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(57) ABSTRACT 
An illumination optical system includes a ?rst beam shape 
changing optical system for transforming a light, supplied 
from a light source, into a slit-like light of oblong shape, and 
a second beam shape changing optical system for transform 
ing the slit-like light of oblong shape into a slit-like light of 
arcuate shape, Wherein the second beam shape changing 
optical system has a prism element, and Wherein the illu 
mination optical system can be used to illuminate a surface, 
to be illuminated, With use of the slit-like light of arcuate 
shape. 
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ILLUMINATION OPTICAL SYSTEM AND 
EXPOSURE APPARATUS HAVING THE SAME 

FIELD OF THE INVENTION AND RELATED 
ART 

[0001] This invention relates to an illumination optical 
system and an exposure apparatus having the same. The 
present invention is suitably usable in manufacture of vari 
ous devices such as semiconductor device (e.g., IC or LSI), 
image pickup device (e.g., CCD), display device (e. g., liquid 
crystal panel) or magnetic head, for example. More speci? 
cally, it is suitably applicable in a step-and-repeat type or 
step-and-scan type exposure apparatus, used in a litho 
graphic process, for illuminating a pattern of a ?rst object 
such as a reticle With slit-like light of arcuate shape and for 
projecting it onto a second object such as a Wafer through a 
projection optical system. 

[0002] The density of integration of a semiconductor 
device such as IC or LSI has been increased more and more 
and, as a projection exposure apparatus Which plays a major 
role in semiconductor Wafer microprocessing, there have 
been proposed a unit-magni?cation projection exposure 
apparatus (mirror projection aligner) Wherein a mask and a 
photosensitive substrate are exposed While being scanned 
relative to a unit-magni?cation mirror optical system having 
an arcuate-shape exposure region, and a reduction projection 
exposure apparatus (called a stepper) Wherein a pattern 
image of a mask is formed on a photosensitive substrate 
through a dioptric optical system and the photosensitive 
substrate is exposed thereby in a step-and-repeat method. 

[0003] The siZe of a chip pattern of a single semiconductor 
device is increasing, and thus enlargement of the picture siZe 
has been required for a projection optical system so that a 
large-area pattern can be printed on a photosensitive sub 
strate. 

[0004] In consideration of these requirements, many pro 
posals have recently been made on a scanning projection 
exposure apparatus of step-and-scan type by Which a high 
resolution and a Wide picture siZe are attainable. 

[0005] In such scan type exposure apparatuses, a pattern 
on a reticle surface is illuminated With slit like light. The 
pattern thus illuminated With the slit-like light is transferred 
to a Wafer through a projection system (projection optical 
system) and in accordance With a scan motion. 

[0006] In one scan type exposure apparatus, the scan 
exposure is made by use of slit-like light of arcuate shape. 
In this type, there is a projection optical system intervening 
betWeen a ?rst object, having a pattern to be transferred, and 
a second object to Which the pattern is to be transferred. The 
exposure process is performed by use of only a particular 
abaxial image point. The projection optical system has an 
optical axis, and its optical characteristic is revolutionally 
symmetrical With respect to the optical axis. Thus, in the 
exposure method based on abaxial image point, slit-like 
light of arcuate shape is used. 

[0007] Generally, collecting the light to an arcuate region 
is very dif?cult. In the past, a light source having a light 
emitting surface of arcuate shape Was developed. In another 
proposal, as shoWn in FIG. 5, an arcuate area is extracted out 
of a region 51, being illuminated in oblong shape, by use of 
an aperture member 50 having a arcuate opening. HoWever, 
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development of a light source having an arcuate-shape light 
emitting surface in the former case is dif?cult to accomplish 
if the light is in a short Wavelength region such as DUV 
(Deep Ultraviolet) region. The arcuate shape extraction in 
the latter case involves a disadvantage of a very loW light 
utiliZation ef?ciency. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide an 
illumination optical system by Which slit-like light of arcu 
ate shape can be provided easily and With a good light 
utiliZation ef?ciency. 

[0009] It is another object of the present invention to 
provide an illumination optical system by Which arcuate 
shape illumination can be performed With a good light 
utiliZation ef?ciency by use of an ordinary discharge tube 
such as an ultra-high pressure Hg lamp or a laser light source 
(and Without use of a special light source), While satisfying 
a predetermined illumination condition. 

[0010] It is a further object of the present invention to 
provide an exposure apparatus of proximity type, of step 
and-repeat type or of step-and-scan type, having such illu 
mination optical system, Which can be suitably used in 
manufacture of semiconductor devices, for example. 

[0011] In accordance With an aspect of the present inven 
tion, there is provided an illumination optical system, com 
prising: a ?rst beam shape changing optical system for 
transforming a light, supplied from a light source, into a 
slit-like light of oblong shape; and a second beam shape 
changing optical system for transforming the slit-like light 
of oblong shape into a slit-like light of arcuate shape, said 
second beam shape changing means having a prism element; 
Wherein said illumination optical system can be used to 
illuminate a surface, to be illuminated, With use of the 
slit-like light of arcuate shape. 

[0012] In accordance With another aspect of the present 
invention, there is provided an exposure apparatus, com 
prising: an illumination optical system as recited above, for 
illuminating a mask having a pattern formed thereon; and a 
projection optical system for projecting the pattern of the 
mask onto a Wafer. 

[0013] In accordance With a further aspect of the present 
invention, there is provided a device manufacturing method, 
comprising the steps of: applying a resist to a Wafer; 
exposing the Wafer having the resist applied thereto, With a 
pattern of a mask by use of an exposure apparatus as recited 
above; and developing the Wafer having the pattern trans 
ferred thereto. 

[0014] These and other objects, features and advantages of 
the present invention Will become more apparent upon a 
consideration of the folloWing description of the preferred 
embodiments of the present invention taken in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a schematic vieW for explaining an 
optical principle in an arch transforming optical system 
according to the present invention. 

[0016] FIG. 2 is a schematic vieW of a main portion of an 
exposure apparatus having an arcuate illumination optical 
system according to a ?rst embodiment of the present 
invention. 
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[0017] FIG. 3 is a schematic vieW of a main portion of a 
modi?ed example of an arch transforming optical system in 
an arcuate illumination optical system according to the ?rst 
embodiment of the present invention. 

[0018] FIG. 4 is a schematic vieW of a main portion of a 
scan type exposure apparatus having an arcuate illumination 
optical system according to the present invention. 

[0019] FIG. 5 is a schematic vieW for explaining the 
manner of producing arcuate illumination, in accordance 
With a conventional method. 

[0020] FIG. 6 is a schematic vieW of a main portion of an 
arch transforming optical system in an arcuate illumination 
optical system according to a second embodiment of the 
present invention. 

[0021] FIG. 7 is a schematic vieW of a main portion of an 
arch transforming optical system in an arcuate illumination 
optical system according to a third embodiment of the 
present invention. 

[0022] FIG. 8 is a schematic vieW of a main portion of an 
arch transforming optical system in an arcuate illumination 
optical system according to a fourth embodiment of the 
present invention. 

[0023] FIG. 9 is a schematic vieW for explaining the 
relationship betWeen a luminance distribution upon an 
oblong slit and an illuminance distribution upon an arcuate 
illumination region provided thereby, in a portion of an 
arcuate illumination optical system according to a ?fth 
embodiment of the present invention. 

[0024] FIG. 10 is a schematic vieW of a main portion of 
an exposure apparatus being provided With luminance dis 
tribution adjusting means. 

[0025] FIG. 11 is a schematic vieW for explaining the 
principle of an arch transforming optical system as Well as 
a problem involved therein. 

[0026] FIG. 12 is a How chart of semiconductor device 
manufacturing processes. 

[0027] FIG. 13 is a How chart for explaining details of a 
Wafer process, involved in the procedure of FIG. 12. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] FIG. 1 is a schematic vieW for explaining an 
optical principle in an arch transforming optical system, 
according to the present invention, for producing slit-like 
light of arcuate shape from a slit-like light of oblong shape. 
Denoted in the draWing at 13 is the arch transforming optical 
system. 

[0029] Denoted at 1 is slit-like light having a sectional 
shape of oblong shape. Denoted at 2 is a condensing lens, 
and denoted at 3 is a prism element (prism). The lengthWise 
direction of the oblong slit light is parallel to the ridge line 
of the prism 3. The light emitted from the prism 3 passes the 
condenser lens 4, and it is image upon an image plane 5. 
Here, the slit-like light 1 of oblong shape passes the prism 
3 obliquely. As a result of it, distortion is produced in the 
shape of light as imaged upon the image plane 5. In this 
manner, the slit-like light 1 of oblong shape is transformed 
into slit-like light of arcuate shape. 
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[0030] The optical principle in this mechanism is dis 
cussed in “Optics” by Hiroshi Kubota, Chapter 1, in respect 
to an optical system of a spectroscope. 

[0031] Conventionally, in a spectroscope, light being 
restricted to slit-like light of oblong shape is caused to pass 
through a prism, for spectroscoping, by Which it is trans 
formed into an arcuate shape. The change in shape to be 
done With this optical system uses refraction and, therefore, 
the ef?ciency is very high. 

[0032] Conventionally, ef?cient illumination With use of 
slit-like light of arcuate shape is dif?cult to accomplish. This 
is because transformation of the shape of light from a light 
source is dif?cult to achieve. 

[0033] Exposure apparatuses for manufacture of semicon 
ductor devices or liquid crystal devices use a light source of 
a short arc lamp such as an ultra-high pressure Hg lamp or 
a xenon lamp, or a laser such as an excimer laser, for 
example. Considering the light distribution characteristic of 
a short arc type lamp or the characteristic of light from a 
laser light source having a good directionality, transforming 
the shape of light into a shape having a symmetric axis Will 
be easy. Namely, transforming it into a circular shape, an 
elliptical shape, a square shape or an oblong shape, for 
example, Will be relatively easy. 

[0034] HoWever, transforming light into an arcuate shape 
is difficult to achieve. This Will be readily understood, When 
an ordinary lens or a mirror optical system is considered. 

[0035] In the present invention, the shape of light from a 
light source is shaped, at ?rst, into an oblong shape, Which 
may be easily produced by transformation, and, after this, it 
is transformed into an arcuate shape by use of the optical 
system shoWn in FIG. 1. With these sequential steps, the 
light from the light source can be transformed into an arcuate 
shape With a good ef?ciency. 

[0036] Further, the incidence angle of the oblong slit light 
3 upon the prism 3 or the focal length of the condenser lens 
4, for example, may be modi?ed in various Ways, to change 
the curvature radius of the arch as desired. This expands the 
applicability to various projection exposure apparatuses. 

[0037] FIG. 2 is a schematic vieW of a main portion of an 
exposure apparatus having an arcuate illumination optical 
system according to a ?rst embodiment of the present 
invention, Wherein an excimer laser is used as a light source. 
Denoted in the draWing at 11 is an excimer laser light source, 
and denoted at 12 is a beam shape changing optical system 
for shaping a light beam into a predetermined oblong beam 
shape. The beam shape changing optical system may com 
prise a cylindrical lens, a toric lens, an anamorphic lens or 
an optical pipe of slit-like shape, for example, and it serves 
to transform the shape of output light from the laser 11 into 
slit-like light of oblong sectional shape, ef?ciently. 

[0038] The light as outputted from the beam shape chang 
ing optical system 12 corresponds to the slit light 1 in FIG. 
1. Denoted at 13 is an arch transforming optical system 
having been described With reference to FIG. 1. In this 
portion, the light from the light source 11 is transformed into 
light of arcuate sectional shape. Denoted at 20 is an optical 
system for correcting an arcuate illumination region as 
de?ned by the arch transforming optical system 13 in 
accordance With the need for practical illumination of a 
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mask or a reticle. Speci?cally, it comprises a correction 
optical system Which functions so that the arch transforming 
optical system 13 is kept telecentric and that the illuminance 
distribution and the light distributing characteristic Within 
the arcuate illumination region are kept substantially uni 
form, for example. 

[0039] Denoted at 21 is an arcuate slit Which is an aperture 
member having an arcuate opening, for extracting a prede 
termined siZe from the portion being illuminated in arcuate 
shape. The Width of the arcuate slit 21 in a radial direction 
is variable, such that the uniformness of illuminance during 
the scan can be adjusted. An optical system denoted at 22 
and 23, that is, a catoptric system, is a relay optical system 
for imaging the arcuate slit 21. By means of this relay optical 
system at 22 and 23, the arcuate slit 21 is imaged upon a 
mark or a reticle (object) 24 having a pattern, formed 
thereon, to be transferred to a predetermined plane. Thus, the 
object 24 is illuminated With the light from the arcuate slit 
21. 

[0040] The pattern on the object 24 thus illuminated is 
image upon a Wafer 26 (substrate to be exposed) by means 
of the projection optical system. 

[0041] FIG. 3 is a schematic vieW of a main portion of a 
modi?ed example of an arch transforming optical system in 
an arcuate illumination optical system according to the ?rst 
embodiment of the present invention. In this embodiment, 
an achromatism action is performed inside an arch trans 
forming optical system 13. Thus, the system can meet 
exposure light having a broad Wavelength bandWidth. 

[0042] An arch transforming optical system of the present 
invention may use a prism. There may be a problem that the 
position of an arch to be imaged may change in dependence 
upon the Wavelength, because of a dispersion function of a 
material such as a glass that constitutes the prism. In order 
to cancel this, While taking into account that, in the arch 
transforming optical system 13 of FIG. 3, a prism 33 and a 
grating (diffraction grating) 36 have opposite dispersion 
functions, the grating 36 is disposed before the prism 33 to 
correct the dispersion. As a result of it, dispersion of the arch 
transforming optical system 13 as a Whole can be made 
smaller. 

[0043] For higher light utiliZation ef?ciency of the optical 
system, the grating 36 may preferably be of blaZed type. It 
is to be noted that the grating may be disposed after the 
prism (i.e., at the light exit side of the prism), not before the 
prism (i.e., at the light entrance side of the prism) as in the 
example of FIG. 3. 

[0044] When the arch transforming optical system 13 of 
this embodiment is incorporated into the illumination optical 
system of FIG. 2, not only a laser but also a short arc type 
lamp can be used as a light source. 

[0045] While in FIG. 3 the grating 36 and the prism 33 are 
illustrated as being separate elements, these elements may be 
combined into an integral structure. 

[0046] Where a light source Which emits light of broad 
Wavelength bandWidth is used, even With use of inverse 
dispersion function of the grating, it is not easy to com 
pletely remove chromatic aberration throughout the Whole 
band. For this reason, there are cases Where small chromatic 
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aberration remains. Such residual chromatic aberration func 
tions to expand the arch in its radius direction. 

[0047] The illumination optical system shoWn in the 
embodiment of FIG. 2 has an arcuate slit 21 and, therefore, 
the shape of arch upon the object 24 does not change. On the 
other hand, if there remains chromatic aberration, the pro 
portion of being eclipsed by the arcuate slit 21 increases 
Which results in a decrease of ef?ciency. 

[0048] In order to avoid this, an increase in the Width of 
arch due to the residual chromatic aberration may be 
detected beforehand by calculation, and the length of a side 
of the oblong shape along its WidthWise direction may be 
shortened beforehand prior to incidence upon the arch 
transforming optical system. Here, a Wavelength distribution 
may appear in the radius direction of the arch. HoWever, 
Where such a broad Wavelength bandWidth light source is 
used, in many cases the projection optical system for the 
mask or reticle transfer is provided by a mirror system. Since 
there is no chromatic aberration present in such mirror 
system, the Wavelength distribution in the illumination 
region does not cause any inconveniences in relation to the 
pattern transfer. 

[0049] Further, in an exposure apparatus using arcuate slit 
light, generally the illumination region is relatively and 
scanningly shifted along the object surface. The Wavelength 
distribution on the Wafer is thus averaged, and it has an effect 
of reducing the inconvenience. 

[0050] In this embodiment, luminance distribution adjust 
ing means such as an optical ?lter, for example, may be used 
to adjust the luminance distribution of the oblong slit light 
from the beam shape changing optical system, more par 
ticularly, the luminance distribution in the WidthWise direc 
tion and/or the lengthWise direction of the slit light, for 
example. In that occasion, the luminance of slit light of 
arcuate shape can be made uniform. This applies to all the 
embodiments to be described later. 

[0051] FIG. 4 is a schematic vieW of a main portion of a 
scan type exposure apparatus into Which an arcuate illumi 
nation optical system according to the present invention is 
incorporated. Denoted at 41 is an arcuate illumination opti 
cal system having a prism element such as described With 
reference to FIGS. 1 and 3. A grating element for correction 
of chromatic aberration may be omitted in a case of laser 
light source and in dependence upon the characteristic of the 
light source. In a case of short arc type light source, a grating 
element such as shoWn in FIG. 3 may desirably be used. 

[0052] Denoted at 42 is a scanning mechanism for scan 
ningly moving an object 43 such as a mask or a reticle to be 
illuminated by the illumination optical system 41. Denoted 
at 44 is a projection optical system Which may comprise an 
ordinary imaging system of dioptric type, catoptric type or 
catadioptric type, for example. Denoted at 45 is a Workpiece 
such as a Wafer to Which a pattern is to be transferred. It is 
placed so that a pattern formed on the object 43, being 
illuminated, is projected and imaged thereupon by the pro 
jection optical system 44. Denoted at 46 is a scanning 
mechanism for scanningly moving the Workpiece 45, and it 
operates in synchronism With the scanning mechanism 42 
for the object 43. 

[0053] Since the illumination region is restricted into a 
slit-like shape, scan is necessary for the projection of the 
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Whole object 43, and only such region Where aberration is 
constant With respect to a revolutionally symmetric optical 
system can be used to this end. 

[0054] In this embodiment, the object 43 to be illuminated 
and the object 45 to be exposed are moved in scan directions 
as depicted by arroWs, in synchronism With each other and 
at a speed ratio corresponding to the projection magni?ca 
tion. By this, the pattern formed on the object 43 can be 
transferred and printed on the Workpiece 45 through scan 
ning projection exposure. 

[0055] The arcuate illumination optical system of this 
embodiment uses a prism element to provide an arcuate 
illumination region (slit light), and it uses distortion of an 
image to be produced by passage of an oblong-shaped slit 
light through the prism element. 

[0056] Generally, in an exposure apparatus of slit scan 
method, the slit has a lengthWise direction and a WidthWise 
direction. In this embodiment, the light from a light source 
is ?rst transformed into a prolonged slit of oblong shape and, 
thereafter, it is transformed into slit light of arcuate shape as 
the light passes through the prism element. 

[0057] Here, there may occur the folloWing inconve 
niences, although some of them have been described here 
inbefore. 

[0058] (A-l) Because of use of a prism and of its 
dispersion function, a shift due to chromatic aberra 
tion may be produced in the light passing there 
through. 

[0059] (A-2) Even if the luminance distribution 
Within the slit of oblong shape is uniform, an illu 
minance distribution may be produced Within slit 
light of arcuate shape, transformed by the prism 
element, mainly in a direction of deviation angle. 

[0060] (A-3) The curvature radius necessary for the 
arch is small but, on the other hand, the length 
necessary for the lengthWise direction of the illumi 
nation region is large. This may apply restrictions in 
optical arrangement such as enlargement of inci 
dence angle to a prism or a dif?culty in design of a 
condenser lens, for example. 

[0061] (A-4) Where the illumination region is long in 
its lengthWise direction, there may occur deviation 
from an arch (change in curvature) Which may 
become larger as closer to the end. 

[0062] The embodiments of the present invention to be 
described beloW can solve at least one of the problems (A-l) 
to (A-4) above. 

[0063] The technical signi?cances of the inconveniences 
described in items (A-l) to (A-4) Will noW be explained in 
greater detail. 

[0064] Referring to FIG. 11, item (A-l) Will be explained 
?rst. In the example of FIG. 11, in a slit 201 of oblong shape, 
there is light of three Wavelengths from a Hg lamp, that is, 
g-line (Wavelength >\,=435.8 nm), h-line (>\.=404.7 nm) and 
i-line (>\,=365 .0 nm). By means of the dispersion through a 
prism 203, the slit light of arcuate shape is separated into 
lights 205, 206 and 207 of respective Wavelengths. These 
lights 205, 206 and 207 correspond to the Wavelengths of 
i-line, h-line and g-line, respectively. 
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[0065] The inconvenience at item (A-2) may be caused as 
folloWs. As shoWn in FIG. 11, light from a certain single 
point Within the oblong-shaped slit light enters a prism 203 
at a certain angle determined by passage through a con 
denser lens 202. The light emitted from the prism 203 goes 
through a condenser lens 204 and it is imaged at a certain 
point on an arch. 

[0066] Here, generally, the angular magni?cation of the 
prism 203 is dependent upon the incidence angle to the 
prism. Since the magni?cation differs With the location 
Within the oblong shape, it is seen that, even if the luminance 
distribution is uniform over the original oblong shape, the 
illuminance upon the arch changes. Further, as regards light 
rays outside the primary section, the apparent refractive 
index changes and, thus, they have an angular magni?cation 
different from that Within the primary section. The difference 
betWeen these tWo angular magni?cations is also a factor for 
causing an illuminance distribution upon the arch. There 
fore, like the problem at item (A-l), this is inevitable in 
relation to use of a prism. 

[0067] As regards item (A-3), reference may be made to 
“Optics I of Optical Instrument” by Yoshisada HayamiZu, 
page 297, equation (43.33). In this equation, a curvature 
radius R of an arch in a case Where slit light of oblong shape 
is transformed into an arcuate shape is given, that is: 

[0068] Where f is the focal length of a lens (corresponding 
to a condenser lens 204 shoWn in FIG. 11) disposed after the 
prism, n is the refractive index of the glass material of the 
prism, and i1 is the angle of incidence of light upon the 
prism. 

[0069] Usually, the refractive index n is about 1.5, and it 
does not change largely if the glass material is changed. 
Therefore, What determines the curvature radius R may be 
considered as being f and i1. 

[0070] Here, if such a focal length With Which the aber 
ration of the condenser lens can be corrected suf?ciently is 
set While taking into account the length of the slit light, as 
required, in its lengthWise direction, then the focal length f 
becomes larger. On the other hand, if the curvature radius R 
as required is small, it is necessary to make coti1 small, that 
is, to make i1 large. 

[0071] The inconvenience at item (A-4) may attribute to 
that: in the explanation in “Optics I of Optical Instrument” 
for that the slit light of oblong shape is transformed into slit 
light of arcuate shape after passage through the prism, it uses 
an approximation that the angle v of each light ray With 
respect to the primary section is small. This approximation 
corresponds to that the length of the oblong-shaped slit light 
in its lengthWise direction is suf?ciently small. HoWever, the 
required length of the oblong-shape slit in its lengthWise 
direction is large beyond this approximation range. 

[0072] An effective measure for solving these problems 
may be using at least tWo arcuate-shaped slit lights and 
combining them With respect to the direction of deviation 
angle to produce slit light of desired arcuate shape. More 
speci?cally, Without directly transforming one slit light of 
oblong shape into one slit light of arcuate shape, arches each 
being smaller than a desired arch are ?rst produced and, 
based on it, they may be combined With each other. By this, 
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an arch of a desired size can be produced. This is particularly 
effective to the problems discussed at items (A-2), (A-3) and 
(A-4). 
[0073] Another effective measure may be producing a 
Wavelength distribution in the lengthwise direction of the 
oblong-shaped slit light. This is to apply inverse dispersion 
to the oblong shape before transformation While taking into 
account the dispersion of the arch by the prism, to thereby 
achieve correct formation of the arch. This can be easily 
accomplished by using the same prism as that for the arch 
transformation. Thus, the problem at item (A-1) can be 
solved. 

[0074] As a further effective measure for the problem at 
item (A-2), a luminance distribution may be provided in an 
oblong shaped slit light. Basically, the transformation of slit 
light through the prism from the oblong shape to the arcuate 
shape is based on one-to-one imaging. HoWever, due to tWo 
kinds of in?uences, that is, a difference in angular magni 
?cation dependent upon the incidence angle at the prism 
along its primary section, and a difference in apparent 
refractive indeX in relation to the incidence With an angle 
With respect to the primary section, the magni?cation differs 
With the location. As a result of it, apparently, the illumi 
nance decreases more With closer to the end portion. HoW 
ever, the uniformness of illuminance distribution on the arch 
can be held if a luminance distribution is provided Within the 
oblong shape to cancel it. As regards such luminance dis 
tribution to be provided Within the oblong shape, in a case 
Where the opening angle of the arch is small, a distribution 
Which changes monotonously only in the WidthWise direc 
tion may be applied. Generally, hoWever, a distribution 
increasing from the center toWard the edge, also With respect 
to the lengthWise direction, should be provided. 
[0075] If all the problems discussed at items (A-1) to 
(A-4) should be solved at once, the solutions described 
above may be applied together. Next, an embodiment by 
Which at least one of the problems at items (A-1) to (A-4) 
can be solved, Will be described. 

[0076] FIG. 6 is a schematic vieW of a main portion of an 
arcuate illumination optical system according to a second 
embodiment of the present invention. Denoted in the draW 
ing at 100 is an arch transforming optical system such as 
described With reference to FIGS. 1 and 3, or an arch 
transforming optical system to be described later. It func 
tions to emit slit light of arcuate shape. 

[0077] Denoted at 101 is a light beam (slit light) of arcuate 
shape, as de?ned by the arch transforming optical system 
100 having a prism element. Denoted at 102 is a re?ection 
mirror, and denoted at 103 is a semi-transparent mirror 
having an intensity transmission factor of Z/3. Denoted at 104 
is a semitransparent mirror having an intensity transmission 
factor of 1/2. Denoted at 105 is another re?ection mirror. 
Denoted at 106 and 107 are image rotators, and denoted at 
108 and 109 are adjusting optical systems for adjusting the 
position of an arch. Denoted at 110, 111 and 112 are slit 
lights of arcuate shape, being formed by this optical system. 
Denoted at 11113 is an illumination region (slit light beam) 
of arcuate shape as desired, Which can be produced by 
combining the arches of the arcuate slit lights 110, 111 and 
112 in respect to the deviation angle direction. 

[0078] Here, the arcuate shaped slight light 101 is made 
smaller than the desired arcuate illumination region 113, in 
respect to the direction of the arch. 
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[0079] In this embodiment, one arcuate slit light 113 is 
formed on the basis of three (or plural) arcuate slit lights. 
Thus, the opening angle of of the arch of the slit light 101 
is one-third of the slit light 113. HoWever, the number of 
arches to be used to provide the Whole arch may be changed 
as desired. 

[0080] As the slit light 101 impinges on the semitranspar 
ent mirror 103, one-third of the intensity is re?ected While 
the remaining tWo-third is transmitted therethrough. The 
transmitted slit light With the intensity of tWo-third is then 
separated into tWo slit lights of arcuate shape, by the 
semi-transparent mirror 104 With Which the intensity can be 
divided equally through transmission and re?ection. In this 
manner, the light is divided into three slit lights of arcuate 
shape having the same intensities. Subsequently, tWo of the 
three are rotated by the image rotator 106 or 107. The 
rotational angle to be applied here corresponds to a half of 
the opening angle of the original arch. 

[0081] Thereafter, the thus rotated arcuate shaped slit 
lights 110 and 112 pass through the optical systems 108 and 
109, respectively, by Which they are aligned to be combined 
With the non-rotated arcuate slit light 111 into a single arch. 
Then, they are imaged to provide a desired slit light 112 of 
desired arcuate shape. 

[0082] While the optical arrangement of this embodiment 
functions to produce a plurality of arcuate slit lights of small 
opening angle, With this arrangement the length of the 
original slit light of oblong shape in the lengthWise direction 
can be shortened, When a slit light of desired arcuate shape 
is to be produced. The problems attributable to this and 
discussed at items (A-2)-(A-3), can be solved. 

[0083] In this embodiment, the elements at 102-105 are 
components of the dividing means, and the elements at 
106-109 are components of the arch combining means. 

[0084] FIG. 7 is a schematic vieW of a main portion of an 
arch transforming optical system of an arcuate illumination 
optical system according to a third embodiment of the 
present invention. Denoted in the draWing at 121 is slit light 
of oblong shape. While not shoWn in the draWing, the beam 
shape thereof is formed by means of an optical system 
similar to the beam shape changing optical system having 
been described With reference to FIG. 2. Denoted at 122 is 
a prism element (prism). Denoted 123, 124 and 125 are slit 
lights of oblong shape, having been dispersed into Wave 
lengths of i-line, h-line and g-line, respectively, by means of 
the prism element 122. Denoted at 126 is a condenser lens, 
and denoted at 127 is another prism element (prism). 
Denoted at 128 is another condenser lens, and denoted at 
129 is a slit like illumination region (slit light beam) of 
arcuate shape. 

[0085] The prism 127 is a prism element for transforming 
slit light of oblong shape into slit light of arcuate shape. 
There is another prism (prism 122) used in the arcuate 
illumination optical system of this embodiment, for correc 
tion of dispersion by the prism 127. The light from the slit 
light beam 121 of oblong shape is directly incident on the 
prism 122 Without passage through any condenser lens. As 
a result of it, the light is not formed into an arcuate shape but, 
rather, it emerges While being kept as slit light of oblong 
shape. 
[0086] HoWever, When the slit light beam of oblong shape 
comprises light having three Wavelengths of g-line, h-line 



US 2002/0015142 A1 

and i-line, the light to be emitted from the prism element 122 
is dispersed into lights such as at 123, 124 and 125. 

[0087] Under the state being so dispersed, the light goes 
through the condenser lens 126 and enters the arch trans 
formation prism element 127. The light emitted therefrom is 
collected by a condenser lens 128, by Which slit light 129 of 
arcuate shape, free from color dispersion, can be provided. 
In the manner described above, the prism 122 is used to 
provide light having been de?ected in an opposite direction 
as the de?ection direction of the prism 127, and then the 
light is projected upon the arch transformation prism 127. As 
a result of it, the dispersion produced by the prism 127 is 
corrected. 

[0088] FIG. 8 is a schematic vieW of a main portion of an 
arch transforming optical system of an arcuate illumination 
optical system according to a fourth embodiment of the 
present invention. Denoted in the draWing at 131 is slit light 
of oblong shape. Like the embodiment of FIG. 7, the beam 
shape thereof is formed by means of a beam shape changing 
optical system (not shoWn). Denoted at 132 is a condenser 
lens, and denoted at 133 is a prism element for transforming 
slit light of oblong shape into slit light of arcuate shape. 
Denoted at 134 is another condenser lens. Denoted 135, 136 
and 137 are slit lights of arcuate shape, having been dis 
persed into Wavelengths of i-line, h-line and g-line, respec 
tively, by means of the prism element 133. Denoted at 138 
is another prism element for transforming the color dis 
persed slit lights 135, 135 and 137 of arcuate shape into a 
substantially integral slit light 139 of arcuate shape. Denoted 
at 139 is a slit-like illumination region (slit light beam) of 
arcuate shape. 

[0089] Here, the prism element 138 has substantially the 
same shape as the prism element 133. It functions so that, 
When light rays from the slit lights 135, 136 and 137 of 
arcuate shape having been dispersed by the prism element 
133 are incident thereon Without passage through any con 
denser lens, the lights are de?ected in an opposite direction 
as by the prism 133 and color dispersion inversive to that by 
the prism 133 is applied to them, such that the arches can be 
combined With each other at the same position. 

[0090] Where the slit light beam of oblong shape com 
prises light having three Wavelengths of g-line, h-line and 
i-line, the light to be emitted from the prism element 133 is 
dispersed into lights such as at 135, 136 and 137. Under the 
state being so dispersed, the light enters the prism element 
138, Whereby slit light 139 of arcuate shape, free from color 
dispersion, can be provided. 

[0091] FIG. 9 is a schematic vieW for explaining an 
arcuate illumination optical system according to a ?fth 
embodiment of the present invention. 

[0092] If there is a luminance distribution upon a slit 141 
of oblong shape, Which is made uniform in its WidthWise 
direction at 141-1 and in its lengthWise direction at 141-2, as 
shoWn in the portion (A) of FIG. 9, due to the difference in 
angular magni?cation caused by the prism element used for 
arch transformation, there is produced an illuminance dis 
tribution upon an arch 142, Which is not uniform in the 
radius direction at 142-1 and in the deviation angle direction 
at 142-2, as shoWn in the portion (B) of FIG. 9. 

[0093] On the other hand, since the difference in angular 
magni?cation can be determined by calculation, the arcuate 
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illumination optical system of this embodiment is provided 
With optical means Which serves to apply a luminance 
distribution upon a slit 143 of oblong shape, beforehand, 
With a distribution at 143-1 in the WidthWise direction and at 
143-2 in the lengthWise direction as shoWn in the portion (C) 
of FIG. 9, so as to cancel the effect of angular magni?cation 
difference. 

[0094] With this arrangement, a substantially uniform 
illuminance distribution With a distribution at 144-1 in the 
radius direction and at 144-2 in the deviation angle direction, 
as illustrated, is produced. Here, While the luminance dis 
tribution shoWn in the portion (C) of FIG. 9 has distributions 
both in the lengthWise direction and the WidthWise direction 
of the oblong shape, if the length in the lengthWise direction 
is short, only the luminance distribution in the WidthWise 
direction may be sufficient to meet it. 

[0095] The luminance distribution adjustment described 
above can be applied to any other embodiments described 
above in this speci?cation. 

[0096] FIG. 10 is a schematic vieW of an exposure appa 
ratus into Which an arcuate illumination optical system With 
luminance distribution adjusting means, such as described 
above, is incorporated. Denoted in the draWing at 150 is an 
excimer laser light source, and denoted at 151 is a beam 
shape changing optical system. The beam shape changing 
optical system 151 may comprise a cylindrical lens, a toric 
lens, an anamorphic lens or an optical pipe of slit-like shape, 
for example, and it serves to transform the shape of output 
light from the laser light source 150 into slit-like light of 
oblong sectional shape, ef?ciently. Also, there is luminance 
distribution adjusting means Which may comprise a light 
quantity ?lter, for example, and thus the luminance distri 
bution Within the light beam is set so that the illuminance 
distribution on the arch is made uniform. 

[0097] The light outputted from the beam shape changing 
optical system 151 corresponds to the luminance distribution 
of the slit light of oblong shape shoWn in the portion (C) of 
FIG. 9. Denoted at 152 is an arch transforming optical 
system. It includes a portion 153 Where a prism element is 
provided, as shoWn in FIG. 1. Denoted at 154 is an arch 
combining optical system such as that shoWn in FIG. 6. It 
functions to transform the light from the light source 150 
into slit light of arcuate shape. Here, the arch transforming 
optical system 152 may comprise a structure such as the arch 
transforming optical system of the embodiment of FIG. 7 or 
8, having correcting means for correcting dispersion of a 
prism. 

[0098] Denoted at 155 is a correcting element for for 
correcting an arcuate illumination region as de?ned by the 
arch transforming optical system 152 in accordance With the 
need for practical illumination of a mask or a reticle. 
Speci?cally, it comprises a correction optical system Which 
functions so that the arch transforming optical system 152 is 
kept telecentric. Denoted at 156 is an arcuate slit having an 
arcuate opening, for extracting a predetermined siZe from 
the portion being illuminated in arcuate shape. The Width of 
the arcuate slit 156 in a radial direction is variable, such that 
the uniformness of illuminance during the scan can be 
adjusted. 

[0099] An optical system denoted at 157 and 158 is a relay 
optical system for imaging the arcuate slit 156. By means of 
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this relay optical system at 157 and 158, the arcuate slit 156 
is imaged upon a mark or a reticle (object) 159 having a 
pattern, formed thereon, to be transferred to a predetermined 
plane. Thus, the object 159 is illuminated With the light from 
the arcuate slit 156. 

[0100] The pattern on the object 159 thus illuminated is 
image upon a substrate or a Wafer 161 (Which is a Workpiece 
to be exposed) by means of the projection optical system 
160. When a laser is used as a light source, there is no 

necessity of correction of color dispersion of the prism 
element, since the laser light may be considered as mono 
chromatic light. 

[0101] If on the other hand a short arc lamp such as an 
ultra-high pressure Hg lamp or an xenon Hg lamp is used, 
color dispersion of the prism element should be corrected. In 
that occasion, the embodiment of FIG. 7 or 8 may be applied 
to the arch transforming optical system 152 of FIG. 10. 

[0102] In the embodiments of the present invention as 
described above, light from a light source is ?rst shaped into 
an oblong shape Which can be relatively easily de?ned by 
transformation, and thereafter, a prism element is used to 
transform the shape into an arcuate shape. With this arrange 
ment, various problems involved in incorporating a prism 
element into an illumination optical system can be solved. 
With the procedure described above, the light from the light 
source can be transformed into slit light of arcuate shape, 
With a good light utiliZation ef?ciency and at a high preci 
sion so that the system can be used in an exposure apparatus. 

[0103] In accordance With an embodiment of the present 
invention, relative alignment betWeen a reticle and a Wafer 
is performed by use of an exposure apparatus (scanning 
projection exposure apparatus) such as shoWn in FIG. 2, 4 
or 10, and thereafter, a pattern formed on the reticle surface 
is transferred to the Wafer surface by projection exposure. 
Subsequently, the Wafer is processed by a development 
treatment, Whereby devices are produced. 

[0104] With the arrangement of components as described 
above, these embodiments of the present invention have 
accomplished an arcuate illumination optical system by 
Which slit light of arcuate shape can be produced easily and 
With a good light utiliZation efficiency. 

[0105] As described, these embodiments accomplish an 
arcuate illumination optical system and an exposure appa 
ratus of proximity type, step-and-repeat type or step-and 
scan type, having such illumination optical system, by Which 
illumination in arcuate shape can be performed With use of 
an ordinary discharge tube such as an ultra-high pressure Hg 
lamp, for example, or a laser light source (and Without use 
of a special light source), With a good light utiliZation 
ef?ciency, While on the other hand a predetermined illumi 
nation condition can be satis?ed. 

[0106] An arcuate illumination system of good light uti 
liZation efficiency can be provided, in relation to a laser light 
source or a short arc type light source. Also, When it is 
incorporated into a projection exposure apparatus, an imag 
ing operation of good ef?ciency and good stability is 
assured. 
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[0107] Next, an embodiment of a semiconductor device 
manufacturing method Which uses an exposure apparatus 
according to any one of the preceding embodiments, Will be 
explained. 
[0108] FIG. 12 is a How chart of procedure for manufac 
ture of microdevices such as semiconductor chips (e.g. ICs 
or LSIs), liquid crystal panels, CCDs, for example. 

[0109] Step 1 is a design process for designing a circuit of 
a semiconductor device. Step 2 is a process for making a 
mask on the basis of the circuit pattern design. Step 3 is a 
process for preparing a Wafer by using a material such as 
silicon. Step 4 is a Wafer process (called a pre-process) 
Wherein, by using the so prepared mask and Wafer, circuits 
are practically formed on the Wafer through lithography. 
Step 5 subsequent to this is an assembling step (called a 
post-process) Wherein the Wafer having been processed by 
step 4 is formed into semiconductor chips. This step includes 
an assembling (dicing and bonding) process and a packaging 
(chip sealing) process. Step 6 is an inspection step Wherein 
operation check, durability check and so on for the semi 
conductor devices provided by step 5, are carried out. With 
these processes, semiconductor devices are completed and 
they are shipped (step 7). 

[0110] 
process. 

FIG. 13 is a How chart shoWing details of the Wafer 

[0111] Step 11 is an oxidation process for oxidiZing the 
surface of a Wafer. Step 12 is a CVD process for forming an 
insulating ?lm on the Wafer surface. Step 13 is an electrode 
forming process for forming electrodes upon the Wafer by 
vapor deposition. Step 14 is an ion implanting process for 
implanting ions to the Wafer. Step 15 is a resist process for 
applying a resist (photosensitive material) to the Wafer. Step 
16 is an exposure process for printing, by exposure, the 
circuit pattern of the mask on the Wafer through the exposure 
apparatus described above. Step 17 is a developing process 
for developing the exposed Wafer. Step 18 is an etching 
process for removing portions other than the developed 
resist image. Step 19 is a resist separation process for 
separating the resist material remaining on the Wafer after 
being subjected circuit patterns are superposedly formed on 
the Wafer. 

[0112] With these processes, high density microdevices 
can be manufactured. 

[0113] While the invention has been described With ref 
erence to the structures disclosed herein, it is not con?ned to 
the details set forth and this application is intended to cover 
such modi?cations or changes as may come Within the 
purposes of the improvements or the scope of the folloWing 
claims. 

What is claimed is: 
1. An illumination optical system, comprising: 
a ?rst beam shape changing optical system for transform 

ing a light, supplied from a light source, into a slit-like 
light of oblong shape; and 

a second beam shape changing optical system for trans 
forming the slit-like light of oblong shape into a 
slit-like light of arcuate shape, said second beam shape 
changing optical system having a prism element; 
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wherein said illumination optical system can be used to 
illuminate a surface, to be illuminated, With use of the 
slit-like light of arcuate shape. 

2. An illumination optical system according to claim 1, 
further comprising dividing means for dividing the slit-like 
light of arcuate shape into plural slit-like lights of arcuate 
shape, and combining means for combining the plural slit 
like lights of arcuate shape along a circumferential direction 
to provide a second slit-like light of arcuate shape being 
longer, in the circumferential direction, than the ?rst-men 
tioned slit-like light of arcuate shape. 

3. An illumination optical system according to claim 1, 
Wherein said second beam shape changing optical system 
includes correcting means for correcting dispersion of the 
prism element. 

4. An illumination optical system according to claim 3, 
Wherein said correcting means comprises a diffractive ele 
ment. 

5. An illumination optical system according to claim 3, 
Wherein said correcting means comprises a prism element of 
the same shape as said prism element. 

6. An illumination optical system according to claim 1, 
further comprising luminance distribution adjusting means 
for adjusting a luminance distribution of the slit-like light of 
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oblong shape so that an illuminance distribution of the 
slit-like light of arcuate shape becomes substantially uni 
form. 

7. An exposure apparatus, comprising: 

an illumination optical system as recited in any one of 
claims 1-6, for illuminating a mask having a pattern 
formed thereon; and 

a projection optical system for projecting the pattern of 
the mask onto a Wafer. 

8. An apparatus according to claim 7, further comprising 
scanning means for scanning the mask and the Wafer during 
an eXposure process, in a WidthWise direction of the slit-like 
light of actuate shape. 

9. A device manufacturing method, comprising the steps 
of: 

applying a resist to a Wafer; 

eXposing the Wafer having the resist applied thereto, With 
a pattern of a mask by use of an exposure apparatus as 
recited in claim 7; and 

developing the Wafer having the pattern transferred 
thereto. 


