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(57) ABSTRACT 

An exposure method includes a first exposure step of irradi 
ating a mask (10), which is arranged near a plate (P), with 
exposure light and exposing a predetermined pattern formed 
on the mask onto a plate; and a second exposure step of 
irradiating a light converging pattern formation member (20), 
which is arranged near the plate and includes a plurality of 
light converging portions (20a, 20b), with exposure light and 
exposing a light converging pattern having a predetermined 
shape onto the plate. At least part of the predetermined pattern 
exposed onto the plate in the first exposure step and at least 
part of the light converging pattern formed on the plate in the 
second exposure step overlap each other. 
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EXPOSURE METHOD, EXPOSURE 
APPARATUS, LIGHT CONVERGING 

PATTERN FORMATION MEMBER, MASK, 
AND DEVICE MANUFACTURING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 60/907,444, filed on Apr. 2, 2007 and 
U.S. Non-Provisional application, filed on Feb. 27, 2008. 

TECHNICAL FIELD 

0002 The present invention relates to an exposure method 
and an exposure apparatus for exposing a circuit patternor the 
like on a photosensitive plate when manufacturing a device 
Such as a semiconductor device, a liquid crystal display 
device, printed circuit board, a MEMS (Micro Electro 
Mechanical System), and an optical integrated circuit in a 
lithography process, a light converging pattern formation 
member and a mask used in the exposure, a method for 
designing and manufacturing the light converging pattern 
formation member and the mask, and a method for manufac 
turing the device. 

BACKGROUND ART 

0003. An exposure apparatus is used to form a fine pattern 
on a device. Such as a semiconductor device, a liquid crystal 
display device, a printed circuit board, a MEMS, and an 
optical integrated circuit, during a process for manufacturing 
the device (for example, refer to U.S. Pat. No. 4,636,626). 

SUMMARY OF THE INVENTION 

0004. In the exposure apparatus disclosed in the above 
patent, a pattern is transferred onto a plate using a mask, 
which is spaced from the plate by a predetermined gap. This 
blurs the transferred pattern. Thus, fine patterns cannot be 
transferred. It is an object of the present invention to enable 
fine patterns to be transferred without being blurred. 
0005. An exposure method of the present invention 
includes a first exposure step of irradiating a mask, which is 
arranged near a plate, with exposure light and exposing a 
predetermined pattern formed on the mask onto a plate, and a 
second exposure step of irradiating a light converging pattern 
formation member, which is arranged near the plate and 
includes a plurality of light converging portions, with expo 
Sure light and exposing a light converging pattern having a 
predetermined shape onto the plate. At least part of the pre 
determined pattern exposed onto the plate in the first exposure 
step and at least part of the light converging pattern formed on 
the plate in the second exposure step overlap each other. 
0006 An exposure method of the present invention 
includes a first exposure step of exposing a predetermined 
first pattern onto a first region of a plate in a state in which the 
plate is still relative to the first pattern, a second exposure step 
of exposing a predetermined second pattern onto the first 
region of the plate while relatively moving the second pattern 
and the plate, and a movement step of relatively moving the 
plate and a position at which the first pattern is formed to 
expose the first pattern onto a second region of the plate that 
differs from the first region. The second exposure step is 
performed when the movement step is performed. 
0007 An exposure apparatus of the present invention 
includes a first holding portion which holds a mask having a 
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predetermined pattern near a plate; a second holding portion 
holds a light converging pattern formation member, which 
includes a plurality of light converging portions that form 
light patterns having predetermined shapes on the plate, near 
the plate; and an illumination portion irradiates the mask and 
the light converging pattern formation member with exposure 
light. 
0008. An exposure apparatus of the present invention 
includes a first exposure portion which exposes a predeter 
mined first pattern onto a first region of a plate; a second 
exposure portion exposes a predetermined second pattern 
onto the first region of the plate; a plate moving portion moves 
the plate along a predetermined first direction; and a control 
unit controls exposure with the first and second exposure 
portions and movement of the plate with the plate moving 
portion. The control unit holds the first patternand the plate in 
a relatively still state when the first exposure portion performs 
exposure. The control unit performs exposure with the second 
exposure portion when relatively moving the plate and a 
position at which the first pattern is formed to expose the first 
pattern onto a second region that differs from the first region 
of the plate. 
0009. A light converging formation member of the present 
invention is for use in combination with a mask having a first 
pattern corresponding to a first light pattern, which is part of 
a light pattern formed on an exposed body. The light converg 
ing formation member includes a plurality of light converging 
portions for forming a light converging pattern corresponding 
to a second light pattern, which is another part of the light 
pattern. 
0010. A mask of the present invention is used in combi 
nation with the above light converging pattern formation 
member. The mask is arrangeable near the exposed body and 
includes the first pattern. 
0011. A designing method for designing the light converg 
ing pattern formation member of the present invention 
includes dividing a light pattern that is to be formed on the 
exposed body into plural sets of light patterns, obtaining a 
first light pattern from the plural sets of light patterns by 
extracting at least one light pattern, obtaining a second light 
pattern from the plural sets of patterns by extracting at least 
one pattern that differs from the extracted pattern, and obtain 
ing a parameter of the plurality of light converging portions 
for forming the second light pattern, wherein at least part of 
the first light pattern and at least part of the second light 
pattern overlap each other. 
0012. A mask designing method of the present invention 
includes dividing a light pattern that is to be formed on the 
exposed body into plural sets of light patterns, obtaining a 
first light pattern by extracting at least one pattern from the 
plural sets of light patterns, and generating the first pattern 
based on the first light pattern. 
0013. A manufacturing method for manufacturing the 
light converging pattern formation member of the present 
invention includes preparing a light transmissive plate, and 
processing the light transmissive plate based on design data of 
the plurality of light converging portions for forming the light 
converging pattern. 
0014. A manufacturing method for manufacturing the 
mask of the present invention includes preparing a light trans 
missive plate, and processing the light transmissive plate 
based on information of the first pattern. 
0015. A device manufacturing method of the present 
invention includes an exposure step using the above exposure 
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method to expose the predetermined pattern and the light 
converging pattern onto the plate, a development step of 
developing the plate on which the pattern has been transferred 
and forming on a surface of the plate a mask layer having a 
shape corresponding to the pattern, and a processing step of 
processing the Surface of plate by means of the mask layer. 
0016. A device manufacturing method of the present 
invention includes an exposure step using the above exposure 
apparatus to expose the pattern onto the plate, a development 
step of developing the plate on which the pattern has been 
transferred and forming on a surface of the plate a mask layer 
having a shape corresponding to the pattern, and a processing 
step of processing the Surface of plate by means of the mask 
layer. 
0017. The present invention performs multiple exposure 
of proximity exposure and light converging pattern exposure 
with a light pattern formation member. Portions that cannot 
be resolved through proximity exposure are compensated for 
by exposing a light converging pattern. This enables the trans 
fer of a fine pattern without a blur. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. A general architecture that implements the various 
features of the invention will now be described with reference 
to the drawings. The drawings and the associated descriptions 
are provided to illustrate embodiments of the invention and 
not to limit the scope of the invention. 
0019 FIG. 1 is schematically diagram showing an expo 
sure apparatus according to a first embodiment of the present 
invention; 
0020 FIG. 2 includes views showing the operation of the 

first embodiment, where 
0021 FIG. 2(A) is a plan view showing one example of a 
light pattern exposed onto a plate P. 
0022 FIG. 2(B) is a plan view showing a light pattern 
formed on the plate P by a mask 10, and 
0023 FIG. 2(C) is a plan view showing a light pattern 
formed on the plate P by a light converging pattern formation 
member 20; 
0024 FIG. 3 includes views showing the structures of the 
mask 10 and the light converging pattern formation member 
20 in the first embodiment, where 
0025 FIG.3(A) is a layout diagram of the mask 10, 
0026 FIG.3(B) is a view taken along3b-3b of the mask 10 
shown in FIG. 3(A). 
0027 FIG.3(C) is a layout diagram of the light converging 
pattern formation member 20, and 
0028 FIG. 3(D) is a view taken along 3d-3d of the light 
converging pattern formation member 20 shown in FIG.3(C); 
0029 FIG. 4 includes views showing modifications of the 

first embodiment, where 
0030 FIG. 4(A) is a layout diagram of light converging 
portions 20a and 20b in the light converging pattern forma 
tion member 20, 
0031 FIG.4(B) is a plan view of a first modification of the 
light converging portion, 
0032 FIG.4(C) is a cross-sectional view of the first modi 
fication, 
0033 FIG.4(D) is a plan view of a second modification of 
the light converging portion, 
0034 FIG. 4(E) is a cross-sectional view of the second 
modification, 
0035 FIG.4(F) is a plan view of a third modification of the 
light converging portion, 
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0036 FIG. 4(G) is a cross-sectional view of the third 
modification, 
0037 FIG. 4(H) is a plan view of a fourth modification of 
the light converging portion, 
0038 FIG. 4(I) is a cross-sectional view of the fourth 
modification, 
0039 FIG.4(J) is a plan view of a fifth modification of the 
light converging portion, and 
0040 FIG.4(K) is a cross-sectional view of the fifth modi 
fication; 
0041 FIG. 5 is a schematic diagram showing an exposure 
apparatus according to a second embodiment of the present 
invention; 
0042 FIGS. 6(A) to 6(J) include plan views showing 
changes in the positional relationship between the light pat 
tern formation member 40 and the plate P during an exposure 
operation performed by the exposure apparatus of the second 
embodiment; 
0043 FIGS. 7(A) to 7(J) include diagrams showing expo 
sure fields on the plate P exposed in accordance with the 
procedures of FIGS. 6(A) to 6(J); 
0044 FIG. 8(A) is a schematically diagram showing the 
structure of an illumination portion 42 in the exposure appa 
ratus of the second embodiment, and FIG. 8(B) is a view 
showing an optical layout in an optical path from a light 
branching portion to a light pattern formation member; 
004.5 FIGS. 9(A), 9(B), and 9(C) include diagrams illus 
trating magnification control of the light converging pattern; 
0046 FIG. 10 is a schematic diagram showing the struc 
ture of a telecentricity detection device: 
0047 FIG. 11 is a schematic diagram showing an expo 
Sure apparatus according to a third embodiment of the present 
invention; 
0048 FIG. 12 is a plan view showing the layout of a 
plurality of masks 10A to 10E and a plurality of light con 
verging pattern formation members 20A to 20E in the third 
embodiment; 
0049 FIG. 13 includes diagrams illustrating exposure 
operations of the exposure apparatus in the third embodiment, 
where 
0050 FIGS. 13(A) to 13(C) are plan views showing 
changes in the positional relationship between the plurality of 
masks 10A to 10E and the plurality of light converging pat 
tern formation members 20A to 20E relative to the plate P 
during exposure operations of the exposure apparatus in the 
third embodiment, and 
0051 FIGS. 13(D) to 13(F) are diagrams showing expo 
sure fields on the plate P exposed in accordance with the 
procedures of FIGS. 13(A) to 13(C); 
0.052 FIG. 14 includes diagrams illustrating the exposure 
operation of the exposure apparatus in the third embodiment, 
where 
0053 FIGS. 14(A) to 14(C) are plan views showing 
changes in positional relationship between the plurality of 
masks 10A to 10E and the plurality of light converging pat 
tern formation members 20A to 20E relative to the plate P 
during exposure operations of the exposure apparatus in the 
third embodiment, and 
0054 FIGS. 14(D) to 14(F) are diagrams showing expo 
sure fields on the plate P exposed in accordance with the 
procedures of FIGS. 14(A) to 14(C); 
0055 FIG. 15 includes diagrams illustrating exposure 
operations of the exposure apparatus in the third embodiment, 
where 
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0056 FIG. 15(A) is a plan view showing changes in the 
positional relationship between the plurality of masks 10A to 
10E and the plurality of light converging pattern formation 
members 20A to 20E relative to the plate P during exposure 
operations of the exposure apparatus in the third embodiment, 
and 
0057 FIG. 15(B) is a diagram showing exposure fields on 
the plate P exposed in accordance with the procedure of FIG. 
15(A): 
0058 FIG. 16 is a schematic diagram showing the struc 
ture of an exposure apparatus according to a sixth modifica 
tion; 
0059 FIG. 17 is a schematic diagram showing the struc 
ture of first and second holding portions in an exposure appa 
ratus according to a seventh modification; 
0060 FIG. 18 includes views schematically showing the 
structure of an exposure apparatus according to a fourth 
embodiment, where 
0061 FIG. 18(A) is a perspective view showing the entire 
exposure apparatus, and 
0062 FIG. 18(B) is a diagram showing a variable light 
spot generation unit; 
0063 FIGS. 19(A) to 19(F) include views illustrating 
exposure operations of the exposure apparatus in the fourth 
embodiment; 
0064 FIG. 20 is a flowchart illustrating a device manufac 
turing method according to a fifth embodiment; 
0065 FIG. 21 includes diagrams showing the structure of 
a thin-film transistor plate in a first stage of a method for 
manufacturing a flat panel display in the fifth embodiment, 
where 
0066 FIG. 21(A) is a layout diagram, 
0067 FIG.21(B) is a cross-sectional view taken along line 
IVb-IVb' in the layout diagram of FIG. 21(A), and 
0068 FIG.21(C) is a cross-sectional view taken along line 
IVc-IVc' in the layout diagram of FIG. 21(A): 
0069 FIG.22 includes diagrams showing the structure of 
the thin-film transistor plate in a second stage of the method 
for manufacturing the flat panel display in the fifth embodi 
ment, where 
0070 FIG. 22(A) is a cross-sectional view taken in the 
next stage of FIG. 21(B) along line IVb-IVb' of FIG. 21(A), 
and 

0071 FIG. 22(B) is a cross-sectional view taken in the 
next stage of FIG. 21(C) along line IVc-IVc' of FIG. 21(A): 
0072 FIG. 23 includes diagrams showing the structure of 
the thin-film transistor plate in a third stage of the method for 
manufacturing the flat panel display in the fifth embodiment, 
where 
0073 FIG. 23(A) is a layout diagram, 
0074 FIG.23(B) is a cross-sectional view taken along line 
VIb-VIb" in the layout diagram of FIG. 23(A), and 
0075 FIG.23(C) is a cross-sectional view taken along line 
VIc-VIc' in the layout diagram of FIG. 23(A): 
0076 FIG. 24(A) is a layout diagram of a light converging 
pattern formation member used in the third stage, and 
0077 FIG. 24(B) is a layout diagram of the light pattern 
formed by the light converging pattern formation member 
used in the third stage; 
0078 FIG. 25 includes diagrams showing the structure of 
the thin-film transistor plate in a fourth stage of the method for 
manufacturing the flat panel display in the fifth embodiment, 
where 
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(0079 FIG. 25(A) is a cross-sectional view taken in the 
next stage of FIG. 23(B) along line VIb-VIb' of FIG. 23(A), 
and 

0080 FIG. 25(B) is a cross-sectional view taken in the 
next stage of FIG. 23(C) along line VIc-VIc' of FIG. 23(A): 
I0081 FIG. 26 includes diagrams showing the structure of 
the thin-film transistor plate in a fifth stage of the method for 
manufacturing the flat panel display in the fifth embodiment, 
where 

I0082 FIG. 26(A) is a cross-sectional view taken the next 
stage of FIG. 25(A) along line VIb-VIb' of FIG. 23(A), and 
I0083 FIG. 26(B) is a cross-sectional view taken in the 
next stage of FIG. 25(B) along line VIc-VIc' of FIG. 23(A): 
I0084 FIG. 27 includes diagrams showing the structure of 
the thin-film transistor plate in a sixth stage of the method for 
manufacturing the flat panel display in the fifth embodiment, 
where 

I0085 FIG. 27(A) is a cross-sectional view taken in the 
next stage of FIG. 26(A) along line VIb-VIb' of FIG. 23(A), 
and 

I0086 FIG. 27(B) is a cross-sectional view taken in the 
next stage of FIG. 26(B) along line VIc-VIc' of FIG. 23(A): 
I0087 FIG. 28 includes diagrams showing the structure of 
the thin-film transistor plate in a seventh stage of the method 
for manufacturing the flat panel display in the fifth embodi 
ment, where 
I0088 FIG. 28(A) is a layout diagram, 
I0089 FIG.28(B) is across-sectional view taken along line 
XIIb-XIIb" in the layout diagram of FIG. 28(A), and 
0090 FIG.28(C) is a cross-sectional view taken along line 
XIIc-XIIc' in the layout diagram of FIG. 28(A): 
0091 FIG.29 is a layout diagram of a mask used at a ninth 
stage of the method for manufacturing the flat panel display in 
the fifth embodiment; 
0092 FIG. 30 includes diagrams showing the structure of 
the thin-film transistorplate manufactured in accordance with 
the method for manufacturing the flat panel display in the fifth 
embodiment, where 
(0093 FIG. 30(A) is a layout diagram, 
(0094 FIG. 30(B) is a cross-sectional view of a thin-film 
transistor plate shown in FIG.30(A) taken along line II-II' and 
III-III', and 
(0095 FIG.30(C) is a cross-sectional view of the thin-film 
transistor plate shown in FIG.30(A) taken along line III-III'; 
(0096 FIG. 31 is a flowchart illustrating a method for 
designing a mask and a light converging pattern formation 
member according to a sixth embodiment of the present 
invention; and 
(0097 FIG. 32 is a flowchart describing a method for 
manufacturing a light converging pattern formation member 
according to a seventh embodiment of the present invention. 

DESCRIPTION OF REFERENCE NUMBERS 

0098. 10 mask 
(0099 11 first holding portion 
0100 12, 22 illumination portion 
0101. 20 light converging pattern formation member 
0102 21 second holding portion 
(0103 P plate 
0104 PS plate stage 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

0105. An embodiment of the present invention will now be 
discussed with reference to the accompanying drawings. FIG. 
1 is a schematic diagram showing the structure of an exposure 
apparatus according to a first embodiment of the present 
invention. In FIG.1, an X axis and aYaxis are set in directions 
parallel to a plate Panda Zaxis is set in a direction orthogonal 
to the plate P. More specifically, an XY plane is set to be 
parallel to a horizontal plane, and a +Z axis is set to be 
directed upward along a vertical direction. 
0106. As shown in FIG. 1, the exposure apparatus of the 

first embodiment includes a first holding portion 11, a second 
holding portion 21, and illumination portions 12 and 22. The 
first holding portion 11 holds a mask 10 including a mask 
pattern, which is a predetermined light shield or light reduc 
tion pattern, near the plate P. The second holding portion 21 
holds a light converging pattern formation member 20, which 
includes a plurality of light converging portions (lens Sur 
faces) 20a and 20b to form a light pattern having a predeter 
mined shape on the plate P, near the plate P. The illumination 
portions 12 and 22 irradiate exposure light on the mask 10 and 
the light converging pattern formation member 20. 
0107 The plate Pisarranged on a plate stage PS that holds 
the plate P to be movable along at least the Y axis. 
0108. The first holding portion 11 for holding the mask 10 
and the second holding portion 21 for holding the light con 
Verging pattern formation member 20 are formed so as to 
align the mask 10 and the light converging pattern formation 
member 20 along the Y direction. 
0109 An example of the plate P in the present embodi 
ment is a flat rectangular glass plate of a rectangular flat plate 
shape having one side or a diagonal line with a length that is 
greater than 500 mm. Photoresist (photosensitive material) 
for manufacturing a liquid crystal display device is applied to 
the plate P. A ceramics plate for manufacturing a thin-film 
magnetic head, a circular semiconductor wafer for manufac 
turing a semiconductor device, and the like may be used as the 
plate P. 
0110. The operation of the exposure apparatus in the 
present embodiment will now be discussed with reference to 
FIG. 2. FIG. 2(A) is a plan view showing one example of a 
light pattern exposed onto the plate P, FIG.2(B) is a plan view 
showing a light pattern formed on the plate P by the mask 10, 
and FIG.2(C) is a plan view showing a light pattern formed on 
the plate P by the light converging pattern formation member 
20. 

0111. In FIG. 2(A), the light pattern 30 exposed onto the 
plate P includes dark pattern portions 31a, 31b, and 31c 
having light intensity that is Substantially Zero, a bright pat 
tern portion 32 having a predetermined light intensity, and 
intermediate intensity light pattern portions 33a and 33b hav 
ing a light intensity that is less than that of the bright pattern 
portion 32. The intermediate intensity light pattern portions 
33a and 33b are used to form a gate electrode in a TFT 
transistor circuit for a flat panel display of a liquid crystal 
display device or the like and have extremely small dimen 
sions of, for example, about 2 to 3 um. 
0112. In the present embodiment, the light pattern 30 
shown in FIG. 2(A) is separated into a light pattern 34 having 
rough dimensions as shown in FIG.2(B) and a light pattern 35 
having fine dimensions (fine feature) as shown in FIG. 2(C). 
The light pattern 34 in FIG. 2(C) corresponds to the interme 
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diate intensity light pattern portions 33a and 33b having 
extremely small dimensions as shown in FIG. 2(A). 
0113 FIG. 3 includes diagrams showing the structure of 
the mask 10 and the light converging pattern formation mem 
ber 20 used to form the light patterns 34 and 35, where FIG. 
3(A) is a layout diagram of the mask 10, FIG. 3(B) is a view 
taken along 3b-3b of the mask 10 shown in FIG. 3(A). FIG. 
3(C) is a layout diagram of the light converging pattern for 
mation member 20, and FIG.3(D) is a view taken along 3d-3d 
of the light converging pattern formation member 20 shown 
in FIG.3(C). 
0114. The mask 10 shown in FIGS.3(A) and 3(B) includes 
light shield portions (light reduction portions) 10a, 10b, 10c, 
which are light shield or light reduction patterns of chro 
mium, chromium oxide, or the like formed on a light trans 
missive plate. The mask10 is spaced apart by a predetermined 
gap (proximity gap) from the plate P, as shown in FIG. 1, so 
that the exposure light from the illumination portion 12 forms 
the light pattern 34 shown in FIG. 2(B) on the plate P. 
0115 The light converging pattern formation member 20 
shown in FIGS. 3(C) and (D) have lens surfaces 20a and 20b 
formed on the light transmissive plate, and a light shield 
portion (light reduction portion) 20c, which is a light shield or 
light reduction pattern, formed outside the lens surfaces 20a 
and 20b. As shown in FIG. 1, the light converging pattern 
formation member 20 is spaced apart by a predetermined gap 
from the plate P So that the light pattern (light converging 
pattern) 35 shown in FIG. 2(C) forms on the plate P by 
collecting the exposure light from the illumination portion 22 
on the lens surfaces 20a and 20b. 
0116. As shown in FIG. 1, the mask 10 and the light 
converging pattern formation member 20 are aligned in the Y 
direction. Thus, the light pattern 34 is first batch-exposed onto 
a specific section of the plate P by the mask 10, the plate stage 
PS is then step moved in the Y direction. Then, the light 
pattern 35 is batch-exposed in a manner overlapping the 
exposed specific section of the plate P with the light converg 
ing pattern formation member 20 so that a latent image 
equivalent to when the light pattern 30 shown in FIG. 2(A) is 
exposed, forms on the photosensitive material applied to the 
plate P. 
0117 For example, to irradiate collimated light onto the 
light converging pattern formation member 20 (when a col 
limation half angle is Substantially 0'), when the gap (proX 
imity gap) along the Z direction between the light converging 
pattern formation member 20 and the plate P is 100 um and 
the width of the light converging pattern 35 is 3 um, the plate 
Pside numerical aperture NAP of the lens surfaces 20a and 
20b of the light converging pattern formation member 20 only 
needs to be about 0.082. In order to obtain such a plate Pside 
numerical aperture NAP, when the focal length of the lens 
surfaces 20a and 20b is 100 um to arrange the focal position 
on the plate P, the aperture diameter of the lens surfaces 20a 
and 20b only needs to be about 300 um. 
0118. The collimation half angle of the exposure light that 
irradiates the light converging pattern formation member 20 
may be, for example, 0° to 5', and the proximity gap may be 
1 um to 1000 um. 
0119 The shape of each feature included in the light pat 
tern 35 shown in FIG.2(C) is rectangular and elongated in one 
direction. Thus, the lens surface 20a and 20b corresponding 
to the features are cylindrical lens. In this case, the axial 
direction of the lens surface of the cylindrical lens surfaces 
20a and 20b coincides with the longitudinal direction of the 
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light pattern 35. The specification of the above example is a 
one-dimensional specification extending along a direction 
(direction of a line that most strongly refracts light, strong 
principal meridian direction) that is orthogonal to the axial 
direction of the cylindrical lens (direction of a line that does 
not refract light). 
0120 Across-sectional shape taken along the strong prin 
cipal meridian direction of the cylindrical shape may be a 
circle, an ellipse, or the like. 
0121 FIG. 4 includes diagrams showing modifications of 
the lens surfaces 20a and 20b of the light converging pattern 
formation member. FIG. 4(A) is a layout diagram of the light 
converging portions 20a and 20b of the light converging 
pattern formation member 20, FIG. 4(B) is a plan view of a 
first modification of the light converging portion, FIG. 4(C) is 
a cross-sectional view of FIG. 4(B), FIG.4(D) is a plan view 
of a second modification of the light converging portion, FIG. 
4(E) is a cross-sectional view of FIG.4(D), FIG. 4(F) is a plan 
view of a third modification of the light converging portion, 
FIG. 4(G) is a cross-sectional view of FIG. 4(F), FIG. 4(H) is 
a plan view of a fourth modification of the light converging 
portion, FIG. 4 (I) is a cross-sectional view of FIG. 4(H), FIG. 
4(J) is a plan view of a fifth modification of the light converg 
ing portion, and FIG. 4(K) is a cross-sectional view of FIG. 
4(J). 
0122. In the first modification shown in FIGS. 4(B) and 
(C), the light converging portion of the light converging pat 
tern formation member 20 shown in FIG.4(A) is a bright-dark 
type (amplitude type) one-dimensional fresnel lens having a 
power equivalent to the cylindrical lens. The bright-dark type 
one-dimensional fresnel lens includes light shield strips, 
which are made of the same light shield material same as that 
of the light shield portion 20c, arranged in a predetermined 
one-dimensional direction, and shaped to extend in a direc 
tion orthogonal to the one-dimensional direction. The bright 
dark type one-dimensional fresnel lens of the first modifica 
tion may be manufactured in a significantly inexpensive 
manner since the light converging portion and the light shield 
portion 20c may be formed in the same lithography process. 
Furthermore, the first modification has an advantage in that 
the light shield pattern of the mask 10 and the bright-dark 
pattern of the light converging portion can be formed in the 
same process even when forming the mask 10 and the light 
converging pattern formation member on the same plate. 
0123. In the second modification shown in FIGS.4(D) and 
(E), the light converging portion of the first modification 
shown in FIGS. 4(B) and (C) is a bright-dark type anamorphic 
fresnel lens having a power equivalent to a toric lens. In Such 
a structure, the dimension of the light converging pattern 
formed on the plate P may be controlled in a two-dimensional 
manner. For instance, the numerical aperture of the anamor 
phic fresnel lens (size of the anamorphic fresnel lens) is set to 
an appropriate value in each of two directions that are 
orthogonal to each other when forming a rectangular light 
converging pattern on the plate P. This independently controls 
the dimensions of the rectangle in the direction of the long 
sides and the direction of the short sides. 

0.124. In the third modification shown in FIGS. 4(F) and 
4(G), the light converging portion of the first modification 
shown in FIGS. 4(B) and (C) is a phase type one-dimensional 
fresnellens. Such a structure has an advantage in that the light 
quantity loss in the light converging portion can be reduced. 
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In the third modification, the light converging portion may be 
modified to an anamorphic fresnel lens in the same manner as 
in the second modification. 
0.125. In the fourth modification shown in FIGS. 4(H) and 

(I), the lens surfaces 20a and 20b of the light converging 
pattern formation member are formed so that the peaks of the 
lens Surfaces are located at the same level or slightly inward 
level of the light converging pattern formation member. In the 
structure of the fourth modification, the etched amount of the 
light transmissive plate is Small when forming the lens Sur 
faces by processing the light transmissive plate through meth 
ods such as etching. Furthermore, the manufacturing of the 
light converging pattern formation member is facilitated. 
I0126. In the fifth modification shown in FIGS. 4(J) and 
(K), the lens surfaces 20a and 20b of the light converging 
pattern formation member are formed on the surface at the 
light entering side of the light converging pattern formation 
member 20. Therefore, the arrangement of the light converg 
ing portion of the light converging pattern formation member 
is not limited to the surface at the side of the plate P (light exit 
side) and may be on the Surface at the light entering side of the 
light converging pattern formation member 20. The first to the 
fourth modifications may be modified in accordance with the 
teaching of the fifth modification. 
I0127. A plate made of material that transmits ultraviolet 
light such as silica glass plate may be used as the light trans 
missive plate. 
I0128 FIG. 5 is a view schematically showing an exposure 
apparatus according to a second embodiment of the present 
invention. In FIG. 5, the X axis and the Y axis are set in 
directions parallel to a plate P, and the Z axis is set in a 
direction orthogonal to the plate P. In FIG. 5, an X axis and a 
Yaxis are set in directions parallel to a plate P, and a Z axis is 
set in a direction orthogonal to the plate P. More specifically, 
an XY plane is set to be parallel to a horizontal plane, and a +Z 
axis is set to be directed upward along a vertical direction. 
I0129. In the first embodiment, the exposure is performed 
on the plate P using the mask 10 and the light converging 
pattern formation member 20. In the second embodiment 
shown in FIG. 5, the exposure is performed using a light 
pattern formation member 40 in which a mask pattern region 
40a, equivalent to the mask 10, and a light converging portion 
formation region 40b, having a structure equivalent to the 
light converging portion of the light converging pattern for 
mation member 20, are formed on a single light transmissive 
plate. 
I0130. In FIG. 5, the light pattern formation member 40 is 
attracted and held by a holding portion 41 from the upper side 
(+Z axis direction side). The holding portion 41 is attached to 
a support GA to be movable in the Z axis direction and 
inclinable (pivotal) about the X axis and the Y axis with 
respect to the support GA. The holding portion 41 is drive 
controlled by a plurality of actuators (not shown) so that the 
light pattern formation member 40 becomes parallel to the 
plate P with a predetermined gap therebetween. In FIG. 5, the 
structure toward the illumination portion 42 from the light 
pattern formation member 40 is illustrated in a state spaced 
more than actual to the +Z direction to facilitate understand 
ing. The holding portion 41 has a first holding portion for 
holding the mask and a second holding portion for holding the 
light converging pattern formation member that are formed 
integrally with each other. 
I0131 The illumination portion 42 supplies exposure light 
to the mask pattern region 4.0a and the light converging por 
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tion formation region 40b of the light pattern formation mem 
ber 40. The illumination portion 42 independently executes 
control for the Supplying and stopping of the exposure light to 
the mask pattern region 4.0a and control for Supplying and 
stopping the exposure light to the light converging portion 
formation region 40b. The detailed structure of the illumina 
tion portion 42 will hereinafter be described in detail. 
0132) The plate P, to which photosensitive material is 
applied, is held by a plate stage PS, which is arranged to be 
movable in the XY plane. The plate P is moved along the XY 
plane as viewed in the drawing by the drive control of a plate 
stage drive unit (not shown). A reference plate RP, which has 
an alignment reference mark, is arranged at a location sepa 
rated from the region of the XY plane on the plate stage P in 
which the plate P is arranged. 
0133. The exposure apparatus of the second embodiment 
includes first alignment systems 43A to 43D, which detect the 
position of the light pattern formation member 40 in the XY 
plane, and second alignment systems 44A to 44D, which 
detect the position of the plate P in the XY plane. 
0134. The first alignment systems 43A to 43D detect the 
position of the light pattern formation member 40 in the XY 
plane with respect to the reference plate RP. That is, the 
coordinates of the reference plate RP in the XY plane are 
managed by a stage position measurement unit, which mea 
sures the position of the plate stage PS in the XY plane that 
includes the reference plate RP so that the positions of the 
first alignment systems 43 A to 43D with respect to the refer 
ence plate RP become known by detecting the reference mark 
on the reference plate RP with the first alignment systems 
43A to 43D. The position of the light pattern formation mem 
ber 40 with respect to a reference plate of which XY coordi 
nates are managed can be indirectly obtained by detecting the 
position of the light pattern formation member 40 with the 
first alignment systems 43A to 43D. 
0135 The second alignment systems 44A to 44D detect 
the position of the plate P in the XY plane with respect to the 
reference plate RP. As described above, the coordinates in the 
XY plane of the reference plate RP are managed so that the 
positions of the second alignment systems 44A to 44D with 
respect to the reference plate RP become known by detecting 
the reference mark on the reference plate RP with the second 
alignment systems 44A to 44D. The position of the plate P 
with respect to a reference plate of which XY coordinates are 
managed can be indirectly obtained by detecting the position 
of the plate P with the second alignment systems 44A to 44D. 
0136. The exposure operation performed by the exposure 
apparatus of the second embodiment will now be described 
with reference to FIG. 6 and FIG. 7. FIG. 6 includes plan 
views showing changes in the positional relationship between 
the light pattern formation member 40 and the plate P during 
the exposure operation of the exposure apparatus of the sec 
ond embodiment. FIG. 7 includes diagrams showing an expo 
sure field on the plate P exposed in accordance with the 
procedures of FIG. 6. 
0.137 The alignment procedure described above is per 
formed before the exposure operation. Therefore, the relative 
positional relationship between the light pattern formation 
member 40 and the plate P is constantly managed by the stage 
position measurement unit. 
0.138. As shown in FIG. 6(A), the plate stage PS is drive 
controlled so that only the light converging portion formation 
region 40b of the light pattern formation member 40 overlaps 
the plate P. Then, the illumination portion 42 irradiates the 
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light converging portion formation region 40b with exposure 
light. As shown in FIG. 7(A), an exposure field A1 is formed 
on the plate P by performing a batch exposure operation. 
0.139. Thereafter, the plate stage PS is step moved in the 
-Y direction so that the mask pattern region 4.0a of the light 
pattern formation member 40 overlaps the exposure field A1. 
Then, the illumination portion 42 irradiates the mask pattern 
region 4.0a and the light converging portion formation region 
40b with exposure light. As shown in FIG. 7(B), an exposure 
field B1 overlapping the exposure field A1 is formed on the 
plate P by the exposure light that passes through the mask 
pattern region 40a. At the same time, an exposure region A2 
adjacent to the exposure field B1 in the +Y direction side is 
formed by the exposure light passing through the light con 
Verging portion formation region 40b. 
0140. As shown in FIGS. 6(C) and 6(D), the step move 
ment of the plate stage PS in the -Y direction, and the irra 
diation of the exposure light onto the mask pattern region 40a 
and the light converging portion formation region 40b by the 
illumination portion 42 are repeated to form exposure fields 
A3, A4, B2, and B3 as shown in FIGS. 7(C) and 7(D). 
0.141. The plate stage PS is then step moved in the -Y 
direction so that the mask pattern region 4.0a of the light 
pattern formation member 40 overlaps the exposure field A4 
to obtain the positional relationship shown in FIG. 6(E). 
Then, the illumination portion 42 irradiates only the mask 
pattern region 4.0a with exposure light. As shown in FIG. 
7(E), an exposure field B4 overlapping the exposure field A4 
is formed on the plate P by the exposure light that passes 
through the mask pattern region 40a. 
0142. The plate stage PS is then step moved in the -X 
direction to obtain the positional relationship of the light 
pattern formation member 40 and the plate P shown in FIG. 
6(F). Then, the illumination portion 42 irradiates only the 
mask pattern region 4.0a with exposure light. As shown in 
FIG.7(F), an exposure field A5 adjacent to the exposure fields 
A4 and B4 of the plate P in the +X direction side is formed by 
the exposure light that passes through the mask pattern region 
40a. 

0143. The plate stage PS is then step moved in the +Y 
direction so that the light converging portion formation region 
40b of the light pattern formation member 40 overlaps the 
exposure field A5 to obtain the positional relationship shown 
in FIG. 6(G). The illumination portion 42 then irradiates the 
mask pattern region 4.0a and the light converging portion 
formation region 40b with exposure light. Then, an exposure 
field B5 overlapping the exposure field A5 is formed by the 
exposure light passing through the mask region 40a. An expo 
sure field A6 adjacent to the exposure field B5 in the -Y 
direction side is formed by the exposure light that passes 
through the light converging portion formation region 40b, as 
shown in FIG. 7(G). 
0144. Thereafter, as shown in FIGS. 6(H) and 6(I), the step 
movement of the plate stage PS in the +Y direction, and the 
irradiation of the exposure light onto the mask pattern region 
40a and the light converging portion formation region 40b by 
the illumination portion 42 are repeated to form exposure 
fields A7, A8, B6, and B7 as shown in FIGS. 7(H) and 7(I). 
0145 The plate stage PS is then step moved in the +Y 
direction so that the light converging portion formation region 
40b of the light pattern formation member 40 overlaps the 
exposure field A8 to obtain the positional relationship shown 
in FIG. 6(J). The illumination portion 42 irradiates only the 
light converging portion formation region 40b with exposure 
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light, and an exposure field B8 overlapping the exposure field 
A8 is formed by the exposure light that passes through the 
light converging portion formation region 40b, as shown in 
FIG. 7(J). 
0146 In the exposure apparatus of the second embodi 
ment, the plate stage PS is movable in the XY direction. Thus, 
the light pattern formation member 40 can be miniaturized 
relative to the plate P. Furthermore, the cost of the light pattern 
formation member 40 is reduced, the influence of deflection 
caused by gravitational force of the light pattern formation 
member 40 is reduced, and light pattern exposure is per 
formed with high accuracy. 
0147 The structure of the illumination portion 42 will now 
be described with reference to FIG. 8. FIG. 8(A) is a view 
showing an optical arrangement along an optical path from a 
light source to a light branching portion, and FIG. 8(B) is a 
view showing an optical arrangement along an optical path 
from the light branching portion to the light pattern formation 
member. In FIG. 8, an X axis and a Yaxis are set in directions 
parallel to a plate Panda Zaxis is set in a direction orthogonal 
to the plate P. More specifically, an XY plane is set to be 
parallel to a horizontal plane, and a +Z axis is set to be 
directed upward along a vertical direction. 
0148. In FIG. 8(A), a light beam that exits from a light 
Source 411, which includes an ultrahigh pressure mercury 
lamp light source and the like, is reflected by an elliptical 
mirror 412 and a dichroic mirror 413 to entera collimator lens 
414. A reflection coating of the elliptical mirror 412 and a 
reflection coating of the dichroic mirror 413 retrieves light in 
a wavelength band that includes light of a gline (wavelength 
of 436 nm), an h line (wavelength of 405 nm), and an i line 
(wavelength of 365 nm). The light of wavelength band that 
includes the light of g, h, and i lines enter the collimator lens 
414. The light source 411 is arranged at a first focal position 
of the elliptical mirror 412. Thus, the light of the wavelength 
band including the light of g, h, and i lines form a light Source 
image at a second focal position of the elliptical mirror 412. 
The diffused light beams from the light source image formed 
at the second focal position of the elliptical mirror 412 are 
converted to collimated light beams by the collimator lens 
414 and transmitted through a wavelength selection filter 415, 
which transmits light beams of only a predetermined expo 
Sure wavelength band. 
014.9 The illumination light that passes through the wave 
length selection filter 415 further passes through a light 
reduction filter 416. A condenser lens 417 converges the light 
at an inlet port 418A of a light guide fiber 418. The light guide 
fiber 418, which is a random light guide fiber formed by 
randomly bundling many fiber lines, and includes the inlet 
port 418A and two outlet ports (hereinafter referred to as 
outlet ports 418a, 418b). 
0150. As shown in FIG. 8(B), the illumination light enter 
ing the inlet port 418A of the light guide fiber 418 is propa 
gated through the light guide fiber 418. Then, the illumination 
light is divided and emitted from the two outlet ports 418a and 
418b to respectively enter two partial illumination optical 
systems for partially illuminating the mask pattern region 40a 
and the light converging portion formation region 40b of the 
light pattern formation member 40. 
0151. The illumination lights emitted from the outlet ports 
4.18a and 418b of the light guide fiber 418 pass through 
shutters 419a and 419 barranged near outlet ports 8b to 8f. 
Then, the lights are respectively converted to collimated light 
beams by collimator lenses 421a and 421b and enterfly's eye 
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lenses 422a and 422b, which are optical integrators. Illumi 
nation lights from a large number of two-dimensional light 
sources formed at a rear focal surface of the fly’s eye lenses 
422a and 422b respectively enter deflection-reflection sur 
faces 425a and 425b of an optical path composite member 
425 through the condenser lenses 424a and 424b. This forms 
two adjacent illumination regions on a Surface extending 
through the contours of the two deflection-reflection surfaces 
425a and 425b. 

0152 The lights from the two illumination regions are 
guided to the light pattern formation member 40 by a re 
imaging optical system including a condenser lens group 426 
and a deflection concave mirror 427. In this case, the image of 
one of the two illumination regions is formed on the mask 
pattern region 4.0a of the light pattern formation member 40, 
and the image of the other illumination region is formed on 
the light converging portion formation region 40b. 
0153. Shutter drive portions 420a and 420b respectively 
drive control the shutters 419a and 419b of the two partial 
illumination optical systems so as to independently control 
ON/OFF for illumination of the mask pattern region 4.0a and 
the light converging portion formation region 40b of the light 
pattern formation member 40. The fly’s eye lenses 422a and 
422b of the two partial illumination optical systems are 
arranged so that the position in the optical axis direction and 
the position in a plane perpendicular to the optical axis can be 
changed. Further, the fly’s eye lenses 422a and 422b are 
respectively drive controlled by fly’s eye lens drive portions 
423a and 423b so that the position in the optical axis direction 
and the position in the plane perpendicular to the optical axis 
can be changed. This enables the telecentricity (telecentric 
characteristics) of the illumination light that enters the mask 
pattern region 4.0a and the light converging portion formation 
region 40b of the light pattern formation member 40 to be 
controlled. The fly’s eye lens drive portions 423a, 423b serves 
as illumination telecentricity control units. 
0154 FIG.9 includes views illustrating that magnification 
of the light converging pattern by the light converging portion 
formation region 40b can be controlled by controlling the 
telecentricity of the illumination light. FIG. 9(A) shows a 
state in which the fly’s eye lens 422b is positioned at a refer 
ence position Ini. In FIG. 9(A), the fly’s eye lens 422b is 
positioned at a front focal position. The position of the fly's 
eye lens 422b in this state is set as the reference position. 
When the fly’s eye lens 422b is positioned at the reference 
position, the light from the fly’s eye lens 422b passes through 
the condenser lens 424b and re-imaging optical systems (426 
and 427) to illuminate the light converging portion formation 
region 40b with telecentric illumination light (illumination 
light in a state in which a main light beam of the illumination 
light is parallel to the optical axis). The illumination light is 
converged at a plurality of light converging portions of the 
light converging portion formation region 40b. This forms a 
light converging pattern at the reference position of the plate 
P. 

(O155 FIG. 9(B) shows a state in which the fly’s eye lens 
422b is moved from the reference position Ini in the direction 
of the optical axis. In this case, the illumination light to the 
light converging portion formation region 40b is not in a 
telecentric state, and the light converging pattern is formed at 
a position deviated from the reference position of the plate P. 
The deviated amount of the light converging pattern from the 
reference position is proportional to the distance from the 
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optical axis AXc. This realizes a state equivalent to when the 
magnification of the light converging pattern is isotropically 
changed. 
0156 FIG.9(C) shows a state in which the fly’s eye lens 
422b is moved in a direction perpendicular to the optical axis 
from the reference position Ini. In this case, the illumination 
light to the light converging portion formation region 40b has 
main beams that are parallel to each other but inclined relative 
to the optical axis. The light converging pattern formed on the 
plate P is moved in one direction from the reference position 
by the same amount. This is equivalent to a state in which the 
position of the light converging pattern is laterally shifted on 
the plate P. 
0157. In this manner, the isotropic magnification, forma 
tion position, and the like of the light converging pattern 
formed on the plate Pare controlled by moving the fly’s eye 
lens 422b and changing the state of telecentricity of the illu 
mination light. 
0158. Furthermore, the telecentricity of the illumination 
light for illuminating the mask pattern region 4.0a can be 
controlled by moving the fly’s eye lens 422a with the fly’s eye 
lens drive portion 423a. This enables control of the isotropic 
magnification and the horizontal shift (shift on the plate) of 
the light pattern position of the light pattern formed on the 
plate P by the illumination light with the mask pattern region 
40a. Therefore, in the second embodiment, the magnification 
and the position of the light pattern transferred by the mask 
pattern region 40a, and the magnification and the position of 
the light converging pattern formed by the light converging 
portion formation region 40b can be independently controlled 
even if the mask pattern region 4.0a and the light converging 
portion formation region 40b are formed on a single member. 
0159 Returning to FIG. 5, a telecentricity detection 
device for detecting the state of telecentricity of the illumi 
nation light is arranged in the reference plate RP on the plate 
stage PS in the second embodiment. The details of the tele 
centricity detection device will now be described with refer 
ence to FIG. 10. 

0160 FIG. 10 is an XZ cross-sectional view showing a 
portion of the reference plate RP. In FIG. 10, a condenser lens 
surface 45B is formed in part of the portion that defines a light 
transmissive plate 45A, which forms the reference plate RP. 
The condenser lens surface 45B may be formed on a light 
entering surface of the light transmissive plate 45A instead of 
a light emitting Surface or may be a diffraction Surface instead 
of a lens surface. A light shield portion 45C is defined around 
the portion at the light entering side (+Z direction side) cor 
responding to the condenser lens surface 45B. Incident light 
is guided to the condenser lens surface 45B through a light 
transmission region formed by the region excluding the light 
shield portion 45C, converged by the condenser lens surface 
45B, and guided to a photodetector 46 arranged at the rear 
focal position of the condenser lens surface 45B. 
0161 The photodetector 46 may be a two-dimensional 
CCD that detects a light quantity barycentric position of a 
light spot converged by the condenser lens surface 45B. The 
state of telecentricity of the incident illumination light may be 
measured based on the light quantity barycentric position of a 
light spot detected by the photodetector 46. 
0162. A light shield portion 45D for preventing stray light 

is formed around the condenser lens surface 45B on the light 
transmissive plate 45A. The reference mark described above 
may be formed by the light shield portion 45C on the light 
entering side of the light transmissive plate 45A. 
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(0163. In the second embodiment, even if non-linear defor 
mation originating from a heat treatment, which is performed 
during processing, occurs in the plate P, the light pattern may 
be exposed in accordance with Such deformation using the 
second alignment systems 44A to 44D and the illumination 
telecentricity control unit. That is, the isotropic magnification 
change (deformation) amount of the plate P, the magnification 
component change (deformation) amount in the X direction, 
the magnification component change (deformation) amount 
in the Y direction, and the non-linear magnification compo 
nent change (deformation) amount can be obtained by detect 
ing the alignment mark on the plate Pusing the second align 
ment systems 44A to 44D. The light pattern formation 
position is then obtained in accordance with the obtained 
magnification change (deformation amount) for every expo 
sure position (e.g., obtained for every position of FIGS. 6(A) 
to 6(J)). The amount for driving the telecentricity control unit 
(driving amount of the fly’s eye lens drive portions 423a and 
423b in the second embodiment) to the obtained light pattern 
formation position is then determined for each exposure posi 
tion. During the exposure operation, the exposure is carried 
out while controlling the state of telecentricity of the illumi 
nation light on the mask pattern region 4.0a and the telecen 
tricity of the illumination light on the light converging portion 
formation region 40b by the telecentricity control unit for 
each exposure position. Thus, even if non-linear deformation 
originating from the heat treatment during the process occurs 
at the plate P, the light pattern can be exposed in accordance 
with such deformation. 
0164 FIG. 11 is a schematic diagram showing an expo 
Sure apparatus according to a third embodiment of the present 
invention. In FIG. 11, an X axis and a Y axis are set in 
directions parallel to a plate P, and a Z axis is set in a direction 
orthogonal to the plate P. More specifically, an XY plane is set 
to be parallel to a horizontal plane, and a +Z axis is set to be 
directed upward along a vertical direction. 
0.165. In above-described second embodiment, exposure 

is performed on the entire surface of the plate P by repeating 
movement in steps on the XY plane of the plate P with relative 
to the light pattern formation member 40 and performing 
batch exposure. In the third embodiment shown in FIG. 11, 
exposure is performed on the entire surface of the plate P by 
laying out a plurality of masks 10A to 10E and light converg 
ing pattern formation members 20A to 20E in a staggered 
manner on a plane Substantially parallel to the plate P, and 
repeating step movement of the plate P in one direction and 
batch exposure. 
(0166 In FIG. 11, the plurality of masks 10A to 10E are 
equivalent to the mask 10 shown in the first embodiment, and 
the plurality of light converging pattern formation members 
20A to 20E are equivalent to the light converging pattern 
formation member 20 of the first embodiment. Thus, these 
components will not be described in detail. The masks 10A to 
10E are respectively arranged on holding portions 11A to 
11E, which holding portions 11A to 11E are arranged to be 
movable in the Z axis direction and inclinable (pivotal) about 
the X axis and about the Y axis. The holding portions 11A to 
11E are drive controlled by a plurality of actuators (not 
shown) so that the masks 10A to 10E become parallel to the 
plate P with a predetermined gap therebetween. The holding 
portions 11A to 11E serve as the plurality of first holding 
portions. 
0167. The plurality of light converging pattern formation 
members 20A to 20E are respectively mounted on holding 
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portions 21A to 21E, which are arranged to be movable in the 
Z axis direction and inclinable (pivotal) about the X axis and 
the Y axis. The holding portions 21A to 21E are drive con 
trolled by a plurality of actuators (not shown) so that the light 
converging pattern formation members 20A to 20E become 
parallel to the plate P with a predetermined gap therebetween. 
The holding portions 21A to 21E serve as the plurality of 
second holding portions. 
0168 The plurality of illumination portions 12A to 12E 
respectively Supply exposure light to the plurality of masks 
10A to 10E and independently control the supplying and 
stopping of the exposure light. The plurality of illumination 
portions 22A to 22E respectively supply exposure light to the 
plurality of light converging pattern formation members 20A 
to 20E and independently control the Supplying and stopping 
of the exposure light. A telecentricity control unit that is 
similar to the second embodiment is arranged in the plurality 
of illumination portions 12A to 12E and 22A to 22E so that 
the state of telecentricity of the illumination light on the 
plurality of masks 10A to 10E and the plurality of light 
converging pattern formation members 20A to 20E can be 
independently changed. 
0169. Furthermore, plate alignment systems 44A to 44D 
have structures similar to the second alignment systems 44A 
to 44D of the second embodiment in FIG. 11 and thus will not 
be described. 

0170 The plate P is arranged on the plate stage PS, which 
is movable in the Y direction as viewed in the drawing. The 
plate P is movable along the Y direction through drive control 
of a drive portion (not shown). The reference plate RP is 
attached at the Y direction end of the plate stage PS. The plate 
alignment systems 44A to 44D perform position detection 
and deformation detection of the plate P using the reference 
plate RP as a reference. Interferometers IF1 and IF2 serve as 
stage position measurement units for detecting the position of 
the plate stage PS in the Y direction and in a rotating direction 
(0Z direction) of which axis is the Z direction as viewed in the 
drawing. 
0171 Alignment systems (not shown) incorporated in the 
reference plate RP can be used to detect the positions in the 
XY plane and the rotating direction (0Z direction) of which 
axis is the Z direction of the plurality of the masks 10A to 10E, 
as well as the positions in the XY plane and the rotating 
direction (0Z direction) of which axis is the Z direction of the 
plurality of light converging pattern formation members 20A 
to 20. 

0172 FIG. 12 is a plan view showing the layout of the 
plurality of masks 10A to 10E and the plurality of light 
converging pattern formation members 20A to 20E. 
(0173. In FIG. 12, masks 10A, 10C, and 10E of the plurality 
of masks 10A to 10E are arranged on the -Y direction side in 
a first row at a predetermined interval in the X direction, 
which is orthogonal to the Y direction. The masks 10B and 
10D are arranged on the +Y direction side in a second row at 
a predetermined interval in the X direction, which is orthogo 
nal to the Y direction. 

0.174. The light converging pattern formation members 
20A, 20O, and 20E of the plurality of light converging for 
mation members 20A to 20E are arranged on the -Y direction 
side in a third row with a predetermined interval in the X 
direction, which is orthogonal to the Y direction. The light 
converging pattern formation members 20B and 20D are 
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arranged on the +Y direction side in a fourth row with a 
predetermined interval in the X direction, which is orthogonal 
to the Y direction. 
(0175. The plurality of masks 10A to 10E respectively have 
first mask pattern regions 10A1 to 10E1 and second mask 
pattern regions 10A2 to 10E2 formed around the first mask 
pattern region 10A1 to 10E1. The masks 10A to 10E are laid 
out so that the second mask pattern regions 10A2 to 10E2 
overlap one another in the X direction. 
0176 The second mask pattern regions 10A2 to 10E2 are 
regions that overlap each other on the plate P during the 
exposure by the masks 10A to 10E and are also referred to as 
overlap regions. 
0177. The interval in the X direction of the masks 10A, 
10C, and 10E in the first row is equal to the width W101 in the 
X direction of the first mask pattern regions (non-overlap 
regions) 10B1 and 10D1 of the masks 10B and 10D in the 
second row. The interval in the X direction of the masks 10B 
and 10D in the second row is equal to the width W101 in the 
X direction of the mask 10C in the first row. 
0.178 The plurality of light converging pattern formation 
members 20A to 20E respectively have third light converging 
pattern regions 20A1 to 20E1 and fourth light converging 
pattern regions 20A2 to 20E2 formed around the third light 
converging pattern regions 20A1 to 20E1. The light converg 
ing pattern formation members 20A to 20E are laid out so that 
the third light converging pattern regions 20A2 to 20E2 over 
lap one another in the X direction. 
(0179 The fourth light converging pattern regions 20A2 to 
20E2 are regions that overlap each other on the plate P during 
the exposure by the light converging pattern formation mem 
bers 20A to 20E and are also referred to as overlap regions. 
0180. The interval in the X direction of the light converg 
ing pattern formation members 20A, 20O, and 20E in the third 
row is equal to the width W101 in the X direction of the third 
light converging pattern regions (non-overlap regions) 20B1 
and 20D1 of the light converging pattern formation members 
20B and 20D in the fourth row. The interval in the X direction 
of the light converging pattern formation members 20B and 
20D in the fourth row is equal to the width W101 in the X 
direction of the light converging pattern formation member 
20C in the third row. In the third embodiment, the width in the 
X direction of the first mask pattern region (non-overlap 
region) of the plurality of masks 10A to 10E and the width in 
the X direction of the third light converging pattern region 
(non-overlap region) of the plurality of light converging pat 
tern formation members 20A to 20E are both W101. How 
ever, the widths in the X direction of the non-overlap regions 
of the plurality of masks and the light converging pattern 
formation members do not need to be equal. 
0181. When the number of masks and the light converging 
pattern formation members is n, the maximum value of the 
width in the X direction exposed by the mask and the light 
converging pattern formation member is expressed by: 

In the third embodiment, the number of masks and the light 
converging pattern formation members is five. However, the 
number is not limited to an odd number and may be any 
natural number. 
0182. In the third embodiment, the regions exposed by the 
masks 10A, 10C, and 10E in the first row overlap the regions 
exposed by the light converging pattern formation members 
20A, 20O, and 20E in the third row on the plate Pas will be 
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described later. In this state, when the length in the Y direction 
of the first mask pattern regions (non-overlap regions) 10A1, 
10C1, and 10E1 of the masks 10A, 10C, and 10E in the first 
row is L10, and the length in the Y direction of the third light 
converging pattern regions (non-overlap regions) 20A1, 
20C1, and 20E1 of the light converging pattern formation 
members 20A, 200, and 20E in the third row is L20, if L10 
and L20 are equal, the interval S1 in the Y direction between 
the first row and the third row satisfy the condition expressed 
as (where m is an integer other than 0): 

The interval in the Y direction between the center of the mask 
10A, 10C, and 10E arranged in the first row and the center of 
the light converging pattern formation member 20A, 20O. 
and 20E arranged in the third row can be used as the interval 
S1 in the Y direction between the first row and the third row. 
0183. In the same manner, in the third embodiment, the 
regions exposed by the masks 10B and 10d in the second row 
overlap the regions exposed by the light converging pattern 
formation members 20B and 20D in the fourth row on the 
plate P. In this case, when the length in the Y direction of the 
first mask pattern regions (non-overlap regions) 10B1 and 
10D1 of the masks 10Band 10D in the second row is L10, and 
the length in the Y direction of the third light converging 
pattern regions (non-overlap regions) 20B1 and 20D1 of the 
light converging pattern formation members 20B and 20E in 
the fourth row is L20, if L10 and L20 are equal, the interval S1 
in the Y direction between the second row and the fourth row 
satisfy the condition (where m is an integer other than 0) of: 

The interval in the Y direction between the center of the mask 
10B and 10D arranged in the second row and the center of the 
light converging pattern formation member 20B and 20D 
arranged in the fourth row can be used as the interval S2 in the 
Y direction between the second row and the fourth row. 
0184 The plurality of masks 10A to 10E and the plurality 
of light converging pattern formation members 20A to 20E 
are laid out in the order of the first row, second row, third row, 
and fourth row along the Y direction in the above description 
but may be arranged in the order of first row, third row, second 
row, and fourth row along the Y direction. The order of the 
first row and the second row is interchangeable, and the order 
of the third row and the fourth row is also interchangeable. 
0185. The exposure operation performed by the exposure 
apparatus of the third embodiment will now be described with 
reference to FIG. 13 to FIG. 15. FIGS. 13(A) to 13(C), FIGS. 
14(A) to 14(C), and FIG. 15(A) are plan views showing 
changes in the positional relationship between the plurality of 
masks 10A to 10E and the plurality of light converging pat 
tern formation members 20A to 20E relative to the plate P 
during the exposure operation of the exposure apparatus 
according to the third embodiment. FIGS. 13(D) to 13(F), 
FIGS. 14(D) to 14(F), and FIG. 15(B) are views showing the 
exposure field on the plate P exposed in accordance with the 
procedures of FIGS. 13(A) to 13(C), FIGS. 14(A) to 14(C), 
and FIG. 15(A). 
0186 Alignment of the plurality of masks 10A to 10E and 
the plurality of light converging pattern formation members 
20A to 20E relative to the plate P is performed before the 
exposure operation. 
0187. As shown in FIG. 13(A), the plate stage PS is first 
drive controlled so that the masks 10A, 10C, and 10E overlap 
the plate P. Then, the masks 10A, 10C, and 10E are irradiated 
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with exposure light by the illumination portions 12A, 12C, 
and 12E. As shown in FIG. 13(D), such batch exposure opera 
tion forms exposure fields A11, A12, and A13 on the plate P. 
0188 Subsequently, as shown in FIG. 13(B), the plate 
stage PS performs a step movement in the -Y direction so that 
the masks 10A, 10C, and 10E become adjacent to the -Y 
direction side of the exposure fields A11, A12, and A13. The 
masks 10A, 10C, and 10E are irradiated with exposure light 
by the illumination portions 12A, 12C, and 12E. Exposure 
fields A21, A22, and A23 adjacent to the exposure fields A11, 
A12, and A13 at the -Y direction side are then formed on the 
plate Pby the exposure light through the masks 10A, 10C, and 
10E, as shown in FIG. 13(E). The portion on the -Y direction 
side formed by the second mask pattern regions 10A2, 10C2, 
and 10E2 of the masks 10A, 10C, and 10E in the exposure 
fields A11, A12, and A13 overlap the portion on the +Y 
direction side formed by the second mask pattern regions 
10A2, 10C2, and 10E2 of the masks 10A, 10C, and 10E in the 
exposure fields A21, A22, and A23 on the plate P. 
(0189 Then, as shown in FIG. 13(C), the plate stage PS 
performs a step movement in the -Y direction so that the 
masks 10A, 10C, and 10E become adjacent to the -Y direc 
tion side of the exposure fields A21, A22, and A23 and the 
masks 10B and 10D are positioned between the exposure 
fields A11, A12, and A13. The masks 10A, 10C, and 10E are 
irradiated with exposure light by the illumination portions 
12A, 12C, and 12E, and the masks 10Band 10D are irradiated 
with exposure light by the illumination portions 12B and 
12D. The exposure fields A31, A32, and A33 adjacent to the 
exposure fields A21, A22, and A23 in the -Y direction side 
are then formed on the plate P by the exposure light through 
the masks 10A, 10C, and 10E, and the exposure fields A14 
and A15 positioned between the exposure fields A11, A12, 
and A13 are formed by the exposure light through the masks 
10B and 10D, as shown in FIG. 13(F). 
(0190. The portion at the -Y direction side formed by the 
second mask pattern regions 10A2, 10C2, and 10E2 of the 
masks 10A, 10C, and 10E in the exposure fields A21, A22. 
and A23 overlap the portion at the +Y direction side formed 
by the second mask pattern regions 10A2, 10C2, and 10E2 of 
the masks 10A, 10C, and 10E in the exposure fields A31, A32, 
and A33 on the plate P. 
0191 The portion at the -X direction side formed by the 
second mask pattern region 10B2 of the mask 10B in the 
exposure field A14 overlaps the portion at the +X direction 
side formed by the second mask pattern region 10A2 of the 
mask 10A in the exposure field A11. The portion at the +X 
direction side formed by the second mask pattern region 10B2 
of the mask 10B in the exposure field A14 overlaps the portion 
on the -X direction side formed by the second mask pattern 
region 10C2 of the mask 10C in the exposure field A12. 
0.192 In the same manner, the portion at the -X direction 
side formed by the second mask pattern region 10D2 of the 
mask 10D in the exposure field A15 overlaps the portion at the 
+X direction side formed by the second mask pattern region 
10C2 of the mask 10C in the exposure field A12. The portion 
at the +X direction side formed by the second mask pattern 
region 10D2 of the mask 10D in the exposure field A15 
overlaps the portion at the -X direction side formed by the 
second mask pattern region 10C2 of the mask 10C in the 
exposure field A13. 
0193 As shown in FIG.14(A), the plate stage PS performs 
a step movement in the -Y direction so that the masks 10A, 
10C, and 10E become adjacent to the -Y direction side of the 
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exposure fields A31, A32, and A33 and the masks 10B and 
10D become adjacent to the-Y direction side of the exposure 
fields A14 and A15. Further, the masks 10A to 10E are irra 
diated with exposure light by the illumination portions 12A to 
12E. Such batch exposure operation forms exposure fields 
A41 to A43, A24, and A25 on the plate P, as shown in FIG. 
14(D). 
0194 Subsequently, as shown in FIG. 14(B), the plate 
stage PS performs a step movement in the -Y direction so that 
the masks 10A, 10C, and 10E become adjacent to the -Y 
direction side of the exposure fields A41, A42, and A43 and 
the masks 10B and 10D become adjacent to the -Y direction 
side of the exposure fields A24 and A25. The light converging 
pattern formation members 20A, 20O, and 20E overlap the 
exposure fields A11, A12, and A13. 
0.195. After such step operation, the masks 10A to 10E are 
irradiated with exposure light by the illumination portions 
12A to 12E. and the light converging pattern formation mem 
bers 20A, 20O, and 20E are irradiated with exposure light by 
the illumination portions 22A, 22C, and 22E. Such batch 
exposure operation forms exposure fields A51 to A53 and 
A34 and A35 on the plate Pand forms exposure fields B11 to 
B13 so as to overlap the regions of the exposure fields A11 to 
A13, as shown in FIG. 14(E). 
0196. Then, as shown in FIG. 14(C), the plate stage PS 
performs a step movement in the -Y direction so that the 
masks 10A, 10C, and 10E become adjacent to the -Y direc 
tion side of the exposure fields A51, A52, and A53, the masks 
10B and 10D become adjacent to the -Y direction side of the 
exposure fields A34 and A35, and the light converging pattern 
formation members 20A, 20O, and 20E become adjacent to 
the -Y direction side of the exposure fields B11 (A11), B12 
(A12), and B13 (A13), and the masks 10A to 10E and the light 
converging pattern formation members 20A, 20O, and 20E 
are irradiated with exposure light by the illumination portions 
12A to 12E. 22A, 22C, and 22E. In such batch exposure, the 
exposure fields A61 to A63, A44, and A45 are formed on the 
plate P. Further, exposure fields B21 to B23 are formed so as 
to overlap the regions of the exposure fields A21 to A23, as 
shown in FIG. 14(F). 
0197) After performing the batch exposure operation, the 
plate stage PS performs step movement in the -Y direction so 
that the masks 10A, 10C, and 10E become adjacent to the -Y 
direction side of the exposure fields A61 to A63 and the masks 
10B and 10D become adjacent to the -Y direction side of the 
exposure fields A34 and A35, as shown in FIG. 15(A). The 
light converging pattern formation members 20A, 20O, and 
20E overlap the exposure fields A31, A32, and A33, and the 
light converging pattern formation members 20B and 20D 
overlap the exposure fields A14 and A15. Thereafter, the 
masks 10A to 10E and the light converging pattern formation 
members 20A to 20E are irradiated with exposure light by the 
illumination portions 12A to 12E and 22A to 22E. 
0198 As shown in FIG.15(B), such batch exposure opera 
tion forms exposure fields A71 to A74, A54, and A55 on the 
plate P. Further, the exposure fields B31 to B33 are formed to 
overlap the region of the exposure fields A31 to A33, and 
exposure fields B14 and B15 are formed to overlap the region 
of the exposure fields A14 and A15. 
0199 The step movements in the Y direction and the batch 
exposure operation are repeated to perform exposure on the 
plate P. 
0200. In this manner, the exposure apparatus of the third 
embodiment uses the plurality of masks 10A to 10E, which 
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are arranged in a staggered manner, and the plurality of light 
converging pattern formation members 20A to 20E, which 
are arranged in a staggered manner. Thus, the masks 10A to 
10E and the light converging pattern formation members 20A 
to 20E can be miniaturized with respect to the plate P. Fur 
thermore, the cost of the masks 10A to 10E and the light 
converging pattern formation members 20A to 20E can be 
reduced. In addition, the influence of deflection, which is 
caused by gravitational force on the masks 10A to 10E and the 
light converging pattern formation members 20A to 20E, can 
be reduced, and light pattern exposure can be performed with 
high accuracy. 
0201 Further, in the third embodiment, the deformed 
amount of the plate P can be obtained by detecting an align 
ment mark on the plate P using the plate alignment systems 
44A to 44D in the same manner as in the second embodiment. 
In accordance with the obtained deformed amount, the state 
of telecentricity of the illumination light can be controlled by 
the telecentricity control unit of the illumination portions 12A 
to 12E and 22A to 22E. Accordingly, even if a nonlinear 
deformation caused by heat treatment during the process 
occurs at the plate P, the light pattern can be exposed in 
accordance with Such deformation. 

0202 The plate P is still during the exposure of the plate P 
in the first to the third embodiments. However, in a modifi 
cation, exposure can be performed while moving the plate P. 
0203 FIG. 16 is a schematic diagram view showing the 
structure of a sixth modification of an exposure apparatus that 
performs exposure while moving the plate P. In FIG.16, an X 
axis and a Y axis are set in directions parallel to a plate P, and 
a Z axis is set in a direction orthogonal to the plate P. More 
specifically, an XY plane is set to be parallel to a horizontal 
plane, and a +Z axis is set to be directed upward along a 
vertical direction. 

0204 FIG. 16 shows a modification of the first embodi 
ment, and same reference numerals are denoted for members 
having the same function as in the first embodiment shown in 
FIG 1. 

0205. In FIG. 16, an illumination portion supplies expo 
sure light to a mask 10, which is held by a first holding portion 
11. The illumination portion includes a light source 511, an 
input lens 512, an optical integrator 513 such as a fly’s eye 
lens, and a condenser lens 514. A light emission controller 
LC1 controls the light source 511 to start and stop the emis 
sion of light. The input lens 512 converges exposure light 
from the light source 511. The optical integrator 513 forms a 
secondary light source based on the exposure light from the 
input lens 512. The condenser lens 514 guides the light from 
the secondary light source formed by the optical integrator 
513 to the mask. 

0206. The illumination portion for supplying exposure 
light to a light converging pattern formation member 20, 
which is held by the second holding portion 21, has a structure 
similar to the illumination portion for Supplying exposure 
light to the mask 10 and thus will not be described here. 
0207 Light emission controllers LC1 and LC2, which 
respectively control light sources 511 and 521 to start and 
stop the emission of light, are connected to a main control unit 
MCU. An interferometer IF, which serves as a stage position 
measurement unit for detecting the position in the XY plane 
of the plate stage PS, and a plate stage drive unit PSD, which 
drives the plate stage PS are connected to the main control 
unit MCU. 
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0208. In the exposure apparatus according to the sixth 
modification, a plane position detection device AF for detect 
ing a position in a tZ direction of the plate P is arranged, 
where the position in the +Z direction of the plate P, and 
furthermore, the interval between the mask 10 and the plate P 
as well as the interval between the light converging pattern 
formation member 20 and the plate Pare constantly measured 
by the plane position detection device AF. Adrive portion (not 
shown) connected to the first holding portion to change the 
position in the +Z direction of the mask 10 is controlled, and 
a drive portion (not shown) connected to the second holding 
portion to change the position in the tZ direction of the light 
converging pattern formation member 20 is controlled based 
on the measurement result to adjust the position in the tZ 
direction of the mask 10 and the light converging pattern 
formation member 20. Thus, the light converging pattern by 
the plurality of light converging portions of the light converg 
ing pattern formation member 20 can be formed without 
being defocused, and thus high accuracy exposure can be 
achieved. 

0209. The exposure operation performed by the exposure 
apparatus of to the sixth modification will be simply 
described. Although not shown in FIG. 16, the alignment 
systems of the second embodiment or the third embodiment 
are also arranged in the exposure apparatus of the sixth modi 
fication. The mask 10, the light converging pattern formation 
member 20, and the plate P are aligned before the exposure 
operation. 
0210. In the exposure apparatus of the sixth modification, 
the main control unit MCU moves the plate stage PS in the Y 
direction with the plate stage drive unit PSD. The XY coor 
dinates of the plate stage PS is constantly monitored by the 
main control unit MCU with the interferometer IF. The main 
control unit MCU has the light source 511 instantaneously 
emit light with the light emission controller LC1 at the instant 
a predetermined exposure field on the plate P overlaps the 
mask 10. More specifically, the main control unit MCU emits 
light from the light source 511 with the light emission con 
troller LC1 and exposes the pattern on the mask 10 onto the 
plate Pat the instant the XY coordinates of the plate stage PS 
match the coordinates at which the predetermined exposure 
field on the plate Poverlaps the mask 10. 
0211 Further, the main control unit MCU has the light 
source 521 instantaneously emit light with the light emission 
controller LC2 at the instant a region (exposure region) in 
which a light pattern is formed by the light converging pattern 
formation member 20 overlaps the above predetermined 
exposure field that has been subjected to exposure by the 
mask 10. This performs exposure so as to overlap the light 
pattern onto the predetermined exposure field through the 
light converging pattern formation member 20. 
0212. The main control unit MCU has the light source 511 
instantaneously emit light with the light emission controller 
LC1 at the instant the mask 10 overlaps a further exposure 
field that is adjacent in the Y direction to the predetermined 
exposure field that has been subjected to exposure by the 
mask 10. This exposes the pattern of the mask 10 onto the 
further exposure field. 
0213. The exposure onto the plate P is completed by per 
forming the above operations on the entire surface of the plate 
P. 

0214. A laser light source. Such as a semiconductor laser 
ora harmonic laser that emit light of an ultraviolet range, oran 
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ultraviolet light emission diode (ultraviolet LED) may be 
used as the light sources 511 and 521 in the sixth modifica 
tion. 
0215. The sixth modification has an advantage in that the 
throughput is increased since exposure is performed without 
stopping the plate P. 
0216. In the above-described sixth modification, the main 
control unit MCU controls the light emission controllers LC1 
and LC2 at the instant the mask 10 or the light converging 
pattern formation member 20 overlaps the exposed field. 
However, if there is a time delay from voltage application to 
the light sources 511 and 521 to light emission, the main 
control unit MCU may control the light emission controllers 
LC1 and LC2 taking into consideration the delay. 
0217. The sixth modification shown in FIG. 16 is a modi 
fication of the first embodiment. However, the second 
embodiment and the third embodiment may be modified in 
accordance with the present disclosure. 
0218 FIG. 17 shows a seventh modification in which the 
first holding portion 11 or the second holding portion 21 for 
holding the mask 10 or the light converging pattern formation 
member 20 is deformed. In FIG. 17, an X axis and aYaxis are 
set in directions parallel to a plate P, and a Z axis is set in a 
direction orthogonal to the plate P. More specifically, an XY 
plane is set to be parallel to a horizontal plane, and a +Z axis 
is set to be directed upward along a vertical direction. In FIG. 
17, the same reference numerals are denoted for members 
having the same function as in the embodiments and the 
modifications described above. 
0219. Only the second holding portion for holding the 
light converging pattern formation member 20 is shown in 
FIG. 17. However, the first holding portion for holding mask 
10 has a similar structure. 
0220. In FIG. 17, a plurality of light converging portions 
20a and 20b and a light shield portion (light reduction por 
tion) 20c are formed on the lower surface side (emission 
Surface side) of the light converging pattern formation mem 
ber 20. A light shield portion (light reduction portion) 20d for 
reducing generation of harmful light such as flare light is 
formed at the peripheral part of the upper surface side (inci 
dent surface side). A held surface 20e that may contact the 
second holding portion 21 is formed between the upper Sur 
face (incident Surface) and lower Surface (emission Surface) 
of the light converging pattern formation member 20. A side 
surface extending from the held surface 20e to the emission 
Surface is tapered so as to narrow towards the lower Surface. 
0221. In the seventh modification, the held surface 20e is 
located closer to the incident surface than the plurality of light 
converging portions 20a and 20b. Thus, the distance (operat 
ing distance) between the plurality of light converging por 
tions 20a and 20b and the plate P can be shortened even when 
the light converging pattern formation member 20 is held 
from the lower side. 

0222. A fourth embodiment will now be described with 
reference to FIGS. 18 and 19. FIG. 18 includes Schematic 
views showing the structure of an exposure apparatus accord 
ing to the fourth embodiment, where FIG. 18(A) is a perspec 
tive view showing the entire exposure apparatus, and FIG. 
18(B) is a diagram showing a variable light spot generation 
unit. FIG. 19 includes diagrams showing an exposure opera 
tion performed by the exposure apparatus of the fourth 
embodiment. In FIGS. 18 and 19, an X axis and a Y axis are 
set in directions parallel to a plate P, and a Z axis is set in a 
direction orthogonal to the plate P. More specifically, an XY 
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plane is set to be parallel to a horizontal plane, and a +Z axis 
is set to be directed upward along a vertical direction. In 
FIGS. 18 and 19, same reference numerals are denoted for 
members having the same function as the embodiments and 
the modifications described above. 
0223) The exposure apparatus of to the fourth embodiment 
has the plurality of light converging pattern formation mem 
bers 20A to 20E of the third embodiment shown in FIG. 11 
replaced with variable light spot generation units 200A to 
2OOE. 
0224. As shown in FIG. 18(A), in the exposure apparatus 
of the fourth embodiment, a plurality of masks 10A to 10C 
respectively held by first holding portions 11A to 11C are 
arranged in a staggering manner in the XY plane. 
0225 Specifically, the masks 10A and 10C of the plurality 
of masks 10A to 10C are arranged on the -Y direction side in 
a first row at a predetermined interval in the X direction, 
which is orthogonal to the Y direction. The mask 10B is 
arranged on the +Y direction side in a second row at a prede 
termined interval in the X direction orthogonal to the Y direc 
tion. 
0226. In the exposure apparatus of the fourth embodiment, 
the plurality of variable light spot generation units 200A to 
200E are arranged in a staggering manner on the +Y direction 
side of the plurality of masks 10A to 10C. Specifically, the 
masks 200A, 200C, 200E, and 200G of the plurality of vari 
able light spot generation units 200A to 200E are arranged on 
the-Y direction side in a first row at a predetermined interval 
in the X direction, which is orthogonal to the Y direction. The 
variable light spot generation units 200B, 200D, and 200F are 
arranged on the +Y direction side in a second row at a prede 
termined interval in the X direction. 
0227 FIG. 18(B) is a schematic diagram showing the 
structure of the variable light spot generation unit. Only the 
structure of one variable light spot generation unit 200A will 
be described here. The structure of the other variable light 
spot generation units 200B to 200G are the same as the 
variable light spot generation unit 200A and thus will not be 
described. 
0228. In FIG. 18(B), the variable light spot generation unit 
200A includes a light converging pattern formation portion 
220A formed by a plurality of light converging portions such 
as a two-dimensional micro lens array, an illumination por 
tion 222A for Supplying exposure light, and a spatial light 
modulator 223A such as digital micro mirror (DMD) array. A 
beam splitter 224A for guiding the exposure light from the 
illumination portion 222A to the spatial light modulator 223A 
and for guiding the exposure light from the spatial light 
modulator 223A to the light converging pattern formation 
portion 220A is arranged in an optical path between the 
spatial light modulator 223A and the light converging pattern 
formation portion 220A. 
0229. A light modulation surface of the spatial light modu 
lator 223A and an incident Surface of the light converging 
pattern formation portion 220A are optically conjugated by 
relay optical systems 225A and 226A, which are arranged in 
the optical path between the spatial light modulator 223A and 
the light converging pattern formation portion 220A. The 
spatial light modulator 223A individually controls the start 
ing and stopping of the exposure light Supplied to each light 
converging portion (each lens in the two-dimensional micro 
lens array) of the light converging pattern formation portion 
220A. That is, light is selectively irradiated onto each light 
converging portion. This forms a light spot on the plate P only 
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at the light converging portion to which the exposure light 
reflected by the spatial light modulator 223A has reached. 
That is, ON/OFF of the lightspot formed on the plate P can be 
controlled by the spatial light modulator, and an arbitrary 
light pattern can be formed on the plate P. 
0230. The light converging pattern formation portion 
220A is held by a housing 227A. The housing 227A serves as 
a second holding portion for holding the light converging 
pattern formation member. The housing 227A accommodates 
the spatial light modulator 223A, the beam splitter 224A, and 
the relay optical systems 225A and 226A. 
0231. The maximum range of the exposure field formed 
on the plate P by each of the variable light spot generation 
units 200A to 200E is set so that the exposure regions only 
partially overlap each other in the X direction. 
0232. The exposure operation in the exposure apparatus of 
the fourth embodiment will now be described with reference 
to FIG. 19. FIG. 19 includes diagrams showing the state of the 
plate P during the exposure operation performed by the expo 
Sure apparatus of the fourth embodiment. 
0233. The plurality of masks 10A to 10C and the plurality 
of variable light spot generation units 200A to 200E are 
aligned with the plate P before the exposure operation. Each 
of the embodiments described above can be referred to for the 
alignment of the plurality of masks 10A to 10C and the plate 
P. The disclosure of International Patent Publication No. 
WO2006/080285 can be referred to for the alignment of the 
plurality of variable light spot generation units 200A to 200E 
and the plate P. International Patent Publication No. 
WO2006/080285 is incorporated herein by reference. 
0234. To simplify the description, in FIG. 19, only the 
mask 10A of the plurality of masks is illustrated and only the 
variable light spot generation unit 200A of the plurality of 
variable light spot generation units 200A to 200E is illus 
trated. The following description focuses on the mask 10A 
and the variable light spot generation unit 200A. 
0235 First, as shown in FIG. 19(A), the plate stage PS is 
drive controlled so that the mask 10A overlaps region PA1 on 
the plate P. Then, the mask 10A is irradiated with exposure 
light by the illumination portion 12A. Such batch exposure 
operation transfers the pattern of the mask 10A as a latent 
image to the region PA1 of the plate P. 
0236. The plate stage PS is then moved in the +Y direction 
as viewed in the drawing so that the mask 10A overlaps a 
region PA2 of the plate P. As shown in FIGS. 19(B) to 19(E), 
light spot exposure is performed on the region PA1 of the 
plate P by the variable light spot generation unit 200A during 
the movement of the plate stage PS, that is, during the move 
ment of the plate P. Such scanning light spot exposure over 
laps the light spot of the variable light spot generation unit 
200A with is the latent image formed by the mask 10A 
formed in the region PA1 of the plate P. 
0237 As shown in FIG. 19(F), the illumination portion 
12A irradiates the mask 10A with exposure light. Such batch 
exposure operation transfers the pattern of the mask 10A as a 
latent image to the region PA2 of the plate P. 
0238. The operation of performing the light spot exposure 
with the variable light spot generation unit 200A while mov 
ing the plate P in the +Y direction and the operation of 
performing batch exposure with the mask 10A are repeated to 
expose the entire surface of the plate P. 
0239. In this manner, in the exposure apparatus according 
to the fourth embodiment, the light spot exposure with the 
variable light spot generation units 200A to 200E can be 
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performed on the exposure fields exposed by the plurality of 
masks 10A to 10C. The scanning light spot exposure with the 
variable light spot generation units 200A to 200E may be 
performed during a step operation of moving the region on the 
plate relative to the mask 10A to 10C. This increases the 
throughput. 
0240 Such variable light spot generation units 200A to 
200E are known to be used in a mask-less exposure apparatus. 
However, an increase in the pattern data amount of the light 
pattern exposed onto the plate P would increase the cost for 
forming a control system for processing the enormous 
amount of pattern data and a transfer circuit for transferring 
the pattern data from the control system to the spatial light 
modulator. Furthermore, limitations resulting from the data 
transfer speed of a transfer circuit that transfers the enormous 
amount of pattern data would hinder an increase of the 
throughput. 
0241 Comparatively, in the fourth embodiment, the 
amount of pattern data used by the variable light spot genera 
tion units 200A to 200E is extremely small. Thus, the fourth 
embodiment is advantageous in that the throughput does not 
decrease even when lowering the cost of the control system 
and the transfer circuit. 
0242. When using the exposure apparatus of the fourth 
embodiment to manufacture a flat panel display, such as liq 
uid crystal display device, exposure may be performed on a 
display peripheral by using only the variable light spot gen 
eration units 200A to 200E. 

0243 The fourth embodiment may be modified by refer 
ring to the sixth modification to performed exposure while 
moving the plate P when performing exposure on the plate P 
with the masks 10A to 10C. 
0244. In the exposure apparatuses of the first to the fourth 
embodiments and the modifications described above, a flex 
ible sheet-like plate such as a light transmissive resin may be 
used as the plate Pin lieu of a light transmissive plate Such as 
glass. In this case, a mechanism for moving the sheet-like 
plate (typically, a conveying mechanism such as feeding 
roller around which a roll of a pre-processed sheet-like plate 
is wound, a roller or sprocket for transporting the sheet-like 
plate fed from the feeding roller, and a winding roller around 
which a roll the processed sheet-like plate is wound) relative 
to the first and second holding portions may serve as a plate 
Stage. 
0245. The exposure apparatuses of the first to the fourth 
embodiments and the modifications described above may be 
manufactured through the following procedures. First, the 
first holding portion for holding the mask and the second 
holding portion for holding the light converging pattern for 
mation member, as well as the illumination portion for irra 
diating the mask with exposure light and the light converging 
pattern formation member are prepared as a Subsystem. The 
first holding portion and the second holding portion are then 
assembled near a plate stage on which a plate is held. The 
illumination portion is assembled so that the mask and the 
light converging pattern formation member held by the first 
holding portion and the second holding portion can be irra 
diated with exposure light. During the assembly, the sub 
system is assembled so as to maintain a predetermined 
mechanical accuracy, electrical accuracy, and optical accu 
racy. To ensure Such various types of accuracies, adjustments 
for obtaining optical accuracy for various optical systems, 
adjustments for obtaining mechanical accuracies for various 
mechanical systems, and adjustments for obtaining electrical 
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accuracies for various electrical systems are performed 
before and after the assembly. After the process of assembling 
the Subsystem to the exposure apparatus ends, total adjust 
ments are performed, and various types of accuracies for the 
exposure apparatus as a whole are ensured. It is desirable that 
the exposure apparatus be manufactured in a clean room 
where the temperature, cleanness, and the like are managed. 
0246 A liquid crystal display device serving as a micro 
device can be obtained by forming a predetermined pattern 
(circuit pattern, electrode pattern, etc.) on a photosensitive 
plate (glass plate) using the exposure apparatus of the first to 
fourth embodiments or the modifications. One example of 
such a manufacturing method will be described with refer 
ence to FIGS. 20 to 30. 

0247. In step S401 (pattern formation process) of FIG. 20. 
an application process for preparing a photosensitive plate by 
applying a photoresist to a plate Subject to exposure, an expo 
Sure process for transferring and exposing the pattern of the 
liquid crystal display device mask on the photosensitive plate 
using the exposure apparatus according to one of the first to 
fourth embodiments and modifications, and a development 
process for developing the photosensitive plate are per 
formed. A predetermined resist pattern is formed on the plate 
by a lithography process including the application process, 
the exposure process, and the development process. After the 
lithography process, a predetermined pattern including many 
electrodes etc. is formed on the plate through an etching 
process that uses the resist pattern as a mask, a resist removal 
process, and the like. The lithography process and the like are 
executed over a number of times in accordance with the 
number of layers on the plate. A thin-film transistor plate is 
formed on the plate without undergoing the lithography pro 
CCSSCS. 

0248. A process for manufacturing a thin-film transistor 
plate in the method for manufacturing a flat panel display in 
the fifth embodiment will be described in detail with refer 
ence to FIGS. 21 to 30. 

0249 First, a first stage of a process for manufacturing a 
thin-film transistor plate will be described with reference to 
FIG 21. 

0250 FIG. 21(A) is a layout diagram showing a thin-film 
transistor plate in a first stage of a process for manufacturing 
the thin-film transistor plate, FIG. 21.(B) is a cross-sectional 
view taken along line IVb-IVb' in the layout diagram of FIG. 
21(A), and FIG. 21(C) is a cross-sectional view taken along 
line IVc-IVc' in the layout diagram of FIG. 21(A). 
0251. As shown in FIG. 21, a conductor layer such as 
metal is first vapor deposited on a plate 510 (plate P) to a 
thickness of 1000 A to 3000 A through methods such as 
sputtering. Then, a photosensitive film is applied to the plate 
510. Afterwards, the photosensitive film is exposed using a 
mask having a pattern that corresponds to the circuit pattern 
shown in the layout diagram of FIG. 21(A), and the photo 
sensitive film is developed. Thereafter, dry or wet etching is 
performed using the developed photosensitive film as the 
mask. This forms a gate wiring including a gate line 522, a 
gate pad 524, a gate electrode 526, and a sustain electrode 528 
on the plate 510. 
0252 FIG. 22 includes cross-sectional views of the thin 
film transistor plate in a second stage, where FIG. 22(A) is a 
cross-sectional view taken along line IVb-IVb' of FIG.21(A), 
and FIG. 21(B) is a cross-sectional view taken along line 
IVc-IVc' of FIG. 21(A). 
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0253) In the second stage, a vapor growth method is per 
formed so that a gate insulating film 530, a semiconductor 
layer 540, and an intermediate layer (contact layer) 550 are 
continuously vapor deposited to thicknesses of 1500 A to 
5000 A, 500 A to 2000 A, and 300 A to 600 A, respectively. 
Further, a conductor layer 560 of metal or the like is vapor 
deposited to athickness of 1500A to 3000 A through methods 
such as sputtering. Then, a photosensitive film 5110 (photo 
sensitive resin (resist) layer) is applied thereon to a thickness 
of 1 Lum to 2 um. 
0254 FIG. 23 includes diagrams showing the structure of 
the thin-film transistor plate in a third stage, where FIG.23(A) 
is a layout diagram, FIG.23(B) is a cross-sectional view taken 
along line VIb-VIb' in the layout diagram of FIG. 23(A); and 
FIG. 21(C) is a cross-sectional view taken along line VIc-VIc' 
in the layout diagram of FIG. 23(A). 
0255 FIG. 24(A) is a layout diagram of the light converg 
ing pattern formation member 20 used in the third stage, and 
FIG. 24(B) is a layout diagram of the light pattern 37 formed 
by the light converging pattern formation member 20 used in 
the third stage. 
0256. As shown in FIG. 24(A), the light converging pat 
tern formation member 20 used in the third stage includes a 
plurality of light converging portions 20fto 20i formed in a 
light transmissive plate, and a light shield portion (light 
reduction portion) 20k, which is a light shield or a light 
reduction pattern, formed in the region outside the light con 
Verging portions 20f to 20i. The light converging pattern 
formation member 20 is spaced apart by a predetermined gap 
from a plate 510, and the exposure light from the illumination 
portion is converged at the light converging portions 20fto 20i 
to form the light pattern (light converging pattern) 37 shown 
in FIG. 24(B) on the plate 510. 
0257. In the third stage, the light pattern exposure is per 
formed on the photosensitive film 5110 using the exposure 
apparatus according to any one of the embodiments described 
above and the light converging pattern formation member 20. 
0258. At the third stage, a light pattern exposure is per 
formed on the photosensitive film and than developed to form 
a first portion 5114 and a second portion 5112 of the photo 
sensitive film pattern, as shown in FIGS. 23(B) and 23(C). In 
this case, a channel portion C (i.e., first portion 5114 located 
between a source electrode 565 and a drain electrode 566) of 
a thin-film transistor in the first portion 5114 and the second 
portion 5112 of the photosensitive film pattern is formed to be 
thinner than a data wiring portion A (i.e., second portion 5112 
located at a portion where data wirings 562, 564, 565, 566, 
and 568 are formed), and the photosensitive film is com 
pletely removed from the remaining portion B. 
0259 Next, etching is performed on the first portion 5114 
of the photosensitive film pattern and the underlying films, 
that is, the conductor layer 560, the contact layer 550, and the 
semiconductor layer 540. After the etching, the data wiring 
and the underlying films remain in the data wiring portion A. 
Further, only the semiconductor layer should remain in the 
channel portion C, and the gate insulating film 530 should 
appear after the three layers 560,550, and 540 are completely 
removed in the remaining portion B. 
0260 FIG. 25 is a cross-sectional view of the thin-film 
transistor plate in a fourth stage, where FIG. 25(A) is a cross 
sectional view taken along line VIb-VIb" of FIG. 23(A), and 
FIG. 25(B) is a cross-sectional view taken along line VIc-VIc' 
of FIG. 23(A). 

Jul. 30, 2015 

0261. In the fourth stage, the conductor layer 560 exposed 
from the remaining portion B is removed to expose the under 
lying contact layer 550, as shown in FIG. 25(A) and FIG. 
25(B). In this process, both dry type and wet type methods can 
be used. 
0262 FIG. 26 includes cross-sectional views of the thin 
film transistor plate in a fifth stage, where FIG. 26(A) is a 
cross-sectional view taken along line VIb-VIb" of FIG.23(A). 
and FIG. 26(B) is a cross-sectional view taken along line 
VIc-VIc' of FIG. 23(A). 
0263. In the fifth stage, the contact layer 550 exposed from 
the remaining portion B and the underlying semiconductor 
layer 540 are simultaneously removed through dry etching 
method together with the first portion 5114 of the photosen 
sitive film, as shown in FIGS. 26(A) and 26(B). The etching 
removes the first portion 5114 and the second portion 5112 of 
the photosensitive pattern, and the photosensitive film 
remainders on the surfaces of the contact layer 550 and the 
conductor pattern 567. 
0264 FIG. 27 is a cross-sectional view of the thin-film 
transistor plate in a sixth stage, where FIG. 27(A) is a cross 
sectional view taken along line VIb-VIb" of FIG. 23(A), and 
FIG. 27(B) is a cross-sectional view taken along line VIc-VIc' 
of FIG. 23(A). 
0265. In the sixth stage, the source/drain conductor pattern 
567 of the channel portion C and an underlying source/drain 
contact layer pattern 557 are etched and removed, as shown in 
FIGS. 27(A) and 27(B). This removes the first portion 5114 of 
the photosensitive film pattern located in the channel portion 
C and exposes the source/drain conductor pattern 567. Fur 
ther, the contact layer 550 and the semiconductor layer 540 
located in the remaining portion B are removed to expose the 
underlying gate insulating film 530. 
0266 The second portion 5112 of the photosensitive pat 
tern corresponding to the data wiring portion A is also etched. 
Thus, the second portion 5112 becomes thin. The semicon 
ductor patterns 542 and 548 are completed in this stage. 
Reference numerals 557 and 558 in the drawings indicate the 
contact layer patterns below the source/drain conductor pat 
tern 567 and the sustain capacitor conductor pattern 568, 
respectively. 
0267. This separates the source electrode 565 and the 
drain electrode 566 and completes the data wirings (562,564, 
565, 566, and 568) and the underlying contact layer patterns 
555,556, and 558. 
0268 Finally, the second portion 5112 of the photosensi 
tive film pattern remaining in the data wiring portion A is 
removed. The second portion 5112 may be removed after 
removing the source/drain conductor pattern 567 located in 
the channel portion C and before removing the underlying 
contact layer pattern 557. 
0269 FIG. 28 includes diagrams showing the structure of 
the thin-film transistor plate in a seventh stage, where FIG. 
28(A) is a layout diagram, FIG. 28(B) is a cross-sectional 
view taken along line XIIb-XIIb" in the layout diagram of 
FIG. 28(A), and FIG. 28(C) is a cross-sectional view taken 
along line XIIc-XIIc' in the layout diagram of FIG. 28(A). 
0270. In a seventh stage, after forming the data wirings 
(562,564,565,566, and 568) in the above manner, a protec 
tive film570 having a thickness of 3000 A or greaterisformed 
by vapor depositing silicon nitride through CVD method or 
spin coating organic insulation Substance, as shown in FIGS. 
28(A) to 28(C). The photosensitive film is then applied to the 
protective film 570. 
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0271 In an eighth stage, light pattern exposure is per 
formed on the photosensitive film using the mask10 and light 
converging pattern formation member 20 shown in FIG.3 and 
the exposure apparatus of one of the embodiments and modi 
fications. 

0272. The photosensitive film that has undergone light 
pattern exposure is developed and used as a mask to etch the 
protective film 570 and the gate insulating film 530 and form 
contact holes 571,572, 573, and 574 for exposing the drain 
electrode 566, the gate pad 524, the data pad 564, and the 
sustain capacitor conductor pattern 568. 
0273 Subsequently, in a ninth stage, an ITO layer having 
a thickness of 400 A to 500 A is vapor deposited, and a 
photosensitive film is applied to the ITO layer. A light pattern 
exposure is performed on the photosensitive film using the 
mask shown in FIG. 29, and the photosensitive film is devel 
oped. Etching is performed using the developed photosensi 
tive film as a mask to form a pixel electrode 582, an auxiliary 
gate pad 584, and an auxiliary data pad 586. 
0274 The thin-film transistor plate for a flat panel display 
of the fifth embodiment is manufactured through the above 
process. That is, step S401 is completed. FIG. 30 includes 
diagrams showing the structure of the thin-film transistor, 
where FIG.30(A) is a layout diagram, FIG.30(B) is a cross 
sectional view of the thin-film transistor plate shown in FIG. 
30(A) and taken along line II-II' and line III-III', and FIG. 
30(C) is a cross-sectional view showing the thin-film transis 
tor plate shown in FIG. 30(A) taken along line III-III". 
(0275 Returning to FIG. 20, in the next step S402 (color 
filter formation process), many sets of three fine filters corre 
sponding to red R, green G, and blue B are arranged in a 
matrix or sets of a plurality of strip-like filters of the three 
colors of red R, green G, and blue B are arranged in a hori 
Zontal scanning line direction to form a color filter. In the 
following step S403 (cell assembly process), liquid crystals 
are injected between the plate having a predetermined pattern 
obtained in step S401 and a color filter obtained in step S402 
to manufacture a liquid crystal panel (liquid crystal cell). 
0276. In the following step S404 (module assembly pro 
cess), parts Such as an electrical circuit, which performs a 
display operation with the liquid crystal panel (liquid crystal 
cell) assembled as described above, and a backlight are 
attached to complete a liquid crystal display device. 
0277 As described above, in the fifth embodiment, a flat 
panel display can be manufactured while Suppressing costs. 
In particular, when using the exposure apparatus of the first to 
the third embodiments and their modifications, the cost of a 
flat panel display may be reduced by using the exposure 
apparatus that is available at a low cost. When using the 
exposure apparatus of the fourth embodiment and its modi 
fications, the lithography process is performed with a high 
throughput. Thus, the manufacturing cost of the flat panel 
display can be Suppressed. 
0278. In the fifth embodiment, fine features may be 
formed using the exposure apparatus of the first to the fourth 
embodiments and their modifications, and other circuit pat 
terns may be formed using printing methods such as inkjet 
printing, screen printing (porous printing), offset printing 
(planographic printing), intaglio printing, relief printing, or 
the like. In addition to a light transmissive flat plate such as 
glass, a thin flexibility sheet of a light transmissive resin may 
be used as the plate. 
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0279 A sixth embodiment, which is a method for design 
ing a mask and a light converging pattern formation member, 
will be described with reference to FIG. 31. 
0280. In step S501 (light pattern preparation process) 
illustrated in FIG. 31, light pattern data (hereinafter referred 
to as first light pattern data) of a light pattern having the same 
shape as the light pattern ultimately formed on the photoresist 
is generated. 
0281. In step S502 (light pattern division process), the first 
pattern data generated in step S501 is divided into plural sets 
of light patterns. In the present embodiment, the first light 
pattern data is broken down to, for example, line pattern 
components, island pattern components, and hold pattern 
components. 
0282. In step S503 (first light pattern extraction process), a 
light pattern having large pattern dimensions is extracted as 
third light pattern data from the light pattern data broken 
down in step S502 (hereinafter referred to as second pattern 
data). In the present embodiment, a component having pat 
tern dimensions that can be resolved with a proximity expo 
sure method is extracted as third light pattern data. The third 
light pattern data corresponds to design data of the mask 10. 
0283. In step S504 (second light pattern extraction pro 
cess), the difference between the second light pattern data and 
the third light pattern data is extracted as fourth light pattern 
data. In the present embodiment, the fourth light pattern data 
is for the light pattern that is to be formed with the plurality of 
light converging portions of the light converging pattern for 
mation member. 
0284. In step S505 (light converging portion parameter 
calculation process), the parameters of the plurality of light 
converging portions for forming the fourth light pattern data 
are obtained. In the present embodiment, the parameters 
include XY coordinates (position in the light converging pat 
tern formation member) of each light converging portion, 
distance along the Z direction from the plate P, focal length 
and numerical aperture in the XZ cross-section, focal length 
and numerical aperture in the YZ cross-section, and light 
reduction rate at the light converging portion. 
0285. The parameters for the plurality of light converging 
portions 20a and 20b shown in FIG. 3 that form the light 
pattern 36 (correspond to fourth light pattern data) shown in 
FIG. 2 will be discussed. First, the XY coordinates of the 
plurality of light converging portions 20a and 20bis obtained 
from the barycentric position of two bright portions in the 
light pattern 36. 
0286 Then, the numerical aperture of the XZ cross-sec 
tion and the numerical aperture of the YZ cross-section of the 
plurality of light converging portions 20a and 20b are 
obtained with two bright portions having X direction dimen 
sions of 10 um and Y direction dimensions of 3 um. In this 
state, if the collimation half angle of the exposure light irra 
diating the light converging pattern formation member 20 is 
0°, the numerical aperture of the XZ cross-section of the 
plurality of light converging portions 20a and 20b becomes 
substantially Zero, and the numerical aperture of theYZ cross 
section of the plurality of light converging portions 20a and 
20b becomes 0.082. 
0287. With the gap (proximity gap) in the Z direction 
between the light converging pattern formation member 20 
and the plate P being 100 um, the focallength and dimensions 
of the XZ cross-section and the focal length and dimensions 
of the YZ cross-section of the plurality of light converging 
portions 20a and 20b are obtained. Here, the focal length of 
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the XZ cross-section is infinite and its dimension (dimension 
in the X direction of the plurality of light converging portions 
20a and 20b) is 10 um. The focal length of the YZ cross 
section is 100 um and its dimension (dimension in the Y 
direction of the plurality of light converging portions 20a and 
20b) is 300 Lum. In other words, the plurality of light converg 
ing portions 20a and 20b are cylindrical lenses having an 
operating distance of 100 um and having a power (focal 
length of 300 um) in one direction (Y direction). 
0288 The collimation half angle of the exposure light 
irradiated onto the light converging pattern formation mem 
ber 20 may be 0° to 5°, and the proximity gap may be 1 um to 
1000 um. 
0289 From the obtained parameters of the plurality of 
light converging portions 20a and 20b, a curvature (curvature 
radius) of the lens surface is obtained if the plurality of light 
converging portions 20a and 20b are lens Surfaces. The shape 
and layout of the diffraction pattern is obtained if the plurality 
of light converging portions 20a and 20b are phase (ampli 
tude) diffraction patterns. 
0290. In the light pattern 36 shown in FIG. 2, the light 
intensity is weaker than the light pattern 34 to perform half 
tone exposure. Here, the light reduction rate at the plurality of 
light converging portions 20a and 20b is also obtained. 
0291. In step S505, light shield pattern data (hereinafter 
referred to as fifth light shield pattern data) for forming light 
shield regions outside the plurality of light converging por 
tions 20a and 20b are also generated. 
0292. The design data of the light converging pattern for 
mation member and the design data of the mask can be 
obtained through steps S501 to S505. 
0293. A method for manufacturing the light converging 
pattern formation member from the design data of the light 
converging pattern formation member obtained in the sixth 
embodiment will now be described as a seventh embodiment 
with reference to FIG. 32. 
0294. In step S601 (light transmissive plate preparation 
process) of FIG. 32, a light transmissive plate is formed. A 
plate material Such as silica glass is grinded and polished into 
plate shaped to have parallel planes. Then, a light shield film 
of chromium or the like is formed on the surface through 
vapor deposition or sputtering. Generally, a photosensitive 
resin (resist) is applied to the light transmissive plate in step 
S601. 
0295. In step S602 (light converging portion formation 
process), a pattern is drawn on the plate to which the photo 
sensitive resin is applied based on the design data obtained in 
the sixth embodiment. Then, processing Such as develop 
ment, post-bake, descum, etching, and resist removal are 
performed to form a plurality of light converging portions on 
the light transmissive plate. The light shield portion formed in 
step S601 remains in the region outside the plurality of light 
converging portions. If the plurality of light converging por 
tions are lens Surfaces, pattern drawing is simply performed 
using a grayscale mask having a transmittance distribution 
(grayscale) in the main plane direction in step S602. 
0296. In step S603 (inspection process), the plurality of 
light converging portions formed in step S602 are inspected. 
If the plurality of light converging portions are amplitude 
(phase) diffraction patterns, comparative inspection is con 
ducted from the viewpoints of pattern dimension accuracy, 
pattern position accuracy, and outer appearance quality based 
on the design data of the light converging pattern formation 
member obtained in the sixth embodiment. If the plurality of 
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light converging portions are lens Surfaces, the shape (distri 
bution) of the light pattern formed by the plurality of light 
converging portions is measured by performing test exposure 
on the inspection photosensitive plate using the plurality of 
light converging portions or using a photodetector that is 
movable in a two-dimensional manner. The measured shape 
(distribution) of the light pattern and the design pattern are 
compared and inspected. 
0297. The light converging pattern formation member is 
manufactured through steps S601 to S603. 
0298. When manufacturing the mask from the design data 
of the mask obtained in the sixth embodiment, a light trans 
missive plate that becomes a mask plate is prepared, and a 
pattern is drawn on the light transmissive plate to which 
photosensitive resin is applied based on the mask design data 
in the same manner as in step S601. Processing Such as 
development, post-bake, descum, etching, and resist removal 
are performed on the light transmissive plate. The mask after 
the processing is finally compared and inspected with the 
design data. The mask is manufactured from the design data 
of the mask obtained in the sixth embodiment through such 
procedures. 
0299. The above embodiments are described to facilitate 
the understanding of the present invention and are not 
described to limit the present invention. Therefore, each ele 
ment disclosed in the embodiment encompasses all design 
changes and equivalents that fall within the technical scope of 
the present invention. Further, components of the above 
embodiments may be combined. 
0300. In the exposure apparatus of to each embodiment 
described above, a laser interferometer is used to perform 
stage position measurement. However, other measurement 
sensors such as an encoder may be used in lieu of or in 
combination with the laser interferometer. 

0301 The light source used in the exposure apparatus of 
each embodiment described above is illustrative, and KrF 
excimer laser (wavelength 248 nm), ArF excimer laser (wave 
length 193 nm), Flaser (wavelength 157 nm), or other light 
Sources may be used. Furthermore, a laser plasma light Source 
or a soft X-ray region generated from the SOR (synchrotron 
orbital radiation) such as EUV (extreme ultraviolet) having a 
wavelength of 13.4 nm or 11.5 nm may be used. An electron 
beam or charged particle beam such as ion beam may be used. 
A semiconductor laser or LED that radiates light of ultraviolet 
region, or a harmonic wave in which laser of infrared region 
or visible region is wavelength converted to ultraviolet light 
using non-linear optical crystal may be used. 
0302) When forming a light converging pattern having a 
shape that extends in a predetermined single direction on the 
plate P with the light converging pattern formation member, 
exposure light of which main component is a polarization 
component having S polarization with respect to the plate P 
and having a polarizing direction parallel to the single direc 
tion may be supplied from the illumination portion. Polarizers 
respectively corresponding to the plurality of light converg 
ing portions may be arranged on the light converging pattern 
formation member, and the plurality of light converging por 
tions may be used for light converging portions having dif 
ferent shapes. 
0303. In order to reduce adverse effects of exposure light 
reflection at a plate Surface or at a photosensitive material 
applied to the plate Surface, exposure light of which main 
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component is a polarization component having p polarization 
with respect to the plate P may be supplied from the illumi 
nation portion. 
0304. The applicable range of the exposure apparatus in 
each of the above-described embodiments is not limited to 
use for manufacturing a semiconductor device, an imaging 
element, a thin-film magnetic head, and a flat panel display 
and also includes the manufacturing of a micro-machine, a 
DNA chip, a mask, or a reticle. 
0305. In the exposure apparatus of each of the embodi 
ments described above, exposure or a so-called liquid immer 
sion exposure may be performed in which at least one of a gap 
between the mask and the plate and a gap between the light 
converging pattern formation member and the plate is filled 
with liquid. In this case, a nozzle mechanism (liquid Supply 
noZZle and liquid collection nozzle) disclosed in International 
Patent Publication No. WO99/49504 is used to locally fill the 
gap with liquid. International Patent Publication No. WO99/ 
49504 is incorporated by reference herein. 
0306 The magnification of the projection optical system 
used in the exposure apparatus of the fourth embodiment and 
its modifications may be any one of equal magnification, 
reduction magnification, and enlargement magnification. 
Further, any one of a reflection optical system, a refraction 
optical system, and a reflection-refraction optical system may 
be used. 
0307 When using a planar motor as a drive device for the 
stage, either one of a magnet unit and an armature unit is 
connected to a stage, and the other one of the magnet unit and 
the armature unit is arranged on the movable Surface side 
(base) of the stage. 
0308 The reactive force generated by the movement of the 
stage may be mechanically released to the floor (ground) 
using a frame member, as described in U.S. Pat. No. 5,528. 
118. Instead or in addition to the frame member, a counter 
mass method of canceling the reactive force generated by the 
movement of the stage using the law of conservation of 
momentum may be used as described in U.S. Pat. No. 6,969. 
966. U.S. Pat. No. 5,528,118 and U.S. Pat. No. 6,969,966 are 
incorporated by reference herein. 
0309 The invention is not limited to the foregoing 
embodiments but various changes and modifications of its 
components may be made without departing from the scope 
of the present invention. Also, the components disclosed in 
the embodiments may be assembled in any combination for 
embodying the present invention. For example, some of the 
components may be omitted from all components disclosed 
in the embodiments. Further, components in different 
embodiments may be appropriately combined. 

1-65. (canceled) 
66. An exposure apparatus which exposes an exposed body 

on a second plane with light from a pattern arranged on a first 
plane, the exposure apparatus comprising: 

a first illuminator which irradiates a first region of the first 
plane with illumination light; 

a second illuminator which irradiates a second region of the 
first plane distanced from the first region in a first direc 
tion with illumination light; 

a first set of light convergers each configured to converge 
the illumination light that is from the first illuminator via 
a first pattern which includes a light shield portion and a 
light transmission region; 

a second set of light convergers each configured to con 
verge the illumination light that is from the second illu 
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minator via a second pattern which includes a light 
shield portion and a light transmission region; and 

a position changer configured to change positional rela 
tionship between the exposed body and the first and 
second sets of the light convergers in a second direction 
that transverses the first direction, 

wherein the first set of light convergers and the second set 
of light convergers are arranged at different positions in 
the first direction. 

67. The exposure apparatus according to claim 66, wherein 
at least one of the first set of light convergers and the second 
set of light convergers include a phase diffraction pattern 
formed on a light transmissive plate. 

68. The exposure apparatus according to claim 66, wherein 
at least one of the first set of light convergers and the second 
set of light convergers include a lens Surface formed on a light 
transmissive plate. 

69. The exposure apparatus according to claim 66, further 
comprising: 

a first light transmissive plate including a first optical Sur 
face through which the illumination light enters and a 
second optical Surface arranged closer to the exposed 
body than the first optical surface; and 

a second light transmissive plate including a third optical 
Surface through which the illumination light enters and a 
fourth optical Surface arranged closer to the exposed 
body than the third optical surface, 

wherein the first set of light convergers is formed on the 
second optical surface, and the second set of light con 
Vergers is formed on the fourth optical Surface. 

70. The exposure apparatus according to claim 66, wherein 
at least one of the first and second illuminators includes a 
telecentricity controller that controls telecentricity of the illu 
mination light. 

71. The exposure apparatus according to claim 66, wherein 
the apparatus is configured to adjust relative angle between a 
main light beam of the illumination light and an optical axis of 
at least one of the first set of light convergers and the second 
set of light convergers. 

72. The exposure apparatus according to claim 6, further 
comprising a deformed State detector which detects a 
deformed state of the exposed body, wherein the apparatus is 
configured to adjust the relative angle with an output from the 
deformed state detector. 

73. The exposure apparatus according to claim 66, wherein 
the apparatus is configured to irradiate the illumination light 
while changing positional relationship between the exposed 
body and the first and second sets of the light convergers in the 
second direction. 

74. The exposure apparatus according to claim 66, wherein 
the first set of light convergers is arranged on a first light 

transmissive plate, and 
the second set of light convergers is arranged on a second 

light transmissive plate. 
75. The exposure apparatus according to claim 66, further 

comprising: 
a third illuminator which irradiates a third region of the first 

plane distanced from the first region in a second direc 
tion side with illumination light; and 

a third set of light convergers each configured to converge 
the illumination light that is from the third illuminator 
via a third pattern which includes a light shield portion 
and a light transmission region, wherein the first set of 
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light convergers and the third set of light convergers are 
arranged at different positions in the second direction. 

76. An exposure method of exposing an exposed body on a 
second plane with light from a pattern arranged on a first 
plane, the method comprising: 

irradiating, with a first illuminator, a first region of the first 
plane with illumination light; 

irradiating, with a second illuminator, a second region of 
the first plane distanced from the first region in a first 
direction with illumination light; 

converging, with each of a first set of light convergers, the 
illumination light that is from the first illuminator via a 
first pattern which includes a light shield portion and a 
light transmission region, on the exposed body; 

converging, with each of a second set of light convergers, 
the illumination light that is from the second illuminator 
via a second pattern which includes a light shield portion 
and a light transmission region, on the exposed body, 
wherein the first set of light convergers and the second 
set of light convergers are arranged at different positions 
in the first direction; and 

changing positional relationship between the exposed 
body and the first and second sets of the light convergers 
in a second direction that transverses the first direction. 

77. The method according to claim 76, wherein: 
the converging with the first set of light convergers includes 

converging the illumination light with a first light trans 
missive plate that includes a first optical Surface through 
which the illumination light enters and a second optical 
Surface on which the first set of light convergers is 
formed and which is arranged closer to the exposed body 
than the first optical Surface, and 

the converging with the second set of light convergers 
includes converging the illumination light with a second 
light transmissive plate that includes a third optical Sur 
face through which the illumination light enters and a 
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fourth optical surface on which the second set of light 
convergers is formed and which is arranged closer to the 
exposed body than the third optical surface. 

78. The method according to claim 76, further comprising: 
adjusting relative angle between a main light beam of the 

illumination light and an optical axis of at least one of the 
first set of light convergers and the second set of light 
convergers. 

79. The method according to claim 76, further comprising 
detecting a deformed state of the exposed body, wherein the 
adjusting the relative angle includes adjusting the relative 
angle with information of the detected deformed state. 

80. The method according to claim 76, further comprising 
irradiating the illumination light while changing positional 
relationship between the exposed body and the first and sec 
ond sets of the light convergers in the second direction. 

81. The method according to claim 76, further comprising: 
irradiating, which a third illuminator, a third region of the 

first plane distanced from the first region in a second 
direction side with illumination light; and 

converging, with each of a third set of light convergers, the 
illumination light that is from the third illuminator via a 
third pattern which includes a light shield portion and a 
light transmission region, wherein the first set of light 
convergers and the third set of light convergers are 
arranged at different positions in the second direction. 

82. A device manufacturing method comprising: 
exposing, with the exposure method according to claim 76, 

a light pattern onto a photosensitive plate; 
developing the exposed photosensitive plate: 
forming on a surface of the photosensitive plate a mask 

layer including a shape corresponding to the exposed 
light pattern; and 

processing the Surface of the photosensitive plate via the 
mask layer. 


