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(57) ABSTRACT 

A Stage apparatus includes a movable Stage, a base Support 
ing the Stage on a reference plane, a driving mechanism for 
driving the Stage, and a rotor acting on the Stage and 
producing a moment So as to reduce a reaction force 
produced along with the movement of the Stage. The rotor 
also reduces the reaction force produced upon movement of 
the stage by the movement of the base and the rotation of the 
rOtOr. 
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STAGE APPARATUS, AND EXPOSURE 
APPARATUS AND DEVICE MANUFACTURING 

METHOD USING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a stage apparatus 
Suitable for accomplishing accurate positioning. More par 
ticularly, the invention relates to a stage apparatus used in a 
Semiconductor exposure apparatus for mounting a wafer or 
the like. The present invention falls under the technical field 
of an exposure apparatus using Such a stage apparatus, and 
a device manufacturing-method for manufacturing a device, 
Such as a Semiconductor device, using this exposure appa 
ratuS. 

0003 2. Description of the Related Art 
0004 FIG. 14 schematically illustrates a conventional 
eXposure apparatuS. 

0005. A main body supporting member 66 is supported 
via a vibration removing mechanism 62 on a floor 68. Abase 
61 is secured to the lower half of the main body supporting 
member 66, and a wafer stage 60 movable in two-dimen 
Sional directions (e.g., X and Y directions) is Supported on 
the base 61. A projection optical System 65, an interferom 
eter reference 67 for measuring the position of the wafer 
Stage 60, and a reticle 64, Serving as a original, are provided 
on the upper half of the main body Supporting member 66. 
Further, an illuminating System 63, Supplying exposing 
light, is provided above the reticle 64. 
0006. In the aforementioned configuration, the wafer 
Stage 60 receives a wafer Supplied by a wafer-transport 
System (not shown), a target position relative to the reticle 64 
is converted by an alignment System (not shown) into 
interferometer data, the wafer stage 60 is moved to a 
prescribed position by an XY driving mechanism (not 
shown) with this interferometer data being a target, a reticle 
image is printed, and the wafer Stage 60 is caused to move 
to the next position. The reticle image is printed onto the 
entire wafer by repeating these steps. 
0007. In order to improve the productivity of the expo 
Sure apparatus, it is necessary to reduce the moving time of 
the Stage, and the exposure time. A reduction of the moving 
time of the Stage requires an increase in the acceleration or 
deceleration upon movement. In order to increase the pro 
ductivity of post-processing processes, the wafer diameter 
must be increased, and along with this, the mass of the wafer 
chuck and that of the wafer Stage are only increasing. 
0008 Since the driving mechanism of the wafer stage 60 
requires a thrust equal to the product (multiplication) of the 
mass of the wafer Stage and the acceleration, a very large 
thrust produced by the driving mechanism is required under 
the Synergistic effects of the wafer size and the acceleration. 
AS a result, when driving the Stage 60, a large reaction force 
is produced, causing deformation of the exposure apparatus 
main body, and bringing about a deterioration in the posi 
tional accuracy of the exposure and transfer, as well as 
deflection of the transfer pattern. As a measure against this, 
a reaction force receiving apparatus (Such as that disclosed 
in Japanese Patent Laid-Open No. 6-163353 and in No. 
9-4677) has been proposed. 
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0009 FIG. 15 schematically illustrates a conventional 
reaction force receiving apparatus. 
0010. In FIG. 15, reference numeral 51 represents a 
reticle Stage carrying a reticle, 52 a base Supporting a stage; 
53A and 53B anti-vibration springs for supporting the base 
to reduce vibration from a floor 68; 54 a stand fixed to the 
floor 68; and 55 a reaction force receiving member. An 
actuator 56 is formed by a stator 57 fixed to the base and a 
rotor 58 provided on the reaction force receiving member 
55, and actuator 56 can produce a thrust. 
0011 FIG. 16 illustrates forces acting on the apparatus 
shown in FIG. 15. 

0012. In the configuration shown in FIG. 16, when the 
actuator 56 is not operated, a motion of the Stage 51 having, 
a mass m, by the action of an acceleration a causes a reaction 
force ma to act on the base 52. The reaction force ma causes 
deformation of the main body and displacement of the 
anti-vibration springs 53A and 53B, resulting in fluctuation 
of the base 52. To prevent such deformation or fluctuation, 
the reaction force receiving member 55, arranged indepen 
dently of the base 52, imparts a force f via the actuator 56 
to offset the reaction force ma. 

0013 In a conventional reaction force receiving appara 
tus, however, transfer of a reaction force to the Surface of the 
floor 68 is inevitable. As shown in FIG. 16, a plane interval 
force ma and a moment force M=Lima act on the floor 
Surface, where L is a distance between the position of the 
center of gravity of the moving Stage and the floor Surface. 
0014. In general, the surface exhibits a large rigidity 
against the plane interval force. However, because it has a 
low rigidity against a moment force, floor vibration is caused 
by the above-mentioned moment force m=Lima. There is, 
therefore, a problem to be solved in that the floor vibration 
exerts an adverse effect on operations of the apparatus itself 
or on peripheral devices. 

SUMMARY OF THE INVENTION 

0015. An object of the present invention is to reduce a 
translational force of a reaction and a moment force pro 
duced upon accelerating or decelerating the movement of a 
Stage. 

0016. The stage apparatus of the invention for achieving 
the aforementioned object is provided with a movable Stage, 
a base, having a reference plane, Supporting the Stage, a 
driving mechanism driving the Stage, and a rotor acting on 
the Stage and producing a moment So as to reduce a reaction 
force produced along with movement of the Stage. 
0017. An exposure apparatus of the invention is provided 
with a stage apparatus comprising (i) a movable stage, (ii) a 
base, having a reference plane, Supporting the stage, (iii) a 
driving mechanism driving the stage and (iv) a rotor acting 
on the Stage and producing a moment So as to reduce a 
reaction force produced along with movement of the Stage, 
and a light Source producing exposure light for exposing a 
wafer via a reticle. 

0018. A device manufacturing method of the invention 
comprises the Steps of providing an exposure apparatus 
including a stage apparatus comprising (i) a movable stage, 
(ii) a base, having a reference plane, Supporting the stage, 
(iii) a driving mechanism driving the Stage and (iv) a rotor 
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producing a moment So as to reduce a reaction force 
produced along with movement of the Stage, and transfer 
ring a pattern formed on a reticle onto a wafer, by the use of 
the exposure apparatus. 
0019. Other features and advantages of the present inven 
tion will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like 
reference characters designate the same or similar parts 
throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
embodiments of the invention and, together with the 
description, Serve to explain the principles of the invention. 
0021 FIG. 1 is a schematic, perspective view of the stage 
apparatus of a first embodiment of the invention; 
0022 FIGS. 2A through 2C are configuration diagrams 
of a rotor used in the invention; 
0023 FIGS. 3A through 3D illustrate a driving principle 
of a pulse motor used in the invention; 
0024 FIG. 4 is a description view of the stage apparatus 
of the first embodiment of the invention; 
0025 FIG. 5 is another description view of the stage 
apparatus of the first embodiment of the invention; 
0.026 FIG. 6 is a schematic view of the stage apparatus 
of the first embodiment of the invention; 

0027 FIGS. 7A and 7B are schematic views of a stage 
apparatus of a Second embodiment of the invention; 
0028 Fig.8 is a schematic, perspective view of a stage 
apparatus of a third embodiment of the invention; 
0029 FIG. 9 is a schematic view of a stage apparatus of 
a fourth embodiment of the invention; 
0030 FIG. 10 is a descriptive view of the stage apparatus 
of the fourth embodiment of the invention; 
0.031 FIG. 11 is a schematic view of an exposure appa 
ratus of a fifth embodiment of the invention; 
0.032 FIG. 12 is a flowchart of a semiconductor device 
manufacturing method; 
0033) 
0034 FIG. 14 is a schematic view of a conventional 
eXposure apparatus, 

FIG. 13 is a flowchart of a wafer process; 

0035 FIG. 15 is a schematic view of a conventional 
Stage apparatus, and 
0036 FIG. 16 is a descriptive view of the conventional 
stage apparatus shown in FIG. 15. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0037 Preferred embodiments of the present invention 
will now be described in detail in accordance with the 
accompanying drawings. <First Embodiment> 
0.038 FIG. 1 illustrates a schematic perspective view of 
a Stage apparatus of a first embodiment of the present 
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invention. A base 2 is Supported on a Stand 3 via an air Slide 
(not shown) that is movable along the upper Surface of the 
stand 3. As shown FIG. 1, the coordinates define an XY-axis 
within a horizontal plane of the upper Surface of the base 2 
and a Z-axis interSecting the XY-axis at right angles. An 
actuator is not present between the Stand 3 and the base 2, 
and guiding is accomplished only with the air slide. The base 
2 is freely movable and rotatable within the XY-plane. 
0039. A rotor 4, rotatable around the normal of each of 
the four sides of the base 2, is also provided. Another rotor 
4, which is rotatable around the Z-axis is provided within the 
base 2, thus providing five rotors in total. A detailed Structure 
of each rotor 4 is illustrated in FIG. 2C. The rotor with the 
X-axis as the normal is called (OX rotor 4.x, the rotor with the 
Y-axis as the normal is called coy rotor 4y, and the rotor with 
the Z-axis as the normal is called (DZ rotor 42. 

0040. As shown in FIGS. 2A through 2C, the rotor 4 has 
a fixed-side yoke 5, which is fixed to the base 2; six 
fan-shaped coils fixed to the fixed-side yoke 5; a movable 
Side yoke 8 rotatably Supported via a bearing with the 
fixed-Side yoke 5; and an electrode magnet 7 provided 
parallel to a rotating Shaft facing a coil fixed to the fixed-side 
yoke 8 with a fine gap. 
0041) The rotors 4 shown in FIGS. 2A through 2C 
constitute an AC motor having two Sets of three-phase coils 
and an eight-pole magnet. A sensor (not shown) detecting a 
relative electrical angle of the coil 6 and the magnet 7 is 
provided therein, and controls current Supplied to the three 
phase coil in response to the electrical angle. 
0042 Referring back to FIG. 1, a wafer stage 1 is 
provided on the upper Surface of the base 2. The wafer Stage 
1 is movably and rotatably Supported via an air slide (not 
shown) along the upper Surface, i.e., the XY-plane of the 
base 2. The wafer Stage 1 has Substantially a rectangular 
parallelepiped shape, and has driving mechanisms 9x and 9y 
for moving the wafer Stage 1 on the front Side Surfaces 
thereof. The driving mechanism for moving in the X-direc 
tion is referred to as the X-driving mechanism 9x, and the 
driving mechanism for moving in the Y-direction, as the 
Y-driving mechanism 9y. 
0043. The principle of the driving mechanisms is illus 
trated in FIGS. 3A through 3D. These Figures show the 
driving principle of a general linear pulse motor. Each 
driving mechanism is composed of a permanent magnet 10, 
a movable tooth 11a, a movable tooth 11b, and four coils 12a 
through 12d wound around the individual teeth. First, a fixed 
tooth 13 having a pitch P is provided, on the upper Surface 
of the base 2 in this embodiment. Each of the movable teeth 
11a and 11b is composed of a pair of Small teeth Spaced apart 
from each other by 1.5 P (i.e., spaced apart by 180° in 
electrical angle terms, with the pitch Pused as a reference). 
The movable tooth 11a and the movable tooth 11b are 
connected by the permanent magnet 10, as shown in FIGS. 
3A through 3D. The movable tooth 11a and the movable 
tooth 11b have a positional shift of 4.25 P(i.e., an electrical 
angle of 90'). For each of the movable teeth 11a and 11b, 
one of the coils. Such as 12a is wound to form a counterphase 
to the two small teeth, so that one of the two small teeth is 
magnetized vertically upward, and the other, Vertically 
downward. In this configuration, the coils 12a and 12b, for 
example, are magnetically excited in the Sequence shown in 
FIGS. 3A through 3D, and the flow of magnetic flux of the 



US 2002/0021423 A1 

permanent magnet is Sequentially distributed. The driving 
mechanism, as a whole, moves in one direction. 

0044 FIGS. 3A through 3D shows the principle of the 
motor based on a current variation in four Steps. Actually, 
however, the motor is operated as a Synchronous motor by 
continuously following the four Steps with a sinusoidal 
current waveform to ensure a continuous movement. While 
FIGS. 3A through 3D illustrate a one-dimensional opera 
tion, the fixed teeth provided on the base 2 are not actually 
comb-shaped, but take a lattice form, thus permitting opera 
tions as shown in FIGS. 3A through 3D in the X-direction 
and the Y-direction. The wafer stage 1, thus, can be driven 
in a rotating direction around an axis parallel to the Z-di 
rection by driving the two opposite X-driving mechanisms 
9x (or Y-driving mechanism) of the wafer stage 1 in reverse 
directions. 

0045 An air jet port (not shown) is provided between the 
fixed tooth 13 and the respective driving mechanism to 
balance the drawing force imparted by magnetic fluxes of 
the permanent magnet and the coil, and the air pressure, So 
as to form an air Slide. To ensure a stable air flow, a receSS 
of the fixed tooth 13 is filled with a resin to achieve a 
mechanically flat, but magnetically concave/conveX Surface. 

0046. As shown in FIG. 1, a mirror 14 is provided on the 
wafer Stage 1 So as to permit measurement of the distance 
from an interferometer reference (not shown). 
0047. In the aforementioned configuration, wafer stage 
moving operations are carried out as follows. 

0.048 FIG. 4 illustrates operations in the case wherein 
the center of gravity of the wafer Stage 1 moves in the 
X-direction along the center of gravity in the Y-direction of 
the base 2. 

0049. For moving in the X-direction, current is continu 
ously fed to the coil of the X-driving mechanism by the 
procedure shown in FIGS. 3A through 3D. At this point, the 
line of action of the resultant force can pass through the 
center of gravity of the wafer Stage 1 by using an appropriate 
current ratio between the two sides of the X-driving mecha 
nism. No rotating force is, therefore, produced in the wafer 
Stage 1. In contrast, it is possible to control rotation of the 
wafer Stage 1 by Sequentially controlling the current ratio of 
both sides of the X-driving mechanism while detecting the 
rotational angle with an interferometer. 

0050. The reaction force produced along with movement 
of the wafer stage 1 is transferred to the base 2 under the 
effect of a driving force also acting on the fixed teeth 13 of 
the base 2 upon movement of the X-driving mechanism of 
the wafer stage 1. When the wafer stage 1 has moved in the 
+X-direction, the reaction force acts on the base 2 in the 
-X-direction. Since the base 2 is supported by the stand 3 via 
the air slide, the base 2 moves in the -X-direction under the 
effect of this reaction force. 

0051 Because the center of gravity of the wafer stage 1 
moves along the center of gravity in the Y-direction of the 
base 2 in FIG. 4, the point of action in the Y-direction of the 
above-mentioned force in the -X-direction is equal to the 
Y-coordinate of the center of gravity of the base 2. A moment 
around the Z-axis by the reaction force is, therefore, not 
produced. 
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0052. When the wafer stage 1 moves in the X-direction 
by AXw, the base 2 moves in the -X-direction by AXb. The 
ratio of movement of AXw to AXb is equal to the inverse of 
the mass ratio of the wafer Stage 1 to the base 2. 
0053. The translational component of the driving reaction 
caused by translational movement of the Stage 1 is absorbed 
by the translational movement of the base 2. Accordingly, 
the translational force is not transferred to the stand 3 or to 
the floor 16. 

0054 Similar operations as viewed in the Y-direction are 
illustrated in FIG. 5. 

0055. The driving force of the wafer stage 1 and the 
reaction force thereof act Substantially on the position of the 
air slide (not shown) of the wafer stage 1 and the base 2. 
However, because the Z-coordinates of the centers of gravity 
of the wafer stage 1 and the base 2 deviate from the air slide, 
the aforesaid driving force and the reaction force produce a 
moment around the Y-axis in the wafer Stage 1 or the base 
2. 

0056. It is assumed, as shown in FIG. 5, that the devia 
tion of the Z-coordinates of the center of gravity of the wafer 
Stage 1 from the line of action of the driving force is AZw; 
the deviation of the Z-coordinates of the center of gravity of 
the base 2 from the line of action of the reaction force is 
AZb; the moment acting from the upper Surface of the base 
2 on the wafer stage 1 is Mwb; the moment acting from the 
upper Surface of the base 2 on the lower Surface of the base 
2 is Mbg; and the driving force and reaction acting on the 
wafer Stage 1 are f. 
0057. In order to prevent production of an angular accel 
eration in the wafer Stage 1 or the base 2, if a clockwise 
rotation about the Y-axis is +, then, 

Mwb-faZw=0; 

0.058 and 
Mbg-fWZb-Mwb=0. 

0059 Solving these formulae results in: 
Mbg=f(AZb+AZw). 

0060. The base 2 would, therefore, transfer a moment 
Mbg to the stand 3 and even to the floor 16. Then, if the AC 
motor composing the coy rotor 4y is assumed to have a 
torque constant Ky, it Suffices to control current So that the 
vector Sum of the current of the three-phase coil becomes 
f(AZb+AZw)/2Ky. As a result, there is available the follow 
ing equilibrium formula of the moment regarding the base 2: 

Mbg+f(AZb+AZw)-fAZb-Mwb=0, 

0061 which leads to: 
Mbg=0, 

0062 meaning that the transfer of a moment between the 
base 2 and the Stand 3 becomes Zero, and the transfer of a 
moment to the floor 16 also becomes zero. 

0063. The case of movement in the X-direction has been 
shown above. In movement in the Y-direction, however, a 
moment around the X-axis is produced. It Suffices to Set this 
moment off with the (OX rotor 4x. In the case wherein 
movement occurs simultaneously in the X-direction and in 
the Y-direction, it suffices to offset each moment with the co, 
or () rotor. 
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0.064 FIG. 6 illustrates a case in which movement occurs 
in the X-direction in a State in which the wafer Stage 1 and 
the base 2 shift by AY in the Y-direction. 
0065 Operations of the wafer stage 1 are similar to those 
in the aforementioned case. The translational component of 
the driving reaction is absorbed by the translational move 
ment of the base 2, and the translational force is not 
transferred to the stand 3 or to the floor 16. However, since 
the center of gravity of the wafer stage 1 shifts from that of 
the base 2 by AY in the present case, the moment faY acts 
on the base 2, apart from the translational force, under the 
effect of a reaction. 

0.066 Because the base 2 and the stand 3 are supported 
only by the air Slide, So as to be capable of translating and 
rotating, they would rotate with the moment faY if no 
further action is taken. The moment faY is, therefore, 
produced by causing the (DZ rotor 42 to rotate as shown in 
FIG. 6. For this purpose, if the AC motor composing the coz 
rotor 42 has a torque constant K, it Suffices to control 
current so that the vector Sum of the current of the three 
phase coil becomes faY/K. As a result, the base 2 can retain 
its posture even upon an occurrence of a moment around the 
Z-axis under the effect of the driving reaction of the wafer 
Stage 1. The moment around the Y-axis in this case is 
disposed of in the same manner as in the aforementioned 
Oc. 

0067. In this embodiment, the pulse motor shown in 
FIGS. 3A through 3D is employed as a guideless motor for 
the driving mechanism (9), regarding the XY-directions. The 
motor is not, however, limited to this, but, for example, an 
induction motor may be used as a guideleSS motor. When 
using an induction motor, the lattice-shaped irregularities of 
the upper Surface of the base 2 become unnecessary. In this 
case, the Surface of the base 2 should preferably have a 
conductive layer Such as aluminum having a Small current 
resistance. 

0068. It is, therefore, possible to prevent a reaction force 
or a moment produced upon movement of the wafer Stage 1 
from being transferred to the Stand 3 by movably Supporting 
the base 2 within a horizontal plane, and providing a 
rotatable rotor 4 producing a moment on the base 2. 
0069. The ratio of the amount of movement of the wafer 
Stage 1 to the base 2, equal to the inverse of the mass ratio, 
brings about an effect of the Stationary center of gravity of 
the apparatus as a whole. 
0070 Also, the use of a guideless motor permits achieve 
ment of a lighter weight of the Stage apparatus. Further, 
because the reaction force is transferred directly to the base 
Serving as a Stator, thus driving the base, vibration produced 
in the Stand 3 is largely reduced as compared with the 
conventional apparatus. 

Second Embodiment 

0071 FIGS. 7A and 7B schematically illustrate a stage 
apparatus of a Second embodiment of the invention. 
0.072 The component members corresponding to those in 
the aforementioned first embodiment are assigned the same 
reference numerals, and a description thereof is omitted. 
0073. In the second embodiment, a D-shaped (square 
shaped) guide frame 20 is provided in addition to the 
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configuration of the first embodiment. The D-shaped guide 
frame 20 is composed of two X-beams 21 and two Y-beams 
23. AY-direction air slide is formed by the inner sides of the 
two Y-beams 23 and a side of the stand 3. The D-shaped 
guide frame 20 is slidably constrained in the Y-direction 
relative to the stand 3. An X-direction air slide is formed by 
the inner sides of the two X-beams 21 and a side of the base 
2. The base 2 is slidably constrained in the X-direction 
relative to the D-shaped guide frame 20. AS a result, the base 
2 is Supported So as to be capable of only translating within 
the XY-plane relative to the stand 3. 
0074 Driving operations of the stage in the above-men 
tioned configuration are the same as those in the first 
embodiment, providing the same advantages as in the first 
embodiment, and further, providing an additional advantage 
of a non-occurrence of rotation of the base 2 around the 
Z-axis caused by incidental malfunction. Rotation of the 
base 2 does not occur as a consequence of normal operation, 
and, therefore, it is not necessary to provide a D-shaped 
frame. Actually, however, there may occur an unexpected 
malfunction. Therefore, it is necessary to provide a posture 
compensating mechanism of the base in a non-powered 
State. From Such a consideration, a rotation constraining 
mechanism Such as a D-shaped guide frame 20 is practically 
necessary. The rotation constraining mechanism is not, 
however, limited to a D-shaped frame. Even when Such a 
constraining mechanism is provided, the moment around the 
Z-axis is offset in the procedure as shown in FIGS. 7A and 
7B, so that the reaction force is not transferred to the floor 
16. 

0075 Because the mechanism for constraining rotation 
of the base 2 is provided in this embodiment, the rotor 4 
producing the moment may be provided, not on the base 2, 
but on the Stand 3 Supporting the base 2, to reduce vibration 
of the stand 3. 

Third Embodiment 

0.076 FIG. 8 illustrates a third embodiment of a stage 
apparatus of the invention. 
0077. The guideless wafer stage 2 has been provided on 
the base 3 in the preceding embodiment. The present 
embodiment covers a case in which an XY-Stage 2 having a 
guide is provided on the base 3. The configuration above the 
base 3 differs between the preceding and the present embodi 
ments. The component members corresponding to those in 
the first embodiment are assigned the same reference numer 
als, and a description thereof is omitted here. 
0078. A yaw guide 36 is provided on a side of the upper 
Surface of the Stage 2, forming an air slide between the yaw 
guide 36 and the side surface of a side slider of a Y-stage 33, 
so as to guide the Y-stage 33 in the Y-direction. The Y-stage 
33 is Substantially composed of two X-guides and a side 
slider member, and an air slider is formed between the lower 
Surface of the Side Slider and the upper Surface of the Stage 
2. As a result, the Y-stage 33 is guided by the yaw guide 36 
and the upper Surface of the base, and Supported Slidably in 
the Y-direction. The X-stage 30 is composed of a ceiling 
plate, a bottom plate and two side plates. An air slide is 
formed between the insides of the two side plates of the 
X-stage 30 and the two X-guides of the Y-stage 33, to guide 
the X-stage 30 in the X-direction. An air slide is formed 
between the bottom plate of the X-Stage and the upper 
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Surface of the Stage 2 to constrain the Z-direction position of 
the X-stage 30. As a result, the X-stage 30 is guided by the 
upper Surface of the Stage 2 and the X-guide of the Y-Stage, 
and is Supported So as to be capable of translating in the 
XY-directions along the upper Surface of the Stage 2. 
007.9 Two linear motors relative to the Y--direction and 
a linear motor relative to the X-direction are provided as 
driving mechanisms of the XY-Stages. Each linear motor is 
composed of a needle (rotor) having a built-in four-pole 
magnet and a Stator comprising a six-phase coil, So that a 
coil to be driven and a current direction are Selected from the 
six-phase coil in response to the position of the magnet to 
cause a force to act on the needle. The stator 35 of the 
Y-linear motor is fixed to the stage 2, and the needle 34 of 
the Y-linear motor is fixed to the Y-stage 33. The stator 32 
of the Y-linear motor is fixed to the Y-stage 33, and the 
needle 31 of the X-linear motor is fixed to the X-stage 30. 
AS a result, the reaction force of the driving force in the 
X-direction is transferred from the X-Stator 32 via the 
Y-stage 33 and the yaw guide 36 to the stage 2. The reaction 
force of the driving force in the Y-direction is transferred 
from the Y-stator 35 to the stage 2. This manner of transfer 
of the driving reaction force in the Stage apparatus of this 
embodiment is the same as that in the Stage apparatus of the 
preceding embodiment. 
0080. The portion of the rotor 4 under the upper surface 
of the Stage 2 has the same configuration as that in the Stage 
apparatus of the preceding embodiment. Operations of the 
rotor 4 for preventing the driving reaction force from being 
transferred to the floor are, therefore, the same as those in the 
Stage apparatus of the preceding embodiment. As a result, 
the same advantages as those in the preceding Stage appa 
ratus can be expected. In the Stage apparatus of the preced 
ing embodiment, the driving force of the wafer Stage 2 acts 
on the lower Surface of the wafer Stage, So that the Z-coor 
dinates of the center of gravity of the wafer Stage 2 do not 
agree with the Z-coordinates of the line of action of the 
driving force. In the Stage apparatus of this embodiment, in 
contrast, it is possible to make a design in which the 
Z-coordinates of the line of driving action agree with the 
Z-coordinates of the centers of gravity of the X-stage 30 and 
the Y-stage 33 for both the X-linear motor and the Y-linear 
motor. It is, therefore, possible to bring AZw shown in FIG. 
5 to zero, and to reduce the rotation moment of the rotor. 

0081. In the present embodiment, also, as in the second 
embodiment, it is desirable to provide a rotation constrain 
ing mechanism of the Stage 2. 
0082) While linear motors are used as driving mecha 
nisms for the XY-directions in this embodiment, the driving 
mechanism is not limited to this. For example, a more 
general linear driving mechanism Such as a feed Screw may 
be used. Also, a laminated two-step stage may be applied as 
an XY-Stage. 

0.083. When a mechanism constraining rotation around 
the Z-axis of the Stage is provided, as in the Second embodi 
ment, the (OX rotor, the coy rotor and the (DZ rotor may be 
provided on a portion of the stand or the floor. 

Fourth Embodiment 

0084 FIG. 9 is a schematic view of a stage apparatus of 
a fourth embodiment of the invention. 
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0085. In FIG.9, reference numeral 41 represents a reticle 
Stage carrying a reticle, 42 a reticle base Supporting the 
reticle Stage, the reticle Stage 41 being movable on the reticle 
base 42 by a driving mechanism (not shown), provided on 
the reticle base 42; 43A and 43B anti-vibration springs for 
mounting the reticle base 42 and preventing Vibration from 
the floor; 44 a stand fixed to the floor 50; .45 a reaction force 
receiving member, which is arranged independently of the 
stage 41, and fixed integrally to the floor 50, 46 an actuator 
composed of a Stator 47 fixed to the Stage 44 and a needle 
(rotor) 48 provided in the reaction force receiving member 
46, which can produce a thrust; and 49 a rotatable rotor 
provided on the reaction force receiving member 46, having 
the same Structure as that of the above rotor, and being 
capable of producing a moment. 

0086 FIG. 10 illustrates forces acting on the stage appa 
ratus shown in FIG. 9. 

0087. In FIG. 10, m is a mass of the stage 41; L is a 
distance between the position of the center of gravity of the 
stage 41 and the surface of floor 50; and I is a moment of 
inertia of the rotor 49. 

0088. In the configuration shown in FIG. 10, when the 
reticle Stage 41 is caused to move at an acceleration a, the 
base 42 receives a reaction force ma from the Stage 41. A 
force f=ma is imparted from the reaction force receiving 
member 45 to the base 42 via the actuator 46, so as to offset 
this reaction force. Simultaneously, the rotor 49 is rotated at 
a rotating acceleration f3, and the moment force M=Lima 
exerted by the reaction force ma on the stand 44 is offset by 
controlling BSO as to achieve IB=Lima. 

0089. According to the present embodiment, the reaction 
force receiving member 45 receives a reaction force pro 
duced along with the movement of the Stage 41, and the 
reaction force can be reduced by producing a moment force 
from the rotor 49 provided on the reaction force receiving 
member 45. It is, therefore, possible to inhibit vibration of 
the floor 50 produced by the reaction force receiving mem 
ber 45, and thus, to reduce adverse effects such as distur 
bance caused by Vibration on other devices Surrounding the 
apparatuS. 

Fifth Embodiment 

0090 An embodiment of a scanning type exposure appa 
ratus mounting one of the Stage apparatuses of the afore 
mentioned embodiments as a reticle Stage or a wafer Stage 
will now be described with reference to FIG. 11. 

0091. A reticle base 71a Supporting a reticle stage 73 is 
supported by a supporting frame 90 directly fixed to a floor 
Surface F, Separately from a Stand 92. Exposing light for 
exposing a wafer W on a wafer stage 93 via a reticle on the 
reticle stage 73 is produced from a light source 95, shown by 
a broken line in FIG. 11. 

0092 A frame 94 supports a projection optical system 96 
between the reticle stage 73 and the wafer stage 93. Also, in 
FIG. 11, reference numeral 75 represents a stator of a linear 
motor for accelerating and decelerating the reticle Stage 73. 
The Supporting frame 90 is provided with the above-men 
tioned rotor (not shown), which offsets a moment produced 
by the reaction force from the stator of the linear motor. The 
above-mentioned rotor (not shown) is provided on the base 
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91 supporting the wafer stage 93, and the base 91 is 
supported slidably on the stand 92. 

0093. The translational component of the reaction force 
produced upon driving the wafer stage 93 is off-set by the 
movement of the base 91, and the rotational component 
thereof is off-set by a moment produced from the rotor. 
0094. The wafer stage 93 is scanned in synchronization 
with the reticle stage 73 by the driving section. During 
scanning of the reticle stage 73 and the wafer stage 93, the 
positions of these Stages are continuously detected by inter 
ferometers 97 and 98, and the results of the detection are fed 
back to the driving sections of the reticle stage 73 and the 
wafer Stage 93, respectively. It is, therefore, possible to 
accurately Synchronize the Scanning Starting positions of 
these Stages, and, at the Same time, to control the Scanning 
Speed in the constant-Speed Scanning area at a high accuracy. 

Sixth Embodiment 

0.095 An embodiment of a method of manufacturing a 
Semiconductor device utilizing the aforementioned exposure 
apparatuses will now be described. FIG. 12 illustrates a 
manufacturing flowchart for manufacturing a Semiconductor 
device (e.g., a semiconductor chip, Such as an IC or an LSI, 
a liquid crystal panel, a CCD, a thin-film magnetic head, or 
a micro-machine). At step S11 (circuit design), circuits for 
the Semiconductor device are designed. At Step S12 (manu 
facture of a mask), a mask having a circuit pattern thus 
designed and formed thereon is manufactured. At Step S13 
(manufacture of a wafer), on the other hand, a wafer Serving 
as a Substrate is manufactured by the use of a material Such 
as Silicon. At Step S14 (wafer process), called a pre-process, 
an actual circuit is formed on the wafer by lithography, by 
the use of the thus manufactured mask and wafer. In the next 
Step, Step S15 (assembly), called a post-process, a semicon 
ductor chip is produced by the use of the wafer manufac 
tured at Step S14, and includes an assembly Step (dicing, 
bonding), a packaging step (Sealing of a chip) and the like. 
At Step S16 (inspection), an operation confirming test, a 
durability test and other inspections are carried out on the 
semiconductor device manufactured at step S15. Through 
these Steps, the Semiconductor devices are completed and 
shipped (step S17). 

0096 FIG. 13 illustrates a detailed flowchart of the 
aforementioned wafer process shown in FIG. 12. At step 
S21 (oxidation), the wafer surface is oxidized. At step S22 
(chemical vapor deposition-CVD), an insulating film is 
formed on the wafer surface. At step S23 (forming elec 
trodes), electrodes are formed on the wafer by vapor depo 
Sition. At Step S24 (ion implantation), ions are implanted 
into the wafer. At Step S25 (resist processing), a photosen 
Sitive agent is coated onto the wafer. At Step S26 (exposure), 
the circuit pattern described above is printed on the wafer 
and exposed by the exposure apparatus described above. At 
step S27 (development), the exposed wafer is developed. At 
Step S28 (etching), portions other than the developed resist 
image are Scraped off. At Step S29 (resist peeling), any 
portions of the resist becoming unnecessary after the 
completion of etching are removed. By repeating these 
Steps, multiple circuit patterns are formed on the wafer. 
According to the manufacturing method of this embodiment, 
it is possible to manufacture a Semiconductor device having 
a high degree of integration. 
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0097 Except as otherwise disclosed herein, the various 
components shown in outline or in block form in the Figures 
are individually well known and their internal construction 
and operation are not critical either to the making or using 
of this invention or to a description of the best mode of the 
invention. 

0098) While the present invention has been described 
with respect to what is at present considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. To the 
contrary, the invention is intended to cover various modifi 
cations and equivalent arrangements included within the 
Spirit and Scope of the appended claims. The Scope of the 
following claims is to be accorded the broadest interpreta 
tion So as to encompass all Such modifications and equiva 
lent Structures and functions. 

What is claimed is: 
1. A stage apparatus comprising: 

a movable Stage; 
a base, having a reference plane, Supporting Said Stage; 
a driving mechanism driving Said Stage; and 
a rotor acting on Said Stage and producing a moment So as 

to reduce a reaction force produced along with move 
ment of Said Stage. 

2. A Stage apparatus according to claim 1, wherein Said 
rotor is provided on a member receiving the reaction force. 

3. A Stage apparatus according to claim 2, wherein the 
member receiving the reaction force is a base Supporting 
Said Stage. 

4. A Stage apparatus according to claim 3, wherein Said 
base moves to reduce the reaction force. 

5. A Stage apparatus according to claim 3, wherein Said 
rotor produces a moment around an axis at right angles to the 
reference plane. 

6. A Stage apparatus according to claim 3, wherein Said 
rotor produces a moment around an axis parallel to the 
reference plane. 

7. A Stage apparatus according to claim 4, further com 
prising a constraining mechanism which constrains motion 
of Said base in the rotating direction within the reference 
plane. 

8. A Stage apparatus according to claim 3, wherein Said 
Stage is an XY-Stage having a guide provided on Said base. 

9. A Stage apparatus according to claim 3, wherein Said 
driving mechanism is a guideleSS motor fixed to Said Stage. 

10. A Stage apparatus according to claim 9, wherein Said 
guideleSS motor is a pulse motor. 

11. A Stage apparatus according to claim 9, wherein Said 
guideleSS motor is an induction motor. 

12. A Stage apparatus according to claim 2, wherein the 
member receiving the reaction force is a reaction force 
receiving mechanism arranged independently of Said Stage. 

13. A Stage apparatus according to claim 12, wherein the 
reaction force receiving mechanism includes a member 
integrally fixed to a floor. 

14. An exposure apparatus comprising: 

a stage apparatus comprising (i) a movable stage, (ii) a 
base having a reference plane Supporting Said Stage, 
(iii) a driving mechanism driving said stage and (iv) a 
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rotor acting on Said Stage and producing a moment to 
reduce a reaction force produced along with movement 
of Said Stage, and 

a light Source producing exposure light for exposing a 
wafer via a reticle. 

15. A device manufacturing method comprising: 
a step of providing an exposure apparatus including a 

Stage apparatus comprising (i) a movable stage, (ii) a 
base having a reference plane Supporting the stage, (iii) 
a driving mechanism driving the Stage and (iv) a rotor 
acting on the Stage and producing a moment to reduce 
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a reaction force produced along with movement of the 
Stage, and 

a step of transferring a pattern formed on a reticle onto a 
wafers, by the use of the exposure apparatus. 

16. A method according to claim 15, further comprising: 
a step of coating a photosensitive material onto the wafer; 

and 

a step of developing the photoSensitized wafer. 

k k k k k 


