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(57) ABSTRACT 

A projection exposure apparatus includes projection optics 
for projecting a pattern, Which has been formed on a mask 
or reticle, onto a Wafer placed on a stage; an XYZ stage on 
Which the substrate is placed and Which is movable along the 
direction of the optic axis of the projection optics and in a 
direction orthogonal to the direction of the optic axis; a 
surface position measurement unit capable of measuring a 
predetermined position along the optic axis of the projection 
optics and the relative position of the surface of the substrate 
on the state; and a vibration measurement unit capable of 
measuring vibration of the projection optics. The XYZ stage 
is driven and controlled based upon results of measurement 
from the surface position measurement unit and vibration 
measurement unit, thereby reducing deviation betWeen the 
Wafer surface and imaging plane and improving contrast and 
resolving poWer. 
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PROJECTION EXPOSURE APPARATUS AND 
METHOD OF CONTROLLING SAME 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a projection exposure 
apparatus used When manufacturing a semiconductor chip, a 
liquid crystal panel, a CCD, a thin-?lm magnetic head or a 
micromachine, etc., by means of photolithography. More 
particularly, the invention relates to a projection exposure 
apparatus having means for adjusting deviation betWeen the 
substrate surface of a mask or the substrate surface of a 
semiconductor Wafer or the like, Which is for manufacturing 
a device such as a semiconductor device or liquid crystal 
device, and the imaging plane of a projection optical system. 
The invention further relates to a method of manufacturing 
a device. 

[0002] When a semiconductor device or liquid crystal 
device is manufactured by photolithography, use is made of 
a semiconductor exposure apparatus to transfer a pattern, 
Which is draWn on a reticle serving as a original plate, onto 
a Wafer coated With a photosensitive material. 

[0003] A so-called step-and-repeat demagnifying-projec 
tion-type semiconductor exposure apparatus is employed at 
many production facilities as the semiconductor exposure 
apparatus according to the prior art. Such an apparatus 
moves each of a plurality of exposure areas (shot areas) of 
a Wafer into the exposure ?eld of the projection optics in 
successive fashion and exposes each of the shot areas to a 
reticle circuit pattern in one batch. HoWever, enlarging the 
siZe of semiconductor chips has become the trend in recent 
years and, as a result, there is groWing demand for larger 
exposure surface area in a semiconductor exposure appara 
tus in order that a pattern of larger area on a reticle may be 
transferred to a Wafer. At the same time, there is a need to 
improve resolving poWer in order to deal With ?ner patters 
on semiconductor devices. A problem With the prior art, 
hoWever, is that it is difficult technically to design and 
manufacture a demagnifying-projection-type semiconductor 
exposure apparatus that satis?es both the requirements of 
improved resolving poWer and larger exposure area. 

[0004] In order to solve this problem, a scanning-type 
projection exposure apparatus has been developed. This 
apparatus exposes successively exposes a Wafer to a pattern 
image, Which has been draWn a reticle, by scanning the 
reticle With respect to a slit-shaped illumination area and 
scanning the Wafer at the same time as the reticle With 
respect to an exposure area serving also as the illumination 
area. In the scanning-type projection exposure apparatus, a 
reticle stage holding the reticle and a Wafer stage holding the 
Wafer, Which is a photosensitive substrate, are synchro 
nously scanned relative to the projection optics in mutually 
opposing direction and at a velocity ratio that conforms to 
the projection magni?cation, thereby exposing the Wafer to 
light. 

[0005] In order to improve throughput in both types of 
semiconductor exposure apparatus, the reticle stage and 
Wafer stage must be driven at a high acceleration and high 
speed. Accordingly, it has not been possible to avoid vibra 
tion of structural members including a lens barrel (referred 
to as the projection optical system or projection optics 
beloW), Which accommodates a group of projection lenses. 
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Unfortunately, such vibration lengthens the time needed for 
stabiliZation of positioning or scanning and degrades expo 
sure performance. 

[0006] First, it is noteWorthy that vibration of structural 
members brought about by driving reaction force disturbs 
positioning stabiliZation of the reticle or Wafer. The reason 
for this is that a laser interferometer serving as position 
measurement means for measuring the position of the reticle 
or Wafer stage is mounted on a structural member. More 
speci?cally, since the position measurement means vibrates 
oWing to vibration of the structural member, each stage also 
vibrates, as a result of Which it takes longer for positioning 
to stabiliZe. Accordingly, positioning stabiliZation is facili 
tated by feeding back, to the inputs of the respective stage 
drivers, outputs from acceleration sensors provided on struc 
tural members in close proximity to the stages. This tech 
nique is already knoWn and is disclosed in detail in the 
speci?cation of Japanese Patent Application Laid-Open 
(KOKAI) No. 10-12513 entitled “Scanning-type Projection 
Exposure Apparatus”. This control technique ascertains the 
vibration of a surface plate caused by stage vibration and 
moves the stage While folloWing up this vibration, thereby 
eliminating positioning error. 

[0007] Described next Will be degradation of exposure 
performance caused by vibration due to driving reaction 
force. 

[0008] First, vibration due to driving reaction force causes 
vibration not only of structural members such as the surface 
plate directly supporting the stage itself but also of the 
projection optical system, Which is the heart of the projec 
tion apparatus. The mode of vibration of the projection 
optical system naturally is different from that of a structural 
member such as the surface plate directly supporting the 
stage. The projection optical system, Which is a generally 
columnar structural member, usually is disposed in a vertical 
attitude and is mechanically connected to a structural mem 
ber of the main body at a connecting portion referred to as 
a ?ange. Accordingly, a loWer order mode of vibration that 
has a great effect upon exposure performance is one that 
Would cause the columnar projection optical system to 
Wobble. For example, in a case Where a semiconductor 
exposure apparatus is of the scanning type, it is important 
that the Wafer be exposed to a quiescent reticle circuit 
pattern by synchronously scanning the reticle and Wafer at a 
predetermined velocity ratio. If the projection optical system 
is vibrating at this time, the circuit pattern also Will vibrate 
on the Wafer and, hence, projection precision Will decline. 

[0009] The effects of vibration of the projection optics, 
Which is caused by stage vibration, on exposure precision 
Will noW be described With reference to the draWings. 

[0010] FIG. 1 illustrates a scanning-type semiconductor 
projection apparatus, Which is one embodiment of the 
present invention. As shoWn in FIG. 1, illuminating light IL 
emitted by a light source 1 is acted upon by a mirror 2, a 
reticle blind 3, a relay lens 4, a mirror 5 and a condenser lens 
3 and illuminates a reticle 7 With a uniform illuminance and 
over a slit-shaped illumination area decided by the reticle 
blind 3. A reticle stage 8 is supported on a reticle stage 
surface plate 9, and a reticle interferometer 11 is provided 
for sensing the position of the reticle stage 8 by projecting 
a laser beam LB onto a moving mirror 10 on the reticle stage 
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8 and then receiving the re?ected light. The reticle stage 8 
is staged to the left and right (along the direction of the y 
axis) in FIG. 1. 

[0011] A projection optical system PO is disposed beloW 
the reticle stage 8 and projects, in reduced siZe, the circuit 
pattern of reticle 7 onto a Wafer W, Which is a photosensitive 
substrate, at a predetermined demagni?cation. The Wafer W 
is held by a precision stage 12a on the top of a Wafer stage 
12 moved tWo-dimensionally in a horiZontal plane. The 
position of the Wafer stage 12 can be sensed by using a Wafer 
laser interferometer 14, Which irradiates a moving mirror 13 
With a laser beam LB and receives the re?ected light. The 
Wafer stage 12 is mounted on the Wafer stage surface plate 
15. 

[0012] During an exposure operation, the Wafer stage 12 is 
scanned in sync With the reticle stage 8 in a direction 
opposite that of the reticle stage 8 along the y axis in FIG. 
1. Reaction forces produced by driving both stages cause 
vibration of the structural members of the main body, Which 
include the reticle stage surface plate 9 and Wafer stage 
surface plate 15. This causes vibration also of the projection 
optical system PO, Which is one of the structural members 
of the main body. 

[0013] The in?uence of vibration-induced error that devel 
ops in the measurement signals from the reticle interferom 
eter 11 and Wafer laser interferometer 14 can be ascertained 
by feeding back, to the control systems of respective stages, 
the outputs of acceleration sensors 18R and 18W serving as 
vibration sensors provided in close proximity to the stages. 
The feedback arrangement is disclosed in the speci?cation 
of Japanese Patent Application Laid-Open No. 10-12513 
entitled “Scanning-type Projection Exposure Apparatus”. 
The vibration sustained by the projection optical system PO 
is of a mode different from that of vibration of the main body 
imposed upon the reticle interferometer 11 and Wafer laser 
interferometer 14. The effects of vibration caused by the 
projection optical system PO upon exposure precision, 
therefore, cannot be mitigated or eliminated by the tech 
nique described in the above-mentioned laid-open speci? 
cation. 

[0014] The speci?cation of Japanese Patent Application 
Laid-Open No. 10-261580 entitled “ProjectionApparatus” 
also is publicly knoWn material indicating an arrangement 
for solving the above-mentioned problem. This publication 
discloses an apparatus in Which vibration of the main body 
of the exposure apparatus is measured by a vibration sensor, 
and a vibration-induced error that develops in the measured 
value from a laser interferometer is corrected for by a main 
control system using the result of measurement, Whereby 
positional offset of the reticle and Wafer is prevented. More 
speci?cally, vibration of the main body of the exposure 
apparatus is sensed by mounting a vibration sensor on the 
projection optical system, Which accommodates a group of 
projection lenses, and feeding this vibration forWard to a 
position control system that controls the position of a 
precision stage carrying a reticle. 

[0015] Though this disclosure does not have any descrip 
tion specifying the position at Which the vibration sensor is 
mounted, the draWings shoW that the vibration sensor is 
mounted beloW a lens barrel. In other Words, the intention is 
to sense vibration at the position of exposure, namely on the 
side of the Wafer. It Will be appreciated that an attempt is 
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being made to correct, at the reticle precision stage the 
positioning precision Whereof declines in proportion to the 
demagni?cation of the projection optical system PO, error at 
the exposure position caused by vibration of the lens barrel. 

[0016] In FIG. 2 of the above-mentioned disclosure there 
is shoWn a block for correcting the position of the reticle 
precision stage based upon an output signal from the vibra 
tion sensor With Which the projection optical system is 
equipped. FIG. 8 of the present application shoWs FIG. 2 of 
the above-mentioned disclosure. The intended operation of 
the apparatus of FIG. 8 Will noW be described in detail using 
nomenclature and reference characters identical With those 
of the above-mentioned disclosure. 

[0017] First, the output of an acceleration sensor 50 is 
converted to a velocity signal by an integrating circuit 70 
and the velocity signal is then fed forWard to a control 
system 56 for the reticle precision stage. The feed-forWard 
signal is applied to a physical location (the input side of an 
integrator 76 in the Figure) representing the velocity of the 
reticle precision stage. In actuality, the signal can be injected 
only in front of the driver that drives the reticle precision 
stage. Accordingly, the depiction of the block diagram in 
FIG. 8 is in error and a faithful representation of this block 
diagram is not possible. HoWever, an idea of What is striving 
to be achieved may be understood from FIG. 8. Speci?cally, 
vibration of the projection optical system is sensed by the 
acceleration sensor 50, absolute displacement of vibration of 
the projection optical system is calculated by directing the 
signal indicative of sensed vibration through the integrators 
70 and 76, and the absolute displacement is deemed to 
correspond to a target signal applied to the reticle precision 
stage in the position control system. That is, a quantity 
corresponding to displacement caused by vibration of the 
projection optical system is calculated and the position of 
the reticle precision stage is corrected using this quantity per 
se. 

[0018] Though it is described that the output of the accel 
eration sensor 50 is “fed forWard” to the reticle precision 
stage, the output is “fed back” if a strict interpretation is 
made based upon the dynamics. The reason for this can be 
understood by referring to the speci?cation of Japanese 
Patent Application Laid-Open No. 5-250041 entitled “Posi 
tioning Apparatus With Multiple Acceleration Feedback”. 
Stated simply in strict conformity With the aforesaid J apa 
nese Patent Application Laid-Open No. 10 -261580, the 
projection optical system, Which is a structural member, 
vibrates oWing to the vibration of each stage. Conversely, 
When a structural member vibrates for some reason, this 
in?uences the performance of the stages. In other Words, the 
structural members, Which include the stages and projection 
optical system, are linked dynamically. If vibration (a signal 
indicative of acceleration) of these linked structural mem 
bers is incorporated in the stage control systems, this can be 
thought of as feedback that contributes to the stability of the 
control systems. HoWever, since the position of the reticle 
precision stage is corrected by this feedback, there is alWays 
a proper amount thereof and this amount is very small. As 
a result, this simply does not demonstrate an operation that 
Will change the values speci?c to the stage control systems. 
For these reasons, the introduction of an output from a 
vibration sensor mounted on the proj ection optical system to 
a stage control system shall be referred to as feedback in the 
speci?cation of this application. 
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[0019] Problems encountered With the arrangement of the 
apparatus disclosed in above-mentioned Japanese Patent 
Application Laid-Open No. 10-261580 (“Exposure Appara 
tus”) Will noW be indicated. 

[0020] When the generally columnar projection optical 
system PO rotates about a center of rotation, both transla 
tional and rotational displacements are sustained by the 
group of lenses Within the projection optical system. When 
a certain “center of rotation” is a “nodal point” on the 
projection optical system PO, shifts in the exposing light 
caused by translation and rotation experienced by the group 
of lenses cancel each other out and do not appear as a shift 
in the ?nal imaging position on the Wafer. In other Words, 
though aberration occurs, correction for displacement of the 
exposure position is intrinsically unnecessary. Nevertheless, 
in accordance With the exposure apparatus of Japanese 
Patent Application Laid-Open No. 10-261580, the position 
of the reticle precision stage is corrected at all times using 
the output of the vibration sensor, Which is mounted beloW 
the projection optical system, even though the projection 
optical system undergoes rotational vibration at a nodal 
point. Consequently, an error in the position of the exposing 
light is brought about by applying a meaningless correction 
Where none is originally required. Japanese Patent Applica 
tion Laid-Open No. 10-261580, in order to correct for the 
in?uence of vibration impressed upon the laser interferom 
eter serving as the means for measuring the position of the 
stage, aims at measuring the vibration of the projection 
optical system, Which is regarded as vibrating together With 
the laser interferometer, and applying a correction to the 
position of the reticle precision stage using a signal output 
indicative of the measured vibration. Aproblem Which arises 
is that it is not possible to correct for the in?uence on 
exposing light error of vibration of the projection optical 
system the aspect Whereof is different from that of the laser 
interferometer. 

[0021] The problems dealt With in the present invention 
Will noW be summarized. 

[0022] Higher throughput sought When manufacturing 
semiconductor devices requires the high-speed scanning or 
high-speed positioning of the reticle stage and Wafer stage. 
OWing to a reaction force produced When driving each stage 
in such a manufacturing operation, laser interferometers 
serving as means for measuring the positions of the respec 
tive stages rigidly connected to the structure of the main 
body of the apparatus are caused to vibrate. At the same 
time, vibration the aspect of Which is different from that of 
the aforementioned laser interferometers also occurs in the 
projection optical system constituting the heart of the semi 
conductor exposure apparatus. 

[0023] In the prior art, the effects on stage stabiliZation of 
vibration impressed upon the laser interferometers are miti 
gated or eliminated by control means Which corrects for 
these effects. HoWever, the projection optical system, Which 
comprises a group of projection lens and a lens barrel 
accommodating these lenses, is generally columnar in shape 
and is supported mechanically in a vertical attitude. Driving 
the reticle stage or Wafer stage, therefore, causes the pro 
jection optical system to undergo primarily Wobbling vibra 
tion. Since this vibration bends the exposure light beam that 
passes through the interior of the projection optical system, 
it leads to poor exposure precision. In other Words, an 
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unsolved problem is that means have not yet been fully 
developed to eliminate the deleterious in?uence on exposure 
precision of vibration of the projection optical system the 
mode of Which differs from the mode of vibration of the 
laser interferometer. 

[0024] The foregoing is a consideration of the in?uence of 
projection optical system vibration upon positional offset of 
the reticle (original plate) and Wafer (substrate to be 
exposed) in directions lying in a plane (the XY plane) 
orthogonal to the optic axis of the projection optical system. 
HoWever, vibration of the projection optical system in?u 
ences also offset (focal-point deviation) of the Wafer in a 
direction along the optic axis of the projection optical 
system as Well as distortion (aberration) of the image plane. 

[0025] Thus, in the exposure apparatus according to the 
prior art, the surface of a Wafer, for example, is brought into 
alignment With the imaging plane of a projection optical 
system. In order to do this, a focusing deviation or deviation 
in inclination at the surface of the Wafer is measured by a 
focus inclination sensor and alignment is carried out using a 
stage that is capable of adjusting for this focusing deviation 
or deviation in inclination. 

[0026] HoWever, in such an exposure apparatus according 
to the prior art, the imaging plane and the Wafer surface 
cannot be aligned With a high precision even if the stage is 
driven in accordance With a correction quantity calculated 
from the value measured by the focus inclination sensor. As 
a result, there is a decline in contrast, resolving poWer and 
alignment precision. 
[0027] The reasons for this are believed to be as folloWs: 
Conventionally, the position of the focus inclination sensor 
relative to the imaging plane of the projection optical system 
is regarded as being ?xed Without measuring displacement 
or distortion of the imaging plane of the projection optical 
system. The amount by Which the stage is to be corrected is 
calculated from the measured value provided by the focus 
inclination sensor, and the imaging plane and Wafer surface 
are positioned accordingly. In actuality, hoWever, the imag 
ing plane is displaced or deformed by vibration of the 
projection optical system. Consequently, even if the stage is 
driven in accordance With the amount of correction calcu 
lated from the value measured by the focus inclination 
sensor, the displaced and/or distorted imaging plane cannot 
be brought into accurate alignment With the Wafer surface. 
This leads to deteriorated contrast, resolving poWer and 
alignment precision. 

SUMMARY OF THE INVENTION 

[0028] Accordingly, an object of the present invention is to 
provide a projection exposure apparatus in Which vibration 
of the projection optical system as caused by the driving 
reaction force of each of the stages does not have a delete 
rious effect upon exposure precision. 

[0029] Another an object of the present invention is to 
ascertain the state of vibration of the projection optical 
system in appropriate fashion and correct for its effects upon 
exposure error. 

[0030] Another object of the present invention is to pro 
vide a projection exposure apparatus in Which the displace 
ment of the imaging plane of the projection optical system 
is calculated by measuring vibration of the projection optical 
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system and alignment of a substrate surface on a stage is 
carried out taking the calculated displacement of the imag 
ing plane into account, thereby reducing deviation betWeen 
the substrate surface and the imaging plane. 

[0031] Yet another object of the present invention is to 
improve contrast and resolving poWer by reducing deviation 
betWeen the substrate surface and the imaging plane. 

[0032] A further object of the present invention is to 
provide a device manufacturing method using a projection 
eXposure apparatus that attains the foregoing objects. 

[0033] According to the present invention, the foregoing 
objects are attained by providing a projection eXposure 
apparatus having a projection optical system for projecting 
a pattern, Which has been formed on a original plate, onto a 
substrate to be eXposed, the apparatus including at least tWo 
vibration measurement means for measuring vibration of the 
projection optical system. 

[0034] According to a more speci?c ?rst embodiment of 
the present invention, the projection eXposure apparatus 
comprises a original plate stage on Which the original plate 
is placed and Which is movable in a plane orthogonal to the 
optic aXis of the projection optical system; a substrate stage 
on Which the substrate to be eXposed is placed and Which is 
movable in a plane orthogonal to the optic aXis of the 
projection optical system; position measurement means for 
measuring positions of the original plate and substrate to be 
exposed; and control means for controlling the position of at 
least one of the original plate and substrate to be eXposed 
based upon a measured value from the position measure 
ment means and measured values from the at least tWo 
vibration measurement means. 

[0035] In this embodiment, vibration sensors or laser 
interferometers of a number necessary to sense ?eXural 
vibration of the projection optical system are provided. In 
case of a step-and-repeat eXposure apparatus, preferably the 
control means applies the eXposing light after sensing or 
judging that ?eXural vibration has fallen Within a predeter 
mined tolerance. In case of a scanning-type projection 
eXposure apparatus, preferably an approach distance ahead 
of the acceleration/deceleration pro?le or constant-velocity 
scan is optimiZed in order to drive the Wafer or reticle or both 
in such a manner that ?exural vibration of the projection 
optical system Will fall Within the predetermined tolerance 
When scanning eXposure is performed. 

[0036] Furthermore, in both the step-and-repeat demagni 
fying-projection-type semiconductor eXposure apparatus 
and scanning-type projection eXposure apparatus, it is pre 
ferred that the parameters of a vibration-proof device sup 
porting the projection optical system be optimally selected 
so as to minimiZe ?eXural vibration in the projection optical 
system. 

[0037] According to a more speci?c second embodiment 
of the present invention, the projection eXposure apparatus 
comprises a substrate stage on Which the substrate to be 
eXposed is placed and Which is movable along the direction 
of the optic aXis of the projection optical system and in a 
direction orthogonal to the direction of the optic aXis; 
surface position measurement means for measuring relative 
position of the surface of the substrate With respect to a 
predetermined position along the direction of the optic aXis 
of the projection optical system; and control means for 
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moving a prescribed amount and positioning the substrate 
along any direction orthogonal to the optic aXis of the 
projection optical system using the substrate stage, and 
moving and positioning the substrate along the direction of 
the optic aXis based upon measured values from the vibra 
tion measurement means and a measured value from the 

surface position measurement means, thereby aligning the 
surface of the substrate With the predetermined position. In 
this case means can be provided for driving the original 
plate, on Which the pattern has been formed, based upon the 
measured value from the vibration measurement means. 

[0038] When the original plate stage and/or substrate stage 
is positioned in the conventional eXposure apparatus, despite 
the fact that vibration of the projection optical system is 
sensed, only a single vibration sensor is used to sense this 
vibration, as described in the speci?cation of Japanese 
Patent Application Laid-Open No. 10-261580, and a prob 
lem Which arises is that it is not alWays possible to properly 
correct for a shift in imaging position in a direction orthogo 
nal to the optic aXis caused by vibration of the projection 
optical system, as mentioned above. By contrast, the present 
invention provides the exposure apparatus With at least tWo 
vibration measurement means so that modes of vibration of 

the projection optical system can be sensed separately. 
Accordingly, position and or travel of the original plate stage 
and/or substrate stage is corrected for in dependence upon 
the mode of vibration, thereby making it possible to improve 
precision of alignment of the substrate With respect to the 
original plate as Well as the precision of synchroniZation of 
the original plate stage and substrate stage. As a result, the 
harmful effects of vibration of the projection optical system 
upon eXposure precision can be suppressed. 

[0039] In the conventional eXposure apparatus described 
above, shift and distortion of the image plane due to vibra 
tion of the projection optical system at the time of automatic 
focusing is not taken into consideration. That is, vibration of 
the projection optical system is not sensed for the purpose of 
correcting automatic focusing. By contrast, the present 
invention is such that a plurality acceleration sensors are 
mounted on the projection optical system. Displacement or 
distortion of the imaging plane of the projection optical 
system is calculated based upon measured values from these 
sensors, thereby making it possible to align the surface of the 
substrate With the imaging plane of the projection optical 
system is highly precise fashion. As a result, contrast, 
resolving poWer and alignment precision can be improved. 

[0040] In accordance With another embodiment of the 
present invention, the foregoing objects are attained by 
providing a projection eXposure apparatus comprising: pro 
jection optics for projecting a pattern, Which has been 
formed on a original plate, onto a substrate; a stage on Which 
the substrate is placed and Which is movable along the 
direction of an optic aXis of the projection optics and in a 
direction orthogonal to the direction of the optic aXis; 
surface position measurement means for measuring relative 
position of the surface of the substrate, Which has been 
placed upon the stage, With respect to a predetermined 
position decided based upon the position of the projection 
optics; and vibration measurement means, Which has a 
plurality of vibration sensors, for measuring vibration of the 
projection optics; and driving means for controlling drive of 
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the stage based upon results of measurement by the surface 
position measurement means and the vibration measurement 
means. 

[0041] 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 ?gures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention and, together With the 
description, serve to explain the principles of the invention. 

[0043] FIG. 1 is a diagram shoWing the construction of a 
semiconductor exposure apparatus according to a ?rst 
embodiment of the present invention; 

[0044] FIG. 2 is a diagram shoWing the details of con 
struction of a main control unit according to this embodi 
ment; 

[0045] FIG. 3A is a diagram shoWing translational vibra 
tion as a mode of vibration of a projection optical system; 

[0046] FIG. 3B is a diagram shoWing rotational vibration 
as a mode of vibration of the projection optical system; 

[0047] FIG. 3C is a diagram shoWing ?exural vibration as 
a mode of vibration of the projection optical system; 

[0048] FIG. 4A is a diagram shoWing ideal mounting 
locations for vibration sensors in a case Where tWo vibration 
sensors are provided; 

[0049] FIG. 4B is a diagram shoWing ideal mounting 
locations for vibration sensors in a case Where four vibration 
sensors are provided; 

[0050] FIG. 4C is a diagram shoWing ideal mounting 
locations for vibration sensors in a case Where six vibration 
sensors are provided; 

[0051] FIG. 5 is a diagram shoWing the construction of a 
projection exposure apparatus according to a second 
embodiment; 

[0052] FIG. 6 is a diagram shoWing the How of manufac 
ture of a microdevice; and 

[0053] FIG. 7 is a diagram illustrating the detailed How of 
a Wafer process in FIG. 6; 

[0054] FIG. 8 is a block diagram shoWing a control 
arrangement illustrated in FIG. 2 of the speci?cation of 
Japanese Patent Application Laid-Open (KOKAI) No. 
10-261580; 

[0055] FIG. 9 is a diagram shoWing the principal control 
arrangement of this embodiment; 

[0056] FIG. 10 is a ?oWchart useful in describing control 
for driving a Z table; and 

[0057] FIG. 11 is a diagram shoWing an example of the 
relationship among the position of a substrate surface, the 
reference position of an imaging plane and the actual 
position of the imaging plane. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0058] Preferred embodiments of the present invention 
Will noW be described in detail in accordance With the 
accompanying draWings. 
[0059] FIG. 9 is a diagram shoWing the principal control 
arrangement of this embodiment. 

[0060] As shoWn in FIG. 9, a vibration measurement unit 
1102 is capable of measuring the vibration of a projection 
optical system 1101 along one, tWo or three directions, 
namely the direction (Z direction) of the optic axis of the 
projection optical system and tWo orthogonal axial direc 
tions (X and Y directions) lying in a plane that is orthogonal 
to the optic axis. The vibration measurement unit 1102 has 
a plurality of vibration sensors, and it is preferred that these 
sensors be disposed, in spaced-apart relation, on the projec 
tion optical system 1101 on the original plate side and the 
side of the substrate placed on the stage. In this case, it is 
particularly preferred that the sensors be disposed at end 
portions, or in the vicinity thereof, of the projection optical 
system 1101 on the original plate side and on the side of the 
substrate placed on the stage. 

[0061] A surface position measurement unit 1103 mea 
sures the surface position of a substrate, Which has been 
placed upon a Z stage, on the optic axis of the projection 
optical system 1101. On the basis of signals from the 
vibration measurement unit 1102 and surface position mea 
surement unit 1103 representing the results of measurement, 
a controller 1023 controls the drive of the stage by an XY 
stage drive unit 1020 and Z stage drive unit 1022. 

[0062] The controller 1023 has a CPU 1023a, a ROM 
1023b, a RAM 1023c and an input/output (I/O) interface 
1023a'. The CPU 1023a implements control of stage drive 
mentioned above by executing a control program that has 
been stored in the ROM 1023b. The RAM 1023c furnishes 
a Working area used When various control operations are 
performed by the CPU 1023a. The I/O interface 1023a' 
outputs signals from the controller 1023 to various drive 
units (1020, 1022) and inputs signals from various measure 
ment units (1102, 1103) to the controller 1023. 

[0063] By Way of example, the controller 1023 detects 
vibration of the projection optical system 1101 based upon 
the output of the vibration measurement unit 1102. 
Examples of vibration capable of being detected are vibra 
tion of the primary mode (rigid-body mode) and vibration of 
secondary and tertiary modes (deformation modes). 
[0064] Translational acceleration and rotational accelera 
tion are examples of acceleration of vibration. 

[0065] It is also possible to adopt an arrangement in Which 
a original plate on Which a pattern has been formed is driven 
based upon the measured value obtained from the vibration 
measurement unit 1102. 

[0066] The vibration sensors of the vibration measurement 
unit 1102 are capable of measuring any of acceleration, 
velocity and displacement of the projection optical system 
1101. Acceleration sensors, for example, can be used as 
these sensors. 

[0067] It is possible to use laser interferometers instead of 
vibration sensors to measure vibration of the projection 
optical system. 



US 2002/0001082 A1 

[0068] Further, one method available for mounting the 
vibration measurement sensors is to mount them on the lens 
barrel of the projection optical system 1101. In this case, the 
controller 1023 Would use the vibration measurement unit 
1102 to calculate displacement of the imaging plane of 
projection optical system 1101 from vibration of the lens 
barrel and make the surface of the substrate on the stage 
coincide With the position of the imaging plane after the 
displacement thereof. Alternatively, the controller 1023 
Would use the vibration measurement unit 1102 to calculate 
the amount of distortion of the imaging plane from the 
vibration of the lens barrel and Would correct the amount by 
Which the stage is driven along the optic axis by the Z stage 
drive unit 1022. 

[0069] Alternatively, acceleration of vibration, the mode 
of vibration or displacement of a predetermined position is 
calculated from vibration of the lens barrel using vibration 
sensors, and a correction may be applied at alignment of a 
substrate to be exposed or When a original plate stage and 
substrate stage are scanned. 

[0070] The original plate on Which the pattern is formed in 
the foregoing is a mask substrate or reticle substrate. The 
substrate placed on the stage may be any of a photosensitive 
substrate, a substrate for measuring amount of deviation of 
a photosensitive substrate along the optic axis of the pro 
jection optical system 1101, a substrate for measuring 
amount of deviation of a photosensitive substrate in a 
direction orthogonal to the optic axis of the projection 
optical system 1101, and a substrate for measuring the status 
of the projection exposure apparatus. Further, though the 
surface of the substrate is aligned With the surface of the 
imaging plane of projection optical system 1101 in the 
foregoing description, an arrangement may be adopted in 
Which the substrate surface is aligned With a predetermined 
plane that is parallel to the imaging plane. 

[0071] As set forth above, it is made possible to calculate 
displacement or deviation of the imaging plane of the 
projection optical system based upon the measured value of 
vibration experienced by the projection optical system. As a 
result, the surface of a substrate can be aligned With the 
imaging plane of the projection optical system in highly 
precise fashion, and it is possible to improve contrast and 
alignment precision. 
[0072] Embodiments of the present invention Will noW be 
described in greater detail With reference to the draWings. 

[0073] (First Embodiment) 
[0074] FIG. 1 is a diagram shoWing the construction of a 
semiconductor exposure apparatus according to an embodi 
ment of the present invention. Since a description using this 
diagram has already been given in the background of the 
invention, only neW components not discussed earlier Will 
be described here. 

[0075] Described ?rst Will be the operation performed by 
a main control unit 17 in a case Where the semiconductor 
exposure apparatus is of the scanning type. The reticle stage 
8 is scanned at a predetermined scanning velocity VR in the 
+y (or —y) direction based upon the output of the reticle 
interferometer 11. In sync With this operation, the Wafer 
stage 12 is scanned at a velocity VW, Which is in accordance 
With a predetermined velocity ratio, in the —y (or +y) 
direction based upon the output of the Wafer laser interfer 
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ometer 14. It should be noted that the relation VW=[3VR 
holds, Where [3 represents the demagni?cation of the pro 
jection optical system PO. Control of the reticle stage 8 
based upon the output of the reticle interferometer 11 is 
performed independently of control of the Wafer stage 12 
based upon the output of the Wafer laser interferometer 14. 
The synchronous relationship is upset by application of 
various external disturbances, and this invites synchroniZa 
tion error. A control loop for synchronous correction that 
maintains the relation VW=[3VR by eliminating this synchro 
niZation error also is included as a function in the main 
control unit 17. The loop structure of a master-slave syn 
chronous control system disclosed in the speci?cation of 
Japanese Patent Application Laid-Open No. 10-12513 is 
knoWn as such means for restoring the synchronous rela 
tionship betWeen the stages. 

[0076] In contrast to the semiconductor exposure appara 
tus according to the prior art, the semiconductor exposure 
apparatus of this embodiment is characteriZed in that vibra 
tion sensors 16Uy, 16Dy are mounted on upper and loWer 
portions, respectively, of the projection optical system PO, 
and the outputs of these sensors are input to the main control 
unit 17. More speci?cally, the state of vibration of the 
projection optical system PO is sensed by the vibration 
sensors 16Uy, 16Dy, and a correction is applied to synchro 
nous scanning of the reticle stage 8 and Wafer stage 12 based 
upon the outputs of these sensors to thereby eliminate the 
deleterious in?uence on exposure precision of vibration 
experienced by the projection optical system PO. Here 
application of the correction to synchronous scanning means 
applying a correction to the reticle stage 8 or reticle stage 
surface plate 9 or to both stages. Acceleration sensors can be 
used ideally as the vibration sensors. 

[0077] HoW a correction is applied to synchronous scan 
ning of the reticle stage 8 and Wafer stage 12 based upon the 
vibration sensors 16Uy and 16Dy mounted on the upper and 
loWer portions of the projection optical system PO Will be 
described in greater detail With reference to the draWings. 

[0078] Note that, the units denoted by reference numerals 
1-9 and PO correspond to the projection optical system 1101 
shoWn in FIG. 9, the vibration sensors 16Uy and 16Dy 
correspond to the vibration measurement unit 1102, the 
Wafer stage 12 corresponds to XY and Z stage, and the main 
control unit 17 includes the XY stage drive unit 1020, the Z 
stage drive unit 1022 and the control unit 1023. 

[0079] FIG. 2 shoWs a speci?c example of the construc 
tion of the main control unit 17 depicted in FIG. 1. The 
Wafer stage 12 includes an X stage 12X driven along the X 
axis, a Y stage 12Y driven along the Y axis and a precision 
stage 12B. Described ?rst Will be a positioning control 
system for raising, loWering and tilting the precision stage 
12B on Which the Wafer W is placed. Anon-interfering 
control system based upon the mode of motion is employed 
in regard to the precision stage 12B. The details are set forth 
in the speci?cation of Japanese Patent Application Laid 
Open No. 7-319549 of an application ?led earlier by the 
present applicant. The system Will be described here in brief. 
Numeral 36 denotes a motion-mode extraction arithmetic 
unit, to Which a signal from a displacement detection unit 
(not shoWn) that measures the displacement of the precision 
stage 12B along the Z axis is input, for extracting motion 
mode signals, namely signals indicative of Z-axis transla 
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tional motion, rotational motion about the X axis and rota 
tional motion about the y axis. The outputs of this unit are 
compared With output signals from a command value gen 
erating unit 31 to generate motion-mode deviation signals 
(eg, eGX, eey), Where eg represents a motion-mode deviation 
signal representing Z-axis translational motion, e0X a 
motion-mode deviation signal representing rotational 
motion about the X axis, and e0y a motion-mode deviation 
signal representing rotational motion about the y axis. These 
motion-mode deviation signals are applied to compensators 
32G, 32X, 32Y, Which are for applying optimum compen 
sation for respective ones of the motion modes. The com 
pensated signals are input to a motion-mode allocation unit 
33, Whose outputs are applied to poWer ampli?ers 35M, 
35R, 35L for operating actuators 34M, 34R, 34L that drive 
the precision stage 12B. The input to the command value 
generating unit 31 is a signal from a position measurement 
unit (not shoWn) for measuring focusing distance up to the 
exposed surface of the Wafer W using the projection optical 
system PO as a reference. In Japanese Patent Application 
Laid-Open No. 7-319549, the actuators 34M, 34R, 34L are 
pieZoelectric devices Which include a displacement enlarge 
ment mechanism. In this embodiment, hoWever, the inven 
tion is not limited to actuators of this kind, for the actuators 
can be of the electromagnetic type. 

[0080] The position control unit for the Wafer stage 12 
scanningly driven along the y axis Will be described next. 
First, a position deviation signal is obtained by comparing 
the output of the Wafer laser interferometer 14 and the output 
of a scan pro?ler 20. The position deviation signal is applied 
to a suitable compensator 21, Which proceeds to generate a 
drive signal. More speci?cally, a PID compensator can be 
used as the compensator 21, Where P stands for a propor 
tional operation, I for integration and D for differentiation. 
The drive signal generated by the compensator 21 is then 
applied to a driver 22 that drives the Wafer stage 12, Whereby 
the Wafer stage 12 is oriented at a time and position speci?ed 
by the scan pro?ler 20. 

[0081] Lastly, there Will be described a position control 
unit for the reticle stage 8 scanningly driven along the y axis. 
First, a deviation signal is obtained by comparing the output 
of the reticle interferometer 11 With a signal obtained by 
directing the output of the scan pro?ler 20 through a constant 
unit 23, in Which the constant is the reciprocal 1/[3 of 
projection magni?cation [3. This deviation signal is input to 
a compensator 24. A PID compensator similar to the com 
pensator 21 already described is ideal as the compensator 24. 
The output of the latter is input to a driver 25, Which drives 
the reticle stage 8. 

[0082] Thus, drive of the Wafer stage 12 and reticle stage 
8 is controlled by closed loops based upon the outputs of the 
Wafer laser interferometer 14 and reticle interferometer 11. 
Feed-forWard compensation is applied in order to obtain a 
high-speed response in each closed loop. In regard to the 
Wafer stage 12, the signal from the scan pro?ler 20 is fed 
forWard to the input side of the driver 22 via a target-value 
feed-forWard unit 26. As for the reticle stage 8, the signal 
from the constant unit 23 is fed forWard to the input side of 
the driver 25 via a target-value feed-forWard unit 27. 

[0083] An error is impressed upon the measured value 
oWing to vibration of the Wafer laser interferometer 14 and 
reticle interferometer 11 caused by driving the stages. In 
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order to cancel out this error, vibration of the Wafer surface 
plate 15 is measured by vibration sensor 18W and the 
resulting signal is fed back to the input side of the driver 22 
via an acceleration feedback unit 28. Similarly, vibration of 
the reticle surface plate 9 is measured by vibration sensor 
18R and the resulting signal is fed back to the input side of 
the driver 25 via an acceleration feedback unit 29. 

[0084] In order to synchroniZe the Wafer stage 12 and 
reticle stage 8, a signal obtained by directing the position 
deviation signal of the closed loop for the Wafer stage 12 
through a synchroniZation correction path 30, Which applies 
the reciprocal 1/[3 of demagni?cation [3 of the projection 
optical system PO, is adopted as the target input of the 
closed loop for the reticle stage 8. So-called master-slave 
synchronous control is employed. 
[0085] By virtue of the control con?guration described 
above, each stage can be oriented at a time and position 
speci?ed by the scan pro?ler 20, and the stages can be 
scanned synchronously at a predetermined velocity ratio that 
satis?es the relation VW=[3VI, Where VW represents the 
velocity of the Wafer stage 12 and VR the velocity of the 
reticle stage 8. 

[0086] In addition, according to this embodiment, the 
vibration sensors 16Uy, 16Dy are provided on the upper and 
loWer portions of the projection optical system PO and the 
signals from these sensors are exploited to assure exposure 
precision. First, the outputs of the vibration sensors 16Uy, 
16Dy are applied to a vibration mode detection unit 40 of the 
projection optical system. The vibration mode detection unit 
40 senses translational acceleration a1 and rotational accel 
eration a6. Translational acceleration a1 and rotational accel 
eration a6, Which relate to a nodal point of the projection 
optical system PO, may be calculated by a coordinate 
transformation using the position of the center of rotation 
based upon measurements by the vibration sensors 16Uy, 
16Dy and the position a nodal point already knoWn from the 
standpoint of optical design. The necessity of separating 
vibration of the projection optical system PO into transla 
tional and rotational components Will be discussed. 

[0087] As mentioned earlier in the background of the 
invention, if the “center of rotation” of vibration and the 
“nodal point” of the projection optical system PO coincide 
and there is only a rotational vibration component about this 
point, exposure error ascribed to this component does not 
occur. Accordingly, corrections of both the reticle stage 8 
and Wafer stage 12 based upon the rotational vibration 
component are unnecessary. HoWever, if the projection 
optical system PO has a translational vibration component in 
relation to the “nodal point”, this Will invite exposure error. 
It is necessary, therefore, to ascertain this component of 
vibration and apply a correction based upon the translational 
vibration component to the reticle stage 8 or Wafer stage 12 
or both. In general, there is a center of rotation of vibration 
at a point other than the nodal point, and translational 
vibration coexists With rotation about this point. Accord 
ingly, it is necessary to apply a proper correction for both 
rotational and translational vibration. 

[0088] When a parallel offset Ae due to the translational 
vibration component of the projection optical system PO 
occurs, a position error Ate to be corrected can be expressed 
as folloWs: Ate=KeAe, Where K6 is parallel offset sensitivity. 

[0089] Similarly, When an oblique offset A0 due to the 
rotational vibration component of the projection optical 
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system PO occurs, a position error Ate to be corrected can 
be expressed as follows: At0=KOA0, Where K0 is oblique 
offset sensitivity. The position deviation that must be cor 
rected in total is Ate+At0. This quantity differs depending 
upon the mode of vibration of the projection optical system 
PO, namely upon hoW the translational and rotational vibra 
tion modes mix. More speci?cally, the absolute value differs 
depending upon the signs of the modes of vibration. Accord 
ingly, providing at least tWo vibration sensors (16Uy, 16Dy) 
and sensing vibration of the projection optical system PO in 
a form separated into modes of vibration, as in the present 
embodiment, is highly signi?cant. 

[0090] With reference again to FIG. 2, the outputs a1 and 
ae of the vibration mode detection unit 40 of projection 
optical system PO are both applied to a PO-position reticle 
correction feedback unit 41 and a PO-position Wafer cor 
rection feedback unit 42. The feedback units 41 and 42 apply 
proper compensation based upon the input signals a1 and a6. 
The output of the feedback unit 41 is fed back to the input 
side of the driver 25, Which drives the reticle stage 8, and the 
output of the feedback unit 42 is fed back to the input side 
of the driver 22, Which drives the Wafer stage 12. 

[0091] Thus, the error in?icted upon exposure precision 
oWing to vibration of the projection optical system PO can 
be corrected at the reticle stage 8 and Wafer stage 12 jointly 
or at either stage singly. 

[0092] The path of the exposing light When the projection 
optical system PO vibrates is illustrated in FIGS. 3A to 3C 
in order to facilitate a better understanding of the embodi 
ment. These diagrams illustrate the modes of vibration of the 
projection optical system PO. FIG. 3A illustrates the 
approximate path of the exposing light in a case Where the 
projection optical system PO has undergone translation 
along the direction of the +y axis. The exposing light on the 
Wafer W shifts in the +y direction in this case, as illustrated. 
FIG. 3B illustrates the approximate path of the exposing 
light in a case Where the projection optical system PO has 
rotated about a center of rotation other than a nodal point. 
Here exposing light on the Wafer W shifts in the +y direction 
if the rotation of the projection optical system PO is in the 
positive direction about the x axis. FIG. 3C illustrates the 
approximate path of the exposing light in a case Where the 
projection optical system PO has undergone ?exure. Flexure 
here means rotational deformation beloW a ?ange F sup 
porting the projection optical system PO. Here the exposing 
light on the Wafer W is shifted as illustrated. 

[0093] The exposing light on the Wafer W thus shifts 
irrespective of the kind of vibration. HoWever, the amount of 
shift to be corrected When the projection optical system PO 
undergoes translation and the amount of shift to be corrected 
When the projection optical system PO undergoes rotation 
about a certain center of rotation differ, as mentioned above. 
It is necessary, therefore, to provide the at least tWo vibration 
sensors 16Uy, 16Dy, Which ascertain the vibration of the 
projection optical system PO, and correct for the amounts of 
shift by the arrangement of FIG. 2, for example, in regard 
to the respective modes of rotation. Of course, When the 
center of rotation is at the “nodal point” of the projection 
optical system PO in the case solely of vibration in the 
direction of rotation shoWn in FIG. 3B, no shift of the 
exposing light on the Wafer W occurs and, hence, no 
correction is required, as set forth earlier. 
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[0094] In the case of FIG. 1 or FIG. 2, the vibration 
sensors 16Uy, 16Dy are disposed at the upper and loWer 
portions of the projection optical system PO so as to be 
capable of sensing translation along the y axis and rotation 
about the x axis. The locations Where these vibration sensors 
are mounted is illustrated in FIGS. 4A to 4C. FIG. 4A is a 
diagram in a case Where the vibration sensors 16Uy, 16Dy 
have been mounted at locations similar to those shoWn in 
FIGS. 1 and 2. Of course, vibration sensors can be mounted 
so as to be capable of sensing translation along the x axis and 
rotation about the y axis as Well. That is, as depicted in FIG. 
4B, vibration sensors 16Ux, 16Dx may be mounted aneW in 
addition to the vibration sensors 16Uy, 16Dy. Furthermore, 
an arrangement may be adopted in Which a ?exural vibration 
mode of the projection optical system PO can be sensed in 
addition to a rigid-body vibration mode, namely translation 
or rotation of the projection optical system PO. For example, 
if vibration sensors 16My, 16My are added, as shoWn in 
FIG. 4C, so as to be capable of sensing ?exural vibration at 
the loWer part of the projection optical system PO, the 
vibration shoWn in FIG. 3C can be sensed and the position 
of the reticle or Wafer or the positions of both can be 
controlled using the measured values from these sensors. 

[0095] In this embodiment, vibration sensors typi?ed by 
acceleration sensors, for example, are provided as shoWn in 
FIGS. 4A, 4B and 4C in order to sense vibration of the 
projection optical system PO. HoWever, instead of relying 
upon the vibration sensors 16, the projection optical system 
PO may be provided With at least tWo reference surfaces, for 
example, and these may be irradiated With laser beams from 
laser interferometers to thereby measure the vibration of the 
projection optical system PO. Naturally the position of the 
reticle or Wafer or the positions of both Would be controlled, 
i.e., corrected, using the measured values of vibration of the 
projection optical system PO. 

[0096] If ?exural vibration of the kind depicted in FIG. 
3C is present, the vibration can be sensed by providing the 
vibration sensors in the manner shoWn in FIG. 4C and a 
correction can be applied for the shift components on the 
Wafer W based upon the measured values. Unfortunately, 
hoWever, no correction can be made for aberration. In such 
case the method indicated beloW is adopted or the apparatus 
is suitably con?gured. 

[0097] (1) In case of step-and-repeat demagnifying-pro 
jection-type semiconductor exposure apparatus, the expos 
ing light is applied after sensing or judging that ?exural 
vibration has fallen Within a predetermined tolerance. 

[0098] (2) In case of a scanning projection exposure 
apparatus, an approach distance ahead of the acceleration/ 
deceleration pro?le or constant-velocity scan of one or both 
of the Wafer stage 12 and reticle stage 8 is optimiZed in such 
a manner that ?exural vibration of the projection optical 
system Will fall Within the predetermined tolerance When 
scanning exposure is performed. In other Words, the pattern 
of the scan pro?ler 20 in FIG. 2 is optimiZed. 

[0099] (3) In both the step-and-repeat demagnifying-pro 
jection-type semiconductor exposure apparatus and scan 
ning-type projection exposure apparatus, the parameters of 
a vibration-proof device (not shoWn) supporting the projec 
tion optical system PO are selected so as to minimiZe 
?exural vibration in the projection optical system. The 
cleverness of the parameter selection can manifest itself 












