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[57) ABSTRACT

A device for providing an illumination of an object
includes first and second optical integrators disposed on
an optical axis in spaced-apart relationship. Light rays
emitted from a point light source formed by an elliptical
reflector mirror having a light-emitting source are inci-
dent on the first optical integrator, which forms a plu-
rality of secondary images of the point light source. The
second optical integrator receives luminous fluxes emit-
ted from the secondary light source images to form a
multiplicity of secondary images of the secondary light
source images formed by the first optical integrator.
Luminous fluxes from the secondary images formed by
the second optical integrator are superimposed by a
condenser lens on the object for illuminating the latter
with light beams of uniform intensity.

16 Claims, 2 Drawing Sheets
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LIGHT ILLUMINATION DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

This is a continuation of application No. 07/823,873
filed Jan. 28, 1986, abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a hght illumination
device for illuminating an object with light rays uniform
in intensity, and more particularly to a light illumination
system suitable for use in an exposure device for fabri-
cating semiconductor devices such as ICs.

2. Description of the Prior Art

Exposure devices for transferring integrated-circuit
patterns on reticles or photomasks onto substrates need
a light illumination device for providing an illumination
by light rays having a flat or uniform intensity distribu-
tion in order to project an image of the fine circuit
patterns onto a substrate with a higher resolution.

One such light illumination device is known from
U.S. Pat. No. 3,296,923 issued on Jan. 10, 1967 to J. R.
Miles.

The light illumination device as described in the
above-mentioned U.S. Patent has a collimating lens for
collimating a luminous flux or light beam from an ellip-
tical reflector mirror, first and second lenticular lenses
for forming a plurality of secondary light sources from
the luminous flux from the collimating lens, and a large
aperture condenser lens disposed between the lenticular
lenses and a substrate. This prior art light tllumination
device is capable of correcting luminous flux having an
annular intensity distribution pattern weaker in the vi-
cinity of the optical axis and stronger at the peripheral
edge in the opening of the elliptical mirror, into lumi-
nous flux having a substantially flat intensity distribu-
tion on an object surface disposed behind the condenser
lens. With the conventional device, however, the lumi-
nous flux of flat intensity distribution is available only
on a plane corresponding to the object surface, and the
annular intensity distribution pattern is left unremoved
anywhere behind the condenser lens except for the
object surface. This is because the luminous flux per se
emitted from the first and second lenticular lenses have
such an intensity distribution pattern.

For providing an illumination of the object with lumi-
nous flux rom the known device, it is necessary to posi-
tion the object extremely critically along the optical
axis so as to attain a desired flat intensity distribution
pattern on the object. Where the conventional system is
employed, for example, as a light projection system for
projecting an image of the object onto a projection
surface with a projection lens, there is provided a flat
intensity distribution pattern on focal points of the pro-
jection lens, that is, the object surface and the projec-
tion surface. However, an annular intensity pattern 1s
produced at other planes, in particular, the pupil plane
of the projection lens. As a result, the light projection
system suffers from various difficulties such as a reduc-
tion in the resolving power of the projection lens, a
reduction in the depth of focus thereof, and the like.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
light illumination device for illuminating an object with
luminous flux having a uniform intensity distribution,
the light illumination device being particularly capable
of providing an illumination of substantially uniform
intensity in the vicinity of an object surface.

Another object of the present invention is to provide
a light illumination device for emitting luminous flux
having a substantially uniform intensity distribution
anywhere in the path of illumination.

A light illumination device according to the present
invention has a plurality of optical means for separating
incident light beams into a multiplicity of luminous
fluxes. Each of the optical means is a functional equiva-
lent of a pair of the first and second lenticular lenses
described above. The plurality of optical means are
arranged in series on the optical axis between an ellipti-
cal mirror and an object. The first optical means re-
ceives light beams emitted from a point light source
formed by the elliptical mirror and forms secondary
light source images. The second optical means receives
luminous fluxes from the secondary light source images
formed by the first optical means and forms secondary
images of the secondary light source images.

The above and other objects, features and advantages
of the present invention will become more apparent
from the following description when taken in conjunc-
tion with the accompanying drawings in which pre-
ferred embodiments of the present invention are shown
by way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic plan view of a projection
exposure system having a light illumination device ac-
cording to an embodiment of the present invention;

FIG. 1B is a graph showing light intensity distribu-
tions in various positions on an optical axis of the system
shown in FIG. 1A; :

FIG. 2 is a perspective view of an element lens of an
optical integrator;

FIG. 3 is a perspective view of a modified element
lens of the optical integrator;

FIG. 4 is a perspective view of fly-eye lenses; and

FIG. 8 is a schematic plan view of a contact or prox-
imity type exposure system incorporating a light ilumi.
nation device according to an embodiment of the pres-
ent invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1A illustrates the arrangement of optical mem-
bers of a reduced-projection exposure system for print-
ing on a wafer an reduced image of a circuit pattern
drawn on a photomask or reticle. A light-emitting tube
1 has a light source 1a of high brightness energy dis-
posed in the vicinity of a first focal point of an elliptical
reflector mirror 2. An image P of the light source 1a is
focused by the elliptical reflector mirror 2 at a position
near a second focal point of the mirror 2, the image P
serving substantially as a point light source. A collima-
tor lens 3 is positioned with its front focal point at the
light source image P for collimating luminous flux from
the image P. A first optical integrator 4 is disposed in
the collimated luminous flux for separating the latter
into a multiplicity of luminous fluxes, so that a plurality
of secondary light source images are formed on the exit
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side of the optical integrator 4. The luminous fluxes
leaving the optical integrator 4 pass through an output
lens § and enter a second optical integrator 7 located
between an input lens 6 and an output lens 8.

Each of the optical integrators 4, 7 is composed of a
number of lens elements each comprising an optical
glass block 101 in the form of a hexagonal prism as
shown in FIG. 2. The glass block 101 has front and rear
end faces 101a, 101b formed as convex lenses. The lens
elements in each optical integrator are assembled into a
honeycomb configuration.

The transverse cross-sectional shape of each lens
element may be selected to meet a particular application
of the light illumination device. For example, where the
region to be illuminated is of a rectangular shape, it is
preferable to employ a lens element 102 in the form of a
quadrangular prism as shown in FIG. 3. The lens ele-
ment 102 includes front and rear convex lenses 102a,
102b.

Each of the optical integrators 4, 7 may be composed
of an lens element 103 having a pair of front and rear
fly-eye lenses 103a 103b spaced a preset interval from
each other as illustrated in FIG. 4. Each of the fly-eye
lenses comprises a flat sheet of glass having on one
surface a multiplicity of small lenses formed by press-
ing.

The front lenses 101a, 102a, 103a and the rear lenses
101b, 102b, 103b of the lens elements 101, 102, 103,
respectively, have substantially equal refractive pow-
ers. The front and rear lenses are spaced apart from
each other by an interval equal to the rear focal length
of the front lenses and also to the front focal length of
the rear lenses. Therefore, the front lenses 4a of the
optical integrator 4 serve to form the light source image
P on the exit surfaces of the corresponding rear lenses
4b of the optical integrator 4. The lens 3 can form the
light source image P on the optical axes of the rear
lenses 4b. The rear lenses 4b serve to form the images of
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the image of the circuit pattern of the reticle R on a
wafer W.

For irradiating the object or reticle R efficiently with
luminous fluxes from the light source image P, the two
optical integrators should be shaped and arranged in
tandem or series on to meet the following conditions:

Let the overall aperture of the first optical integrator
4 be indicated by R}, the overall aperture of the second
optical integrator 7 by Rj, the aperture of each lens
element of the first optical integrator 4 by d;, and the
aperture of each lens element of the second optical
integrator 7 by d;. The entrance surfaces of the optical
integrators should be in mutually conjugate relation-
ship, and the image magnification ) of the rear lenses

15 4b should meet the relationship 81=R2/d;. The exit
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the front lenses 4a on the entrance surface of the second 4

optical integrator 7. The entrance surfaces of the optical
integrators 4, 7 are in conjugate relationship. The lens 8
has a power to position its rear focal point on the en-
trance surface of the second optical integrator 7.

The front lenses 7a of the second optical integrator 7
are capable of forming the image of the exit surface of
the first optical integrator 4 on the exit surfaces of the
rear lenses 7b. Accordingly, the exit surfaces of the
optical integrators 4, 7 are in conjugate relationship.
The input lens 6 serves to form the image of the exit
surface of the optical integrator 4 formed on the exit
surfaces of the rear lenses 7b, on the optical axes of the
rear lenses 7b. The rear lenses 7b have powers and radii
of curvature selected to form the images of the entrance
surfaces of the corresponding front lenses 7a on a reticle
R through a large aperture condenser lens 9. By arrang-
ing the output lens 8 and the large aperture condenser
lens 9 so that a rear focal point of the combined system
of the lenses 8, 9 is placed on the pattern surface of the
reticle R, a multiplicity of luminous fluxed leaving the
second optical integrator 7 are all superimposed on the
reticle R.

Provision of the output lens 8 is effective in reducing
the aperture of the condenser lens 9 and shortening the
distance from the collimator lens 3 to the reticle R. The
condenser lens 9 is positioned to form the image of the
exit surface of the second optical integrator 7 on a pupil
10a of a projection lens 10. The projection lens 10 forms
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surfaces of the optical integrators should be in mutually
conjugate relationship, and the image magnification 8>
of the front lenses Ta should meet the relationship
B2=d2/R;. Where each optical integrator is composed
of lens elements of equal shape, the two optical integra-
tors should be arranged to satisfy the relationship
B1-B2=1.

Light intensity distributions 1n the light path of the
optical system shown in FIG. 1A will be explained.

FI1G. 1B is illustrative of such light intensity distribu-
tions at the aperture plane A of the elliptical mirror 2, at
the second focal point plane B, at the entrance and exit
surfaces C, D of the first integrator 4, at the entrance
and exit surfaces E, F of the second optical integrator 7,
at the pattern surface G of the reticle R, at the pupil
plane H of the projection lens 10, and at the surface I of
the wafer W. Since the elliptical mirror 2 has a central
opening for the installation of the light-emitting tube 1,
the intensity distribution a at the plane A is of an annular
pattern such that the intensity is weaker 1n the vicinity
of the optical axis 1 and stronger at the peripheral edge.
The plane B has an intensity distribution b having a
sharp peak on the optical axis because of the light
source image P formed by the elliptical mirror 2. The
intensity distribution c at the surface C is of an annular
pattern with a lower intensity in the vicinity of the
optical axis 1, the intensity being greater than that of the
intensity distribution pattern at the surface A.

Reduced images of the plane B are formed at the rear
ends of the lens elements of the optical integrator 4. The
surface D has a light intensity distribution d of an annu-
lar pattern which is the product of the intensity distribu-
tion at the surface C and the light intensities at the ele-
ment lenses.

The surface E has a flat intensity distribution pattern
e as the multiple secondary light source images formed
on the surface D are all superimposed at the surface E.
Reduced images of the surface D are formed on the
surface F, that is, secondary light source images of the
secondary light sources are formed on the surface F.
Therefore, as many reduced images are formed on the
surface F as there are clement lenses, and the intensity
pattern f at the surface F is generally flat, not annular as
is the intensity pattern d at the surface D, though the
pattern f includes small intensity variations. The surface
G of the reticle R has an intensity distribution g of a flat
pattern since all of luminous fluxes from the lens ele-
ments of the second optical integrator 7 are superim-
posed on the reticle R. The plane H, which is in conju-
gate relationship with the surface F, has an intensity
distribution h similar to the intensity distribution f. The
intensity distribution i at the surface I is of a flat pattern
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as it is similar to the intensity distribution g at the sur-
face G.

As described above, the optical integrators serve to
break up uneven light rays incident thereon into as
many luminous fluxes as there are lens elements thereof
to generate a multiplicity of secondary light sources
immediately behind the optical integrators. Luminous
fluxes emitted from these secondary light sources are
superimposed on the surface illuminated. The second-
ary light sources have orientation charactenstics that
are small divisions of the orientation characternstics of
the original light source. The divided orientation char-
acteristics are each comparatively uniform, and will be
superimposed so that their irregularities can be can-
celled out. Therefore, the intensity distribution at the
irradiated surface is rendered uniform. If the orientation
characteristics of the original light source remain the
same, the intensity uniformity at the illuminated surface
becomes better as the number of the secondary light
sources increase. Assuming that the number of the lens
elements of the first optical integrator 4 is nj, and the
number of the lens elements of the second optical inte-
grator 4 is nz, the light source image P at the second
focal point of the elliptical mirror 2 is duplicated into n;
light source images at the exit surface of the first optical
integrator 4. Since the image of the surface D 1s pro-
jected in n2 duplicates onto the exit surface F of the
second optical integrator 7, a total of n; X nz secondary
light source images of the light source image P are
formed on the surface F. The increased number of the
secondary light source images on the surface F makes
the light intensity uniform thereon as a whole. This
uniform intensity is equivalent to that which would be
given by an optical integrator having njXnz lens ele-
ments. The secondary light source images on the exit
surface of each optical integrator may not necessarily be
formed on the surfaces of the lens elements, but may be
generated on positions spaced from the lens element
surfaces in view of flaws and dust on such surfaces.

With the embodiment of the present invention, not
only the reticle R and the wafer W are uniformly illumi-
nated, but also the exit plane 10z of the projection lens
10 has a uniform intensity distribution pattern. As a
result, the resolving power of a projected image is in-
creased, and the projection lens 10 has an increased
depth of focus.

FI1G. 5 shows a contact or proximity type exposure
system incorporating a light illumination device of the
present invention. The exposure system has optical
elements 1 through 8 which are the same as those hav-
ing the same reference numbers in FIG. 1A. The expo-
sure system of the type described is required to irradiate
a photomask M and a wafer W with parallel luminous
fluxes. To this end, the exposure system includes a con-
denser lens 11 for collimating light rays from the exit
surface of the second optical integrator 7, that is, ight
rays emitted from the multiple secondary light source
images formed on the surface F. The images of the
entrance surfaces E of the front lenses 7a of the lens
elements of the second optical integrator 7 are all super-
imposed on the photomask M and the wafer W. Ac-
cordingly, the photomask M is irradiated with highly
uniform, paralle] luminous fluxes.

With this embodiment, the exit surface of the second
integrator 7 has a uniform intensity distribution for a
uniform illumination of the photomask M and the wafter
W and a uniform angular spread of illuminating light
rays. As a consequence, ringing due to the Fresnel dif-
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fraction can be removed, and blurred images can be
smoothed.

Three or more optical integrators may be employed.
For an efficient illumination of an object, adjacent ones
of such optical integrators should be arranged so that
the entrance surfaces will be mutual conjugates and also
the exit surfaces will be mutual conjugates with the
magnifications selected as described above.

Although certain preferred embodiments have been
shown and described, it should be understood that
many changes and modifications may be made therein
without departing from the scope of the appended
claims.

What is claimed is:

1. A device for uniformly illuminating an object com-
prising:

(a) means for providing a light source;

(b) first optical means disposed to intersect across
light energy emitted from said light source, said
first optical means including a first multiplicity of
lens elements for forming a multiplicity of images
of said light source on a first focal plane and a
second multiplicity of lens elements disposed in the
vicinity of said first focal plane and corresponding
respectively to said first multiplicity of lens ele-
ments for forming an image of said first multiplicity
of lens elements on a second focal plane;

(c) second optical means disposed (o intersect
across light energy emitted from said first optical
means, said second optical means including a third
multiplicity of lens elements disposed in the vicin-
ity of said second focal plane for forming a multi-
plicity of images of said second multiplicity of lens
elements on a third focal plane and a fourth multi-
plicity of lens elements disposed in the vicinity of
said third focal plane and corresponding respec-
tively to said third multiplicity of lens elements;
and

(d) third optical means for superimposing light en-
ergy emitted from said second optical means on
said object.

2. A device according to claim 1, wherein said first
optical means includes collimator means disposed be-
tween said light source and said first multiplicity of lens
elements for converting the light energy from said light
source into collimated light energy.

3. A device according to claim 1, wherein said third
optical means includes condenser lens means, said
fourth multiplicity of lens elements cooperating with
said condenser lens means to form an image of said third
multiplicity of lens elements on said object.

4. A device for projecting a pattern on a photomask
onto a base plate through a projecting optical system,
comprising:

(a) means for providing a light source;

(b) first optical means disposed to intersect across
light energy emitted from said light source, said
first optical means including a first multiplicity of
lens elements for forming a multiplicity of mmages
of said light source on a first focal plane and a
second multiplicity of lens elements disposed in the
vicinity of said first focal plane and corresponding
respectively to said first multiplicity of lens ele-
ments for forming an image of said first multiplicity
of lens elements on a second focal plane;

(c) second optical means disposed to intersect across
light energy emitted from said first optical means,
said second optical means including a third multi-
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plicity of lens elements disposed in the vicinity of

said second focal plane for forming a multiplicity
of images of said second multiplicity of lens ele-
ments on a third focal plane and a fourth multiplic-
ity of lens elements disposed in the vicinity of said
third focal plane and corresponding respectively to
said third multiplicity of lens elements; and

(d) third optical means disposed to intersect across
light energy emitted from said second optical
means, said third optical means forming an image
of said fourth multiplicity of lens elements on a
pupil of said projecting optical system.

§. A device for uniformly illuminating an object,

COmMPprising:

(a) means for providing a light source;

(b) collimator means for converting the light energy
from said light source into collimated light energy;

(c) first multiplicity of imaging lens elements and
second multiplicity of imaging lens elements dis-
posed in matrix form, respectively, adjacent to a
first plane and a second plane which intersects
perpendicular to said collimated light energy in
order, said second multiplicity of imaging lens
elements each corresponding to said first multiplic-
ity of imaging lens elements;

(d) third multiplicity of imaging lens elements and
fourth multiplicity of imaging lens elements dis-
posed in matrix form, respectively, adjacent to a
third plane and a fourth plane which intersect per-
pendicular to the light energy passing through said
first and second planes in order, said fourth multi-
plicity of imaging lens elements each correspond-
ing to said third multiplicity of imaging lens ele-
ments; and

(e) wherein said light source, said second plane, and
said fourth plane [and said object] are in optically
conjugate relation to one another and said first
plane and said third plane are in optically conjugate
relation to each other.

6. A device according to claim 5, wherein each of
said lens elements of said second multiplicity of imaging
lens elements has an image magnification 8; satisfying
the relationship 81=R3/di, and each of said lens ele-
ments of said third multiplicity of imaging lens elements
has an image magnification 3; satisfying the relationship
B2=d3/R|, where R is the aperture of the first and
second multiplicities of imaging lens elements, d; the
aperture of each of said lens elements of said first and
second multiplicities of imaging lens elements, R2 the
aperture of the third and fourth mulitiplicities of imaging
lens elements, and d; the aperture of each of said lens
elements of said third and fourth multiplicity of imaging
lens elements.

7. An illuminating apparatus for irradiating a surface,
said apparatus comprising:

illuminating means for forming a plurality of secondary
light sources;

multi-beam forming optical means for forming multiple
light beams from the radiant energy from said second-
ary light sources,
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collimating optical means for substantially collimating
the radiant energy from said secondary light sources
and directing the radiant energy to said multi-beam
forming optical means to be formed as multiple light
beams thereby; and

converging optical means for converging the radiant

energy as the multiple light beams from said multi-
beam forming optical means on the surface to be
irradiated.

8. An illuminating apparatus according to claim 7,
wherein said illuminating means comprises a light source,
a multi-beam forming optical element for forming multiple
light beams as said plurality of light sources, and converg-
ing optical element for converging the radiant energy from
said light source on said multi-beam forming optical ele-
ment.

9. An illuminating apparatus according to claim 8,
wherein said multi-beam forming optical element is a set of
lens arrays disposed at the focus positions thereof

10. An illuminating apparatus according to claim &,
wherein said multi-beam forming optical means is a set of
lens arrays disposed at the focus positions thereof, and
wherein in the direction of the optical axis of said appara-
tus, the forward one of said lens arrays is disposed substan-
tially on the rearward focal plane of said collimating opti-
cal means, and the rearward one of said lens arrays is
disposed substantially on the forward focal plane of said
converging optical means.

11. An illuminating apparatus according to claim &,
wherein said converging optical element comprises an ellip-
tical mirror.

12. An illuminating apparatus according to claim 7,
wherein said multi-beam forming optical means is a set of
lens arrays disposed at the focus positions thereof.

13, An illuminating apparatus for irradiating a surface,
said apparatus comprising:

a light source for producing light;

first multi-beam forming optical means for forming

multiple light beams;

first converging optical means for converging the light

produced by said light source on said first multi-beam
forming optical means to be formed into multiple light
beams thereby;

second multi-beam forming optical means for forming

multiple light beams;
lens means for converging the multiple light beams from
said first multi-beam forming optical means on said
second multi-beam forming optical means to be
formed into multiple light beams thereby; and

second converging optical means for converging the mul-
tiple light beams from said second multi-beam form-
ing optical means on the surface to be irradiated.

14. An illuminating apparatus according to claim 13,
wherein said surface to be irradiated is provided with a
mask.

15. An illuminating apparatus according to claim 13,
wherein said first multi-beam forming optical means is a
set of lens arrays disposed at the focus positions thereof.

16. An illuminating apparatus according to claim 13,
wherein said multi-beam forming optical means is a set of

lens arrays disposed at the focus positions thereof.
8 * %x X .
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