
SPECIFICATION  EXPOSURE APPARATUS  5 TECHNICAL FIELD [00011  The
present invention relates to an exposure apparatus applied to a
photolithography, such as to an exposure apparatus for extreme ultra
violet lithography  (EUVL) using an exposure wavelength of 50 nm or
less. 10 BACKGROUND ART  [0002]  An ordinary exposure apparatus is
equipped with light-quantity sensors for monitoring fluctuations in
the light quantity of exposure light (see patent documents 1 and 2,
15 etc.). In particular, in patent document 1, a system (lens
adjusting system) is disclosed  which arranges light-quantity sensors
on an upstream side and a downstream side of a  projection optical
system, estimates fluctuation amounts of the characteristics of the
projection optical system based on the outputs of the light-quantity
sensors, and adjusts the  projection optical system so as to control
the fluctuation amounts. It is desirable that such 20 an adjusting
system be incorporated also in an exposure apparatus for EUVL which
is a  next-generation exposure apparatus. Patent Document 1: Japanese
Unexamined Patent Application Publication No.  Hei9-36018 Patent
Document 2: Japanese Unexamined Patent Application Publication No.
25 Heil 1-16816 1 z DISCLOSURE OF THE INVENTION 



PROBLEMS TO RESOLVED BY THE INVENTION  [0003] 5 However, the
inventors of the present invention have found out that there is a
possibility that the adjusting system does not operate normally when
it is applied to an  exposure apparatus for EUVL as it is. The reason
is that a special light source for EUVL (EUV  light source) is used
in an exposure apparatus for EUVL, a special mirror for reflecting
EUV  light (reflecting mirror having a multilayered film) is used,
and the like. In that case, it can be 10 considered that it is
difficult to estimate fluctuation amounts of the characteristics of a
projection optical system from fluctuations in the light quantity of
exposure light. [0004]  It is therefore an object of the present
invention to provide an exposure apparatus  capable of accurately
grasping characteristic fluctuations of an optical system caused by
15 irradiation heat of light. MEANS FOR SOLVING THE PROBLEMS  [0005]
First, the inventors of the present invention took the following
circumstances  peculiar to an exposure apparatus for EUV into
consideration. 20 [1] From an EUV light source, non-exposure
wavelength components  (out-band light) are emitted in addition to
exposure wavelength components (in-band light)  (the exposure
wavelength components are EUV light, and the non-exposure wavelength
components are extra ultraviolet light, visible light, infrared
light, etc.). [2] It has been also studied to insert filters blocking
out-band light. However,  25 the filters must be inserted on the
upstream as far as possible (on the upstream than an  2 integrator of
the illumination optical system). In that case, the filters are
exposed to EUV  light having a relatively large light quantity, so
that a durability problem arises. 



[3] A reflecting mirror having a multilayered film used in many
optical systems  for EUVL reflects not only in-band light but also
out-band light. 5 [4] There is a high possibility that the
light-quantity ratio between in-band light  and out-band light
fluctuates according to the operation status of an EUV light source.
[0006] In view of the above circumstances, it is understood that at
least it is necessary to  detect in-band light and out-band light
independently in order to accurately grasp  10 characteristic
fluctuations of an optical system for EUVL. For this purpose, the
exposure apparatus of the present invention is characterized in  that
an exposure apparatus exposing an object to be exposed with light
emitted from a light  source includes a detecting unit detecting
light quantity of non-exposure wavelength  component of the light. 15
[0007] The detecting unit preferably detects light quantity of
exposure wavelength  component of the light and light quantity of
non-exposure wavelength component of the  light independently.
Furthermore, any of the exposure apparatuses of the present invention
preferably  20 includes a projection optical system arranged between
the light source and the object to be  exposed, and an adjusting unit
adjusting the projection optical system based on an output of  the
detecting unit. [0008]  Furthermore, the projection optical system
preferably includes at least one mirror,  25 and at least one of
subjects of to be adjusted by the adjusting unit is preferably a
position of 3 the mirror in a direction perpendicular to an optical
axis. Furthermore, the projection optical system preferably includes
at least one mirror,  



and at least one of subjects to be adjusted by the adjusting unit is
preferably an attitude of the  mirror. 5 Furthermore, the projection
optical system preferably projects a pattern of a mask  arranged on
the light source side onto the object to be exposed, and at least one
of subjects  to be adjusted by the adjusting unit is preferably a
relative position between the mask and the  object to be exposed.
[00091  10 Furthermore, the projection optical system preferably
projects a pattern of a mask  arranged on the light source side onto
the object to be exposed, and at least one of subjects  to be
adjusted by the adjusting unit is preferably an attitude of at least
one of the mask and  the object to be exposed. Furthermore, the
detecting unit preferably detects light quantity of exposure  15
wavelength component of the light and light quantity of non-exposure
wavelength  component of the light independently, and the adjusting
unit preferably determines, to carry  out the adjusting, adjustment
contents of the projection optical system based on light  quantity of
the exposure wavelength component, light quantity of the non-exposure
wavelength component, characteristic information of the projection
optical system for the 20 exposure wavelength component, and
characteristic information of the projection optical  system for the
non-exposure wavelength component. [0010]  Furthermore, the detecting
unit preferably includes at least two of the detecting units,  which
are a first detecting unit whose detecting object is the light before
passing the 25 projection optical system, and a second detecting unit
whose detecting object is the light  4 after passing the projection
optical system, and the adjusting unit preferably corrects
characteristic information of the projection optical system for the
exposure wavelength  



component based on light quantity of the exposure wavelength
component detected by the  first detecting unit and light quantity of
the exposure wavelength component detected by the 5 second detecting
unit, and characteristic information of the projection optical system
for the  non-exposure wavelength component based on light quantity of
the non-exposure  wavelength component detected by the second
detecting unit and light quantity of the  non-exposure wavelength
component detected by the second detecting unit. [00111  10
Furthermore, characteristic information of the projection optical
system preferably  includes each of absorption coefficients of
optical members in the projection optical system. Furthermore, the
adjusting unit preferably reflects information about reflectivity of
the object to be exposed for the non-exposure wavelength component
into the adjustment  contents. 15 Furthermore, any of the exposure
apparatuses of the present invention may further  include a detecting
unit detecting reflectivity of the object to be exposed for the
non-exposure wavelength component. [0012]  Furthermore, the detecting
unit may include a sensor for exposure wavelength  20 detecting light
quantity of exposure wavelength component of the light, and a sensor
for non-exposure wavelength detecting light quantity of non-exposure
wavelength component  of the light. Furthermore, the detecting unit
may include a sensor for specific wavelength  detecting light
quantity of exposure wavelength component or non-exposure wavelength
25 component of the light, and a sensor for all wavelengths detecting
light quantity of all  5 i wavelength components of the light.  



[0013] Furthermore, the detecting unit may include a sensor for all
wavelengths capable of  detecting light quantity of all wavelength
components of the light, and a switching unit  5 switching wavelength
of incident light on the sensor for all wavelengths between at least
two  of exposure wavelength, non-exposure wavelength, and all
wavelengths. Furthermore, the light source may be an EUV light
source.  EFFECT OF THE I N V EN T I O N 10 [0014] According to the
present invention, an exposure apparatus capable of accurately
grasping characteristic fluctuations of an optical system caused by
irradiation heat of light is  realized. 15 BRIEF DESCRIPTION OF THE
DRAWINGS  [0015] Fig. 1 is a schematic configuration diagram of a
projection exposure apparatus of the  first embodiment; Fig. 2
illustrates in detail where light-quantity sensors 12 and 13 are
arranged; 20 Figs. 3(a) and 3(b) illustrate the configurations and
detectable wavelength bands of  light-quantity sensors 12 and 13;
Fig. 4 is a flow chart of the operation of a controlling part 9
regarding a mirror  adjusting system; Figs. 5(a) to 5(c) illustrate
step S2;  25 Fig. 6 illustrates step S3; 6 Fig. 7 shows an example
having two or more light-quantity sensors 12 and 13; Fig. 8 is a
schematic configuration diagram of a projection exposure apparatus of
a  second embodiment; 



Fig. 9 illustrates a variation of a sensor part; 5 Fig. 10
illustrates another variation of a sensor part; Fig. 1 1 illustrates
still another variation of a sensor part; Fig. 12 illustrates the
degree of freedom of stages of a third embodiment; Figs. 13(A) and
13(B) illustrate a method of determining adjusting amounts of the
third embodiment; and 10 Figs. 14(A) and 14(B) illustrate a method of
calculating heat-absorption amounts of a  fourth embodiment. BEST
MODE FOR CARRYING OUT THE INVENTION  [0016] 15 [First Embodiment] The
first embodiment of the present invention will be described below
with reference  to Figs.], 2, 3, 4, 5, 6, and 7. This embodiment is
an embodiment of a projection exposure  apparatus for EUVL. First,
the configuration of the projection exposure apparatus will be
described. 20 Fig. 1 is a schematic configuration diagram of the
projection exposure apparatus.  As shown in Fig. 1, in the projection
exposure apparatus, an irradiating apparatus 1, an  integrator of
reflecting type 3, a condenser mirror 4, an optical path bending
mirror M, a  reticle of reflecting type 5, a reticle stage MS, a
projection optical system of reflecting type 6,  a wafer 7, a wafer
stage WS, a mirror adjusting mechanism 8, light-quantity sensors 12
and 25 13, etc. are arranged, and the driving portions of them are
connected with a controlling part 9  7 consisting of a circuit, a
computer, etc. The reference numeral 100 in Fig. 1 denotes a  vacuum
chamber for keeping all of the optical paths of the projection
exposure apparatus in a  vacuum. [0017]  



5 The irradiating apparatus 1 is equipped with a laser plasma light
source 1a which is a  kind of an EUV light source, and a collimator
mirror le. From the laser plasma light source  1 a, EUV light of the
wavelength of 13.5 nm which is in-band light, and out-band light of
the  other wavelengths are emitted. Light emitted from the laser
plasma light source la passes through the collimator  10 mirror I e,
the integrator 3, the condenser mirror 4, and the optical path
bending mirror M in  this order, and then illuminates the region to
be illuminated of the reticle 5 evenly. Light  reflected by the
region to be illuminated of the reticle 5 enters the projection
optical system 6.  [0018] In the projection optical system 6, a
plurality of mirrors, such as six mirrors M1, M2,  15 M3, M4, M5, and
M6 are arranged. Light reflected by the mirror M1, M2, M3, M4, M5,
and  M6 forms a reduced image of the reticle 5 on the wafer 7. The
reduced image is a reduced  image of a pattern formed in the region
to be illuminated of the reticle 5. By the reduced  image, a region
to be exposed on the surface of the wafer 7 is exposed. [0019]  20
Distances between the mirrors Ml, M2, M3, M4, M5, and M6 (positions
in the optical  axis directions of respective mirrors) in the
projection optical system 6 can be adjusted by the  mirror adjusting
mechanism 8. An instruction for the adjustment and adjusting amounts
(adjusting amounts of respective mirrors in the optical axis
directions) are given from the  controlling part 9 to the mirror
adjusting mechanism 8. Thus, the image-forming 25 characteristic of
the projection optical system 6 can be adjusted.  8 Here, to each of
the optical systems in the projection exposure apparatus, a
characteristic for reflecting in-band light (here, EUV light of the
wavelength of 13.5 nm) has  been added. In particular, each of the
mirrors in the integrator 3, the condenser mirror 4,  the optical
path bending mirror M, and each of the mirrors M1, M2, M3, M4, M5,
and M6 in 



5 the projection optical system 6, shown in Fig. 1, are direct
incidence type mirrors the light  incidence angles of which are less
than 45 degrees, so that a multilayered film is formed on  the
reflecting surface of each of the mirrors. The multilayered film is
formed by stacking two  or more materials of, for example, molybdenum
(Mo), silicon (Si), ruthenium (Ru), rhodium  (Rh), silicon oxides,
and the like. The reflectivity of a mirror on which such a
multilayered 10 film is formed is, for example, the order of about 60
to 70 % for in-band light, and the order  of about 80 % for out-band
light. [00201  Next, the light-quantity sensors 12 and 13 will be
described in detail. As shown in Fig. 1, arrangement places of the
light-quantity sensors 12 and 13 are in  15 a luminous flux
illuminating the reticle 5. The arrangement places are shown in
detail in Fig.  2. In Fig. 2, the symbol E' denotes a region to be
illuminated of the reticle 5, and the symbol  E denotes a transfer
region of the reticle 5 (the transfer region is a region which is
projected  onto the wafer 7). The region to be illuminated E' covers
the whole of the transfer region E  and is slightly larger than the
transfer region E. The light-quantity sensors 12 and 13 are to 20 be
arranged in the luminous flux illuminating the region to be
illuminated E' and incidents on  the outside of the transfer region
E. The light-quantity sensors 12 and 13 arranged in this  place are
able to monitor the light quantity of a luminous flux going to the
wafer 7 without  influencing the luminous flux. [00211  25 Figs. 3(a)
and 3(b) illustrate the configurations and detectable wavelength
bands of  9 P I the light-quantity sensors 12 and 13. First, as shown
on the left side of Fig. 3(a), the light-quantity sensor 12 has a
wavelength-selecting filter F provided on a photoelectric conversion
element SA. The  



photoelectric conversion element SA is a photoelectric conversion
element which consists of a 5 silicon photodiode, etc., and senses
light of a sufficiently wide wavelength band. The  wavelength band
sensed by the photoelectric conversion element SA covers the
wavelength  band (13.5 nm) of in-band light and the wavelength band
of out-band light. The  wavelength-selecting filter F is made of, for
example, zirconium, silicon, or the like, and has  transmittivity
only with respect to in-band light while blocking out-band light.
Thus, the 10 light-quantity sensor 12 is able to detect the light
quantity of in-band light only. The  detectable band of the
light-quantity sensor 12 is, for example, as shown with the symbol
E12  in Fig. 3(b). The curve in Fig. 3(b) is an example of the
emission spectrum of the laser  plasma light source 1 a. Actually,
the emission spectrum is not necessarily as this curve, and
fluctuates according to the operating status of the laser plasma
light source l a. 15 [0022] Furthermore, as shown on the right side
of Fig. 3(a), the light-quantity sensor 13  includes a photoelectric
conversion element SA having the same characteristic as that used in
the light-quantity sensor 12. Thus, the light-quantity sensor 13 is
able to detect the sum of  the light quantity of out-band light and
the light quantity of in-band light. The detectable 20 band of the
light-quantity sensor 13 is, for example, as shown with the symbol
E13 in Fig.  3(b). Next, the mirror adjusting system of the
projection exposure apparatus will be  described. [0023]  25 Fig. 4
is a flow chart of the operation of the controlling part 9 regarding
the mirror  10 o i adjusting system. In Fig. 4, the operation of the
circuit portion and the operation of the  computer portion of the
controlling part 9 are represented without making any distinction  



between them. As shown in Fig. 4, the controlling part 9 refers to
the outputs of the light-quantity  5 sensors 12 and 13 (step Si),
calculates the light quantity of in-band light and the light
quantity of out-band light incident on the projection optical system
6, independently, based  on the outputs thereof (step S2), determines
adjusting amounts of the projection optical  system 6 (here,
adjusting amounts in the optical axis directions of the mirrors)
based on the  calculated light-quantities (step S3), and gives an
instruction for adjustment and adjusting 10 amounts (here, adjusting
amounts in the optical axis directions of the mirrors) to the mirror
adjusting mechanism 8 to adjust projection optical system 6 (step
S4). The steps Si to 54  are executed repeatedly during the exposure
period. The steps S2 and S3 will be described  in detail below.
[0024]  15 (Description of Step S2) Now, it is assumed that the light
quantity of in-band light incidents on the  light-quantity sensors 12
and 13 is A and the light quantity of out-band light incidents on the
light-quantity sensors 12 and 13 is B, as shown in Figs.5 (a) and
(b). Furthermore, the  transmittance of the wavelength-selecting
filter F in the light-quantity sensor 12 is 20 represented by P, the
sensitivity coefficient (conversion efficiency) for in-band light of
the  photoelectric conversion element SA is represented by S, and the
sensitivity coefficient  (conversion efficiency) for out-band light
of the photoelectric conversion element SA is  represented by T.
[00251  25 In the light-quantity sensor 12, as shown in Fig. 5(a),
in-band light having a light  11 e i quantity A is attenuated by the
transmittance P of the wavelength-selecting filter F and then  



enters the photoelectric conversion element SA to be converted to an
electrical signal by the  conversion efficiency S. On the other hand,
out-band light having a light quantity B incident  on the
light-quantity sensor 12 is blocked by the wavelength-selecting
filter F. Thus, the  5 output X of the light-quantity sensor 12 is
given by X = A X P X S. [0026]  Furthermore, in the light-quantity
sensor 13, as shown in Fig. 5(b), both of in-band  light having a
light quantity A and out-band light having a light quantity B enter
the  photoelectric conversion element SA without being attenuated at
all. The in-band light is 10 converted to an electrical signal by the
conversion efficiency S, and the out-band light is  converted to an
electrical signal by the conversion efficiency T. Thus, the output Y
of the  light-quantity sensor 13 is given by Y = A x S + B x T.
[0027]  Hence, the following equation (1) is derived.  15 [0028] (Eq.
1] APS 0A BT]=[ SS T] [B]  [Y]=[AS++ Thus, the controlling part 9
calculates the light quantity A of the in-band light and  the light
quantity B of the out-band light independently by applying the output
X of the  20 light-quantity sensor 12 and the output Y of the
light-quantity sensor 13 to the following equation (2). Information
necessary for this calculation, that is, information about the
characteristics of the light-quantity sensors 12 and 13 such as "A",
"P", "S", and "T' is stored in  the controlling part 9 in advance.
[0029] 12 



[Eq. 21  ~,]=[' ]= r SS T ' LYJ (2) Note that the calculated light
quantities A and B represent the light quantities of  in-band light
and out-band light which have entered the light-quantity sensors 12
and 13,  5 and are thus equivalent to the light quantities of in-band
light and out-band light which will  enter the reticle 5. Next, as
shown in Fig. 5(c), when the reflection coefficient for in-band light
of the  reticle 5 is represented by G[R] and the reflection
coefficient for out-band light of the reticle 5  is represented by
H[R], the light quantity C of in-band light incident on the
projection optical 10 system 6 is given by C = A X G[R], and the
light quantity D of out-band light incident on the  projection
optical system 6 is given by D = B X H[R]. In other words, the
following equation  (3) is derived. [0030]  [Eq. 3] 15 ~C=AxG[R]
D=BxH[R] (3) The reflection coefficients G[R] and H[R] are
coefficients determined for each reticle  ([R] represents a function
of a reticle). Thus, the controlling part 9 estimates the light
quantity C of in-band light incident  on the projection optical
system 6 and the light quantity D of out-band light incident on the
20 projection optical system 6 independently by applying the light
quantities A and B to the  above equation (3). [00311  Note that,
Information necessary for this estimation, that is, information about
the  characteristic of the reticle 5 such as "G[R]" and "H[R]" is
stored in the controlling part 9 in 



13 advance. (Description of Step S3) Now, as shown in Fig. 6, the
heat-absorption coefficient for in-band light of a mirror  Mi in the
projection optical system 6 is represented by E1, and the
heat-absorption coefficient  5 for out-band light of the mirror Mi in
the projection optical system 6 is represented by V;. However, the
heat-absorption coefficient Ei is a heat amount (heat-absorption
amount)  absorbed by the mirror Mi due to in-band light incident on
the projection optical system 6  when the light quantity of the
in-band light is "one", and the heat-absorption coefficient Vi is  a
heat amount (heat-absorption amount) absorbed by the mirror Mi due to
out-band light 10 incident on the projection optical system 6 when
the light quantity of the out-band light is  "one". In this
specification, "heat-absorption amount of a mirror" means "light
quantity of  light changed to heat by a mirror", and is represented
by light energy per unit time or the like.  [0032] When the light
quantity of in-band light incident on the projection optical system 6
is  15 C, the heat-absorption amount wi of the mirror Mi caused by
the in-band light is given by wi _  Cx E,. Furthermore, when the
light quantity of out-band light incident on the projection  optical
system 6 is D, the heat-absorption amount wi of the mirror Mi caused
by the out-band  light is given by w;' = D X V. 20 The sum of the
heat-absorption amount wi of the mirror Mi caused by the in-band
light and the heat-absorption amount wi of the mirror Mi caused by
the out-band light is a  total heat-absorption amount Wi of the
mirror M. [0033]  Thus, the controlling part 9 estimates the
heat-absorption amounts WI, W2, W3, W4,  25 W5, and W6 of the mirrors
M1, M2, M3, M4, M5, and M6 by applying the light quantity C of 



14 in-band light and the light quantity D of out-band light incident
on the projection optical  system 6 to the following equation (4).
[0034]  [Eq. 4] 5 W,. = [C D E. ]. V ... (4) Note that, information
necessary for this estimation, that is, information about the
characteristics of the mirrors M1, M2, M3, M4, M5, and M6 such as "El
", "E2", "E3", "E4", "E5",  "E6", "Vl", "V2", "V3", "V4", "VS", and
"V6" is stored in the controlling part 9 in advance. The
heat-absorption coefficient Ei of the mirror M; depends on the
reflectivity for in-band light of 10 the mirror Mi and the mirrors on
the upstream side than it, and the heat-absorption  coefficient V; of
the mirror Mi depends on the reflectivity for out-band light of the
mirror Mi  and the mirrors on the upstream side than it. [0035]
Further, the controlling part 9 calculates the deformation rate PI of
the mirror M1 at  15 this time point based on the heat-absorption
amount Wl of the mirror M 1 and the history of the heat-absorption
amount (the deformation rate P1 can be calculated based on at least
the  heat-absorption amount W1 of the mirror M 1 and the previous
value of the heat-absorption  amount. However, the content of the
calculation depends on the time constant of the heat  balance
peculiar to the mirror M1). Note that, a deformation amount which
becomes a basis 20 of the deformation rate P1 is obtained when the
mirror Ml has reached a steady state while  the light quantity C of
the in-band light and the light quantity D of the out-band light are
being kept to reference values, respectively. [00361  Likewise, the
controlling part 9 calculates the deformation rate P2 of the mirror
M2 at  



15 this time point based on the heat-absorption amount W2 of the
mirror M2 and the history of  the heat-absorption amount (the
deformation rate P2 can be calculated based on at least the
heat-absorption amount W2 of the mirror M2 and the previous value of
the heat-absorption  amount. However, the content of the calculation
depends on the time constant of the heat 5 balance peculiar to the
mirror M2). Note that, a deformation amount which becomes a basis  of
the deformation rate P2 is obtained when the mirror M2 has reached a
steady state while  the light quantity C of the in-band light and the
light quantity D of the out-band light are  being kept to reference
values, respectively. [0037]  10 Likewise, the controlling part 9
calculates the deformation rate P3 of the mirror M3 at  this time
point based on the heat-absorption amount W3 of the mirror M3 and the
history of  the heat-absorption amount (the deformation rate P3 can
be calculated based on at least the  heat-absorption amount W3 of the
mirror M3 and the previous value of the heat-absorption  amount.
However, the content of the calculation depends on the time constant
of the heat 15 balance peculiar to the mirror M3). Note that, a
deformation amount which becomes a basis  of the deformation rate P3
is obtained when the mirror M3 has reached a steady state while  the
light quantity C of the in-band light and the light quantity D of the
out-band light are  being kept reference values, respectively. [0038]
20 Likewise, the controlling part 9 calculates the deformation rate
P4 of the mirror M4 at  this time point based on the heat-absorption
amount W4 of the mirror M4 and the history of  the heat-absorption
amount (the deformation rate P4 can be calculated based on at least
the  heat-absorption amount W4 of the mirror M4 and the previous
value of the heat-absorption  amount. However, the content of the
calculation depends on the time constant of the heat 25 balance
peculiar to the mirror M4). Note that, a deformation amount which
becomes a basis  



16 of the deformation rate P4 is obtained when the mirror M4 has
reached a steady state while  the light quantity C of the in-band
light and the light quantity D of the out-band light are  being kept
reference values, respectively. [0039]  5 Likewise, the controlling
part 9 calculates the deformation rate P5 of the mirror M5 at  this
time point based on the heat-absorption amount W5 of the mirror M5
and the history of  the heat-absorption amount (the deformation rate
P5 can be calculated based on at least the  heat-absorption amount W5
of the mirror M5 and the previous value of the heat-absorption
amount. However, the content of the calculation depends on the time
constant of the heat 10 balance peculiar to the mirror M5). Note
that, a deformation amount which becomes a basis  of the deformation
rate P5 is obtained when the mirror M5 has reached a steady state
while  the light quantity C of the in-band light and the light
quantity D of the out-band light are  being kept reference values,
respectively. [0040]  15 Likewise, the controlling part 9 calculates
the deformation rate P6 of the mirror M6 at  this time point based on
the heat-absorption amount W6 of the mirror M6 and the history of
the heat-absorption amount (the deformation rate P6 can be calculated
based on at least the  heat-absorption amount W6 of the mirror M6 and
the previous value of the heat-absorption  amount. However, the
content of the calculation depends on the time constant of the heat
20 balance peculiar to the mirror M6). Note that, a deformation
amount which becomes a basis  of the deformation rate P6 is obtained
when the mirror M6 has reached a steady state while  the light
quantity C of the in-band light and the light quantity D of the
out-band light are  being kept reference values, respectively. 100411
25 As described above, when the deformation rates P1, P2, P3, P4, P5,
and P6 of the  



17 mirrors M1, M2, M3, M4, M5, and M6 have become known as described
above, the amount of  fluctuation which has been caused in the
image-forming characteristics of the projection  optical system 6 at
that time point becomes known. In addition, the controlling part 9
determines adjusting amounts of the projection  5 optical system 6
(adjusting amounts Z1, Z2, Z3, Z4, Z5, and Z6 of the mirrors M1, M2,
M3, M4,  M5, and M6) necessary for controlling fluctuations in the
image-forming characteristics,  based on the deformation rates P1,
P2, P3, P4, P5, and P6 of the respective mirrors (up to this  point,
step S3 has been described). [00421  10 As described above, the
present projection exposure apparatus is equipped with a  sensor part
(light-quantity sensors 12 and 13) to detect the light quantity of
in-band light  and the light quantity of out-band light independently
(see Figs.2 and 3), and the controlling  part 9 estimates, based on
these two kinds of detected light quantities, the amount of
fluctuation in the image-forming characteristics of the projection
optical system 6 caused by  15 irradiation heat of light. Thus, even
if the light quantity of in-band light and the light quantity of
out-band  light have fluctuated individually, the amount of
fluctuation in the image-forming  characteristics of the projection
optical system 6 can be estimated accurately. As a result,  the
adjusting amount of the projection optical system 6 becomes an
appropriate value, and  20 the mirror adjusting system thus operates
correctly. [00431  Furthermore, the controlling part 9 estimates,
based on these two kinds of detected  light quantities, the
heat-absorption amount of the projection optical system 6 caused by
in-band light and the heat-absorption amount of the projection
optical system 6 caused by 25 out-band light independently, and
regards the sum of the heat-absorption amounts as the  



18 total heat-absorption amount of the projection optical system 6
(see Eqs. (1) to (4)). Thus,  the fluctuation amount described above
is estimated with high accuracy. Furthermore, the sensor part of the
projection exposure apparatus includes the  photoelectric conversion
elements SA and the wavelength-selecting filter F which are typical
5 optical elements (see Fig. 3(a)), thus being very simple. [0044]
(Others)  Note that, in the present projection exposure apparatus,
when a reticle blind is arranged before the reticle 5 shown in Fig.
1, the light-quantity sensors 12 and 13 may be  10 provided on the
light entering side surface of the reticle blind. Furthermore, the
place to arrange the light-quantity sensors 12 and 13 may be in  any
other place such as an optical path between the projection optical
system 6 and the reticle  5 or an optical path in the projection
optical system 6. However, it is desirable that the place  to arrange
them may be on the upstream than an aperture member (not shown) in
the 15 projection optical system 6, and in an optical path of a beam
which does not pass through the  aperture member. For example, the
place to arrange the light-quantity sensors 12 and 13  may be on the
light entering side surface of the aperture member in the projection
optical  system 6. [0045]  20 Furthermore, the present projection
exposure apparatus may be equipped with an  exposure-amount
controlling system using the output of the light-quantity sensor 12
(=  output indicating the light quantity of in-band light). The
exposure controlling system  performs feed-back control of the power
of the laser plasma light source 1 a in such a manner  that the
output value of the light-quantity sensor 12 and/or the time
integration value of the 25 output of light-quantity sensor 12 are
kept to predetermined values.  



19 Furthermore, as the light source of the present projection
exposure apparatus, any  other EUV light source such as a discharge
plasma light source or a synchrotron light source  may be used
instead of the laser plasma light source 1 a. [00461  5 Furthermore,
the mirror adjusting mechanism 8 of the projection exposure
apparatus may be one adjusting the positions of the mirrors M 1, M2,
M3, M4, M5, and M6, or  one adjusting the pressures of the mediums
among the mirrors M 1, M2, M3, M4, M5, and M6,  provided that they
are able to adjust the image-forming characteristics of the
projection  optical system 6. 10 Furthermore, although one set of the
light-quantity sensors 12 and 13 is arranged in  the projection
exposure apparatus, two or more (two in Fig. 7) sets of the
light-quantity  sensors 12 and 13, for example, may be arranged
around the same luminous flux as shown in  Fig. 7. When the output of
two or more light-quantity sensors arranged around the same  luminous
flux is used, the light quantity of the luminous flux can be detected
with higher  15 accuracy. [0047]  Furthermore, in the present
projection exposure apparatus, the influence of light  which is
reflected by the wafer 7 and then returns to the projection optical
system 6 is  neglected. However, in an EUVL, the light quantity of
light reflected by the wafer 7 is 20 extremely small (details will be
described later), so that the light quantity can be adjusted with
sufficient accuracy even if the influence is neglected. [Second
Embodiment] The second embodiment of the present invention will be
described below with  reference to Fig. 8. Here, only points
different from the first embodiment will be described.  25 [0048] 



20 Fig. 8 is a schematic configuration diagram of the present
projection exposure  apparatus. The configuration of the second
embodiment is different from that of the first  embodiment mainly in
that a light-quantity sensor 12' equivalent to the light-quantity
sensor  12 and a light-quantity sensor 13' equivalent to the
light-quantity sensor 13 are provided on 5 the wafer stage WS.
Hereinafter, the light-quantity sensors 12' and 13' are referred to
as  "wafer side sensors 12' and 13", and the light-quantity sensors
12 and 13 provided near the  reticle 5 are referred to as "reticle
side sensors 12 and 13". [0049]  The controlling part 9 of this
embodiment repeats adjustment similar to that of the  10 first
embodiment using the reticle side sensors 12 and 13 during an
exposure period. In addition, the controlling part 9 of this
embodiment corrects the heat-absorption coefficients  (E], V1, E2,
V2, E3, V3, E4, V4, E5, V5, E6 and V6) of the projection optical
system 6 using the  wafer side sensors 12' and 13' for each
appropriate time outside the exposure period.  [0050] 15 This
correction is performed to address temporal changes in the
reflection /absorption characteristics of the projection optical
system 6, because there is a  possibility that the reflectivities RI,
R2, R3, R4, R5, and R6 of the mirrors M1, M2, M3, M4, M5,  and M6 in
the projection optical system 6 decrease with time due to contaminant
generated in  the projection exposure apparatus. In addition,
contaminant is easier to adhere to mirrors  20 on the upstream side,
so that the temporal changes are remarkable. [00511  The operation of
the controlling part 9 regarding this correction will be described in
detail below. When performing this correction, the controlling part 9
drives the wafer stage WS to  25 arrange the wafer side sensors 12'
and 13' instead of the wafer 7 on the optical path. At that  



21 time, light (in-band light and out-band light) from the projection
optical system 6 enters the  wafer side sensors 12' and 13'. The
controlling part 9, at that time, refers to the output X' of the
wafer side sensor  12' and the output Y of the wafer side sensor 13',
and calculates the light quantity C of  5 in-band light emitted from
the projection optical system 6 and the light quantity D' of out-band
light emitted from the projection optical system 6, respectively. The
calculation  method is equivalent to that used when light quantities
A and B are calculated in the first  embodiment. [00521  10 At about
the same time when the controlling part 9 refers to the outputs X'
and Y, it  refers to the output X of the reticle side sensor 12 and
the output Y of the reticle side sensor  13, and calculates the light
quantity C of in-band light incident on the projection optical
system 6 and the light quantity D of out-band light incident on the
projection optical system  6, respectively. The calculation method is
as described in the first embodiment. 15 In addition, the controlling
part 9 determines whether or not there has been a  fluctuation in the
reflection /absorption characteristics for in-band light of the
projection  optical system 6 based on the light quantity C' of
in-band light emitted from the projection  optical system 6 and the
light quantity C of in-band light incident on the projection optical
system 6 (while comparing them with the previous values), and
corrects the values of 20 heat-absorption coefficients (El, E2, E3,
E4, E5, and E6) regarding in-band light when there  has been a
fluctuation. The correction amounts (AEI, AE2, AE3, AE4, AE5, and
AE6) of the  heat-absorption coefficients (El, E2, E3, E4, E5, and
E6) may be determined based on the light  quantities C and C' only.
However, it is more desirable in high accurate correction that they
be determined based on not only the light quantities C and C' but
also data obtained by 25 advance measurement (that is, data of the
temporal change curves of the  



22 reflection /absorption characteristics for in-band light of the
mirrors M1, M2, M3, M4, M5,  and M6). Information necessary for the
determination and correction is stored in the  controlling part 9 in
advance. [0053]  5 Furthermore, the controlling part 9 determines
whether or not there has been a  fluctuation in the reflection
/absorption characteristics for out-band light of the projection
optical system 6 based on the light quantity D' of out-band light
emitted from the projection  optical system 6 and the light quantity
D of out-band light incident on the projection optical  system 6
(while comparing them with the previous values), and corrects the
values of 10 heat-absorption coefficients (VI, V2, V3, V4, V5, and
V6) regarding out-band light when  there has been a fluctuation. The
correction amounts (AV], AV2, AV3, AV4, AVS, and AV6)  of the
heat-absorption coefficients (VI, V2, V3, V4, V5, and V6) may be
determined based on  the light quantities D and D' only. However, it
is more desirable in high accurate correction  that they be
determined based on not only the light quantities D and D' but also
data obtained 15 by advance measurement (that is, data of the
temporal change curves of the  reflection /absorption characteristics
for out-band light of the mirrors M1, M2, M3, M4, M5,  and M6).
Information necessary for the determination and correction is stored
in the  controlling part 9 in advance. [0054]  20 According to the
above corrections, even if any temporal change has been caused in
the reflection /absorption characteristics of the projection optical
system 6, the  heat-absorption coefficients (El, VI, E2, V2, E3, V3,
E4, V4, E5, V5, E6, and V6) are renewed  to correct values. As a
result, the mirror adjusting system of the projection exposure
apparatus continues to operate correctly even if any temporal change
has been caused in the 25 reflection /absorption characteristics of
the projection optical system 6.  



23 [00551  In addition, the controlling part 9 of this embodiment
corrects the heat-absorption coefficients (El, E2, E3, E4, E5, and
E6) regarding in-band light and the heat-absorption  coefficients
(VI, V2, V3, V4, V5, and V6) regarding out-band light, independently,
based on  5 four kinds of light quantities (C, C, D, and D')
detected, so that its correction accuracy is high.  [Others] Note
that, in each of the sensor parts of the projection exposure
apparatuses  described above, a light-quantity sensor 12 detecting
the light quantity of in-band light only,  and a light-quantity
sensor 13 detecting the sum of the light quantity of in-band light
and the 10 light quantity of out-band light are provided. However, in
addition to the above sensor parts,  a senor part as shown in any one
of Figs.9, 10, and 11 can also be applied as a sensor part for
detecting the light quantity of in-band light and the light quantity
of out-band light  independently. [00561  15 The sensor part shown in
Fig. 9 includes: a light-quantity sensor 12 in which a
wavelength-selecting filter F that has transmittivity only with
respect to in-band light is  mounted on a photoelectric conversion
element SA; and a light-quantity sensor 13' in which a
wavelength-selecting filter F' that has transmittiviy only with
respect to out-band light is  mounted on a photoelectric conversion
element SA. The material of the 20 wavelength-selecting filter F' is,
for example, glass. The sensor part shown in Fig. 10 includes: a
wavelength-selecting filter F that has  transmittiviy only with
respect to in-band light or out-band light; a photoelectric
conversion  element SA; and a mechanism 15 which places the
wavelength-selecting filter F over the front  surface of the
photoelectric conversion element SA and displaces it therefrom. 25
[00571 



24 The sensor part shown in Fig. 1 1 includes: a wavelength-selecting
filter F that has  transmittiviy only with respect to in-band light;
a wavelength-selecting filter F' that has  transmittiviy only with
respect to out-band light; a photoelectric conversion element SA; and
a mechanism 16 which alternately places the wavelength-selecting
filters F and F' over the  5 front surface of the photoelectric
conversion element SA. Note that, when the sensor part shown in Fig.
10 or 1 1 is used, the controlling part 9  drives the mechanism 15 or
16, and refers to both of the output X of the sensor part obtained
before driving and the output Y of the sensor part obtained after
driving. [0058]  10 [Third Embodiment] The third embodiment of the
present invention will be described below with  reference to Figs.12
and 13. This embodiment is a variation of the first embodiment. Here,
only points different from the first embodiment will be described.
The points different from the first embodiment are that subjects of
adjustment for  15 controlling fluctuations in the image-forming
performance in the third embodiment are the  following ones. [0059]
* Positions of the mirrors M1, M2, M3, M4, M5, and M6 in directions
(X-axis  directions) perpendicular to the respective optical axis
directions 20 * Positions of the mirrors M1, M2, M3, M4, M5, and M6
in directions (Y-axis  directions) perpendicular to the respective
optical axis directions and X-axis directions  Positions of the
mirrors Ml, M2, M3, M4, M5, and M6 in the respective optical axis
directions (Z-axis directions) [0060]  25 * Arrangement angles around
the respective X-axes (in the Ox-axis directions) of the  



25 mirrors M1, M2, M3, M4, M5, and M6 * Arrangement angles around the
respective Y-axes (in the Oy-axis directions) of the  mirrors Ml, M2,
M3, M4, M5, and M6 * Arrangement angles around the respective Z-axes
(in the O.-axis directions) of the  5 mirrors M1, M2, M3, M4, M5, and
M6 [00611  * A position in the X-axis direction of the wafer 7  * A
position in the Y-axis direction of the wafer 7  * A position in the
Z-axis direction of the wafer 7 10 For this reason, in this
embodiment, as shown in Fig. 12, each of the mirrors M1, M2,  M3, M4,
M5, and M6 is supported by mirror stages MS1, MS2, MS3, MS4, MSS, and
MS6  having 6 degrees of freedom, respectively. Six degrees of
freedom are a degree of freedom  of a position in an X-axis
direction, a degree of freedom of a position in a Y-axis direction, a
degree of freedom of a position in a Z-axis direction, a degree of
freedom of an arrangement 15 angle in a Ox axis direction, a degree
of freedom of an arrangement angle in a Oy-axis  direction, and a
degree of freedom of an arrangement angle in a Oz axis direction.
[0062]  These mirror stages MS1, MS2, MS3, MS4, MSS, and MS6
correspond to the mirror  adjusting mechanism 8 (see Fig. 1) of this
embodiment. For each of the mirror stages MS1, 20 MS2, MS3, MS4, MS5,
and MS6, a parallel link type stage, for example, can be applied. On
the other hand, the wafer stage WS supporting the wafer 7 may have at
least three  degrees of freedom like those in a typical projection
exposure apparatus. Three degrees of  freedom are a degree of freedom
of a position in an X-axis direction, a degree of freedom of  a
position in a Y-axis direction, and a degree of freedom of a position
in a Z-axis direction.  25 [00631 



26 In the following description, the adjustment amount of the mirror
M; in the X-axis  direction given by the mirror stage MSi is
represented by X;, the adjustment amount of the  mirror Mi in the
Y-axis direction given by the mirror stage MSi is represented by Yi,
the  adjustment amount of the mirror Mi in the Z-axis direction given
by the mirror stage MSi is 5 represented by Z;, the adjustment amount
of the mirror Mi in the Ox-axis direction given by  the mirror stage
MSi is represented by Oxi, the adjustment amount of the mirror M; in
the  OY-axis direction given by the mirror stage MSi is represented
by OYi, the adjustment amount  of the mirror M; in the Oz-axis
direction given by the mirror stage MSi is represented by Ozi,  the
adjustment amount of the wafer 7 in the X-axis direction given by the
wafer stage WS is 10 represented by Xw, the adjustment amount of the
wafer 7 in the Y-axis direction given by the  wafer stage WS is
represented by Yw, the adjustment amount of the wafer 7 in the Z-axis
direction given by the wafer stage WS is represented by Zw. [0064]
Thus, it is considered that when adjustment amounts X1, Y1, Z1, Oxi,
OYi, Ong, X2, Y2, Z2,  15 Ox2, OY2, Oz2, ... X6, Y6, Z6, OX6, OY6,
Oz6, in six axis directions of the mirrors are used, fluctuations in
the image-forming characteristics of the projection optical system 6
can be  surely controlled even if they are complicated. As described
above, since the projection  optical system 6 is a reflection type
and an off-axis optical system, deformation produced in  the mirror
Mi is not always rotationally symmetric, and fluctuations caused in
the 20 image-forming characteristics can be non-rotationally
symmetric, so that such control  becomes extremely effective. [0065]
However, if fluctuations in the image-forming characteristics are
controlled using  only the adjusting amounts X;, Y;, Z;, Ox, On, and
Ozi of the mirrors, there is a possibility that 25 computation for
determining the adjusting amounts becomes complicated.  



27 For this reason, in this embodiment, the adjusting amounts X1, Y;,
Z;, Oxi, On, and Ozi of  the mirrors are combined with the adjusting
amounts Xw, Yw, and Zw of the wafer 7. Incidentally, the above
respective adjusting amounts are determined by the  controlling part
9 like the first embodiment. The determination is made at step S3 in
Fig. 4  5 like the first embodiment. [00661  Fig. 13 illustrates a
determining method of this embodiment. First, the adjusting amounts
X1, Y1, Z1, OXI, Oyi, Ozi, X2, Y2, Z2, Oxz, OY2, Ozz, ..., X6, Y6,
Z6, Ox6, Oy6, and Oz6 of the mirrors are determined as shown in Fig.
13(A), and then the  10 adjusting amounts Xw, Yw, and Zw of the wafer
are determined as shown in Fig. 13(B). [00671  The adjusting amounts
X1, Y1, Z1, 0xi, On, Ozi, X2, Y2, Z2, Oxz, Oyz, Ozz, ..., X6, Y6, Z6,
Ox6,  OY6, and Oz6 of the mirrors are determined based on the
deformation rates P1, P2, P3, P3, P5,  and P6 of the mirrors as in
the case that the adjusting amounts Zi, Zz, Z3, Z4, Z5, and Z6 are
15 determined in the first embodiment. Here, the deformation rates
P1, P2, P3, P4, P5, and P6 of the mirrors are merged into  a
deformation rate vector P as the following equation (5). [0068]  [Eq.
5]  P1  P2  P3  20 P= P4 ...(5) PS  P6  



Furthermore, the adjusting amounts Xi, Y1, Z1, Oxi, On, OZt, Xz, Yz,
Zz, Oxz, OY2, Ozz, X6, Y6, Z6, Ox6, Oy6, and 0z6 of the mirrors are
merged into an adjusting amount vector D as the  28 following
equation (6).  [0069]  [Eq. 6] X,  Y,  Z,  &x1  On 8z1  D= (6)  X6 Y6
Z6 BX6  BY6  BZ6  5 Then, the adjusting amounts X1, Y1, Z1, 9x1, Ov1,
OZ 1, X2, Y2, Z2, Ox2, OY2, OZ2, ..., X6, Y6, Z6, Ox6, OY6, and OZ6
of the mirrors are uniquely determined by the following equation (7).
[0070] [Eq. 71 D=MIP ...(7) 10 where M1 in the equation (7)
represents a matrix with 36 rows and six columns. The matrix  M1 is
as shown in the equation (8). 



[00711  [Eq. 8] m11 m12 m13 m14 m15 m16  m21 m22 m23 m24 7n25 M26 M _
M31 M32 M33 m34 m35 m36 ...(8)  M41 m42 m43 m44 m45 m46 M361 M362
M363 m364 M365 M366 29 The value of each element mkt of the matrix Mi
is calculated by an optical calculation  based on the design data of
the projection optical system 6, and is stored in the controlling
part 9 in advance. The matrix Mi is a conversion matrix which
converts the deformation rate  vector P into the adjusting amount
vector D necessary for controlling fluctuations in the  5
image-forming characteristics. [0072]  For example, the first column
vector [mu , m21, ..., m361] constituting the matrix MI  corresponds
to an adjustment amount vector D necessary for controlling
fluctuations in the  image-forming characteristics caused when the
deformation rate P1 of the mirror M l is one, 10 little by little,
with 36 kinds of adjustment amounts of the six mirrors. Furthermore,
the second column vector [mug, mzz, ..., m362] constituting the
matrix  MI corresponds to an adjustment amount vector D necessary for
controlling fluctuations in  the image-forming characteristics caused
when the deformation rate P2 of the mirror M2 is  one, little by
little, with 36 kinds of adjustment amounts of the six mirrors. 15
[0073] Furthermore, the third column vector [m13, m23, ..., m3631
constituting the matrix MI  corresponds to an adjustment amount
vector D necessary for controlling fluctuations in the  image-forming
characteristics caused when the deformation rate P3 of the mirror M3
is one,  



little by little, with 36 kinds of adjustment amounts of the six
mirrors. 20 Furthermore, the fourth column vector [m14, m24, ...,
m3641 constituting the matrix Mi  corresponds to an adjustment amount
vector D necessary for controlling fluctuations in the  image-forming
characteristics caused when the deformation rate P4 of the mirror M4
is one,  little by little, with 36 kinds of adjustment amounts of the
six mirrors. [0074]  25 Furthermore, the fifth column vector [mis,
m25, ..., m3651 constituting the matrix Mi  30 corresponds to an
adjustment amount vector D necessary for controlling fluctuations in
the  image-forming characteristics caused when the deformation rate
P5 of the mirror M5 is one,  little by little, with 36 kinds of
adjustment amounts of the six mirrors. Furthermore, the sixth column
vector [m16, m26, ..., m366] constituting the matrix Mi  5
corresponds to an adjustment amount vector D necessary for
controlling fluctuations in the  image-forming characteristics caused
when the deformation rate P6 of the mirror M6 is one,  little by
little, with 36 kinds of adjustment amounts of the six mirrors.
[0075]  However, the value of each element mkt of the matrix Mi has
been set in such a  10 manner that the image-shift components of
fluctuations in the image-forming characteristics are excluded from
the subjects of control. The image-shift components are an
image-shift  component in the X-axis direction, an image-shift
component in the Y-axis direction, and an  image-shift component in
the Z-axis direction. In other words, the subjects of control of the
matrix Mi are limited to the main components except the image-shift
components of  15 fluctuations in the image-forming characteristics.
Furthermore, the value of each element mki of the matrix Mi has been
set in advance  in such a manner that the adjusting amounts of the
mirrors fall within the allowable range (a  predetermined stroke). 



[0076]  20 When determining the adjusting amounts Xi, Y1, Zi, exi,
eYi, ezi, X2, Y2, Z2, 0x2, OY2,  ez2, ..., X6, Y6, Z6, ex6, eve, and
0z6 of the mirrors using the above matrix Mi, the controlling  part 9
determines the adjusting amounts Xw, Yw, and Zw of the wafer based on
the determined  adjusting amounts X1, Y1, Z1, Oxi, OYi, On, X2, Y2,
Z2, Ox2, OY2, Oz2, ..., X6, Y6, Z6, Ox6, OY6, and  0Z6. 25 [0077] 31
When the adjusting amounts Xw, Yw, and Zw of the wafer are merged
into an adjusting  amount vector Dw, the adjusting amounts Xw, Yw,
and Zw are uniquely determined by the  following equation (9). [0078]
5 [Eq.9]  Dw =M2D    (9) where Mz in the equation (9) represents a
matrix with three rows and 36 columns. The value of each element of
the matrix Mz is also calculated by an optical calculation  based on
the design data of the projection optical system 6, and is stored in
the controlling  10 part 9 in advance. The matrix M2 is a conversion
matrix which converts the adjustment amount vector D into the
adjusting amount vector Dw necessary for controlling the  image-shift
components of fluctuations in the image-forming characteristics.
[00791  As above, when the values of the adjusting amounts X1, Y1,
Z1, Oxi, On, Ozi, X2, Y2, Z2,  15 Oxz, OY2, Ozz, .., X6, Y6, Z6, Ox6,
Ov6, and Oz6 of the mirrors and the values of the adjusting amounts
Xw, Yw, and Zwof the wafer have been determined, the controlling part
9 performs  actual adjustment with the same timing as step S4 in Fig.
4. In this adjustment, the determined values of the adjusting amounts
Xi, Y1, Z1, Oxi, On,  



and Ozi and an adjustment instruction are given to the mirror stage
MSI. Furthermore, the  20 determined values of the adjusting amounts
X2, Y2, Z2, 8x2, OYZ, and Ozz and an adjustment instruction are given
to the mirror stage MS2. Furthermore, the determined values of the
adjusting amounts X3, Y3, Z3, Ox3, OY3, and Oz3 and an adjustment
instruction are given to the  mirror stage MS3. Furthermore, the
determined values of the adjusting amounts X4, Y4, Z4,  Ox4, OY4, and
Oz4 and an adjustment instruction are given to the mirror stage MS4.
25 Furthermore, the determined values of the adjusting amounts Xs,
Y5, Zs, Oxs, Oys, and Ozs and  32 an adjustment instruction are given
to the mirror stage MS5. Furthermore, the determined  values of the
adjusting amounts X6, Y6, Z6, 9x6, eY6, and 9z6 and an adjustment
instruction are  given to the mirror stage MS6. Furthermore, the
determined values of the adjusting  amounts Xw, Yw, and Zwand an
adjustment instruction are given to the wafer stage WS. 5 [0080] As a
result, the mirror stages MS1, MS2, MS3, MS4, MS5, and MS6 function
in the  direction of controlling the main components of fluctuations
in the image-forming  characteristics of the projection optical
system 6, and the wafer stage WS functions in the  direction of
controlling the image-shift components of the fluctuations. 10 Thus,
according to this embodiment, even if complicated fluctuations have
been  caused in the image-forming characteristics of the projection
optical system 6, they can be  surely controlled. Furthermore, in
this embodiment, although there are many kinds (39  kinds) of
adjusting amounts, predetermined matrixes (Ml, M2) are used in
calculations for  determining the adjusting amounts, so that the
determination is performed fast. For 15 example, the one-loop
processing (one adjustment) shown in Fig. 4 can be performed with
the frequency of one time per one shot during operation of the
projection exposure  apparatus, or with the frequency of one time in
two or three seconds, to follow fluctuations in  the image-forming
characteristics. 



[00811  20 Note that, the contents of the matrixes M1 and M2
necessary for the equations (7)  and (8) vary depending on exposure
conditions (illumination condition, a set-NA of the  projection
optical system 6, and the like) of the projection exposure apparatus
and/or a kind  of reticle S. For this reason, it is desirable that
the controlling part 9 store two or more kinds  of matrixes in
advance, and use them properly according to combinations of exposure
25 conditions which have been set and a kind of the reticle 5.  33  o
[0082]  Furthermore, in this embodiment, although adjustment by the
mirror stage MSi and  adjustment by the wafer stage WS are performed
with the same timing and the same  frequency, the timings and
frequencies of both of them may not correspond. For example, 5 the
frequency of adjustment by the mirror stage MSi may be set to a high
frequency (be  continuous), and the frequency of adjustment by the
wafer stage WS may be set to the  frequency of one time per one shot.
[0083]  Furthermore, in this embodiment, six degrees of freedom are
added to each of the  10 mirror stages MSI, MS2, MS3, MS4, MSS, and
MS6. However, when the required accuracy for fluctuation control of
the image-forming characteristic is low, the number of degrees of
freedom of part of the mirror stages or all of the mirror stages may
be reduced to any one of  five degrees of freedom, four degrees of
freedom, three degrees of freedom, and two degrees  of freedom. For,
example, when the number of degrees of freedom is reduced to five 15
degrees of freedom, it is recommended that the degree of freedom in
the Oz-axis direction is  eliminated. Furthermore, for example, when
the number of degrees of freedom is reduced  to three degrees of
freedom, it is recommended that the degree of freedom in the Oz-axis



direction, the degree of freedom in the Ox-axis direction, and the
degree of freedom in the  Oy-axis direction are eliminated. 20 [0084]
Furthermore, in this embodiment, the wafer stage WS is used to
control fluctuations  in the image-forming characteristics. However,
the reticle stage MS may be used instead of  the wafer stage WS.
Furthermore, both of the wafer stage WS and the reticle stage MS may
be  used, because when the reticle 5 and the wafer 7 are relatively
moved, an effect similar to that  25 obtained when only the wafer 7
is moved can be obtained. 34 Furthermore, in this embodiment, the six
mirror stages MS1, MS2, MS3, MS4, MS5,  and MS6 are assigned to
control the main components of fluctuations in the image-forming
characteristics, and the wafer stage WS (and/or the reticle stage MS)
is assigned to control the  image-shift components of the
fluctuations. However, assignment for each component is 5 not limited
to this. Part of the main components may be assigned to the wafer
stage WS  (and/or the reticle stage MS). In that case, it is
desirable that degrees of freedom of attitudes  (the degree of
freedom of arrangement angle in the Ox-axis direction, the degree of
freedom  of arrangement angle in the Oy-axis direction, the degree of
freedom of arrangement angle in  the Oz-axis direction, and the like)
be added to the stage. 10 [00851 Furthermore, this embodiment is a
variation of the first embodiment, and the second  embodiment may
also be similarly varied. [Fourth Embodiment] The fourth embodiment
of the present invention will be described below with  15 reference
to Figs. 14(A) and 14(B). This embodiment is a variation of the first
embodiment.  Here, only points different from the first embodiment
are described. [0086]  



The fourth embodiment is different from the first embodiment in a
method of  calculating a heat-absorption amount at step S3 in Fig. 4.
20 In the first embodiment, the influence of light (returning light)
which is reflected by  the wafer 7 and then returns to the projection
optical system 6 is neglected. However,  practically, the wafer 7 for
EUVL does not reflect in-band light, and reflects out-band light, so
that there is a possibility that the wafer 7 causes returning light
(retuning light constituted by  out-band light). In the calculation
method of this embodiment, this is considered. 25 [0087] 35 Figs.
14(A) and 14(B) illustrate the calculation method of this embodiment.
Fig.  14(A) shows in-band light and out-band light which enter the
projection optical system 6  from the reticle side, and Fig. 14(B)
shows out-band light which returns to the projection  optical system
6 from the wafer side. 5 Here, the heat-absorption coefficient for
in-band light of the mirror Mi is  represented by E1. The
heat-absorption coefficient El is equivalent to that described in the
first embodiment. [00881  Furthermore, heat-absorption coefficients
for out-band light of the mirror Mi are  10 represented by Vi and W.
The heat-absorption coefficient Vi is related to out-band light going
to the wafer (Fig. 14(A)), and the heat-absorption coefficient Vi is
related to out-band  light returning from the wafer (Fig. 14(B)).
Specifically, the heat-absorption coefficient Vi (Fig. 14(A)) is heat
amount  (heat-absorption amount) which is absorbed by the mirror MI
due to the out-band light going  15 to the wafer when the quantity of
out-band light incident on the projection optical system 6 is  "one".
[0089]  



On the other hand, the heat-absorption coefficient Vi (Fig. 14(B)) is
heat amount  (heat-absorption amount) which is absorbed by the mirror
MI due to the out-band light 20 returning from the wafer when the
quantity of out-band light incident on the projection  optical system
6 is "one". Thus, the controlling part 9 of this embodiment estimates
the heat-absorption  amount Wj of the mirror Mi by applying the light
quantity C of in-band light incident on the  projection optical
system 6 and the light quantity D of out-band light incident on the
25 projection optical system 6 to the following equation (10). 36
[00901  [Eq. 10] bV =[C D].[ E, J ...(10)  V,. +V,.' J Note that,
information necessary for this estimation, that is, information of
"El ", E2",  5 "E3", "E4", "ES", "E6", "VI+Vl"', "V2+V2"', "V3+V3"',
"V4+V4"', "VS+VS"', and "V6+V6"' is  stored in the controlling part 9
in advance. [00911  In this information, the value of the
heat-absorption coefficient Ei depends on the  reflectivities of the
mirror M; and the mirrors on the upstream side than it for in-band
light as 10 described in the first embodiment, and the value of the
heat-absorption coefficient V1  depends on the reflectivities of the
mirror Mi and the mirrors on the upstream side than it for  out-band
light as described in the first embodiment. On the other hand, the
value of the heat-absorption coefficient Vi depends on both  of the
reflectivity of the mirror Mi and the other mirrors for out-band
light and the reflectivity  15 of the wafer 7 for out-band light.
More specific description will be given below. [0092]  



In this description, for simplicity, the reflectivities of the mirror
M1, M2, M3, M4, M5,  and M6 for in-band light are uniformly
represented by a;n, and the reflectivities of the mirrors  M1, M2,
M3, M4, M5, and M6 for out-band light are uniformly represented by
aout. In  20 addition, the reflectivity for out-band light of the
wafer 7 is represented by b. Hence, the heat-absorption coefficients
Ell, E2, E3, E4, ES, and E6 are represented as  follows (likewise in
the first embodiment). [00931  El = I -ain 37 E2=a;,, x (1-ain)
E3=afn2 X (1-ain)  E4=am3 X (1-am)  ES=a;n4 X (1-ain) 5 E6=aln5 X
(1-ain) Furthermore, the heat-absorption coefficients VI, V2, V3, V4,
V5, and V6 are  represented as follows (likewise in the first
embodiment). [0094]  V1=1-aout  10 V2=aout x (1-aout) V3=aout2 X
(1-aout)  V4=aout3 X (1-dour)  V5=aout4 x (1-aout)  V6=aout5 X
(1-gout) 15 Furthermore, the heat-absorption coefficients V6', V5',
V4', V3', V2', and Vl' are  represented as follows using the
reflectivity b of the wafer. 100951  



V6'=aout6 x b x (1-aout)  V5'=aout7 x b x (1-aout) 20 V4'=aout8 x b x
(1-aout)  V3'=aout9 x b x (1-acct)  V2'=aout1 x b x (1-aout)
Vl'=aout1' x b X (1-aout) Thus, in this embodiment, not only the
values of the reflectivity a;n of the mirrors for  25 in-band light
and the values of the reflectivity aout of the mirrors for out-band
light but also  38 the value of the reflectivity b of the wafer 7 for
out-band light affect the heat-absorption  amount equation (10).
Consequently, according to this embodiment, fluctuations in the
image-forming characteristics can be controlled more accurately.
[0096]  5 Note that, the value of the reflectivity b of the wafer 7
is assumed to be temporally  unchanged, but may vary according to the
kind of the wafer 7. For this reason, it is desirable  that the
controlling part 9 have the value of "b" in the equations as a
variable (parameter).  Thus, it is desirable that the projection
exposure apparatus of this embodiment have, for  example, a user
interface function allowing a user to input the value of the
reflectivity b. 10 Instead of this function, a sensor actually
measuring the reflectivity b from the wafer 7 may be  provided. The
sensor consists of, for example, a light-emitting part emitting
out-band light  to part of the wafer 7, and a light-receiving part
detecting the light quantity of the reflected  light. In addition, if
an average value (e.g. 0.7) of the reflectivity b is stored as a
default value  in the controlling part 9 in advance, it is also
possible to save labor of the user input or the  15 actual
measurement. [0097]  Furthermore, this embodiment is a variation of
the first embodiment, and the second  



embodiment or the third embodiment may also be similarly varied. 39
CLAIMS  1. An exposure apparatus exposing an object to be exposed
with light emitted from a  light source, said exposure apparatus
comprising a detecting unit detecting light quantity of 5
non-exposure wavelength component of said light. 2. The exposure
apparatus according to claim 1, wherein said detecting unit detects
light quantity of exposure wavelength component of said light and
light quantity of  non-exposure wavelength component of said light
independently. 3. The exposure apparatus according to claim 1 or 2,
comprising: 10 a projection optical system arranged between said
light source and said object to be  exposed; and an adjusting unit
adjusting said projection optical system based on an output of said
detecting unit. 4. The exposure apparatus according to claim 3,
wherein: 15 said projection optical system includes at least one
mirror; and at least one of subjects to be adjusted by said adjusting
unit is a position of said  mirror in a direction perpendicular to an
optical axis. 5. The exposure apparatus according to claim 3 or 4,
wherein:  said projection optical system includes at least one
mirror; and 20 at least one of the subjects to be adjusted by said
adjusting unit is an attitude of said  mirror. 6. The exposure
apparatus according to any one of claims 3 to 5, wherein: said
projection optical system projects a pattern of a mask arranged on
said light  source's side onto said object to be exposed; and 25 at
least one of the subjects to be adjusted by said adjusting unit is a
relative position  



40 i b between said mask and said object to be exposed. 7. The
exposure apparatus according to any one of claims 3 to 6, wherein:
said projection optical system projects a pattern of a mask arranged
on said light  source's side onto said object to be exposed; and 5 at
least one of the subjects to be adjusted by said adjusting unit is an
attitude of at  least one of said mask and said object to be exposed.
8. The exposure apparatus according to any one of claims 3 to 7,
wherein: said detecting unit detects light quantity of exposure
wavelength component of said  light and light quantity of
non-exposure wavelength component of said light independently;  10
and said adjusting unit determines, to carry out said adjusting,
adjustment contents of  said projection optical system based on light
quantity of said exposure wavelength  component, light quantity of
said non-exposure wavelength component, characteristic  information
of said projection optical system for said exposure wavelength
component, and 15 characteristic information of said projection
optical system for said non-exposure  wavelength component. 9. The
exposure apparatus according to claim 8: wherein, said detecting unit
includes at least two of the detecting units, which are a first
detecting unit whose detecting object is light before passing said
projection optical system,  20 and a second detecting unit whose
detecting object is light after passing said projection  optical
system; and wherein said adjusting unit: corrects characteristic
information of said projection optical system for said  exposure
wavelength component based on light quantity of said exposure
wavelength  



25 component detected by said first detecting unit and light quantity
of said exposure  41 wavelength component detected by said second
detecting unit; and corrects characteristic information of said
projection optical system for said  non-exposure wavelength component
based on light quantity of said non-exposure  wavelength component
detected by said first detecting unit and light quantity of said  5
non-exposure wavelength component detected by said second detecting
unit. 10. The exposure apparatus according to claim 8 or 9, wherein
characteristic  information of said projection optical system
includes each of absorption coefficients of  optical members in said
projection optical system. 11. The exposure apparatus according to
any one of claims 8 to 10, wherein said  10 adjusting unit reflects
information about reflectivity of said object to be exposed for said
non-exposure wavelength component in said adjustment contents. 12.
The exposure apparatus according to claim 11, further comprising a
detecting unit  detecting reflectivity of said object to be exposed
for said non-exposure wavelength  component. 15 13. The exposure
apparatus according to any one of claims 1 to 12, wherein said
detecting unit comprises: a sensor for exposure wavelength detecting
light quantity of exposure wavelength  component of said light; and a
sensor for non-exposure wavelength detecting light quantity of
non-exposure  20 wavelength component of said light. 14. The exposure
apparatus according to any one of claims I to 12, wherein said
detecting unit includes: a sensor for specific wavelength detecting
one of light quantity of exposure  wavelength component and light
quantity of non-exposure wavelength component of said  



25 light; and 42 a tr a sensor for all wavelengths detecting light
quantity of all wavelength components of  said light. 15. The
exposure apparatus according to any one of claims 1 to 12, wherein
said  detecting unit includes: 5 a sensor for all wavelengths capable
of detecting light quantity of all wavelength  components of said
light; and a switching unit switching wavelength of an incident light
on said sensor for all  wavelengths between at least two of exposure
wavelength, non-exposure wavelength, and all  wavelengths. 10 16. The
exposure apparatus according to any one of claims 1 to 15, wherein
said light  source is an EUV light source. 43 


