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ABSTRACT

A device stage assembly (10) for positioning a device (26)
is provided herein. The device stage assembly (10) includes
a mover housing (44), a device stage (14), a support assem
and a control system (22). The support assembly
(18) moves the device stage (14) relative to the mover

bly (18) ,
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housing (44) under the control of the control system (22).
Uniquely, the support assembly (18) includes at least four,
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spaced apart Z device stage movers (84), (86), (88), (90) that
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move the device stage (14) relative to the mover housing
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(44). Further, the control system (22) controls the Z device
stage movers (84), (86), (88), (90) to inhibit dynamic and
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static deformation of the device stage (14) during movement
of the device stage (14). Further, the four Z device stage
movers (84), (86), (88), (90) distribute forces on the device
stage (14) in a Way that more closely matches the gravita
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tional and inertial loads on the device stage (14).
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MULTIPLE POINT SUPPORT ASSEMBLY FOR A
STAGE
FIELD OF THE INVENTION

SUMMARY

[0007] The present invention is directed to a device stage
assembly for moving a device relative to a mounting base
that satis?es these needs. The device stage assembly

[0001] The present invention is directed to a support
assembly for a stage. More speci?cally, the present inven
tion is directed to a multiple point support assembly for
precisely positioning and supporting a device stage and a

bly, and a control system. The device stage retains the
device. The support assembly moves the device stage rela
tive to the mover housing under the control of the control

Wafer for an exposure apparatus.

system.

BACKGROUND

[0002]

Exposure apparatuses are commonly used to trans

includes a device stage, a mover housing, a support assem

[0008] Uniquely, as provided herein, the support assembly
includes at least four, spaced apart Z device stage movers

fer images from a reticle onto a semiconductor Wafer during

that move the device stage relative to the mover housing.

semiconductor processing. A typical exposure apparatus

Further, the control system controls the Z device stage

includes an illumination source, a reticle stage assembly that
retains a reticle, a lens assembly and a Wafer stage assembly

movers to inhibit both dynamic and static deformation of the

that retains a semiconductor Wafer. The reticle stage assem

device stage movers.

bly and the Wafer stage assembly are supported above a
ground With an apparatus frame.

device stage during movement of the device stage by the Z

[0009] The control system controls the support assembly
to adjust the position of the device stage along the Z axis,

[0003] Typically, the Wafer stage assembly includes a

about the X axis and about the Y axis. Preferably, the support

Wafer stage base, a Wafer stage that retains the Wafer, a guide
assembly that guides movement of the Wafer stage and a

device stage mover and a Y device stage mover that are

Wafer mover assembly that precisely positions the guide
assembly, the Wafer stage and the Wafer. SomeWhat simi
larly, the reticle stage assembly includes a reticle stage base,
a reticle stage that retains the reticle, and a reticle mover

assembly that precisely positions the reticle stage and the

assembly includes a ?rst X device stage mover, a second X

controlled by the control system to move the device stage
along an X axis, along a Y axis and about a Z axis. With this

design, the position of the device stage can be adjusted With
six degrees of freedom.

reticle. The siZe of the images transferred onto the Wafer

[0010] As provided herein, the device stage assembly can

from the reticle is extremely small. Accordingly, the precise
relative positioning of the Wafer and the reticle is critical to
the manufacturing of high density, semiconductor Wafers.

deformation of the device stage. The control system controls

[0004] Recently, in order to improve the positioning of the
Wafer, Wafer stage assemblies have been developed that
include a mover housing and a table mover assembly that
moves the Wafer stage relative to the mover housing. In

these designs, the mover housing moves along the guide
assembly. Depending upon the design, the table mover
assembly moves the Wafer stage relative to the mover

housing With at least three degrees of motion. For example,
some existing table mover assemblies utiliZe three spaced
apart Z movers to move the Wafer stage relative to the mover

housing along a Z axis, about an X axis, and about a Y axis.
The kinematic arrangement of the Z movers helps to mini
miZe static deformation of the Wafer stage.

[0005] Unfortunately, movement of the Wafer stage With

include a bending sensor that monitors the bending and

the Z device stage movers to minimiZe the bending and

deformation measured by the bending sensor.
[0011] The device stage assembly can also include a stage
mover assembly connected to the mover housing. The stage
mover assembly moves the mover housing relative to the

mounting base.
[0012] Additionally, as provided herein, the device stage
assembly also includes a stage base that supports the mover
housing and a base support assembly that moves the stage

base relative to the mounting base. Preferably, in this design,
the base support assembly includes at least four, spaced apart
Z base movers that move the stage base relative to the

mounting base. Further, the control system controls the Z
base movers to inhibit dynamic bending of the stage base
during movement of the base stage by the Z base movers.

the three Z movers can cause dynamic deformation of the

Wafer stage. The deformation of the Wafer stage in?uences
the position of points on the Wafer stage and the Wafer. As

[0013] The device stage assembly is particularly useful in

a result thereof, the deformation can cause an alignment

can include an apparatus frame that supports a portion of the

error betWeen the reticle and the Wafer. This reduces the
accuracy of positioning of the Wafer relative to the reticle

device stage assembly above the mounting base, and a frame
support assembly that moves and positions the apparatus
frame relative to the mounting base. As provided herein, the
frame support assembly can include at least four, spaced

and degrades the accuracy of the exposure apparatus.

[0006] In light of the above, one object of the present
invention is to provide a stage assembly that precisely
positions a device. Another object is to provide a support
assembly that minimiZes both static and dynamic deforma
tion of the Wafer stage during movement of the Wafer stage.
Still another object is to provide a stage assembly having

an exposure apparatus. Moreover, the exposure apparatus

apart Z frame movers that move the apparatus frame relative

to the mounting base. Further, the control system controls
the Z frame movers to inhibit dynamic deformation and

bending of the apparatus frame during movement of the
apparatus frame by the Z frame movers.

improved positioning performance. Yet another object is to
provide an exposure apparatus capable of manufacturing
precision devices such as high density, semiconductor

[0014] The present invention is also directed to a method
for making a stage assembly, a method for making an

Wafers.

method for manufacturing a Wafer.

exposure apparatus, a method for making a device and a
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The novel features of this invention, as Well as the
invention itself, both as to its structure and its operation, Will

be best understood from the accompanying drawings, taken
in conjunction With the accompanying description, in Which
similar reference characters refer to similar parts, and in
Which:

[0016]

FIG. 1 is a perspective vieW of a device stage

precisely positioning the semiconductor Wafer 28 during
manufacturing of the semiconductor Wafer 28. Alternately,
for example, the device stage assembly 10 can be used to
move other types of devices during manufacturing and/or
inspection, to move a device under an electron microscope
(not shoWn), or to move a device during a precision mea

surement operation (not shoWn).
[0030]

Some of the Figures provided herein include a

present invention;

coordinate system that designates an X axis, a Y axis, and a
Z axis. It should be understood that the coordinate system is
merely for reference and can be varied. For example, the X
axis can be sWitched With the Y axis and/or the device stage
assembly 10 can be rotated.

[0018] FIG. 3 is an exploded perspective vieW of the
device stage, and the mover housing of FIG. 2;

[0031] The stage base 12 supports a portion of the device
stage assembly 10 above the mounting base 24. The design

assembly having features of the present invention;
[0017] FIG. 2 is a perspective vieW of a ?rst embodiment
of a device stage and mover housing having features of the

[0019] FIG. 4 is an exploded perspective vieW of a second
embodiment of the device stage and the mover housing;

of the stage base 12 can be varied to suit the design

type actuators;

requirements of the device stage assembly 10. In the
embodiment illustrated in FIG. 1, the stage base 12 is
generally rectangular shaped and includes a base bottom
34A (illustrated in FIG. 8A), a planar base top 34B (some

[0021]

times referred to as a guide face), and four base sides 36.

[0020]

FIG. 5 is a perspective vieW of a pair of attraction
FIG. 6A is an illustration of a bottom of a device

stage having features of the present invention;

[0032]

[0022]

device stage 14 is precisely moved and supported by the
support assembly 18 to precisely position the device 26. The

FIG. 6B is a side illustration of a ?rst section of the

device stage 14;
[0023]

FIG. 7 is a schematic illustration of an exposure

The device stage 14 retains the device 26. The

design of the device stage 14 can be varied to suit the design

apparatus having features of the present invention;

requirements of the device stage assembly 10. The device
stage 14 illustrated in FIGS. 1-4 is generally rectangular

[0024]

shaped and includes a top 38A, a bottom 38B, and four sides
40.

FIG. 8A is an exploded perspective vieW of a base

stage assembly having features of the present invention;
[0025] FIG. 8B is an exploded perspective vieW of a
portion of a frame stage assembly having features of the

present invention;
[0026] FIG. 9 is a How chart that outlines a process for
manufacturing a device in accordance With the present

invention; and
[0027] FIG. 10 is a How chart that outlines device pro
cessing in more detail.
DESCRIPTION

[0028] Referring initially to FIGS. 1-4, a device stage
assembly 10 having features of the present invention,
includes a stage base 12, at least one device stage 14, a stage

mover assembly 16, a support assembly 18 (illustrated in

[0033] In the embodiment illustrated in the Figures, the
device stage 14 includes a device holder (not shoWn), a
portion of the support assembly 18 and a portion of the
measurement system 20. The device holder retains the
device 26 during movement. The device holder can be a
vacuum chuck, an electrostatic chuck, or some other type of

clamp. Alternately, the device stage 14 can include more
than one device holders for retaining multiple devices 26.

[0034] The stage mover assembly 16 cooperates With the
support assembly 18 to move and position the device stage
14 relative to the stage base 12. More speci?cally, in the
embodiments illustrated herein, the stage mover assembly
16 folloWs the device stage 14 and carries a portion of the
support assembly 18 so that the support assembly 18 can
position and support the device stage 14.

FIGS. 3 and 4), a measurement system 20, and a control

system 22. The device stage assembly 10 is positioned above
a mounting base 24 (illustrated in FIG. 7). As an overvieW,
the support assembly 18 precisely moves and supports the

[0035] The design of the stage mover assembly 16 can be
varied. In the embodiment illustrated in the Figures, the
stage mover assembly 16 includes
a mover housing 44,

device stage 14 relative to the stage base 12 While minimiZ

(ii) a guide assembly 46, (iii) a left X guide mover 48A, (iv)

ing both static and dynamic deformation of the device stage
14. Further, the support assembly 18 distributes forces on the

a Y housing mover 52.

device stage 14 in a Way that more closely matches the
gravitational and inertial loads on the device stage 14. This

improves the accuracy of positioning of the device stage 14.

a right X guide mover 48B, (v) a Y guide mover 50, and (vi)

[0036] The mover housing 44 is someWhat rectangular
tube shaped and includes a generally planar housing top
54, (ii) a housing bottom 56 that is generally parallel With the

[0029] The device stage assembly 10 is particularly useful

housing top 54, (iii) a pair of spaced apart housing sides 58

for precisely positioning a device 26 during a manufacturing
and/or an inspection process. The type of device 26 posi
tioned and moved by the device stage assembly 10 can be

bottom 56, and (iv) a guide opening 60. The guide opening

that extend betWeen the housing top 54 and the housing
60 is siZed and shaped to receive a portion of the guide
assembly 46. In the embodiment illustrated in the Figures,

varied. For example, the device 26 can be a semiconductor
Wafer 28 and the device stage assembly 10 can be used as

the guide opening 60 is generally rectangular shaped and

part of an exposure apparatus 30 (illustrated in FIG. 7) for

extends longitudinally along the mover housing 44.
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In the embodiments provided herein, the mover

guide movers 48A, 48B, 50 and the movement of the guide

housing 44 is maintained above the stage base 12 With a

assembly 46 can be varied to suit the movement require
ments of the device stage assembly 10. In the embodiment
illustrated in FIG. 1, the X guide movers 48A, 48B move
the guide assembly 46 and mover housing 44 With a rela
tively large displacement along the X aXis and With a limited

[0037]

vacuum preload type ?uid bearing. More speci?cally, the
housing bottom 56 of the mover housing 44 includes a

plurality of spaced apart ?uid outlets (not shoWn), and a
plurality of spaced apart ?uid inlets (not shoWn). Pressurized
?uid (not shoWn) is released from the ?uid outlets toWards

range of motion about the Z aXis (theta Z), (ii) the Y guide

the stage base 12 and a vacuum is pulled in the ?uid inlets
to create a vacuum preload type, ?uid bearing betWeen the
mover housing 44 and the stage base 12. The vacuum

52 moves the mover housing 44 With a relatively large

preload type ?uid bearing supports the mover housing 44

displacement along the Y ads.

along the Z aXis and alloWs for motion of the mover housing
44 relative to the stage base 12 along the X aXis, along the
Y aXis and about the Z aXis relative to the stage base 12.

[0044] The design of each mover 48A, 48B, 50, 52 can be
varied to suit the movement requirements of the device stage

[0038] Further, the mover housing 44 is maintained apart
from the guide assembly 46 With a ?uid bearing. More

52 can be a planar motor, rotary motor, voice coil motor,
linear motor, electromagnetic actuator, and/or a force actua

speci?cally, in this embodiment, pressuriZed ?uid (not
shoWn) is released from ?uid outlets (not shoWn) positioned
around the guide opening 60 toWards the guide assembly 46

tor. As provided herein, each of the movers 48A, 48B, 50, 52
includes a reaction component 76 and an adjacent moving
component 78 that interacts With the reaction component 76.
In the embodiments provided herein, the Y guide mover 50
includes an opposed pair of attraction type actuators 79

to create a ?uid bearing betWeen the mover housing 44 and

the guide assembly 46. The ?uid bearing alloWs for motion
of the mover housing 44 relative to the guide assembly 46
along the Y aXis. Further, the ?uid bearing inhibits motion of
the mover housing 44 relative to the guide assembly 46
along the X aXis and about the Z ads.

mover 50 moves the guide assembly 46 With a small

displacement along the Y aXis, and (iii) the Y housing mover

assembly 10. For example, each of the movers 48A, 48B, 50,

(illustrated in FIG. 5). Further, in the embodiments provided
herein, for the X guide movers 48A, 48B and the Y housing
mover 52, one of the components 76, 78 includes one or

more magnet arrays and the other component 76, 78 includes
one or more conductor arrays.

[0039] Alternately, the mover housing 44 can be supported
spaced apart from the stage base 12 and the guide assembly
46 in other Ways. For example, a magnetic type bearing (not

[0045] Each magnet array includes one or more magnets.
The number of magnets in each magnet array can be varied

shoWn) or a roller bearing type assembly (not shoWn) could

to suit the design requirements of the movers 48A, 48B, 52.
Each magnet can be made of a permanent magnetic material

be utiliZed.

such as NdFeB. Each conductor array includes one or more

[0040] The guide assembly 46 moves the mover housing
44 along the X aXis and about the Z aXis and guides the
movement of the mover housing 44 along the Y aXis. The
design of the guide assembly 46 can be varied to suit the

design requirements of the device stage assembly 10. In the
embodiment illustrated in FIG. 1, the guide assembly 46 is
generally rectangular shaped and includes a left guide end
68, and a spaced apart right guide end 70.
[0041] The guide assembly 46 also includes a pair of
spaced apart, guide ?uid pads 72. In this embodiment, each
of the guide ?uid pads 72 includes a plurality of spaced apart
?uid outlets (not shoWn), and a plurality of spaced apart ?uid

conductors. The number of conductors in each conductor
array is varied to suit the design requirements of the movers
48A, 48B, 52. Each conductor can be made of metal such as
copper or any substance or material responsive to electrical

current and capable of creating a magnetic ?eld such as

superconductors.
[0046] Electrical current (not shoWn) is supplied to the
conductors in each conductor array by the control system 22.
For each mover 48A, 48B, 52, the electrical current in the

conductors interacts With the magnetic ?eld(s) generated by
the one or more of the magnets in the magnet array. This

causes a force (LorentZ type force) betWeen the conductors

inlets (not shoWn). Pressurized ?uid (not shoWn) is released

and the magnets that can be used to move the moving

from the ?uid outlets toWards the stage base 12 and a

component 78 relative to the reaction component 76.

vacuum is pulled in the ?uid inlets to create a vacuum

preload type, ?uid bearing betWeen each of the guide ?uid
pads 72 and the stage base 12. The vacuum preload type,
?uid bearing maintains the guide assembly 46 spaced apart
along the Z aXis relative to the stage base 12 and alloWs for

[0047] Speci?cally, the reaction component 76 and the
moving component 78 of each X guide mover 48A, 48B
interact to selectively move the guide assembly 46 and the
mover housing 44 along the X aXis and about the Z aXis

Y aXis, and about the Z aXis relative to the stage base 12.

relative to the stage base 12. In the embodiment illustrated
herein, each X guide mover 48A, 48B is a commutated,
linear motor. The reaction component 76 for the left X guide

[0042] Additionally, the guide assembly 46 includes a left

mover 48A is secured to a left mover mount 80 While the

motion of the guide assembly 46 along the X aXis, along the

bracket 74A that eXtends aWay from the left guide end 68
and a right bracket 74B that eXtends aWay from the right
guide end 70. The brackets 74A, 74B secure a portion of the
guide movers 48A, 48B, 50 to the guide assembly 46. In the
embodiment illustrated in the Figures, each of the brackets

74A, 74B is generally “C” channel shaped.
[0043] The guide movers 48A, 48B, 50 and the Y housing
mover 52 move the guide assembly 46 and the mover

housing 44 relative to the stage base 12. The design of the

moving component (not shoWn) of the left X guide mover
48A is secured to the left bracket 74A at the left guide end

68 of the guide assembly 46. Similarly, the reaction com
ponent 76 for the right X guide mover 48B is secured to a
right mover mount 82 While the moving component 78 of the
right X guide mover 48B is secured to the right bracket 74B

at the right guide end 70 of the guide assembly 46.
[0048] In this embodiment illustrated in FIG. 1, the left
mover mount 80 is generally “U” shaped and the right mover
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mount 82 is generally “L” shaped. Further, the mover
mounts 80, 82 are secured to the stage base 12. Alternately,
for example, the mover mounts could be secured to a

illustrated herein, the Y housing mover 52 is a commutated,
linear motor. The reaction component 76 for the Y housing
mover 52 is secured to the guide assembly 46, and the

shoWn).

moving component is secured to the mover housing 44,
Within the guide opening 60. In this embodiment, the

[0049] Additionally, in the embodiment illustrated in the
Figures, the reaction component 76 of each X guide mover
48A, 48B includes a pair of spaced apart magnet arrays
While the moving component 78 of each X guide mover

reaction component 76 of the Y housing mover 52 includes
a conductor array and the moving component of the Y
housing mover 52 includes a magnet array. Alternately, for
example, the reaction component 76 of the Y housing mover
52 could include a magnet array While the moving compo

reaction frame (not shoWn) or a reaction mass assembly (not

48A, 48B includes a conductor array. Alternately, for
example, the reaction component 76 can include a conductor
array While the moving component 78 can include a pair of

spaced apart magnet arrays.
[0050] The required stroke of the X guide movers 48A,

nent of the Y housing mover 52 could include a conductor
array.

[0055] With this design, the Y housing mover 52 makes

relatively large displacement adjustments to the position of

(1000) millimeters.

the mover housing 44 along the Y axis. The required stroke
of the Y housing mover 52 along the Y axis Will vary
according to desired use of the device stage assembly 10.
For an exposure apparatus 30, generally, the stroke of the Y
housing mover 52 for moving the semiconductor Wafer 28 is
betWeen approximately one hundred (100) millimeters and
six hundred (600) millimeters.

[0051] The X guide movers 48A, 48B also make relatively

[0056] The support assembly 18 supports and positions

48B along the X axis Will vary according to desired use of
the device stage assembly 10. For an exposure apparatus 30,
generally, the stroke of the X guide movers 48A, 48B for

moving the semiconductor Wafer 28 is betWeen approxi
mately tWo hundred (200) millimeters and one thousand

slight adjustments to position of the guide assembly 46 and
the mover housing 44 about the Z axis. In order to make the

adjustments about the Z axis, the moving component 78 of
one of the X guide movers 48A, 48B is moved relative to the

moving component 78 of the other X guide mover 48A, 48B.
With this design, the X guide movers 48A, 48B generate
torque about the Z axis. A gap (not shoWn) exists betWeen
the reaction component 76 and the moving component 78 of
each X guide mover 48A, 48B to alloW for slight movement
of the guide assembly 46 about the Z axis. Typically, the gap
is betWeen approximately one millimeter and ?ve millime

ters. HoWever, depending upon the design of the particular
mover, a larger or smaller gap may be utiliZed.

[0052] The Y guide mover 50 selectively moves the guide
assembly 46 along the Y axis relative to the stage base 12.
In the embodiment illustrated herein, the Y guide mover 50
includes the opposed pair of the attraction only type actua
tors 79. FIG. 5 illustrates a perspective vieW of a preferred

pair of attraction type actuators 79. More speci?cally, FIG.
5 illustrates a perspective vieW of a pair of spaced E/I core
type electromagnetic actuators. The actuator 79 includes an
I shaped core 83A and an opposed pair of the combination
83B that includes an E shaped core 83C and a tubular
conductor 83D. The E shaped core 83C and the I shaped core
83A are each made of a magnetic material such as iron,
silicon steel, or Ni—Fe steel. The conductor 83D is posi
tioned around the center bar of the E shaped core 83C.

[0053] For the Y guide mover 50, the moving component
78 is secured to the left bracket 74A and the reaction
component 76 is secured to the left mover mount 80. In this
embodiment, a pair of the combination 83B is considered the
moving component 78 and a roW of I cores 83A is consid
ered the reaction component 76.

[0054]

The Y housing mover 52 moves the mover housing

44 With a relatively large displacement along the Y axis

the device stage 14 relative to the mover housing 44 and the
stage base 12. The design of the support assembly 18 can be
varied to suit the design requirements to the device stage
assembly 10. For example, the support assembly 18 can
adjust the position of the device stage 14 relative to the
mover housing 44 With six degrees of freedom. Alternately,
for example, the support assembly 18 can be designed to
move the device stage 14 relative to the mover housing 44

With only three degrees of freedom.

[0057] In the design illustrated in the Figures, the support
assembly 18 moves and supports the device stage 14 With six
degrees of freedom. In this embodiment, the support assem
bly 18 includes
a ?rst Z device stage mover 84, (ii) a
second Z device stage mover 86, (iii) a third Z device stage
mover 88, (iv) a fourth Z device stage mover 90, (v) a ?rst
X device stage mover 92, (vi) a second X device stage mover
94, and (vii) a Y device stage mover 96. The device stage
movers 84, 86, 88, 90, 92, 94, 96 cooperate to move and
position the device stage 14 along the X axis, Y axis and
Z axis, and (ii) about the X axis, Y axis and Z axis relative
to the mover housing 44 and the stage base 12.

[0058] More speci?cally, the Z device stage movers 84,
86, 88, 90 cooperate to selectively move and support the
device stage 14 along the Z axis, about the X axis and about
the Y axis. The X device stage movers 92, 94 cooperate to
move the device stage 14 along the X axis and about the Z
axis. The Y device stage mover 96 moves the device stage

14 along the Y axis. The design of each of the device stage
movers 84, 86, 88, 90, 92, 94, 96 can be varied to suit the

requirements of the device stage assembly 10. For example,
each of the device stage movers 84, 86, 88, 90, 92, 94, 96 can
be a voice coil motor, linear motor, and/or force actuator. In

the embodiments illustrated herein, each of the device stage
movers 84, 86, 88, 90, 92, 94, 96 includes a ?rst component
100 and an adjacent second component 102.

relative to the stage base 12. More speci?cally, the reaction

[0059]

component 76 (illustrated in phantom in FIG. 1) and the
moving component (not shoWn) of the Y housing mover 52

ond component 102 for each of the Z device stage movers

interact to selectively move the mover housing 44 along the
Y axis relative to the guide assembly 46. In the embodiment

Speci?cally, the ?rst component 100 and the sec

84, 86, 88, 90 interact to selectively move and support the
device stage 14 along the Z axis, about the X axis and about
the Y axis relative to the mover housing 44 and the stage
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base 12. In the embodiments provided herein, each of the Z
device stage movers 84, 86, 88, 90 is commonly referred to
as a voice coil motor. In this design, the ?rst component 100
moves relative to the second component 102 along the Z
axis.

[0060] In the embodiments provided herein, one of the
components 100, 102 of each Z device stage mover 84, 86,
88, 90 includes one or more magnets (not shoWn) and the
other component 100, 102 of each Z device stage mover 84,
86, 88, 90 includes one or more conductors. The siZe and

shape of each conductor and the magnet can be varied to suit

the design requirements of each Z device stage mover 84,

86, 88, 90.

[0061] As provided herein, electrical current (not shoWn)
is individually supplied to each conductor by the control
system 22. For each of the movers 84, 86, 88, 90, the
electrical current through the conductors causes the conduc
tors to interact With the magnetic ?eld of the magnets. This

generates a force (LorentZ type force) betWeen the magnets
and the conductors that can be used to control, move, and

position the ?rst component 100 relative to the second
component 102 and the device stage 14 relative to the mover

housing 44.
[0062] In the embodiment illustrated in FIGS. 3 and 4, the
?rst component 100 of each Z device stage mover 84, 86, 88,
90 includes a pair of concentric, tubular shaped magnets and
the second component 102 of each Z device stage mover 84,
86, 88, 90 includes a tubular shaped conductor that is

positioned betWeen the concentric magnets. With this
design, the electrical lines (not shoWn) carrying current to
the conductors are connected to the mover housing 44 and
not to the device stage 14.

[0063]

Referring to FIG. 6A, With the use of the four Z

movers 84, 86, 88, 90, the device stage 14 is effectively
divided into four rectangular shaped sections along the X
and Y aXes. The sections include a ?rst section 104A, a

second section 104B, a third section 104C, and a fourth
section 104D. Each of the Z movers 84, 86, 88, 90 is

positioned in one of the sections 104A, 104B, 104C, 104D.
[0064]

Referring back to FIGS. 3 and 4, for the ?rst Z

device stage mover 84, the ?rst component 100 is secured to
the bottom 38B of the device stage 14 in the ?rst section
104A, While the second component 102 is secured to a front
right section 105A of the housing top 54 of the mover
housing 44. For the second Z device stage mover 86, the ?rst
component 100 is secured to the bottom 38B of the device
stage 14 in the second section 104B, While the second
component 102 is secured to a rear right section 105B of the
housing top 54 of the mover housing 44. For the third Z
device stage mover 88, the ?rst component 100 is secured to
the bottom 38B of the device stage 14 in the third section
104C, While the second component 102 is secured to a front
left section 105C of the housing top 54 of the mover housing
44. For the fourth Z device stage mover 90, the ?rst
component 100 is secured to the bottom 38B of the device
stage 14 in the fourth section 104D, While the second
component 102 is secured to a rear left section 105D of the

housing top 54 of the mover housing 44.
[0065] The use of four, spaced apart Z device stage movers
84, 86, 88, 90 distributes the forces on the device stage 14
in a Way that more closely matches the gravitational and

inertial loads on the device stage 14. Uniquely, as provided

beloW, the control system 22 independently controls the Z
movers 84, 86, 88, 90 to move and support the device stage

14 While minimiZing both static and dynamic deformation of
the device stage 14. This improves the positioning perfor
mance of the device stage assembly 10. Further, for an
eXposure apparatus 30, this alloWs for more accurate posi
tioning of the semiconductor Wafer 28 relative to the reticle

32 (illustrated in FIG. 7). Alternately, for eXample, more
than four Z device stage movers can be used to support and
move the device stage.

[0066] For each of the X device stage movers 92, 94, the
?rst component 100 and the second component 102 interact
to selectively move the device stage 14 along the X aXis, and
about the Z aXis relative to the mover housing 44. SomeWhat

similarly, the ?rst component 100 and the second component
102 of the Y device stage mover 96 interact to selectively
move the device stage 14 along the Y aXis relative to the

mover housing 44. In the embodiments provided herein,
each of the X device stage movers 92, 94 and the Y device
stage mover 96 includes a pair of the attraction only type
actuators 79.

[0067]

The attraction only type actuators 79 used in the X

and Y device stage movers 92, 94, 96 are similar to the
actuators 79 illustrated in FIG. 5 and described above. In
FIGS. 3 and 4, each of the X and Y device stage movers 92,

94, 96 includes

an opposed pair of the combination 83B

of the E core 83C and conductor 83D, and (ii) an I core 83A

positioned there betWeen.
[0068] For each of the X and Y device stage movers 92,
94, 96, the I core 83A is considered the ?rst component 100
and is secured to the bottom 38B of the device stage 14 and
the pairs of the combination 83B is considered the second
component 102 and is secured to the housing top 54 of the
mover housing 44. In the embodiment illustrated in FIGS.
3 and 4,
the ?rst X device stage mover 92 is positioned
betWeen the ?rst Z device stage mover 84 and the second Z
device stage mover 86, (ii) the second X device stage mover
94 is positioned betWeen the third Z device stage mover 88
and the fourth Z device stage mover 90, and (iii) the Y
device stage mover 96 is positioned betWeen the ?rst Z
device stage mover 84 and the third Z device stage mover
88.

[0069] The measurement system 20 monitors movement
of the device stage 14 relative to the stage base 12, or to
some other reference such as an optical assembly 200

(illustrated in FIG. 7). With this information, the support
assembly 18 precisely positions of the device stage 14. The
design of the measurement system 20 can be varied. For
eXample, the measurement system 20 can utiliZe laser inter

ferometers, encoders, and/or other measuring devices to
monitor the position of the device stage 14.
[0070] In the embodiments provided herein, the measure
ment system 20 monitors the position of the device stage 14

(i) along the X aXis, the Y aXis, the Z aXis and (ii) about the
X aXis, the Y aXis and the Z aXis relative to the optical

assembly 200.
[0071]

In the embodiment illustrated in the Figures, the

measurement system 20 includes an X sensor 106, a Y
sensor 108, and a Z sensor 109. The X sensor 106 is an
interferometer that includes an XZ mirror 110 and an X
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block 112. The X block 112 interacts With the XZ mirror 110
to monitor the location of the device stage 14 along the X

[0077] In this embodiment, the bending sensor 120 moni
tors bending and deformation of the device stage 14 by

axis and about the Z axis (theta Z). More speci?cally, the X
block 112 generates a pair of spaced apart laser beams (not

the table target 124.

shoWn) and detects the beams that are re?ected off of the XZ
mirror 110. With the information obtained from the beams

[0078]

detected by the X block 112, the location of the device stage
14 along the X axis and about the Z axis can be monitored.

[0072] In the embodiment illustrated in the Figures, the
XZ mirror 110 is rectangular shaped and extends along one
side of the device stage 14. The X block 112 is positioned
aWay from the mover housing 44. The X block 112 can be

secured to the apparatus frame 202 (illustrated in FIG. 7) or
some other location that is isolated from vibration.

[0073]

SomeWhat similarly, the Y sensor 108 is an inter

ferometer that includes a YZ mirror 114 and a Y block 116.
The YZ mirror 114 interacts With the Y block 116 to monitor

the position of the device stage 14 along the Y axis. More
speci?cally, the Y block 116 generates a laser beam and
detects the beam that is re?ected off of the YZ mirror 114.
With the information obtained from the beams detected by
the Yblock 116, the location of the device stage 14 along the
Y axis can be monitored.

[0074] In the embodiment illustrated in the Figures, the
YZ mirror 114 is rectangular shaped and is positioned along
one of the sides of the device stage 14. The Y block 116 is
positioned aWay from the device stage 14. The Y block 116
can be secured to the apparatus frame 202 or some other

location that is isolated from vibration.
[0075]

The Z sensor 109 can be implemented as one or

more encoders, interferometer, or other sensors (not shoWn)
that measure the Z, theta-X, and theta-Y position of the
device stage 14 relative to the mover housing 44. With this
implementation, it is necessary to make the mover housing
44 sufficiently rigid that its deformation or vibration does not
cause errors in the Z sensor measurement. In addition to, or

instead of, these sensors, the Z sensor 109 can include a

sensor (such as an auto-focus/auto-leveling sensor) that
measures the position and orientation of the device 26

relative to the optical assembly 200. Alternatively, other
sensors can be used to measure the Z, theta-X, and theta-Y

position of the device stage 14 relative to the mover housing
44 or more preferably the optical assembly 200.
[0076]

Additionally, as illustrated in FIG. 4, the measure

ment system 20 can include one or more bending sensors

monitoring the movement of the arm sensor 132 relative to

The control system 22 controls the stage mover

assembly 16 and the support assembly 18 to precisely
position the device stage 14 and the device 26. In the
embodiment illustrated herein, the control system 22 directs
and controls the current to each of the X guide movers 48A,
48B to control movement of the guide assembly 46 along the
X axis and about the Z axis. Similarly, the control system 22
directs and controls the current to conductor array of the Y
housing mover 52 to control the position of the mover

housing 44 along the guide assembly 46 and the conductors
83D of the Y guide mover 50 to control movement of the

guide assembly 46 along the Y axis.
[0079] Additionally, the control system 22 controls the
device stage movers 84, 86, 88, 90, 92, 94, 96 in the support
assembly 18 to control the position of the device stage 14
With six degrees of freedom. Importantly, the control system
22 independently controls the Z device stage movers 84, 86,
88, 90 to reduce and minimiZe both static and dynamic
bending and deformation of the device stage 14.

[0080] The present invention provides tWo preferred
methods used by the control system 22 to calculate the
correct force that each of the Z stage movers 84, 86, 88, 90
should apply on the device stage 14 to produce the desired
acceleration and movement of the device stage 14 and to

minimiZe dynamic bending and distortion of the device
stage 14. The folloWing symbols are used in conjunction
With the discussion provided beloW to describe the control of

the Z stage movers 84, 86, 88, 90 by the control system 22:

[0081] F1 represents the force generated by the ?rst Z
device stage mover 84;

[0082] F2 represents the force generated by the sec
ond Z device stage mover 86;

[0083] F3 represents the force generated by the third
Z device stage mover 88;

[0084] F4 represents the force generated by the fourth
Z device stage mover 90;

[0085] FZ represents the sum of the forces generated
by the Z device stage movers 84, 86, 88, 90 on the
device stage 14 along the Z axis;

120 for monitoring bending and de?ection of the device
stage 14. The design of the bending sensor 120 can be varied
to suit the requirements of the device stage 14. The bending
sensor 120 can include one or more laser interferometers,

encoders, and/or other sensors. In the embodiment illus
trated in FIG. 4, the bending sensor 120 includes a sensor
arm 122, a table target 124, and a sensor line 126. The sensor
arm 122 includes an arm attachment section 128, an arm
beam 130, and an arm sensor 132. The arm attachment
section 128 secures the sensor arm 122 to one of the sides

40 of the device stage 40. The arm beam 130 cantilevers
aWay from the arm attachment section 128 along the device
stage 40. The arm sensor 132 extends doWnWardly from a
distal end of the arm beam 130. The table target 124 is
secured to the device stage 14 directly beloW the arm sensor
132. The sensor line 126 electrically connects the bending
sensor 120 to the control system 22.

[0086]

TX represents the sum of the moments

(torques) generated by the Z device stage movers 84,
86, 88, 90 on the device stage 14 about the X axis;
[0087]

TY represents the sum of the moments

(torques) generated by the Z device stage movers 84,
86, 88, 90 on the device stage 14 about the Y axis;
and

[0088] fg represents the force required to counteract
gravity on the device stage 14.

[0089] As provided herein, the control system 22 deter
mines the desired force for each of the Z stage movers 84,

86, 88, 90 to move, support and accurately position the
device stage 14 along the Z axis, about the X axis (0x), and
about the Y axis (0y) While minimiZing both static and
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dynamic bending and deformation of the device stage 14.
There are three dynamic equations:

[0101] Where dm is a differential mass element, and the
integrals are performed over the entire ?rst section 104A.

Assuming that V=0, solving this equation for F1 gives
Fl=]gdm—]otyxdm

[0090]

1. the sum of forces along the Z axis;

[0091]
and

2. the sum of torques about the X axis (0x);

[0102] The ?rst term in this equation is simply the gravi

[0092]

3. the sum of torques about the Y axis (By).

tational force on the ?rst section 104A, Fg1, Which does not
change over time. The second term is the force required to

[0093] In the prior art, When there Were three Z actuators,
it is straightforward to solve these equations for the three
unknoWn forces. HoWever, in the present case, there are only

three equations and four unknowns, namely F1, F2, F3, F4.
Thus, some additional information is required.

[0094] In the ?rst method used by the control system 22,
the additional equation is a constraint that ensures the

bending and deformation of the device stage 14 is mini
miZed.

[0095] The basic problem is to determine the 4-element
vector fg and the 4x3 matrix M in this equation:

F2
F3
F4

create the angular acceleration, oty. Although oty changes
With time, it does not change With position. Accordingly, oty
can be removed from the integral:

F1=Fg1—oty]xdm
[0103] The same analysis applies in the Y direction for
angular acceleration (XX, and for vertical acceleration otz.
When these results are combined, the total equation for F1
becomes

[0104]

The three integrals in this equation are constant

With time, and can be calculated off-line. We’ll call the

values of the integrals All, Ayl, Axl:

F1

= fg + [M]{ TyTX ]

Axl=—]xdm
[0105] NoW the equation for F1 is
F1= g1+AZ1aZ+Ay1aX+AX1ay

[0106]‘ The four constants, Fgl, Axl, Ayl and AZ1 are
[0096]

If the Z device stage movers 84, 86, 88, 90 do not

provide gravity support for the device stage 14, the fg term
is Zero.

determined by the mass and geometry of the ?rst section
104A of the device stage 14. Similar equations can be
derived for the other three Z device stage movers 86, 88, 90:

[0097] As provided above, FIG. 6A illustrates the bottom
38B of the device stage 14 With the four Z device stage
movers 84, 86, 88, 90 spaced apart. The X‘ and Y‘ axes
illustrated in FIG. 6A are assumed to be the principle axes
of the device stage 14, and can be different than the X and
Y axes in FIGS. 1-4.

[0098] FIG. 6B illustrates the forces acting on a side-vieW
of the ?rst section 104A of the device stage 14 When the

F4=Fg4+AZ4t1Z+Ay4UX+AX4OLy

[0107] Putting this equation into matrix form, results in

the folloWing equation:

device stage 14 is undergoing angular acceleration (xy_ Each
of the other sections 104B, 104C, 104D can be analyZed in

F1

A11 Ay] AX]

a similar fashion. Gravity acts as a uniformly distributed

F2

A12 AyZ Axz

load, mg (m is the mass per unit length in
The accel
eration of the ?rst section 104A of the device stage 14 is

F3
F4

a

: fg +

Z
11;

AL; Ay3 Ax3
A14 Ay4 AX‘:

a
y

shoWn as an inertial force, f=—ma. In this example, the ?rst

section 104A of the device stage 14 is accelerating in the By
direction With angular acceleration oty. At each point of the
?rst section 104A, the linear acceleration, a, is equal to otyx.

[0108]

From this equation, the matrix M is

There is also a shear force, V, applied to the ?rst section

104A by the adjacent sections 104B, 104C, 104D. In this
method, the control system 22 uses the algorithm provided
beloW to ensure that the shear force is substantially Zero

(V=0). This Will minimiZe the bending and deformation of
the device stage 14.
[0099] When We include the acceleration force, f, then this
problem is equivalent to a static problem. Accordingly, We
can Write the static equilibrium equation for the Z direction:
[0100]

In other Words, the sum of the Z-components of all

of the forces is Zero. In this case, this equation becomes

[0109] The subscripts under the integral sign indicate the
speci?c section 104A, 104B, 104C, 104D of the device stage
14. In this method, each az, otX and (Xy can be set as
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information that is used to calculate each desired force F1,

F2, F3, and F4 in each corresponding control (such as servo

ductor Wafer 28. The exposure apparatus 30 mounts to the
mounting base 24, e.g., the ground, a base, or ?oor or some

control). Each az, otX and oty can be obtained from three
signals from the Z sensor 109 shoWn in FIG. 7.

other supporting structure.

[0110] A second method used by the control system 22 for
controlling the device stage 14 With the four Z device stage

base 12 is secured With a base support assembly 220 and a
base frame 222 to the mounting base 24. The combination of

movers 84, 86, 88, 90 uses the bending sensor 120 illustrated
in FIG. 4 to monitor the bending and deformation of the

base frame 222 is referred to herein as a base stage assembly

[0116] Preferably, referring to FIGS. 7 and 8A, the stage
the stage base 12, the base support assembly 220, and the

device stage 14. Using the information from the bending

223. The base support assembly 220 reduces the effect of

sensor 120, and the three signals from the Z sensor 109
provides a total of four sensor signals that can be used by the
control system 22 to control the four Z stage movers 84, 86,

vibration of the base frame 222 causing vibration on the

88, 90. Using a ?nite-element model, experiments, or
another means, it is possible to determine a matrix, M, Which
relates displacements measured by the bending sensor 120
and the Z sensor 109 to the forces produced by the four Z
device stage movers 84, 86, 88, 90.

stage base 12. Further, the base support assembly 220
supports and positions the stage base 12 relative to the base
frame 222 and the mounting base 24.
[0117] The design of the base support assembly 220 can be
varied to suit the design requirements of the device stage
assembly 10. In the design illustrated in FIGS. 7 and 8A, the
base support assembly 220 moves and supports the stage
base 12 With three degrees of freedom. Referring to FIG.
8A, in this embodiment, the base support assembly 220
includes
a ?rst Z base mover 224, (ii) a second Z base
mover 226, (iii) a third Z base mover 228, and (iv) a fourth
Z base mover 230. It should be noted in the embodiment

illustrated in FIG. 8A, the base support assembly 220 can
support or adjust the position of the stage base 12 along the
X axis, along the Y axis, and about the Z axis by passive

[0111] Where Z, 6X, 6y, are the output measured by the
Z sensor 109 and 6 is the output measured by the bending
sensor 120 (3 position sensors and 1 bending sensor). Once
this matrix, M, is knoWn, its inverse can be used in a control
laW as shoWn in this equation:

systems (not shoWn) or additional actuators (not shoWn).
[0118] The Z base movers 224, 226, 228, 230 cooperate to
adjust the position of the stage base 12 relative to the
mounting base 24 along the Z axis and about the X axis and
the Y axis. The design of each of the Z base movers 224,
226, 228, 230, can be varied. For example, each of the Z
base movers 224, 226, 228, 230 can be a planar motor, voice

coil motor, linear motor, electromagnetic actuator, and/or
force actuator. In the embodiment illustrated herein, the
design of each of the Z base movers 224, 226, 228, 230 is
substantially similar as the design of the Z device stage

movers 84, 86, 88, 90, described above.
[0112] Here the function G(s) represents a compensator of
the control system 22, and the vector Z, 6X, 6y, and 6 is the
measured error of each sensor value. To avoid ambiguous

bending measurements, the system can be operated in a
range Where 6 does not cross Zero.

[0113]

[0119] Referring to FIG. 8A, each of the Z base movers
224, 226, 228, 230 include a ?rst component 232 and a

second component 234. Speci?cally, the ?rst component 232
and the second component 234 for each of the Z base movers

224, 226, 228, 230 interact to selectively move the stage
base 12 along the Z axis, about the X axis and about the Y

The second method could be used by the control

axis relative to the base frame 222. In the embodiments

system 22 With designs that include more than four Z device
stage movers by adding additional bending sensors 120. The

provided herein, each of the Z base movers 224, 226, 228,
230 is commonly referred to as a voice coil motor. In the

basic idea is to ensure that the total number of sensors equals
the number of Z device stage movers.

design provided herein, the ?rst component 232 moves
relative to the second component 234 along the Z axis, about

[0114] FIG. 7 is a schematic vieW illustrating an exposure
apparatus 30 useful With the present invention. The exposure
apparatus 30 includes the apparatus frame 202, an illumi

nation system 204 (irradiation apparatus), a reticle stage

the X axis and about the Y axis.

[0120] In the embodiments provided herein, one of the
components 232, 234 of each Z base movers 224, 226, 228,
230 includes one or more magnets (not shoWn) and the other

assembly 206, the optical assembly 200 (lens assembly), and

component 232, 234 of each Z base mover 224, 226, 228,

a Wafer stage assembly 210. The device stage assemblies 10
provided herein can be used as the Wafer stage assembly

230 includes one or more conductors. The siZe and shape of
each conductor and the magnet can be varied to suit the

210. Alternately, With the disclosure provided herein, the

design requirements of each Z base mover 224, 226, 228,

device stage assemblies 10 provided herein can be modi?ed
for use as the reticle stage assembly 206.

230.

[0115] The exposure apparatus 30 is particularly useful as
a lithographic device that transfers a pattern (not shoWn) of

is individually supplied to each conductor by the control
system 22. For each of the movers 224, 226, 228, 230, the

an integrated circuit from the reticle 32 onto the semicon

electrical current through the conductors causes the conduc

[0121] As provided herein, electrical current (not shoWn)

Sep. 26, 2002

US 2002/0137358 A1

tors to interact With the magnetic ?eld of the magnets. This

sensor 262. The Z frame sensor 260 monitors the position of

generates a force (Lorentz type force) betWeen the magnets

the apparatus frame 202 along the Z axis, about the X axis,

and the conductors that can be used to control, move, and

and about the Y axis. The frame bending sensor 262 moni

position the ?rst component 232 relative to the second
component 234.

tors bending of the apparatus frame 202. The design of the

[0122] Referring to FIGS. 7 and 8A, the base stage

similar to the corresponding components described above.

Z frame sensor 260 and the frame bending sensor 262 can be

assembly 223 also includes a Z base sensor 236 and a base
bending sensor 238. The Z base sensor 236 monitors the

[0129] Importantly, With this design, the control system 22
independently controls the Z frame movers 244, 246, 248,

position of the stage base 12 along the Z axis, about the X

250 to reduce and minimiZe both static and dynamic defor
mation of the apparatus frame 202. The methods described

axis, and about the Y axis. The base bending sensor 238
monitors bending of the stage base 12. The design of the Z

above for controlling the Z device stage movers 84, 86, 88,

base sensor 236 and the base bending sensor 238 can be

90 can be utiliZed for controlling the Z frame movers 244,

similar to the corresponding components described above.

246, 248, 250.
[0130] As provided herein, the resilient supporters 252,

[0123] Importantly, With this design, the control system 22
independently controls the Z base movers 224, 226, 228, 230
to reduce and minimiZe both static and dynamic bending and
deformation of the stage base 12. The methods described
above for controlling the Z device stage movers 84, 86, 88,
90 can be utiliZed for controlling the Z base movers 224,

254, 256, 258 are positioned betWeen the frame base 242 and
the side beams 239. The resilient supporters 252, 254, 256,
258 reduce the effect of vibration of the mounting base 24
causing vibration on the apparatus frame 202. Each of the
base resilient supporters 252, 254, 256, 258 for example, can

226, 228, 230.

include a pneumatic cylinder or a spring.

[0124] The apparatus frame 202 is rigid and supports some
of the components of the exposure apparatus 30. The design

[0131] The illumination system 204 includes an illumina
tion source 212 and an illumination optical assembly 214.

of the apparatus frame 202 can be varied to suit the design
requirements for the rest of the exposure apparatus 30. The
apparatus frame 202 illustrated in FIG. 7 supports the

light energy that is alloWed through the clear areas in the

optical assembly 200 and the illumination system 204 and
the reticle stage assembly 206 above the mounting base 24.
[0125] Preferably, referring to FIGS. 7 and 8B, the appa
ratus frame 202 includes four side beams 239 and is secured
With a frame support assembly 240 and a frame base 242 to

the mounting base 24. The combination of the apparatus
frame 202, the frame support assembly 240 and the frame

The illumination source 212 emits a beam (irradiation) of

reticle. The illumination optical assembly 214 guides the
beam of light energy from the illumination source 212 to the

optical assembly 200. The beam illuminates selectively
different portions of the reticle 32 and exposes the semicon
ductor Wafer 28. In FIG. 7, the illumination source 212 is
illustrated as being supported above the reticle stage assem
bly 206. Typically, hoWever, the illumination source 212 is

base 242 is referred to herein as a frame stage assembly 243.

secured to one of the sides of the apparatus frame 202 and
the energy beam from the illumination source 212 is directed

The frame support assembly 240 reduces the effect of

to above the reticle stage assembly 206 With the illumination

vibration of the frame base 242 causing vibration on the

optical assembly 214.
[0132] The optical assembly 200 projects and/or focuses

apparatus frame 202. Further, the frame support assembly
240 supports and positions the apparatus frame 202 relative
to the mounting base 24.
[0126] The design of the frame support assembly 240 can
be varied to suit the design requirements of the device stage
assembly 10. In the design illustrated in FIGS. 7 and 8B, the
frame support assembly 240 moves and supports the appa
ratus frame 202 With three degrees of freedom. In this
embodiment, the frame support assembly 240 includes
a
?rst Z frame mover 244, (ii) a second Z frame mover 246,
(iii) a third Z frame mover 248, (iv) a fourth Z frame mover

250, (v) a ?rst resilient supporter 252, (vi) a second resilient

supporter 254, (vii) a third resilient supporter 256, and (viii)

the light passing through the reticle onto the Wafer. Depend
ing upon the design of the exposure apparatus 30, the optical
assembly 200 can magnify or reduce the image illuminated
on the reticle.

[0133] The reticle stage assembly 206 holds and positions
the reticle relative to the optical assembly 200 and the Wafer.

Similarly, the Wafer stage assembly 210 holds and positions
the Wafer With respect to the projected image of the illumi
nated portions of the reticle in the operational area. In FIG.
7, the Wafer stage assembly 210 utiliZes a device stage

assembly 10 having features of the present invention.

a fourth resilient supporter 258.

Depending upon the design, the exposure apparatus 30 can

[0127] The Z frame movers 244, 246, 248, 250 cooperate
to adjust the position of the apparatus frame 202 relative to
the mounting base 24 along the Z axis and about the X axis

206, 210.

and the Y axis. The design of each of the Z frame movers

244, 246, 248, 250 can be varied. For example, each of the
Z frame movers 244, 246, 248, 250 can be a planar motor,
rotary motor, voice coil motor, linear motor, electromagnetic
actuator, pieZoelectric actuator, and/or force actuator. The
design of each of the Z frame movers 244, 246, 248, 250 can
be substantially similar as the design of the Z device stage
movers 84, 86, 88, 90 described above.

[0128] Referring to FIG. 7, the frame stage assembly 243
also includes a Z frame sensor 260 and a frame bending

also include additional motors to move the stage assemblies

[0134] Further, the present invention can be applied to the
reticle stage assembly 206. For example, in the case that
reticle stage assembly 206 moves the reticle 32 in the Z
direction, the reticle stage assembly 206 can include a Z
mover and utiliZe the device stage assembly 10 in the same

Way to the Wafer stage assembly 210.
[0135]

There are a number of different types of litho

graphic devices. For example, the exposure apparatus 30 can
be used as a scanning type photolithography system that
exposes the pattern from the reticle onto the Wafer With the
reticle and the Wafer moving synchronously. In a scanning

