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A stage assembly (10) for moving and positioning one or 
more objects (24) for an exposure apparatus (28) is provided 
herein. The stage assembly (10) includes a ?ne stage (14) 
and a coarse stage (18). The ?ne stage (14) includes a holder 
(15) that retains the object (24). The stage assembly (10) also 
includes a ?ne Y mover (32) and a ?ne X mover (34) that 
precisely move the ?ne stage (14) relative to the coarse stage 
(18). Uniquely, the ?ne movers (32), (34) are positioned on 
only one side of the holder (15). With this design, the 
resulting stage assembly (10) has a relatively loW mass and 
a relatively high servo bandwidth. Further, With this design, 
the stage assembly (10) is readily accessible for service and 
a measurement system (16) can be easily positioned near the 
?ne stage (14). The stage assembly (10) can also include an 
anti-gravity mechanism (40) that minimizes distortion of a 
stage base (12) that supports the ?ne stage (14) as the ?ne 
stage (14) moves above the stage base (12). Additionally, the 
stage assembly (10) can include a reaction assembly (20) 
that reduces the amount of reaction forces transferred from 
the coarse stage (18). 
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HIGH PERFORMANCE STAGE ASSEMBLY 

RELATED APPLICATION 

[0001] This application is a continuation of application 
Ser. No. 09/471,740 ?led on Dec. 23, 1999, entitled “HIGH 
PERFORMANCE STAGE ASSEMBLY” Which is currently 
pending. The contents of application Ser. No. 09/471,740 is 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to a stage for an 
exposure apparatus. More speci?cally, the present invention 
is directed to a loW mass, high performance stage for an 
exposure apparatus. 

BACKGROUND 

[0003] Exposure apparatuses are commonly used to trans 
fer images from a reticle onto a semiconductor Wafer during 
semiconductor processing. A typical exposure apparatus 
includes an illumination source, a reticle stage retaining a 
reticle, a lens assembly and a Wafer stage retaining a 
semiconductor Wafer. The reticle stage and the Wafer stage 
are supported above a ground With an apparatus frame. 
Typically, one or more motors precisely position the Wafer 
stage and one or more motors precisely position the reticle 
stage. The images transferred onto the Wafer from the reticle 
are extremely small. Accordingly, the precise relative posi 
tioning of the Wafer and the reticle is critical to the manu 
facturing of high density, semiconductor Wafers. 

[0004] A typical reticle stage includes a coarse stage and 
a ?ne stage. The coarse stage is used for relatively large 
movements of the reticle and the ?ne stage is used for 
relatively small, precise movements of the reticle. Existing 
reticle stages typically utiliZe a pair of spaced apart ?ne Y 
motors to move the ?ne stage along a Y axis and a pair of 
spaced apart coarse Y motors to move the coarse stage along 
the Y axis. 

[0005] Unfortunately, existing reticle stages that utiliZe 
both a coarse stage and a ?ne stage have a relatively large 
total mass. As a result of the large mass, large motors are 
needed to move and position the ?ne stage and the coarse 
stage. These motors occupy valuable space near the stage, 
consume large amounts of electric current and generate a 
signi?cant amount of heat. The heat is subsequently trans 
ferred to the surrounding environment, including the air 
surrounding the motors and the other components positioned 
near the motors. The heat changes the index of refraction of 
the surrounding air. This reduces the accuracy of any metrol 
ogy system used to monitor the positions of the stages and 
degrades machine positioning accuracy. Additionally, the 
heat causes expansion of the other components of the device. 
This further degrades the accuracy of the device. 

[0006] Moreover, a large mass, reticle stage has a rela 
tively loW resonant frequency and a loW servo bandWidth. 
As a result of the loW resonant frequency and loW servo 
bandWidth, external forces and/or small reaction forces can 
easily vibrate and distort the reticle stage. This Will in?uence 
the position of the reticle stage and the performance of the 
exposure apparatus. 

[0007] Additionally, the multiple motors required for both 
the coarse stage and the ?ne stage complicates the layout of 
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the reticle stage and the system required to control both the 
coarse stage and the ?ne stage. 

[0008] In light of the above, it is an object of the present 
invention to provide a stage assembly that has a relatively 
loW mass, a relatively high resonance frequency and a 
relatively high servo bandWidth. Another object is to provide 
a stage assembly that is relatively simple to control, alloWs 
space for service access, and alloWs space for a measure 
ment system. Still another object is to provide a stage 
assembly that utiliZes ef?cient motors to move the compo 
nents of the stage assembly. Yet another object is to provide 
a loW mass stage assembly that can simultaneously carry 
tWo reticles. Another object is to provide a stage assembly 
that offsets the mass of a ?ne stage to minimiZe distortion to 
a stage base and a lens assembly. Another object is to 
provide a stage that utiliZes reaction force cancellation to 
minimiZe the forces transferred to a mounting frame. Still 
another object is to provide an exposure apparatus capable 
of manufacturing high density, semiconductor Wafers. Yet 
another object is to provide a stage assembly having a 
guideless ?ne stage and a guideless coarse stage. 

SUMMARY 

[0009] The present invention is directed to a stage assem 
bly for moving an object that satis?es these needs. The stage 
assembly includes a ?ne stage and a coarse stage. The ?ne 
stage includes a holder that retains the object. As provided 
herein, the stage assembly can be used to precisely position 
one or more objects during a manufacturing and/or an 
inspection process. 

[0010] The stage assembly includes a ?ne Y mover and a 
?ne X mover that precisely move the ?ne stage relative to 
the coarse stage. Additionally, the stage assembly can also 
include a coarse Y mover and a coarse X mover that move 

the coarse stage relative to a reaction assembly. Uniquely, 
the ?ne movers and the coarse movers are positioned on only 
one side of the holder. With this design, the ?ne stage has a 
relatively loW mass and a relatively high servo bandWidth. 
Because of the loW mass, smaller movers can be used to 
move the ?ne stage. Because of the high servo bandWidth, 
external forces and small reaction forces are less likely to 
in?uence the position of the ?ne stage. This alloWs for more 
accurate positioning of the object by the stages and the 
production of higher quality Wafers. Further, With this 
design, the stage assembly is easily accessible for service 
and the measurement system can be easily positioned near 
the ?ne stage. 

[0011] Moreover, both the ?ne stage and the coarse stage 
are guideless along the X axis, along the Y axis and about the 
Z axis. More speci?cally, both the ?ne stage and the coarse 
stage are not constrained along the Y axis, the X axis and 
about the Z axis. Stated another Way, each stage can be 
moved With at least three degrees of freedom. With this 
design, the movers control the position of the stages along 
the X axis, along the Y axis and about the Z axis. This alloWs 
for more accurate positioning of the stages and better 
performance of the stage assembly. 

[0012] Further, the stage assembly can also include an 
anti-gravity mechanism that urges the ?ne stage upWards 
toWards the coarse stage. This minimiZes distortion to a 
stage base that supports the ?ne stage as the ?ne stage moves 
above the stage base. 
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[0013] Additionally, the stage assembly can include a 
mounting frame that supports the reaction assembly and 
alloWs the reaction assembly to move relative to the mount 
ing frame. With this design, the reaction assembly reduces 
the amount of reaction forces from the coarse movers that 
are transferred to the ground. 

[0014] The present invention is also directed to a method 
for moving an object, a method for manufacturing a stage 
assembly, a method for manufacturing an exposure appara 
tus and a method for manufacturing a Wafer and a device. 

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 an upper perspective vieW of a stage 
assembly having features of the present invention; 

[0017] FIG. 2 is front plan vieW of the stage assembly of 
FIG. 1, With a stage base and a measurement system omitted 
for clarity; 

[0018] FIG. 3 is a side plan vieW of the stage assembly of 
FIG. 1, With the stage base and the measurement system 
omitted for clarity; 

[0019] FIG. 4 is an exploded perspective vieW of the stage 
assembly of FIG. 1, Without the stage base and the mea 
surement system; 

[0020] FIG. 5 is a top, partly exploded, perspective vieW 
of a ?ne stage having features of the present invention; 

[0021] FIG. 6 is a bottom perspective vieW of the ?ne 
stage of FIG. 5; 

[0022] FIG. 7 is a perspective vieW of a mover having 
features of the present invention; 

[0023] FIG. 8 is an exploded perspective vieW of the 
mover of FIG. 7; 

[0024] FIG. 9 is a cross-sectional vieW taken on line 9-9 
of FIG. 3; 

[0025] FIG. 10 is a perspective vieW of the vieW of FIG. 
9; 
[0026] FIG. 11 is a side perspective vieW, in partial 
cut-aWay of the stage assembly of FIG. 1; 

[0027] FIG. 12 is another side perspective vieW of the 
stage assembly of FIG. 1; 

[0028] FIG. 13 is an illustration of an exposure apparatus 
having features of the present invention; 

[0029] FIG. 14 is a How chart that outlines a process for 
manufacturing a device in accordance With the present 
invention; and 

[0030] FIG. 15 is a How chart that outlines device pro 
cessing in more detail. 

DESCRIPTION 

[0031] Referring initially to FIGS. 1-4, a stage assembly 
10 having features of the present invention includes a stage 
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base 12, a ?ne stage 14 including a holder 15, a measure 
ment system 16, a coarse stage 18, a reaction assembly 20 
and a mounting frame 22. The stage assembly 10 is useful 
for precisely positioning one or more objects 24 during a 
manufacturing and/or inspection process. 

[0032] The type of object 24 positioned and moved by the 
stage assembly 10 can be varied. In the embodiments 
provided herein, each object 24 is a reticle 26 and the stage 
assembly 10 is useful as part of an exposure apparatus 28 
(illustrated in FIG. 13) for precisely positioning each reticle 
26 during the manufacture of a semiconductor Wafer 30 
(illustrated in FIG. 13). Alternately, for example, the stage 
assembly 10 can be used to retain a reticle during reticle 
manufacturing, an object under an electron microscope (not 
shoWn), an object during a precision measurement opera 
tion, or an object during a precision manufacturing opera 
tion. 

[0033] As an overvieW, the stage assembly 10 also 
includes a ?ne Y mover 32, a ?ne X mover 34, a coarse Y 
mover 36, a coarse X mover 38 and an anti-gravity mecha 
nism 40. The ?ne Y mover 32 and the ?ne X mover 34 
precisely move the ?ne stage 14 relative to the coarse stage 
18. The coarse Y mover 36 (illustrated in FIGS. 9 and 10) 
and the coarse X mover 38 move the coarse stage 18 relative 
to the reaction assembly 20. The anti-gravity mechanism 40 
minimiZes distortion of the stage base 12 as the ?ne stage 14 
moves above the stage base 12. 

[0034] The ?ne stage movers 32, 34 and the coarse stage 
movers 36, 38 are uniquely positioned on only one side of 
the holder 15. With this design, the ?ne stage 14 has a 
relatively loW mass and a relatively high servo bandWidth. 
Because of the loW mass, smaller movers 32, 34 can be used 
to move the ?ne stage 14. The smaller movers 32, 34 
generate less heat and consume less energy. Because of the 
high servo bandWidth, external forces and small reaction 
forces are less likely to in?uence the position of the ?ne 
stage 14. This alloWs for more accurate positioning of the 
object 24 by the stages 14,18 and the production of higher 
quality Wafers 30. Further, With this design, the stage assem 
bly 10 is readily accessible for service and the measurement 
system 16 can be easily positioned near the ?ne stage 14. 

[0035] Some of the Figures provided herein include a 
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. 

[0036] Importantly, as provided herein, both the ?ne stage 
14 and the coarse stage 18 are guideless along the X axis, 
along the Y axis and about the Z axis. More speci?cally, both 
the ?ne stage 14 and the coarse stage 18 are not constrained 
along the Y axis, the X axis and about the Z axis. Stated 
another Way, each stage 14,18 can be moved With at least 
three degrees of freedom. With this design, the ?ne movers 
32, 34 precisely control the position of the ?ne stage 14 
along the X axis, along the Y axis and about the Z axis and 
the coarse movers 36, 38 control the position of the coarse 
stage 18 along the X axis, along the Y axis and about the Z 
axis. This alloWs for more accurate control over the posi 
tions of the stages 12, 14 and better performance of the stage 
assembly 10. 

[0037] The stage base 12 supports the ?ne stage 14 during 
movement. The design of the stage base 12 can be varied to 
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suit the design requirements of the stage assembly 10. In the 
embodiment illustrated in FIG. 1, the stage base 12 is a 
generally rectangular shaped plate. The stage base 12 
includes a planar upper base surface 42 and an opposed, 
loWer base surface 44. The stage base 12 also includes a base 
aperture 46 and a lens cut-out 48. The base aperture 46 
extends through the stage base 12 and alloWs for the passage 
of light through the stage base 12. The lens cut-out 48 is 
someWhat cylindrical shaped and extends partly into the 
stage base 12 from the loWer base surface 44. The lens 
cut-out 48 alloWs for the positioning of a lens assembly 50 
(illustrated in FIG. 13) near the ?rst stage 14. 

[0038] The ?ne stage 14 precisely positions the one or 
more objects 24. The design of ?ne stage 14 and the degrees 
of freedom of the ?ne stage 14 relative to the stage base 12 
can be varied. In the embodiment illustrated in the ?gures, 
the ?ne stage 14 is guideless and moved by the ?ne movers 
32, 34 With a limited range of motion along the X axis, the 
Y axis and about the Z axis (theta Z) relative to the coarse 
stage 18. Referring to FIGS. 4-6, the ?ne stage 14 includes 
a ?ne frame 52, a ?rst portion 54 of the ?ne Y mover 32, a 
?rst portion 56 of the ?ne X mover 34, a ?rst portion 58 of 
the anti-gravity mechanism 40 and a ?rst potion 60 of the 
measurement system 16. 

[0039] The combination of the ?ne stage 14 and the one or 
more objects 24 have a combined center of gravity 61 
(illustrated as a dot in FIGS. 9 and 10). Importantly, the ?ne 
Y mover 32 engages the ?ne stage 14 near the combined 
center of gravity 61. This minimiZes the coupling of accel 
eration of the ?ne Y mover 32 to movement along the X axis 
and about the Z axis of the ?ne stage 14. Stated another Way, 
this minimiZes the forces on the ?ne stage 14 along the X 
axis and about the Z axis, generated by the ?ne Y mover 32. 
With this design, the ?ne Y mover 32 does not tend to move 
the ?ne stage 14 along the X axis or rotate the ?ne stage 14 
about the Z axis. As a result of this design, the force required 
to move the ?ne stage 14 along the X axis and about the Z 
axis is minimiZed. This alloWs for the use of a smaller and 
lighter, ?ne X mover 34. 

[0040] The ?ne frame 52 is generally rectangular shaped 
and includes a ?ne frame bottom 62, a ?ne frame top 64, a 
?rst ?ne frame side 66, a second ?ne frame side 68 sub 
stantially opposite the ?rst ?ne frame side 66, a front ?ne 
frame side 70 and a rear ?ne frame side 72 substantially 
opposite the front ?ne frame side 70. The ?ne frame 52 is 
preferably made of a ceramic material having a loW rate of 
thermal expansion. 

[0041] The ?ne frame bottom 62 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 the stage 
base 12 and a vacuum is pulled in the ?uid inlets to create 
a vacuum preload type, ?uid bearing betWeen the ?ne frame 
52 and the stage base 12. The vacuum preload type, ?uid 
bearing maintains the ?ne stage 14 spaced apart along the Z 
axis relative to the stage base 12 and alloWs for motion of the 
?ne stage 14 along the X axis, the Y axis and about the Z axis 
relative to the stage base 12. The vacuum preload ?uid 
bearing maintains a high stiffness connection betWeen the 
?ne stage 14 and the stage base 12 along the Z axis, about 
the X axis and about the Y axis, despite the approximately 
Zero net gravity force of the ?ne stage 14 as a result of the 
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anti-gravity mechanism 40. Alternately, the ?ne stage 14 can 
be supported above the stage base 12 by alternate Ways such 
as magnetic type bearing (not shoWn). 

[0042] The ?ne frame 52 also includes one or more 
holders 15, a mid-Wall 74 and a stiffener 76. Each holder 15 
retains and secures one of the objects 24, eg reticles 26, to 
the ?ne stage 14. In the embodiment illustrated in the 
?gures, each holder 15 is a rectangular shaped cut-out With 
vacuum chucks on either side. Each holder 15 includes a ?rst 
holder side 78, an opposed second holder side 80, a front 
holder side 82 and a rear holder side 84. The number of 
holders 15 can be varied. For example, in the embodiment 
illustrated in the Figures, the ?ne stage 14 includes tWo 
spaced apart holders 15. Because of the unique design 
provided herein, a relatively loW mass stage assembly 10 
that retains tWo reticles 26 can be manufactured. Alternately, 
the ?ne stage 14 could include a single holder 15 for 
retaining only one reticle 26. 

[0043] Importantly, as provided beloW, the required stroke 
of the coarse stage 18 along the Y axis Will vary according 
to the number of objects 24 retained by the ?ne stage 14. 
More speci?cally, the stroke of the coarse stage 18 along the 
Y axis Will need to be increased as the number of objects 24 
is increased. 

[0044] The mid-Wall 74 extends upWardly from the ?ne 
frame top 64 and secures the ?rst portion 54 of the ?ne Y 
mover 32 and the ?rst portion 58 of the anti-gravity mecha 
nism 40 to the ?ne frame 52. In the embodiment illustrated 
n the Figures, the mid-Wall 74 is a ?at, planar Wall. The 
mid-Wall 74 includes a plurality of spaced apart Wall aper 
tures 86 that extend transversely through the mid-Wall 74. As 
illustrated in FIG. 5, the mid-Wall 74 also includes a 
plurality of pairs of spaced apart pins 88 and a plurality of 
spaced apart internally threaded apertures 90 for securing 
the ?rst portion 54 of the ?ne Y mover 32 and the ?rst 
portion 58 of the anti-gravity mechanism 40 to the mid-Wall 
74. 

[0045] The mid-Wall 74 extends along the Y axis betWeen 
the ?rst ?ne frame side 66 and the ?rst holder side 78. The 
mid-Wall 74 is preferably extends near the combined center 
of gravity 61 so that the ?ne Y mover 32 is maintained near 
the combined center of gravity 61. In the embodiments 
provided herein, the combined center of gravity 61 is near 
the mid-Wall 74 approximately half Way betWeen the front 
?ne frame side 70 and the rear ?ne frame side 72. With this 
design, the force from the ?ne Y mover 32 is directed 
through the combined center of gravity 61. 

[0046] The stiffener 76 provides stiffness to the ?ne stage 
14 and inhibits bending and ?exing of the ?ne stage 14. 
Additionally, the stiffener 76 adds mass to the ?ne stage 14 
so that the combined center of gravity 61 is near the 
mid-Wall 74. The design and location of the stiffener 76 can 
be varied to suit the design of the ?ne stage 14. In the 
embodiment illustrated in the Figures, the stiffener 76 is 
rectangular “U” shaped and extends along the ?rst ?ne 
frame side 66. The ?rst portion 56 of the ?ne X mover 34 is 
secured to the stiffener 76 near the front ?ne frame side 70 
and the rear ?ne frame side 72. 

[0047] Preferably, the ?ne stage 14 includes one or more 
stage openings 92 that are strategically positioned to lighten 
the mass of the ?ne stage 14 and balance the mass of the ?ne 
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stage 14, Without compromising the structural strength of 
the ?ne stage 14. The number and design of the stage 
openings 92 can be varied. In the embodiment illustrated in 
the Figures, the ?ne stage 14 includes four, rectangular 
shaped stage openings 92 that eXtend partly into the ?ne 
frame top 64. The stage openings 92 are located betWeen the 
mid-Wall 74 and the ?rst ?ne frame side 66 of the ?ne frame 
52. 

[0048] As provided above, the ?ne movers 32, 34 move 
the ?ne stage 14 With a limited range of motion along the X 
aXis, the Y aXis and about the Z aXis relative to the coarse 
stage 18. More speci?cally, the ?ne Y mover 32 moves the 
?ne stage 14 relative to the coarse stage 18 along the Y aXis 
and the ?ne X mover 34 moves the ?ne stage 14 relative to 
the coarse stage 18 along the X aXis and around the theta Z 
axis. 

[0049] The design of each ?ne movers 32, 34 can be 
varied to suit the design requirements of the stage assembly 
10. In the embodiment illustrated in the Figures, each ?ne Y 
mover 32 includes the ?rst portion 54 that is secured to the 
?ne stage 14 and a second portion 94 that is secured to the 
coarse stage 18. The ?rst portion 54 and the second portion 
94 of the ?ne Y mover 32 interact to selectively move the 
?ne stage 14 along the Y ads. 

[0050] SomeWhat similarly, each ?ne X mover 34 includes 
the ?rst portion 56 that is secured to the ?ne stage 14 and a 
second portion 96 that is secured to the coarse stage 18. The 
?rst portion 56 and the second portion 96 of the ?ne X mover 
34 interact to selectively move the ?ne stage 14 along the X 
aXis and about the Z ads. 

[0051] In the embodiment illustrated in the Figures, the 
?ne Y mover 32 and the ?ne X mover 34 each include a 
plurality of spaced apart pairs of opposed, attraction only 
actuators 98. More speci?cally, the ?ne Y mover 32 includes 
?ve, spaced apart pairs of opposed, attraction only actuators 
98 and the ?ne X mover 34 includes tWo, spaced apart pairs 
of opposed, attraction only actuators 98. 

[0052] The attraction only type actuators 98 consume less 
poWer and generate less heat than a voice coil motor or a 
linear motor. This minimiZes the need to cool the ?ne 
movers 32, 34. Further, because the ?ne movers 32, 34 are 
each located on only on side of the holder 15, any heat from 
the ?ne movers 32, 34 can be easily directed aWay from the 
measurement system 16. 

[0053] FIGS. 7 and 8 illustrate a perspective vieW of a 
preferred attraction only actuator 98. More speci?cally, 
FIG. 7 illustrates a perspective vieW of a type of attraction 
only actuator 98 commonly referred to as an E/I core 
actuator and FIG. 8 illustrates an exploded perspective vieW 
of the E/I core actuator. Each E/I core actuator is essentially 
an electo-magnetic attractive device. Each E/I core actuator 
includes an E shaped core 100, a tubular coil 102, and an I 
shaped core 104. The E core 100 and the I core 104 are each 
made of a magnetic material such as iron. The coil 102 is 
positioned around the center bar of the E core 100. Current 
(not shoWn) directed through the coil 102 creates an elec 
tromagnetic ?eld that attracts the I core 104 toWards the E 
core 100. The amount of current determines the amount of 
attraction. 

[0054] In the embodiments provided herein, the I core 
104 of each attraction only actuator 98 is considered the ?rst 
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portion 54, 56 of each ?ne mover 32, 34 and is secured to 
the ?ne stage 14, and (ii) the E core 100 and coil 102 of each 
attraction only actuator 98 is considered the second portion 
94, 96 of each ?ne mover 32, 34 and is secured to the coarse 
stage 18. 

[0055] Speci?cally, the ?ne Y mover 32 includes ?ve pairs 
of spaced apart, I cores 104 (ten total I cores) secured to the 
mid-Wall 74 and ?ve pairs of spaced apart, E cores 100 and 
coils 102 (ten total E cores and ten coils 102) secured to the 
coarse stage 18. The ?ne Y mover 32 is preferably centered 
on the combined center of gravity 61. 

[0056] SomeWhat similarly, the ?ne X mover 34 includes 
tWo sets of tWo spaced apart, I cores 104 (four total I cores) 
and tWo sets of tWo spaced apart, E cores 100 and coils 102 
(four total E cores 100 and coils 102). One of the sets of I 
cores 104 is secured to each end of the stiffener 76 and the 
tWo sets of E cores 100 and coils 102 are secured to the 
coarse stage 18. 

[0057] This arrangement is preferred because no electrical 
Wires associated With the ?ne movers 32, 34 are directly 
connected to the ?ne stage 14. This reduces interference to 
the ?ne stage 14. Alternately, the mounting of the attraction 
only actuators 98 could be reversed. In this proposed con 
?guration, the I cores 104 Would be attached to the coarse 
stage 18 While the E cores 100 and coils 102 Would be 
secured to the ?ne stage 14. 

[0058] The anti-gravity mechanism 40 offsets the Weight 
of the ?ne stage 14 and minimiZes distortion of the stage 
base 12 as the ?ne stage 14 moves relative to the stage base 
14. More speci?cally, the anti-gravity mechanism 40 pulls 
upWard on the ?ne stage 14 as the ?ne stage 14 moves 
relative to the stage base 12 to inhibit the location of the ?ne 
stage 14 from in?uencing the stage base 12. 

[0059] In the embodiment illustrated in the Figures, the 
anti-gravity mechanism 40 includes a pair of spaced apart 
attraction only actuators 106. Each attraction only actuator 
106 includes the ?rst portion 58 that is secured to the top of 
the mid-Wall 74 and a second portion 108 that is secured to 
the coarse stage 18. 

[0060] Preferably, each attraction only actuator 106 is an 
E/I core actuator as described above. With this design, tWo 
spaced apart I cores 104 are secured to the top of the 
mid-Wall 74 and tWo spaced apart E cores 100 and coils 102 
are secured to the coarse stage 18. Alternately, the mounting 
of the I core 104 and the E core 100 can be reversed. 

[0061] Importantly, the anti-gravity mechanism 40 is also 
positioned near the combined center of gravity 61 and the 
?ne Y mover 32 so that the anti-gravity mechanism 40 can 
lift the ?ne stage 14 along the Z aXis to counteract the 
in?uence of ?ne stage 14 on the stage base 12. Further, the 
amount of attraction generated by the anti-gravity mecha 
nism 40 can be adjusted by adjusting the current to the coil 
102. 

[0062] The measurement system 16 monitors the position 
of the ?ne stage 14 relative to the stage base 12. With this 
information, the position of the ?ne stage 14 can be adjusted. 
The design of the measurement system 16 can be varied. In 
the embodiment illustrated in FIG. 1, the measurement 
system 16 includes the ?rst portion 60 that is part of and 
mounted to the ?ne stage 14 and a second portion 110. 
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[0063] Referring to FIG. 1, the ?rst portion 60 of the 
measurement system 16 includes a X interferometer mirror 
112 and a pair of spaced apart Y interferometer mirrors 114 
While the second portion 110 includes a X interferometer 
block 116 and a Y interferometer block 118. Alternately, 
these components can be reversed. 

[0064] The X interferometer block 116 interacts With the 
X interferometer mirror 112 to monitor the location of the 
?ne stage 14 along the X aXis. More speci?cally, the X 
interferometer block 116 generates a measurement signal 
(not shoWn) that is re?ected off of the X interferometer 
mirror 112. With this information, the location of the ?ne 
stage 14 along the X aXis can be monitored. In the embodi 
ment illustrated in the Figures, the X interferometer mirror 
112 is rectangular shaped and eXtends along the second ?ne 
frame side 68 of the ?ne frame 52. The X interferometer 
block 116 is positioned aWay from the ?ne stage 14. The X 
interferometer block 116 can be secured to an apparatus 
frame 120 (illustrated in FIG. 13) or some other location 
that is isolated by vibration. 

[0065] The Y interferometer mirrors 114 interact With the 
Y interferometer block 118 to monitor the position of the 
?ne stage 14 along the Y aXis and about the Z aXis (theta Z). 
More speci?cally, the Y interferometer block 118 generates 
a pair of spaced apart measurement signals (not shoWn) that 
are re?ected off of the Y interferometer mirrors 114. With 
this information, the location of the ?ne stage 14 along the 
Y aXis and about the Z aXis can be monitored. In the 
embodiment illustrated in the Figures, each Y interferometer 
mirror 114 is somewhat “V” shaped and is positioned along 
the rear ?ne frame side 72 of the ?ne frame 52. The Y 
interferometer block 118 is positioned aWay from the ?ne 
stage 14. The Y interferometer block 118 can be secured to 
an apparatus frame 120 or some other location that is 
isolated from vibration. 

[0066] Importantly, because the ?ne movers 32, 34 and the 
coarse movers 36, 38 are positioned on only one side of the 
holder 15, the measurement system 16 can be easily posi 
tioned near the ?ne stage 14. 

[0067] The coarse stage 18 keeps the second portion of the 
?ne Y mover 94 and the second portion of the ?ne X mover 
96 near the ?ne stage 14 over the long stroke. This alloWs for 
the use of relatively short travel, ef?cient ?ne Y mover 32 
and ?ne X mover 34. 

[0068] The design of coarse stage 18 and the degrees of 
freedom of the coarse stage 18 relative to the reaction 
assembly 20 can be varied. In the embodiment illustrated in 
the ?gures, the coarse stage 18 is guideless in the planar 
degrees of freedom and is moved by the coarse movers 36, 
38 a relatively long displacement along the Y aXis and a 
relatively short displacement along the X aXis and around 
the Z aXis (theta Z). More speci?cally, the coarse stage 18 
illustrated in the Figures is moved by the coarse Y mover 36 
relative to the reaction assembly 20 a relatively long dis 
placement along the Y aXis. Further, the coarse stage 18 is 
moved by the coarse X mover 38 a relatively short displace 
ment along the X aXis and around the Z aXis (theta Z). 

[0069] Further, in the embodiments illustrated in the Fig 
ures, the coarse stage 18 is positioned above the ?ne stage 
14. 

[0070] Referring to FIGS. 4, and 9-12, the coarse stage 18 
includes a coarse frame 122, the second portion 94 of the 
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?ne Y mover 32, the second portion 96 of the ?ne X mover 
34, the second portion 108 of the anti-gravity mechanism 40, 
a ?rst portion 124 of the coarse Y mover 36, and a ?rst 
portion 126 of the coarse X mover 38. 

[0071] The combination of the ?ne stage 14, the objects 24 
and the coarse stage 18 have a combination center of gravity 
128 (illustrated as a dot in FIGS. 9 and 10). Importantly, the 
coarse Y mover 36 engages the coarse stage 18 near the 
combination center of gravity 128. This minimiZes the 
coupling of acceleration of the coarse Y mover 36 to 
movement along the X aXis and about the Z aXis of the 
coarse stage 18. Stated another Way, this minimiZes the 
forces on the coarse stage 18 along the X aXis and about the 
Z aXis, generated by the coarse Y mover 36. With this 
design, the coarse Y mover 36 does not tend to move the 
coarse stage 18 along the X aXis or rotate the coarse stage 18 
about the Z aXis. As a result of this design, the force required 
to move the coarse stage 18 along the X aXis and about the 
Z aXis is minimiZed. This alloWs for the use of a smaller, 
lighter mass, coarse X mover 38. 

[0072] The coarse frame 122 illustrated in the Figures is 
generally rectangular tube shaped and includes a coarse 
frame bottom 130, a coarse frame top 132, a ?rst coarse 
frame side 134 and a second coarse frame side 136 substan 
tially opposite the ?rst coarse frame side 134. The coarse 
frame 122 can be made of a number of materials, including 
a ceramic material or aluminum. 

[0073] The coarse frame bottom 130 supports the second 
portion 96 of the ?ne X mover 34 and the ?rst portion 124 
of the coarse Y mover 36. More speci?cally, a pair of 
attachment plates 138 cantilever doWnWard from coarse 
frame bottom 130 intermediate the coarse frame sides 134, 
136. One of the attachment plates 138 is positioned on the 
front of the coarse stage 18 While the other attachment plate 
138 is positioned on the rear of the coarse stage 18. The 
second portion 96 of the ?ne X mover 34 (e.g., a pair of E 
cores 100 and a pair of coils 102) is attached to each 
attachment plate 138. 

[0074] The ?rst portion 124 of the coarse Y mover 36 is 
secured to the coarse frame bottom 130 and eXtends along 
the length of the coarse stage bottom 130 betWeen the front 
and rear of the coarse stage 18. In the embodiment illustrated 
in the Figures, a rectangular shaped, attachment bar 140 is 
positioned betWeen and used to secure the ?rst portion 124 
of the coarse Y mover 36 to the coarse frame bottom 130. 
The attachment bar 140 is secured to the ?rst portion 124 of 
the coarse Y mover 36 and the coarse frame bottom 130 With 

an attachment bolt (not shoWn). 

[0075] In the embodiment provided herein, the combina 
tion center of gravity 128 is near the center of the ?rst 
portion 124 of the coarse Y mover 36 approximately half 
Way betWeen the front and the rear of the coarse stage 18. 

[0076] In the embodiments provided herein, the coarse 
frame top 132 is supported betWeen a pair of spaced apart 
bearing plates 142 of the reaction assembly 20. The coarse 
frame top 132 is generally planar shaped and includes an 
upper surface 144 and a loWer surface 146. The upper 
surface 144 and the loWer surface 146 of the coarse frame 
top 132 each include a plurality of spaced apart ?uid outlets 
(not shoWn). Pressurized ?uid (not shoWn) is released from 
the ?uid outlets toWards the bearing plates 142 of the 














