
DESCRIPTION  FOCUS TEST MASK, FOCUS MEASUREMENT METHOD AND EXPOSURE
APPARATUS  5 TECHNICAL FIELD The present invention relates to an exposure
mask that is used in the field of  semiconductors, a focus measurement
method, and an exposure apparatus. Priority is claimed on Japanese Patent
Application No. 2003-190791, filed July  10 3, 2003, the contents of which
are incorporated herein by reference. BACKGROUND ART OF THE INVENTION
Conventionally, a test pattern that is provided on a test reticule is
formed on a  substrate via a projection optical system, and the optical
characteristics of this projection  15 optical system are measured by
measuring these formed marks. In recent years, a greater degree of focusing
accuracy has been demanded, and a more accurate  measurement method is also
demanded for the focus positions of projection optical  systems. The
technologies that are described in the two publications United States
Patent  20 No. 5300786 and Japanese Patent No. 3297423 are known as
conventional focus  measurement methods and focus test patterns. The focus
measurement method described in United States Patent No. 5300786  uses what
are known as levenson type phase shift masks, and uses a phenomenon in
which by exposing an isolated line pattern in a defocused state an image of
this isolated 25 line pattern is moved in a lateral direction (i.e., in a
direction that is perpendicular to the 2  optical axis of the projection
optical system). 



FIG. 7 shows an example of a focus measurement pattern that is used when a
focus position is measured using this measurement method. When this pattern
is  exposed, typically a box-in-box mark type of pattern is formed. When
this pattern is 5 exposed in the defocused state, then the position of the
rectangular pattern (i.e., the box  pattern) on the inner side and the
position of the rectangular pattern (i.e., the box pattern)  on the outer
side are moved in opposite directions. By measuring the relative positional
relationships of these box patterns, it is possible to measure the amount
of defocus at the  time of exposure. 10 However, in the measuring of this
box pattern, there are only two patterns being  measured in each of two
orthogonal directions, and it is recognized that when the  measurement is
made using image pickup elements of an alignment system arranged  inside
the exposure apparatus then there is a low level of measurement accuracy.
In  order to resolve this, the number of measurement patterns is being
increased. 15 Specifically, measurement marks are not formed by edges as is
the case with box-in-box  marks, but by bar-in-bar marks that are made up
of a plurality of parallel lines. As a  result, it becomes possible to
measure a measurement pattern having twice the number of  lines as the
box-in-box marks. However, in this measurement method, exposure is actually
performed twice, 20 and the measurement pattern is formed by cutting out a
portion of a number of diffraction  grating patterns. Because of this, this
measurement method has the drawback that if  there is a large amount of
defocus and the position movement exceeds half the pitch  between
diffraction gratings, then measurement is not possible. The focus
measurement method described in Japanese Patent No. 3297423  25 makes use
of the following phenomenon. Namely, the diffraction efficiencies of 3  



positive primary light and negative primary light in a diffraction grating
pattern are  differentiated from each other (ideally one is set to zero) so
that an asymmetrical  diffraction grating pattern is formed, and when this
asymmetrical diffraction grating  pattern is exposed in a defocused state,
an image of the asymmetrical diffraction grating  5 pattern moves in a
lateral direction. An example is shown in FIG. 8A of a focus measurement
pattern that is used  when a focus position is measured in this measurement
method. When the reference  patterns are the large isolated patterns 21 a
and 21 b, then when an asymmetrical  diffraction grating pattern 10 is
exposed in a defocused state, the position of the image of 10 the
asymmetrical diffraction grating 10 moves, for example, in the direction
indicated by  the arrow relative to the positions of the images of the
isolated patterns 21a and 21 b.  Moreover, as is shown in FIG. 813, the
reference patterns may be diffraction grating  patterns (i.e., 22a and
22b), or, as is shown in FIG. 8C, the reference patterns may be
asymmetrical diffraction grating patterns (i.e., 23a and 23b). 15 However,
in these asymmetrical diffraction grating patterns, because one of  either
positive primary diffracted light and negative primary diffracted light is
set to  substantially zero, there is a possibility that the exposure amount
will be insufficient  when the pattern is exposed on a substrate. For
example, in the case of a scanning  exposure apparatus that performs
exposure by relatively scanning a mask and a substrate, 20 the scanning
speed must be slowed down and conditions different from normal circuit
pattern exposure conditions are used. As a result, there is a possibility
that results will  be created that are different from the situation at the
time of the actual exposure. The present invention was conceived in view of
the above described  circumstances, and it is an object thereof to provide
a focus test mask that enables a 25 pattern to be exposed in the same
conditions as the actual exposure conditions, and that 



4  has a test pattern capable of being measured by an image pickup element
that is provided  inside the exposure apparatus, and to provide a
measurement method and exposure  apparatus that use this focus test mask. 5
DISCLOSURE OF THE INVENTION In order to solve the above described problems,
the present invention provides a  focus test mask that is provided with a
test pattern that is projected onto a substrate via a  projection optical
system, wherein the test pattern includes: a plurality of line patterns
that are lined up in a direction of measurement; phase shift sections that
are provided in 10 an area adjacent to each of the plurality of line
patterns and that are used to shift the  phase of light passing through;
and reference patterns that are used to obtain an image  that forms a
reference when the shift in the line pattern image is measured, and wherein
spaces between the plurality of line patterns are set at a size that allows
each line pattern  to be regarded as equivalent to being isolated lines. 15
According to the present invention, it is possible to form a plurality of
line  patterns as respective isolated lines, and, by detecting the
positions of the images of the  plurality of line patterns, it is possible
to measure any shift between these positions and  the position of an image
of a reference pattern with a high degree of accuracy. It is also possible
for the plurality of line patterns to be placed at a plurality of  20
different spaces, or for the plurality of line patterns to all be placed at
an equal space.  Moreover, it is also possible for the plurality of line
patterns to be formed by positioning a plurality of pairs of line patterns,
which are formed by two line patterns  positioned apart at a space d2, and
which are positioned apart at a space d3 that is larger  than the space d2.
25 It is also desirable for the space between the line patterns to be set
to be 10 times 



5  or more larger than the width of the line patterns. Moreover, it is
desirable for the space between the line patterns to be large  enough to
allow secondary or greater diffracted light from the line patterns to also
be  used for focusing via the projection optical system. 5 In addition, the
focus test mask of the present invention may be provided with a  plurality
of types of test patterns, and it is desirable that line widths of the line
patterns  forming the test patterns be different for each type of test
pattern. By employing this  mode, it is possible to select a line pattern
having the optimum width in accordance with  the conditions (for example,
the NA of the projection optical system) of the exposure 10 apparatus being
used. Furthermore, the present invention provides a focus measurement
method in  which a pattern on a focus test mask is projected via a
projection optical system of an  exposure apparatus, and a focus position
of the projection optical system is measured by  measuring a shift in the
projected image, that includes: preparing a focus test mask 15 having the
above described features is prepared as the focus test mask; and measuring
a  relative distance between an image of the projected line pattern and an
image of the  reference patterns is measured. In the focus measurement
method of the present invention, it is desirable that the  method further
include exposing a projected image of the focus test mask pattern is 20
exposed onto a substrate prior to the measuring step, and that a relative
distance between  an image of the line pattern that is formed on the
substrate and an image of the reference  patterns is measured, in the
measuring step. At this time, it is desirable that the image of the line
pattern that is formed on the  substrate be picked up using an image pickup
element that is provided inside the 



25 exposure apparatus, and then the image is processed, in the measuring
step. 6  Moreover, the present invention provides an exposure apparatus
that projects a pattern provided on a focus test mask via a projection
optical system, and measures a  focus position of the projection optical
system by measuring a shift in the projected  image, that includes: a
measuring device that detects an image of a focus test mask 5 having the
above described features that is projected via the projection optical
system,  and measures a relative distance between the image of the line
pattern and the image of  the reference patterns. Note that it is also
possible for the focus test mask to be a reference plate that is  provided
at a different position from a holding section that holds the mask on a
mask 10 stage that holds a mask on which a circuit pattern is formed. In
addition, it is desirable that the measuring device detect an image of the
pattern that is projected onto the substrate via the projection optical
system and is formed  on the substrate. It is also desirable that the
measuring device detect a spatial image of the pattern  15 that has been
projected via the projection optical system. According to the present
invention, it is possible to provide a focus test mask  that enables a
pattern to be exposed under the same conditions as the actual exposure
conditions and that has a test pattern that can be measured by an alignment
microscope  that is provided inside the exposure apparatus, and to provide
a measurement method and 20 an exposure apparatus that use this focus test
mask. BRIEF DESCRIPTION OF THE DRAWINGS FIG. I is a plan view showing a
schematic structural view of an exposure  apparatus in an embodiment of the
present invention. 



25 FIG. 2 is a plan view of a test reticule in an embodiment of the present
invention. 7  FIG 3A is a plan view showing an embodiment of the focus test
pattern of the present invention, FIG. 3B is a cross-sectional view of the
pattern shown in FIG. 3A, and  FIG 3C is a view showing a detection signal
when the pattern shown in FIG. 3A is  detected using a photoelectric
detector. 5 FIG. 4A is a plan view showing another embodiment of the focus
test pattern of  the present invention, while FIG. 4B is a cross-sectional
view of the pattern shown in FIG.  4A. FIG 5 is a plan view showing another
embodiment of the focus test pattern of  the present invention. 10 FIG 6 is
a plan view showing another embodiment of the focus test pattern of  the
present invention. FIG. 7 is a plan view showing an example of a
conventional focus test pattern.  FIG. 8A is a plan view showing an example
of a focus test pattern when the  reference patterns are large isolated
patterns, FIG. 8B is a plan view showing an example 15 of a focus test
pattern when the reference patterns are diffraction grating patterns, and
FIG. 8C is a plan view showing an example of a focus test pattern when the
reference  patterns are asymmetrical diffraction grating patterns. BEST
MODE FOR CARRYING OUT THE INVENTION 20 An embodiment obtained by embodying
the present invention in a scan  exposure type of exposure apparatus that
is used in the manufacture of semiconductor  devices will now be described
based on FIGS 1 through 6. As is shown in FIG. 1, an exposure apparatus EX
of the present embodiment  transfers by projection a circuit pattern that
is formed on a reticule R serving as a mask  



25 onto a wafer W serving as a substrate. Exposure light Et, that is
irradiated from an 8  illumination optical system 29 that includes an
exposure light source, a collimator lens,  an interference filter, a
fly-eye lens, an aperture diaphragm (i.e., a or diaphragm) and the  like is
reflected by a beam splitter 30. The exposure light EL may be, for example,
excimer laser light such as KrF, ArF, or F2, higher harmonics such as a
metal vapor laser 5 or a YAG laser, or bright lines from an extra-high
pressure mercury lamp such as g-lines,  h-lines, and i-lines. The exposure
light EL that is reflected by the beam splitter 30 is  irradiated via relay
lenses 31a and 31 b, a reticule blind 32, a minor 33, and a condenser  lens
34 onto a reticule Ron which a circuit pattern of a semiconductor device or
the like  has been formed (or a focus test reticule TR on which a focus
test pattern has been 10 formed), so that the illumination area of the
reticule R is illuminated at a uniform  illumination intensity. The
reticule R is vacuum suctioned on a reticule stage RST serving as a mask
stage that is provided on a base 38. This reticule stage RST is held such
that it can be  moved minute distances in two-dimensional directions on the
base 38 via air bearings or 15 the like in order for the reticule R to be
positioned within a plane that intersects the  optical axis of the exposure
light EL. A movable mirror 41 that reflects laser beams from an
interferometer is fixed to  an end portion of the reticule stage RST. The
position in the scan direction of the  reticule stage RST is constantly
detected by the interferometer 40 at a resolution of, for 20 example,
approximately 0.01 m, and position information from this is sent to a
reticule  stage control unit 42. The reticule stage control unit 42
controls a reticule stage drive  section (not shown) based on the position
information about the reticule stage RST and  moves the reticule stage RST.



A reference plate 43 on which is provided a test pattern that is used to
measure  25 imaging characteristics of a projection optical system PL is
provided on the reticule stage 9  RST. The surface of this reference plate
43 on which the pattern is formed is provided  so as to be at substantially
the same height as the surface of the reticule R on which the  pattern is
formed. Exposure light EL that has passed through the reticule R is
irradiated into, for 5 example, a two-sided telecentric projection optical
system PL. In the projection optical  system PL, a projection image that is
obtained by shrinking the circuit pattern formed on  the reticule R of this
projection optical system PL to, for example, 1/5 or 1/4 size is  formed on
a wafer W on a surface of which has been coated a photoresist that has
photosensitivity towards the exposure light EL. 10 Then, the illumination
area of the reticule R is adjusted to a rectangular (i.e., slit)  shape by
the reticule blind 32. By scanning the reticule R in a +Y direction during
exposure at a scan speed of Vr, the circuit pattern on the reticule R is
sequentially  illuminated in a slit-shaped illumination area from one end
thereof towards the other end  thereof. Because the wafer W is in an
inverted positional relationship relative to the 15 reticule R, the wafer W
is scanned at a scan speed of Vw in synchronization with the  scanning of
the reticule R in the opposite direction to the reticule R (i.e., in a -Y
direction). As a result, it is possible to expose the entire shot area of
the wafer W. A  scan speed ratio Vw/Vr corresponds to the reduction factor
of the projection optical  system PL and the circuit pattern on the
reticule R is accurately transferred at a reduced 20 magnification onto
each shot area on the wafer W. The wafer W is vacuum suctioned onto a wafer
holder 45 and is held via the  wafer holder 45 on a wafer stage WST serving
as a substrate stage. The wafer holder 45  



is able to be tilted in an optional direction relative to the most suitable
imaging surface of  the projection optical system PL by a drive section
(not shown), and is also able to be 25 moved in minute distances in an
optical axis AX direction (i.e., a Z direction) of the 10  projection
optical system PL. Moreover, the wafer stage WST is formed so as to be
able to be moved by a wafer stage drive section 46, which is formed by a
motor or the  like, not only in the scan direction (i.e., a Y direction),
but also in a direction  perpendicular to the scan direction (i.e., an X
direction) so as to be able to move 5 optionally to a plurality of shot
areas. Asa result, a step and scan operation in which an  operation to scan
expose each shot area on the wafer W and an operation to move to the  start
position of the next scan exposure are repeated, is possible. A movable
mirror 48 that reflects a laser beam from the interferometer 47 is  fixed
to an end portion of the wafer stage WST. The positions in the XY
directions of  10 the wafer stage WST are constantly detected at a
resolution of, for example, approximately 0.01 m by the interferometer 47.
The position information (or speed  information) about the wafer stage WST
is sent to a wafer stage control unit 49, and the  wafer stage control unit
49 controls a wafer stage drive section 46 based on this position
information (or speed information). 15 In addition, a reference plate 50
that is provided with reference marks that are  used for detecting
reference positions for transfer exposures, in this case, the relative
position of the reticule R relative to the center of an exposure field of
the projection  optical system PL is provided on the wafer stage WST. The
reference plate 50 is  provided so as to be at substantially the same
height as the surface of the wafer W. 20 A focal point detection system (57
and 58) that is formed by a light projecting  system 57 and a light
receiving system 58 and that provides position (i.e., the position in  



the optical axis AX direction of the projection optical system PL)
information on the  height of the wafer W is provided on both sides
adjacent to the projection optical system  PL. Measurement beams from the
light projecting system 57 are irradiated onto the 25 wafer W, and the
measurement beams that are reflected by the wafer W are received by a 11
photoelectric detector housed inside the light receiving system 58. The
light receiving  system 58 detects information on the height position of
the wafer W based on detection  signals from the photoelectric detector,
and supplies this to a main control system 70.  The main control system 70
adjusts the height position and tilt of the wafer stage WST 5 based on this
height position information, and makes the surface of the wafer W match
the imaging surface of the projection optical system. In addition, the main
control  system is able to supply the focal point detection system (57 and
58) with predetermined  offset amounts. A photoelectric detector 51 that is
used for detecting the image formation state  10 of a pattern image
projected on the wafer W and also WA reference marks on the  reference
plate 50 is provided at a side of the projection optical system PL. This
photoelectric detector 51 forms a measuring device that measures
information relating to  distortion and also forms a photoelectric
detecting device, and is an image pickup type of  device that makes a
detection by picking up an image of the pattern on the wafer W and 15 an
image of reference marks on the reference plate 50 using an image pickup
element 52.  This photoelectric detector 51 has an illumination optical
system 54 that  includes a halogen lamp, a condenser lens, optical fiber,
interference filters, a lens system  and the like. Light in the infrared
wavelength regions and photosensitive wavelength  regions of the
photoresist layer out of the wideband illumination light IL that is
irradiated 20 from the halogen lamp is cut by the interference filters. In
addition, illumination light  



IL that is irradiated from the illumination optical system 54 is irradiated
into an objective  optical system 56 that is formed by a beam splitter 55,
mirrors, a prism, and an objective  lens. The illumination light IL that is
emitted from the objective optical system 56 is  irradiated substantially
perpendicularly onto the wafer W such that the illumination 25 visual field
of the projection optical system PL is not obstructed. 12  A projection
area on the wafer W is illuminated by this irradiation and reflected light
RL that is reflected from the relevant area in accordance with this
illumination is  guided to the image pickup element 52 via the objective
optical system 56 and the beam  splitter 55. A transparent window and lens
system (not shown) are provided within the  5 image pickup element 52, and
the reflected light RL forms an image inside the transparent window. This
formed image is then projected via the lens system and is  then
photoelectrically converted into image pickup signals. The image pickup
signals  are then supplied to the main control system 70, and waveform
processing is performed  on the image pickup signals. As a result, the
position information of the pattern image 10 provided on the wafer W is
calculated. Note that this photoelectric detector 51 is also  used to
measure alignment marks provided on the wafer W, and to measure a test
pattern  image when a test pattern provided on the test reticule R is
exposed onto the wafer W. An input device 71 such as a keyboard or bar code
reader is also connected to  the main control system 70. Information
relating to the size of the wafer W, the 15 projection magnification
factor, the value of the aperture of the reticule blind 32 (i.e., the
width of the illumination slit), the target exposure amount, the scan
speed, and the  reference pattern image (i.e., a normal pattern image
without any distortion), as well as  various types of information such as
the conditions of the measurement by the  photoelectric detector 51 are
able to be input via this input device 71 into the main 



20 control system 70. A hard disk section 72 that serves as a storage
device and parameter calculation  device is also connected to the main
control system 70. Based on information relating  to any movement in the
position of the test pattern image calculated by the photoelectric
detector 5 i, the main control system 70 obtains information relating to
the optimum 25 imaging surface (i.e., the best focusing surface) of the
projection optical system, and 13  stores this in the hard disk section 72
so that it corresponds with a position on the  substrate. In addition,
information relating to the position of the best focusing surface
calculated in this manner is stored in a reference data file that is
separated into each shot  area inside the hard disk section 72. 5 Next, a
description will be given based on FIGS. 2 to 4 of the focus test mask of
the present embodiment and a measuring method that uses this focus test
mask. FIG. 2 shows the focus test reticule TR of the present invention.
Three rows by  three columns of focus test patterns FTP 11, FTP 12, FTP 13,
FTP2 1, FTP22, FTP23, FTP3 1, FTP32, and FTP33 are provided inside a
pattern area of the focus test reticule TR.  10 The respective focus test
patterns FTP!I to FTP33 are formed by patterns that extend in  an X
direction and patterns that extend in a Y direction. For example, the
pattern that  extends in the X direction of the focus test pattern FTP 11
is shown in FIG. 3A while a  cross-sectional view thereof is shown in FIG
3B. As is shown in FIG. 3A, main scales I a and 1 b are provided at the two
ends of  15 the focus test pattern FTP 11 while a sub scale I c is provided
between Ia and I b. 'File  main scale la that is on the left side in FIG.
3A is provided with four parallel line patterns  I la, I lb, I lc, and lid.
The patterns 1Ia and I lb form one pair while the patterns l I c  and 11 d
form another pair. The space d2 between line patterns in each pair and the



space d3 between each pair are different values. Because the main scale I b
that is on 20 the right side has the same structure, a description thereof
is omitted here. The sub scale Ic is provided with six parallel line
patterns 12a, 12b, 12c, 12d,  12e, and 12f. The patterns 12a and 12b form a
first pair, the patterns 12e and 12d form  a second pair, and the patterns
12e and 12f form a third pair. The space d2 between line  patterns in each
pair and the space d3 between each pair are different values. 25 Next, a
description will be given of the specific dimensions. Each of the line 14
patterns l l a to I l d and 12a to 12f have the same width d 1, and d l =
0.1 m  (micrometers). The pattern space d2 of each pair is approximately 5
m (micrometers),  and the space d3 between each pair is approximately 12 m
(micrometers). In this  manner, compared to the pattern line width, the
spaces between patterns and between 5 pairs is extremely large, and each
respective line pattern is substantially equivalent to  being an isolated
pattern. In order to make each line pattern substantially equivalent to  an
independent pattern, for example, the space in each pattern may be made 10
times or  more larger than the pattern line width dl. Asa result of this,
each line pattern forms a  single independent pattern and the secondary and
greater diffracted light of each line 10 pattern is also focused as a line
pattern image via the projection optical system PL. Note that, in the
present embodiment, the reason why the main scales 1 a and I b  and the sub
scale Ic are formed with the same line width dl is because, by forming them
in this way, it is possible to measure defocus amounts with greater
sensitivity. However,  it is also possible for the line width of the line
patterns forming the main scales Ia and lb 15 to be made different from the
line width of the line patterns forming the sub scale Ic.  In FIGS. 3A and
3B, phase shift sections 13 are provided at the right side of  each of the
line patterns of the main scales 1 a and 1 b. These phase shift sections 13
are  



formed so as to shift the phase of light passing therethrough by 90. In the
same way,  phase shift sections 13 that shift the phase of light passing
therethrough by 90 are 20 provided at the left side of the line patterns of
the sub scales I c. In this way, because  the positions of the phase shift
sections 13 provided for the main scales Ia and Ib and the  sub scale lc
are reversed, when the focus test patterns FTPII to FTP33 are exposed in a
defocused state, the directions in which the positions shift are opposite
directions from  each other. 25 An image that has been formed by exposing
this focus test pattern FTP II onto a 15  wafer W is detected by the
photoelectric detector 51 inside the exposure apparatus shown  in FIG. 1.
The detected signal at this time is shown in FIG. 3C. FIG. 3C shows the
distribution of the signal intensity when an image of a focus test pattern
that has been  picked up by the image pickup element 52 of the
photoelectric detector 51 is scanned 5 using predetermined scan lines. As
can be understood from FIG. 3C, the intensity of the  detected signal is
low in the portions of each line pattern. In this example, because  there
are a total of eight line patterns in the main scales and a total of six
line patterns in  the sub scale, by detecting the positions of bottom
portions B I to B 14 of these, it is  possible to accurately detect the
relative positional relationship between the main scales 10 and the sub
scale using an average effect. Based on the information on the position
shift  between the main scales Ia and lb and the sub scale Ic, the main
control system 70  calculates how far from the best focus position was the
position where the focus test  pattern was exposed, namely, calculates
where the best focus position is. Returning to FIG. 2, Box patterns BPI 1,
BP12, BP13, BP2I, BP22, BP23, BP3 1,  15 BP32, and BP33 are provided on the
focus test reticule TR adjacent to each of the focus  test patterns FTP II
to FTP33. In the same way as the above described focus test  



patterns FTP!I to FTP33, the box patterns also are used for measuring the
best focus  position of a projection optical system. The box pattern BP 11
is shown in FIG. 4A and  a cross-sectional view thereof is shown in FIG.
4B. 20 As is shown in FIGS. 4A and 4B, an outer side box pattern 2a and an
inner side  box pattern 2c are each formed by two line patterns, namely,
14a, 14b, 14c, and 14d. A  space 2d between the line patterns of each pair
and a space d3 between each pair are the  same values as in the above
described FIG. 3A. Moreover, a phase shift section 13 is  provided at the
right side of each line pattern 14a and l4b in the outer side box pattern
2a, 25 while a phase shift section 13 is provided at the left side of each
line pattern 14c and 14d 16  in the inner side box pattern 2b. In this type
of box pattern as well, when a pattern is exposed in a defocused state,
because the direction in which the position of the outer side box pattern
2a moves and the  direction in which the position of the inner side box
pattern 2b moves are opposite 5 directions, by detecting the relative
positional relationship between these box patterns  using the photoelectric
detector 51, it is possible to measure the best focus position of the
projection optical system PL. Note that, in FIGS. 2 through 4, only one
type of line width is disclosed for the  line patterns, however, it is
desirable that patterns having a plurality of line widths each  10 be
prepared. Namely, a plurality of types of focus test patterns each having a
different line width for their line pattern are provided on the focus test
reticule TR. Because of  this, it is possible, for example, to select a
line width for the pattern being measured in  accordance with the
conditions (for example, the NA value of the projection optical  system) of
the exposure apparatus measuring the focus, and a line pattern can be used
15 whose line width has the highest sensitivity to a position movement that
corresponds to  



the defocus amount. Note that, it is also possible to alter the line
pattern spaces d2 and  d3 in accordance with the line width of the line
pattern. Next, a sequence for measuring the best focus position of a
projection optical  system using this focus test reticule TR will he
described. 20 Firstly, the focus test reticule TR is placed on the reticule
stage RST. Next, a  test wafer is placed at a predetermined Z position by
the focal point detection system 57  and 58, and the focus test patterns
FTP11 to FTP33 and the box patterns BTII to BT33  on the test reticule TR
are exposed onto a plurality of shot areas on the test wafer. Next, this
test wafer undergoes developing processing using a coater developer  25
(not shown), and the respective test patterns are formed. Thereafter, the
test wafer is 17  once again transported to the exposure apparatus and is
placed on the wafer stage WST.  The main control system 70 then
sequentially picks up for each shot an image of optional  test patterns
(for example, the focus test patterns FTPII to FTP33) that have been
printed  on the entire surface of the test wafer using the image pickup
element 52 of the 5 photoelectric detector 51. Position information (i.e.,
the relative positional relationship  between the main scale and sub scale)
on the test patterns that have been picked up, is  then sent to the main
control system 70. The main control system 70 then measures focus offset
amounts in the  respective positions within the shot areas from the
position information on the respective  10 test patterns that have been
placed within each shot area. The main control system 70 also detects any
measurement in the position of the exposed surface of the wafer W  relative
to the optimum focusing surface of the projection optical system PL (i.e.,
the  focusing surface shift amount) from the result of the measurement of
the focus offset  amounts at the respective positions within the shot
areas, and stores this on the hard disk 



15 72. In addition, when the actual circuit pattern exposure processing is
being performed,  the focus offset amounts and the focusing surface shift
amount that are stored on the hard  disk 72 are read and, using these, the
attitude and the position in the Z direction of the  wafer W are corrected.
As a result, it is possible to place the wafer W in the true best  focus
position and on the optimum focusing surface. 20 In addition, the main
control system 70 matches the focus offset amounts at the  respective
positions within the shot areas with the type of focus test pattern that
was used  to measure each focus offset amount, and stores them in the hard
disk 72. In addition,  the main control system 70 categorizes the
measurement results according to the type of  focus test pattern, adds
thereto the position within the shot areas of the focus test patterns, 25
and measures the performance of the projection optical system PL. For
example, the i8  main control system 70 may categorize the measurement
results into two types, namely,  measurement results that use a focus test
pattern having line patterns that are parallel  with the X axial direction
and measurement results that use a focus test pattern having  line patterns
that are parallel with the Y axial direction. Position information within
the 5 shot areas is then added to these results and the state of
astigmatism within each shot area  is detected. Alternatively, the main
control system 70 can also detect the shape (i.e., the  image surface
curvature and the image surface tilt) of the focusing surface of the
projection optical system PL from the results of the measurement of the
focus offset  amounts at the respective positions within each shot area
that were stored on the hard 10 disk 72. In this way, the main control unit
70 is able to measure the performance of the  exposure apparatus EX and,
particularly, the projection optical system PL in cooperation  with the
focus test reticule TR. The focus test pattern of the present embodiment is
not limited to those shown in  



FIGS. 2 through 4, for example, as is shown in FIG. 5, it is also possible
for each line 15 pattern of main scales 3a and 3b and a sub scale 3c to all
be aligned at the same pitch. In this case as well, it is necessary to
provide a sufficient space between each line pattern  so that each line
pattern is equivalent to an isolated line. Moreover, as is shown in FIG.
6, it is also acceptable if phase shift sections are not formed in the line
patterns of main  scales 4a and 4b. Note that, in FIGS. 5 and 6, the same
symbols are used for the same  20 components as in FIGS. 2 through 4.
Furthermore, in the present embodiment, an example is given in which the
focus  test patterns FTPI Ito FTP33 and the box patterns BPI Ito BP33 are
provided on the test  reticule TR, however, the present invention is not
limited to this. For example, it is also  possible for these patterns to be
provided on the reference plate 43 that is provided on the 25 reticule
stage RST shown in FIG. I. Namely, a structure may also be employed in 19
which a test reticule is provided in advance on a reticule stage. According
to this type  of structure, the task of switching from the actual reticule
on which the circuit pattern is  provided to the test reticule is not
necessary, and it is possible to check the best focus  position using the
reference plate 43 at an optional timing, which is advantageous from  5 the
viewpoint of throughput. Furthermore, in the present embodiment, an example
is given in which a resist  image of the test pattern that has been exposed
onto the wafer W is detected by the  photodetector 51, and position
information about the test pattern is detected, however, the  present
invention is not limited to this, and it is also possible to use another
detection 10 method. For example, it is also possible to determine position
information (i.e., relative  positional relationships between the main
scales and the sub scale) of a test pattern by  providing an aerial image
measuring apparatus, which is formed by slits through which  



light passes and by a photoelectric sensor that detects the light passing
through the slits,  adjacent to the focusing surface of the projection
optical system PL, for example, on the  15 wafer stage WS, and by measuring
an aerial image of the test pattern using this. According to this
structure, when the position of a test pattern is detected, there is no
need to expose and develop the wafer W. While preferred embodiments of the
invention have been described and  illustrated above, it should be
understood that these are exemplary of the invention and  20 are not to be
considered as limiting. Additions, omissions, substitutions, and other
modifications to the structure, for example, to the dimensions of the
pattern line width,  the shape, and the placement can be made without
departing from the spirit or scope of  the present invention. Accordingly,
the invention is not to be considered as limited by  the foregoing
description and is only limited by the scope of the appended claims. 25 20
INDUSTRIAL APPLICABILITY The present invention is a focus test mask that is
provided with a pattern that is  projected onto a substrate via a
projection optical system. The focus test mask includes  a plurality of
line patterns that are lined up in the direction of measurement, phase
shift 5 sections that are provided in an area adjacent to each of the
plurality of line patterns and  that are used to shift the phase of light
passing through, and reference patterns that are  used to obtain an image
that forms a reference when the shift in the line pattern image is
measured. In this focus test mask, the spaces between the plurality of line
patterns are  sufficiently greater than the width of the line patterns. 10
The present invention is also a focus measurement method in which a pattern
on  a focus test mask is projected onto a substrate via the projection
optical system of an  



exposure apparatus, and an amount of defocus on the substrate is measured
by measuring  the shift in the projected image. In this method, a focus
test mask having the above  described features is prepared as the focus
test mask, and a relative distance between the 15 image of the line pattern
that is formed on the substrate and the image of the reference  patterns
are measured. The present invention is also an exposure apparatus that
projects a pattern  provided on a focus test mask onto a substrate via a
projection optical system, and  measures an amount of defocus on the
substrate by measuring the shift in the projected 20 image. In this
exposure apparatus, relative distances between a focus test mask having
the above described structure and the image of the line pattern that is
formed on the  substrate as well as the image of the reference patterns are
measured. According to the present invention, it is possible to provide a
focus test mask  that enables a pattern to be exposed under the same
conditions as the actual exposure  25 conditions and that has a test
pattern that can be measured by an alignment microscope 21  that is
provided inside the exposure apparatus, and to provide a measurement method
and  an exposure apparatus that use this focus test mask. 22  CLAIMS 1. A
focus test mask that is provided with a test pattern that is projected onto
a substrate via  a projection optical system, wherein, 5 the test pattern
comprises: a plurality of line patterns that are lined up in a direction of
measurement; phase shift sections that are provided in an area adjacent to
each of the plurality of  line patterns and that are used to shift the
phase of light passing through; and 



reference patterns that are used to obtain an image that forms a reference
when the  10 shift in the line pattern image is measured, and wherein
spaces between the line patterns are set at a size larger than the width of
said line  patterns that allows each line pattern to be regarded as
equivalent to being isolated lines.  2. The focus test mask according to
claim 1, wherein the plurality of line patterns are 15 spaced apart at a
plurality of different distances. 3. The focus test mask according to claim
1, wherein the plurality of line patterns are all  spaced apart at an equal
distance. 20 4. The focus test mask according to claim 2, wherein, the
plurality of line patterns are  formed by positioning a plurality of pairs
of line patterns which are formed by two line  patterns positioned apart at
a space d2, and which are positioned apart at a space d3 that is  larger
than the space d2. 25 5. The focus test mask according to claim 1, wherein
the space between the line patterns is  set to be 10 times or more larger
than the width of the line patterns. 6. The focus test mask according to
claim 1, wherein the space between the line patterns is  large enough to
allow secondary or greater order of diffracted light from the line patterns
to  30 also be used for focusing via the projection optical system. 7. The
focus test mask according to claim 1, wherein there are provided a
plurality of types  of test patterns, and line widths of the line patterns
forming the test patterns are different for  each type of test pattern. 23
8. A focus measurement method in which a pattern on a focus test mask is
projected via a  projection optical system of an exposure apparatus, and a
focus position of the projection  optical system is measured by measuring a
shift in the projected image, comprising: 5 preparing the focus test mask
according to claim I is prepared as the focus test mask;  



and measuring a relative distance between an image of the projected line
pattern and an  image of the reference patterns is measured. 10 9. The
focus measurement method according to claim 8, further comprising exposing
a projected image of the focus test mask pattern is exposed onto a
substrate  prior to the measuring step, wherein a relative distance between
an image of the line pattern that is formed on the  substrate and an image
of the reference patterns is measured, in the measuring step.  15 10. The
focus measurement method according to claim 9, wherein the image of the
line pattern that is formed on the substrate is picked up using an  image
pickup element that is provided inside the exposure apparatus, and then the
image is  processed, in the measuring step. 20 11. An exposure apparatus
that projects a pattern provided on a focus test mask via a  projection
optical system, and measures a focus position of the projection optical
system by  measuring a shift in the projected image, comprising: a
measuring device that detects an image of the focus test mask according to
claim 1,  25 and measures a relative distance between the image of the line
pattern and the image of the  reference patterns. 12. The exposure
apparatus according to claim 11, wherein the focus test mask is a
reference plate that is provided at a different position from a holding
section that holds the  30 focus test mask on a mask stage that holds a
mask on which a circuit pattern is formed. 13. The exposure apparatus
according to claim 11, wherein the measuring device detects an  image of
the pattern that is projected onto the substrate via the projection optical
system and  



is formed on the substrate. 24  14. The exposure apparatus according to
claim 11, wherein the measuring device detects a  spatial image of the
pattern that has been projected via the projection optical system. 


