
DESCRIPTION PLANE POSITION DETECTING APPARATUS, EXPOSURE APPARATUS
AND DEVICE MANUFACTURING METHOD Technical Field 5[0001] The present
invention relates to surface position detecting apparatus, exposure
apparatus, and device manufacturing methods. More particularly, the
present invention relates to detection of a surface position of a
photosensitive substrate in a projection exposure apparatus used for
transferring a mask pattern onto the photosensitive substrate by  10
lithography for manufacturing devices such as semiconductor devices,
liquid-crystal display devices, imaging devices, and thin-film
magnetic heads. Background Art [0002] A surface position detecting
apparatus of an oblique incidence  15 type disclosed in Japanese
Patent Application Laid-open No. 2001- 296105 (Patent Document 1) by
the same applicant is lcnown as a conventional surface position
detecting apparatus suitable for projection exposure apparatus. In
order to theoretically enhance the detection accuracy of the surface
position of a detection target surface in this  20 surface position
detecting apparatus of the oblique incidence type, it is necessary to
set an angle of incidence of a beam to the detection target surface
large (or close to 90). In this case, for avoiding restrictions of
the detection target surface on configurations and arrangement of a
projecting optical system and a condensing optical system in the
surface 25position detecting apparatus of the oblique incidence type,
it is suggested that parallelogram prisms with a pair of internal
reflection  surfaces parallel to each other (which will be referred
to hereinafter as "rhomboid prisms") are disposed in respective
optical paths of the projecting optical system and the condensing
optical system to locate the projecting optical system and the
condensing optical system away 



5from the detection target surface (cf. Fig. 7 in Patent Document 1).
[0003] Patent Document 1: Japanese Patent Application Laid-open No.
2001-296105 Disclosure of the Invention Problem to be Solved by the
Invention 10[0004] In the conventional surface position detecting
apparatus disclosed in Fig. 7 of Patent Document 1 described above,
however, there appears a relative positional deviation between
polarization components in the beam totally reflected on the two
mutually parallel internal reflection surfaces of the projection-side
rhomboid prism, so 15 that there is a possibility that any clear
pattern image cannot be formed on the detection target surface.
Likewise, there also appears a relative positional deviation between
polarization components in the beam reflected from the detection
target surface and then totally reflected on the two mutually
parallel internal reflection surfaces of the reception- 20side
rhomboid prism, so that there is a possibility that a secondary image
of the pattern can become more unclear. [0005] On the other hand,
when the conventional surface position detecting apparatus is applied
to detection of a surface position of a wafer (photosensitive
substrate) whose surface is coated with a resist, in 25an exposure
apparatus, it is known that the reflectance for light of a specific
polarization component varies depending upon the thickness of 



the resist layer. As a consequence, the conventional surface position
detecting apparatus tends to make a detection error of the surface
position of the detection target surface because of the relative
positional deviations between polarization components in the beam
totally 5 reflected on the internal reflection surfaces of the
rhomboid prisms and the variation in the reflectance due to the
thickness of the resist layer on the photosensitive substrate. [0006]
The present invention has been accomplished in view of the above
problem and an object of the present invention is to provide a 10
surface position detecting apparatus capable of detecting a surface
position of a detection target surface with high accuracy, while
restraining influence of a relative positional deviation between
polarization components caused in a beam totally reflected on an
internal reflection surface of a prism member, on the detection of
the 15 surface position of the detection target surface. Another
object of the present invention is to provide an exposure apparatus
capable of highly accurately positioning a pattern surface of a mask
and an exposed surface of a photosensitive substrate relative to a
projection optical system, using the surface position detecting
apparatus capable of 20  detecting the surface position of the
detection target surface with high accuracy. [0007] Still another
object of the present invention is to provide an optical apparatus, a
measuring apparatus, and others capable of restraining a relative
positional deviation between polarization 25components of light
caused at a total reflection surface of an optical member. Still
another object of the present invention is to provide an  optical
apparatus, an adjustment method, and others capable of adjusting a
relative positional deviation between polarization components of
light caused at a total reflection surface of an optical member.
5Means for Solving the Problem 



[0008] In order to solve the above problem, a first aspect of the
present invention provides a surface position detecting apparatus
comprising a light projection system which projects a beam from an
oblique direction onto a detection target surface, and a light
reception system which  10 receives a beam reflected on the detection
target surface, the surface position detecting apparatus being
adapted to detect a surface position of the detection target surface
on the basis of an output from the light reception system, wherein at
least one of the light projection system and the light  15 reception
system comprises a total reflection prism member having an internal
reflection surface which totally reflects an incident beam, and
wherein, for restraining influence of a relative positional deviation
between polarization components of the beam totally reflected on the
internal reflection surface of the total reflection prism member,  20
on detection of the surface position of the detection target surface,
a refractive index of an optical material forming the total
reflection prism member and an angle of incidence of the incident
beam to the internal reflection surface of the total reflection prism
member are set so as to satisfy a predetermined relation. 25[0009] A
second aspect of the present invention provides an exposure apparatus
which projects a predetermined pattern through a projection  optical
system onto a photosensitive substrate to effect exposure thereof,
comprising:       the surface position detecting apparatus of the
first aspect which detects a surface position of a surface of the
predetermined pattern or an  5 exposed surface of the photosensitive
substrate relative to the projection optical system, as the surface
position of the detection target surface; and       positioning means
which positions the surface of the predetermined pattern or the
exposed surface of the photosensitive 10substrate relative to the
projection optical system, based on a detection 



result by the surface position detecting apparatus. [0010] A third
aspect of the present invention provides a device manufacturing
method comprising:           an exposure step of effecting exposure
of the photosensitive 15substrate with the predetermined pattern,
using the exposure apparatus of the second aspect; and       a
development step of developing the photosensitive substrate exposed
in the exposure step.     [0011] A fourth aspect of the present
invention provides an optical 20apparatus in which an optical member
having a total reflection surface is disposed in an optical path,
wherein a refractive index of the optical member and an angle of
incidence of light to the total reflection surface are set so as to
restrain a relative positional deviation between polarization
components of light 25totally reflected on the total reflection
surface of the optical member. [0012] A fifth aspect of the present
invention provides an optical  apparatus comprising N internal
reflection surfaces in an optical path, 



wherein angles of incidence of light to the respective N internal
reflection surfaces and refractive indices of respective optical
members forming the N internal reflection surfaces are set so that a
relative  5 positional deviation between polarization components of
light totally reflected on the N internal reflection surfaces becomes
substantially zero.     [0013] A sixth aspect of the present
invention provides a measuring apparatus in which an optical member
having a total reflection surface 10is disposed in a measurement
optical path,       wherein a refractive index of the optical member
and an angle of incidence of measurement light to the total
reflection surface are set so as to restrain a relative positional
deviation between polarization components of the measurement light
totally reflected on the total 15reflection surface of the optical
member. [0014] A seventh aspect of the present invention provides a
measuring apparatus which measures a measurement target surface,
comprising:       a detector which detects measurement light from the
measurement target surface; and 20an optical member with a total
reflection surface disposed in an optical path between the
measurement target surface and the detector,       wherein, for
restraining a relative positional deviation between polarization
components of the measurement light totally reflected on the total
reflection surface of the optical member, a refractive index of 25the
optical member and an angle of incidence of the measurement light to
the total reflection surface are set.  



[0015] An eighth aspect of the present invention provides a measuring
apparatus which measures a measurement target surface, comprising:
a light projection system which guides measurement light to the
measurement target surface; 5a light reception system which receives
the measurement light from the measurement target surface; and
an optical member with a total reflection surface disposed in at
least one of an optical path of the light projection system and an
optical path of the light reception system, 10wherein, for
restraining a relative positional deviation between polarization
components of the measurement light totally reflected on the total
reflection surface of the optical member, a refractive index of the
optical member and an angle of incidence of the measurement light to
the total reflection surface of the optical member are set. 15[0016]
A ninth aspect of the present invention provides a measuring
apparatus comprising N internal reflection surfaces in an optical
path,       wherein angles of incidence of light to the respective N
internal reflection surfaces and refractive indices of respective
optical members forming the N internal reflection surfaces are set so
that a relative  20 positional deviation between polarization
components of light totally reflected on the N internal reflection
surfaces becomes substantially zero.     [0017] A tenth aspect of the
present invention provides an exposure apparatus which effects
exposure of a photosensitive substrate with a 25predetermined
pattern, comprising: the measuring apparatus of the sixth aspect, the
seventh aspect, 



the eighth aspect, or the ninth aspect which measures a position of
the photosensitive substrate. [0018] An eleventh aspect of the
present invention provides a device manufacturing method comprising:
5an exposure step of effecting exposure of the photosensitive
substrate with the predetermined pattern, using the exposure
apparatus of the tenth aspect; and       a development step of
developing the photosensitive substrate exposed in the exposure step.
10[0019] A twelfth aspect of the present invention provides an
optical apparatus comprising: at least one optical member disposed in
an optical path and having a total reflection surface; and an
adjusting device for adjusting a relative positional deviation
between polarization components of light totally reflected on the
total reflection surface of the 15at least one optical member. [0020]
A thirteenth aspect of the present invention provides an adjustment
method comprising: a step of disposing at least one optical member
having a total reflection surface, in an optical path; and a step of
adjusting a relative positional deviation between polarization
20components of light caused at the total reflection surface of the
at least one optical member. [0021] A fourteenth aspect of the
present invention provides an adjustment method comprising: a step of
guiding light to at least one 



optical member having a total reflection surface; a step of detecting
a 25relative positional deviation between polarization components of
the light caused at the total reflection surface of the at least one
optical  member; and a step of adjusting an angle of incidence of the
light incident to the total reflection surface of the at least one
optical member. Effect of the Invention [0022] In the surface
position detecting apparatus according to the 5 typical aspect of the
present invention, the refractive index of the optical material
forming the total reflection prism member and the angle of incidence
of the incident beam to the internal reflection surface thereof are
set so as to satisfy the predetermined relation, whereby there
appears no substantial relative positional deviation between
polarization 10 components in the beam totally reflected on the
internal reflection surface. As a consequence, a clear primary image
of a pattern is formed on the detection target surface and a clear
secondary image of the pattern is formed on a light reception surface
(or on a plane conjugate therewith); therefore, the surface position
of the detection 15target surface is detected with high accuracy.
[0023] In this manner, the surface position detecting apparatus of
the present invention is able to highly accurately detect the surface
position of the detection target surface, while restraining the
influence of the relative positional deviation between polarization
components caused in 20 the beam totally reflected on the internal
reflection surface of the prism member, on the detection of the
surface position of the detection target surface. Therefore, when the
surface position detecting apparatus of the present invention is
applied to the detection of the surface position of the
photosensitive substrate relative to the projection optical system
25in the exposure apparatus, the surface position of the
photosensitive substrate can be detected with high accuracy and, in
turn, the pattern  



surface of the mask and the exposed surface of the photosensitive
substrate can be highly accurately positioned relative to the
projection optical system, which enables manufacture of good devices.
Brief Description of the Drawings 5[0024] Fig. 1 is a drawing
schematically showing a configuration of an exposure apparatus with a
surface position detecting apparatus according to an embodiment of
the present invention.           Fig. 2 is an optical path diagram
showing that a projecting optical system and a condensing optical
system in Fig. 1 both are 10telecentric on both sides.       Fig. 3
is a drawing schematically showing a configuration between a pair of
pentagonal prisms in the surface position detecting apparatus of the
embodiment. Fig. 4 is a perspective view showing a state in which a
primary 15image of a grating pattern 3a is formed on a detection
target surface Wa. Pig. 5 is a drawing schematically showing a
configuration of a light reception slit S having five rectangular
apertures Sal-Sa5 elongated in the X-direction. Fig. 6 is a drawing
showing a state in which five silicon  20 photodiodes PD1-PD5 are
provided on a light reception surface 14a of a light reception unit
14 so as to optically correspond to the apertures Sal - Sa5 of the
light reception slit S. 



Fig. 7 is a drawing schematically showing a state in which there
appears a relative positional deviation between polarization
components 25in a beam totally reflected on an internal reflection
surface of a prism. Fig. 8 is a drawing showing a relation between a
relative  positional deviation amount A (GHS) between polarization
components caused in total reflection, and a measured value of an AF
surface. Fig. 9 is a partly enlarged view of Fig. 8.           Fig.
10 is a drawing showing a relation between an angle of 5incidence to
a total reflection surface and a relative positional deviation amount
between polarization components.       Fig. 11 is a drawing showing a
relation between a refractive index of a prism and a relative
positional deviation amount between polarization components. 10Fig.
12 is a drawing schematically showing a major configuration in a
modification example of the embodiment.       Fig. 13 is a drawing to
illustrate a range of incidence angle 0 to keep the absolute value of
relative positional deviation amount A not more than 0.3 gm, where
the refractive index n of a total reflection 15prism member is 1.45. 



Fig. 14 is a drawing to illustrate a range of incidence angle 0 to
keep the absolute value of relative positional deviation amount A not
more than 0.3 gm, where the refractive index n of a total reflection
prism member is 1.5. 20Fig. 15 is a drawing to illustrate a range of
incidence angle 0 to keep the absolute value of relative positional
deviation amount A not more than 0.3 gm, where the refractive index n
of a total reflection prism member is 1.6.           Fig. 16 is a
drawing to illustrate a range of incidence angle 0 to 25keep the
absolute value of relative positional deviation amount A not more
than 0.3 gm, where the refractive index n of a total reflection
prism member is 1.7.       Fig. 17 is a drawing showing an example of
application of the present invention to an apparatus for measuring a
surface shape of a detection target surface. 5Fig. 18 is a thawing
showing an example of application of the present invention to an
apparatus for measuring a position of a detection target surface.
Fig. 19 is a drawing to illustrate an idea to use a tetragonal prism
as a total reflection prism member to keep down a relative positional
10 deviation amount finally appearing in light successively totally
reflected on two total reflection surfaces.       Fig. 20 is a partly
enlarged view of Fig. 13 and drawing to illustrate a range of
incidence angle 0 to keep the absolute value of relative positional
deviation amount A not more than 0.05 pin.  15 Fig. 21 is a partly
enlarged view of Fig. 14 and drawing to illustrate a range of
incidence angle 0 to keep the absolute value of relative positional
deviation amount A not more than 0.05 pm. 



Fig. 22 is a partly enlarged view of Fig. 15 and drawing to
illustrate a range of incidence angle 0 to keep the absolute value of
20relative positional deviation amount A not more than 0 05 pm.
Fig. 23 is a partly enlarged view of Fig. 16 and drawing to
illustrate a range of incidence angle 0 to keep the absolute value of
relative positional deviation amount A not more than 0.05 gm. Fig. 24
is a flowchart of a method for obtaining semiconductor 25devices as
micro devices. Fig. 25 is a flowchart of a method for obtaining a
liquid-crystal  display device as a micro device. Description of
Reference Symbols [0025] 1 light source 2 condenser lens 53 folding
prism 4, 5 projecting optical system 6, 9 pentagonal prisms 7, 8
rhomboid prisms               10, 11 condensing optical system 1012
vibrating minor 



13 shift & tilt correction prism 14a, 14b relay optical system 15
light reception unit 16 mirror driving unit 1517 position detecting
unit 18 correction amount calculating unit 21 wafer holder 22 holder
holding mechanism 23 holder driving unit 20IL illumination system R
reticle RH reticle holder PL projection optical system W wafer 25Best
Mode for Carrying out the Invention [0026] Embodiments of the present
invention will be described on the 



basis of the accompanying drawings. Fig. 1 is a drawing schematically
showing a configuration of an exposure apparatus with a surface
position detecting apparatus according to an embodiment of the
present invention. Fig. 2 is an optical path diagram showing that a
projecting 5 optical system and a condensing optical system in Fig. 1
both are telecentric on both sides. Fig. 3 is a drawing schematically
showing a configuration between a pair of pentagonal prisms in the
surface position detecting apparatus of the present embodiment.
[0027] Fig. 1 and Fig. 2 are depicted without illustration of the 10
configuration between a pair of pentagonal prisms 6 and 9, for
clarification of the drawings. In Fig. 1, the Z-axis is set in
parallel with the optical axis AX of a projection optical system PL,
the Y-axis in parallel with the plane of Fig. 1 in a plane
perpendicular to the optical axis AX, and the X-axis perpendicularly
to the plane of Fig. 1. In the 15 present embodiment, the surface
position detecting apparatus of the present invention is applied to
detection of a surface position of a photosensitive substrate in a
projection exposure apparatus. [0028] The exposure apparatus shown is
provided with an illumination system IL for illuminating a reticle R
as a mask with a predetermined 20 pattern formed therein, with
illumination light (exposure light) emitted from a light source for
exposure (not shown). The reticle R is held in parallel with the XY
plane on a reticle stage (not shown), through a reticle holder RH.
The reticle stage is two-dimensionally movable along the reticle
surface (or the XY plane) by action of an unrepresented 25driving
system, position coordinates thereof are measured by a reticle
interferometer (not shown), and the reticle stage is arranged to be
controlled in position.  [0029] Light from the pattern formed in the
reticle R travels through the projection optical system PL to form a
reticle pattern image on a surface (exposed surface) Wa of a wafer W
being a photosensitive substrate 



5 The wafer W is mounted on a wafer holder 21 and the wafer holder 21
is supported by a holder holding mechanism 22. The holder holding
mechanism 22 supports the wafer holder 21 at three support points
22a-22c (among which only two support points 22a and 22b are shown in
Fig. 1) movable vertically (in the Z-direction), based on control of
a 10holder driving unit 23. [0030] In this configuration, the holder
driving unit 23 controls each of vertical movements of the respective
support points 22a-22c of the holder holding mechanism 22 to perform
leveling (horizontal positioning) and Z-directional (focusing)
movement of the wafer holder 15 21 and, in turn, leveling and
Z-directional movement of the wafer W. The wafer holder 21 and the
holder holding mechanism 22 are further supported by a wafer stage
(not shown). The wafer stage is two-dimensionally movable along a
wafer surface (or the XY plane) and rotatable around the Z-axis by
action of an unrepresented driving 20 system, position coordinates
thereof are measured by a wafer interferometer (not shown), and the
wafer stage is arranged to be controlled in position. [0031] For
suitably transferring a circuit pattern on the pattern surface of the
reticle R. into each exposure area on the exposed surface Wa of 25the
wafer W, it is necessary to position a current exposure area on the
exposed surface Wa, within a width of the depth of focus centered on
the image plane by the projection optical system PL, on every
occasion of exposure into each exposure area. It can be met by the
following operation: a surface position of each point in the current
exposure area, i.e., the surface position along the optical axis AX
of the projection 5 optical system PL is accurately detected and
thereafter the leveling and Z-directional movement of the wafer
holder 21, therefore, the leveling and Z-directional movement of the
wafer W, is implemented so as to keep the exposed surface Wa within
the range of the width of the focal depth of the projection optical
system PL. 10[0032] The projection exposure apparatus of the present
embodiment is provided with the surface position detecting apparatus
for detecting the surface position of each point in the current
exposure area on the exposed surface Wa. With reference to Fig. 1,
the surface position detecting apparatus of the present embodiment is
provided with a light 



15 source 1 for supplying detection light. In general, the surface Wa
of the wafer W as a detection target surface is coated with a thin
film such as a resist. Therefore, in order to reduce influence of
interference due to this thin film, the light source 1 is desirably a
white light source with a wide wavelength band (e.g., a halogen lamp
for supplying 20 illumination light with the wavelength band of
600-900 urn, a xenon light source for supplying illumination light
with a wide band equivalent thereto, or the like). The light source 1
can also be a light emitting diode for supplying light in a
wavelength band where the resist demonstrates weak photosensitivity.
25[0033] A diverging beam from the light source 1 is converted into a
nearly parallel beam through a condenser lens 2 and then the nearly
parallel beam is incident to a folding prism 3. The folding prism 3
deflects the nearly parallel beam from the condenser lens 2 into the
-Z-direction by refraction. A transmissive grating pattern 3a is
formed on the exit side of the folding prism 3 and in a structure in
which 5 transmitting portions and shield portions elongated in the
X-direction are alternately provided at a fixed pitch. It is also
possible to apply a reflective diffraction grating of an uneven shape
or a reflective grating pattern with reflecting portions and
non-reflecting portions being alternately formed, instead of the
transmissive grating pattern. 10 [0034] The light transmitted by the
transmissive gating pattern 3a is incident to a projecting optical
system (4, 5) disposed along an optical axis AX1 parallel to the
optical axis AX of the projection optical system. The projecting
optical system (4, 5) is composed of a projection condensing lens 4
and a projection objective lens 5. The 15 beam having passed through
the projecting optical system (4, 5) is then incident to a pentagonal
prism 6. The pentagonal prism 6 is a folding prism of a pentagonal
prism shape whose longitudinal axis extends along the X-direction,
and has a first transmission surface 6a for directly transmitting
light incident along the optical axis AX1 without refraction 20
thereof. Namely, the first transmission surface 6a is set
perpendicularly to the optical axis AX1. [0035] The light through the
first transmission surface 6a propagates along the optical axis AX1
inside the pentagonal prism 6, is then reflected by a first
reflection surface 6b, and thereafter is again reflected 25into an
optical axis AX2 by a second reflection surface 6c. The light 



reflected by the second reflection surface 6c propagates along the
optical axis AX2 inside the pentagonal prism 6 and then travels
through a second transmission surface 6d, without being refracted.
Namely, the second transmission surface 6d is set perpendicularly to
the optical axis AX2. The pentagonal prism 6 is made of an optical
material with 5low thermal expansion and low dispersion like silica
glass and a reflecting film of aluminum, silver, or the like is
formed on each of the first reflection surface 6b and the second
reflection surface 6c. [0036] In this manner, the light incident in
the -Z-direction along the optical axis AX1 is largely deflected by
the pentagonal prism 6 to be 10 guided along the optical axis AX2 to
the detection target surface Wa. At this time, the direction of the
optical axis AX2 or, therefore, the angle of deflection by the
pentagonal prism 6 is set so that an angle of incidence to the
detection target surface Wa becomes sufficiently large. Specifically,
as shown in Fig. 3, the beam emitted along the optical axis 15AX2
from the pentagonal prism 6 is incident to a projection-side rhomboid
prism 7. [0037] The rhomboid prism 7 is a prism of a quadrangular
prism shape having a cross section of a parallelogram shape (or
rhomboid shape), and the longitudinal axis thereof is arranged along
the X-direction as 20 that of the pentagonal prism 6 is. In the
rhomboid prism 7, the light transmitted by a first transmission
surface 7a perpendicular to the optical axis AX2 is successively
reflected by a pair of reflection surfaces 7b and 7c parallel to each
other, then travels through a second transmission surface 7d parallel
to the first transmission surface 7a, and 



25is exited along an optical axis AX21 parallel to the optical axis
AX2, from the rhomboid prism 7. The beam emitted along the optical
axis  AX21 from the rhomboid prism 7 is then incident to the
detection target surface Wa. [0038] The apparatus is arranged as
follows: in a state in which the detection target surface Wa is
aligned with the image plane of the 5 projection optical system PL,
the projecting optical system (4, 5) keeps the patterned surface of
the grating pattern 3a (or the exit surface of the folding prism 3)
conjugate with the detection target surface Wa. Furthermore, the
patterned surface of the grating pattern 3a and the detection target
surface Wa are arranged so as to satisfy the Scheimpflug 10 condition
with respect to the projecting optical system (4, 5). As a result,
the light from the grating pattern 3a is accurately focused
throughout an entire pattern image-forming surface on the detection
target surface Wa through the projecting optical system (4, 5).
[0039] As indicated by dashed lines of an optical path in Fig. 2, the
15 projecting optical system (4, 5) composed of the projection
condensing lens 4 and the projection objective lens 5 is a so-called
bi-telecentric optical system. Therefore, points on the patterned
surface of the grating pattern 3a and conjugate points on the
detection target surface Wa are kept each at the same magnification
throughout the entire 20 surface. In this way, a primary image of the
grating pattern 3a is accurately formed throughout the entire region
thereof, as shown in Fig. 4, on the detection target surface Wa.
[0040] Referring again to Fig. 1, the beam reflected on the detection
target surface Wa into an optical axis AX31 symmetric with the
optical 25axis AX21 with respect to the optical axis AX of the
projection optical 



system PL is then incident to a reception-side rhomboid prism 8. The
rhomboid prism 8, similar to the rhomboid prism 7, is a prism of a
quadrangular prism shape having the longitudinal axis along the
X-direction and a cross section of a parallelogram shape (or rhomboid
shape). In the rhomboid prism 8, therefore, the light transmitted by
a 5 first transmission surface 8a perpendicular to the optical axis
AX31 is successively reflected on a pair of reflection surfaces 8b
and 8c parallel to each other, thereafter travels through a second
transmission surface 8d parallel to the first transmission surface
8a, and is exited along an optical axis AX3 parallel to the optical
axis AX31 from the rhomboid 10prism 8. [0041] The light emitted along
the optical axis AX3 from the rhomboid prism 8 travels through a
pentagonal prism 9 having a configuration similar to the
aforementioned pentagonal prism 6, to enter a condensing optical
system (10, 11). Namely, the light reflected on the detection 15
target surface Wa is incident to the pentagonal prism 9 along the
optical axis AX3 symmetric with the optical axis AX2 with respect to
the optical axis AX of the projection optical system PL. In the
pentagonal prism 9, the light through a first transmission surface 9a
perpendicular to the optical axis AX3 is successively reflected on a
first reflection 20 surface 9b and a second reflection surface 9c and
thereafter travels along an optical axis AX4 extending in the
Z-direction, to reach a second transmission surface 9d. The light
through the second transmission surface 9d perpendicular to the
optical axis AX4 is then incident in the +Z-direction and along the
optical axis AX4 into the 25condensing optical system (10, 11).
[0042] The condensing optical system (10, 11) is composed of a
reception objective lens 10 and a reception condensing lens 11. A
vibrating mirror 12 as a scanning means is provided in the optical
path between the reception objective lens 10 and the reception
condensing lens 11. Therefore, the light incident along the optical
axis AX4 into 5 the reception objective lens 10 is deflected by the
vibrating mirror 12 and travels along an optical axis AX5 to reach
the reception condensing lens 11. In the present embodiment the
vibrating minor 12 is located at a position approximately coincident
with the pupil plane of the condensing optical system (10, 11), but,
without having to be limited to 10 this, the vibrating mirror 12 can
be located at any position in the optical path between the detection
target surface Wa and after-described shift & tilt correction prism
13 or in the optical path between the detection target surface Wa and
the folding prism 3. 



[0043] The light having passed through the condensing optical system
15 (10, 11) is then incident to the shift & tilt correction prism 13
having a configuration similar to the aforementioned folding prism 3.
The apparatus is arranged as follows: in the state in which the
detection target surface Wa is aligned with the image plane of the
projection optical system PL, the condensing optical system (10, 11)
keeps the 20 detection target surface Wa conjugate with an entrance
surface 13a of the shift & tilt correction prism 13. In this manner,
a secondary image of the grating pattern 3a is formed on the entrance
surface 13a of the shift & tilt correction prism 13.     [0044] A
light reception slit S as a shield means is provided on the
25entrance surface 13a of the shift & tilt correction prism 13. The
light reception slit S, as shown in Fig. 5, has, for example, five
rectangular   apertures Sal-Sa5 elongated in the X-direction. The
reflected light from the detection target surface Wa through the
condensing optical system (10, 11) travels through each of the
apertures Sal-Sa5 of the light reception slit S to enter the shift &
tilt correction prism 13. 5 [0045] The number of apertures Sa in the
light reception slit S corresponds to the number of detection points
on the detection target surface Wa. Namely, in Fig. 4 showing the
state in which the primary image of the grating pattern 3a is formed
on the detection target surface Wa, detection points (detection
regions) Dal-Da5 on the detection target 10 surface Wa optically
correspond to the five apertures Sal-Sa5 in the light reception slit
S shown in Fig. 5. Therefore, when one desires to increase the number
of detection points on the detection target surface Wa, it can be
realized by simply increasing the number of apertures Sa, without
complication of the configuration in connection with the 15increase
in the number of detection points. [0046] The image plane of the
projection optical system PL and the entrance surface 13a of the
shift & tilt correction prism 13 are arranged to satisfy the
Scheimpflug condition with respect to the condensing optical system
(10, 11). Therefore, in the state in which the detection 20 target
surface Wa is aligned with the image plane, the light from the
grating pattern 3a is accurately re-focused throughout an entire
pattern image-forming surface on the prism entrance surface 13a
through the condensing optical system (10, 11).     [0047] As
indicated by dashed lines of the optical path in Fig. 2, the
25condensing optical system (10, 11) is composed of a bi-telecentric
optical system. Therefore, points on the detection target surface Wa 



and conjugate points on the prism entrance surface 13a are kept each
at the same magnification throughout the entire surface. In this
manner, the secondary image of the grating pattern 3a is accurately
formed throughout an entire region thereof, on the entrance surface
13a of the 5shift & tilt correction prism 13. [0048] Incidentally,
when a light reception surface is located at the position of the
entrance surface 13a of the shift & tilt correction prism 13, an
angle of incidence of the beam to the light reception surface will be
large because the incidence angle U of the beam to the detection 10
target surface Wa is large. In this case, for example, when a silicon
photodiode is placed on the light reception surface, the angle of
incidence of the beam to the silicon photodiode will be large and
reflection will become significant on the surface of the silicon
photodiode; therefore, there will occur an eclipse of the beam which
15could significantly lower a light reception amount. [0049] In the
present embodiment, in order to avoid the decrease in the light
reception amount due to the angle of incidence of the beam to the
light reception surface, the entrance surface 13a of the shift & tilt
correction prism 13 as a folding optical system is located on a plane
20 conjugate with the detection target surface Wa with respect to the
condensing optical system (10, 11), as shown in Fig. 1. As a result,
the beam incident along the optical axis A3(5 to the entrance surface
13a of the shift & tilt correction prism 13 through the condensing
optical system (10, 11) is deflected according to the same angle of
refraction as 25an apex angle of the shift & tilt correction prism 13
(an angle between the entrance surface and the exit surface) to be
emitted along an optical  axis AX6 from the exit surface 13b. The
exit surface 13b is set perpendicularly to the optical axis AX6.
[0050] The light emitted along the optical axis AX6 from the exit
surface 13b of the shift & tilt correction prism 13 is then incident
to a 



5 relay optical system (14a, 14b) composed of a pair of lenses 14a
and 14b. The light through the relay optical system (14a, 14b) forms
conjugate images of the secondary image of the grating pattern 3a and
the apertures Sal-Sa5 of the light reception slit S formed on the
entrance surface 13a of the shift & tilt correction prism 13, on a
light 10 reception surface 15a of a light reception unit 15. On the
light reception surface 15a, as shown in Fig. 6, five silicon
photodiodes PD1- PD5 are provided so as to optically correspond to
the apertures Sal -Sa5 of the light reception slit S. A CCD
(two-dimensional charge-coupled imaging device) or a photomultiplier
tube can also be used instead of 15the silicon photodiodes. [0051]
Since the present embodiment uses the shift & tilt correction prism
13 as a folding optical system as described above, the angle of
incidence of the beam to the light reception surface 15a is
sufficiently small, so as to avoid the decrease in the light
reception amount due to 20 the angle of incidence of the beam to the
light reception surface 15a. The relay optical system (14a, 14b) is
desirably a bi-telecentric optical system as shown in Fig. 2. The
entrance surface 13a of the shift & tilt correction prism 13 and the
light reception surface 15a are desirably arranged to satisfy the
Scheimpflug condition with respect to the relay 25optical system
(14a, 14b). [0052] As described above, the light reception slit S
having the five  apertures Sal-Sa5 is provided on the entrance
surface 13a of the shift & tilt correction prism 13. Therefore, the
secondary image of the grating pattern 3a formed on the entrance
surface 13a is partially blocked by the light reception slit S.
Namely, only beams from the secondary image  5 of the grating pattern
3a formed in the regions of the apertures Sal -Sa5 of the light
reception slit S travel through the shift & tilt correction prism 13
and the relay optical system (14a, 14b) to reach the light reception
surface 15a. [0053] In this manner, as shown in Fig. 6, images of the
apertures Sal-  10 Sa5 of the light reception slit S, i.e., slit
images SL1-SL5 are formed on the respective silicon photodiodes
PD1-PD5 arranged on the light reception surface 15a of the light
reception unit 15. The apparatus is so set that the slit images
SL1-SL5 are formed inside respective rectangular reception regions of
the silicon photodiodes PD1-PD5.  15 [0054] When the detection target
surface Wa is vertically moved in the Z-direction and along the
optical axis AX of the projection optical system PL, the secondary
image of the grating pattern 3a formed on the entrance surface 13a of
the shift & tilt correction prism 13 undergoes a horizontal shift in
the pitch direction of the pattern corresponding to the  20 vertical
movement of the detection target surface Wa. In the present
embodiment, an amount of the horizontal shift of the secondary image
of the grating pattern 3a is detected by the principle of the
photoelectric microscope disclosed, for example, in Japanese Patent
Application Laid-open No. 6-97045 by the same applicant, and the
surface position of the 



25detection target surface Wa along the optical axis AX of the
projection optical system PL is detected based on the detected
horizontal shift  amount. [0055] The following units operate in the
same manner as in the apparatus disclosed in Japanese Patent
Application Laid-open No. 2001- 296105 by the same applicant and thus
the description thereof is omitted 5 herein: minor driving unit 16
for driving the vibrating mirror 12; position detecting unit 17 for
performing synchronous detection of detection signals from the
silicon photodiodes PD1-PD5 on the basis of an ac signal from the
mirror driving unit 16; correction amount calculating unit 18 for
calculating an inclination correction amount and 10 a Z-directional
correction amount necessary for keeping the detection target surface
Wa within the range of the depth of focus of the projection optical
system PL; holder driving unit 23 for driving and controlling the
holder holding mechanism 22 on the basis of the inclination
correction amount and Z-directional correction amount to 15 effect
leveling and Z-directional movement of the wafer holder 21. [0056]
The Scheimpfiug condition, the configurations and actions of the
folding prism 3 and shift & tilt correction prism 13, and specific
application of the principle of the photoelectric microscope are
disclosed in detail in Japanese Patent Application Laid-open No. 6-
20 97045. The configurations and actions of the pentagonal prisms 6
and 9 are disclosed in detail in Japanese Patent Application
Laid-open No. 2001-296105. It is also possible to adopt a
configuration without either or both of these pentagonal prisms 6 and
9.     [0057] In the present embodiment the pentagonal prisms 6 and 9
are 25provided in the optical path between the projecting optical
system (4, 5) and the detection target surface Wa and in the optical
path between the  



condensing optical system (10, 11) and the detection target surface
Wa, respectively, to fold the optical path of the incident beam to
the detection target surface Wa and the optical path of the reflected
beam from the detection target surface Wa by the actions of the
pentagonal 5 prisms 6 and 9, whereby the projecting optical system
(4, 5) and the condensing optical system (10, 11) are set
sufficiently away from the detection target surface Wa. As a
consequence, the configurations and arrangements of the projecting
optical system (4, 5) and the condensing optical system (10, 11) are
substantially free from the restrictions of the 10detection target
surface Wa. [0058] Since in the present embodiment the rhomboid
prisms 7 and 8 are additionally provided in the optical path between
the pentagonal prism 6 and the detection target surface Wa and in the
optical path between the pentagonal prism 9 and the detection target
surface Wa, 15 respectively, the optical path of the incident beam to
the detection target surface Wa and the optical path of the reflected
beam from the detection target surface Wa are shifted in parallel by
the respective actions of the rhomboid prisms 7 and 8. As a
consequence, the pair of pentagonal prisms 6 and 9 are set away from
the detection target surface Wa and the 20 configurations and
arrangements of the pair of pentagonal prisms 6 and 9 and the holding
members thereof are substantially free from the restrictions of the
detection target surface Wa. [0059] The surface position detecting
apparatus of the present embodiment is provided with the
projection-side prism member or 25rhomboid prism 7 disposed in the
optical path of the light projection system and having a pair of
internal reflection surfaces (7b, 7c) for  effecting the parallel
shift of the optical path of the incident beam, and the
reception-side prism member or rhomboid prism 8 disposed
corresponding to the projection-side prism member 7 in the optical
path of the light reception system and having a pair of internal
reflection 5 surfaces (8b, 8c) for effecting the parallel shift of
the optical path of the incident beam from the detection target
surface Wa. In this case, as described above, there appears a
relative positional deviation between polarization components in the
beam totally reflected on the two mutually parallel internal
reflection surfaces (7b, 7c) of the projection- 10 side rhomboid
prism 7, so that no clear pattern image can be fowled on the
detection target surface Wa. Since the projecting optical system (4,
5) and the condensing optical system (10, 11) are telecentric on the
detection target surface side, principal rays all are incident at the
same angle of incidence to the total reflection surfaces (7b, 7c, 8b,
Sc) of the 



15rhomboid prisms (7, 8). [0060] Fig. 7 is a drawing schematically
showing a state in which there appears a relative positional
deviation between polarization components in a beam (a principal ray
passing on the optical axis) totally reflected on an internal
reflection surface of a prism. As shown in Fig. 7, when 20 light L
propagates inside the prism 70 and is incident at an angle of
incidence over a predetermined value to the internal reflection
surface 71, it is totally reflected on the internal reflection
surface 71. At this time, the beam totally reflected on the internal
reflection surface 71 includes a light component Ls in an s-polarized
state with the direction 25of polarization along the direction nonnal
to the plane of Fig. 7, and a light component Lp in a p-polarized
state with the direction of  polarization along the direction
parallel to the plane of Fig. 7, and the light component Ls and the
light component Lp propagate respectively along two mutually parallel
optical paths spaced by a distance A inside the prism 70. 5[0061]
Here a relative positional deviation amount A between the
polarization components caused in the beam totally reflected on the
internal reflection surface 71 of the prism 70 is called a
Goos-Haenchen Shift. In this way, the total reflection on the two
mutually parallel internal reflection surfaces (7b, 7c) of the
projection-side rhomboid 10 prism 7 causes a relative positional
deviation between the p-polarized light component and the s-polarized
light component with respect to the detection target surface Wa in
the beam reaching the detection target surface Wa, and, in turn,
causes a relative positional deviation between a pattern image formed
on the detection target surface Wa by the p- 15  polarized light
component and a pattern image formed on the detection target surface
Wa by the s-polarized light component. [0062j Similarly, there
appears a relative positional deviation between polarization
components in the beam totally reflected on the two mutually parallel
internal reflection surfaces (8b, Sc) of the reception- 20 side
rhomboid prism 8 after reflected by the detection target surface Wa,
so as to make more unclear the secondaiy image of the pattern formed
on the entrance surface 13a of the shift & tilt correction prism 13.
In other words, the influence of the total reflection on the internal
reflection surfaces (8b, Sc) of the reception-side rhomboid prism 8
25promotes (or doubles) the relative positional deviation caused
between 



the secondary image of the pattern formed on the entrance surface 13a
by the p-polarized light component and the secondary image of the
pattern formed on the entrance surface 13a by the s-polarized light
component. [0063] The surface position detecting apparatus of the
present 5 embodiment is applied to detection of the surface position
of the wafer W having various surface conditions during the
semiconductor exposure process (e.g., a condition that a structure on
the wafer W is composed of plural types of substances or a condition
that a structure on the wafer W itself is composed of multiple types
(multilayer structure)). In general, 10 a wafer surface is in a state
in which it is coated with a resist. Under such circumstances, when
there is variation in various surface conditions (e.g., there is
variation in thickness of a layer formed on the wafer or there is
variation in a property such as purity of a material forming the
layer) or when there is variation in resist thickness, the 15
reflectance for light of a specific polarization component (e.g., the
p-polarized light component, the s-polarized light component, or the
like) varies depending upon these variations. [0064] As a
consequence, the surface position detecting apparatus of the present
embodiment, without any extra countermeasures, is likely to 20 make a
detection error of the surface position of the detection target
surface Wa because of the relative positional deviation between the
polarization components caused in the beam totally reflected on the
internal reflection surfaces (7b, 7c; 8b, 8c) of the rhomboid prisms
(7; 8), and the variation in the reflectance of the specific
polarization 25component due to the variation in the surface
condition of the wafer W and the variation in the resist thickness.
[0065] As the projection exposure patterns become finer and finer in
recent years, the requirements for flatness of the wafer surface are
also becoming more exacting and the requirements for the detection
accuracy of the surface position are also becoming extremely higher.
5 In the case of the exposure apparatus and others using the ArF
excimer laser light source, the thickness of the resist on the
surface tends to become smaller and it is the present situation that
we are unable to disregard the detection error of the surface
position due to the various surface conditions and the variation in
the resist thickness. 



10[0066] In the present embodiment, therefore, the refractive index n
of the optical material forming each rhomboid prism (7; 8) as a total
reflection prism member and the angle of incidence 0 of the incident
beam (principal ray traveling along the optical axis) to the internal
reflection surfaces (7b, 7c; 8b, 8c) thereof are arranged to satisfy
a 15 predetermined relation, thereby restraining the influence of the
relative positional deviation between the polarization components of
the beam totally reflected on the internal reflection surfaces (7b,
7c; 8b, 8c) of the rhomboid prism (7; 8), on the detection of the
surface position of the detection target surface Wa. The below will
describe the relation to be 20 satisfied by the refractive index n of
the optical material forming each rhomboid prism (7; 8) and the angle
of incidence 0 of the incident beam (principal ray along the optical
axis) to the internal reflection surfaces (7b, 7c; 8b, Sc).
[0067] Now, phase changes pp, ps of the p-polarized component and
25the s-polarized component at each internal reflection surface (7b,
7c, 8b, 8c) as a total reflection surface are represented by Eq (1)
and Eq (2)  below, respectively, where 0 is an angle of incidence of
a principal ray to the reflection surface (00 < 0 < 900), X the
wavelength of the light, and n the refractive index of the optical
material such as glass. [0068] [Math 1] tan'= nVn2sin28-1
2 5cos (p-polarized component) (1) 4.n. 0Ain2sin261-1 



Lan s 2n  cos (s-polarized component) (2) [0069] A relative
positional deviation amount Ap of reflection of the p- polarized
component from a reference reflection position Po in a direction
along the reflection surface (which will be referred to as the
10Goos-Haenchen Shift (OHS) of the p-polarized component) is given by
partial differentiation of the phase change of the p-polarized
component with respect to 13, 59MP, where the phase change of the
p-polarized component is defined as p = n/A..cose. Furthermore, a
relative positional deviation amount As of reflection of the
s-polarized 15 component from the reference reflection position Po in
the direction along the reflection surface (which will be referred to
as the CoosHaenchen Shift (OHS) of the s-polarized component) is
given by partial differentiation of the phase change 9 of the
s-polarized component with respect to p, S9/50, where the phase
change of the s-polarized 20component is defined as 13 = na.cos0.
[0070] The relative positional deviation amounts Ap, As of the
reflections of the respective polarization components are represented
by  Eq (3) and Eq (4) below, respectively. [0071] [Math 2] 



= ,  tan 0 (n2sin20 + sin 2 - 1 ) s- all rt-gn 2 sin29 -1
5(s-polarized component)(4) [0072] When a difference A between the
relative phase deviation amounts of the p-polarized light component
and the s-polarized light component of the reflected rays in the
perpendicular direction (GoosHaenchen Shift (OHS)) is determined from
these, the following relation 10 of Eq (5) holds because the relative
phase deviation amount OHS between the reflections of the respective
polarization components in the direction along the reflection surface
is given by Ap - As. A = cos@ x (Ap - As)(5)     [0073] For this
reason, the difference of A is made between the optical 15axes of the
p-polarized light and the s-polarized light, as represented by Eq (6)
below [0074] [Math 3] 



Atan 01 A-I) cos ftlin2sin20-1 n2sin2G+sin20-1 (6)     [0075]
Therefore, the relative positional deviation amount A between 20the
polarization components caused by one total reflection (internal
reflection) in the prism (7; 8) can be represented by Eq (6) above.
Therefore, the condition for nullifying the relative positional
deviation between the polarization components in total reflection,
i.e., the condition for zeroing the relative positional deviation
amount A (GoosHaenchen Shift (GHS)) between the polarization
components caused in 5total reflection is to satisfy Eq (7) below.
[0076] [Math 4] sin20(n2 -I- 1) = 2(7) [0077] In the present
embodiment, the refractive index n of the optical material forming
the rhomboid prism (7; 8) as a total reflection prism  10 member and
the angle of incidence 0 of the incident beam to the internal
reflection surfaces (7b, 7c; 8b, 8c) are set so as to substantially
satisfy the relation represented by Eq (7), whereby no substantial
relative positional deviation occurs between the polarization
components in the beam totally reflected by the internal reflection
surfaces (7b, 7c; 8b, 8c) 



15 of the rhomboid prism (7; 8). As a result, a clear primary image
of the pattern is formed on the surface Wa of the wafer W as a
detection target surface and a clear secondary image of the pattern
is formed on the entrance surface 13a of the shift & tilt correction
prism 13; in turn, the surface position of the detection target
surface Wa can be detected with 20high accuracy. [0078] Accordingly,
the exposure apparatus of the present embodiment is able to highly
accurately detect the surface position of the exposed surface Wa of
the wafer (photosensitive substrate) W, using the surface position
detecting apparatus capable of detecting the surface position of
25the detection target surface with high accuracy, and, in turn, to
highly accurately position the pattern surface of the reticle (mask)
R and the  exposed surface Wa of the wafer W relative to the
projection optical system PL. [0079] When the surface position
detecting apparatus of the present embodiment is applied, for
example, to the detection of the surface 5 position of the
photosensitive substrate or the detection of the surface position of
the mask in the exposure apparatus, it is preferable in terms of
practical use that the magnitude (absolute value) of the relative
positional deviation amount A between the polarization components
caused in one total reflection should be kept, for example, not more
than 10 0.3 pm. Namely, when the apparatus satisfies Condition (8)
below, there arises no practical problem in the detection of the
surface position of the photosensitive substrate, the detection of
the surface position of the mask, and so on. In Condition (8),
however, the unit of the wavelength A. of light is pm. 15[0080] [Math
5] A tan 0  gi n2 sin2 -1(1  



n2 0 + si1cos 00.3 (pn) n2 -1  (8) [0081] Let us explain here why it
is preferable in terms of practical use that the magnitude of the
relative positional deviation amount A (Goos- Haenchen Shift (OHS))
between the polarization components caused in 20 total reflection
should be not more than 0.3 gm. The required condition for accuracy
of focus detection AF (surface detection and focus measurement) is
that it should be smaller than the depth of focus of the projection
optical system PL, and for recent large-NA projection lenses (focal
depth: about 300 nm or less), it is the present status that a
25permissible width of AF error due to the resist thickness should be
less    positional deviation amount A between the polarization
components and when the relative positional deviation amount A
between the polarization components is not more than 0.2 pm, the
change amount of AF measured value becomes approximately 30 rim. When
the error is 5 30 rim, there is a margin of about 20 rim with respect
to the minimum requisite amount of 50 rim and this quantity is
equivalent to an Al measurement error when an AF optical system has
chromatic aberration due to a manufacturing error. Therefore, even
with the error due to chromatic aberration caused by the
manufacturing error, stable 10 measurement can be always implemented
with high accuracy as long as the relative positional deviation
amount A between the polarization components is not more than 0.2 pm.



[0085] Now, let us consider the relationship to be satisfied by the
refractive index n of the optical material forming the rhomboid prism
15 (7; 8) and the angle of incidence U of the incident beam to the
internal reflection surfaces (7b, 7c; 8b, Sc) in accordance with more
specific forms. Fig. 10 is a drawing showing a relation between an
angle of incidence to a total reflection surface and a relative
positional deviation amount between polarization components. In Fig.
10, the vertical axis 20 represents the relative positional deviation
amount A (gm) between polarization components and the horizontal axis
the angle of incidence 0 () to the total reflection surface. [0086]
The sign convention for the relative positional deviation amount A is
defined as follows: the relative positional deviation amount A is
25positive when the totally reflected s-polarized light component Ls
and p-polarized light component Lp are in the positional relationship
of Fig.  7 (or when the s-polarized light component Ls is inside the
p-polarized light component Lp); the relative positional deviation
amount A is negative when the p-polarized light component Lp is
inside the s-polarized light component Ls. The same also applies to
Fig. 11 and 5Figs. 13 to 16 described below. [0087] Fig. 10 shows the
relation between the incidence angle 0 and the relative positional
deviation amount A in a case where the refractive index n of the
optical material forming the prism (e.g., silica glass) is 1.45 and
where the center wavelength Xc of used light (detection light) 10 is
750 nm. With reference to Fig. 10, the total reflection starts to
occur at the incidence angle U of about 430 and the relative
positional deviation amount A in the positive range monotonically
decreases with increase in the incidence angle U from the total
reflection angle. When the incidence angle 0 shortly reaches
approximately 53, the relative 15 positional deviation amount A
becomes approximately zero; as the incidence angle U further
increases from about 53, the relative positional deviation amount A
becomes negative and the magnitude thereof monotonically increases.
[0088] In this case, when the center wavelength Xc of used light is
20 changed, the value of relative positional deviation amount A
varies for the same incidence angle U. As apparent from Eqs (6) and
(7) described above, however, there is no substantial change in the
value of incidence angle 0 at the relative positional deviation
amount A of 0, even with change in the center wavelength Xc of used
light. In other 



25words, the value of incidence angle U at the relative positional
deviation amount A of 0 is substantially independent of the center
wavelength lc  of used light. [0089] In the present embodiment, as
described above, where the rhomboid prism (7; 8) is made of the
optical material with the predetermined refractive index n, the
incidence angle 0 of the incident 5 beam to the internal reflection
surfaces (7b, 7c; 8b, 8c) can be determined so that the relative
positional deviation amount A between the polarization components of
the beam totally reflected by the internal reflection surfaces (7b,
7c; 8b, 8c) of the prism becomes approximately zero, i.e., so that
the absolute value of the relative positional deviation 10 amount A
becomes, for example, not more than 0.3 pm and more preferably not
more than 0.2 Rm. It is seen from Fig. 10 that the degree of change
of the relative positional deviation amount A is small against
variation of the incidence angle 0 and thus that a mounting error of
the rhomboid prism (7; 8) or the like will cause little influence on
the 15detection accuracy. [0090] Fig. 11 is a drawing showing a
relation between the refractive index of the prism and the relative
positional deviation amount between polarization components. In Fig.
11, the vertical axis represents the relative positional deviation
amount A (pm) between polarization 20 components and the horizontal
axis the refractive index n of the optical material forming the
prism. Fig. 11 shows the relationship between the refractive index n
and the relative positional deviation amount A in a case where the
incidence angle 8 to a total reflection surface is 45 and where the
center wavelength Ac of used light is 750 nm. With 25reference to
Fig. 11, the relative positional deviation amount A in the positive
range monotonically decreases with increase in the refractive 



index n from 1.45 and the relative positional deviation amount A
becomes approximately zero at the refractive index n of about 1.73.
As the refractive index n further increases from about 1.73, the
relative positional deviation amount A becomes negative and the
magnitude 5thereof monotonically increases. [0091] In this case, the
value of relative positional deviation amount A also changes for the
same refractive index n with change in the center wavelength Xc of
used light, whereas the value of refractive index n at the relative
positional deviation amount A of 0 has no substantial  10 change. In
the present embodiment, as described above, where the rhomboid prism
(7; 8) is configured to totally reflect light incident at a
predetermined incidence angle 0 to the internal reflection surfaces
(7b, 7c; 8b, 8c), the refractive index n of the optical material
forming the rhomboid prism (7; 8) can be determined so that the
relative positional  15 deviation amount A between the polarization
components of the totally reflected beam becomes approximately zero,
i.e., so that the absolute value of the relative positional deviation
amount A becomes, for example, not more than 0.2 pm. [0092] In the
aforementioned embodiment shown in Figs. 1 to 3, the  20 four total
reflection surfaces (7b, 7c; 8b, 8c) are disposed in the optical path
to guide the light from the projecting optical system (4, 5) through
the pentagonal prism 6 and the rhomboid prism 7 to the detection
target surface Wa and to guide the light from the detection target
surface Wa through the rhomboid prism 8 and the pentagonal prism 9 to
the 25condensing optical system (10, 11). There are, however, no
particular restrictions on the number and arrangement of total
reflection surfaces,  but it is also possible, for example, to adopt
a configuration in which two total reflection surfaces (3 lb; 32b)
are disposed in the optical path, as shown in Fig. 12. [0093] In the
modification example of Fig. 12, the light from the 5 projecting
optical system (4, 5) is guided through a triangular prism 31 as a
path folding prism to the detection target surface Wa and the light
from the detection target surface Wa is guided through a triangular
prism 32 as a path folding prism to the condensing optical system
(10, 11). It is noted that Fig. 12 is depicted without illustration
of the 



10  projection condensing lens 4 and the reception condensing lens
11, corresponding to Fig. 3. [0094] In the modification example of
Fig. 12, the light emitted along the optical axis AX1 from the
projecting optical system (4, 5) is incident to the path folding
prism 31. In the path folding prism 31, the light 15 through a first
transmission surface 31a is totally reflected on a total reflection
surface 3 lb, passes through a second transmission surface 31c, and
is then emitted along the optical axis AX2 from the path folding
prism 31. The light emitted along the optical axis AX2 from the path
folding prism 31 is incident to the detection target surface Wa. 20
[0095] The light reflected along the optical axis AX3, which is
symmetric with the optical axis AX2 with respect to the optical axis
AX of the projection optical system PL, by the detection target
surface Wa is then incident to the path folding prism 32. In the path
folding prism 32, the light passing through a first transmission
surface 32a is totally 25reflected on a total reflection surface 32b,
then passes through a second transmission surface 32c, and is emitted
along the optical axis AX4  from the path folding prism 32. The light
emitted along the optical axis AX4 from the path folding prism 32 is
then incident to the condensing optical system (10, 11). [0096] In
the modification example of Fig. 12, the refractive index n of  5 the
optical material forming the path folding prism (31; 32) as a total
reflection prism member and the angle of incidence 0 of the light to
the total reflection surface (3 lb; 32b) thereof are set so as to
substantially satisfy the relation of Eq (7), whereby the surface
position of the detection target surface Wa can be detected with high
accuracy, while  10 restraining the influence of the relative
positional deviation between the polarization components caused in
the totally reflected light on the total reflection surface (3 lb;
32b) of the path folding prism (31; 32), on the detection of the
surface position of the detection target surface Wa. [0097] In other
words, for detecting the surface position of the detection 



15 target surface Wa with high accuracy while restraining the
influence of the relative positional deviation between polarization
components caused in the light totally reflected on the total
reflection surface (3 lb; 32b) of the path folding prism (31; 32), on
the detection of the surface position of the detection target surface
Wa, the refractive index n of the  20 path folding prism (31; 32) and
the incidence angle 0 of the incident light to the total reflection
surface (3 lb; 32b) can be determined so that the relative positional
deviation amount A between the polarization components of the light
totally reflected on the total reflection surface (3 lb; 32b) becomes
approximately zero, i.e., so that the absolute value 25of the
relative positional deviation amount A between the polarization
components caused in one total reflection becomes, for example, not
more than 0.3 gm and more preferably not more than 0.2 pm. [0098] The
following will describe a range of incidence angle 0 where the
absolute value of the relative positional deviation amount A between
the polarization components caused in one total reflection becomes
not 5 more than 0.3 pm, with change in the refractive index n of the
total reflection prism member, with reference to Figs. 13 to 16. Fig.
13 shows a relation between the relative positional deviation amount
A by one total reflection and the incidence angle 0 in a case where
the refractive index n of the total reflection prism member is 1.45
and 10 where the center wavelength Xc of light is 750 nm. It is seen
from Fig. 13 that the range of incidence angle B may be set to be
approximately from 48 to 90, in order to satisfy Condition (8) while
the absolute value of the relative positional deviation amount A
between the polarization components caused in one total reflection is
kept not more 15  than 0.3 pm. The incidence angle 0 is about 53 when
the relative positional deviation amount A is approximately zero.
[0099] Fig. 14 shows a relation between the relative positional
deviation amount A by one total reflection and the incidence angle 0
in a case where the refractive index n of the total reflection prism
member is 20 1.5 and where the center wavelength Xc of light is 750
nm. It is seen from Fig. 14 that the range of incidence angle 0 may
be set to be approximately from 45 to 90, in order to satisfy
Condition (8) while the absolute value of the relative positional
deviation amount A between the polarization components caused in one
total reflection is kept not 



25more than 0.3 pm. The incidence angle 0 is about 52 when the
relative positional deviation amount A is approximately zero.  [0100]
Fig. 15 shows a relation between the relative positional deviation
amount A by one total reflection and the incidence angle 8 in a case
where the refractive index n of the total reflection prism member is
1.6 and where the center wavelength Xc of light is 750 nm. It is seen
5 from Fig. 15 that the range of incidence angle 0 may be set to be
approximately from 42 to 90, in order to satisfy Condition (8) while
the absolute value of the relative positional deviation amount A
between the polarization components caused in one total reflection is
kept not more than 0.3 pm. The incidence angle 0 is about 49 when the
10relative positional deviation amount A is approximately zero.
[0101] Fig. 16 shows a relation between the relative positional
deviation amount A by one total reflection and the incidence angle 0
in a case where the refractive index n of the total reflection prism
member is 1.7 and where the center wavelength Xc of light is 750 nm.
It is seen  15 from Fig. 16 that the range of incidence angle 8 may
be set to be approximately from 39 to 90, in order to satisfy
Condition (8) while the absolute value of the relative positional
deviation amount A between the polarization components caused in one
total reflection is kept not more than 0.3 um. The incidence angle 0
is about 46 when the 20relative positional deviation amount A is
approximately zero. [0102] The aforementioned embodiment described
the example in which the exposure apparatus was provided with the
single surface position detecting apparatus, but, without having to
be limited to this, the detection field can be divided with use of a
plurality of surface 25position detecting apparatus according to
need.In this case, calibration among the apparatus can be implemented
based on the  detection results in a common field between a detection
field of a first surface position detecting apparatus and a detection
field of a second surface position detecting apparatus. 



[0103] The aforementioned embodiment was the application of the  5
present invention to the detection of the surface position of the
photosensitive substrate in the projection exposure apparatus, but
the present invention can also be applied to detection of a surface
position of a mask in the projection exposure apparatus. The
aforementioned embodiment was the application of the present
invention to the  10 detection of the surface position of the
photosensitive substrate in the projection exposure apparatus, but
the present invention can also be applied to detection of a surface
position of an ordinary detection target surface. [0104] The
aforementioned embodiment was the application of the  15 present
invention to the detection of the surface position (position along a
normal to the detection target surface) of the detection target
surface. However, without having to be limited to this, the present
invention can also be applied, for example, to a measuring apparatus
in which an optical member with a total reflection surface is
disposed in a  20 measurement optical path and more commonly to an
optical apparatus in which an optical member with a total reflection
surface is disposed in an optical path. Specifically, the present
invention is applicable to an apparatus for measuring a surface shape
of a detection target surface as shown in Fig. 17 or to an apparatus
for measuring a position of a 25detection target surface (a
two-dimensional position of a detection target surface along
in-surface directions) as shown in Fig. 18.  [0105] In the measuring
apparatus shown in Fig. 17, measurement light from a light source 41
travels through a light-sending optical system (projecting optical
system) 42 and is incident to a total reflection optical member
(optical member with total reflection surfaces) 43, for example,  5
like a rhomboid prism. The measurement light totally reflected on the
total reflection surfaces (not shown) of the total reflection optical
member 43 is then incident to a detection target surface 44. The
measurement light reflected on the detection target surface 44 is
then incident to a total reflection optical member 45, for example,
having a  10 configuration similar to that of the total reflection
optical member 43. The measurement light totally reflected on total
reflection surfaces (not shown) of the total reflection optical
member 45 travels through a light-receiving optical system 46 and is
then incident to an image detector 47, for example, like a CCD.
15[0106] In this apparatus, the incidence position (image position)
of the measurement light to the image detector 47 varies with change
in the height position of the detection target surface 44 where the
measurement light is incident. Therefore, the surface shape of the
detection target surface 44 (distribution of heights at respective
in- 



20 surface positions) is measured by measuring incidence positions of
the measurement light to the image detector 47 while changing the
incidence position of the measurement light to the detection target
surface 44 by two-dimensional movement of the detection target
surface 44 along the in-surface directions, or while changing the
incidence 25position of the measurement light to the detection target
surface 44 by action of a vibrating mirror or a polygon mirror in the
light-sending  optical system 42. The surface shape of the detection
target surface 44 cannot be measured with high accuracy when there
occurs a relative positional deviation between polarization
components in the total reflections in the total reflection optical
members 43, 45, e.g., in a case  5 where there is a thin film on the
detection target surface 44, or in a case where the detection target
surface 44 has polarizing nature. [0107] For measuring the surface
shape of the detection target surface 44 with high accuracy while
restraining the influence of the relative positional deviation
between polarization components caused in the  10 light totally
reflected in the total reflection optical members 43, 45, on the
measurement of the surface shape of the detection target surface 44,
the refractive index n of the total reflection optical members 43, 45
and the incidence angle 0 of the incident light to the total
reflection surfaces can be determined so that the relative positional
deviation amount A  15 between the polarization components of the
light totally reflected by each total reflection optical member 43,
45 becomes approximately zero, i.e., so that the absolute value of
the relative positional deviation amount A between the polarization
components caused in one total reflection becomes, for example, not
more than 0.3 inn and more 20preferably not more than 0.2 [0108] In
the measuring apparatus shown in Fig. 18, measurement light from an
illumination system 51 is reflected by a half mirror 53 in an
objective optical system 52, and is emitted from the objective
optical system 52 to enter a path folding prism (optical member with
a total 25reflection surface) 54. The measurement light totally
reflected on a 



total reflection surface 54a of the path folding prism 54, for
example,  like a triangular prism illuminates a detection target
surface 55. The measurement light reflected by a mark (not shown)
provided on the detection target surface 55 is again incident to the
path folding prism 54. The measurement light totally reflected on the
total reflection surface 5 54a of the path folding prism 54 then
travels through the objective optical system 52 and the half mirror
53 therein to enter an image detector 56, for example, like a CCD.
[0109] In the measuring apparatus shown in Fig. 18, positions of
marks on the detection target surface 55 and, therefore, positions of
the 10 detection target surface 55 (two-dimensional positions of the
detection target surface 55 along in-surface directions) are measured
based on an output from the image detector 56. The position of the
detection target surface 55 cannot be measured with high accuracy
when there is a relative positional deviation between polarization
components in the 15  total reflection in the path folding prism 54
in a case where the detection target surface 55 has polarizing
nature. [0110] For measuring the position of the detection target
surface 55 with high accuracy while restraining the influence of the
relative positional deviation between polarization components caused
in the 20 light totally reflected by the path folding prism 54, on
the measurement of the position of the detection target surface 55,
the refractive index n of the path folding prism 54 and the incidence
angle U of the incident light to the total reflection surface 54a can
be determined so that the relative positional deviation amount A.
between the polarization 25components of the light totally reflected
by the path folding prism 54 becomes approximately zero, i.e., so
that the absolute value of the 



relative positional deviation amount A between the polarization
components caused in one total reflection becomes, for example, not
more than 0.3 pm and more preferably not more than 0.2 pm. [0111] As
described above, when a detection target surface has a thin 5 film
affecting polarization, or a polarizing property, the Goos-Haenchen
Shift will arise at an internal reflection surface (total reflection
surface) disposed in an optical path (an illumination optical path, a
detection optical path, or the like); therefore, to prevent
occurrence thereof; it is preferable to appropriately set the
refractive index of the optical 10 member forming the internal
reflection surface (total reflection surface) and the angle of
incidence to the internal reflection surface (total reflection
surface). [0112] Incidentally, the aforementioned embodiment shown in
Figs. 1 to 3 uses the parallelogram prisms (rhomboid prisms) each
having the 15 two mutually parallel total reflection surfaces, as the
total reflection prism members. The refractive index n of the prisms
and the angle of incidence 0 of the incident light to each total
reflection surface are determined so as to keep small the relative
positional deviation amount A caused at each total reflection
surface. However, without having to 20 be limited to this, it is also
possible to use, for example, a tetragonal prism 61 having two
mutually opposed total reflection surfaces as shown in Fig. 19
(generally, two total reflection surfaces not parallel to each
other), as a total reflection prism member, and to determine the
refractive index n of the prism and incidence angles 01 (00 < 01 <
90) 25and 02 (0 < 02 < 90) of incident light to the two total
reflection surfaces so as to keep small a relative positional
deviation amount  finally caused in the light after successive total
reflections on the two total reflection surfaces 61a and 61b, i.e.,
the sum 41 + A2 of the relative positional deviation amount Al caused
at the first total reflection surface 61a and the relative positional
deviation amount A2 caused at the second 



5total reflection surface 61b. [0113] In this case, the relative
positional deviation amount finally caused in the light after the
successive total reflections on the two total reflection surfaces 61a
and 61b, Al2 = A1 + A2, is represented by Eq (10) below. The first
term on the right hand side in Eq (10) corresponds to  10 the
relative positional deviation amount 41 caused at the first total
reflection surface 61a and the second term on the right hand side
corresponds to the relative positional deviation amount A2 caused at
the second total reflection surface 61b. [0114] [Math 7] 15 A 12 =
tan 0, 1   74n2sin20,n2 sin2 + sin2 - 1 1cos Atm 02  1 1  COS 92
71.1,22sin2 02n2 sin2 02  sin 2 92 



(10)  [0115] In order to restrain the influence of the relative
positional deviation between polarization components of the totally
reflected light on the detection accuracy or the like, the idea of
the aforementioned embodiment to keep the relative positional
deviation amount caused at 20 one total reflection surface 0.3 pm or
less is applied to the relative positional deviation amount Al2
represented by Eq (10), and Condition (11) below with the upper limit
of 0.3 pm X 2 = 0.6 pm and the lower  limit of -0 3 i.tm x 2 = -0.6
gm is obtained as a conditional expression for keeping small the
relative positional deviation amount Al2 finally caused in the light
after the successive total reflections on the two total reflection
surfaces 61a and 61b. 5[0116] [Math 8] (11) [0117] In a specific
numerical example, where the tetragonal prism 61 is made of silica
glass with the refractive index n = 1.45, where the incidence angle
01 to the first total reflection surface 61a is 47, and 10 where the
incidence angle 02 to the second total reflection surface 61b is 70,
the relative positional deviation amount A1 caused at the first total
reflection surface 61a is +0.48 1.1m and the relative positional
deviation amount A2 caused at the second total reflection surface 61b
is -0.21 pm. Namely, the relative positional deviation amount A1
caused at the first 15 total reflection surface 61a and the relative
positional deviation amount A2 caused at the second total reflection
surface 61b cancel each other and the relative positional deviation
amount Al2 finally caused in the light after the successive total
reflections on the two total reflection surfaces 61a and 61b becomes
+0.27 pm, which is not more than 0.3 20gm. [0118] In another
numerical example, where the tetragonal prism 61 is made of silica
glass with the refractive index n = 1.45, where the 



incidence angle 01 to the first total reflection surface 61a is 500,
and   where the incidence angle 02 to the second total reflection
surface 61b is 60, the relative positional deviation amount A1 caused
at the first total reflection surface 61a is +0.155 pm and the
relative positional deviation amount A2 caused at the second total
reflection surface 61b is -0.136 5 pm. Namely, the relative
positional deviation amount A1 caused at the first total reflection
surface 61a and the relative positional deviation amount A2 caused at
the second total reflection surface 61b cancel each other and the
relative positional deviation amount Al2 finally caused in the light
after the successive total reflections on the two total reflection 10
surfaces 61a and 61b becomes +0.019 pm, which is not more than 0.05
pm. [0119] In the description with reference to Fig. 19, the
tetragonal prism 61 with the two total reflection surfaces was used
as a total reflection prism member, and the same idea can also be
generally applied to cases 15 using a polygonal prism having two or
more total reflection surfaces. Namely, the refractive index n of the
prism and the incidence angle Oa (0 < Oa < 900; a = 1-N) of incident
light to the a-th total reflection surface (internal reflection
surface) may be determined so as to keep small the relative
positional deviation amount finally caused in light 20 after
successive total reflections on a plurality of total reflection
surfaces (N total reflection surfaces: N is an integer of 2 or more)
in one polygonal prism (generally, an optical member). In this case,
the relative positional deviation amount AiN finally caused in the
light after the successive total reflections on the N total
reflection surfaces is 25represented by Eq (12) below. [0120] [Math
9]  (12) [0121] In order to restrain the influence of the relative
positional deviation between polarization components of totally
reflected light on 



the detection accuracy or the like, the idea of the aforementioned 5
embodiment to keep the relative positional deviation amount caused at
one total reflection surface 0.3 gm or less is applied to the
relative positional deviation amount AIN represented by Eq (12), and
Condition (13) below with the upper limit of 0.3 pm x N = 0.3N gm and
the lower limit of -0.3 pm x N = -0.3N pm is obtained as a
conditional 10 expression for keeping small the relative positional
deviation amount AiN finally caused in the light after the successive
total reflections on the N total reflection surfaces. [0122] [Math
10] N1  -0.3N(pn) ltan E      1 Goss 0.3N (pm) 2-41n2 sin 19" -1 n2
sin2sin2 Oa -1 , 15(13) [0123] Furthermore, without having to be
limited to one optical member, the present invention can also be
applied to a plurality of optical members in such a manner that the
refractive index na of an optical member forming the a-th total
reflection surface (internal 20 reflection surface) and the incidence
angle Oa (0 < Oa < 90'; a = 1-N) of incident light to the a-th total
reflection surface may be determined so as to keep small the relative
positional deviation amount finally caused in the light after
successive total reflections on a plurality of total  reflection
surfaces (N total reflection surfaces: N is an integer of 2 or more).
In this case, the relative positional deviation amount am finally
caused in the light after the successive total reflections on the N
total reflection surfaces in the plurality of optical members is
represented by 5Eq (14) below. 



[0124] [Math 11] (14) [0125] In order to restrain the influence of
the relative positional deviation between polarization components of
totally reflected light on 10 the detection accuracy or the like, the
idea of the aforementioned embodiment to keep the relative positional
deviation amount at one total reflection surface 0.3 pm or less is
applied to the relative positional deviation amount AIN represented
by Eq (14), and Condition (15) below with the upper limit of 0.3 lam
x N = 0.3N pm and the lower limit of 15 -0.3 pm x N = -0.3N pm is
obtained as a conditional expression for keeping small the relative
positional deviation amount AIN finally caused in the light after the
successive total reflections on the N total reflection surfaces.
[0126] [Math 12] 20 Adan a1 -0.3N Ca rn). E     I) cos ea 0.3No,
7r411a2 sin2 -1 \,77.2 sin2 Ga + sin2 0" -1  (15) [0127] There is no
lower limit set in the aforementioned Conditions (8) and (9), but it
is preferable to set the lower limit of Condition (8) to 



"-0.3 pm or more" and to set the lower limit of Condition (9) to
"-0.2 gm or more." When the relative positional deviation amount is
smaller than the lower limit of Condition (8), it will unfavorably
result in bringing the following disadvantages: the apparatus comes
to have a 5 configuration of oblique incidence with a large incidence
angle; the optical members such as prisms become complicated and
large in scale; the entire apparatus also becomes complicated and
large in scale. On the other hand, when the relative positional
deviation amount is smaller than the lower limit of Condition (9), it
will unfavorably result in 10 enhancing the tendency of increasing
the incidence angle in the configuration of oblique incidence,
enhancing the tendency of making the optical members such as prisms
complicated and larger in scale, and further enhancing the tendency
of making the entire apparatus complicated and larger in scale.
15[0128] The upper limit of Condition (8) is set to "+0.3 pm or
less," but it is preferable to set the upper limit of Condition (8)
to "+0.05 pm or less" and to set the lower limit of Condition (8) to
"-0.05 pm or more," in order to enable higher-accuracy and stabler
detection while enabling simplification and compactification of the
optical members and 20 apparatus. Namely, Condition (16) below is
preferably satisfied in order to enable higher-accuracy and stabler
detection while enabling simplification and compactification of the
optical members and apparatus. [0129] [Math 13] 25 1 - 0.05 (pn) , A
tan 61  1 x-1,/n2 sin2 0-1 n2 sin2 0+ sin2 0- 1 cos 0 0.05 (on) 



(16) [0130] The below will describe a range of incidence angle 0
where the absolute value of the relative positional deviation amount
A between the polarization components caused in one total reflection
becomes not 5 more than 0.05 gm, with change in the refractive index
n of the total reflection prism member, with reference to Figs. 20 to
23 conesponding to Figs. 13 to 16. Fig. 20 is a drawing showing a
partly enlarged view of Fig. 13, and shows the relation between the
relative positional deviation amount A in one total reflection and
the incidence angle 0 in 10 the case where the refractive index n of
the total reflection prism member is 1.45 and where the center
wavelength ?Lc of light is 750 nm. It is seen from Fig. 20 that the
range of incidence angle B can be set to be approximately from 52 to
55, in order to satisfy Condition (16) while the absolute value of
the relative positional deviation amount A 15between the polarization
components caused in one total reflection is kept not more than 0.05
pm. [0131] Fig. 21 is a thawing showing a partly enlarged view of
Fig. 14, and shows the relation between the relative positional
deviation amount A in one total reflection and the incidence angle 0
in the case where the 20 refractive index n of the total reflection
prism member is 1.5 and where the center wavelength Xc of light is
750 nm. It is seen from Fig. 21 that the range of incidence angle 0
can be set to be approximately from 24.5 to 56, in order to satisfy
Condition (16) while the absolute value of the relative positional
deviation amount A between the polarization 25components caused in
one total reflection is kept not more than 0.05 



pm   [0132] Fig. 22 is a drawing showing a partly enlarged view of
Fig. 15, and shows the relation between the relative positional
deviation amount A in one total reflection and the incidence angle 0
in the case where the refractive index n of the total reflection
prism member is 1.6 and where 5 the center wavelength Xc of light is
750 nm. It is seen from Fig. 22 that the range of incidence angle 0
can be set to be approximately from 46.5 to 53, in order to satisfy
Condition (16) while the absolute value of the relative positional
deviation amount A between the polarization components caused in one
total reflection is kept not more than 0 05 10Rm. [0133] Fig. 23 is a
drawing showing a partly enlarged view of Fig. 16, and shows the
relation between the relative positional deviation amount A in one
total reflection and the incidence angle 0 in the case where the
refractive index n of the total reflection prism member is 1.7 and
where 15 the center wavelength kc of light is 750 nut It is seen from
Fig. 23 that the range of incidence angle 0 can be set to be
approximately from 43.5 to 500, in order to satisfy Condition (16)
while the absolute value of the relative positional deviation amount
A between the polarization components caused in one total reflection
is kept not more than 0.05 20Rm. [0134] Similarly, in the case where
light is successively totally reflected on a plurality of total
reflection surfaces in one optical member, the upper limit of
Condition (13) can be set to 0.05 Rrn x N = 0.05N pm and the lower
limit thereof to -0.05 pin x N = -0.05N pm, whereby 25Condition (17),
which is more preferable than Condition (13), is obtained as a
conditional expression for enabling higher-accuracy and  stabler
detection while enabling simplification and compactification of the
optical members and apparatus. [0135] [Math 14] 



A tan Oa1 - 0.05N (4emz),  4722 sin2 ea -1 722 sin2 Oa + sin 2 Oa
-1COSOa 0.05N(um) 5(17) [0136] Similarly, in the case where light is
successively totally reflected on a plurality of total reflection
surfaces in a plurality of optical members, the upper limit of
Condition (15) can be set to 0.05 pm x N = 0.05N pm and the lower
limit thereof to -0.05 pm x N = -0.05N pm, 10whereby Condition (18),
which is more preferable than Condition (15), is obtained as a
conditional expression for enabling higher-accuracy and stabler
detection while enabling simplification and compactification of the
optical members and apparatus. [0137] [Math 15] - 0.05"2 m) a,"
yryna2 sin2 Oa -1 na2 sin2 Oa sin2 Oa -1 1) cos Oa 0.05N(g m) Ntan1
(18) [0138] In the present invention the OHS caused at a plurality of
total 



reflection surfaces is controlled by properly setting the incidence
angle and the refractive index forming each total reflection surface,
but it is 20 also possible to control the Goos-Haenchen Shift (OHS)
amount, by making the incidence angle of at least one optical member
with a total reflection surface (one or more of optical members
having a total reflection surface) adjustable by an adjusting device
and changing the incidence angle to each total reflection surface to
adjust the Goos-  Haenchen Shift (OHS) amount. In this case, the
adjusting device can be arranged so as to be able to manually or
automatically adjust the optical member, but it is preferable to
configure the adjusting device so as to be able to automatically
adjust the optical member. In this case, a 5 preferred configuration
is such that a detecting device detects light having passed via each
total reflection surface and the adjusting device including a motor
and others is driven so as to automatically set an appropriate
Goos-Haenchen Shift (OHS) amount, based on output information (a
detection signal, a drive signal, or the like) from the 10detecting
device. [0139] For example, in the embodied form shown in Fig. 12, a
light splitting member (half mirror or the like) is located on the
detector side of the lens 10 (above the lens 10) and a detecting
device (detector or the like) for detecting the Goos-Haenchen Shift
(OHS) amount is disposed 15 in an optical path split by the beam
splitting member. Driving devices (adjusting devices) are arranged to
independently incline the respective path folding prisms (31, 32),
based on the output from the detecting device (detector or the like),
and the angles of incidence of light to the respective total
reflection surfaces (3 lb, 32b) of the respective path 20 folding
prisms (31, 32), are adjusted independently of each other through the
driving devices (adjusting devices), whereby the OHS amount of the
entire apparatus can be properly set. [0140] The exposure apparatus
of the above-described embodiment can manufacture micro devices
(semiconductor devices, imaging devices, 25liquid-crystal display
devices, thin-film magnetic heads, etc.) through a process of
illuminating a reticle (mask) by the illumination apparatus  



(illumination step) and exposing a photosensitive substrate with a
transfer pattern formed in a mask, by the projection optical system
(exposure step). The below will describe an example of a method for
obtaining semiconductor devices as micro devices by forming a 5
predetermined circuit pattern in a wafer or the like as a
photosensitive substrate by means of the exposure apparatus of the
embodiment, with reference to the flowchart of Fig. 24. [0141j The
first step 301 in Fig. 24 is to deposit a metal film on each wafer in
one lot. The next step 302 is to apply a photoresist onto the 10
metal film on each wafer in the lot. The subsequent step 303 is to
use the exposure apparatus of the above embodiment to sequentially
transfer an image of a pattern on a mask into each shot area on each
wafer in the lot through the projection optical system of the
exposure apparatus. The subsequent step 304 is to perform development
of the photoresist 15 on each wafer in the lot and the next step 305
is to perform etching using the resist pattern on each wafer in the
lot as a mask, and thereby to form a circuit pattern corresponding to
the pattern on the mask, in each shot area on each wafer.
[0142] Thereafter, devices such as semiconductor devices are 20
manufactured through steps including formation of circuit patterns in
upper layers. The above-described semiconductor device manufacturing
method pennits us to obtain the semiconductor devices with extremely
fine circuit patterns at high throughput. The steps 301- 305 are
arranged to perform the respective steps of deposition of metal 25on
the wafer, application of the resist onto the metal film, exposure,
development, and etching, but it is needless to mention that the
process  may be modified as follows: prior to these steps, an oxide
film of silicon is formed on the wafer, a resist is then applied onto
the silicon oxide film, and thereafter the steps of exposure,
development, and etching are carried out. 5[0143] The exposure
apparatus of the embodiment can also manufacture a liquid-crystal
display device as a micro device by forming predetermined patterns
(circuit pattern, electrode pattern, etc.) on plates (glass
substrates). An example of a method in this case will be described
below with reference to the flowchart of Fig. 25. In Fig. 10 25, a
pattern forming step 401 is to execute a so-called photolithography
step of transferring a pattern of a mask onto a photosensitive
substrate (a glass substrate coated with a resist or the like) by
means of the exposure apparatus of the above embodiment. This
photolithography step results in forming a predetermined pattern
including a large number of 



15 electrodes and others on the photosensitive substrate. Thereafter,
the exposed substrate is processed through each of steps including a
development step, an etching step, a resist removing step, etc.
whereby the predetermined pattern is formed on the substrate,
followed by the next color filter forming step 402. 20[0144] The next
color filter forming step 402 is to form a color filter in which a
large number of sets of three dots corresponding to R (Red), G
(Green), and B (Blue) are arrayed in a matrix pattern or in which
sets of filters of three stripes of R, Cc and B are arrayed in the
horizontal scan line direction. After the color filter forming step
402, a cell 25assembling step 403 is executed. The cell assembling
step 403 is to assemble a liquid crystal panel (liquid crystal cell)
using the substrate  with the predetermined pattern obtained in the
pattern forming step 401, the color filter obtained in the color
filter forming step 402, and others. [0145] In the cell assembling
step 403, the liquid crystal panel (liquid crystal cell) is
manufactured, for example, by pouring a liquid crystal  5 into
between the substrate with the predetermined pattern obtained in the
pattern forming step 401 and the color filter obtained in the color
filter forming step 402. The subsequent module assembling step 404 is
to attach various components such as electric circuits and backlights
for display operation of the assembled liquid crystal panel (liquid
crystal  10 cell) to complete the liquid-crystal display device. The
above-described manufacturing method of the liquid-crystal display
device permits us to obtain the liquid-crystal display device with
extremely fine circuit patterns at high throughput.  CLAIMS       1.
A surface position detecting apparatus comprising a light projection
system which projects a beam from an oblique direction onto a
detection target surface, and a light reception system which receives
a 5 beam reflected on the detection target surface, said surface
position detecting apparatus being adapted to detect a surface
position of the detection target surface on the basis of an output
from the light reception system, wherein at least one of the light
projection system and the light 



10 reception system comprises a total reflection prism member
including an internal reflection surface which totally reflects an
incident beam, and       wherein, for restraining influence of a
relative positional deviation between polarization components of the
beam totally reflected 15 on the internal reflection surface of the
total reflection prism member, on detection of the surface position
of the detection target surface, a refractive index of an optical
material forming the total reflection prism member and an angle of
incidence of the incident beam to the internal reflection surface of
the total reflection prism member are set so as to 20satisfy a
predetermined relation.       2. The surface position detecting
apparatus according to claim 1, wherein the total reflection prism
member is made of an optical material with a predetermined refractive
index, and           wherein the angle of incidence of the incident
beam to the 25internal reflection surface of the total reflection
prism member is determined so that an amount of the relative
positional deviation  between the polarization components of the beam
totally reflected on the internal reflection surface of the total
reflection prism member becomes substantially zero.        3. The
surface position detecting apparatus according to claim  5 1, wherein
the total reflection prism member is arranged to totally reflect the
incident beam incident at a predetermined angle of incidence to the
internal reflection surface, and       wherein the refractive index
of the optical material forming the total reflection prism member is
determined so that an amount of the  10 relative positional deviation
between the polarization components of the beam totally reflected on
the internal reflection surface of the total reflection prism member
becomes substantially zero.        4. The surface position detecting
apparatus according to any one of claims 1 to 3, which satisfies the
following relation: 



15[Math 16] 2 tan 01  1) cos .5_ 0.3 (pm) g.in2sin20n'sin + sin' -1
where A. (pm) is a wavelength of the beam, n the refractive index of
the total reflection prism member, and 8 (0 < 0 < 90) an angle of
incidence of an axial principal ray incident to the internal
reflection 20surface.        5. The surface position detecting
apparatus according to any one of claims Ito 3, which satisfies the
following relation: [Math 17] 2 tan0 ( 1  -0.05 (gm)1)  cos0.05 (MO
71-1/122 sin2 0 -I n2 sin2 0 + sin2 0-1            where A (pm) is a
wavelength of the beam, n the refractive index of the total
reflection prism member, and 0 (00 < 0 < 90) an angle of incidence of
an axial principal ray incident to the internal reflection surface.
56. The surface position detecting apparatus according to any 



one of claims 1 to 3, wherein the total reflection prism member
includes N internal reflection surfaces,       the surface position
detecting apparatus satisfying the following relation: 10[Math 18] 1
0.3N(4 in) E  , tan 00   I) cos ea 0 .3N 02 in)  gn2 sin2 Oa -1 n2
sin2 0,,, +sin2 Oa -1       where A (pm) is a wavelength of the beam,
n the refractive index of the total reflection prism member, and Oa
(0 < Oa < 90) an angle of incidence of an axial principal ray
incident to an a-th internal reflection 15surface.       7. The
surface position detecting apparatus according to any one of claims 1
to 3, wherein the total reflection prism member includes N internal
reflection surfaces,               the surface position detecting
apparatus satisfying the following 20relation: [Math 19] Ntan Oa1  0
.05N 02. n2)-E  , cose a _C 0.05N04.  yril n2 sin2 ea -1 n2 sin2 Oa
+sin2 Oa -1 



where A, (gm) is a wavelength of the beam, n the refractive index of
the total reflection prism member, and Oa (0 < Oa < 90) an angle of
incidence of an axial principal ray incident to an a-th internal
reflection surface.        8. The surface position detecting
apparatus according to any one of claims 1 to 7, wherein the light
projection system comprises a 5  projection-side prism member
including an internal reflection surface which effects a substantial
parallel shift of an optical path of an incident beam, as the total
reflection prism member, and       wherein the light reception system
comprises a reception-side prism member arranged corresponding to the
projection-side prism 10  member and including an internal reflection
surface which effects a substantial parallel shift of an optical path
of an incident beam from the detection target surface, as the total
reflection prism member.        9. The surface position detecting
apparatus according to any one of claims 1 to 8, wherein the light
projection system comprises a 15projecting optical system which forms
a primary image of a predetermined pattern on the detection target
surface, and       wherein the light reception system comprises a
condensing optical system which condenses the beam reflected on the
detection target surface, to than a secondary image of the
predetermined pattern, 20and a detection unit which detects the
secondary image of the predetermined pattern formed through the
condensing optical system,       the surface position detecting
apparatus detecting the surface position of the detection target
surface on the basis of an output from the detection unit. 



2510. An exposure apparatus which projects a predetermined pattern
through a projection optical system onto a photosensitive  substrate
to effect exposure thereof, comprising:       the surface position
detecting apparatus as set forth in any one of claims 1 to 9, which
detects a surface position of a surface of the predetermined pattern
or an exposed surface of the photosensitive 5substrate relative to
the projection optical system, as the surface position of the
detection target surface; and       positioning means which positions
the surface of the predetermined pattern or the exposed surface of
the photosensitive substrate relative to the projection optical
system, based on a detection 10result by the surface position
detecting apparatus.        11. A device manufacturing method
comprising:       an exposure step of effecting exposure of the
photosensitive substrate with the predetermined pattern, using the
exposure apparatus as set forth in claim 10; and 15a development step
of developing the photosensitive substrate exposed in the exposure
step.        12. An optical apparatus in which an optical member
including a total reflection surface is disposed in an optical path, 



wherein a refractive index of the optical member and an angle of 20
incidence of light to the total reflection surface are set so as to
restrain a relative positional deviation between polarization
components of light totally reflected on the total reflection surface
of the optical member.            13. The optical apparatus according
to claim 12, wherein the optical member is made of an optical
material having a predetermined 25refractive index, and wherein the
angle of incidence of the light to the total reflection  surface of
the optical member is set so that an amount of the relative
positional deviation between the polarization components of the light
totally reflected on the total reflection surface of the optical
member becomes substantially zero. 514. The optical apparatus
according to claim 12 or 13, which satisfies the following relation:
[Math 20] 1)  cos 0 0.3 (pn) A.tan01            where X (pm) is a
wavelength of the light, n the refractive index 10of the optical
member, and 0 (0 < 0 < 90) an angle of incidence of an axial
principal ray incident to the total reflection surface. 



15. The optical apparatus according to claim 12 or 13, which
satisfies the following relation: [Math 21] 15 tan 0 ( n2 s - 0.05
(pn) ,n2 s   1) cos 0 :5 0.05 (pn) rt-Vin2 0-1in' 0 + sin20 -1
where A, (pm) is a wavelength of the light, n the refractive index of
the optical member, and 0 (0 < 0 < 900) an angle of incidence of an
axial principal ray incident to the total reflection surface.
16. The optical apparatus according to claim 12 or 13, wherein 20the
optical member includes N total reflection surfaces, the optical
apparatus satisfying the following relation: [Math 22] -0.3N(p. m) ZN
2 tan Oa -1 cos Oa 0.3./VOL m) 



a-Vn2 sin2 Oa -1 n2 sin2 +sin2 eic -I           where X (p.m) is a
wavelength of the light, n the refractive index of the optical
member, and Oa (00 < Oa < 90) an angle of incidence of an axial
principal ray incident to an a-th total reflection surface.
17. The optical apparatus according to claim 12 or 13, wherein 5the
optical member includes N total reflection surfaces, the optical
apparatus satisfying the following relation: [Math 23] A, tan Ga1
-0.05NO.t n05_ E  costia 5_ 0.05Ng in) g.1 n2 sin2 ea -1 n2 sin2 8,7
+sin2 0. -1            where X (p.m) is a wavelength of the light, n
the refractive index 10of the optical member, and Oa (0 < Oa < 90) an
angle of incidence of an axial principal ray incident to an a-th
total reflection surface.        18. An optical apparatus comprising
N internal reflection surfaces in an optical path, wherein angles of
incidence of light to the respective N internal 15 reflection
surfaces and refractive indices of respective optical members forming
the N internal reflection surfaces are set so that relative
positional deviation between polarization components of light totally
reflected on the N internal reflection surfaces becomes substantially
zero. 



2019. The optical apparatus according to claim 18, which satisfies
the following relation: [Math 24] Ntan Oc1 -0.3Mg in) E  ,     I) cos
ea 0.3NCu in) 0=3 zsin2 Os -1 na2 sin2 + sin2 -1  where X (pm) is a
wavelength of the light, na a refractive index   of an optical member
forming an a-th internal reflection surface, and Oa (00 < Oa < 90) an
angle of incidence of an axial principal ray incident to the a-th
internal reflection surface.               20. The optical apparatus
according to claim 18, which 5satisfies the following relation: [Math
25] NAtari.1 -0.05NO2 in) y  , cosea 0.05N(g m) r=t ggna2 sin2 ea -1
nal sin2 + sin.2 Oa -1       where A, (gm) is a wavelength of the
light, na a refractive index of an optical member forming an a-th
internal reflection surface, and Oa 



10(0 < Oa < 900) an angle of incidence of an axial principal ray
incident to the a-th internal reflection surface.        21. A
measuring apparatus in which an optical member including a total
reflection surface is disposed in a measurement optical path,
15wherein a refractive index of the optical member and an angle of
incidence of measurement light to the total reflection surface are
set so as to restrain a relative positional deviation between
polarization components of the measurement light totally reflected on
the total reflection surface of the optical member. 2022. A measuring
apparatus which measures a measurement target surface, comprising:
a detector which detects measurement light from the measurement
target surface; and               an optical member with a total
reflection surface disposed in an 25optical path between the
measurement target surface and the detector,           wherein, for
restraining a relative positional deviation between polarization
components of the measurement light totally reflected on the total
reflection surface of the optical member, a refractive index of the
optical member and an angle of incidence of the measurement light 5to
the total reflection surface are set.       23. A measuring apparatus
which measures a measurement target surface, comprising:       a
light projection system which guides measurement light to the
measurement target surface; 



10a light reception system which receives the measurement light from
the measurement target surface; and       an optical member with a
total reflection surface disposed in at least one of an optical path
of the light projection system and an optical path of the light
reception system, 15wherein, for restraining a relative positional
deviation between polarization components of the measurement light
totally reflected on the total reflection surface of the optical
member, a refractive index of the optical member and an angle of
incidence of the measurement light to the total reflection surface of
the optical member are set. 2024. The measuring apparatus according
to claim 22 or 23, said measuring apparatus measuring a position of
the measurement target surface.            25. The measuring
apparatus according to claim 22 or 23, said measuring apparatus
measuring a surface position of the measurement 25target surface.
26. The measuring apparatus according to claim 22 or 23, said
measuring apparatus measuring a surface shape of the measurement
target surface.        27. The measuring apparatus according to any
one of claims 21 to 26, wherein, for restraining influence of the
relative positional 5 deviation between the polarization components
on accuracy of measurement, the refractive index of the optical
member and the angle of incidence of the measurement light to the
total reflection surface are set so as to satisfy a predetermined
relation.            28. The measuring apparatus according to any one
of claims 1021 to 27, wherein the optical member is made of an
optical material 



having a predetermined refractive index, and       wherein the angle
of incidence of the measurement light to the total reflection surface
of the optical member is set so that an amount of the relative
positional deviation between the polarization components of 15the
measurement light totally reflected on the total reflection surface
becomes substantially zero.        29. The measuring apparatus
according to any one of claims 21 to 28, which satisfies the
following relation: [Math 26] 20 A. tan 01  1 )  cos0.3 (gm) trin2
sin2 0-i 772 sin' 0+ sin' -1        where X, (pm) is a wavelength of
the measurement light, n the refractive index of the optical member,
and 0 (0 < 0 < 900) an angle of incidence of an axial principal ray
incident to the total reflection surface.           30. The measuring
apparatus according to any one of claims 21 to 28, which satisfies
the following relation: 



[Math 27] -0.05 (fon). 2 tan 61 1  n' sin= 0 + sin' -1 1j cos 0.05
(gm)  irdn'sin 21   5where X (gm) is a wavelength of the measurement
light, n the refractive index of the optical member, and 0 (0 < 0 <
90) an angle of incidence of an axial principal ray incident to the
total reflection surface.           31. The measuring apparatus
according to any one of claims 1021 to 28, wherein the optical member
includes N total reflection 



surfaces,       the measuring apparatus satisfying the following
relation: [Math 28] -0.3N(2 m) :5_ L -12 1) cos Oa 0.3N(tz in) z-sin2
ean= sin ea + sin' Oa 15where X (pm) is a wavelength of the
measurement light, n the refractive index of the optical member, and
Oa (0 < Oa < 90) an angle of incidence of an axial principal ray
incident to an a-th total reflection surface.            32. The
measuring apparatus according to any one of claims 2021 to 28,
wherein the optical member includes N total reflection surfaces,
the measuring apparatus satisfying the following relation: [Math 29]
1 - 0.05N(AL m).5.EN A" tan a   1) case 5_ 0.05N(g in) a=1 R-7 W1 \
n2 sin2 +sin2 0a -1 



where X (um) is a wavelength of the measurement light, n the
refractive index of the optical member, and Oa (0 < Oa < 90) an angle
of incidence of an axial principal ray incident to an a-th total
reflection 5surface.        33. A measuring apparatus comprising N
internal reflection surfaces in an optical path,       wherein angles
of incidence of light to the respective N internal reflection
surfaces and refractive indices of respective optical members  10
farming the N internal reflection surfaces are set so that a relative
positional deviation between polarization components of light totally
reflected on the N internal reflection surfaces becomes substantially
zero.                34. The measuring apparatus according to claim
33, which 15satisfies the following relation: [Math 30] tan Oa1 -
0.3N(g in)i) cosea :5. 0 .3N (it In) z] fl sin2 0. -1 n?sin2 + sin2
Oc, -1       where X (pm) is a wavelength of the light, na a
refractive index of an optical member forming an a-th internal
reflection surface, and Oa 20(0 < Oa < 90) an angle of incidence of
an axial principal ray incident to the a-th internal reflection
surface.        35. The measuring apparatus according to claim 33,
which satisfies the following relation: 



[Math 31]  -0.05N(jtni) tan ea1  1 cos Eia 0 .05NOz in) niln: sin' Oa
- na2 sin' ea + sin' 6la -1       where k (pin) is a wavelength of
the light, na a refractive index of an optical member forming an a-th
internal reflection surface, and Oa (0 < Oa < 90) an angle of
incidence of an axial principal ray incident to 5the a-th internal
reflection surface.       36. An exposure apparatus which effects
exposure of a photosensitive substrate with a predetermined pattern,
comprising: the measuring apparatus as set forth in any one of claims
21 to 35, which measures a position of the photosensitive substrate.
1037. A device manufacturing method comprising:       an exposure
step of effecting exposure of the photosensitive substrate with the
predetermined pattern, using the exposure apparatus as set forth in
claim 36; and               a development step of developing the
photosensitive substrate 15exposed in the exposure step.        38.
An optical apparatus comprising: at least one optical member disposed
in an optical path and including a total reflection surface; and an
adjusting device which adjusts a relative positional deviation
between polarization components of light totally reflected on 



20the total reflection surface of said at least one optical member.
39. The optical apparatus according claim 38, comprising:       a
detecting device which detects the relative positional deviation
between the polarization components of the light totally reflected on
the total reflection surface of said at least one optical member,
based on the 25light having traveled via the total reflection surface
of said at least one  optical member,       wherein the adjusting
device adjusts said at least one optical member, based on output
information from the detecting device.           40. The optical
apparatus according claim 38 or 39, wherein 5the adjusting device
changes an angle of incidence of the light incident to the total
reflection surface of said at least one optical member.        41.
The optical apparatus according to any one of claims 38 to 40,
wherein an optical path of light incident to or exited from the total
reflection surface of said at least one optical member passes via an
10object with a polarizing property.           42. An adjustment
method comprising:       a step of disposing at least one optical
member including a total reflection surface, in an optical path; and
a step of adjusting a relative positional deviation between
15polarization components of light caused at the total reflection
surface of 



said at least one optical member.        43. The adjustment method
according to claim 42, further comprising: a step of detecting the
light having traveled via the total reflection surface of said at
least one optical member. 2044. The adjustment method according to
claim 42 or 43, further comprising a step of letting the light
incident to or exited from the total reflection surface of said at
least one optical member, travel via an object with a polarizing
property. 45. An adjustment method comprising: 25a step of guiding
light to at least one optical member including a total reflection
surface;           a step of detecting a relative positional
deviation between polarization components of the light caused at the
total reflection surface of said at least one optical member; and a
step of adjusting an angle of incidence of the light incident to 5the
total reflection surface of said at least one optical member.
46. The adjustment method according to claim 45, further comprising a
step of letting the light incident to or exited from the total
reflection surface of said at least one optical member, travel via an
object with a polarizing property. 










