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(57) ABSTRACT 
When a mask is irradiated obliquely with light from a 
lighting System, the light reflected from the mask is pro 
jected onto a wafer through a projection optical System, and 
the pattern of the mask is transferred to the wafer. If the 
magnification of the projection optical System changes 
because of a vertical movement of the mask, a control unit 
detects the projection position of the mask pattern image on 
a stage by an aerial image Sensor and also detects a mark on 
the aerial image Sensor by a mark detector So as to determine 
the baseline of the mark detector. Thus, the positional shift 
of the projection position of the mask pattern image on the 
wafer due to the change in magnification is corrected to 
Sufficiently restrict or prevent alignment inaccuracy associ 
ated with the change in magnification. 
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EXPOSURE METHOD AND APPARATUS, 
METHOD OF MAKING EXPOSURE APPARATUS, 

DEVICE AND DEVICE MANUFACTURING 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a continuation of International Application 
PCT/JP99/00988, with an international filing date of Mar. 
02, 1999, the entire content of which being hereby incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an exposure 
method and apparatus, a method of making an exposure 
apparatus, a device, and a device manufacturing method. 
More particularly, the present invention relates to an expo 
Sure method and apparatus which are used when a circuit 
device Such as a Semiconductor device or liquid crystal 
display device is manufactured in a lithography process, a 
method of making an exposure apparatus, and a device and 
the method of manufacturing the device using the exposure 
method and apparatus. 

0004 2. Description of the Related Art 
0005 Currently, at the sites which manufacture semicon 
ductor devices, circuit devices with minimum line width of 
about 0.3 to 0.35um (64 M(Mega)bit D-RAMs and the like) 
are mass-produced by using reduction projection exposure 
apparatus, So-called Steppers, using the i line from mercury 
lamps that has a wavelength of 365 nm as an illumination 
light. At the same time, the introduction of exposure appa 
ratus, which are designed to mass-produce circuit devices of 
the next generation that have an integration degree equiva 
lent to those in the class of 256 Mbit and 1 G(Giga)bit 
D-RAMs and minimum line widths of 0.25 lum, has begun. 
0006. As the exposure apparatus for manufacturing cir 
cuit devices of the next generation, a Scanning exposure 
apparatus based on the Step-and-Scan method is being devel 
oped. This apparatus uses an ultraViolet pulse laser beam 
with a wavelength of 248 nm from a Krf excimer laser 
Source or an ultraViolet pulse laser beam with a wavelength 
of 193 mm from an ArE excimer laser Source as an illumi 
nation light. A Scanning exposure apparatus then linearly 
Scans a mask or a reticle (to be generically referred to as a 
“reticle” hereinafter) on which a circuit pattern is drawn and 
a wafer Serving as a photoSensitive Substrate, relatively to 
the projection field of a reduction projection optical System. 
This allows the transfer of the entire pattern within a shot 
area on the wafer by repeating the inter-shot stepping 
operation and the Scanning exposure operation. 

0007. There is no doubt that the integration degree of 
semiconductor devices will further increase and will shift 
from 1 Gbit to 4 Gbit in the future. In this case, the device 
rule will become about 0.1 um, i.e., 100 nm L/S, which gives 
rise to various technical issues when an exposure apparatus 
uses an ultraViolet pulse laser beam having a wavelength of 
193 nm. The resolution of an exposure apparatus which, in 
turn, indicates a device rule (a practical minimum line 
width), is generally expressed using the following formula 
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(1), using an exposure wavelength ) and the numerical 
aperture N.A. of a projection optical System: 

(resolution)=kWN.A. (1) 
0008 where k, in this case, is called a k factor and is a 
positive constant equal to or less than 1, which varies 
depending on the characteristics of the resist used. 
0009 AS is obvious from equation (1), in order to 
increase the resolution, it is extremely effective to decrease 
the wavelength ). For this reason, recently, an EUV expo 
Sure apparatus using light in the Soft X-ray region of 5 to 15 
nm in wavelength (in this specification, this light will also be 
referred to as “EUV (Extreme Ultraviolet) light”) as the 
exposure light has been developed. Such an EUV exposure 
apparatus has recently attracted a great deal of attention as 
a promising candidate for an exposure apparatus of the 
generation after the next, having a minimum line width of 
100 nm. 

0010. In the EUV exposure apparatus, a reflection type 
reticle is generally used. This reflection type reticle is 
obliquely irradiated with illumination light, and light 
reflected by the reticle Surface is projected on a wafer 
through a projection optical System. As a consequence, a 
pattern, which is irradiated with the illumination light in an 
illumination area on the reticle, is transferred onto the wafer. 
This EUV exposure apparatus employs a Scanning exposure 
method, in which a ring-shaped illumination area is set on 
the reticle, and the reticle and wafer are Scanned relative to 
the projection optical System, thereby Sequentially transfer 
ring the entire pattern on the reticle onto the wafer through 
the projection optical System. 
0011. At the wavelength (5 to 15 nm) of light used in the 
EUV exposure apparatus, no material can efficiently trans 
mit light without any absorption. Inevitably, a reflection type 
reticle must be used. In addition, since it is difficult to form 
a beam splitter, the reticle must be obliquely irradiated with 
illumination light. 
0012 For this reason, the projection optical system 
becomes non-telecentric on the reticle Side. As a conse 
quence, the displacement of the reticle along the optical axis 
appears on the wafer as a magnification change in the 
longitudinal direction of a ring-shaped exposure area (an 
area on the wafer which corresponds to the above ring 
shaped illumination area on the reticle), and as a positional 
change in the transversal direction. 
0013 This technique will be described in more detail 
with numerical values. ASSuming that a projection optical 
system having a resolution of 100 nm L/S is designed by 
using EUV light having a wavelength of 13 nm as exposure 
light, then Equation (1) can be rearranged into the following 
equation (2). 

N.A.=kW(resolution) (2) 
0014) If, for example, k=0.8, then the necessary N.A. to 
obtain a resolution of 100 nm L/S is N.A.=0.104 is approxi 
mately equal to 0.1. The N.A. is a value at the wafer side, 
and apparently, differs from that at the reticle Side. 
0015 Assuming that the projection magnification of the 
projection optical System is 74, which is generally used in a 
conventional deep ultraviolet exposure apparatus (DUV 
exposure apparatus) with the i line, g line, KrF excimer laser, 
or Arf excimer laser as exposure light, when the N.A. at the 
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wafer side is 0.1, then the N.A. at the reticle side is 0.025, 
being 4 that of the wafer side. This means, that illumination 
light applied to the reticle has a divergence angle of about 
t25 mrad with respect to a principal ray. In order to prevent 
incident light and reflected light from overlapping, the 
minimum incident angle must be at least 25 mrad or more. 
0016 For example, referring to FIG. 17, if an incident 
angle 0 (=Outgoing angle 0) is 50 mrad, a transverse shift S 
of a circuit pattern drawn on a reticle R with respect to a 
Z-direction displacement AZ of the pattern Surface of the 
reticle R (also referred to as “the Z-direction displacement of 
a reticle' as needed) can be given as: 

e=AZ tan0 (3) 

0017 AS is obvious from the equation (3), when, for 
example, the reticle R is displaced by 1 um in the vertical 
direction (Z direction) as in FIG. 17, the transverse shift of 
an image on the reticle pattern Surface becomes about 50 
nm, and the image shift of 12.5 nm being /4 the transverse 
shift, occurs on the wafer. The allowable overlay error in the 
semiconductor process of a device rule of 100 nm L/S is said 
to be 30 nm or less, thus an overlay error as large as 12.5 nm 
caused by a displacement of a reticle in the Z direction alone 
poses a Serious problem. This is because overlay errors of 
about 10 nm can be caused by other factors, e.g., alignment 
accuracy of a reticle and wafer, wafer Stage alignment 
accuracy including Stepping accuracy, or the distortion of the 
projection optical System. 

0.018. As described previously, when EUV light having a 
wavelength of 5 to 15 nm is used in the EUV exposure 
apparatus, no material can efficiently transmit in this band 
width without any absorption. Inevitably, an all-reflection 
optical System formed by only several mirrors (reflection 
optical elements) must be used as a projection optical 
System, which makes it difficult to control projection mag 
nification and causes a Serious problem. 
0.019 Projection magnification is generally controlled in 
conventional deep ultraviolet exposure apparatus (DUV 
exposure apparatus) which uses KrF excimer lasers and the 
like as a light Source by (1) changing the distances between 
lenses and (2) changing the pressures in closed chambers 
between lenses. In practice, however, it is not easy to control 
the projection magnification by changing the distances 
between the mirrors, or changing the curvatures of the 
mirrors as in the distances between lenses. In addition, Since 
EUV light is absorbed by gases, the entire optical path must 
be under vacuum, therefore prohibiting the method of 
changing the air pressures in the projection optical System. 
0020. One promising method of controlling the projec 
tion magnification in an EUV exposure apparatus is utilizing 
the phenomenon described earlier where the reticle displace 
ment along the optical axis appears as a magnification 
change in the longitudinal direction of an exposure area on 
a ring on a wafer. That is, a method of controlling the 
projection magnification by intentionally displacing the 
reticle in the optical axis direction of the projection optical 
System is promising. 

0021 For example, as in the case shown in FIG. 17, 
when the tilt of a light beam on the reticle side is 50 mrad, 
if the radius of a ring field (ring-shape illumination area) is, 
for example, 200 nm on the reticle side, and the reticle R 
moves away from the projection optical System by 1 um, the 
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radius of the ring field becomes (200 nm+50 nm). That is, 
the reticle image (pattern image) projected onto the wafer is 
enlarged by (50x10)+(200x10)=0.25x10=0.25 ppm, 
whereas the reticle image is reduced when the reticle R 
approaches the projection optical System. 

0022. A wafer is known to increase or decrease in size by 
10 ppm or more relative to the original wafer size after 
processing. In the case above, in order to control magnifi 
cation by 10 ppm, the reticle R must be vertically translated 
in the Z direction by 10--0.25x1=40 um. The problem, is, 
however, when the projection magnification is controlled 10 
ppm by Vertically moving the reticle by 40 tim, the displace 
ment of the reticle appears as a transverse shift (image shift). 
Not only does the reticle image which is projected onto the 
ring-shape exposure area on the wafer expand by 10 ppm in 
the longitudinal direction, but also appears as a position 
change of 40x12.5=500 nm in the widthwise direction 
(Scanning direction). In lithography where a line width of 
100 nm is required, about /3 the line width, i.e., 30 nm, can 
be acceptable as a total overlay, therefore, an image shift of 
50 nm due to magnification cannot be allowed. 
0023. Under the circumstances, with an exposure appa 
ratus employing an optical System that is non-telecentric on 
the reticle Side, e.g., an EUV exposure apparatus, a new 
technique to reliably reduce an overlay error accompanying 
a change in projection magnification urgently needs to be 
developed. 

SUMMARY OF THE INVENTION 

0024. The present invention has been made in consider 
ation of the Situation above, and has as its first object to 
provide an exposure apparatus that can prevent or Suffi 
ciently Suppress a deterioration in overlay accuracy caused 
by adjusting (or changing) the optical characteristics includ 
ing the imaging characteristics (e.g., magnification) of a 
projection optical System. 
0025. It is the second object of the present invention to 
provide an exposure method which can prevent or Suffi 
ciently Suppress a deterioration in overlay accuracy caused 
by adjusting (or changing) the optical characteristics includ 
ing the imaging characteristics(e.g., magnification) of a 
projection optical System. 
0026. According to the first aspect of the present inven 
tion, there is provided a first exposure apparatus which 
transferS a pattern of a mask onto a Substrate, comprising; an 
illumination System, which has a light Source, and which 
irradiates the mask with an illumination light for exposure, 
a projection optical System, which is arranged between the 
mask and the Substrate, and which projects the illumination 
light outgoing from the mask onto the Substrate, a magni 
fication changing unit, which changes a projection magni 
fication of the projection optical System, a Substrate Stage 
which holds the Substrate, a mark detection System, which 
has a photoelectric device, and which detects a mark located 
on the Substrate Stage, and a correction unit which is 
electrically connected to the magnification changing unit 
and the mark detection System, and which corrects a shift of 
a projection position of a pattern on the mask after a 
magnification change by using a baseline of the mark 
detection System on transferring the pattern of the mask onto 
the Substrate, the baseline being obtained in consideration of 
the shift at the magnification change which is made by the 
magnification changing unit. 
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0027. In this case, “a mark located on the substrate stage” 
includes an object mounted on the Substrate Stage, e.g., a 
mark located on the Substrate, as well as a mark Such as a 
reference mark located on the Substrate Stage itself. In this 
Specification, the term "a mark located on the Substrate 
Stage' is used. 
0028. In addition, “the baseline amount” of the mark 
detection System has a meaning Similar to the general 
meaning of this term. More Specifically, the baseline amount 
is information about the positional relationship between the 
detection center of the mark detection System and the 
projection position of the mask pattern on the Substrate 
Stage, and is used for, for example, position control on the 
Substrate stage (Substrate). In this specification, the term 
“baseline amount' is used in this Sense. 

0029. In the first exposure apparatus according to the 
present invention, when the mask is irradiated with illumi 
nation light for exposure from the illumination System, the 
illumination light outgoing from the mask is projected onto 
the Substrate by the projection optical System. As a conse 
quence, a pattern in an area on the mask illuminated with the 
illumination light for exposure is transferred onto the Sub 
Strate. When the projection magnification of the projection 
optical System is changed by the magnification changing 
unit on transferring this mask pattern, the correction unit 
corrects the shift of the projection position of the mask 
pattern by using the baseline amount of the mark detection 
System which corresponds to the magnification after the 
change. This makes it possible to prevent or Sufficiently 
Suppress deterioration in overlay accuracy due to a change 
in the projection magnification. 
0.030. In the first exposure apparatus according to the 
present invention, at least one reference mark including a 
Specific reference mark can be provided on the Substrate 
Stage, and the exposure apparatus can further comprise a 
position detection System, which has a photoelectric device 
and which detects a positional relationship between the 
Specific reference mark and a projection position of a pattern 
image of the mask on the Substrate Stage, and the correction 
unit can include a control unit, which is electrically con 
nected to the mark detection System and the position detec 
tion System, and which calculates the baseline amount which 
corresponds to the magnification change, based on a result 
obtained by detecting the positional relationship by using the 
position detection System, and a result can be obtained by 
detecting one of the Specific reference mark on the Substrate 
Stage and a different reference mark which relationship with 
the Specific reference mark is predetermined by using the 
mark detection System. In this case, when the projection 
magnification of the magnification changing unit is changed 
on transferring a mask pattern, the control unit which 
Structures a correction unit obtains the baseline amount of 
the mark detection System which corresponds to the mag 
nification after the change. To obtain the amount, the con 
troller uses the position detection System to detect a posi 
tional relationship between the Specific reference mark on 
the Substrate Stage and a projection position of a pattern 
image of the mask on the Substrate Stage, and the mark 
detection System to detect the Specific reference mark or a 
different reference mark (the relationship with the specific 
reference mark is predetermined). That is, the positional 
relationship between the projection position of a mask 
pattern image on the Substrate Stage and the detection center 
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of the mark detection System is obtained. In short, after the 
change in magnification, the correction unit actually mea 
Sures the baseline amount, and corrects the positional shift 
of the projection position of the pattern image of the mask 
on the Substrate due to the change in projection magnifica 
tion by using the measurement result. This therefore makes 
it possible to prevent or Sufficiently SuppreSS a deterioration 
in overlay accuracy due to a change in projection magnifi 
cation. 

0031 When a baseline amount is to be actually measured 
after the projection magnification is changed as described 
above, it is preferable that the mark detection System 
includes a focus detection System, and the exposure appa 
ratus further comprises an adjustment unit which adjusts a 
position of the Substrate Stage in an optical axis direction to 
position the mark to a focal position of the mark detection 
System, based on a detection result obtained by the focus 
detection System upon detecting a mark located on the 
Substrate Stage by using the mark detection System. In this 
case, in measuring a baseline amount, when the mark 
detection System is to be used to detect a specific reference 
mark on the Substrate stage or a reference mark (whose 
relationship with the Specific reference mark is predeter 
mined) different from the specific reference mark, the ref 
erence mark can be detected by adjusting the position of the 
Substrate Stage. This adjustment is performed based on the 
detection result obtained by the focus detection System, in 
which the reference mark as a detection object is positioned 
at the focal position of the mark detection System. Accord 
ingly, when alignment measurement of the Substrate is 
performed before exposure, high-precision position control 
on the Substrate can be performed by translating the Sub 
Strate to the focal position of the mark detection System in 
the manner above and detecting an alignment mark on the 
Substrate using the mark detection System. 
0032. In the first exposure apparatus according to the 
present invention, at least one reference mark including a 
Specific reference mark can be provided on the Substrate 
Stage, the exposure apparatus further comprising a position 
detection System, which has a photoelectric device, and 
which detects a positional relationship between the Specific 
reference mark and a projection position of a pattern image 
of the mask on the Substrate Stage, and the correction unit 
can include a memory unit which Stores a baseline amount 
of the mark detection System, the baseline amount calculated 
by a detection result of the position detection System, and by 
a result obtained by detecting one of the Specific reference 
mark on the Substrate Stage and a different reference mark 
whose relationship with the Specific reference mark is pre 
determined by using the mark detection System, and a 
calculation unit, which is electrically connected to the 
memory unit and the magnification changing unit, and 
which corrects the baseline amount Stored in the memory 
unit in accordance with the magnification change by calcu 
lation. In this case, the baseline amount is calculated in 
accordance with the detection result obtained by the position 
detection System and the result obtained by detecting one of 
a Specific reference mark on the Substrate Stage and a 
different reference mark whose relationship with the specific 
reference mark is predetermined by using the mark detection 
System and is Stored in the Storage unit in advance. When the 
projection magnification of the projection optical System is 
changed by the magnification changing unit when transfer 
ring a mask pattern, the calculation unit Structuring the 
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correction unit corrects the baseline amount Stored in the 
Storage unit by a calculation that uses the magnification 
changed by the magnification changing unit. This baseline 
amount of correction is performed based on, for example, 
the relationship between a control value of the magnification 
changing unit and the positional shift amount of the mask 
pattern image on the Substrate. AS described above, accord 
ing to the present invention, only by performing an actual 
baseline measurement and Storing the result in the memory 
unit in advance, can the positional shift of the projection 
position of a pattern image of a mask on the Substrate due to 
a change in projection magnification be corrected by calcu 
lation alone upon a magnification changing operation. This 
makes it possible to prevent or Sufficiently Suppress dete 
rioration in overlay accuracy due to a change in projection 
magnification. In addition, throughput can be increased. 

0033. In the first exposure apparatus according to the 
present invention, when the projection magnification is 
changed by the magnification changing unit and the baseline 
amount of the mark detection System is to be actually 
measured, or when a baseline amount corresponding to the 
projection magnification after the change is to be obtained 
by correcting the baseline amount obtained in advance by 
calculation, if the illumination light for exposure is light in 
the Soft X-ray region, it is preferable that the position 
detection System is a aerial image Sensor which is provided 
on the Substrate Stage, and includes a fluorescent material, a 
thin film made on a Surface of the fluorescent material, the 
thin film Structured of one of a reflecting layer and an 
absorbing layer of the illumination light for exposure, the 
thin film having an opening formed which also Serves as the 
Specific reference mark, and a photoelectric conversion 
device which photoelectrically converts light generated 
from the fluorescent material, where the illumination light 
for exposure reaches the fluorescent material via the opening 
on conversion. In this case, as described above, regardless of 
the fact that there is no material that transmits light in the 
Soft X-ray region in general, the position detection System, 
i.e., the aerial image Sensor, can perform a Spatial image 
measurement by using Such light as exposure illumination 
light. Therefore, the positional relationship between the 
Specific reference mark (the above opening) on the Substrate 
Stage and the projection position of the pattern image of the 
mask on the Substrate Stage can be easily detected by using 
this position detection System. 

0034. In the first exposure apparatus according to the 
present invention, various projection magnification chang 
ing methods can be used. For example, the magnification 
changing unit can be formed from a unit which drives the 
mask in an optical axis direction of the projection optical 
System. Not only in the case of a projection optical System 
that is non-telecentric on the object Surface side (mask side), 
but also in the case of a projection optical System that is 
telecentric on both sides, it is practically difficult to manu 
facture an optical System that is perfectly telecentric (at each 
image height within the projection field). In either case, 
when a mask is driven in the optical axis direction of the 
projection optical System, the projection magnification (or 
distortion) of the projection optical System changes regard 
less of whether the projection optical System is a refraction 
optical System, reflection/refraction optical System, or 
reflection optical System. Therefore, the projection magni 
fication can be easily changed by using this feature. 
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0035) In the first exposure apparatus according to the 
present invention, if the projection optical System is an 
optical System which includes a reflection optical element, 
the magnification changing unit can be an optical charac 
teristic changing unit which changes optical characteristics 
of the projection optical System. In this case, the optical 
characteristic changing unit may be a unit for changing the 
distances between a plurality of reflection optical elements, 
or may be a unit that changes a curvature of the reflection 
optical element. 
0036). In the first exposure apparatus according to the 
present invention, the projection optical System can be an 
optical System which includes a reflection optical element, 
and the exposure apparatus can further comprise a mask 
Stage which holds the mask, and a driving unit, which is 
connected to the mask Stage and which Synchronously 
moves the mask Stage and the Substrate Stage in a first 
direction perpendicular to an optical axis direction of the 
projection optical System, and the magnification changing 
unit is a unit which changes the magnification of the 
projection optical System in a Second direction perpendicular 
to the optical axis direction and the first direction by driving 
the mask in the optical axis direction of the projection 
optical System via the mask Stage. 
0037. In such a case, when a mask is irradiated with 
illumination light for exposure from the illumination System, 
the illumination light outgoing from the mask is projected 
onto a Substrate by the projection optical System, and a 
pattern in an area on the mask which is irradiated with the 
illumination light is transferred onto the Substrate. On trans 
ferring the mask pattern, the driving unit Synchronously 
moves the mask Stage and Substrate Stage in the first direc 
tion perpendicular to the optical axis direction of the pro 
jection optical System. With this operation, the entire mask 
pattern is transferred onto the Substrate by Scanning expo 
Sure. In addition, the magnification changing unit is a unit 
for changing the magnification in the Second direction which 
is perpendicular to the optical axis direction of the projection 
optical system and the first direction. This is performed by 
driving the mask Stage in the optical axis direction of the 
projection optical System. Thus, the projection magnifica 
tion in the Second direction can be easily controlled and the 
magnification adjustment in the first direction (Scanning 
direction) can be easily implemented by controlling the 
Synchronous speed ratio. Furthermore, the correction unit 
can correct the positional shift of the projection position of 
a pattern image of the mask on the Substrate due to a change 
in projection magnification. Accordingly, this makes it pos 
Sible to prevent or Sufficiently Suppress deterioration in 
overlay accuracy due to a change in projection magnifica 
tion, as well as Simplify magnification control. In this case, 
the illumination light for exposure is not specifically limited. 
For example, the illumination light can be light in the 
Vacuum ultraViolet range. Or the projection optical System 
may be a reflection optical System configured by only 
reflection optical elements, and the mask can be a reflection 
type mask. 
0038. As described above, if a combination of a reflection 
optical System constituted by reflection optical elements 
alone and a reflection type mask is used, the illumination 
light for exposure can be light in the Soft X-ray region. 
0039 The first exposure apparatus according to the 
present invention can further comprise: a focal position 
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detection System which detects a position of the Substrate on 
the Substrate Stage in an optical axis direction of the pro 
jection optical System; and a stage control unit, which is 
electrically connected to the focal position detection System, 
and which offsets the focal position detection system which 
corresponds to a driving amount of the mask in the optical 
axis direction by the magnification changing unit, and feed 
back-controls the position of the Substrate Stage in the 
optical axis direction based on a detection result obtained by 
the focal position detection System. In this case, the position 
of the Substrate in the optical axis direction can be set to the 
focal position of the projection optical System on transfer 
ring the mask pattern by the Stage control unit. In addition, 
in particular, when at least one reference mark including a 
Specific reference mark is provided on the Substrate Stage 
and the apparatus further comprises a position detection 
System which detects the positional relationship between the 
Specific reference mark and the projection position of the 
pattern image of the mask on the Substrate Stage, the Specific 
reference mark can be set to the focal position of the 
projection optical System in detecting the positional rela 
tionship between the Specific reference mark and the pro 
jection position of the pattern image of the mask on the 
Substrate Stage using the position detection unit to detect a 
baseline amount. This makes it possible to perform high 
precision detection without any focus error, and as a con 
Sequence, the baseline amount can be obtained more accu 
rately. 
0040. In the first exposure apparatus according to the 
present invention, the magnification may be changed by the 
magnification changing unit in accordance with a given 
target magnification for the purpose of correcting thermal 
deformation of a mask or the like. However, if the apparatus 
further comprises a detection unit which detects a plurality 
of alignment marks on the Substrate by using the mark 
detection System prior to transfer of the pattern of the mask 
onto the Substrate, the magnification changing unit can 
change the magnification based on position detection results 
of the plurality of alignment marks of the detection unit. In 
this case, the actual magnification change on the Substrate is 
obtained based on the detection results on the alignment 
marks, and the projection magnification is changed by the 
magnification changing unit in accordance with the magni 
fication change. This improves the Overlay accuracy. 
0041. In the first exposure apparatus according to the 
present invention, the projection optical System may be 
non-telecentric on the mask Side. 

0042. According to the second aspect of the present 
invention, there is provided a Second exposure apparatus 
which repeatedly transferS a pattern of a mask onto a 
Substrate, comprising: an illumination System, which has a 
light Source and which irradiates the mask with an illumi 
nation light for exposure; a projection optical System which 
is arranged between the mask and the Substrate and projects 
the illumination light for exposure outgoing from the mask 
onto the Substrate; a Substrate Stage which holds the Sub 
Strate; a mark detection System which has a photoelectric 
device and detects a mark located on the Substrate Stage; a 
judgement unit which judges whether it is necessary to 
update a baseline amount of the mark detection System 
based on a predetermined judgement condition; a baseline 
updating unit which is electrically connected to the judge 
ment unit and calculates a new baseline amount when a 
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result of the judgement unit is affirmative, and a stage 
control unit which is electrically connected to the judgement 
unit and the baseline updating unit and controls a position of 
the Substrate Stage by using the baseline amount of the mark 
detection system which is obtained prior to transfer of the 
pattern of the mask onto the substrate when the result of the 
judgement unit is negative, and by using the new baseline 
amount to transfer the pattern of the mask onto the Substrate 
when the result of the judgement unit is affirmative. 
0043. According to this aspect, while mask patterns are 
repeatedly transferred onto a Substrate, the judgement unit 
determines, based on a predetermined condition, whether it 
is necessary to update the baseline amount of the mark 
detection System, and the baseline updating unit calculates a 
new baseline amount when a result of the judgement unit is 
affirmative. And with the Stage control unit, if the judgement 
result obtained by the judgement unit is negative, the Stage 
control unit controls the position of the Substrate Stage by 
using the baseline amount of the mark detection unit which 
is obtained upon transferring the mask patterns onto the 
Substrate. If the judgement result obtained by the judgement 
unit is affirmative, the Stage control unit uses the updated 
baseline amount obtained upon transferring the mask pat 
terns onto the Substrate to control the Substrate Stage posi 
tion. AS the predetermined condition above, if a condition 
that allows estimation of the possibility that the baseline 
amount will vary beyond the allowable value is set, in the 
case that the baseline amount varies within the allowable 
value and the positional shift of the transferred image of the 
mask pattern can be neglected, then the position of the 
Substrate Stage during exposure is controlled by using the 
baseline amount obtained in advance. If the baseline amount 
is likely to vary beyond the allowable value and the posi 
tional shift of the transferred image of the mask pattern 
cannot be neglected, then a new baseline amount is obtained 
by measurement (or calculation) and the position of the 
Substrate Stage during exposure is controlled by using the 
newly obtained baseline amount. This makes it possible to 
prevent or Sufficiently SuppreSS the positional shift of the 
projection position of the mask pattern image on the Sub 
Strate. In addition, Since the baseline amount is re-measured 
(or re-calculated) only when required, throughput can be 
increased. 

0044) In this case, various conditions are conceivable as 
the above determination condition. For example, the judge 
ment unit can determine whether it is necessary to update the 
baseline amount of the mark detection System, depending on 
whether the Substrate, as a object onto which the mask 
pattern is to be transferred, is a first Substrate of a lot. 
0045 According to the third aspect of the present inven 
tion, there is provided a first exposure method which trans 
fers a pattern formed on a mask onto a Substrate through a 
projection optical System while Synchronously moving the 
mask and the Substrate, wherein on transferring the pattern 
of the mask irradiated with the illumination light onto the 
Substrate through the projection optical System, a pattern 
Surface of the mask is irradiated with an illumination light 
for exposure at a predetermined incident angle, a desired 
projection magnification of the projection optical System in 
a direction perpendicular to the Synchronously moving 
direction is Set, a position of the Substrate is controlled by 
using a baseline amount of a mark detection System which 
is obtained in consideration of a shift of a projection 
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occurring when the desired projection magnification is Set, 
and the baseline amount is used to detect an alignment mark 
on the Substrate. 

0046 According to this aspect, in irradiating the pattern 
Surface of a mask with exposure illumination light at a 
predetermined incident angle (including an incident angle of 
0) and transferring a pattern of the mask irradiated with the 
exposure illumination light onto a Substrate through the 
projection optical System, when the projection magnification 
of the projection optical System is Set to a desired value in 
a direction perpendicular to the Synchronous moving direc 
tion, the position of the Substrate is controlled by using the 
baseline amount of the mark detection System for detecting 
alignment marks on the Substrate which corresponds to the 
baseline amount after this Setting. In this case, the projection 
magnification in the Synchronous moving direction, can be 
controlled by adjusting the Synchronous Velocity ratio 
between the mask and the substrate. This makes it possible 
to change the projection magnification and prevent deterio 
ration in overlay accuracy due to the change. 
0047. In this case, the baseline amount-corresponding to 
the desired projection magnification can be a baseline 
amount detected after the desired projection magnification is 
Set. Alternatively, the baseline amount corresponding to the 
desired projection magnification can be a baseline amount 
previously obtained and corrected by calculation in accor 
dance with the projection magnification. In the latter case, 
projection magnification can be changed, as well as prevent 
deterioration in overlay accuracy due to the change, without 
performing any baseline measurement upon eXposure. 
0.048. In the first exposure method according to the 
present invention, the mask may be a reflection type mask, 
and the projection optical System may be a reflection optical 
System. 
0049 According to the fourth aspect of the present inven 
tion, there is provided a Second exposure method which 
transferS a pattern formed on a reflection type mask onto a 
Substrate through a projection optical System which is con 
figured only of a plurality of reflection optical elements 
while Synchronously moving the reflection type mask and 
the Substrate, wherein optical characteristics of the projec 
tion optical System are adjusted prior to transfer, and a 
positional relationship between a projection area of a pattern 
image and the Substrate during the Synchronous movement 
is adjusted So as to compensate a shift of the projection area 
in an image field of the projection optical System. 
0050. According to this aspect, the optical characteristics 
of the projection optical System are adjusted before the 
pattern of the reflection type mask is transferred onto the 
Substrate through the projection optical System which 
includes only a plurality of reflection optical elements. This 
adjustment is performed by Synchronously moving the 
reflection type mask and the Substrate. On transferring the 
mask pattern onto the Substrate, the positional relationship 
between the projection area of the pattern image and the 
Substrate during Synchronous movement of the reflection 
type mask and Substrate is adjusted. This adjustment is made 
So as to compensate for the shift of the projection area of the 
pattern image within the image field of the projection optical 
System, which is caused by the adjustment of the optical 
characteristics. This therefore makes it possible to prevent or 
Sufficiently SuppreSS deterioration in overlay accuracy due to 
the adjustment of optical characteristics. 
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0051. In this case, an exposure position can be deter 
mined by positional information obtained by detecting a 
mark on the SubStrate by using a mark detecting System. The 
positional relationship between the projection area and the 
Substrate can be adjusted by Synchronous movement of the 
Substrate with respect to the reflection type mask, the 
Substrate controlled in accordance with a baseline amount of 
the mark detection System after adjustment of the optical 
characteristics and the predetermined exposure position 
information. 

0052. In the second exposure method according to the 
present invention, the Synchronous movement may be per 
formed by using one of the baseline amount of the mark 
detection System which is measured after adjustment of the 
optical characteristics and the baseline amount of the mark 
detection System which is calculated from the adjusted 
optical characteristics. More specifically, if the optical char 
acteristics greatly change after the adjustment of optical 
characteristics, Since the baseline amount is likely to greatly 
change due to the adjustment of optical characteristics, the 
baseline amount of the mark detection System can be actu 
ally measured. In contrast, if the optical characteristics 
hardly change after the adjustment of optical characteristics, 
the baseline amount of the mark detection System, which is 
calculated from the adjusted optical characteristics, can be 
used. In the latter case, the overlay accuracy hardly dete 
riorates upon usage of the calculated value obtained by 
correcting the baseline amount before the adjustment with 
the change in baseline amount, which is calculated based on 
the relationship between the adjustment amount of optical 
characteristics and the baseline amount. 

0053. In the second exposure method according to the 
present invention, a projection magnification of the pattern 
image in a direction perpendicular to the Synchronous mov 
ing direction of the Substrate can be adjusted by moving the 
reflection type mask in a direction along an optical axis of 
the projection optical System based on at least one of a 
plurality of positional information obtained by detecting a 
plurality of marks on the Substrate by using the mark 
detection System and a plurality of positional information 
obtained by detecting a plurality of marks on the reflection 
type mask through the projection optical System. In this 
case, the expansion/contraction amount of the Substrate can 
be obtained based on a plurality of positional information, 
which are obtained by detecting a plurality of marks on the 
Substrate using the mark detection System. In addition, the 
magnification (or magnification change) of the mask pattern 
image projected on the Substrate can be obtained on the basis 
of a plurality of positional information which are obtained 
by detecting a plurality of marks on the reflection type mask 
through the projection optical System. Therefore, the pro 
jection magnification of the pattern image in the direction 
perpendicular to the Synchronous moving direction of the 
Substrate can be properly adjusted by moving the reflection 
type mask in the optical axis direction of the projection 
optical System. The adjustment can be made based on either 
the plurality of positional information which are obtained by 
detecting the plurality of marks on the Substrate using the 
mark detection System or the plurality of positional infor 
mation which are obtained by detecting the plurality of 
marks on the reflection type mask through the projection 
optical System. 
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0054. In the second exposure method according to the 
present invention, the reflection type mask is irradiated with 
an illumination light for exposure which principal ray tilts 
with respect to a pattern Surface of the mask, the illumina 
tion light can be either light in a Soft X-ray region or a 
Vacuum ultraViolet light, and the projection optical System 
can be non-telecentric on the mask Side. 

0.055 According to the fifth aspect of the present inven 
tion, there is provided a third exposure method which 
repeatedly transferS a pattern of a mask onto a Substrate 
through a projection optical System, comprising: a first Step 
of monitoring a change in physical quantity which becomes 
a factor that changes a baseline amount of a mark detection 
System for detecting a mark on the Substrate; a Second Step 
of judging whether it is necessary to update the baseline 
amount of the mark detection System, which depends on 
whether the physical quantity exceeds a predetermined 
acceptable value; and a third Step of obtaining a new 
baseline amount when a judgement result is affirmative and 
controlling a position of the Substrate by using the new 
baseline amount, controlling the position of the Substrate by 
using the baseline amount of the mark detection System 
when the judgement result is negative, performing exposure. 

0056 According to this aspect, in the first step, a change 
in a physical quantity is monitored. This physical quantity 
becomes a factor that changes the baseline amount of the 
mark detection System for detecting marks on the Substrate, 
In the second step, depending on whether the physical 
quantity has exceeded the predetermined allowable value, it 
is judged whether it is necessary to update the baseline 
amount of the mark detection System. In the third step, if the 
judgement result is affirmative, a new baseline amount is 
obtained. The new baseline amount is used to control the 
position of the Substrate. If the judgement result is negative, 
the previously obtained baseline amount of the mark detec 
tion System is used to control the position of the Substrate, 
and exposure is performed. Accordingly, in the case that the 
physical quantity becomes a factor which changes the base 
line amount of the mark detection System, and the variation 
in baseline amount is likely to exceed the acceptable value, 
hence the positional shift of the transferred image of the 
mask pattern cannot be neglected, a new baseline amount is 
obtained by measurement (or calculation) and the position of 
the Substrate Stage during exposure is controlled by using the 
new baseline amount. In contrast to this, when the physical 
quantity falls within the predetermined acceptable value and 
a variation in baseline amount falls within the acceptable 
value, the positional shift of the transferred image of the 
mask pattern can be neglected. Therefore, the position of the 
Substrate Stage during exposure can be controlled by using 
the previously obtained baseline amount. This makes it 
possible to prevent or Sufficiently Suppress the positional 
shift of the projection position of the mask pattern image on 
the Substrate. In addition, the throughput can be increased 
Since a baseline amount is re-measured (re-calculated) only 
when necessary. 

0057. In the third exposure method according to the 
present invention, various physical quantities are conceived 
as the physical quantity to be monitored in the first step. For 
example, the monitored physical quantity can be a change in 
the mask due to thermal expansion. In this case, the change 
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in the mask due to thermal expansion can be estimated based 
on a measurement result of a temperature distribution of the 
mask. 

0058. In the third exposure method according to the 
present invention, the physical quantity monitored in the 
first Step is an image forming characteristic of the projection 
optical System. 
0059. In the third exposure method according to the 
present invention, if the projection optical System is an optic 
System including a mirror, the physical quantity monitored 
in the first Step can be a deformation amount of the mirror. 
0060 According to the sixth aspect of the present inven 
tion, there is provided a fourth exposure method which 
repeatedly transferS a pattern of a mask onto a Substrate 
through a projection optical System. The method comprises: 
judging whether it is necessary to update a baseline amount 
of a mark detection System based on a predetermined 
judgement condition where the mark detection System 
detects a mark located on a Substrate Stage, controlling a 
position of the Substrate Stage using the baseline amount of 
the mark detection System which is obtained prior to transfer 
of the pattern of the mask onto the Substrate when a result 
of the judgement is negative, and using a new baseline 
amount to transfer the pattern of the mask onto the Substrate 
when the result of the judgement is affirmative. 
0061 According to this aspect, while the mask pattern is 
repeatedly transferred onto the Substrate, a judgement is 
made on whether to update the baseline amount of the mark 
detecting System in accordance with a predetermined judge 
ment condition. And, when the judgement result is negative, 
the position of the Substrate Stage is controlled by using the 
baseline amount of the mark detection System, which is 
obtained prior to transfer of the pattern of the mask onto the 
substrate. When the judgement result is affirmative, the 
position of the Substrate Stage is controlled by a new baseline 
amount obtained upon transferring of the pattern of the mask 
onto the Substrate. Accordingly, the predetermined judge 
ment condition (if a condition that presumably requires a 
judgement as to whether the baseline amount will vary in 
excess of the acceptable amount is identified, as described 
earlier) can prevent or Suppress the shift of a projection 
position of a mask pattern as well as increase throughput 
Since the baseline amount is re-measured (re-calculated) 
only when necessary. 
0062 According to the seventh aspect of the present 
invention, there is provided a first method of making an 
exposure apparatus which transferS a pattern of a mask onto 
a Substrate, comprising: providing an illumination System 
which has a light Source and irradiates the mask with an 
illumination light for exposure; providing a projection opti 
cal System which is arranged between the mask and the 
Substrate and projects the illumination light for exposure 
outgoing from the mask onto the Substrate; providing a 
magnification changing unit which changes a projection 
magnification of the projection optical System; providing a 
Substrate Stage which holds the Substrate; providing a mark 
detection System which has a photoelectric device and 
detects a mark located on the Substrate Stage, and providing 
a correction unit which is electrically connected to the 
magnification changing unit and the mark detection System 
and corrects a shift of a projection position of the pattern of 
the mask after a magnification change by using a baseline 
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amount of the mark detection System on transferring the 
pattern of the mask onto the Substrate, the baseline amount 
being obtained by consideration of the shift at the magnifi 
cation change which is made by the magnification changing 
unit. 

0.063 With this method, the exposure apparatus can be 
made by mechanically, optically, and electrically combining 
an illumination System, a projection optical System, a mag 
nification changing unit, a Substrate Stage, a correction unit, 
and other various components and adjusting them. In this 
case, a Static type exposure apparatus Such as a step-and 
repeat type exposure apparatus can be made. 

0064. The method of making an exposure apparatus 
according to the present invention may further comprise: the 
Step of providing a mask Stage which holds the mask, and 
the Step of providing a driving unit which Synchronously 
moves the mask Stage and the Substrate Stage in a first 
direction perpendicular to an optical axis direction of the 
projection optical System. In this case, a Scanning exposure 
apparatus based on the Step-and-Scan method or the like can 
be made, which can correct image distortion characteristics 
by changing/adjusting the Scanning Velocity of the mask 
Stage and Substrate Stage and the angle in between the 
Scanning directions. 
0065 According to the eighth aspect of the present 
invention, there is provided a Second method of making an 
exposure apparatus which repeatedly transferS a pattern of a 
mask onto a Substrate, which comprises: providing an illu 
mination System which has a light Source and irradiates the 
mask with an illumination light for exposure, providing a 
projection optical System, which is arranged between the 
mask and the Substrate, and which projects the illumination 
light for exposure outgoing from the mask onto the Sub 
Strate; providing a Substrate Stage which holds the Substrate; 
providing a mark detection System, which has a photoelec 
tric device, and which detects a mark located on the Sub 
Strate Stage, providing a judgement unit which judges 
whether it is necessary to update a baseline amount of the 
mark detection System based on a predetermined judgement 
condition, providing a baseline updating unit, which is 
electrically connected to the judgement unit, and which 
calculates a new baseline amount when a result of the 
judgement unit is affirmative, and providing a Stage control 
unit, which is electrically connected to the judgement unit 
and the baseline updating unit, and which controls a position 
of the Substrate Stage using the baseline amount of the mark 
detection system which is obtained prior to transfer of the 
pattern of the mask onto the substrate when the result of the 
judgement unit is negative, and using the new baseline 
amount to transfer the pattern of the mask onto the Substrate 
when the result of the judgement unit is affirmative. 
0.066. In the lithography process, a plurality of layers of 
patterns can be formed on a Substrate with a high overlay 
accuracy by performing an exposure using the exposure 
method according to the present invention. This makes it 
possible to manufacture microdevices with higher degrees of 
integration at a high yield. Likewise, in the lithography 
process, a plurality of layers of patterns can be formed on a 
Substrate with high overlay accuracy by performing expo 
Sure using the exposure apparatus according to the present 
invention. This makes it possible to manufacture microde 
vices with higher degrees of integration at a high yield. From 
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another point of View, the present invention is a device 
manufacturing method using the exposure method of the 
present invention and the lithography System of the present 
invention, and a device manufactured by the manufacturing 
method of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0067 
0068 FIG. 1 is a view schematically showing the 
arrangement of an exposure apparatus according to the first 
embodiment of the present invention; 
0069 FIG. 2 illustrates the internal arrangement of a 
light source unit in FIG. 1; 

In the accompanying drawings: 

0070 FIG.3 is a left side view of the light source unit in 
FIG. 2; 
0071 FIG. 4 is a view indicating the details of compo 
nents near the reticle stage in FIG. 1; 
0072 FIG. 5 is a schematic plan view of a reticle; 
0073 FIG. 6 is a view that illustrates the configuration of 
an interferometer System for measuring the positions of the 
reticle Stage and wafer Stage within the X-Y plane; 
0074 FIG. 7 is a plan view showing an example of the 

slit plate and its driving mechanism in FIG. 1; 
0075 FIG. 8 is a schematic view illustrating the internal 
arrangement of the projection optical System in FIG. 1; 

0076) 
Sensor, 

FIG. 9A is a plan view showing an aerial image 

0.077 FIG.9B is a side view of the aerial image sensor; 
0078 FIG. 10 is a block diagram schematically showing 
the configuration of a control System related to the position 
and posture control of the wafer (wafer stage) and reticle 
(reticle stage); 
007.9 FIG. 11 is a view showing how a reticle pattern is 
transferred onto a plurality of Shot regions on the wafer; 
0080 FIG. 12 is a flow chart that illustrates an exposure 
Sequence of the exposure apparatus according to the first 
embodiment; 

0081 FIG. 13 is a view that illustrates a modification to 
the projection optical System; 

0082 FIG. 14 is a flow chart that illustrates an exposure 
Sequence of an exposure apparatus according to the Second 
embodiment; 
0.083 FIG. 15 is a flow chart that illustrates the device 
manufacturing method in one embodiment. 
0084 FIG. 16 is a flow chart showing processing in step 
204 of FG 15. 

0085 FIG. 17 is a view that illustrates the problems to be 
solved by the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0086) First Embodiment 
0087. The first embodiment of the present invention will 
be described below in reference to FIG. 1 to 12. 
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0088 FIG. 1 schematically shows the general structure 
of an exposure apparatuS 10 according to the first embodi 
ment. The exposure apparatus 10 is a projection exposure 
apparatus designed to perform exposure operations by the 
Step-and-Scan method using light (EUV light) in the Soft 
X-ray region with a wavelength from 5 nm to 15 nm as the 
exposure illumination light EL. In this embodiment, as will 
be described later, a projection optical system PO for ver 
tically projecting the reflected light beam from a reticle R as 
a mask onto a wafer W is used. The projecting direction, 
therefore, of the illumination light EL projected from the 
projection optical system PO onto the wafer W, will here 
inafter be referred to as the optical axis direction of the 
projection optical system PO. This optical axis direction will 
be defined as the Z-axis direction; the Y-axis direction being 
the lateral direction within the drawing surface of FIG. 1 in 
a plane perpendicular to the Z-axis direction; and the X-axis 
direction being a direction perpendicular to the drawing 
Surface. 

0089. The exposure apparatus 10 projects through the 
projection optical System PO, an image of a part of the 
circuit pattern drawn on the reflection type reticle R Serving 
as a mask onto a wafer W Serving as a Substrate, while 
relatively scanning the reticle R and the wafer W in a linear 
direction (Y-axis direction in this case) in respect to the 
projection optical System PO. The entire circuit pattern of 
the reticle R is thus transferred respectively onto a plurality 
of shot areas on the wafer W by the step-and-scan method. 
0090 The exposure apparatus 10 comprises a light source 
unit 12 for horizontally emitting EUV light EL along the Y 
direction, a deflection mirror M (part of an illumination 
optical system) for reflecting the EUV light EL from the 
light Source unit 12 and bending its optical path to make the 
light incident on the pattern Surface (lower surface in FIG. 
1) of the reticle R at a predetermined incident angle 0 (0 is 
about 50 mrad in this case), a reticle stage RST Serving as 
a mask Stage for holding the reticle R, the projection optical 
system PO made up of a reflection optical system which 
irradiates the EUV light EL reflected on the pattern surface 
of the reticle R in a direction perpendicular to the exposing 
surface of the wafer W, a wafer stage WST serving as a 
substrate stage for holding the wafer W, focus sensors (14a 
and 14b), and an alignment optical System ALG Serving as 
a mark detection System. 
0091. As shown in FIG. 2, the light source unit 12 is 
formed from a laser plasma light Source 16 and a part of the 
illumination optical system (PRM, IM, 30). The light source 
16 comprises, for example, a high-power laser 20 Such as a 
YAG laser which is a Semiconductor excited laser or an 
excimer laser. It also comprises a condenser lens 22 for 
condensing a laser beam L. from the high-power laser 20 to 
a predetermined condensing point, and an EUV light gen 
erating material 24 Such as a copper tape arranged at the 
condensing point. 
0092. The mechanism for generating EUV light will be 
briefly described below. When the EUV light generating 
material 24 that is disposed at the condensing point of the 
condenser lens 22 is irradiated with the laser beam L. from 
the high-power laser 20, the EUV light generating material 
24 is heated to a high temperature by the energy of the laser 
beam. The heated EUV light generating material 24 
becomes excited to a plasma State, thereby emitting the EUV 
light EL while transitioning to a low potential State. 
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0093. Since the EUV light EL emitted in this manner 
diverges in all directions, a parabolic mirror PRM is dis 
posed within the light Source unit 12 to condense the light. 
The EUV light EL is condensed and collimated by this 
parabolic mirror PRM. An EUV light reflecting layer for 
reflecting EUV light is formed on the inner surface of the 
parabolic mirror PRM, and a cooling device 26 is attached 
to the rear surface of the parabolic mirror PRM. A unit using 
a cooling liquid is preferably used as the cooling device 26 
(considering of the cooling efficiency of these types of 
units). The present invention, however, is not limited to this 
type of unit. The parabolic mirror PRM is preferably made 
of metal(considering the thermal conductivity of metals). It 
is known that, in the case where a multi-layer film formed 
by alternately depositing layers consisting of two different 
materials is used as the EUV light reflecting layer formed on 
the surface of the parabolic mirror PRM, only light having 
a specific wavelength is reflected. If, for example, Several 
ten layers consisting of molybdenum (Mo) and Silicon (Si) 
are coated, EUV light having a wavelength of about 13.4 nm 
is selectively reflected. With molybdenum and beryllium, 
EUV light having a wavelength of about 11.5 nm is 
reflected. Light having wavelengths that are not reflected are 
absorbed by the multilayer film and the like and converted 
into heat. As a consequence, the temperature of the parabolic 
mirror PRM rises. To cool the parabolic mirror PRM, the 
cooling device 26 is required. The EUV light collimated by 
the parabolic mirror PRM has a circular sectional shape 
perpendicular to the optical axis and is a collimated light of 
uniform intensity distribution. 

0094. The light source unit 12 further incorporates an 
illumination mirror IM for reflecting the collimated EUV 
light EL and deflecting it toward the deflection mirror M in 
FIG. 1. It also incorporates a wavelength selection window 
30 made of beryllium or the like. The wavelength selection 
mirror is disposed downstream (to the right side on the 
drawing surface of FIG. 2) of the illumination mirror IM in 
the traveling direction of the EUV light EL. As shown in 
FIG. 2, the illumination mirror IM has a curved Surface on 
the side where the EUV light EL is irradiated. On the curved 
Surface, a reflecting layer made of a multilayer film in which 
two different materials Selected in accordance with the 
wavelength of the EUV light EL (for example, several tens 
of molybdenum (Mo) and silicon (Si) layers) being alter 
nately deposited in layerS is formed. The illumination mirror 
IM is designed so that the EUV light reflected on this 
reflecting Surface focuses in the form of a long slit when 
irradiated on the reticle R. 

0095 The vertical direction within the drawing surface of 
FIG. 2 corresponds to a direction perpendicular to the 
longitudinal direction of an arcuated illumination area hav 
ing a predetermined area (an illumination area with a shape 
of a portion of the ring-shaped illumination area) which will 
be described later, upon illuminating the pattern Surface of 
the reticle R, which will also be described later. The focal 
plane of the illuminating light coincides with the pattern 
Surface of the reticle R. In this case, even though the pattern 
Surface of the reticle R is said to coincide with the focal 
plane, the light source of the EUV light EL has a finite size. 
The EUV light EL, therefore, has a width of about 1 mm to 
10 mm on the focal plane. Consequently, the EUV light EL 
is not too thin to illuminate the arcuated illumination area. 
A cooling device 28 identical to the cooling device 26 
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described above is arranged on the back Surface Side of the 
reflecting surface of the illumination mirror IM. 
0096. The wavelength selection window 30, in this case, 
is arranged for the purpose of cutting off visible light. The 
EUV reflecting film made of a multilayer film has a rela 
tively significant wavelength Selectivity near the wavelength 
of EUV light. The EUV reflecting film selectively reflects 
only light having a Specific wavelength used for exposure. 
However, visible light, ultraviolet light, and the like are 
Similarly reflected. In the case these light beams are guided 
to the reticle R or the projection optical system PO, the 
reticle R or the mirrors (to be described later) constituting 
the projection optical System PO generate heat due to the 
extra energy. Furthermore, in the worst case, the unneces 
sary light transferred onto the wafer W may result in 
deterioration of the image quality. For these reasons, the 
wavelength selection window 30 is used to prevent such 
inconveniences from occurring. 
0097 FIG. 3 shows a one sided view in the Y direction 
(the left side of FIG. 2) of the light source unit 12 in FIG. 
2. In FIG. 3, the deflection mirror M in FIG. 1 is located on 
the rear Side of the drawing Surface. Although the reflecting 
Surface of the illumination mirror IM is not shown in FIG. 
3, it has a rectangular shape when Viewed from the rear Side 
of the drawing surface of FIG. 3. That is, the reflecting 
surface of the illumination mirror IM is of a concave shape 
in FIG. 2 and of a rectangular shape in FIG. 3 which is a left 
Side View of this reflecting Surface. Accordingly, the reflect 
ing Surface has a similar shape as that of a portion of the 
cylindrical inner surface. In this case, the EUV light EL 
converges within the drawing surface of FIG. 2, but remains 
collimated within the drawing surface of FIG. 3, thus, the 
length in the lateral direction in FIG. 3 coincides with the 
length of the arcuated illumination area in the longitudinal 
direction. The light is Said to be collimated, however, Since 
the light Source has a finite size. AS described above, the 
Spatial coherency is not equal to Zero. 
0098. The reticle stage RST, although not shown in FIG. 
1, is actually arranged on a reticle Stage base 32 arranged 
along the X-Y plane and Supported by levitation above the 
reticle Stage base 32 with a magnetic levitation two-dimen 
Sional linear actuator 34, as shown in FIG. 4. The reticle 
stage RST is driven in the Y direction with predetermined 
Strokes by the magnetic levitation two-dimensional linear 
actuator 34, and is also finely driven in the X direction and 
the 0 direction (rotational direction around the Z-axis). In 
addition, the reticle stage RST can be finely driven in the Z 
direction and a direction inclined to the X-Y plane by the, 
magnetic levitation two-dimensional linear actuator 34. 
0099. A permanent magnet (not shown in Figs.) is 
arranged on the bottom portion of a peripheral portion of the 
reticle Stage RST. The magnetic levitation two-dimensional 
linear actuator 34 is formed from the permanent magnet and 
a coil 34a wound on the reticle stage base 32 in the X-Y 
two-dimensional directions. The position and posture of the 
reticle Stage RST in the Six-dimensional directions is con 
trolled by controlling the current flowing in the coil 34a with 
the main controller 80. 

0100. The reticle stage RST, as shown in the enlarged 
view of FIG. 4, comprises a reticle holder RH for holding 
the reticle R at a position opposite to the reticle Stage base 
32. It also comprises a stage body 35 for holding a peripheral 

Jun. 13, 2002 

portion of the reticle holder RH, and within the stage body 
35 a temperature control unit 36 is arranged on the rear 
surface side (upper surface side) of the reticle holder RH to 
control the temperature of the reticle holder RH. As the 
reticle holder RH, a reticle holder based on the electrostatic 
chucking method is used. This is due to the exposure 
illumination light being an EUV light EL. The exposure 
apparatus 10 of this embodiment, in practical use, is housed 
in a vacuum chamber (not shown in FigS.). Therefore, a 
reticle holder based on the vacuum chucking Scheme cannot 
be used. The reticle holder RH may be made of the same 
material as that used for a conventional DUV exposure 
apparatus, e.g., a low-expansion glass or a ceramic material. 
0101. On the reticle chucking surface of the reticle holder 
RH, a plurality of temperature Sensors 38 are arranged at 
predetermined intervals. The temperature Sensors 38 accu 
rately measure the temperature of the reticle R, and the 
temperature control unit 36 controls the temperature based 
on the measured results to maintain the temperature of the 
reticle R at a predetermined target value. As a cooling device 
Structuring the temperature control unit 36, a unit based on 
the liquid cooling method which introduces a cooling liquid 
through a flexible tube from the exterior can be employed. 
A unit based on a method of using an electronic element 
Such as a Peltier element, and a unit based on a Scheme of 
using a heat eXchanger Such as a heat pipe, or the like can 
also be used. 

0102 On one side surface of the reticle stage RST, in the 
Y direction, a reflecting surface 4.0a that is mirror-polished 
to reflect light of the visible range is formed. Although not 
shown in FIG. 4, one side surface of the reticle stage RST 
in the X direction is also mirror-polished to form a reflecting 
surface 40b for light in the visible range as is illustrated in 
FIG. 6. In the exposure apparatus 10, identical to the 
conventional exposure apparatus using the DUV light 
Source, the position of the reticle stage RST within the X-Y 
plane is controlled by an interferometer System which irra 
diates the reflecting surfaces 4.0a and 40b with measurement 
beams. This interferometer system will be described later in 
detail. 

0103) On the surface (pattern Surface) of the reticle R, a 
reflecting film for reflecting EUV light is formed. This 
reflecting film is a multilayer film formed by alternately 
depositing layers consisting of two different materials. In 
this case, a multilayer film made of molybdenum (Mo) and 
Silicon (Si) is used to form a reflecting film having a 
reflectivity of about 70% with respect to EUV light having 
a wavelength of about 13 nm. This reflecting film is coated 
with a material that absorbs EUV light, and then patterning 
is performed. Once patterning is performed on a reflecting 
Substance Such as a multilayer film, the pattern cannot be 
recovered in the case of a failure. In contrast, the method of 
forming an absorbing layer (absorbing film) and patterning 
it allows recovery of the patterning. Since most materials 
that exist do not reflect EUV light, they can be used as the 
absorbing layer. In this embodiment, as will be described 
later, laser interferometers (RIFZ1 to RIFZ3) are used to 
measure the Z-direction position of the reticle R. Hence, 
with respect to measurement beams (in the visible range) 
from these laser interferometers, an absorbing layer whose 
reflectivity is almost equal to that of the reflecting layer 
(reflecting film) is formed. In addition, the criteria for 
Selection of the material for this absorbing layer may 
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include, e.g., ease of patterning, adherence to the reflecting 
layer, the degree of age deterioration due to oxidation, and 
the like. 

0104 FIG. 5 shows an example of the reticle R. A 
rectangular area in the center of FIG. 5 is a pattern area PA. 
The arcuated region indicated by the hatching is an illumi 
nation area IA to be irradiated by the EUV light EL. In this 
case, exposure is performed by irradiating the arcuated 
illumination area So that the illumination is limited to an area 
in which the aberration of the projection optical system PO 
(to be described later) is a minimum. On the two end 
portions of the pattern area PA of the reticle R in the X 
direction, reticle alignment marks RM1 to RM6 are pro 
Vided as positioning markSat predetermined intervals along 
the Y direction. The reticle alignment marks RM1 and RM4, 
RM2 and RM5, and RM3 and RM6 are arranged substan 
tially along the X direction. 
0105. As is obvious from FIG. 5, when the arcuated 
illumination area IA is to be used, full exposure (static 
exposure) is not feasible, therefore, Scanning exposure is 
performed in this embodiment, as will be described later. 
0106 Since the reticle R has the reflecting layer formed 
on its Surface as described above, the material for the reticle 
R itself is not specifically limited. The reticle R may be made 
of the following material: low-expansion glass, Silica glass 
(e.g., ZERODURE available from Shot or ULE available 
from Corning), a ceramic material, a Silicon wafer, or the 
like. For example, a criterion for Selection of the material for 
the reticle R may be the desire to use the same material as 
that of the reticle holder RH. In such a case, although the 
reticle R and reticle holder RH undergo thermal expansion 
due to a temperature rise caused by irradiation with the 
exposure illumination light EL or the like, Since the two 
components are made of the Same material, the expansion 
amount is the Same. Therefore, the two components are 
unaffected by divergence forces (thermal stress). In case 
different materials are used for the reticle R and reticle 
holder RH, the same effect as described above can be 
obtained as long as the materials have the same linear 
expansivity. For example, a Silicon wafer may be used for 
the reticle R, and SiC (silicon carbide) may be used for the 
reticle holder RH. When the silicon wafer is used as a 
material for the reticle R process apparatus Such as a pattern 
drawing apparatus, a resist coating apparatus, and an etching 
apparatus can be used without any modifications. In this 
embodiment, for the reason above, the Silicon wafer is used 
as a material for the reticle R, and the reticle holder is made 
of SiC. 

0107 Referring back to FIG. 1, a movable blind 42 and 
a slit plate 44 Serving as a field Stop are arranged below the 
reticle R (on the EUV light incident side) adjacent to the 
reticle R. More specifically, in practice, the movable blind 
42 and slit plate 44 are arranged in the reticle Stage base 32, 
as shown in FIG. 4. 

0108. The slit plate 44 determines the arcuated illumina 
tion area IA, and can be fixed to the projection optical 
system PO. In this embodiment, however, the slit plate 44 is 
driven by a driving mechanism 46 Serving as a Switching 
mechanism including a motor and the like. FIG. 7 is a plan 
View illustrating the slit plate 44 and the driving mechanism 
46. The slit plate 44 has a first slit 44a for determining the 
arcuated illumination area (first illumination area) IA on the 
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reticle R which is irradiated with the EUV light EL as 
exposure illumination light. It also has a Second Slit 44b for 
determining a Second illumination area where portions cor 
responding to the alignment marks RM1 and RM4 (RM2 
and RM5 or RMS and RM3) provided on the two sides of 
the pattern area PA of the reticle R, are irradiated with the 
exposure illumination light EL. The driving mechanism 46 
comprises a motor 46A, a feed screw 46C coupled to the 
output shaft of the motor via a coupling 46B, and a control 
unit 46D for the motor 46A. The feed Screw 46C is screwed 
together with a nut portion (not shown) projecting vertically 
from the slit plate 44 on the rear side of the drawing surface 
of FIG. 7. The feed screw 46C is rotably driven by the 
rotation of the motor 46A, and as a consequence, the Slit 
plate 44 is driven in the axial direction (Y direction) of the 
feed screw 46C. The control unit 46D of the driving mecha 
nism 46 Switches the slit plate 44 in accordance with 
instructions from the main controller 80 which is to be 
described later (see FIG. 10). Based on the instructions, the 
slit plate 44 is set to the first position so that the first slit 44a 
is irradiated with the exposure illumination light EL upon 
exposure. And when positioning (alignment) of the reticle R 
is performed, the Slit plate 44 is Set to the Second position 
where the second slit 44b is irradiated with the exposure 
illumination light EL. Alternatively, the slit plate 44 may be 
driven by, for example, a linear motor instead of the feed 
Screw mechanism. 

0109 Referring back to FIG. 4, the movable blind 42 is 
arranged to prevent a redundant circuit pattern drawn on the 
same reticle R from being included in the illumination area 
IA and transferred onto the wafer W. In this embodiment, in 
accordance with instructions from the main controller 80 
(see FIG. 10), the control unit 46D of the driving mecha 
nism 46 controls the movement of the movable blind 42 in 
the Y direction synchronously with the movement of the 
reticle stage RST in the Y direction. In this case, the 
movement of the movable blind 42 may be identical to that 
of the reticle R, starting after the Scanning of the reticle R 
has started or before the Scanning of the reticle. In the latter 
case, acceleration can be Suppressed. Alternatively, the mov 
able blind 42 may start moving as the target pattern to be 
hidden Starts crossing the illumination area. 
0110 Referring back to FIG. 1, as described above, as 
the projection optical System PO, the reflection optical 
System structured of only reflection optical elements (mir 
rors) is employed, and a System having a projection mag 
nification of 4 is used. Accordingly, the EUV light EL that 
is reflected by the reticle R and contains the pattern infor 
mation formed on the reticle R, is reduced to 4 by the 
projection optical System PO and irradiated onto the wafer 
W. 

0111. The projection optical system PO will be described 
in more detail in reference to FIG. 8. As shown in FIG. 8, 
the projection optical system PO includes a total of four 
mirrors (reflection optical elements) for Sequentially reflect 
ing the EUV light EL reflected by the reticle R. i.e., a first 
mirror M1, second mirror M2, third mirror M3, and fourth 
mirror M4, and a lens barrel PP to hold these mirrors M1 to 
M4. The first and fourth mirror M1 and M4 have aspherical 
reflecting Surfaces, the Second mirror M2 has a plane reflect 
ing Surface and the third mirror M3 has a spherical reflecting 
Surface. Each reflecting Surface is formed with a finishing 
accuracy of no more than /SO to "/60 of an exposure wave 
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length with respect to the designed value, with only a slight 
error being no more than 0.2 nm to 0.3 nm in terms of the 
RMS value (standard deviation). Each mirror is made of low 
expansion glass or a metal, and like the reticle R, a reflecting 
layer for EUV light is formed on the surface of each mirror 
by using a multilayer film obtained by alternately depositing 
layers formed of two different materials. 

0112) In this case, as shown in FIG. 8, a hole is formed 
in the fourth mirror M4 allowing the light reflected by the 
first mirror M1 to reach the second mirror M2. Likewise, a 
hole is formed in the first mirror M1 to allow light reflected 
by the fourth mirror M4 to reach the wafer W. Obviously, 
each mirror may be shaped to have a notched portion 
(instead of a hole) through which a light beam can pass. 
0113. Since the projection optical system PO is arranged 
in a vacuum environment, the heat generated by irradiation 
of exposure illumination light cannot be released. In this 
embodiment, therefore, the mirrors MI to M4 held by the 
lens barrel PP are connected via the heat pipe HP, and a 
cooling device is arranged to cool the lens barrel PP. More 
specifically, the lens barrel PP has a double-layer structure 
formed by a mirror holding portion 50 formed on the inner 
Side, and a cooling jacket 52 mounted on the outer circum 
ferential portion of the mirror holding portion 50. Arranged 
in the cooling jacket 52, cooling liquid flows from an inlet 
helical pipe 58 through a tube 54 to an outlet tube 56. In this 
case, cooling water is used as the cooling liquid. The cooling 
water circulates, flowing out from the cooling jacket 52 Via 
the outlet tube 56, and exchanges heat with the refrigerant in 
a refrigerating device (not shown in FigS.). There, it is 
cooled off to a predetermined temperature. The cooling 
water then flows into the cooling jacket 52 via the inlet tube 
54. 

0114 With the projection optical system PO of this 
embodiment, therefore, even if thermal energy is applied to 
the mirrors M1, M2, M3, and M4 due to irradiation of the 
exposure illumination light(EUV light) EL, the mirrors M1, 
M2, M3, and M4 are maintained at a predetermined tem 
perature by the heat exchange with the lens barrel PP which 
is adjusted to the predetermined temperature by the heat pipe 
HP. In Such a case, according to this embodiment, as shown 
in FIG. 8, the heat pipe HP is bonded to the surface sides 
(reflecting surface sides) of the mirrors M1, M2, M4, and the 
like, where the exposure illumination light does not irradi 
ate, as well as their rear Surface Sides. This allows the 
respective mirrors to be effectively cooled, in comparison 
with the Situation when only the rear Surface Sides are 
cooled. The heat pipe HP on the rear surface side of the third 
mirror M3 and the Surface side of the first mirror M1 reach 
the inner Surface of the lens barrel PP in the direction of 
depth of the drawing surface. The exterior of the lens barrel 
PP is in the shape of a quadrilateral prism, as shown in FIG. 
6. 

0115 Referring back to FIG. 1, the wafer stage WST is 
placed on a wafer Stage base 60 arranged along the X-Y 
plane, and is Supported by levitation above the wafer Stage 
base 60 by a magnetic levitation two-dimensional linear 
actuator 62. This wafer stage WST is driven by the magnetic 
levitation two-dimensional linear actuator 62 with predeter 
mined strokes in the X and Y directions, and is also finely 
driven in the 0 direction (rotational direction around the Z 
axis). In addition, the wafer stage WST is structured so that 
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it may be finely driven in the Z direction and a direction 
inclined to the X-Y plane by the magnetic levitation two 
dimensional linear actuator 62. 

0116. On the bottom surface of the wafer stage WST, a 
permanent magnet (not shown in FigS.) is arranged. The 
magnetic levitation two-dimensional linear actuator 62 is 
configured by this permanent magnet and a coil (not shown 
in Figs.) wounded on the wafer stage base 60 in the X and 
Y, two-dimensional directions. The position and posture of 
the wafer stage WST in the six-dimensional directions is 
controlled by controlling the current flowing in the coil with 
the main controller 80 (to be described later). 
0117. A wafer holder (not shown in Figs.) is mounted on 
the upper surface of the wafer stage WST by electrostatic 
chucking, holding the wafer W chucking. Furthermore, on 
the other side in the Y direction in FIG. 1A, the side Surface 
of the wafer stage WST is mirror-polished to form a reflect 
ing surface 74a for light in the visible range. Omitted in 
FIG. 1, on one side in the X direction, a side Surface of the 
wafer stage WST is also mirror-polished to form a reflecting 
surface 74b for light in the visible range as in FIG. 6. With 
the exposure apparatus 10, the positions of the reflecting 
surfaces 74a and 74b relative to the projection optical 
System PO are accurately measured by an interferometer 
system which irradiates the reflecting surfaces 74a and 74b 
with measurement beams. This interferometer system will 
be described later. 

0118. On one end portion of the upper surface of the 
wafer stage WST, an aerial image sensor FM (see FIG. 1) 
is arranged. This aerial image Sensor FM Serves as a position 
detection System when measuring, for example, the posi 
tional relationship between the projecting position of the 
pattern drawn on the reticle R on the wafer W and the 
position of the alignment optical System ALG (a so-called 
“baseline measurement”). The aerial image sensor FM cor 
responds to a reference mark plate in a conventional DUV 
eXposure apparatuS. 

0119 FIGS. 9(A) and 9(B) are, respectively, a plan view 
and longitudinal Sectional view of the aerial image Sensor 
FM. AS shown in these drawings, on the upper Surface of the 
aerial image sensor FM, slits SLT1 and SLT2 are formed as 
openings. These slits SLT1 and SLT2 are formed by pat 
terning an EUV light reflecting layer 64 formed on the 
Surface of a fluorescent material 63 fixed on the upper 
surface of the wafer stage WST and having a predetermined 
thickness. Alternatively, an EUV light absorbing layer may 
be formed instead of the reflecting layer 64, and openings 
may be formed on the absorbing layer. 
0120 Below the slits SLT1 and SLT2, openings 66a and 
66b are formed on the top surface plate of the wafer stage 
WST. In the interior of the wafer stage WST, arranged 
opposing the openingS 66a and 66b, photoelectric conver 
sion devices PM Such as photomultipliers are respectively 
arranged. Accordingly, the EUV light EL irradiated on the 
aerial image Sensor FM from above via the projection 
optical system PO transmits through the slits SLT1 and SLT2 
and reaches the fluorescent material 63. This causes the 
fluorescent material 63 to emit light having a wavelength 
longer than the EUV light. This light is received by the 
photoelectric conversion devices PM, and is converted into 
electrical Signals corresponding to the intensity of the light. 
The output Signals from the photoelectric conversion 
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devices PM are also supplied to the main controller 80. The 
positional relationship of the slits SLT1 and SLT2 almost 
corresponds to the positional relationship of the reticle 
alignment marks RM1 and RM4 (RM2 and RM5 or RM3 
and RM6) arranged on the reticle R along the X direction. 
In reticle alignment (to be described later), the reticle 
alignment marks RM1 and RM4 can be simultaneously 
measured through the slits SLT1 and SLT2. 
0121 Next, the configuration of an interferometer system 
70 (see FIG. 10) for measuring the positions of the reticle 
stage RST and wafer stage WST will be described in detail, 
in reference to FIG. 6. FIG. 6 representatively shows the 
corresponding laser interferometer by using the measure 
ment axis of each laser interferometer. 

0122) The interferometer system 70 comprises four laser 
interferometers RIFX1, RIFX2, RIFY1, and RIFY2 for 
measuring the position of the reticle stage RST within the 
X-Y plane, and four laser interferometers WIFX1, WIFX2, 
WIFY1, and WIFY2 for measuring the position of the wafer 
stage WST within the X-Y plane. 

0123 The interferometer RIFY1 projects a measurement 
beam RIFY1M on the reflecting surface 4.0a of the reticle 
stage RST, and also projects a reference beam RIFY1R on 
a fixed mirror (reference mirror) 72a (see FIG. 1) attached 
to the lens barrel PP of the projection optical system PO. The 
interferometer RIFY1 then receives the respective reflected 
light beams to measure the relative position of the reticle 
stage RST in the Y direction with respect to the fixed mirror 
72a at the projection position of the measurement beam 
RIFY1M. 

0.124. Similarly, the interferometer RIFY2 projects a 
measurement beam RIFY2M on the reflecting surface 4.0a of 
the reticle Stage RST, and also projects a reference beam 
RIFY2R on the fixed mirror (reference mirror) 72a (see 
FIG. 1) attached to the lens barrel PP of the projection 
optical system PO. The interferometer RIFY2 then receives 
the respective reflected beams to measure the relative posi 
tion of the reticle stage RST in the Y direction with respect 
to the fixed mirror 72a at the projection position of the 
measurement beam RIFY2M. 

0.125 The center of the irradiation positions of the two 
measurement beams RIFY1M and RIFY2M of the two 
interferometers RIFY1 and RIFY2 coincides with the center 
of the illumination area IA (the center of the reticle R in the 
X direction). Therefore, the average of the measurement 
values obtained by these two interferometers provides the 
Y-direction position of the reticle stage RST. The value 
obtained by dividing the difference of the two measurement 
values by the distance between the interferometer axes 
provides the rotational angle (denoted by C.1 in this case) of 
the reticle stage RST. The measurement values obtained by 
these interferometers RIFY1 and RIFY2 are sent to the main 
controller 80, and the main controller 80 calculates the 
average and rotational angle C1 as described above. 
0126. Also, the interferometer RIFX1 projects a measure 
ment beam RIFX1M on the reflecting surface 40b of the 
reticle Stage RST, and also projects a reference beam 
RIFX1R on a fixed mirror (reference mirror) 72b attached to 
the lens barrel PP of the projection optical system PO. The 
interferometer RIFX1 then receives the respective reflected 
light beams to measure the relative position of the reticle 
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stage RST in the X direction with respect to the fixed mirror 
72b at the projection position of the measurement beam 
RIFX1M. 

0127. Similarly, the interferometer RIFX2 projects a 
measurement beam RIFX2M on the reflecting surface 40b of 
the reticle Stage RST, and also projects a reference beam 
RIFX2R on the fixed mirror (reference mirror) 72b attached 
to the lens barrel PP of the projection optical system PO. The 
interferometer RIFX2 then receives the respective reflected 
beams to measure the relative position of the reticle Stage 
RST in the X direction with respect to the fixed mirror 72b 
at the projection position of the measurement beam 
RIFX2M. 

0128. The center of the irradiation positions of the two 
measurement beams RIFX1M and RIFX2M from the two 
interferometers RIFX1 and RIFX2 coincides with the center 
of the illumination area IA (see a point P2 in FIG. 5). 
Therefore, the average of the measurement values obtained 
by these two interferometers provides the X-direction posi 
tion of the reticle stage RST. The value obtained by dividing 
the difference of the two measurement values by the distance 
between the interferometer axes provides the rotational 
angle (denoted by C2 in this case) of the reticle stage RST. 
The measurement values obtained by these interferometers 
RIFX1 and RIFX2 are sent to the main controller 80, and the 
main controller 80 calculates the average and rotational 
angle C2 as described above. In this case, the main controller 
80 calculates one of the rotational angles C1 and C2 or an 
average value (C.1+C2)/2, as the rotational angle of the 
reticle stage RST in the 0 direction. 

0129. The interferometer WIFY1 projects a measurement 
beam WIFYLM on the reflecting surface 74a of the wafer 
stage WST, and also projects a reference beam WIFY1R on 
a fixed mirror (reference mirror) 76a attached to the lens 
barrel PP of the projection optical system PO. The interfer 
ometer WIFY1 receives the respective reflected beams to 
measure the relative position of the wafer stage WST in the 
Y direction with respect to the fixed mirror 76a at the 
projection position of the measurement beam WIFY1M. 

0130. Similarly, the interferometer WIFY2 projects a 
measurement beam WIFY2M on the reflecting surface 74a 
of the wafer stage WST, and also projects a reference beam 
WIFY2R on the fixed mirror (reference mirror) 76a attached 
to the lens barrel PP of the projection optical system PO. The 
interferometer WIFY2 receives the respective reflected 
beams to measure the relative position of the wafer Stage 
WST in the Y direction with respect to the fixed mirror 76a 
at the projection position of the measurement beam 
WIFY2M. 

0131 The center of the irradiation positions of the two 
measurement beams WIFY1M and WIFY2M of the two 
interferometers WIFY1 and WIFY2 coincides with the cen 
ter of an arcuated exposure area SA (see FIG. 11) on the 
wafer which corresponds to the illumination area IA. There 
fore, the average of the measurement values obtained by 
these two interferometers provides the Y-direction position 
of the wafer stage WST. The value obtained by dividing the 
difference of the two measurement values by the distance 
between the interferometer axes provides the rotational 
angle (denoted by B1 in this case) of the wafer stage WST. 
The measurement values obtained by these interferometers 
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WIFY1 and WIFY2 are sent to the main controller 80, and 
the main controller 80 calculates the above average and 
rotational angle B1. 
0132) The interferometer WIFX1 projects a measurement 
beam WIFX1M on the reflecting surface 74b of the wafer 
stage WST, and also projects a reference beam WIFX1R on 
a fixed mirror (reference mirror) 76b attached to the lens 
barrel PP of the projection optical system PO. The interfer 
ometer WIFX1 then receives the respective reflected light 
beams to measure the relative position of the wafer Stage 
WST in the X direction with respect to the fixed mirror 76b 
at the projection position of the measurement beam 
WIFX1M. 

0133). Similarly, the interferometer WIFX2 projects a 
measurement beam WIFX2M on the reflecting surface 74b 
of the wafer stage WST, and also projects a reference beam 
WIFX2R on the fixed mirror (reference mirror) 76b attached 
to the lens barrel PP of the projection optical system PO. The 
interferometer WIFX2 then receives the respective reflected 
beams to measure the relative position of the wafer Stage 
WST in the X direction with respect to the fixed mirror 76b 
at the projection position of the measurement beam 
WIFX2M. 

0134) The center of the irradiation positions of the two 
measurement beams WIFX1M and WIFX2M of the two 
interferometers WIFX1 and WIFX2 coincides with the cen 
ter of the exposure area SA which corresponds to the 
illumination area IA. Therefore, the average of the measure 
ment values obtained by these two interferometers provides 
the X-direction position of the wafer stage WST. The value 
obtained by dividing the difference of the two measurement 
values by the distance between the interferometer axes 
provides the rotational angle (denoted by f2 in this case) of 
the wafer stage WST. The measurement values obtained by 
these interferometers WIFX1 and WIFX2 are sent to the 
main controller 80, and the main controller 80 calculates the 
average and rotational angle B2 . The main controller 80 
calculates one of the rotational angles B1 and 32 or an 
average value (B1+B2)/2, as the rotational angle of the wafer 
stage WST in the 0 direction. 
0135) This embodiment, although not shown in Figs., 
further includes pitching interferometers and rolling inter 
ferometers for measuring pitching and rolling of the reticle 
stage RST and wafer stage WST. The main controller 80 
calculates the pitching and rolling of the wafer stage WST 
and reticle Stage RST based on the measurement values 
obtained by these interferometers. 
0136. Referring back to FIG. 1, on the lens barrel PP of 
the projection optical System PO, which measurement of all 
the eight interferometers described above is based on, a 
reticle Surface measurement laser interferometer RIFZ is 
arranged to measure the Z-direction position of the reticle R. 
In practice, as is shown in FIG. 6, three laser interferometers 
RIFZ1, RIFZ2, and RIFZ3 are arranged at predetermined 
intervals and fixed to the lens barrel PP, however, as in FIG. 
1 (and FIG. 4), these interferometers are represented as the 
laser interferometer RIFZ. 

0.137 Measurement beams from these laser interferom 
eters RIFZ1 to RIFZ3 are projected via an optical path in the 
Z direction onto the pattern Surface of the reticle R (See 
FIGS. 1 and 4 for reference). The beams pass through three 
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different points of the irradiation area of the exposure 
illumination light EL, i.e., the arcuated illumination area IA, 
respectively the center of the incident optical path and exit 
optical path (reflection optical path) of the exposure illumi 
nation light EL. The illumination light EL is irradiated via 
the deflection mirror M at a predetermined incident angle 0. 
Thus, the beams of the laser interferometers RIFZ1, RIFZ2 
and RIFZ3 do not affect the illumination light EL entering 
the pattern Surface of the reticle at a predetermined incident 
angle 0 and having the Same outgoing angle as of the 
incident angle, nor are interfered by the illumination light 
EL. And, a highly precise measurement of the Z-direction 
position of the reticle R, e.g., a precision of no more than 
Several nm to 1 nm) becomes possible. 
0138. As for the laser interferometers RIFZ1, RIFZ2 and 
RIFZ3, a type of interferometer with a built-in reference 
mirror (not shown in Figs.) is used. The position of the 
reference mirror is used as a reference to respectively 
measure the Z-direction position of the irradiation position 
of a measurement beam on the reticle R. In this case, the 
laser interferometer RIFZ1 projects a measurement beam in 
the illumination area IA in FIG. 5 at the position of a point 
P1. The laser interferometer RIFZ2 projects a measurement 
beam at the position of a point P2, and the laser interfer 
ometer RIFZ3 projects a measurement beam at the position 
of a point P3. The point P2 is located at the center of the 
illumination area IA, i.e., a point that is located on the 
central axis of the pattern area PA in the X direction and on 
the central point of the illumination area IA in the Y 
direction. The points P1 and P3 are located at positions 
Symmetrical to the central axis. 

0.139. The measurement values obtained by these three 
laser interferometers RIFZ1 to RIFZ3 are input to the main 
controller 80 (see FIG. 10). The main controller 80 corrects 
the Z position and tilt (pitching and rolling) of the reticle 
Stage RST, i.e., the reticle R, through the magnetic levitation 
type two-dimensional linear actuator 34 based on these 
measurement values, as will be described later. 

0140. As described above, this embodiment includes the 
pitching and rolling interferometers for measuring the pitch 
ing and rolling of the reticle Stage RST in addition to the 
laser interferometers RIFZ for reticle Surface measurement. 
In order to control the pitching and rolling of the reticle R 
(reticle stage RST) more accurately, the main controller 80 
may correct errors (which are negligible) due to the uneven 
neSS of the reticle pattern Surface based on the measurement 
values obtained by both of the laser interferometers RIFZ1 
to RIFZ3 and the pitching and rolling interferometers. 

0141. The Z-direction position of the wafer W with 
reference to the lens barrel PP is measured by a focus sensor 
14 based on an oblique incident light method, fixed to the 
projection optical system PO. As shown in FIG. 1, this focus 
Sensor 14 is made up of a light-transmittance element 14a 
fixed to a column (not shown in FigS.) which Supports the 
lens barrel PP and obliquely irradiates a detection beam FB 
onto the Surface of the wafer W, and a light-receiving 
element 14b also fixed to the column (not shown in Figs.) 
and receiving the detection beam FB reflected by the surface 
of the wafer W. As this focus sensor, for example, the 
multi-point focal position detection System disclosed in 
Japan Patent Laid Open No. 06-283403 and U.S. Pat. No. 
5,448,332 corresponding thereto are used, and the above 
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cited disclosures being fully incorporated herein by refer 
ence. It is essential to integrally fix this focus Sensor 14 (14a, 
14b) to the lens barrel PP. 
0142. As is obvious from the description above, in this 
embodiment, the positions of the reticle R in the three 
dimensional directions, i.e., the X, Y, and Z directions, are 
measured in reference to the lens barrel PP of the projection 
optical system PO. In addition, the positions of the wafer W 
in the three-dimensional directions, i.e., the X, Y, and Z 
directions, are measured in reference to the lens barrel PP of 
the projection optical System PO. For this reason, the same 
Support member does not have to Support the projection 
optical System PO, the reticle Stage RST, and the wafer Stage 
WST, and they may be respectively supported by different 
members. That is, the projection optical System PO, reticle 
stage RST, and wafer stage WST do not require mechanical 
contact with each other at all. The main bodies of the 
respective interferometers Structuring the interferometer 
System 70, as described above, also measure in reference to 
the fixed mirrors respectively attached to the lens barrel PP. 
The interferometers, therefore, do not require mechanical 
contact with the projection optical System PO, the reticle 
stage RST, and the wafer stage WST. 
0143 Furthermore, in this embodiment, the alignment 
optical System ALG is fixed to a side Surface of the projec 
tion optical system PO, as shown in FIG. 1. As this 
alignment optical System ALG, various types of devices can 
be used. These include an image forming alignment Sensor 
for irradiating an alignment mark (or aerial image Sensor 
FM) on the wafer W with broadband light and receiving the 
reflected light So as to perform mark detection by an image 
processing method, an LIA (Laser Interferometer Align 
ment) Sensor for irradiating a lattice mark with a laser beam 
and detecting diffracted light, and a Scanning probe micro 
scope such as an AFM (Atomic Force Microscope). In this 
case, an image forming alignment Sensor incorporating a 
focus detection System based on an image processing 
method is used as the alignment optical System ALG. Such 
an image forming alignment Sensor incorporating a focus 
detection System is disclosed in, for example, Japan Patent 
Laid Open No. 07-321030 and U.S. Pat. No. 5,721,605 
corresponding thereto. The above disclosures are fully incor 
porated herein by reference. 
014.4 FIG. 10 is a block diagram schematically showing 
the configuration of a control System related to position and 
posture control on the wafer W (wafer stage WST) and the 
reticle R (reticle stage WST) as described earlier. In the 
control system shown in FIG. 10, the main controller 80 is 
made from a microcomputer (or workstation) which incor 
porates a memory (RAM) 81 that serves as a storage unit. In 
this embodiment, the main controller 80 and magnetic 
levitation type two-dimensional linear actuators 34 and 62 
form a driving unit. 
0145 Next, the exposure operation of the exposure appa 
ratuS 10 according to the first embodiment, having the 
structure above, will be described. The layers to be exposed, 
in this case, are the Second layer and higher. 
0146 First, the reticle transfer system (not shown in 
Figs.) transfers the reticle R, and the reticle holder RH holds 
the reticle by Suction on the reticle stage RST which is at the 
loading position. Furthermore, a wafer transfer System (not 
shown in Figs.) mounts the wafer W on the wafer stage WST 
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by a wafer loading/unloading mechanism (not shown in 
Figs.). When these preparations are completed, the Sequence 
shown in the flow chart of FIG. 12 starts. 

0147 Step 100 
0.148 First, the main controller 80 detects the position of 
a wafer alignment mark (one or a plurality of marks for one 
shot) which is predetermined on the sample target. The 
wafer alignment marks are arranged in each shot region of 
the wafer W on the wafer stage WST by using the alignment 
optical System ALG while Sequentially moving the wafer 
Stage WST. During this mark position detection, the main 
controller 80 translates the Z position of the surface of the 
wafer W to the focal position of the alignment optical System 
ALG. Upon completing the detection of the positions of the 
wafer alignment marks of the Sample shots, the main con 
troller 80 calculates the array coordinates of all the shot 
regions on the wafer W. This is performed by a statistical 
technique using the least Square method which is disclosed 
in, e.g., Japan Patent Laid Open No. 61-44429 and U.S. Pat. 
No. 4,780,617 corresponding thereto, using these data (this 
alignment method will be referred to as “EGA (Enhanced 
Global Alignment)" hereinafter). Alternatively, by using the 
position detection data as described above of a plurality of 
wafer alignment marks in a shot area, the main controller 80 
can calculate the array coordinates in all shot areas, and the 
deformation amounts, including the magnification of each 
shot area on the wafer W, by a Statistical technique using the 
least Square method, which is disclosed in, e.g., Japan Patent 
Laid Open No. 06-275496 and U.S. patent application Ser. 
No. 569,400 (application date: Dec. 8, 1995) corresponding 
thereto, (this alignment method will be referred to as “in 
shot multiple point EGA" hereinafter). The above disclo 
Sures are fully incorporated herein by reference. 
0149 Step 102 
0150. When alignment measurement is completed as 
described above, a shot magnification change (X and Y 
Scaling) is calculated based on the shot pitch obtained by the 
above EGA or the shot size by the above in-shot EGA. In 
accordance with the shot magnification change, the main 
controller 80 calculates the control amount of projection 
magnification So as to precisely match the size of a reticle 
pattern image in the X direction (Second direction) onto a 
shot area on the wafer W. That is, the main controller 80 
calculates the driving amount of the reticle R in the Z 
direction, and drives the reticle R through the magnetic 
levitation type two-dimensional linear actuator 34 in the Z 
direction (vertical direction) based on the calculation. For 
example, if a reticle pattern image is to be enlarged by 10 
ppm from the predetermined magnification, the reticle R is 
driven in a direction away from the projection optical System 
PO by 40 um. 
0151 Step 104 
0152. As the reticle R is driven in the Z direction as 
described above, the projection magnification changes. Fur 
thermore, a positional Shift of the projection area of the 
reticle pattern image occurs. For this reason, in Step 104, the 
main controller 80 performs a baseline measurement and a 
projection magnification measurement as follows. 

0153. The main controller 80 switches the slit plate 44 
through the driving mechanism 46 to a position (Second 
position) So the exposure illumination light EL can irradiate 
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the second slit 44b. The main controller 80 then controls the 
position of the wafer stage WST and the reticle stage RST 
through the magnetic levitation two-dimensional linear 
actuators 62 and 34. The reticle alignment marks RM1, 
RM4, RM2, RM5, RM3, and RM6 on the reticle are 
Sequentially irradiated two at a time with the exposure 
illumination light EL. In addition, the main controller 80 
detects the projection images of the reticle alignment marks 
RM1, RM4, RM2, RM5, RM3, and RM6 on the wafer W 
through the slits SLT1 and SLT2 of the aerial image sensor 
FM. The projection position of the reticle pattern image on 
the wafer W is thereby calculated, that is, the main controller 
80 performs the reticle alignment. In detecting the projection 
images for this reticle alignment using the aerial image 
sensor FM, the main controller 80 indicates that the focus 
sensor 14 should be moved by an offset corresponding to the 
Z-direction driving amount of the reticle R. This shifts the 
Surface of the aerial image Sensor FM to the focal position 
of the projection optical System PO So as to prevent the 
images obtained by the aerial image Sensor FM from being 
blurred by the reticle R being driven in the Z-direction. More 
specifically, when the main controller 80 drives the reticle R 
in a direction away from the projection optical System PO by 
40 um, the projection magnification is 4, and therefore the 
main controller 80 instructs the focus sensor 14 that an offset 
of 40x/16=2.5 um is appropriate. Based on the output from 
the focus sensor 14, the main controller 80 performs feed 
back control via the magnetic levitation two-dimensional 
linear actuator 62 and drives the wafer W closer to the 
projection optical system PO by 2.5 lim. 
0154) The main controller 80 then moves the wafer stage 
WST using the magnetic levitation two-dimensional linear 
actuator 62 to position the slit SLT1 or SLT2 of the aerial 
image Sensor FM directly below the alignment optical 
system ALG. The Z position of the surface of the aerial 
image Sensor FM is also adjusted to the focal position of the 
alignment optical System ALG. Then, based on the detection 
Signals of the alignment optical System ALG and the mea 
Surement results of the interferometer 70, the main controller 
80 indirectly calculates the positional relationship between 
the alignment optical System ALG and the pattern image of 
the reticle R to be projected on the wafer W. That is, the 
baseline amount is calculated, and the calculation results 
stored in the memory 81. Furthermore, another reference 
mark may be formed at the midpoint in between the slits 
SLT1 and SLT2 of the aerial image sensor FM and the 
baseline amount can be calculated by detecting this refer 
ence mark with the alignment optical System ALG. In Such 
a case, an almost accurate baseline amount can be calculated 
based on the detection results obtained by the alignment 
optical System ALG and the designed value of the baseline 
amount. 

O155 In the reticle alignment described above in step 
104, the main controller 80 calculates the projection mag 
nification based on the distance between the projection 
images of the reticle alignment marks RM1 and RM4 (RM2 
and RM5 or RM3 and RM6) on the wafer W. The reticle 
alignment marks are respectively detected through the Slits 
SLT1 and SLT2 of the aerial image sensor FM, and arranged 
Side by Side on the reticle R in the non-Scanning direction. 
0156 Step 106 
0157. In step 106, the main controller 80 checks, with 
respect to the target magnification adjustment amount (10 
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ppm in the case described above), whether the adjustment 
residual error of the projection magnification is equal to or 
less than the permissible value (e.g., 0.2 ppm). This is based 
on the magnification measurement results in Step 104. If the 
decision is negative in Step 106, that is, if the adjustment 
residual error of the projection magnification exceeds the 
permissible value, the main controller 80 returns to step 102 
to reset the projection magnification. Upon re-driving the 
reticle R in the Z-direction, the main controller 80 repeats 
the process and decision described above. If the decision is 
affirmative, i.e., the adjustment residual error of the projec 
tion magnification is equal to or less than the permissible 
value, the main controller 80 switches the slit plate 44 via the 
driving mechanism 46 to the position (first position) where 
the first slit 44a is irradiated with the exposure illumination 
light EL. After completing the Switching, the process goes 
on to step 108. 
0158 Step 108 
0159. In step 108, the main controller 80 performs an 
exposure based on the Step-and-Scan method by using EUV 
light as the exposure illumination light EL as follows. In 
accordance with the positional information of each shot 
region on the wafer W calculated as described above, the 
main controller 80 positions the wafer stage WST via the 
magnetic levitation two-dimensional linear actuator 62 to 
the Scanning Starting position of the first shot. During the 
positioning, the positional information from the interferom 
eter system 70 is monitored, and the reticle stage RST is also 
shifted to the Scanning Starting position via the magnetic 
levitation two-dimensional linear actuator 34. Thus, Scan 
ning exposure of the first shot is performed. In the Scanning 
exposure, the main controller 80 controls the speed of the 
reticle stage RST and wafer stage WST through the mag 
netic levitation two-dimensional linear actuators 34 and 62. 
The Speed of both Stages are controlled by the main con 
troller 80, so that the velocity ratio between the reticle stage 
RST and the wafer stage WST coincides with the projection 
magnification of the projection optical System PO, and 
exposure (transfer of the reticle pattern) is performed in a 
State where the Velocity ratio of both Stages is Synchronously 
isochronal. Although the reticle R vertically moves upon 
Scanning, this movement is monitored by the interferometer 
RIFZ and the movement of the reticle stage is controlled in 
order to maintain the Z position and tilt of the reticle R at the 
initial position. That is, the movement of the reticle Stage 
RST is controlled to maintain the magnification residual 
error equal to or less than the permissible value. Thus, the 
projection magnification of the reticle pattern image in the 
Scanning direction (first direction) during Scanning exposure 
can be controlled. When Scanning exposure of the first shot 
is completed, a stepping operation between shots is then 
performed to move the wafer stage WST to the scanning 
Starting position of the Second shot. Scanning eXposure of 
the Second shot is performed in the same manner as 
described above. In this case, in order to increase the 
throughput by omitting the operation of returning the reticle 
Stage RST to the Starting position, the Scanning direction of 
exposure of the first and Second shots is reversed. More 
Specifically, when exposure of the first shot is performed 
from one side to the other side on the Y-axis, exposure of the 
second shot is performed from the other side to back to the 
one side. That is, alternate Scanning is performed. Stepping 
operations between shots and Scanning exposure of shots are 
thus repeated, and the pattern of the reticle R is transferred 
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onto all the shot areas on the wafer W by the step-and-scan 
method. FIG. 11 shows a state wherein the reticle pattern is 
transferred onto a plurality of shot areas S on the wafer W 
in this manner. In the case shown in FIG. 11, the number of 
shots Set within one row is Set to an even or odd number, 
appropriately So as to effectively Secure shots in a perfect 
shape on one wafer. 

0160 AS described above, the exposure apparatus 10 
completes the Series of Steps in processing a wafer W. 
0.161 During the Scanning exposure or alignment 
described earlier, the focus sensor (14a, 14b) integrally 
mounted on the projection optical System PO measures the 
distance between the Surface of the wafer W and the 
projection optical system PO and the tilt in the X-Y plane. 
Furthermore, the main controller 80 controls the wafer stage 
WST via the magnetic levitation two-dimensional linear 
actuator 62 to always maintain the distance and tilt between 
the Surface of the wafer W and the projection optical system 
PO constant. The Z position target value of the surface of the 
wafer W, however, is set to the focal position of the 
projection optical System PO during Scanning exposure, and 
to the focal position of the alignment optical System ALG 
during alignment. 

0162 The main controller 80 synchronously moves the 
reticle stage RST and wafer stage WST along the Y-axis 
direction while adjusting the position of the reticle R in the 
optical axis direction (Z-direction) of the projection optical 
system PO by controlling the magnetic levitation two 
dimensional linear actuator 34. The adjustment is performed 
based on predetermined positional information for adjust 
ment, which is measured by at least one of the laser 
interferometers RIFZ1, RIFZ2, and RIFZ3 for reticle surface 
measurement. This maintains the distance between the pro 
jection optical System PO and the pattern Surface of the 
reticle R during exposure (transfer of the reticle pattern) 
constant. In this case, the main controller 80 may use the 
positional information of the reticle Stage RST in the moving 
direction when the reticle stage RST and wafer stage WST 
are Synchronously moving, in order to adjust the Z-direction 
position of the reticle stage RST. For example, in the first 
shot area and Second shot area, at least one of the laser 
interferometers RIFZ1, RIFZ2, and RIFZ3 measures the first 
and Second positional information for adjustment, thus pro 
Viding the information corresponding to the moving direc 
tion of the reticle stage RST to the main controller 80. 
During Scanning, the main controller 80 may also adjust the 
tilt of the reticle R by using at least two of the laser 
interferometers RIFZ1, RIFZ2, and RIFZ3 for reticle surface 
measurement. In addition, the main controller 80 may mea 
Sure the vertical movement of the reticle R in advance and 
control the Z position and tilt of the reticle R by using the 
measurement value and interferometers. 

0163 According to this embodiment, therefore, the entire 
pattern of the reticle R is Sequentially transferred onto the 
wafer W by Scanning exposure, and upon exposure the 
position of the reticle R in the optical axis direction of the 
projection optical System is adjusted based on the positional 
information for adjustment. So, in Spite of the fact that the 
reticle Side of the projection optical System PO is non 
telecentric, the magnification errors and positional Shifts in 
the transferred pattern image on the wafer W caused by the 
displacement of the reticle R in the optical axis direction can 
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be effectively Suppressed. As a result, Overlay accuracy can 
be improved. Also, in the case where the reticle stage RST 
Synchronously moves from one side to the other Side along 
the Y-axis and the positional displacement of the reticle R in 
the Z direction varies when it moves back due to mechanical 
factors (movement characteristics of the stage), control 
characteristics, and the like, the Z position of the reticle R 
can be accurately adjusted without being influenced by the 
variation described above. This makes it possible to effec 
tively Suppress magnification errors and positional Shifts 
occurring in the transferred image of the pattern on the wafer 
W due to the Z-direction displacement of the reticle R. 
0164. As described in detail above, according to the first 
embodiment, the reticle R is obliquely irradiated with the 
exposure illumination light EL from the illumination System 
configured by the light Source unit 12 and illumination 
optical System (M., 44), and the outgoing exposure illumi 
nation light of the reticle R is projected onto the wafer W by 
the projection optical System PO. As a result, the pattern on 
an area of the reticle R which is irradiated with the exposure 
illumination light EL is transferred onto the wafer W. During 
transfer of this reticle pattern, the driving unit (80, 34,62) 
synchronously moves the reticle R and wafer Wata velocity 
ratio corresponding to the projection magnification of the 
projection optical system PO. With this operation, the entire 
pattern of the reticle R is transferred to the shot areas on the 
wafer W. 

0.165 Prior to the transfer of this reticle pattern, the main 
controller 80 detects alignment marks on the wafer W by 
using the alignment optical System ALG. Based on the 
measurement results, the main controller 80 calculates the 
expansion/contraction amount of the wafer. Based on the 
mark detection result, the reticle R is driven in the Z 
direction to adjust (change) the projection magnification of 
the projection optical System PO in the non-Scanning direc 
tion. The projection magnification in the Scanning direction 
is determined by adjusting the Synchronous Velocity ratio 
between the reticle Stage and the wafer Stage during Scan 
ning eXposure. 
0166. After completing the projection magnification 
change described above, the main controller 80 detects the 
spatial images of the reticle alignment marks RM1 to RM6 
through the slits SLT1 and SLT2 (a kind of reference mark) 
by using the aerial image Sensor FM on the wafer Stage 
WST. It also detects the positional relationship between the 
two slits SLT1, SLT2, and the projection position of the 
reticle pattern image on the wafer Stage WST. In addition, 
the main controller 80 detects the slit SLT1 (or SLT2) by 
using the alignment optical System ALG. More Specifically, 
when the projection magnification of the projection optical 
system PO is changed, the main controller 80 detects (1) the 
positional relationship between the reference marks SLT1 
and SLT2 on the wafer Stage and the projection position of 
the pattern image of the reticle R on the wafer stage WST, 
and (2) the positional relationship between the reference 
mark SLT1 (or SLT2) on the wafer stage WST and the 
detection center of the alignment optical System ALG. The 
positional relationship between the projection position of the 
pattern image of the reticle R on the wafer stage WST and 
the detection center of the alignment optical System ALG, 
i.e., a So-called baseline amount, can be calculated based on 
the detection results (1) and (2). Therefore, the positional 
shift of the projection position of the reticle pattern image on 
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the wafer W due to the change in projection magnification 
can be corrected, making it possible to prevent or SuppreSS 
a deterioration in Overlay accuracy with a change in projec 
tion magnification. 

0167. In addition, according to this embodiment, the 
illumination system (12, M., 44) irradiates the reticle R with 
EUV light having a wavelength of 5 to 15 nm as the 
illumination light EL. Since the reflection optical System is 
Structured by only a plurality of reflection optical elements 
(M1-M4) as the projection optical system PO, the reticle 
pattern is transferred onto the wafer W through the projec 
tion optical system PO by using EUV light. This makes it 
possible to perform accurate transfer of a very fine pattern, 
e.g., a 100-nm L/S pattern. 

0168 Furthermore, according to this embodiment, the 
interferometer system 70 measures the positional relation 
ship of the reticle stage RST and wafer stage WST within the 
X-Y plane with the projection optical system PO. The laser 
interferometer RIFZ measures the positional relationship of 
the reticle R in the Z direction with the projection optical 
system PO. The focus sensor 14 measures the positional 
relationship of the wafer W in the Z direction with the 
projection optical system PO. The reticle stage RST, wafer 
stage WST, and projection optical system PO, therefore, can 
be respectively Supported by different Support members 
without causing any problem. Since the reticle Stage RST, 
wafer stage WST, and projection optical system PO are not 
required to be mechanically connected to each other, the 
imaging characteristics of the projection optical System PO 
is not affected by the reaction force generated by the 
movement of the wafer stage WST and reticle stage RST 
while accelerating or decelerating or by Vibration due to the 
respective Support members. So naturally, the reaction force 
generated upon movement of one Stage will not affect the 
movement of the other Stage via the Support member. 

0169. In this embodiment, the slit plate 44 has the first slit 
44.a for irradiating a portion of a reticle pattern with the 
illumination light EL, and the second slit 44b for irradiating 
a reticle alignment mark with the illumination light EL. The 
driving mechanism 46 is provided to Switch the first and 
second slits 44a and 44b with respect to the illumination 
light EL. This makes it possible to arrange appropriate 
illumination areas for exposure and alignment by using the 
Same Slit plate 44. In this case, compared with an arrange 
ment without the slit plate 44, the arrangement with the slit 
plate 44 increases the degree of freedom of the Sectional 
shape of illumination light applied from the illumination 
light optical System onto the reticle R. Accordingly, the 
degree of freedom in designing the optical elements that 
form the illumination light optical System increases. 

0170 The exposure illumination light EL, in this embodi 
ment, is light in the Soft X-ray region. On the wafer Stage 
WST, the aerial image sensor FM serving as a position 
detection System includes the fluorescent material 63, the 
slits SLT1 and SLT2 formed in the Surface of the fluorescent 
material 63 using the thin film of the reflecting layer 64, and 
the photoelectric conversion device PM for photoelectrically 
converting light emitted by the fluorescent material 63 when 
the exposure illumination light EL reaches the fluorescent 
material 63 via the slits SLT1 and SLT2. This also makes it 
possible to use the exposure illumination light in the Soft 
X-ray region to measure Spatial images, even though, in 
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general, there is no Such material that transmits light in the 
Soft X-ray region. Therefore, by using this aerial image 
Sensor FM, the projection position of the reticle pattern on 
the wafer stage WST can be calculated easily. 
0171 Furthermore, in this embodiment, the pattern of the 
reticle R is made of the EUV light (exposure illumination 
light) EL absorbing member formed as a film on the EUV 
light EL reflecting layer. Unlike the case where a multilayer 
film that is made of a material that reflects light in the soft 
X-ray region (which, in this case, is the exposure illumina 
tion light), recovering a pattern is possible in the event of a 
patterning failure. In addition, by appropriately Selecting the 
material for the absorbing member above, the exposure 
illumination light reflecting layer and absorbing member can 
be arranged to have almost the same reflectivity with respect 
to a measurement beam (e.g., light in the visible range) from 
the interferometer RIFZ. This makes it possible to measure 
the Z-axis direction position of the reticle R with almost the 
Same accuracy throughout the entire Surface of the reticle R. 
0172 In the embodiment described above, the arcuated 
illumination area IA is determined by using the Slit plate 44, 
however, the present invention is not limited to this. If each 
optic member of the illumination optical System can be 
designed So that the illumination light EL has an arcuated 
shape, the slit plate 44 directly below the reticle R does not 
have to be arranged. 
0173 Furthermore, the reticle alignment marks may be 
located at the positions denoted by RM7 to RM12 in FIG. 
5, instead of the positions RM1 to RM6. In such a case, in 
the slit plate 44, only the first slit 44a will be required, thus 
omitting the driving mechanism 46. Alternatively, reticle 
alignment marks may be formed at all positions from RM1 
to RM12, and all of them may be used. 
0.174 AS is obvious from the description above, in this 
embodiment, the magnification changing unit changes the 
projection magnification by driving the reticle R in the 
optical axis direction of the projection optical System PO. 
This unit comprises the laser interferometers RIFZ for 
reticle Surface measurement, the magnetic levitation two 
dimensional linear actuator 36, and the main controller 80, 
however, the present invention is not limited to this. That is, 
the magnification changing unit according to the present 
invention, may be a unit which changes the optical charac 
teristics of a projection optical System PL by partly adjusting 
the curvatures of Some mirrors that form the projection 
optical System PO, or adjusting the distance between the 
mirrors. 

0.175 FIG. 13 shows an example of the projection optical 
System PO having this type of optical characteristic chang 
ing unit 59, together with the reticle stage RST and wafer 
stage WST. Referring to FIG. 13, the first mirror M1 is made 
of metal, and on the surface of the mirror an EUV light 
reflecting layer is formed by using a multilayer film formed 
by alternately depositing layerS made of two different mate 
rials. Beside the first mirror M1, the optical characteristic 
changing unit 59 for partly changing the curvature of the 
reflecting surface of the first mirror M1 is arranged. For 
example, this changing unit 59 can be formed by a mecha 
nism having a driving shaft that pushes or pulls a portion of 
the rear Surface Side of the reflecting Surface of the first 
mirror M1. In the case where an exposure apparatus having 
the changing unit 59 is adopted in the present invention, the 
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reticle R and wafer W are synchronously moved to transfer 
the pattern of the reticle R onto the wafer W via the 
projection optical System PO. And prior to this transfer, the 
changing unit 59 adjusts the optical characteristics of the 
projection optical system PO. Upon the transfer of the reticle 
pattern onto the wafer W, the positional relationship between 
the wafer and the projection area of the pattern image during 
the synchronous movement of the reticle R and the wafer W 
can be adjusted. This adjustment compensates the shift of 
the projection area of the pattern image within the image 
field of the projection optical system PO that is caused due 
to adjustment of the optical characteristics as described 
above. This adjustment of the positional relationship can be 
performed by calculating the Shifted amount of the projec 
tion area of the pattern image within the image field of the 
projection optical System PO based on the base line mea 
Surement results, after the optical characteristics have been 
adjusted, similar to embodiment above. Alternatively, the 
shifted amount or the variation of the baseline amount can 
be calculated based on the adjustment amount of optical 
characteristics and the shifted amount of the projection 
region for the pattern image relative thereto. This can be 
calculated in advance. Based on the results, the Scanning 
Starting position for exposure of each shot area on the wafer 
W can be adjusted. This makes it possible to prevent or 
Sufficiently SuppreSS deterioration in overlay accuracy due to 
adjustment of the optical characteristics. 

0176). As a method to change the optical characteristics of 
the projection optical System including image forming char 
acteristics Such as the projection magnification of a reticle 
pattern on a wafer, a method of controlling the magnification 
by changing the temperature of the reticle can be used. In the 
case where the projection magnification or the like is 
changed by Such a method, the present invention can be 
applied and a baseline measurement can be performed. 
Thus, the positional Shift of a pattern image due to a change 
in projection magnification or the like can be corrected. 

0177. In the embodiment above, the projection magnifi 
cation is controlled based on the wafer alignment results. 
The present invention, however, is not limited to this. Other 
times when the projection magnification can be performed 
include when the projection magnification input is con 
trolled in advance in an exposure condition Setting file, when 
the temperature of a reticle rises during exposure due to 
exposure light or the like, or when the magnification is 
controlled in accordance with the thermal expansion amount 
of the reticle. In any of these cases, the reticle can be moved 
Vertically for magnification control, and by correcting the 
baseline amount as in the above case the positional Shift of 
the pattern image due a change in magnification, magnifi 
cation can be corrected. 

0.178 As described previously, the off-axis alignment 
optical System is used as a mark detection System. However, 
the present invention is not limited to this. In the case where 
an exposure position does not coincide with the irradiation 
position of an alignment beam, Such as using a TTL 
(Through The Lens) or a TTR (Though The Reticle) on-axis 
alignment optical System as a mark detection System, per 
forming a baseline measurement after a change in magnifi 
cation is still effective. 

0179. In the above embodiment, measurement of reticle 
alignment marks by the aerial image Sensor FM and mea 
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Surement of reference marks by the alignment optical System 
ALG are performed at different times. However, the present 
invention is not limited to this. Reticle alignment marks may 
be detected (spatial image measurement) through the slits 
SLT1 and SLT2 using a large aerial image Sensor at the same 
time when the reference marks are measured by the align 
ment optical System ALG. In this case, the Surface of the 
aerial image sensor FM is preferably tilted to control the Z 
position of the surface of the aerial image sensor FM to the 
focal positions of the projection optical System PO and 
alignment optical System ALG at the positions of the aerial 
image Sensor FM and reference markS. 
0180 Wafers of the same lot are processed in the same 
Step, and hence the expansion/contraction of the wafers are 
expected to be almost equal. Accordingly, when one lot has 
20 wafers, the calculated expansion/contraction of the first 
wafer does not differ much from that of the second to 20th 
waferS respectively. More specifically, it is empirically 
known that when the first wafer has expanded by 10 ppm 
with respect to a reference value (e.g., a design value), the 
second and subsequent wafers expand by about (10+0.5) 
ppm with respect to the reference value. In this case, 
therefore, after the reticle R is moved away from the 
projection optical System PO by 40 um on exposing the first 
wafer, it suffices for the reticle R to be driven in the Z 
direction (vertically moved) to within the range of +2 um of 
the preceding position while exposing the Second and Sub 
Sequent wafers. The shift amount of the reticle image on the 
wafer, which corresponds to the Z-direction driving of the 
reticle R. is t25 nm, therefore, even if an error as large as 
10% occurs for Some reason, the error is equivalent to about 
t2.5 nm. This value is almost equal to the accuracy when 
baseline measurement is reproduced, thus eliminating the 
necessity for re-measurement. The Second embodiment has 
been provided in consideration of Such a situation. 
0181 Second Embodiment 
0182 Next, the second embodiment of the present inven 
tion will be described with reference to FIG. 14. The units 
configuring the Second embodiment are the same as those of 
the first embodiment. The second embodiment differs from 
the first embodiment only partially in the control operation 
performed by a main controller 80 during the exposure 
process for the Second and Subsequent layers. The following 
description, therefore, will have a particular emphasis on 
this point. Components identical or equivalent to those 
described in the first embodiment are designated with the 
Same reference numerals. 

0183) The sequence shown in the flow chart of FIG. 13 
Starts when preparatory operations Such as wafer loading 
(reticle loading in Some case) are completed. 
0184. In step 200, the main controller 80 performs wafer 
alignment by EGA or the like as described above in regard 
to step 100. In the next step 202, the main controller 80 
calculates the control amount of the projection magnifica 
tion, that is the driving amount of the reticle R in the Z 
direction. This calculation is based on the alignment mea 
surement results by EGA, as described above, so that the 
Size of the reticle pattern image accurately coincides to the 
shot area on the wafer W. Then the main controller 80 drives 
the reticle R via a magnetic levitation two-dimensional 
linear actuator 34 based on the calculated amount in the Z 
direction (vertical direction). 



US 2002/0070355 A1 

0185. In step 204, the main controller 80 checks whether 
the wafer W (that is acting as an exposure Substrate) is the 
first wafer of a lot. If affirmative in step 204, the flow 
advances to step 208. The main controller 80, as explained 
earlier in the first embodiment and similar to the steps 106, 
102 then 104 in this order, repeats the steps 210, 202, 204, 
208 to 210 in a loop. This is done until the adjustment 
residual error of the projection magnification does not 
exceed the acceptable amount (e.g., 0.2 ppm). That is, the 
reticle R is driven in the Z-direction, baseline and projection 
magnification measurements are made, and the results are 
compared with the acceptable amount. When the adjustment 
residual error of the projection magnification comes within 
the acceptable amount, the flow then advances to Step 212. 
In this step, similar to step 108 described earlier, the main 
controller 80 performs exposure by the step-and-scan 
method using EUV light as exposure illumination light EL, 
thus completing a Series of Steps for processing a wafer W. 
AS described above, for the first wafer of the lot, the same 
operation as that of the first embodiment described earlier is 
performed. Accordingly, before the first wafer of the lot is 
exposed, therefore, the baseline amount is actually measured 
in step 208 and is stored in a memory 81 serving as a 
memory unit. 

0186 On the other hand, during exposure of the second 
or subsequent wafer W of the lot, the judgement in step 204 
becomes negative. Therefore, a baseline measurement is not 
performed and hence the flow advances to step 206. In this 
Step, the main controller 80 calculates the change in baseline 
amount using a proportional constant F. The proportional 
constant F shows the relationship between the driving 
amount of the reticle R in the Z-direction (which already has 
been determined) and the shifting amount of the reticle 
pattern image on the wafer W, e.g., F=12.5 nm -1 um=12.5.x 
10. Based on the calculation results, the main controller 80 
corrects the baseline amount Stored in the memory 81, i.e., 
updates the baseline amount. 

0187. After the baseline amount is updated, the flow 
advances to step 212, in which the main controller 80 
performs exposure by the Step-and-Scan method using EUV 
light as the exposure illumination light EL, as in step 108 
described above, thus completing a Series of Steps for 
processing a wafer W. 

0188 AS is obvious from the description above, in the 
second embodiment, the main controller 80 incorporates the 
functions of a calculation unit and a Second control unit as 
well as a control unit. 

0189 In the second embodiment described above, when 
transferring a reticle pattern onto a wafer other than the first 
wafer of a lot, the reticle R is driven in the Z direction to 
change the projection magnification of a projection optical 
system PO. Upon driving the reticle R, the main controller 
80 corrects the baseline amount in the memory 81 based on 
the relationship between the driving amount of the reticle R 
in the Z-direction already determined, and the shifting 
amount of the reticle pattern image on the wafer W. Accord 
ingly, just by calculation, the positional shift of the projec 
tion position of a reticle pattern image on a wafer, which 
occurs when the projection magnification changes, can be 
corrected, making it possible to prevent or Sufficiently 
SuppreSS deterioration in overlay accuracy due to a change 
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in projection magnification. In addition, Since a baseline 
measurement does not have to be repeated, the throughput 
can be increased. 

0.190 Alternative to the judgement in step 204 described 
in the above embodiment, the main controller 80 may judge 
whether the amount of magnification change in Step 202 is 
larger than a predetermined threshold. In Such a case as well, 
the effects are similar to those described above. That is, the 
concept of correction of a baseline amount by calculation in 
the Second embodiment is especially effective, when the 
driving amount range of the reticle R in the Z-direction, i.e., 
a projection magnification control value, is Small. 

0191 The shift amount of a reticle image on the wafer W 
with respect to the driving amount of the reticle R in the 
Z-direction may be determined from the design information 
of the projection optical system PO. This amount, however, 
also may be actually measured in advance in the process of 
making and adjusting an exposure apparatus. 

0.192 An exposure apparatus 10 of this embodiment can 
be made by incorporating an illumination System and pro 
jection optical System configured of a light Source, a plu 
rality of lenses, and the like in an exposure apparatus body 
and performing optical adjustment. Also, a reticle Stage, 
wafer Stage, two-dimensional linear actuators 34 and 62, 
interferometers RIFZ and 70, and the like, which are made 
up of many mechanical parts, are incorporated in the expo 
Sure apparatus body, and connected by wiring and piping. 
The respective components are then connected to a control 
System Such as a main controller that functions as a mag 
nification changing unit, a correction unit, and the like. 
Finally, overall adjustment (electrical adjustment, operation 
check, and the like) is performed. An exposure apparatus is 
preferably made in a clean room in which temperature, 
degree of cleanliness, and the like are controlled. 
0193 The projection optical system and illumination 
optical System in the first and Second embodiment, are 
merely examples and the present invention is not limited to 
them. In each embodiment described above, the present 
invention is applied to the EUV exposure apparatus having 
the reflection and all reflection optical System. The present 
invention, however, can be Suitably applied to any type of 
exposure apparatus. The exposure apparatus can be a Scan 
ning type or a static exposure type, or any other, So long as 
it has a projection optical System that is non-telecentric on 
the mask Side and the projection position of a mask pattern 
image on a Substrate changes upon a change in the projection 
magnification of the projection optical System. 

0194 The technical idea of the present invention to move 
a mask in the optical axis direction of the projection optical 
System to make a change in the projection magnification, 
and to correct a positional shift of a pattern image caused by 
the magnification change. The present invention is not 
limited to the EUV exposure apparatus. It can be suitably 
applied to any other exposure apparatus So long as it uses a 
combination of a reflection type mask and a reflection 
optical System. 

0.195. In the earlier description, a baseline measurement 
is redone to obtain the shift amount of the projection image 
of a reticle pattern or a baseline variation amount. These 
changes occur when the image forming characteristics of the 
projection image of the reticle pattern or the optical char 
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acteristics of the projection optical System are proactively 
changed by Vertically moving the reticle or using the optical 
characteristic changing unit or the like. The baseline 
amount, however, also varies as the reticle thermally 
expands when it absorbs exposure illumination light. There 
fore, an acceptable value may be determined in advance with 
respect to the changing Size of the reticle itself due to 
thermal expansion, and the reticle may be monitored during 
exposure. When the monitored reticle reaches the acceptable 
value, a baseline measurement can be redone. For example, 
a function of the relationship between the absorption of 
illumination light by the reticle and the thermal expansion of 
the reticle can be determined in advance by experiment or 
Simulation, and a light flux monitor can be installed on the 
reticle Stage. The amount of light can be then measured 
during wafer eXchange, and an irradiation amount is calcu 
lated by using the measurement value from the light flux 
monitor during exposure of the wafer. The irradiation 
amount and the function above can be used calculate the 
change in size of the reticle due to thermal expansion. 
Furthermore, the change in size can be updated Sequentially 
at appropriate intervals. Upon completing the exposure of 
the wafer, the change in size of the reticle due to thermal 
expansion can be checked. If the size has reached a certain 
value, a baseline measurement may be redone. In this case, 
only the projection images of reticle marks need to be 
measured by the aerial image Sensor FM. In addition, the 
measurement of the changing Size of the reticle can be 
performed after the exposure of a predetermined number of 
wafers, instead of just after one wafer. 
0196. The temperature distribution of a reticle can be 
measured based on the measurement values from the tem 
perature Sensors on the reticle Stage, and the changing Size 
of the reticle due to thermal expansion can also be estimated 
from the temperature distribution. In this case, regardless if 
the exposure illumination light is applied at that time or not, 
the change in size of the reticle due to thermal expansion can 
be accurately estimated to Some extent based on actual 
measurementS. 

0.197 Likewise, each mirror of the projection optical 
System deforms upon absorbing illumination light, and the 
image forming characteristics Such as the distortion of the 
projection optical System vary. Similar to the case of the 
thermal expansion of the reticle, therefore, an acceptable 
value for the change in the image forming characteristics or 
the deformation amount of each mirror may be predeter 
mined, and these may be monitored. When the change 
reaches an acceptable value, a baseline measurement and 
measurement of the image forming characteristics may be 
redone with the aerial image Sensor FM, as described 
previously. Calculating the changing Size of the reticle due 
to thermal expansion and image forming characteristics 
obviously requires that the change needs to be an overall 
change. That is, the change during irradiation with exposure 
light (at which time the temperature rises) and the change 
when irradiation of exposure light stops (at which time the 
temperature drops) need to be considered. The relationship 
described above covers this requirement. 
0198 In each of the previous embodiments, as the illu 
mination light EL, EUV light having a wavelength of 13.4 
nm is used. Alternatively, EUV light having a wavelength of 
11.5 nm may be used. In this wavelength range, a multilayer 
film formed by alternately depositing layers of molybdenum 
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and beryllium is to be formed on the surface of an optic 
element. In the case of transferring a 70-nm L/S pattern or 
a 50-nm isolated pattern, a projection optical System which 
has a numerical aperture of about 0.1 to 0.12 is used for EUV 
light having a wavelength of 13.4 nm, whereas a projection 
optical System which has a numerical aperture of about 0.08 
to 0.1 is used for EUV light having a wavelength of 11.5 nm. 

0199 The light source unit 12 in the embodiments above 
uses a tape target Such as a copper tape. Alternatively, a gas 
jet target or cryotarget may be used. And instead of the laser 
plasma light Source, SOR may be used. 

0200. In the above embodiments, the illumination area 
has an arcuated Shape. However, the present invention is not 
limited to this. Even with an EUV exposure apparatus, an 
illumination area can be in the form of a rectangular slit. In 
this case, however, the number of mirrors Structuring the 
projection optical System needs to be slightly increased. 

0201 In the first and second embodiments, the movable 
blind 42 and slit plate 44 (field stop) are arranged near the 
pattern Surface of the reticle R. However, at least one of the 
movable blind 42 and Slit plate 44 can be arranged in a plane 
almost conjugate to the pattern Surface of the reticle R within 
the illumination optical System. 

0202) In each embodiment described above, the present 
invention is applied to the exposure apparatus using EUV 
light as an exposure illumination light. However, the present 
invention is not limited to this. For example, Similar effects 
can be obtained by applying the present invention to an 
exposure apparatus using ultraViolet light as long as it has a 
reflection System formed only by reflection optical elements. 
It can also be applied to a reflection/refraction System 
(catadioptric System) including reflection optical elements 
and refraction optic elements as a projection optical System. 
For example, in an exposure apparatus using a vacuum 
ultraviolet light (VUV light) having a wavelength of about 
200 nm or less, a reflection/refraction System may be used 
as a projection optical System. In this case, an optical 
characteristic changing unit like the one shown in FIG. 13, 
which changes the curvatures of Some of reflection optical 
elements (e.g., a concave mirror and mirror) may be used as 
a magnification changing unit. 

0203. In this case, as a reflection/refraction type projec 
tion optical System, the following System can be used: a 
reflection/refraction System having a beam splitter and con 
cave mirror as reflection optical elements, which is disclosed 
in, for example, Japan Patent Laid Open No. 08-171054, 
U.S. Pat. No. 5,668,672 corresponding thereto, Japan Patent 
Laid Open No. 10-20195, and U.S. Pat. No. 5,835,275 
corresponding thereto, or a reflection/refraction System hav 
ing a concave mirror and the like as reflection optical 
elements without using any beam splitter, which his dis 
closed in, for example, Japan Patent Laid Open No. 
8-334695, U.S. Pat. No. 5,689,377 corresponding thereto, 
Japan Patent Laid Open No. 10-3039, and U.S. patent 
application Ser. No. 873,605 (application date: Jun. 12, 
1997) corresponding thereto. The above disclosures are fully 
incorporated herein by reference. 

0204. In addition, the reflection/refraction system dis 
closed in U.S. Pat. Nos. 5,031,976, 5,488,229, and 5,717, 
518 may be used. In the disclosure, a plurality of refraction 
optic elements and two mirrors (a main mirror which is a 
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concave mirror, and a Sub-mirror which is a rear mirror 
having a reflecting Surface formed on a Surface of a refrac 
tion element or plane-parallel plate which is located on the 
opposite side of the incident Surface) are arranged coaxially. 
Furthermore, an intermediate image of a reticle pattern 
formed by the plurality of refraction optic elements is 
re-formed on a wafer by the main mirror and the sub-mirror. 
In this reflection/refraction System, the main mirror and 
Sub-mirror are arranged following the plurality of refraction 
optic elements, and illumination light passes through a 
portion of the main mirror to be sequentially reflected by the 
Sub-mirror and main mirror, and reaches the wafer through 
a portion of the sub-mirror. The above disclosures are fully 
incorporated herein by reference. 

0205 As a reflection/refraction projection optical system, 
a reduction System may be used. Such a System may have, 
for example, a circular image field and is double telecentric 
on the object Surface Side and the image Surface Side, and has 
a projection magnification of 4 or /S. A Scanning exposure 
apparatus having this reflection/refraction type projection 
optical System may be a type in which an illumination area 
for illumination light is determined So that it is almost 
centered on the optical axis of the projection optical System 
within its field of view. And, the illumination area extends 
along a direction perpendicular to the Scanning direction of 
a reticle or wafer, and the shape may be a rectangular slit. 
With a Scanning exposure apparatus having Such a reflec 
tion/refraction type projection optical System, a fine pattern 
almost equal to 100-nm L/S pattern can be transferred onto 
a wafer with high precision, by using an F. laser beam 
having a wavelength of 157 nm as exposure illumination 
light. 

0206. The above embodiments have been described with 
particular emphasis on the case wherein magnification, 
being a part of optical characteristics is adjusted by using the 
optical characteristicS changing unit. In this case, the pro 
jection magnification is adjusted to adjust the shift (posi 
tional shift) of the projection region of a pattern image. If the 
object Surface Side is telecentric, for example, distortion is 
adjusted by Vertically moving the reticle. Therefore, mag 
nification is a broad concept including distortion. 

0207 AS vacuum ultraviolet light, an Arf excimer laser 
beam or Flaser beam is used. Aharmonic may also be used. 
A harmonic is obtained by amplifying a single wavelength 
laser beam in the infrared or visible range being emitted by 
a DFB semiconductor laser or fiber laser with a fiber 
amplifier doped with erbium (or both erbium and ytterbium), 
and converting the wavelength into ultraViolet light using a 
nonlinear optical crystal. 

0208 If, for example, the oscillation wavelength of a 
Single-wavelength laser is Set within the range of 1.51 to 
1.59 um, an eighth-harmonic whose generation wavelength 
falls within the range of 189 to 199 nm or a tenth-harmonic 
whose generation wavelength falls within the range of 151 
to 159 nm is output. If the oscillation wavelength is set in the 
range of 1.544 to 1.553 um, in particular, an eighth-har 
monic whose generation wavelength falls within the range 
of 193 to 194 nm, i.e., ultraviolet light having almost the 
Same wavelength as that of an Arf excimer laser beam, can 
be obtained. If the oscillation wavelength is set within the 
range of 1.57 to 1.58 um, a tenth-harmonic whose generation 
wavelength falls within the range of 157 to 158 nm, i.e., 
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ultraViolet light having almost the same wavelength as that 
of an F. laser beam, can be obtained. 
0209 If the oscillation wavelength is set within the range 
of 1.03 to 1.12 tim, a Seventh-harmonics whose generation 
wavelength falls within the range of 147 to 160 nm is output. 
If the oscillation wavelength is set within the range of 1.099 
to 1.106 um, in particular, a Seventh-harmonics whose 
generation wavelength falls within the range of 157 to 158 
tim, i.e., ultraViolet light having almost the same wavelength 
as that of an Flaser beam, can be obtained. In this case, as 
a single-wavelength oscillation laser, for example, an ytter 
bium-doped fiber laser can be used. 

0210. In addition, the present invention can be applied 
not only to an exposure apparatus for microdevices Such as 
Semiconductor elements, but also can be applied to an 
exposure apparatus that transferS a circuit pattern onto a 
glass Substrate, Silicon wafer, or the like to manufacture a 
reticle or mask. The reticle and mask are used in an 
apparatus Such as a light exposure apparatus, an EUV 
exposure apparatus, an X-ray exposure apparatus, and an 
electron exposure apparatus. In this case, in an exposure 
apparatus using DUV (Deep UltraViolet) light, VUV 
(Vacuum UltraViolet) light, or the like, a transmission type 
reticle is generally used. As a reticle Substrate, Silica glass, 
fluorine-doped Silica glass, fluorite, magnesium fluoride, 
quartz, or the like is used. In a proximity X-ray exposure 
apparatus, electron exposure apparatus, or the like, a trans 
mission type mask (stencil mask or membrane mask) is 
used, and a Silicon wafer or the like is used as a mask 
Substrate. 

0211. In addition to exposure apparatus used to manu 
facture Semiconductor devices, obviously, the present inven 
tion can be applied to exposure apparatus for transferring 
device patterns onto glass plates, which are used to manu 
facture displays including liquid crystal display devices. It 
also can be applied to an exposure apparatus for transferring 
device patterns onto ceramic wafers, which is used to 
manufacture thin-film magnetic heads, and an exposure 
apparatus used to manufacture image Sensing devices 
(CCDs and the like), and the like. 
0212 Device Manufacturing Method 
0213. A device manufacturing method using the above 
exposure apparatus and method in a lithographic process 
will next be described in detail. 

0214 FIG. 15 is a flow chart showing an example of 
manufacturing a device (a Semiconductor chip Such as an IC 
or LSI, a liquid crystal panel, a CCD, a thin magnetic head, 
a micromachine, or the like). As shown in FIG. 15, in step 
201 (design step), function/performance is designed for a 
device (e.g., circuit design for a semiconductor device) and 
a pattern to implement the function is designed. In Step 202 
(mask manufacturing Step), a mask on which the designed 
circuit pattern is formed is manufactured. In step 203 (wafer 
manufacturing step), a wafer is manufacturing by using a 
Silicon material or the like. 

0215. In step 204 (wafer processing step), an actual 
circuit and the like is formed on the wafer by lithography or 
the like using the mask and wafer prepared in StepS 201 to 
203, as will be described later. In step 205 (device assembly 
Step), a device is assembled by using the wafer processed in 
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step 204. Step 205 includes processes such as dicing, 
bonding, and packaging (chip encapsulation). 
0216 Finally, in step 206 (inspection step), a test on the 
operation of the device, durability test, and the like are 
performed. After these Steps, the device is completed and 
Shipped out. 
0217 FIG. 16 is a flow chart showing a detailed example 
of step 204 described above in manufacturing the semicon 
ductor device. Referring to FIG. 16, in step 211 (oxidation 
step), the surface of the wafer is oxidized. In step 212 (CVD 
Step), an insulating film is formed on the wafer Surface. In 
Step 213 (electrode formation Step), an electrode is formed 
on the wafer by vapor deposition. In Step 214 (ion implan 
tation Step), ions are implanted into the wafer. Steps 211 to 
214 described above constitute a pre-process for the respec 
tive Steps in the wafer process and are Selectively executed 
in accordance with the processing required in the respective 
StepS. 

0218. When the above pre-process is completed in the 
respective Steps in the wafer process, a post-process is 
executed as follows. In this post-process, first, in Step 215 
(resist formation Step), the wafer is coated with a photosen 
Sitive agent. Next, as in Step 216, the circuit pattern on the 
mask is transcribed onto the wafer by the above exposure 
apparatus and method. Then, in Step 217 (developing Step), 
the exposed wafer is developed. In step 218 (etching step), 
an exposed member on a portion other than a portion where 
the resist is left is removed by etching. Finally, in step 219 
(resist removing step), the unnecessary resist after the etch 
ing is removed. 
0219. By repeatedly performing these pre-process and 
post-process Steps, multiple circuit patterns are formed on 
the wafer. 

0220 AS described above, by using the device manufac 
turing method of this embodiment, the exposure apparatus 
10 and exposure method described above are used in the 
exposure process (step 216). This makes it possible to 
manufacture high-integration microdevices with high pro 
ductivity (high yield). 
0221) While the above-described embodiments of the 
present invention are the presently preferred embodiments 
thereof, those skilled in the art of lithography systems will 
readily recognize that numerous additions, modifications, 
and substitutions may be made to the above-described 
embodiments without departing from the Spirit and Scope 
thereof. It is intended that all Such modifications, additions, 
and Substitutions fall within the Scope of the present inven 
tion, which is best defined by the claims appended below. 

What is claimed is: 
1. An exposure apparatus which transferS a pattern of a 

mask onto a Substrate, comprising: 
an illumination System including a light Source and which 

irradiates Said mask with an illumination light for 
eXposure, 

a projection optical System arranged between Said mask 
and Said Substrate and which projects Said illumination 
light from Said mask onto Said Substrate; 

a magnification changing unit which changes a projection 
magnification of Said projection optical System; 
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a Substrate Stage which holds Said Substrate, 
a mark detection System including a photoelectric device 

and which detects a mark located on Said Substrate 
Stage, and 

a correction unit electrically connected to Said magnifi 
cation changing unit and Said mark detection System 
and which corrects a shift of a projection position of a 
pattern on Said mask after a magnification change using 
a baseline of Said mark detection System on transferring 
Said pattern of Said mask onto Said Substrate, Said 
baseline being obtained in consideration of Said shift 
when Said magnification change is made by Said mag 
nification changing unit. 

2. An exposure apparatus according to claim 1, further 
comprising: 

at least one reference mark including a specific reference 
mark provided on Said Substrate Stage; and 

wherein: 

Said exposure apparatus further comprises a position 
detection System including a photoelectric device 
and which detects a positional relationship between 
Said specific reference mark and a projection position 
of a pattern image of Said mask on Said Substrate 
Stage, and 

Said correction unit including a control unit electrically 
connected to Said mark detection System and Said 
position detection system and which calculates the 
baseline which corresponds to Said magnification 
change based on a first result obtained using Said 
position detection System to detect Said positional 
relationship and a Second result obtained using Said 
mark detection System to detect one of Said Specific 
reference mark on Said Substrate Stage and a different 
reference mark that has a predetermined positional 
relationship with the Specific reference mark. 

3. An exposure apparatus according to claim 2, wherein: 

Said mark detection System including a focus detection 
System; and 

Said exposure apparatus further comprises an adjustment 
unit which adjusts a position of Said Substrate Stage in 
an optical axis direction to position a mark at a focal 
position of Said mark detection System based on a 
detection result obtained by Said focus detection System 
upon detection of Said mark included on Said Substrate 
Stage using Said mark detection System. 

4. An exposure apparatus according to claim 2, wherein: 
Said illumination light comprises light in a Soft X-ray 

region, and 
Said position detection System comprises an aerial image 

Sensor formed on Said Substrate Stage, Said aerial image 
Sensor including 

a fluorescent material, 

a thin film made on a Surface of Said fluorescent material, 
Said thin film Structured of one of a reflecting layer and 
an absorbing layer of Said illumination light, Said thin 
film having an opening which also serves as Said 
Specific reference mark, and 
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a photoelectric conversion device which photoelectrically 
converts light generated by Said fluorescent material, 
wherein Said illumination light reaches Said fluorescent 
material via Said opening on conversion. 

5. An exposure apparatus according to claim 2, further 
comprising: 

a focal position detection System which detects a position 
of Said Substrate on Said Substrate Stage in an optical 
axis direction of Said projection optical System; and 

a stage control unit electrically connected to Said focal 
position detection System which offsets Said focal posi 
tion detection System which corresponds to a driving 
amount of Said mask in Said optical axis direction by 
Said magnification changing unit and which feedback 
controls Said position of Said Substrate Stage in Said 
optical axis direction based on a detection result 
obtained by Said focal position detection System. 

6. An exposure apparatus according to claim 1, further 
comprising: 

at least one reference mark including a specific reference 
mark provided on Said Substrate Stage; and 

wherein: 

Said exposure apparatus further comprises a position 
detection System including a photoelectric device 
and which detects a positional relationship between 
Said specific reference mark and a projection position 
of a pattern image of Said mask on Said Substrate 
Stage, and 

Said correction unit includes 

a memory unit which Stores a baseline of Said mark 
detection System, said baseline calculated using a 
detection result of Said position detection System 
and using a result obtained by detection of one 
Said specific reference mark on Said Substrate 
Stage and a different reference mark with a pre 
determined relationship to Said Specific reference 
mark, and 

a calculation unit electrically connected to Said 
memory unit and Said magnification changing unit 
and which calculates a correction to Said baseline 
Stored in Said memory unit in accordance with Said 
magnification change. 

7. An exposure apparatus according to claim 6, wherein: 
Said illumination light comprises light in a Soft X-ray 

region, and 
Said position detection System comprises an aerial image 

Sensor provided on Said Substrate Stage, Said aerial 
image Sensor including 

a fluorescent material, 
a thin film made on a Surface of Said fluorescent material, 

Said thin film formed from one of a reflecting layer and 
an absorbing layer of Said illumination light for expo 
Sure, Said thin film having an opening which also serves 
as Said Specific reference mark, and 

a photoelectric conversion device which photoelectrically 
converts light generated from Said fluorescent material, 
Said illumination light for exposure reaches Said fluo 
rescent material via Said opening on conversion. 
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8. An exposure apparatus according to claim 6, further 
comprising: 

a focal position detection System which detects a position 
of Said Substrate on Said Substrate Stage in an optical 
axis direction of Said projection optical System; and 

a stage control unit electrically connected to Said focal 
position detection System and which offsets Said focal 
position detection System which corresponds to a driv 
ing amount of Said mask in Said optical axis direction 
by Said magnification changing unit and feedback 
controls Said position of Said Substrate Stage in Said 
optical axis direction based on a detection result 
obtained by Said focal position detection System. 

9. An exposure apparatus according to claim 1, wherein 
Said magnification changing unit comprises a unit which 
drives Said mask in an optical axis direction of Said projec 
tion optical System. 

10. An exposure apparatus according to claim 1, wherein: 
Said projection optical System comprises a reflection 

optical element, and 
Said magnification changing unit comprises an optical 

characteristic changing unit which changes optical 
characteristics of Said projection optical System. 

11. An exposure apparatus according to claim 10, wherein 
Said optical characteristic changing unit changes a curvature 
of Said reflection optical element. 

12. An exposure apparatus according to claim 1, wherein: 
Said projection optical System comprises a reflection 

optical element; 
Said exposure apparatus further comprises a mask Stage 

which holds Said mask and a driving unit which is 
connected to Said mask Stage and which Synchronously 
moves Said mask Stage and Said Substrate Stage in a first 
direction perpendicular to an optical axis direction of 
Said projection optical System; and 

Said magnification changing unit comprises a unit which 
changes Said magnification of Said projection optical 
System in a Second direction perpendicular to Said 
optical axis direction and Said first direction by driving 
Said mask in Said optical axis direction of Said projec 
tion optical System via Said mask Stage. 

13. An exposure apparatus according to claim 12, wherein 
Said illumination light comprises light in the vacuum ultra 
Violet range. 

14. An exposure apparatus according to claim 12, 
wherein: 

Said projection optical System comprises a reflection 
optical System formed by reflection optical elements, 
and 

Said mask comprises a reflection type mask. 
15. An exposure apparatus according to claim 14, wherein 

Said illumination light comprises light in the Soft X-ray 
region. 

16. An exposure apparatus according to claim 1, wherein: 
Said apparatus further comprises a detection unit which 

detects a plurality of alignment marks on Said Substrate 
using Said mark detection System prior to transfer of 
Said pattern of Said mask onto Said Substrate, and 



US 2002/0070355 A1 

Said magnification changing unit changes Said magnifi 
cation based on position detection results of Said plu 
rality of alignment marks of Said detection unit. 

17. An exposure apparatus according to claim 1, wherein 
Said projection optical System is non-telecentric on Said 
mask Side. 

18. An exposure apparatus which repeatedly transferS a 
pattern of a mask onto a Substrate, comprising: 

an illumination System including a light Source and which 
irradiates Said mask with an illumination light for 
eXposure, 

a projection optical System arranged between Said mask 
and Said Substrate and which projects Said illumination 
light from Said mask onto Said Substrate; 

a Substrate Stage which holds Said Substrate; 
a mark detection System including a photoelectric device 

and which detects a mark located on Said Substrate 
Stage, 

a judgement unit which judges whether it is necessary to 
update a baseline of Said mark detection System based 
on a predetermined judgement condition; 

a baseline updating unit electrically connected to the 
judgement unit and which calculates a new baseline 
when a result of Said judgement unit is affirmative; and 

a stage control unit electrically connected to the judge 
ment unit and the baseline updating unit and which 
controls a position of Said Substrate stage using, when 
Said result of Said judgement unit is negative, Said 
baseline of Said mark detection System obtained prior to 
transfer of Said pattern of Said mask onto Said Substrate, 
and, when Said result of Said judgement unit is affir 
mative, Said new baseline to transfer Said pattern of Said 
mask onto Said Substrate. 

19. An exposure apparatus according to claim 18, wherein 
Said judgement unit determines whether it is necessary to 
update Said baseline of Said mark detection System based on 
whether said Substrate comprises a first Substrate of a lot. 

20. An exposure apparatus according to claim 18, wherein 
Said judgement unit determines whether it is necessary to 
update Said baseline based at least in part on a magnification 
change of Said projection optical System. 

21. An exposure apparatus according to claim 20, wherein 
Said judgement unit determines whether it is necessary to 
update Said baseline based at least in part on an occurrence 
of Said magnification change. 

22. An exposure apparatus according to claim 20, wherein 
Said judgement unit decides that update of Said baseline is 
necessary based on Said magnification change being greater 
than an acceptable amount. 

23. An exposure method for transferring a pattern formed 
on a mask onto a Substrate through a projection optical 
System while Synchronously moving Said mask and Said 
Substrate, comprising Steps of 

irradiating a pattern Surface of Said mask with Said 
illumination light for exposure at a predetermined 
incident angle; and 

Setting a desired projection magnification of Said projec 
tion optical System in a direction perpendicular to Said 
Synchronously moving direction, and 
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controlling a position of Said Substrate using a baseline of 
a mark detection System, Said baseline obtained by 
consideration of a shift of a projection that occurs when 
Said desired projection magnification is Set, wherein 
Said baseline being used to detect an alignment mark on 
Said Substrate. 

24. An exposure method according to claim 23, further 
comprising a Step of detecting Said baseline corresponding 
to Said desired projection magnification after Said desired 
projection magnification is Set. 

25. An exposure method according to claim 23, further 
comprising a step of calculating Said baseline corresponding 
to Said desired projection based at least in part on Said 
projection magnification. 

26. An exposure method according to claim 23, wherein 
Said mask comprises a reflection type mask and Said pro 
jection optical System comprises a reflection optical System. 

27. An exposure method for transferring a pattern formed 
on a reflection mask onto a Substrate through a projection 
optical System which is configured only of a plurality of 
reflection optical elements, comprising Steps of: 
moving Synchronously said reflection mask and Said 

Substrate; 
adjusting optical characteristics of Said projection optical 

System prior to transfer, and 
adjusting a positional relationship between a projection 

area of a pattern image and Said Substrate during Said 
Synchronous movement So as to compensate a shift of 
Said projection area in an image field of Said projection 
optical System. 

28. An exposure method according to claim 27, further 
comprising a Step of: 

determining an exposure position using positional infor 
mation obtained by detection of a mark on Said Sub 
Strate using a mark detecting System, 

wherein: 

Said Step of adjusting Said positional relationship between 
Said projection area and Said Substrate is performed by 
Synchronous movement of Said Substrate with respect 
to Said reflection type mask, 

Said Substrate being controlled based at least in part on 
Said predetermined exposure position information and 
a baseline of Said mark detection System after adjust 
ment of Said optical characteristics. 

29. An exposure method according to claim 28, wherein 
Said baseline comprises: 

a measured baseline of Said mark detection System, Said 
measured baseline being measured after adjustment of 
Said optical characteristics. 

30. An exposure method according to claim 27, wherein: 
Said Step of adjusting optical characteristics comprises a 

Step of adjusting a projection magnification of Said 
pattern image in a direction perpendicular to Said 
Synchronous moving direction of Said Substrate, 

Said Step of adjusting a projection magnification com 
prises a step of moving Said reflection mask in a 
direction along an optical axis of Said projection optical 
System based on at least one of Substrate positional 
information obtained by detection of a plurality of 
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marks on Said Substrate using Said mark detection 
System and mask positional information obtained by 
detection of a plurality of marks on Said reflection mask 
using the projection optical System. 

31. An exposure method according to claim 27, further 
comprising a step of irradiating Said reflection mask with an 
illumination light for exposure, Said illumination light hav 
ing a principal ray that tilts with respect to a pattern Surface 
of Said mask, 

wherein: 

Said illumination light being one of light in a Soft X-ray 
region and a vacuum ultraViolet light; and 

Said projection optical System being non-telecentric on 
Said mask Side. 

32. An exposure method which repeatedly transferS a 
pattern of a mask onto a Substrate through a projection 
optical System, comprising Steps of 

monitoring a change in a physical quantity that changes a 
baseline of a mark detection System configured to 
detect a mark on the Substrate; 

judging whether it is necessary to update Said baseline of 
Said mark detection System based at least in part on 
whether Said physical quantity exceeds a predeter 
mined value; 

obtaining, when a judgement result is affirmative, a new 
baseline; 

controlling, when a judgement result is affirmative, a 
position of Said Substrate using Said new baseline; 

controlling, when the judgement result is negative, Said 
position of Said Substrate using Said baseline of Said 
mark detection System; and 

performing exposure. 
33. An exposure method according to claim 32, wherein 

Said change in Said physical quantity comprises a change in 
a size of Said mask due to thermal expansion. 

34. An exposure method according to claim 33, wherein 
Said change in Said size of Said mask due to thermal 
expansion is estimated based on a measurement of a tem 
perature distribution of Said mask. 

35. An exposure method according to claim 32, wherein 
Said change in Said physical quantity comprises a change in 
an image forming characteristic of Said projection optical 
System. 

36. An exposure method according to claim 32, wherein: 
Said projection optical System comprises an optic System 

including a mirror; and 
Said change in Said physical quantity comprises a defor 

mation amount of Said mirror. 
37. An exposure method which repeatedly transfers a 

pattern of a mask onto a Substrate through a projection 
optical System, Said method comprising Steps of: 

judging whether it is necessary to update a baseline of a 
mark detection System based on a predetermined judge 
ment condition, Said mark detection System detecting a 
mark located on a Substrate Stage; 

controlling a position of Said Substrate Stage using, when 
a result of Said judgement is negative, Said baseline of 

26 
Jun. 13, 2002 

Said mark detection System, said baseline obtained 
prior to transfer of Said pattern of Said mask onto Said 
Substrate; and 

controlling a position of Said Substrate Stage using, when 
Said result of Said judgement is affirmative, a new 
baseline to transfer Said pattern of Said mask onto Said 
Substrate. 

38. An exposure method according to claim 37, wherein 
Said Step of judging whether it is necessary to update Said 
baseline of Said mark detection System is based at least in 
part on whether said Substrate is a first Substrate of a lot. 

39. An exposure method according to claim 37, wherein 
Said Step of judging whether it is necessary to update Said 
baseline is based at least in part on a magnification change 
of Said projection optical System. 

40. An exposure method according to claim 39 wherein 
Said Step of judging whether it is necessary to update Said 
baseline is based at least in part on whether Said magnifi 
cation change has occurred. 

41. An exposure method according to claim 39, further 
comprising a step of updating Said baseline after Said 
judgement when Said magnification change has been per 
formed and an amount of Said change is greater than an 
acceptable amount. 

42. A method of making an exposure apparatus which 
transferS a pattern of a mask onto a Substrate, comprising 
Steps of 

irradiating Said mask with an illumination light for expo 
Sure using an illumination System which has a light 
SOurce, 

projecting Said illumination light from Said mask onto 
Said Substrate using a projection optical System 
arranged between Said mask and Said Substrate; 

changing a projection magnification of Said projection 
optical System using a magnification changing unit, 

holding Said Substrate using a Substrate Stage; 
detecting a mark located on Said Substrate Stage using a 
mark detection System which has a photoelectric 
device; and 

correcting a shift of a projection position of Said pattern 
of Said mask after a magnification change using a 
baseline of Said mark detection System on transferring 
Said pattern of Said mask onto Said Substrate using a 
correction unit, 

wherein: 

Said correction unit electrically connected to Said mag 
nification changing unit and Said mark detection 
System, and 

Said baseline is obtained through consideration of Said 
shift at Said magnification change made by Said 
magnification changing unit. 

43. A method of making an exposure apparatus according 
to claim 42, further comprising Steps of: 

holding Said mask using a mask Stage, and 
moving Synchronously said mask Stage and Said Substrate 

Stage in a first direction perpendicular to an optical axis 
direction of Said projection optical System using a 
driving unit. 
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44. A method of making an exposure apparatus which 
repeatedly transferS a pattern of a mask onto a Substrate, 
comprising Steps of: 

irradiating Said mask with an illumination light for expo 
Sure using an illumination System which has a light 
SOurce, 

projecting Said illumination light for exposure outgoing 
from Said mask onto Said Substrate using a projection 
optical System arranged between Said mask and Said 
Substrate; 

holding Said Substrate using a Substrate Stage; 
detecting a mark located on Said Substrate Stage using a 
mark detection System including a photoelectric 
device; 

judging using a judgement unit whether it is necessary to 
update a baseline of Said mark detection System based 
on a predetermined judgement condition; 

calculating a new baseline, when a result of Said judge 
ment unit is affirmative, using a baseline updating unit 
electrically connected to Said judgement unit; and 

controlling a position of Said Substrate Stage using a stage 
control unit electrically connected to Said judgement 
unit and Said baseline updating unit, Said Step of 
controlling Said position including; 

employing, when Said result of Said judgement unit is 
negative, Said baseline of Said mark detection System, 
Said baseline obtained prior to transfer of said pattern of 
Said mask onto Said Substrate; and 

employing, when Said result of Said judgement unit is 
affirmative, Said new baseline. 

45. A device manufacturing method including a lithogra 
phy process, wherein Said lithography proceSS comprises a 
Step of using Said exposure apparatus in claim 1. 

46. A device manufacturing method including a lithogra 
phy process, wherein Said lithography proceSS comprises a 
Step of using Said exposure apparatus in claim 18. 

47. A device manufacturing method including a lithogra 
phy process, wherein Said lithography proceSS comprises a 
Step of exposing a Substrate using Said exposure method in 
claim 23. 

48. A device manufacturing method including a lithogra 
phy process, wherein Said lithography proceSS comprises a 
Step of exposing a Substrate using Said exposure method in 
claim 27. 
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49. A device manufacturing method including a lithogra 
phy process, wherein Said lithography process comprises a 
Step of exposing a Substrate using Said exposure method in 
claim 32. 

50. A device manufacturing method including a lithogra 
phy process, wherein Said lithography process comprises a 
Step of exposing a Substrate using Said exposure method in 
claim 37. 

51. A device manufactured using Said exposure method in 
claim 23. 

52. A device manufactured using Said exposure method in 
claim 27. 

53. A device manufactured using Said exposure method in 
claim 32. 

54. A device manufactured using Said exposure method in 
claim 37. 

55. An exposure method according to claim 28, wherein 
Said baseline comprises: 

a calculated baseline of Said mark detection System, 
wherein Said calculated baseline is calculated from the 
adjusted optical characteristics. 

56. A device, comprising: 

means for irradiating a mask with an illumination light; 

means for projecting Said illumination light from Said 
mask onto a Substrate, Said means for projecting 
arranged between said mask and said Substrate; 

means for changing a projection magnification of Said 
means for projecting; 

means for holding Said Substrate; 

means for detecting a position mark, Said means for 
detecting including a photoelectric device; and 

means for correcting a shift of a projection position after 
a magnification change using a baseline obtained by 
Said means for detecting when transferring Said pattern 
of Said mask onto Said Substrate, Said means for cor 
recting electrically connected to Said means for chang 
ing Said projection magnification and Said means for 
detecting Said position mark. 


