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[57] ABSTRACT 

A scanning projection exposure apparatus having a projec 
tion optical system (11), for serially transferring a pattern on 
a reticle (7) onto a Wafer (12). The exposure apparatus 
control the position and/or the tilt angle of the Wafer (12) 

l 2 

such that the surface of the Wafer (12) may be continuously 
adjusted during the scanning exposure operation so as to be 
coincident With an image plane of the projection optical 
system (11), With a high tracking accuracy, even When the 
image plane of the projection optical system (11) tends to 
vary during the scanning exposure operation. An image of 
that portion of the pattern on the reticle (7) Which is con?ned 
in an illumination area (8) is formed in a plane through the 
projection optical system. This plane is used as a ?rst 
reference plane (62). Parameters of the ?rst reference plane 
(62) such as the tilt angle 6p are determined by measure 
ment. An image plane is de?ned by conjugate images 
(formed on the Wafer side) of the points passing the center 
of the illumination area (8) When the reticle (7) is moved for 
scanning in the X-direction. This image plane is used as a 
second reference plane (65). The tilt angle 6),, of the second 
reference plane (65) is determined by measurement. When 
the scanning exposure operation is performed, the tilt angle 
of the illumination ?eld (13) of the Wafer (12) is made 
coincident With that of the ?rst reference plane (62), and the 
focusing position of the Wafer (12) is made coincident With 
that of the second reference plane (65). 

26 Claims, 11 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or adver 
tisement or the like may use the term patent, or any term 
suggestive of a patent, When referring to a statutory 
invention registration. For more speci?c information on 
the rights associated With a statutory invention registra 
tion see 35 U.S.C. 157. 

IL34 

MAIN 
CONTROL 
UNIT 







U.S. Patent Jan. 5, 1999 Sheet 3 0f 11 H1774 

Fig.6 
36B 2 36A )4 

41 
'37 A. 

42 44 





H1774 Jan. 5, 1999 Sheet 5 0f 11 U.S. Patent 



U.S. Patent Jan. 5, 1999 Sheet 6 0f 11 

63A) 

H1774 



U.S. Patent Jan. 5, 1999 Sheet 7 0f 11 H1774 

Fig.9 

I6C(X2,Y2) 
@x l l 

' 1 P22 P23 
/' PZ! \ H162 

P22 



U.S. Patent Jan. 5, 1999 Sheet 8 0f 11 H1774 

Fig. IO Fig.IOA Fig. 108 

I \ S V21 V23 V22 

124/ 
DIRECTION SCANNING 





U.S. Patent Jan. 5, 1999 Sheet 10 0f 11 H1774 



U.S. Patent Jan. 5, 1999 Sheet 11 0f 11 H1774 

25 [71125) 
. \ I 

F 19- 12 701351) 
13 PM‘ H12 

4 }_>_ 165 

d 

Fig. [34 Fig. 138 
25 25 

{J 73(x-x ) {J 
72(X=XA) ' B 

13 12 '3 

12 
‘—|—— 5 l 1 

\I65 \165 

F lg. 14 
79 SELECT 

1 COMMAND 

12 k0 
__g_| 1, 

I‘ \75 
165 

l I 

76’ 7? {79 78 
CONTROL - DESIRED 
SYSTEM + VALUE 



H1774 
1 

PROJECTING EXPOSURE APPARATUS AND 
METHOD OF EXPOSING A CIRCUIT 

SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a projection exposure 
apparatus for use in photolithographic processes or fabri 
cating semiconductor devices (such as LSIs), imaging 
devices (such as CCDs), liquid crystal displays (LCDs), thin 
?lm magnetic heads and others. More particularly, the 
present invention relates to a scanning exposure type of 
projection exposure apparatus, such as of a so-called step 
and-scan type, in Which a mask and a photosensitiZed 
substrate are moved for scanning in synchronism With each 
other and relative to an exposure optical system, so as to 
serially transfer a pattern formed on the mask onto the 
photosensitiZed substrate. 

2. Description of the Related Art 
The photolithography technique is commonly used in 

fabrication of semiconductor devices and the like. For this 
technique, there are used step-and-repeat type of projection 
exposure apparatuses (such as steppers) in Which a pattern 
formed on a reticle (serving as a mask) is projected through 
a projection optical system onto each of shot areas de?ned 
on a photoresist-coated Wafer (or glass plate, etc.). More 
recently, as larger and larger chips of semiconductor devices 
are being fabricated, it has become desired to make a 
projection exposure having a much larger pattern onto a 
Wafer. In order to meet this desire, there has been developed 
a scanning exposure type of projection exposure apparatus 
in Which a reticle and a Wafer are moved for scanning in 
synchronism With each other and relative to a projection 
optical system, so that a shot area having a larger extent than 
the effective exposure ?eld of the projection optical system 
may be exposed. 

One of the knoWn types of projection exposure appara 
tuses using the scanning exposure technique is the aligner, in 
Which the entire region of the pattern on one reticle is 
serially projected onto the entire region of the surface of one 
photosensitiZed substrate by using a 1:1 projection optical 
system. More recently, there has been developed a step-and 
scan type of projection exposure apparatus, in Which each of 
shot areas on a Wafer is exposed by demagni?cation pro 
jection scanning exposure and the exposure site is moved 
from one shot area to another by stepping the Wafer. 

In general, the projection exposure apparatus uses a 
projection optical system Which has a large numerical aper 
ture (NA) and thus a very shalloW focal depth, so that a 
certain type of mechanism must be provided for keeping the 
surface of the Wafer coincident With the image plane of the 
projection optical system so as to enable transfer of a ?ne 
circuit pattern With a high resolution. 

Therefore, in a conventional one-shot exposure type of 
projection exposure apparatus, a tilt sensor (or leveling 
sensor) is provided to measure a tilt angle of the surface of 
the Wafer relative to the guide plane (or slide plane) of the 
Wafer stage. Further, a tilt angle of the image plane of the 
projection optical system relative to that guide plane is also 
measured and stored as preparatory data. Then, the tilt angle 
of the surface of the Wafer is controlled by servo-control 
technique such that the measured value supplied by the tilt 
sensor may converge to the tilt angle of the image plane and 
thereby the surface of the Wafer is made parallel to the image 
plane. In addition, by performing such control of the tilt 
angle (auto-leveling control) together With the so-called 
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2 
auto-focusing control for causing the height of the surface 
(focusing position) of the Wafer to be coincident With the 
image plane of the projection optical system, the entire 
region of each shot area on the Wafer is kept falling Within 
the range of focal depth about the image plane. So far, the 
scanning exposure type of projection exposure apparatus 
also uses essentially the same control technique as that for 
the one-shot exposure type of projection exposure apparatus 
as described above, in order to cause the surface of the Wafer 
to be coincident With the image plane. 

In the scanning exposure technique, an image of a portion 
of the pattern on the reticle is projected through the projec 
tion optical system onto the Wafer and Within a slit-like 
projection exposure area on the Wafer (this area is referred 
to as the “illumination ?eld” hereinafter). In contrast, the 
area on the Wafer Within Which the entire pattern on the 
reticle is serially projected, and thus Which is larger than the 
illumination ?eld, is referred to as the “exposure ?eld” 
(corresponding to a shot area). 

In a typical conventional scanning exposure apparatus, 
and in particular in the demagni?cation projection step-and 
scan type of projection exposure apparatus, the reticle and 
the Wafer are moved for scanning independently of each 
other and relative to the projection optical system, so that the 
slide plane of the reticle and that of the Wafer are established 
independently. Further, because it is impossible to achieve 
the perfect parallelism betWeen the slide plane of the reticle 
and the pattern surface of the reticle, the level (height) of the 
image plane of the projection optical system (i.e., the plane 
in Which the image of the pattern on the reticle is formed 
through the projection optical system) may gradually vary as 
the position of the reticle in the scanning direction varies. 
Such gradual variation of the level of the image plane may 
cause a tracking error if the response speed of the auto 
focusing control is relatively loW, resulting in that a portion 
of the surface of the Wafer Within the exposure ?eld (shot 
area) may not fall Within the range of focal depth relative to 
the image plane. 

Because the auto-focusing sensor and the tilt sensor 
are used for detecting the focusing position and the tilt angle, 
respectively, of that portion of the surface of the Wafer Which 
is con?ned Within the projection exposure area (or the 
slit-like illumination ?eld in the case of the scanning expo 
sure type), the detection areas of these sensors are generally 
con?ned Within the projection exposure area (or the slit-like 
illumination ?eld). For this reason, in a conventional control 
sequence, the focusing and leveling control is performed 
only during the time period When an exposure area on the 
Wafer is actually exposed. Thus, during the time period When 
the exposure site moves from one projection exposure area 
to another, the focusing and leveling control is made inop 
erative and the positions of the Z-stage and the tilt-stage are 
kept ?xed. Then, When the positioning of the Wafer for the 
neW projection exposure area (or the neW scanning start 
position) has been made, the focusing and leveling control 
is restarted. This control sequence is utiliZed because the 
Whole path of the movement of the exposure site from one 
projection exposure area (or the scanning start position) to 
the next may not necessarily be con?ned Within the regions 
Which are detectable, but may be Within the regions Which 
are not detectable, so that it is dif?cult to continue the 
focusing leveling control. In the case Where the focusing and 
leveling control is made inoperative during the movement to 
the next location, the focusing position of the surface of the 
Wafer may signi?cantly vary after such movement if the 
Wafer surface is inclined relative to the guide plane of the 
Wafer stage. This results in large initial adjustments (Which 
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equal the focusing error, that is, an amount of defocusing and 
the tilt angle error) required When the focusing and levelling 
control restarts at the next illumination ?eld to be exposed, 
thus a longer settling time (adjustment time) is required for 
these errors to settle Within alloWable ranges. This results in 
a drawback that the throughput of the exposure process (the 
number of Wafers that can be exposed per unit of time) is 
reduced. 

In particular, in a typical step-and-scan type of projection 
exposure apparatus, the focusing and levelling control of the 
Wafer surface is continuously performed during the scanning 
exposure on each exposure area While the Wafer is moved for 
scanning. Therefore, if there is on the surface of the Wafer 
a region With a groove-like structure (such as so-called street 
lines for indicating the border betWeen adjacent semicon 
ductor chips sites on a Wafer), Which is inappropriate for the 
region from Which measurements are derived for the focus 
ing and levelling control, then the focusing and levelling 
control may be disturbed, resulting in a loWer tracking 
accuracy as Well as a longer settling time. 

SUMMARY OF THE INVENTION 

In vieW of the foregoing, it is an object of the present 
invention to provide a projection exposure apparatus having 
a projection optical system, in Which the surface of a Wafer 
may be kept coincident With the image plane of the projec 
tion optical system continuously during the scanning expo 
sure operation With high tracking accuracy, even When the 
level (height) of the image plane tends to vary during the 
scanning exposure operation. 

It is another object of the present invention to provide a 
projection exposure apparatus, in Which the deviation (error) 
in the focusing position Which exists When the focusing 
control restarts may be reduced (it restarts after the detection 
area for the control has passed the region on a Wafer Which 
is inappropriate for measurement for the focusing control 
and includes surface irregularities, or after the detection area 
has entered in the surface of the Wafer from outside), 
resulting in a shorter adjustment time (settling time) for 
completing the initial adjustment just after the restart. 

In accordance With an aspect of the present invention, 
there is provided a projection exposure apparatus having a 
projection optical system (11) With an optical axis, in Which 
a mask (7) having a pattern formed thereon is illuminated, 
and the mask (7) and a photosensitiZed substrate (12) are 
moved for scanning in synchronism With each other and 
relative to the projection optical system (11) While an image 
of a portion of the pattern on the mask is projected through 
the projection optical system (11) onto a predetermined 
exposure area (illumination ?eld 13) on the substrate (12), 
the projection exposure apparatus comprising: a position 
detection sensor (25) for detecting a tilt angle of the prede 
termined exposure area (13) on the substrate (12) and a 
focusing position of the predetermined exposure area (13) 
measured in the direction of the optical axis of the projection 
optical system (11); a tilt angle control unit (16A—16C, 20) 
for controlling the tilt angle of the substrate (12) such that 
the tilt angle detected by the position detection sensor (25) 
may be coincident With a tilt angle of a ?rst reference plane 
(62), the ?rst reference plane (62) being de?ned by a 
projected image of the mask (7) formed through the projec 
tion optical system (11); and a focusing position control unit 
(16A—16C, 20) for controlling the focusing position of the 
substrate (12) such that the focusing position detected by the 
position detection sensor (25) may be coincident With a 
focusing position of a second reference plane (65), the 
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4 
second reference plane (65) being de?ned depending on a 
tilt angle (8x) of a slide plane (10a) of the mask (7) toWard 
the scanning direction and on the tilt angle of the mask 

In other Words, according to the above projection expo 
sure apparatus of the present invention, the ?rst reference 
plane (62) relating to the exposure area (illumination ?eld) 
of the projected image of a portion of the pattern on the 
mask, and the second reference plane (65) relating to the 
exposure ?eld on the substrate (12) and obtained as the result 
of the scanning exposure operation, are both utiliZed such 
that the control of the tilt angle of the substrate (12) is 
performed based on the tilt angle of the ?rst reference plane 
(62) While the control of the focusing position of the 
substrate (12) is performed based on the focusing position of 
the second reference plane (65). 

It is desirable in this relation that the variation in the tilt 
angle of the ?rst reference plane (62) and the variation in the 
focusing position of the second reference plane (65) are 
preparatorily determined and stored in the tilt angle control 
unit (16A—16C, 20) and the focusing position control unit 
(16A—16C, 20), respectively. 
The principle of the present invention as outlined above 

Will be described in more detail beloW With reference to 
FIGS. 8A and 8B Which shoW a critical portion of one 
embodiment of the present invention. In FIG. 8A, the 
tWo-dimensional tilt angles of the slide plane (guide plane) 
(17a) of the stage system (14, 15X, 15Y), Which serves to 
move the substrate (12), is set to be the reference value (0, 
0). The tWo-dimensional tilt angles may be represented, for 
example, by the tilt angles about the Y-axis and the X-axis, 
respectively. The X- and Y-axes are of the rectangular 
coordinate system de?ned With respect to a plane perpen 
dicular to the optical axis of the projection optical system. 
The image plane of the illumination ?eld (13) in Which an 
image of a portion of the pattern (8) on the mask is projected 
is used as the ?rst reference plane (62). The tilt angles of the 
?rst reference plane (62) relative to the slide plane (17a) are 
designated by (exp, SW). Then, the tilt angle control unit 
controls the tilt angles of the surface of the substrate (12) by 
using the tilt angles (exp, SW) of the ?rst reference plane as 
the desired values of the tilt angles. In this manner, the 
surface of the substrate (12) is set to be parallel to the ?rst 
reference plane (62). 
When the mask (7) and the substrate (12) are moved for 

scanning under this condition, the focusing position (height) 
of the substrate (12) varies depending on the position of the 
substrate (12) in the scanning direction because the ?rst 
reference plane (62) is inclined relative to the slide plane 
(17a). It is assumed here that the substrate (12) is moved for 
scanning in the +X-direction. Then, the relationship betWeen 
the focusing position Z0 When the substrate (12) is in the 
position shoWn in FIG. 8A and the focusing position ZA 
When the substrate (12) is in the position shoWn in FIG. 8B 
is approximately expressed as: 

To consider the in?uences of the movement of the mask 
(7) for scanning, it is also assumed that the pattern bearing 
surface of the mask (7) has a tilt relative to the slide plane 
(10a) toWard the scanning direction With a certain tilt angle. 
This results in that the position of the image plane at the 
center of the illumination ?eld is displaced along the second 
reference plane (65), Which is the plane having a tilt angle 
toWard the scanning direction (i.e., the tilt angle about the 
Y-axis) of GX, When the mask (7) is moved in the X-direction 



H1774 
5 

for scanning, as shown in FIG. 8B. The position of the mask 
(7) in the X-direction shown in FIG. 8A and that shoWn in 
FIG. 8B are designated by x0 and x, respectively, and the 
magni?cation ratio of the projection optical system 11 is 
designated by [3 (the value of [3 is 1A or 1/5, for example). 
Then, if the projection optical system projects an inverted 
image, the folloWing relationship is satis?ed. 

Since the tilt angle of the second reference plane (65) is 
@x and the focusing position When the substrate (12) is in the 
position XO shoWn FIG. 8A is Z0, the focusing position at the 
center of the illumination ?eld When the substrate (12) is in 
the position shoWn in FIG. 8B Will be the focusing position 
ZB expressed by formula 3 beloW. 

Therefore, the focusing control (auto-focusing control) 
may be performed by using the focusing position ZB as the 
desired position. In fact, hoWever, the focusing position of 
the substrate (12) varies as indicated by the focusing posi 
tion ZA shoWn in formula 1 above, and thus there is an 
amount of defocusing (focusing error) 61 expressed as: 

(formula 3) 

Accordingly, the actual focusing control (auto-focusing 
control) should be performed such that the amount of 
defocusing may be reduced to Zero. Further, the tilt angle exp 
of the ?rst reference plane (62) and the tilt angle @x of the 
second reference plane (65) may be determined by, for 
example, performing test printing operations, and stored as 
preparatory data. In this manner, the focusing position of the 
substrate (12) may be varied to folloW the projection plane 
of the entire mask (7), While the tilt angle of the substrate 
(12) may be made coincident With the image plane of the 
projected image in the illumination ?eld of the mask 

In accordance With another aspect of the present 
invention, there is provided a projection exposure apparatus 
including a projection optical system (11) for projecting a 
pattern on a mask (7) onto a photosensitiZed substrate (12) 
and a substrate stage (14, 15X, 15Y, 17) for moving the 
substrate on the image plane side of the projection optical 
system (11), in Which an image of the pattern on the mask 
(7) is projected on the substrate (12) Which is positioned by 
the substrate stage, the projection exposure apparatus com 
prising: a substrate focusing position detection sensor (25) 
for detecting a focusing position of the substrate (12) 
measured in the direction of the optical axis of the projection 
optical system (11); a stage focusing position detection 
sensor (43) for detecting a height of the substrate stage (14, 
15X, 15Y, 17) measured in the direction of the optical axis 
of the projection optical system (11); a focusing position 
selection unit (154, 155) for selecting one of ?rst and second 
focusing positions depending on the condition of the surface 
of the substrate (12), the ?rst focusing position being the 
focusing position detected by the substrate focusing position 
detection sensor (25) and the second focusing position being 
the focusing position determined based on the height 
detected by the stage focusing position detection sensor 
(43); and a focusing position control unit (16A—16C) for 
controlling the focusing position of the substrate (12) 
depending on the focusing position selected by the focusing 
position selection unit (154, 155). 
When the detection area of the substrate focusing position 

control sensor (25) is routed from one projection exposure 
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area to another through the region outside the substrate (12) 
as shoWn in FIG. 11A, the focusing position detection by the 
substrate focusing position detection sensor (25) has to be 
discontinued. In such case, according to the above 
arrangement, the focusing control is performed on a simu 
lation basis by using the second focusing position deter 
mined by summing the height of the substrate stage detected 
by the stage focusing position detection sensor (43) and a 
predetermined offset, for example. In this manner, the focus 
ing error existing When the focusing control using the 
substrate focusing position detection sensor (25) restarts 
may be reduced. 

In accordance With a further aspect of the present 
invention, there is provided a scanning exposure apparatus 
including a projection optical system (11) for projecting an 
image of a portion of a pattern on a mask (7) onto a 
photosensitiZed substrate (12) and Within a predetermined 
exposure area (13) de?ned on the substrate (12), and a 
substrate stage (14, 15X, 17Y, 17) for moving the substrate 
(12) on the image plane side of the projection optical system 
(11), in Which the mask (7) and the substrate (12) are moved 
for scanning in synchronism With each other and relative to 
the projection optical system (11) so as to serially transfer an 
image of the pattern on the mask (7) onto the substrate (12), 
said scanning exposure apparatus comprising: a substrate 
focusing position detection sensor (25) for detecting the 
focusing position of the substrate (12) measured in the 
direction of the optical axis of the projection optical system 
(11); a stage focusing position detection sensor (16A) for 
detecting the height of the substrate stage measured in the 
direction of the optical axis of the projection optical system 
(11); a storage unit (155) for storing step-like structure data 
as the design data; a focusing position selection unit (154) 
for selecting one of a ?rst focusing position (Z) and a second 
focusing position (2‘) depending on the step-like structure 
data of the substrate (12) stored in the storage unit (155), the 
?rst focusing position (Z) being the focusing position 
detected by the substrate focusing position detection sensor 
(25) and the second focusing position (2‘) being the focusing 
position determined based on the height (PZ) detected by the 
stage focusing position detection sensor (16A); and a focus 
ing position control unit (16A-16C) for controlling the 
focusing position of the substrate (12) depending on the 
focusing position selected by the focusing position selection 
unit (154). 

The above projection exposure apparatus is a scanning 
exposure type of projection exposure apparatus. In this 
relation, a projection exposure area on the substrate (12) 
may include a groove-like structure such as a street line, as 
shoWn in FIG. 11C, for example. If the focusing control 
using the substrate focusing position detection sensor (25) is 
continuously performed Within such projection exposure 
area, the tracking accuracy is signi?cantly loWered When the 
detection area of this sensor has passed the groove-like 
structure (68). Accordingly, in such projection exposure area 
including the groove-like structure (68), the focusing control 
based on the second focusing position may be performed in 
Which the second focusing position is determined by, for 
example, summing the height detected by the stage focusing 
position detection sensor (16A) and a predetermined offset, 
and this provides a good tracking accuracy When the former 
control mode restarts. 

In this arrangement, it is desirable to provide an arithmetic 
operation unit (158) for predicting the second focusing 
position (2‘) based on the height (PZ) detected by the stage 
focusing position detection sensor (43) and on a predeter 
mined model. The predetermined model may include data 
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representing a step-like structure in a projection exposure 
area on the substrate (12). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention Will be apparent from the following 
detailed description of preferred embodiments thereof, ref 
erence being made to the accompanying draWings, in Which: 

FIG. 1 is a schematic representation shoWing a projection 
exposure apparatus of a step-and-scan type to Which one 
embodiment of the present invention is applied; 

FIG. 2 is a plan vieW of the Wafer 12 of FIG. 1 shoWing 
distribution of measurement points for measuring the focus 
ing positions on the Wafer 12; 

FIG. 3 shoWs light-transmit slit plate 28 of FIG. 1; 
FIG. 4 shoWs vibrating slit plate 31 of FIG. 1; 
FIG. 5 is a schematic representation shoWing photo 

detector unit 33 and signal conditioning system 34 of FIG. 
1; 

FIG. 6 is a schematic side elevation, partially broken out, 
shoWing an exempli?ed arrangement of actuator 16A of 
FIG. 1; 

FIGS. 7, 7A and 7B are a schematic representation 
shoWing focusing/levelling mechanism for the Wafer 12 of 
FIG. 1 and associated control system, in Which a part of the 
arrangement is shoWn in a perspective vieW; 

FIG. 8A is a schematic vieW illustrating the relationship 
betWeen illumination ?eld 13 on the Wafer 12 and ?rst 
reference plane 62, and FIG. 8B is a schematic vieW 
illustrating the relationship betWeen illumination ?eld 13 on 
the Wafer 12 and second reference plane 65; 

FIG. 9 is a chart illustrating the tilt angles and the heights 
of the plane de?ned by three actuators 16—A16C; 

FIG. 10, 10A and 10B are a schematic representation 
shoWing focusing/levelling mechanism for the Wafer 12 of 
FIG. 1 and associated control system, in Which a part of the 
arrangement is shoWn in a perspective vieW; 

FIG. 11A is a schematic representation illustrating the 
detection area of multipoint AF sensor 25 entering a region 
on the Wafer 12, FIG. 11B is a schematic representation 
illustrating the detection area of multipoint AF sensor 25 
exiting a region on the Wafer 12, and FIG. 11C is a schematic 
representation illustrating the detection area of multipoint 
AF sensor 25 passing a region With a groove-like structure 
on the Wafer 12. 

FIG. 12 is a schematic representation shoWing an arrange 
ment including separate AF sensor for detecting any surface 
irregularities on the Wafer provided separately from the 
multipoint AF sensor 25; 

FIGS. 13A and 13B are schematic representations illus 
trating an exempli?ed method of de?ning a Wafer model 
Where the Wafer has a deformed surface; and 

FIG. 14 is a simpli?ed block diagram shoWing the basic 
arrangement of the projection exposure apparatus illustrated 
by FIGS. 1 and 10. 

DETAILED DESCRIPTION A PREFERRED 
EMBODIMENT 

Referring noW to the accompanying draWings, a preferred 
embodiment of the projection exposure apparatus in accor 
dance With the present invention Will be described in detail. 
This embodiment shoWs an exempli?ed application of the 
present invention to a step-and-scan type of projection 
exposure apparatus. 
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8 
FIG. 1 shoWs the projection exposure apparatus, in Which 

a light source system 1 comprising a light source and an 
optical integrator emits an illumination beam IL for expo 
sure. The illumination beam IL passes through a ?rst relay 
lens 2, a reticle blind (variable ?eld stop) 3, a second relay 
lens 4, is re?ected by a mirror 5, passes through a main 
condenser lens 6, and illuminates that portion of a pattern 
bearing surface (bottom surface) of a reticle 7 Which is then 
con?ned in a slit-like illumination area 8 With a uniform 
illumination distribution. The reticle blind 3 is positioned in 
a plane substantially conjugate to the plane of the pattern 
bearing surface of the reticle 7, so that the position and the 
geometry of the aperture of the reticle blind 3 determine the 
position and the geometry of the illumination area 8. 
An image of that portion of the pattern on the reticle 7 

Which is con?ned in the illumination area 8, Which is formed 
through a projection optical system 11, is projected for 
exposure onto a photoresist-coated Wafer 12 and Within a 
slit-like illumination ?eld 13 on the Wafer 12. For specifying 
positions and directions in the disclosed arrangement, We 
use here a three-dimensional rectangular coordinate system 
With the X-, Y- and Z-axes, in Which the Z-axis extends 
parallel to the optical axis of the projection optical system 
11, the X-axis extends perpendicular to the optical axis and 
parallel to the sheet surface of FIG. 1 and the Y-axis extends 
perpendicular to the sheet surface of FIG. 1. The reticle 7 is 
held on a reticle stage 9 Which, in turn, is supported on a 
reticle base 10 for translational movement in the x-direction, 
or the scanning direction, by means of a drive unit such as 
a linear motor (not shoWn). A moving mirror 18 is ?xedly 
mounted on the reticle stage 9 for movement With the latter. 
A laser interferometer 19 is ?xedly mounted on a stationary 
member outside the reticle stage 9. The moving mirror 18 
and the laser interferometer 19 are used to measure the 
X-coordinate of the reticle 7. The measured X-coordinate of 
the reticle 7 is supplied to a main control system 20 Which 
serves to generally control various operations in the entire 
projection exposure apparatus. The main control system 20 
controls the position and the velocity of the reticle 7 through 
the reticle stage drive system 21 and the reticle stage 9. 
On the other hand, the Wafer 12 is held on a Z/tilt-stage 

14 by means of a Wafer holder (not shoWn). The Z/tilt-stage 
14 is mounted on a Y-stage 15Y by means of three actuators 
16A, 16B and 16C each interposed betWeen them and being 
capable of providing displacement of an acting point in the 
Z-direction. The Y-stage 15Y is mounted on an X-stage 15X 
for movement in the Y-direction by means of a suitable 
mechanism such as a feedscreW mechanism. The X-stage 
15X is mounted on a machine base 17 for movement in the 
X-direction by means of a suitable mechanism such as a 
feedscreW mechanism. The Z/tilt-stage 14 may be adjusted 
With respect to the Z-direction position (the focusing 
position) by operating the three actuators 16—A16C so as to 
provide the same displacement in the Z-direction, While may 
be adjusted With respect to the tilt angles about the X- and 
Y-axes by operating the three actuators 16—A16C so as to 
provide different displacements in the Z-direction. 

Further, a moving mirror 22X for the X-direction position 
measurement is ?xedly mounted on the top surface of the 
Z/tilt-stage 14, and an associated laser interferometer 23X is 
?xedly mounted on a stationary member outside the Z/tilt 
stage 14. The moving mirror 22X and the laser interferom 
eter 23X are used to continuously monitor the X-coordinate 
of the Wafer 12. Also, a moving mirror 22Y (see FIG. 7) for 
the Y-direction position measurement is ?xedly mounted on 
the top surface of the Z/tilt-stage 14 and an associated laser 
interferometer 23Y is ?xedly mounted on a stationary mem 
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ber outside the Z/tilt-stage 14. The moving mirror 22Y and 
the laser interferometer 23Y are used to continuously moni 
tor the Y-coordinate of the Wafer 12. The detected X- and 
Y-coordinates are supplied to the main control system 20. 

An exempli?ed arrangement for the actuators 16—A16C 
Will be described below. 

FIG. 6 shoWs a sectional elevation of the actuator 16A, in 
Which a drive unit housing 40 is ?xedly mounted on the 
Y-stage 15Y of FIG. 1. There is a feedscreW 41 disposed 
inside and supported by the drive unit housing 40. A rotary 
encoder 43 for detecting rotational angle is connected With 
the left-hand end of the feedscreW 41 through a coupling 42, 
and a rotary motor 45 is connected With the right-hand end 
of the feedscreW 41 through a coupling 44. The feedscreW 41 
is in threading engagement With a nut 39 on Which a cam 
member 36A With a slant cam surface at its top end is 
mounted through a support member 38. A roller (or 
folloWer) 36B is in contact With the slant cam surface of the 
cam member 36A. The roller 36B is received in a recess 
formed in the Z/tilt-stage 14 of FIG. 1, and rotatable in the 
recess, While immovable in any horiZontal directions. 

The cam member 36A is also guided by a linear guide 37 
for translational movement parallel to the feedscreW 41. A 
control signal indicating a drive speed is produced from a 
stage control system 24 (FIG. 1) and supplied to the rotary 
motor 45, Which drives the feedscreW 41 to rotate at the 
drive speed (angular velocity) indicated by the control 
signal. In this manner, the nut 39 is moved along the 
feedscreW 41 in the X-direction, together With the cam 
member 36A. Thus, the roller 36B, Which is in contact With 
the slant cam surface at the top end of the cam member 36A, 
is displaced in the vertical direction (the Z-direction) relative 
to the drive unit housing 40, While being rotated. The 
angular velocity of the rotation of the feedscreW 41 is 
measured by means of the rotary encoder 43 and used to 
determine the velocity of the vertical movement of the roller 
36B. The other actuators 16B and 16C have the same 
arrangement as the actuator 16A described above. 

Alternatively, each of the actuators 16A—16C may com 
prise a stacked type of pieZoelectric device or any other 
actuators Which directly produce linear movements. Where 
each of the actuators 16A—16C comprises such an actuator, 
the encoder required for detecting the Z-direction position 
may comprise an optical or electrostatic linear encoder. 

Referring again to FIG. 1, the main control system 20 
operates the Wafer stage drive system 24 based on the 
supplied coordinates, so as to control the operations of the 
X-stage 15X, Y-stage 15Y and Z/tilt-stage 14. For an 
example, Where the exposure is performed using the scan 
ning exposure technique and the projection optical system 
11 projects an inverted image With a magni?cation ratio of 
[3 (the value of [3 is 1A, for example), then the reticle 7 is 
moved for scanning by the reticle stage 9 in the +X-direction 
(or in the —X-direction) relative to the illumination area 8 at 
a velocity of VR, While the Wafer 12 is moved for scanning 
in synchronism With the movement of the reticle 7, by the 
X-stage 15X, in the —X-direction (or in the +X-direction) 
relative to the illumination ?eld 13 at a velocity of VW (=[3* 

VR). 
In the folloWing, an arrangement of a multipoint focusing 

position detection system (referred to as the “multipoint AF 
sensor” hereinafter) 25 Will be described. The multipoint AF 
sensor 25 includes a light source 26 Which emits a detection 
light beam to Which the photoresist on the Wafer has 
substantially no sensitivity. The detection light beam passes 
through a condenser lens 27 to illuminate a number of 
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(?fteen) slits formed in the light-transmit slit plate 28, and 
thereby respective images of the slits are formed through an 
objective lens 29 and projected obliquely onto the Wafer 12, 
at ?fteen measurement points PM—P53 distributed in three 
regions on the Wafer 12 including the illumination ?eld 13 
and tWo prereading areas 35A and 35B (see FIG. 2) preced 
ing and folloWing, respectively, the illumination ?eld 13. 

FIG. 2 shoWs the arrangement or array of the measure 
ment points P11—P53 on the Wafer 12. As shoWn, the pre 
reading areas 35A and 35B are established on the 
+X-direction side and the —X-direction side, respectively, of 
the slit-like illumination ?eld 13. There are distributed nine 
of the measurement points P21—P43 (forming a three-roW by 
three-column (3x3) matrix) in the illumination ?eld 13, three 
of the measurement points PM—P13 in one prereading area 
35B and three of the measurement points P51—P53 in the 
other prereading area 55A. In this embodiment, the data 
representing the focusing positions at the nine measurement 
points in the illumination ?eld 13 is used to determine the 
average focusing position and the tilt angle of that portion of 
the Wafer surface Which is in the illumination ?eld 13. 
Further, the data representing the focusing positions at the 
three measurement points in the prereading area 35A (or at 
those in the prereading area 35B) may be used for various 
purposes including the compensation for the step structure 
formed on the surface of the Wafer 12 When necessary. 

Referring again to FIG. 1, re?ecting light beams from the 
measurement points are converged through a condenser lens 
30 onto a vibrating slit plate 31, so that there are images 
formed on the vibrating slit plate 31, Which are the images 
of the slit images projected on the Wafer at the measurement 
points. The vibrating slit plate 31 is driven for vibration in 
a predetermined direction by a vibrator 32, Which is, in turn, 
driven by the drive signal DS from the main control system 
20. Light rays passed through a number of slits formed in the 
vibrating slit plate 31 are converted into respective electrical 
signals by a number of photodetectors disposed on a pho 
todetector unit 33. The electrical signals are supplied to a 
signal conditioning system 34, and the conditioned signals 
are routed to the main control system 20. 

FIG. 3 shoWs the light-transmit slit plate 28. As shoW, the 
light-transmit slit plate 28 has the slits 28M—2853 formed 
therein at positions corresponding to the positions of the 
measurement points P1 1—P53 on the Wafer of FIG. 2. Further, 
the vibrating slit plate 31 of FIG. 1 has the slits 3111—3153 
formed therein at positions corresponding to the positions of 
the measurement points P11—P53 on the Wafer of FIG. 2. The 
vibrating slit plate 31 is driven by the vibrator 32 for 
vibration in the measuring direction perpendicular to the 
longitudinal direction of each slit formed therein. 

FIG. 5 shoWs the photodetector unit 33 and the signal 
conditioning system 34. As shoWn, the photodetector unit 33 
includes a ?rst roW of photodetectors 3311—3313 for receiv 
ing the light beams re?ecting from the measurement points 
PM—P13 of FIG. 2 and passed through the corresponding slits 
in the vibrating slit plate 31, respectively. The photodetector 
unit 33 further includes second to fourth roWs of photode 
tectors 3321—3343 for receiving the light beams re?ecting 
from the measurement points P21—P43 of FIG. 2 and passed 
through the corresponding slits in the vibrating slit plate 31, 
respectively. The photodetector unit 33 further includes ?fth 
roW of photodetectors 3351—3353 for receiving the light 
beams re?ecting from the measurement points P51—P53 of 
FIG. 2 and passed through the corresponding slits in the 
vibrating slit plate 31, respectively. The photodetectors 
3311—3353 produce respective detection signals Which are 
supplied to respective ampli?ers 4611—4653 and then to 



H1774 
11 

respective synchronized recti?ers 47114753. The detection 
signals are input to the respective synchronized recti?ers 
4711—4753 at the timing established by using the drive signal 
DS driving the vibrator 32, such that the synchroniZed 
recti?ers 4711—4753 produce focus signals Which varies 
substantially in direct proportion to the focusing positions at 
the corresponding measurement points, as far as the focus 
ing positions are Within a predetermined range. In this 
embodiment, the calibration is made for the focus signals 
produced from the synchroniZed recti?ers 47114753, such 
that the focus signals are at Zero levels under the condition 
When the reticle 7 is positioned stationary at the midpoint in 
the scanning direction in FIG. 1 and When the corresponding 
measurement points are positioned in a image plane (the best 
focus plane) of the projection optical system 11. 

The focus signals produced from the synchroniZed recti 
?ers 4711—4753 are supplied to a multiplexor 48 in parallel. 
The multiplexor 48 operates in synchronism With a select 
signal from a microprocessor (MPU) 50 in the main control 
system 20, so as to sequentially select one of the supplied 
focus signals at a time and supply the selected focus signal 
to an analog-to-digital converter (A/D) 49. Thus, the A/D 49 
sequentially outputs digital focus signals Which are stored in 
a memory 51 in the main control system 20. 

FIG. 7 shoWs a drive system for the three actuators 
16—A16C. In the main control system 20 of FIG. 7, digital 
focus signals representing the focusing positions at the 
measurement points PM—P53 of FIG. 2 are stored at corre 
sponding addresses 5111—5153 in the memory 51. The focus 
signals stored in the memory 51 are periodically updated at 
a predetermined sampling frequency. Those of the focus 
signals Which are stored at addresses corresponding to the 
measurement points con?ned in the illumination ?eld 13 of 
FIG. 2 (i.e., at addresses 5121—5143) are read out and 
supplied to a least-squares calculation unit 52 in parallel. 
The least-squares calculation unit 52 uses these nine focus 
signals corresponding to the nine measurement points 
P21—P43 con?ned in the illumination ?eld 13, so as to 
determine a plane Which is considered to be coincident With 
the surface of the Wafer in the illumination ?eld 13 accord 
ing to the least-squares method. The least-squares calcula 
tion unit 52 further determines the focusing position (in 
terms of the Z-coordinate) Z of the determined plane at the 
center thereof, the tilt angle 6x of the determined plane about 
the Y-axis, and the tilt angle 6y of the determined plane about 
the X-axis. The tilt angle 6x, the tilt angle By, and the 
focusing position Z are supplied to the subtractors 54A, 54B 
and 54C, respectively. 
On the other hand, those of the focus signals Which are 

stored at addresses 5111—5113 and 5151—5153, i.e., the focus 
signals corresponding to the measurement points con?ned in 
the prereading areas 35A and 35B of FIG. 2, are read out and 
supplied to a prereading correction unit 53. The prereading 
correction unit 53 serves, among others, to detect any 
surface irregularities of the Wafer 12. 

The main control system 20 also includes a ?rst storage 
unit 55 and a second storage unit 56. The ?rst storage unit 
55 stores data relating to a ?rst reference plane Which 
represents an image plane in the illumination ?eld 18 on the 
Wafer 12, including the tilt angle exp of the ?rst plane about 
the Y-axis, the tilt angle SW of the ?rst plane about the 
X-axis, and the focusing position ZO of the image plane at the 
center of the illumination ?eld 13 When the center of the 
reticle 7 is coincident With the optical axis of the projection 
optical system 11. On the other hand, the second storage unit 
56 stores data relating to a second reference plane Which 
represents a image plane extending the entire region of the 
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exposure ?eld (shot area) on the Wafer 12, including the tilt 
angle @x of the second reference plane about the Y-axis (i.e., 
the tilt angle thereof toWard the scanning direction). 

Referring noW to FIGS. 8A and 8B, the ?rst and second 
reference planes Will be described in more detail. FIG. 8A is 
a simpli?ed schematic representation of the stage system of 
FIG. 1. In FIG. 8A, it is assumed that the reticle stage 9, 
Which serves to move the reticle 7 in the X-direction for 
scanning, slides along a slide plane (guide plane) 10a While 
the pattern bearing surface of the reticle 7 has a certain 
inclination relative to the slide plane 10a. Also, it is assumed 
that the X-stage 15X, Which serves to move the Wafer 12 in 
the X-direction for scanning, slides along another slide plane 
17a and the tilt angles of the slide plane 17a about Y- and 
X-axes have been adjusted to be (0, 0). 

With these assumptions, the ?rst reference plane 62 is 
de?ned as that image plane in Which the portion of the 
pattern on the reticle 7 as con?ned in the illumination area 
8 is formed When the reticle 7 is positioned at the midpoint 
in the scanning direction. The tilt angles exp and SW about 
the Y- and X-axes, respectively, of the ?rst reference plane 
62 relative to the slide plane 17a, as Well as the focusing 
position ZO of the ?rst reference plane 62, are determined and 
stored as preparatory data. The surface of the Wafer 12 is so 
positioned as to be coincident With the ?rst reference plane 
62, through the control of the displacements produced by the 
three actuators 16A—16C (see FIG. 7). HoWever, the image 
plane of the actually formed image in the illumination ?eld 
13 moves in the Z-direction While keeping its orientation 
parallel to the ?rst reference plane 62, When the reticle 7 is 
moved along the slide plane 17a in the X-direction so as to 
cause the illumination area 8 to move in the Z-direction. The 
second reference plane is de?ned to account for this dis 
placement of the ?rst reference plane 62 in the Z-direction. 

It is assumed here that the Wafer 12 is moved for scanning 
in the +X-direction. Then, the relationship betWeen the 
focusing position ZO When the Wafer 12 is in the position 
shoWn in FIG. 8A and the focusing position ZA When the 
Wafer 12 is in the position shoWn in FIG. 8B is approxi 
mately expressed as: 

To consider the in?uences of the movement of the reticle 
7 for scanning, it is also assumed that the pattern bearing 
surface of the reticle 7 has a tilt relative to the slide plane 
(10a) toWard the scanning direction With a certain tilt angle. 
This results in that the position of the image plane at the 
center of the illumination ?eld is displaced along the second 
reference plane 65 (Which is the plane having a tilt angle 
toWard the scanning direction (i.e., the tilt angle about the 
Y-axis) of 6),) When the reticle 7 is moved in the X-direction 
for scanning, as shoWn in FIG. 8B. 

More speci?cally, in FIG. 8A, the point 63A is a point on 
the pattern bearing surface of the reticle 7 and on the optical 
axis AX. The point 64A is a point on the pattern bearing 
surface of the reticle 7 and distant from the point 63A toWard 
the +X-direction, and the distance betWeen these points is 
expressed as (x—xO). The point 63B is an image point on the 
Wafer 12 and conjugate to the point 63A. The point 64B is 
a point on the Wafer 12 and distant from the point 63B 
toWard —X-direction, and the distance betWeen these points 
is expressed as (X—X0). The magni?cation ratio of the 
projection optical system 11 is designated by [3 (the value of 
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[3 is 1A or 1/5, for example). Then, the distances mentioned 
above satisfy the relationship expressed as: 

X-Xu=-l5 (x-Xu) (formula 2) 

Since the tilt angle of the second reference plane 65 is @x 
and the focusing position When the substrate 12 is in the 
position XO shoWn FIG. 8A is Z0, the focusing position at the 
center of the illumination ?eld When the substrate 12 is in the 
position shoWn in FIG. 8B is the focusing position ZB 
expressed by formula 3 beloW. 

Thereafter, While the tilt angle and the focusing position 
of the Wafer 12 are kept locked, the reticle 7 and the Wafer 
12 are moved from the positions shoWn in FIG. 8 in the 
—X-direction and the +X-direction, respectively, With the 
ratio betWeen their velocities being equal to [3. Then, at the 
point of time When the point 64A on the reticle 7 reaches a 
point on the optical axis AX, the point 64B on the Wafer 12 
reaches a point on the optical axis AX. HoWever, because the 
illumination area on the reticle 7 is displaced in the 
Z-direction, the image point 64C of the point 64A on the 
reticle 7 With respect to the projection optical system 11 is 
distant from the point 64B distance 61 in the Z-direction. 
Here, in FIG. 8B, the second reference plane 65 is de?ned 
as the plane containing the former image point 63B and the 
neW image point 64B on the Wafer side and having its tilt 
angle about the X-axis equal to the tilt angle SW of the ?rst 
reference plane 62. Then, image points (With respect to the 
projection optical system 11) of the points on the reticle 7 
and sequentially passing the optical axisAX When the reticle 
7 and the Wafer 12 are moved for scanning in the X-direction 
and +X-direction, respectively, Will form a line Which lies in 
the second reference plane 65. In other Words, the second 
reference plane is the image plane of the image of the pattern 
on the reticle Which is projected in the exposure ?eld (shot 
area) on the Wafer 12. 

In this embodiment, the tilt angle @x of the second 
reference plane 56 about the Y-axis is determined and stored 
as preparatory data. Then, the distance 61 betWeen the point 
64B on the Wafer 12 and the image point 64 shoWn in FIG. 
8B is expressed using the tilt angle @XP of the ?rst reference 
plane 62 and the tilt angle @x of the second reference plane 
65 as: 

Accordingly, the focusing (auto-focusing) may be 
achieved by causing the levels (heights) of the acting points 
of the three actuators 16A<><16C to displace in parallel, by 
the displacements equal to the distance 62. The levelling has 
been already achieved at this point time. 

Referring again to FIG. 7, the ?rst storage unit 55 supplies 
the tilt angles exp and SW of the ?rst reference plane to the 
subtractors 54A and 54B, respectively, Which are used as the 
desired tilt angles. The subtractors 54A and 54B output the 
errors in the tilt angles AGX (=6xp—6x) and Aey (=6yp—6y), 
respectively, Which are supplied to the desired-position-to 
velocity conversion unit 58. Further, the ?rst storage unit 55 
supplies the tilt angle 6,, and the focusing position ZO of the 
image plane under the reference condition to a focusing 
position correction unit 57, and the second storage unit 56 
supplies the tilt angle @x of the second reference plane to the 
focusing position correction unit 57. In addition, the 
X-coordinate of the Z/tilt-stage 14 (hence of the Wafer 12) 
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measured by means of the X-axis laser interferometer 23X 
is supplied to both the focusing position correction unit 57 
and the desired-position-to-velocity conversion unit 58, and 
the Y-coordinate of the Z/tilt-stage 14 measured by means of 
the Y-axis laser interferometer 23Y is supplied to the 
desired-position-to-velocity conversion unit 58. 
The focusing position correction unit 57 calculates the 

shift 61 (see FIG. 8B) in the focusing position by substitut 
ing the X-coordinate of the Z/tilt-stage 14 under the refer 
ence condition and the current X-coordinate of the Z/tilt 
stage 14 for X0 and X, respectively, in formula 4, sums up 
the shift 61 and the focusing position ZO to obtain the desired 
focusing position Zp, and supplies the desired focusing 
position ZP to the subtractor 54C. The subtractor 54C, in 
response thereto, supplies the desired-position-to-velocity 
conversion unit 58 With the error AZ (=ZP—Z) in the focusing 
position. 

The desired-position-to-velocity conversion unit 58 uses 
the supplied X- and Y-coordinates of the Z/tilt-stage 14 to 
calculate three sets of coordinates (X1, Y1), (X2, Yx) and 
(X3, Y3) of the acting points of the three actuators 16A, 16B 
and 16C, respectively, taking the position of the optical axis 
of the projection optical system 11 as the origin of the 
coordinates. Further, the desired-position-to-velocity con 
version unit 58 has been provided With and stores as 
preparatory data, the loop gains KGX, K6 and K2 of respec 
tive position control systems for the tilt angle 6x, the tilt 
angle By and the focusing position Z. The desired-position 
to-velocity conversion unit 58 calculates velocity command 
values VZl, VZ2 and VZ3 for the three actuators 16A, 16B 
and 16C, respectively, using the folloWing formula: 

(formula 5) 
VZ1 K6), 0 0 X1 Yr 1 Aex 

V22 = 0 Key 0 X2 Y2 1 A0, 

V23 0 0 K2 X3 Y3 1 AZ 

The XY-coordinates (X1, Y1), (X2, Y2) and (X3, Y3) of the 
acting points of the actuators 16A, 16B and 16C vary as the 
Wafer 12 is moved for scanning. Therefore, the desired 
position-to-velocity conversion unit 58 performs the arith 
metic operations of formula 5 repetitively, that is, every time 
the Wafer 12 being moved for scanning has covered an 
additional predetermined step of distance, or at ceratin 
constant time intervals, to calculate the velocity command 
values VZl, VZ2 and VZ3. The velocity command values 
VZl, VZ2 and VZ3 are supplied to a velocity controller 60, 
Which drives the actuators 16A—16C by means of respective 
poWer ampli?ers 61A—61C. Further, the velocity detection 
signals from the rotary encoders 43A—43C (such as the 
rotary encoder 43 shoWn in FIG. 6) are fed back to the 
velocity controller 60. In this manner, the actuators 
16A—16C are driven to move their acting points in the 
Z-direction at velocities speci?ed by the velocity command 
values VZ1—VZ3, respectively. 

Then, the position and the tilt angles of the surface of the 
Wafer 12 after driven by the actuators 16A—16C are deter 
mined by means of the multipoint AF sensor 25 of FIG. 1 
and the least-squares calculation unit 52 of FIG. 7, and the 
deviations (errors) of the determination results from the 
respective desired values are fed back to the desired 
position-to-velocity conversion unit 58. Because the tilt 
angles and the focusing position of the Z/tilt-stage 14 are 
servo-controlled during the scanning exposure operation in 
this Way, it is ensured that the exposure operation is carried 
out With the illumination ?eld 13 on the Wafer 12 being 
alWays coincident With the image plane in Which formed is 
a projected image of that portion of the pattern on the reticle 
7 Which is then con?ned in the illumination area 8. 
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Next, an exempli?ed method of measuring i) the tilt 
angles exp and SW of the ?rst reference plane 62 correspond 
ing to the image plane in the illumination ?eld 13 and ii) the 
tilt angle @x of the second reference plane 65 corresponding 
to the image plane of the exposure ?eld on the Wafer 12, as 
shoWn in FIGS. 8A and 8B. 

First, With respect to the ?rst reference plane 62, the 
reticle 7 is positioned stationary at the midpoint in the 
scanning direction as shoWn FIG. 8A. Then, test printing 
(exposure for determining conditions) is carried out using 
step-and-repeat technique, in Which the Wafer stage is driven 
to step in both X- and Y-directions and the image of the 
pattern in the illumination area 8 is repetitively printed onto 
a plurality of regions (the regions to be exposed in the 
illumination ?eld 13) on a Wafer 12, When the surface of the 
Wafer 12 is maintained parallel to the slide surface 17a, i.e., 
the pair of tilt angles are set to (0, 0), While the focusing 
position (the Z-coordinate) of the Wafer 12 is gradually 
varied. Then, the Wafer 12 is developed, and the developed, 
printed images are examined for their resolutions, so that the 
distribution of the best focus positions at different points in 
the illumination ?eld 13 is determined. Then, the distribu 
tion is approximated by a plane, so as to determine the tilt 
angles (exp, SW) and the focusing position ZO of the ?rst 
reference plane 62. 

Second, With respect to the second reference plane 65, the 
tilt angles (exp, exp) of the ?rst reference plane 62 as 
determined in the manner described above are utiliZed. For 
this purpose, those of the data in the ?rst storage unit 55 of 
FIG. 5 Which represent the tilt angles (exp, SW) are set to the 
determined values through an input/output device (not 
shoWn). Further, the data in the second storage unit 56 
representing the tilt angle @x of the second reference plane 
65 is set to “0” (this value corresponds to the tilt angle of the 
slide plane 17a) through the input/output device. Then, test 
printing is carried out using step-and-scan technique, in 
Which exposures are performed at a plurality of points on the 
Wafer While the desired value of the focusing position (the 
Z-coordinate) is incremented by a predetermined step after 
each exposure. In each of the scanning exposure operations 
for the test printing, the Wafer 12 is set to have the same tilt 
angles as the ?rst reference plane 62 and a ?xed focusing 
position. Then, the Wafer 12 is developed, and the 
developed, printed images are examined for their 
resolutions, so that the distribution of the best focus posi 
tions in each exposure ?eld (shot area) on the Wafer 12 is 
determined. From this distribution, the tilt angle @x of the 
second reference plane 65 about the Y-axis and the tilt angle 
8y of the second reference plane 65 about the X-axis (this 
is substantially equal to the tilt angle SW of the ?rst reference 
plane 62) are determined. That is, the tilt angles of the 
second reference plane 65 are indicative of the distribution 
of the best focus positions in the exposure ?eld. The tilt 
angle @x about the Y-axis is stored in the second storage unit 
56 of FIG. 7 through the input/output device (not shoWn). 

In FIG. 2, the measurement points P21—P43 for determin 
ing the tilt angles and the focusing position are distributed 
Within the illumination ?eld 13. HoWever, they may be 
distributed beyond the border of the illumination ?eld 13. 
Further, the total number and the arrangement of the entire 
set of the measurement points PM—P53 are not limited to 
those shoWn in FIG. 2. For example, the measurement points 
may be arranged in an array comprising roWs staggered in 
the X-direction. 

Further, in the embodiment described above, the tilt 
angles of the illumination ?eld 13 on the Wafer 12 are 
determined by using the multipoint AF sensor 25. 
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Alternatively, they may be determined by using a levelling 
sensor of the type utiliZing an obliquely incident collimated 
beam, in Which a single-point AF sensor is used in place of 
the multipoint AF sensor, a collimated beam is illuminated 
obliquely onto the surface of the Wafer 12, and the lateral 
shift of the re?ecting beam is used so as to determine the tilt 
angles of the surface. 
According to a projection exposure apparatus of the 

present invention, such kind of tilt angles of the projected 
image relative to the exposure area (illumination ?eld) on 
the photosensitiZed substrate Which may be caused by the 
inclination of the mask and/or the projection optical system, 
are represented by the tilt angles of the ?rst reference plane. 
On the other hand, such kind of tilt angles of the projected 
image relative to the exposure ?eld on the substrate Which 
may be caused by the difference betWeen the tilt angles of 
the slide planes (guide planes) of the mask stage and the 
substrate stage, are represented by the tilt angles of the 
second reference plane. As the result, by controlling the tilt 
angles and the focusing position based on these tWo refer 
ence planes, there is provided an advantage that the surface 
of the substrate may be dynamically adjusted to be coinci 
dent With the image plane With a high tracking accuracy 
during the scanning exposure operation, even When the 
height of the image plane of the projection optical system 
varies during the scanning exposure operation. 
As the result, highly uniform, projected images may be 

obtained With ease over the entire region of each exposure 
?eld (shot area) on the substrate. Further, good imaging 
characteristics may be maintained even When the focal depth 
in the image plane of the projection optical system is 
relatively shalloW. That is, a larger focus margin may be 
obtained for a given focal depth. 

Further, in the case Where the tilt angles of the ?rst 
reference plane and the tilt angles of the second reference 
plane (indicative of the variation in the focusing position) 
have been determined and stored as preparatory data, the 
scanning exposure operation may be carried out by using the 
stored data, so that the control sequence may be simpli?ed 
and higher tracking speeds for folloWing the variation in the 
focusing position may be obtained. 

In the folloWing, an exempli?ed focusing position detec 
tion method, Which is effective in reducing the settling time 
and enhancing the throughput, Will be described. 

FIG. 10 shoWs a drive system for the three actuators 
16A—16C of FIG. 1. In this exempli?ed arrangement, pulse 
signals from the rotary encoder 43 are counted up by a 
counter 161A so as to determine the Z-direction position 
(height) PZ1 of the acting point of the actuator 16A to the 
Z/tilt-stage 14. 
As shoWn in FIG. 10, the other tWo actuators 16B and 16C 

have the same arrangement as the actuator 16A and thus are 
provided With respective rotary encoders 43B and 43C, 
through Which displacement velocities of their actuation 
points may be determined. There are also provided counters 
161B and 161C for counting up the pulse signals from the 
rotary encoders 43B and 43C, respectively. The counters 
161B and 161C are used to determine the Z-direction 
positions PZ2 and PZ3 of the acting points of the actuators 
16B and 16C to the Z/tilt-stage 14. 

In the main control system 20 of FIG. 10, digital focus 
signals representing the focusing positions at the measure 
ment points P21—P43 in the illumination ?eld 13 of FIG. 2 are 
stored at corresponding addresses 5121—5143 in a memory 
51. 
The focus signals stored in the memory 51 are periodi 

cally updated at a predetermined sampling frequency. The 
















