means for
receiving a signal from the X-Y stage control means 46 or
a signal associated with the driven state of the X-Y stage,
performing appropriate arithmetic processing for the signal,
and sending the processing result to the driving circuit for
the corresponding actuator for applying a control force to the
anti-vibration table 1.

[0149] The following two feedforward compensation
operation methods are available. In the first method, com-
pensation operation is performed to cancel out a driving
reaction force produced when the X-Y stage 45 is driven. In
the second method, compensation operation is performed to
correct the tilt of the anti-vibration table 1 due to load
movement by compensating for a change in the moment
balance of the anti-vibration table support mechanism upon
movement of the load of the X-Y stage 45 over the anti-
vibration table 1.

[0150] The former method can be implemented by per-
forming appropriate compensation operation by using band-
pass filters and the like in a first feedforward compensation
operation means 43, mainly on the basis of signals propor-
tional to the accelerations of the X-Y stage 45 or driving
reaction forces of the X-Y stage, so as to apply forces
proportional to the accelerations or driving reaction forces to
the anti-vibration table 1 in a desired control frequency
band. The compensated signals obtained as outputs from the
first feedforward compensation operation means 43 are sent
to the electromagnetic linear motors such as the vertical
linear motor 31 and the horizontal linear motor 32 to cancel
out the driving reaction forces generated when the X-Y stage
45 is driven. To cope with the high-speed/-acceleration
operation of the X-Y stage 45, the actuators to be used must
be electromagnetic linear motors.

[0151] The latter method can be implemented by perform-
ing appropriate compensation operation using bandpass fil-
ters and the like in a second feedforward compensation
operation means (not shown in FIG. 4) mainly on the basis
of signals proportional to the displacements of the X-Y stage
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45. The compensated signals obtained as outputs from the
second feedforward compensation operation means are sent
to pneumatic actuators such as the vertical pneumatic actua-
tor 21 and the horizontal pneumatic actuator 22 to compen-
sate for changes in the moment balance of the anti-vibration
table support mechanism due to movement of the load of the
X-Y stage 45 over the anti-vibration table 1. In this opera-
tion, a force must be steadily generated to maintain the
steady moment balance of the support mechanism which
depends on the position of the X-Y stage 45, and hence the
pneumatic actuators are preferably used.

[0152] In these control operations, similar to the displace-
ment and vibration control operations described above, it is
preferable that pieces of information about the forces, accel-
erations, and displacements produced upon driving of the
X-Y stage be converted into signals corresponding to the
respective motion modes of the anti-vibration table 1, e.g.,
translation and rotation, appropriate compensation operation
be performed in units of motion modes, and the resultant
compensated signals be distributed to the respective actua-
tors that are arranged for each portion of the anti-vibration
table 1 to apply control forces to the anti-vibration table 1.

[0153] The apparatus disclosed in the present invention
may include a control system for detecting vibrations of an
apparatus installation pedestal such as a floor on which the
anti-vibration system constituted by the anti-vibration table
1 and the support mechanism for damping/supporting the
anti-vibration table, appropriately compensating for the
resultant detection signals, and feedforward-controlling the
compensated signals to the actuators for applying control
forces to the anti-vibration table 1 in addition to the control
system of driving the actuators for applying control forces to
the anti-vibration table 1 by performing appropriate com-
pensation operation based on the control loop for the above
position control operation and vibration control operation,
the operation state of a device having a driving means such
as an X-Y stage and mounted on the anti-vibration table 1,
or signals from a control means for the device.

[0154] According to this embodiment, the heavy anti-
vibration table on which precision equipment and the like
are mounted can be supported at a predetermined position by
using the pneumatic actuators that can steadily generate
large thrusts, and the high-speed/-acceleration operation of a
mounted device such as an X-Y stage can be properly coped
with by using the electromagnetic actuators with fast-re-
sponse characteristics, thus realizing quick vibration control.
Therefore, both the anti-vibration performance and vibration
control performance requirements can be satisfied, which
cannot be satisfied by the conventional anti-vibration table.

[0155] In this embodiment, both the anti-vibration perfor-
mance and vibration control performance requirements in
the horizontal direction can be satisfied as well as in the
vertical direction by using the pneumatic actuators, each
having a backlash in a direction perpendicular to the direc-
tion in which a force is generated, in combination of the
noncontact type electromagnetic linear motors. In addition,
since the pneumatic actuators having bellows structures are
used, the respective components of the anti-vibration appa-
ratus can be made more compact and can be efficiently
arranged, thus realizing an integral anti-vibration apparatus
as a unit. In this embodiment, the pneumatic actuators and
the electromagnetic linear motors are arranged in both the
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vertical and horizontal directions. Assume, however, that
there is a specific displacement mode or vibration mode to
be removed in a given direction, and the mode can be
removed by using only a pneumatic actuator or electromag-
netic linear motor. In this case, both the pneumatic actuator
and the electromagnetic linear motor need not be set in this
direction.

[0156] In this embodiment, since the coil winding of each
electromagnetic actuator is mounted on a member on the
apparatus installation pedestal side, the adverse effect on the
precision equipment on the anti-vibration table owing to a
temperature rise caused by the heat generated by the coil can
be reduced. In addition, the coil windings can be easily
located and can be suitably used for an anti-vibration/
damping apparatus for precision equipment.

[0157] Furthermore, since the linear motors used in this
embodiment have flat structures, the degree of freedom in
the spatial arrangement of the apparatus is higher than that
in a case wherein electromagnetic motors such as cylindrical
voice coil motors are used. Therefore, an active anti-vibra-
tion apparatus having a compact structure can be realized.

[0158] [Second Embodiment]

[0159] FIG. 5 is a schematic view showing an active
anti-vibration apparatus according to the second embodi-
ment.

[0160] A horizontal pneumatic actuator 22 in FIG. 5 is a
pneumatic actuator of the type having a pre-pressurizing
mechanism 24 such as a coil spring dynamically parallel to
a pneumatic spring 23c¢. Other components and control
methods are the same as those in the first embodiment, and
hence a description thereof will be omitted.

[0161] A predetermined amount of pre-pressure is kept
applied to the pre-pressurizing mechanism 24 in a contrac-
tion direction at a neutral position in the horizontal pneu-
matic actuator 22. In this embodiment, by raising the inter-
nal pressure of the pneumatic spring 23c, a force can be
applied to an anti-vibration table 1 in the +X direction
indicated by the arrow in FIG. 5. In addition, when the
internal pressure of the pneumatic spring 23c is decreased,
the overall actuator can generate a force in the -X direction
owing to the elastic force of the pre-pressurizing mechanism
24 dynamically parallel to the pneumatic spring 23c,
although the pneumatic spring 23c¢ itself cannot generate any
force in the contraction direction.

[0162] Although FIG. 5 shows the horizontal pneumatic
actuator 22, in an anti-vibration unit 50, which corresponds
to only one horizontal direction, control forces can be
applied in a plurality of arbitrary directions by using two or
more horizontal pneumatic actuators.

[0163] In this embodiment, it is preferable that the axis of
action of the pre-pressurizing mechanism almost coincide
with the axis of action of the pneumatic spring. It is also
preferable that the axes of action of the horizontal linear
motors almost coincide with the axis of action of the
pneumatic actuator. According to this embodiment, the same
effects as those of the embodiment described above can be
obtained. In addition, since only one pneumatic spring is
required in the horizontal direction, piping of the pneumatic
spring and installation of a pressure control apparatus are
facilitated.
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[0164] [Third Embodiment]

[0165] FIG. 6 is a schematic view showing an electro-
magnetic linear motor used in an active anti-vibration appa-
ratus according to the third embodiment.

[0166] The linear motor in the above embodiment is a
single-phase linear motor having one coil winding. The
linear motor in this embodiment uses two coil windings.

[0167] The electromagnetic linear motor in FIG. 6 is
comprised of a coil assembly 34¢ including two coil wind-
ings and a magnet assembly 34b having four pairs of
opposing permanent magnets. This motor is obtained by
connecting two single-phase linear motors, each described
as the first example of the electromagnetic linear motor, in
series in a thrust generating direction. A force in the direc-
tion indicated by an arrow f in FIG. 6 can be applied
between the two assemblies by feeding a current through
each coil winding in the direction indicated by an arrow i.

[0168] Since the coil and magnet assemblies are integrally
formed while ensuring thrust characteristics corresponding
to the two single-phase linear motors described above, the
electromagnetic linear motor with this arrangement can save
the dimensions of portions where these components are
mounted. Therefore, the dimensions of the space required to
mount the electromagnetic linear motor on the anti-vibration
unit can be further reduced.

[0169] In addition, a plurality of electromagnetic linear
motors, each identical to the one described above, may be
arranged at each portion of an anti-vibration table 1. In
addition, these electromagnetic linear motors may be formed
into several groups, and a plurality of electromagnetic linear
motors included in the same group may be driven by the
same driving command signal. Likewise, these electromag-
netic linear motors may be arranged at each portion of the
anti-vibration table 1. In addition, the coil windings of the
respective electromagnetic linear motors may be formed into
several groups, and the coil windings of the electromagnetic
linear motors included in the same group may be driven by
the same driving command signal.

[0170] The plurality of electromagnetic linear motors or
coil windings driven by the same driving command signal
may be further formed into several groups (at least one
group), and a plurality of electromagnetic linear motors or
coil windings included in the same group may be electrically
connected in parallel or series to be driven.

[0171] The control system required to drive a plurality of
electromagnetic linear motors can be simplified by driving
the electromagnetic linear motors or coil windings in the
same group using the same driving signal. In addition, the
control system for a plurality of linear motors can be
simplified by electrically connecting the electromagnetic
linear motors or coil windings in the same group in series or
parallel and driving them.

[0172] With the use of the linear motor in this embodiment
as each electromagnetic linear motor of an active anti-
vibration apparatus, the same effects as those obtained in the
first and second embodiments can be obtained.

[0173] [Fourth Embodiment]

[0174] FIG. 7 is a schematic view showing an electro-
magnetic linear motor used in an active anti-vibration appa-
ratus according to the fourth embodiment.
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[0175] The electromagnetic linear motor in FIG. 7 is
comprised of a coil assembly 35¢ including two coil wind-
ings and a magnet assembly 35b having four pairs of
opposing permanent magnets. This motor is obtained by
connecting two single-phase linear motors, each identical to
the one in the first embodiment, in series in a thrust
generating direction so as to have an integral structure.

[0176] In the coil assembly 34a of the linear motor in the
third embodiment in FIG. 6, the magnets with the polarity
arrangement “NSNS” are arranged opposite to the magnets
with the polarity arrangement “SNSN™. In contrast to this, in
the coil assembly 35a of the linear motor in this embodi-
ment, the magnets with the polarity arrangement “NSSN”
are arranged opposite to the magnets with the polarity
arrangement “SNNS”.

[0177] A thrust in the direction indicated by the direction
indicated by an arrow f in FIG. 6 can be applied between the
two assemblies by feeding a current through each coil
winding in the direction indicated by an arrow 1. In this case,
to generate thrusts in the same direction, coil currents are fed
through the two coil windings in different directions.

[0178] FIG. 8 is a schematic view showing a single-phase
linear motor. In this single-phase linear motor, coil portions
that do not contribute to the generation of a thrust in a
predetermined direction may generate other thrust compo-
nents owing to the interaction between the coil portions and
the magnetic field. In this electromagnetic linear motor, the
portions that contribute to the generation of the thrust in the
predetermined direction are portions a in FIG. 8, whereas
portions b and ¢ in FIG. 8 do not contribute to the generation
of the thrust in the predetermined direction but generate
thrusts between the coil and magnet assemblies in the
directions indicated by arrows directions d1, d2, el, and €2
owing to the interaction between the currents flowing
through the coil portions and the magnetic field generated by
the magnet assembly. The arrows directions are showing the
directions of the thrust where acts on the coil.

[0179] In this case, if the portions b and c have identical
and symmetrical shapes, and the magnetic flux distributions
at the portions b and c¢ are identical, the thrusts as other
components indicated by the arrows dl, d2, el, and e2
cancel each other. In practice, however, the leading portion
of the coil winding from the start or end of the winding to
the lead wire of the electromagnetic linear motor is some-
times processed on the portion b or c¢. As a result, the
portions b and ¢ of the coil winding may differ in their
shapes. In addition, the portions b and ¢ of the coil winding
often differ in their shapes owing to the problem of cost or
techniques in the manufacture of the coil winding. Further-
more, different magnetic flux distributions may appear at the
portions b and ¢ owing to the influences of variations in
magnetization of the permanent magnets arranged on the
magnet assembly or the positioning precision of the coil and
magnet assemblies. In this case, other thrust components dl
and d2 generated at the portion b differ from other thrust
components e2 and e2 generated at the portion c. As a result,
other thrust components are generated in directions other
than the thrust direction of the electromagnetic linear motor.
The other thrust components become larger as the electro-
magnetic linear motor generate a larger thrust.

[0180] Since an electromagnetic linear monitor of this
type, in particular, has no mechanical motion restraint
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mechanism between the coil and magnet assemblies, other
thrust components directly become disturbance forces.
Owing to the structural characteristics of this electromag-
netic linear motor, these disturbance forces act as moments
that cause mainly the coil and magnet assemblies to mutu-
ally rotate about the magnetic field direction.

[0181] In an electromagnetic linear motor of the type
described in the third embodiment shown in FIG. 6, for the
same reason as that described above, other thrust compo-
nents may be generated between the coil and magnet assem-
blies.

[0182] In alinear motor in which permanent magnets with
the polarity arrangement “NSSN” are arranged opposite to
permanent magnets with the polarity arrangement “SNNS”,
like the electromagnetic linear motor in this embodiment
shown in FIG. 7, when currents are fed through the two coils
to generate thrusts in the same direction, coil winding
portions of the two coils that do not contribute to the
generation of thrusts in a predetermined direction act on the
two coil windings in opposite directions. As a consequence,
the moments generated by these portions act in directions to
cancel out each other, and hence the moments generated
between the coil and magnet assemblies can be reduced.
Especially when the two coil windings are arranged in
magnetic fields with similar magnetic flux densities, and
equal currents are fed through the two coil windings, com-
ponents, i.e., moments, other than the above thrusts can be
almost canceled out. When, therefore, an electromagnetic
linear motor is to be applied to an anti-vibration unit as in
this embodiment of the present invention, a motor of the
type described above is preferably used, in which magnets
with the polarity arrangement “NSSN” are arranged oppo-
site to magnets with the polarity arrangement “SNNS”, and
two coils are arranged between these magnet arrays.

[0183] This embodiment can obtain the same effects as
those described in the first to third embodiments, in addition
to the effects described above.

[0184] [Fifth Embodiment]

[0185] FIG. 9 is a schematic view showing an electro-
magnetic linear motor used in an active anti-vibration appa-
ratus according to the fifth embodiment.

[0186] In this embodiment, as shown in FIG. 9, the motor
is comprised of two coil windings and three pairs of per-
manent magnets. This motor is of the type obtained by
integrating the two electromagnetic linear motors described
above. More specifically, magnets with the polarity arrange-
ment “NSSN” are arranged opposite to magnets with the
polarity arrangement “SNNS”, and the two middle perma-
nent magnets of each magnet array are integrated into one
unit. That is, the permanent magnets with the polarity
arrangement “NSN” are arranged opposite to the permanent
magnets with the polarity arrangement “SNS” to form a
magnetic circuit.

[0187] This structure can reduce the number of parts, i.e.,
permanent magnets required, and hence contributes to a
reduction in cost as compared with the above electromag-
netic linear motor using four pairs of permanent magnets.

[0188] Note that when the electromagnetic linear motor
having these two coil windings is to be used, this motor is
preferably applied as a moving magnet type to the apparatus
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such that the coil assembly is mounted on an apparatus
installation pedestal or a member firmly fastened to the
pedestal, and the magnet assembly is mounted on an anti-
vibration table 1 or a member firmly fastened to the anti-
vibration table 1.

[0189] This embodiment can obtain the same effects as
those described in the first to fourth embodiments, in addi-
tion to the effects described above.

[0190] [Sixth Embodiment]

[0191] FIG. 10 is a schematic view showing an electro-
magnetic linear motor used in an active anti-vibration appa-
ratus according to the sixth embodiment.

[0192] In this embodiment, interpole magnets 37 are used
in the magnet assembly of the single-phase linear motor.

[0193] As in this embodiment, when interpole magnets are
added to the main magnets in the magnetic circuit of the
electromagnetic linear motor, the magnetic flux distribution
of the magnetic field in which the coil assembly is present
can be adjusted more properly, and the magnetic flux in the
space where the coil is present can be made more uniform
and stronger. This can increase the thrust constant of the
electromagnetic linear motor.

[0194] Referring to FIG. 10, although the single-phase
linear motor is used, the present invention is not limited to
this. Interpole magnets like those in this embodiment can be
applied to an electromagnetic linear motor having a plurality
of coil windings as in the third to fifth embodiments
described above.

[0195] This embodiment can obtained the same effects as
those described in the first to fifth embodiments, in addition
to the above effects.

[0196] [Seventh Embodiment]

[0197] An embodiment of a scan type exposure apparatus
using the anti-vibration apparatus of the above embodiment
will be described next with reference to FIG. 11.

[0198] A lens barrel base plate 96 is supported on a floor
or pedestal 91 through an anti-vibration unit 50. The lens
barrel base plate 96 supports a reticle base plate 94 and a
projection optical unit 97 positioned between a reticle stage
95 and a wafer stage 93. The wafer stage 93 is supported on
a stage base plate 92 supported by the floor or pedestal 91.
The wafer stage 93 mounts and positions a wafer. The reticle
stage 95 is supported on the reticle base plate 94 supported
by the lens barrel base plate 96, and can move while
mounting a reticle. An illumination optical unit 99 emits
exposure light to exposure the reticle mounted on the reticle
stage 95 onto the wafer on the wafer stage 93.

[0199] Note that the wafer stage 93 is scanned in synchro-
nism with the reticle stage 95. While the reticle stage 95 and
the wafer stage 93 are scanned, their positions are continu-
ously detected by interferometers, and the resultant data are
respectively fed back to driving units for the reticle stage 95
and the wafer stage 93. With this operation, the scan start
positions of the two stages can be accurately synchronized,
and the scanning speed in a constant-speed scanning region
can be controlled with high precision.

[0200] With the use of the active anti-vibration apparatus
of the above embodiment, this embodiment properly has
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both the anti-vibration performance against external vibra-
tions affecting the lens barrel base plate and the stage base
plate 92 and the proper vibration control performance
against vibrations generated in the translation and rotation
directions upon movement of the reticle stage and the wafer
stage. This embodiment can therefore perform high-speed,
high-precision exposure.

[0201] In this embodiment, the stage base plate 92 and the
lens barrel base plate 96 are independently arranged, and the
anti-vibration apparatuses are used for the respective com-
ponents. Even if, however, a lens barrel base plate and the
stage base plate are integrally formed and mounted on the
same anti-vibration apparatus, the same effects as those
described above can be obtained by using the active anti-
vibration apparatus of the above embodiment as this anti-
vibration apparatus. That is, high-speed, high-precision
exposure can be performed. In this case, since the stage base
plate for supporting a wafer and the reticle base plate for
supporting a reticle are supported on the floor through the
same anti-vibration unit, the anti-vibration unit may be
controlled by using a feedforward compensation operation
means for sending signals to driving circuits for actuators for
applying control forces on the basis of signals from stage
control means for both the wafer and reticle stages.

[0202] [Eighth Embodiment]

[0203] An embodiment of a semiconductor device manu-
facturing method using the above exposure apparatus will be
described next. FIG. 12 is a flow chart showing a manu-
facturing process for a semiconductor device (a semicon-
ductor chip such as an IC or LSI, a liquid crystal panel, a
CCD, or the like) In step 11 (circuit design), the circuit of a
semiconductor device is designed. In step 12 (mask forma-
tion), a mask on which the designed circuit pattern is formed
is formed. In step 13 (wafer manufacture), a wafer is
manufactured by using a material such as silicon. In step 14
(wafer process), which is referred to as a pre-process, the
prepared mask and wafer are used to form an actual circuit
on the wafer using a lithographic technique. In step 15
(assembly), which is referred to as a post-process, a semi-
conductor chip is formed by using the wafer manufactured
in step 14. This process includes steps such as the assembly
step (dicing and bonding) and the packaging step (chip
encapsulation). In step 16 (test), tests such as an operation
test and durability test are performed with respect to the
semiconductor device manufactured in step 15. The semi-
conductor device is completed through these steps and
shipped (step S17).

[0204] FIG. 13 is a flow chart showing the above wafer
manufacturing process in detail. Instep 21 (oxidation), the
upper surface of a wafer is oxidized. In step 22 (CVD), an
insulating film is formed on the upper surface of the wafer.
In step 23 (electrode formation), an electrode is formed on
the wafer by vapor deposition. In step 24 (ion implantation),
ions are implanted into the wafer. In step 25 (resist process),
the wafer is coated with a photoresist. In step 26 (exposure),
the circuit pattern on the mask is printed/exposed on the
wafer by the above exposure apparatus. In step 27 (devel-
opment), the exposed wafer is developed. In step 28 (etch-
ing), portions other than the developed resist image are
removed. In step 29 (resist peeling), the unnecessary resist
after etching is removed. By repeating these steps, multiple
circuit patterns can be formed on the wafer. A high-integra-
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tion semiconductor device, which is difficult to manufacture
in the prior art, can be manufactured by using the manufac-
turing method of this embodiment.

[0205] The anti-vibration apparatus according to the
present invention can actively reduce vibrations of an object
by generating forces in the vertical and horizontal directions
against the anti-vibration table. In addition, the respective
components of this apparatus can be made more compact
and efficiently arranged to provide a compact anti-vibration
apparatus.

[0206] In addition, since vibrations of the components of
the exposure apparatus of the present invention are damped
with high precision, the apparatus can perform high-speed,
high-precision exposure.

[0207] Furthermore, a device can be manufactured at high
speed with high precision by the device manufacturing
method of the present invention.

[0208] Moreover, according to the anti-vibration method
of the present invention, vibrations of a damped/supported
object can be accurately damped and eliminated in the
vertical and horizontal directions, and vibrations of the
equipment mounted on the anti-vibration apparatus can be
accurately damped and eliminated in the vertical and hori-
zontal directions. In addition, the anti-vibration apparatus
can damp vibrations of a mounted device by using feedfor-
ward-controlling, that is implimented by compensating the
state values signals of the equipment mounted on the anti-
vibration apparatus and driving the actuators on the basis of
the compensated signals. The present invention is not lim-
ited to the above embodiments and various changes and
modifications can be made within the spirit and scope of the
present invention. Therefore, to appraise the public of the
scope of the present invention, the following claims are
made.

What is claimed is:

1. An anti-vibration apparatus for actively damping an
object vibrations by generating control forces to reduce the
vibrations, comprising:

a first actuator for generating a first control force; and

a second actuator for generating a second control force,
said second actuator using a driving principle different
from that of said first actuator,

wherein said first actuator generates forces in vertical and
horizontal directions, and said second actuator gener-
ates a force at least in one of the vertical and horizontal
directions.

2. The apparatus according to claim 1, wherein said first
actuator has one of a pneumatic actuator and an electromag-
netic linear motor, and said second actuator has the other of
said pneumatic actuator and said electromagnetic linear
motor.

3. The apparatus according to claim 1, wherein said first
actuator includes two actuators for generating forces in the
vertical and horizontal directions.

4. The apparatus according to claim 1, wherein said
second actuator includes two actuators for generating forces
in the vertical and horizontal directions.

5. The apparatus according to claim 1, wherein said
actuator for generating the force in the horizontal direction
has said opposing pneumatic actuator.
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6. The apparatus according to claim 1, wherein said
actuator for generating a force in the horizontal direction
includes said pneumatic actuator and a pre-pressurizing
mechanism.

7. The apparatus according to claim 1, wherein an axis of
action of said first actuator for generating the force in the
vertical direction substantially coincides with an axis of
action of said second actuator for generating the force in the
vertical direction.

8. The apparatus according to claim 1, wherein an axis of
action of said first actuator for generating the force in the
horizontal direction substantially coincides with an axis of
action of said second actuator for generating the force in the
horizontal direction.

9. The apparatus according to claim 1, wherein fixation
parts of said first and also said second actuators are estab-
lished as a unit,

mobile parts of said first and also said second actuators are

established as a unit.

10. The apparatus according to claim 1, wherein a fixation
part of said first actuator for generating force in vertical
direction and a fixation part of said first actuator for gener-
ating force in horizontal direction are established as a unit,

a mobile part of said first actuator for generating force in
vertical direction and a mobile part of said first actuator
for generating force in horizontal direction are estab-
lished as a unit.

11. The apparatus according to claim 1, wherein said
anti-vibration apparatus comprises at least one of passive
elastic support means and passive vibration damping means.

12. The apparatus according to claim 1, further compris-
ing displacement detection means for detecting a displace-
ment of a control target.

13. The apparatus according to claim 1, further compris-
ing vibration detection means for detecting vibrations of a
control target.

14. The apparatus according to claim 13, wherein said
vibration detection means is an acceleration sensor.

15. The apparatus according to claim 13, wherein said
vibration detection means is an velocity sensor.

16. The apparatus according to claim 1, wherein said first
or second actuator is driven on the basis of at least one of
output signals from said displacement detection means and
said vibration detection means.

17. The apparatus according to claim 12, wherein the
output signal from said displacement detection means is fed
back to said pneumatic actuator.

18. The apparatus according to claim 13, wherein the
output signal from said vibration detection means is fed back
to said electromagnetic linear motor.

19. The apparatus according to claim 2, wherein said
pneumatic actuator movement is permitted in a direction
perpendicular to a direction in which a force is generated.

20. The apparatus according to claim 19, wherein said
pneumatic actuator has a bellows structure.

21. The apparatus according to claim 2, wherein said
pneumatic actuator has a pressure control valve for adjusting
an internal pressure or a flow rate valve for adjusting a flow
rate of air supplied/exhausted.

22. The apparatus according to claim 21, wherein said
pneumatic actuator comprises a pressure sensor for detecting
an internal pressure, and has a pressure control loop for
actuating at least one of said pressure control valve and said
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flow rate control valve on the basis of a compensation signal
obtained from said pressure compensation means.

23. The apparatus according to claim 2, wherein said
electromagnetic linear motor is a moving magnet type linear
motor.

24. The apparatus according to claim 2, wherein said
electromagnetic linear motor has a structure in which a coil
is placed in a magnetic field between a plurality of opposing
magnets.

25. The apparatus according to claim 2, wherein said
electromagnetic linear motor is a single-phase linear motor
having one coil.

26. The apparatus according to claim 2, wherein said
electromagnetic linear motor is a polyphase linear motor
having a plurality of coils.

27. The apparatus according to claim 26, wherein each of
said plurality of coils is energized in a direction opposite to
a direction in which a current flows in a corresponding
adjacent coil.

28. The apparatus according to claim 2, wherein said
electromagnetic linear motor comprises an interpole magnet.

29. The apparatus according to claim 1, wherein each of
said first and second actuators comprises a plurality of
actuators.

30. The apparatus according to claim 29, wherein said
plurality of electromagnetic linear motors or coils of said
electromagnetic linear motors are formed into several
groups, and a plurality of electromagnetic linear motors or
coils of said electromagnetic linear motors which are
included in the same group are driven by the same driving
signal.

31. The apparatus according to claim 30, wherein said
electromagnetic linear motors or coils of said electromag-
netic linear motors driven by the same driving signal are
electrically connected in series or parallel.

32. The apparatus according to claim 12, wherein signals
representing motion modes of translation and rotation are
extracted from a displacement target value and output sig-
nals from said plurality of displacement detection means,
and the extracted signals are compensated for to drive at
least one of sets of said first actuators and said second
actuators.

33. The apparatus according to claim 13, wherein signals
representing motion modes of translation and rotation are
extracted from output signals from said plurality of vibration
detection means, and the extracted signals are compensated
for to drive at least one of sets of said first actuators and said
second actuators.

34. The apparatus according to claim 1, wherein said
apparatus further comprises first feedforward compensation
operation means for performing compensation operation on
the basis of a state of a device mounted on the anti-vibration
apparatus or a signal from the device, and drives said first
actuator on the basis of a compensated signal obtained by
first feedforward compensation operation.

35. The apparatus according to claim 1, wherein said
apparatus further comprises second feedforward compensa-
tion operation means for performing compensation opera-
tion on the basis of a state of a device mounted on the
anti-vibration apparatus or a signal from the device, and
drives said second actuator on the basis of a compensated
signal obtained by said second feedforward compensation
operation means.
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36. An exposure apparatus comprising anti-vibra-
tionmeans using said anti-vibration apparatus defined in
claims 135.

37. The apparatus according to claim 36, wherein said
anti-vibration means supports a stage base plate and
removes vibrations of the stage base plate.

38. The apparatus according to claim 36, wherein said
anti-vibration means supports a lens barrel base plate and
removes vibrations of the lens barrel base plate.

39. The apparatus according to claim 36, wherein a reticle
base plate for supporting a reticle stage is coupled to a lens
barrel base plate, and said anti-vibration means supports the
lens barrel base plate and removes vibrations of the reticle
stage.

40. The apparatus according to claim 36, wherein said
exposure apparatus is a scan type exposure apparatus.

41. A method of manufacturing a device by using said
exposure apparatus defined in claim 36, comprising the steps
of preparing said exposure apparatus defined in claim 36,
and transferring a pattern formed on a reticle onto a wafer.

42. The method according to claim 41, further comprising
the steps of coating with a photoresist on the wafer, and
developing a portion exposed on the wafer.

43. An anti-vibration method comprising the steps of:

detecting a displacement or vibration of a damped/sup-
ported object, extracting signals representing motion
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modes of translation and rotation from the detection
values, and performing compensation operation on the
basis of the signals; and

controlling, based on the said compensated signals, at
least one of a first actuator for generating forces in
vertical and horizontal directions and a second actuator
which generates a force in at least one of the vertical
and horizontal directions and is driven on a driving
principle different from a driving principle of said first
actuator.

44. An anti-vibration method comprising the steps of:

performing feedforward compensation operation on the
basis of a state of a device mounted on an anti-vibration
apparatus or a signal from the device; and

controlling, based on the compensated signals, at least one
of a first actuator for generating forces in vertical and
horizontal directions and a second actuator which gen-
erates a force in at least one of the vertical and
horizontal directions and is driven on a driving prin-
ciple different from a driving principle of said first
actuator.



