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(57) ABSTRACT

An apparatus which makes dark lines due to a central axis
of a cross dichroic prism sufficiently inconspicuous. In a
second lens array, minute lenses arranged on the same
column 1nclude three different types of minute lenses having
optical axes at different positions. Each row of the minute
lenses consists of one of the three types of minute lenses.
Partial light fluxes respectively passing through the minute
lenses have optical axes at different positions relative to a
center of a lighting area of a liquid-crystal light bulb, so as
to 1lluminate different illumination areas.
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PROJECTION DISPLAY AND
ILLUMINATING OPTICAL SYSTEM FOR IT

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

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a projection display
apparatus with colored light combining means and a lighting
optical system therefor.

2. Discussion of the Background

A cross dichroic prism 1s often used for projection display
apparatus that project a color 1mage on a projection screen.
For example, 1n a transmissive liquid-crystal projector, the
cross dichroic prism 1s ufilized as colored light combining
means that combines three colored rays of red, green, and
blue and emits the composite light in a common direction.
In a reflective liquid-crystal projector, the cross dichroic
prism 1s utilized as colored light separation means that
separated a beam of white light mto three colored rays of
red, green, and blue and also as colored light combining
means that recombines modulated three colored rays and
emits the composite light in a common direction. A known

example of the projection display apparatus with the cross
dichroic prism 1s disclosed 1n JAPANESE PATENT LAID-

OPEN GAZETTE No. 1-302385.

FIG. 17 conceptually 1llustrates a main part of a projection
display apparatus. The projection display apparatus includes
three liquid-crystal light valves 42, 44, and 46, a cross
dichroic prism 48, and a projection lens system 30. The cross
dichroic prism 48 combines three colored rays of red, green,
and blue modulated by the three liquid-crystal light valves
42,44, and 46 light and emaits the composite light toward the
projection lens system 350. The projection lens system 50
focuses the composite light on a projection screen 52.

FIG. 18 1s a partly decomposed perspective view 1illus-
trating the cross dichroic prism 48. The cross dichroic prism
48 1ncludes four right-angle prisms which are bonded to one
another via the respective right-angle surfaces by an optical
adhesive.

FIG. 19 shows a problem arising in the case of utilizing,
the cross dichroic prism 48. As shown in FIG. 19(A), the
cross dichroic prism 48 has a red light reflection film 60R
and a blue light reflection film 60B which are arranged 1n a
substantially X shape on an X-shaped interface formed by
the right-angle surfaces of the four right-angle prisms. There
1s an X-shaped layer of optical adhesive 62 formed in the
gaps between the four right-angle prisms. Both the reflection
films 60R and 60B accordingly have gaps at a central axis
48a of the cross dichroic prism 48.

When a light beam passing through the central axis 48a of
the cross dichroic prism 48 is projected on the projection
screen 52, a dark line due to the central axis 48a may be
formed in the projected image. FIG. 19(B) shows an
example of the dark line DL. The dark line DL represents a
relatively dark, linear area having a different color from that
of the other part and 1s formed substantially on the center of
the projected 1mage. It 1s considered that the dark line DL 1s
ascribed to scattering of rays and no-reflection of the red
light and blue light in the gaps of the retflection films in the
vicinity of the central axis 48a. A similar problem arises in
a cross dichroic mirror that includes two dichroic mirrors
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2

that are arranged 1n an X shape and respectively have
selective reflection films, such as a red reflection film and a
blue reflection film. In this case, a dark line due to a central
ax1s of the mirror 1s formed 1n a projected 1mage.

As described above, 1in the prior-art projection display
apparatus, a dark line 1s formed substantially on the center
of a projected 1mage because of the central axis of the cross
dichroic prism 48 or the cross dichroic mirror.

SUMMARY OF THE INVENTION

The object of the present mnvention 1s thus to solve the
above problem 1n the prior art and make a dark line due to
a central axis of an optical means inconspicuous, where the
optical means includes two dichroic films arranged substan-
tially 1n an X shape and may be a cross dichroic prism or a
cross dichroic mirror.

The principle for solving the problem 1s described first
with a concrete example shown in FIGS. 1 through 4. In the
drawings, z direction denotes the direction of the course of
light, x direction denotes the direction of 3 o’clock seen
from the direction of the course of light (the z direction), and
y direction denotes the direction of 12 o’clock. In the
description below, the x direction represents the direction of
rows and the y direction represents the direction of columns
for the matter of convenience. Although the description of
the principle 1s based on a concrete example for the better
understanding, the present mvention 1s not restricted to this
concrete structure 1n any sense.

In a projection display apparatus, a lighting optical system
with two lens arrays each including a plurality of small
lenses (hereinafter referred to as an integrator optical
system) as specified in W094/22042 is known as the tech-
nique for dividing light from a light source into a plurality
of partial light fluxes and thereby reducing an in-plane
unevenness of the illuminance of light.

FIG. 1 shows the principle of forming a dark line when an
integrator optical system 1s adopted 1n a projection display
apparatus with a cross dichroic prism. FIGS. 1(A-1) and
1(B-1) show light fluxes (shown by the solid lines) passing
through a plurality of small lenses 10 which are different in
position in the x direction, that 1s, a plurality of small lenses

10 existing 1n different columns, and traces of their central
optical axes (shown by the fine dotted lines). FIGS. 1(A-2)

and 1(B-2) show the positions of dark lines DLa and DLb
formed on a screen 7.

A light flux emitted from a light source (not shown) is
divided into a plurality of partial light fluxes by first and
second lens arrays 1 and 2 each including the plurality of
small lenses 10. The light fluxes passing through the respec-
tive small lenses 10 included 1n the first and the second lens
arrays 1 and 2 are converted to light fluxes parallel to the
respective central axes of the partial light fluxes by means of
a paralleling lens 15. The partial light fluxes passing through
the paralleling lens 15 are superposed on a liquid-crystal
light valve 3, so that a predetermined area 1s uniformly
illuminated with the superposed light fluxes. Although only
onc liquid-crystal light valve 3 1s shown in FIG. 1, the
principle of the integrator optical stem and the principle of
forming a dark line are also applicable to the her two
liquid-crystal light valves.

FIG. 2 15 a perspective view 1llustrating the appearance of
the first and the second lens arrays 1 and 2. Each of the first
and the second lens arrays 1 and 2 includes the small lenses
10 that respectively have a substantially rectangular outline
and are arranged in a matrix of M rows and N columns. In

this example, M=10 and N=8. FIG. 1(A-1) shows the trace
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of partial light fluxes passing through the small lenses 10 of
the second column, whereas FIG. 1(B-1) shows the trace of
partial light fluxes passing through the small lenses 10 of the
seventh column.

The lLight fluxes superposed on the liquid-crystal light
valve 3 are subjected to modulation responsive to 1mage
information 1n the liquid-crystal light valve 3 and enter a
cross dichroic prism 4. The light flux output from the cross
dichroic prism 4 1s projected on the screen 7 via a projection
lens system 6.

As shown by the rough dotted lines in FIGS. 1(A-1) and
1(B-1), light fluxes passing through a central axis § (along
the y direction in the drawing) of the cross dichroic prism 4
are projected at positions Pa and Pb on the screen 7. As
discussed previously in the prior art, scattering of the rays
and no-reflection of the light to be reflected in the gaps
between reflection films 1n the vicinity of the central axis 3
reduce the quantity of light passing through the vicinity of
the central axis §. As shown in FIGS. 1(A-2) and 1(B2), the
reduction causes dark lines DLLa and DLb, which have the
lower luminance than the areca around luminance on the
projection screen 7.

The dark line has the following relation to the first and the
second lens arrays 1 and 2. As clearly shown in FIG. 3(A),
which is a partial enlarged view of FIG. 1(A-1), the image
formed by the liquid-crystal light valve 3 1s inverted and
magnified by the projection lens system 6 and projected on
the projection screen 7. FIG. 3(B) is a cross sectional view
showing an x-y plane 1including the central axis 5 of the cross
dichroic prism 4. Referring to FIGS. 3(A) and 3(B), in case
that a partial light flux 1s cut by the x-y plane including the
central axis 5 of the cross dichroic prism 4, rl1 denotes a
distance from one end 11 of a cross section 8 of the partial
light flux to the central axis §, and r2 denotes a distance from
the other end 12 of the cross section 8 of the partial light flux
to the central axis 5. The 1image of the cross section 8 of the
partial light flux 1s inverted and magnified by the projection
lens system 6 and projected on the projection screen 7. A
ratio of a distance R2 from one end 13 of a projection areca
9 on the projection screen 7 to the dark line DLa to a distance
R1 from the other end of the projection area 9 to the dark line
DLa 1s accordingly equal to the ratio of r2 to rl. In other
words, the position where the dark line DLa 1s formed
depends upon the position where the cross section 8 of the
partial light flux exists relative to the central axis 5 1n the x-y

plane including the central axis 5 of the cross dichroic prism

4.

In the examples of FIGS. 1(A-1) and 1(B-1), the partial
light fluxes have cross sections at different positions 1n the
X-y plane including the central axis of the cross dichroic
prism 4. This means that the dark lines DLa and DLb are
formed at different positions. In a similar manner, the partial
light fluxes passing through the small lenses 10 existing in
the columns other than the second column and the seventh
column 1n the first and the second lens arrays 1 and 2 have
cross sections at different positions in the x-y plane includ-
ing the central axis § of the cross dichroic prism 4. A number
of dark lines corresponding to the number of columns
included 1n the first and the second lens arrays 1 and 2, N
dark lines 1n this example, are thus formed on the projection
screen 7.

The partial light fluxes passing through the M small lenses
arranged on the same column 1n the first and the second lens
arrays 1 and 2 form dark lines DLc at approximately the
same position on the projection screen 7 as shown 1 FIG.
4. Each of the N dark lines 1s formed by superposing the
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4

partial light fluxes passing through the M small lenses
arranged on the same column 1n the first and the second lens
arrays 1 and 2. The degree of darkness of each dark line 1s
substantially identical with the summation of the degree of
darkness of the dark lines formed by the respective small
lenses.

The above description leads to the following principles.
(First Principle)

The first principle 1s that the different positions of the
central axes of the partial light fluxes relative to the central
axis 5 of the cross dichroic prism 4 cause dark lines to be
formed at different positions. The partial light fluxes passing
through the different columns included 1n the first and the
second lens arrays 1 and 2 are different 1n position relative
to the central axis 5 of the cross dichroic prism 4 and thereby
form dark lines at different positions.

(Second Principle)

The second principle 1s that the different positions of the
cross sections of the partial light fluxes 1n the x-y plane
including the central axis § of the cross dichroic prism 4 are
ascribed to the difference 1n incident angles of the partial
light fluxes entering the cross dichroic prism 4 (see FIG. 1).
The partial light fluxes passing through the different col-
umns 1ncluded 1n the first and the second lens arrays 1 and
2 enter the cross dichroic prism 4 at different incident angles
and thereby have cross sections at different positions relative
to the central axis 5.

Namely different incident angles of the partial light fluxes
entering the cross dichroic prism 4 or different angles of the
partial light fluxes superposed on the liquid-crystal light
valve 3 cause dark lines to be formed at different positions.
(Conclusions)

As discussed previously, the partial light fluxes passing
through the M small lenses arranged on the same column in
the first and the second lens arrays 1 and 2 respectively form
dark lines at substantially the same position on the projec-
tion screen 7. The degree of darkness of each resulting dark
line 1s substantially equal to the summation of the degree of
darkness of the dark lines formed by the respective small
lenses. A desired arrangement accordingly causes dark lines
to be formed at different positions on the projection screen
7 by the respective partial light fluxes passing through the M
small lenses. Although increasing the total number of dark
lines, this arrangement decreases the degree of darkness per
cach dark line, thereby making each dark line sufficiently
inconspicuous. It 1s, however, not required to cause all the
dark lines to be formed at different positions by the respec-
tive partial light fluxes passing through the M small lenses.
One preferable application accordingly causes only part of
the dark lines to be formed at different positions.

Formation of dark lines at different positions 1s realized
according to either one of the first principle and the second
principle discussed above.

Based on the first principle, as for part of the partial light
fluxes passing through the M small lenses arranged on the
same column, the positions of the central axes of the partial
light fluxes relative to the central axis 5 of the cross dichroic
prism 4 should be changed from the others.

Based on the second principle, as for part of the partial
light fluxes passing through the M small lenses arranged on
the same column, the angles of the partial light fluxes
superposed on the liquid-crystal light valve 3 or the incident
angles of the partial light fluxes entering the cross dichroic
prism 4 should be changed from the others.

The present invention has solved the problem of the prior
art discussed previously according to the above principles.
The following describes the means for solving the problem
and 1ts functions and effects.
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(Means for Solving Problems and its Functions and Effects)

The present invention 1s directed to a lighting optical
system for emitting light for use 1n a projection display
apparatus comprising: colored light separation means which
separates the light into three colored rays; three light modu-
lation means which respectively modulate the three colored
rays based on given 1image signals; colored light combining
means which has two dichroic films arranged 1n an X shape
and a central axis corresponding to a position where the two
dichroic films cross each other, the colored light combining
means combining the three colored rays respectively modu-
lated by the three light modulation means to composite light
and outputting the composite light in a common direction;
and projection means which projects the composite light
output from the colored light combining means on a pro-
jection surface, the lighting optical system comprising: a
dividing and superposing optical system that divides a light
flux mto a plurality of partial light fluxes, which are arranged
in directions of columns and rows, and superposes the
plurality of partial light fluxes, the columns being substan-
fially parallel to the central axis of the colored light com-
bining means, the rows being substantially perpendicular to
the direction of columns, wherein the dividing and super-
posing optical system 1s constructed to shift, 1n the direction
of rows, an 1llumination area on each light modulation
means 1lluminated with part of the partial light fluxes among
the partial light fluxes on an 1dentical column from an
illumination area illuminated with the other partial light
fluxes among the partial light fluxes on the 1dentical column.

One partial light flux projects the central axis of the
colored light combining means on the projection surface and
forms a dark line corresponding to the cenftral axis. A
plurality of partial light fluxes arranged on one column
ogenerally project the central axis of the colored light com-
bining means at substantially the same position on the
projection surface and forms a dark line. In the above
arrangement, the illumination area on the light modulation
means 1lluminated with part of the partial light fluxes is
shifted from the 1llumination area 1lluminated with the other
partial light fluxes in the direction of rows (in the direction
virtually perpendicular to the direction of columns substan-
tially parallel to the central axis). Based on the first principle
discussed above, the position of the central optical paths of
the part of the partial light fluxes relative to the central axis
of the colored light combining means can be shifted from the
position of the central optical paths of the other partial light
fluxes. This causes the part of the partial light fluxes and the
other partial light fluxes to form dark lines at different
positions. This arrangement accordingly makes the dark
lines formed on a projected 1image sufliciently imnconspicu-
Ous.

In accordance with one preferable arrangement of the
lighting optical system, the dividing and superposing optical
system comprises: a first lens array having a plurality of
small lenses arranged 1n the directions of columns and rows;
and a second lens array having a plurality of small lenses
respectively arranged corresponding to the plurality of small
lenses of the first lens array, wherein, 1n the second lens
array, at least part of the small lenses among at least one
column of the small lenses arranged in the direction of
columns have optical centers different from optical centers
of the other small lenses 1n the at least one column.

In this preferable arrangement, among a plurality of small
lenses arranged at least on one column, part of the small
lenses, which part of the partial light fluxes pass through,
have optical centers at a different position from optical
centers of the other small lenses. This causes the optical
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paths of the part of the partial light fluxes to be shifted from
the optical paths of the other partial light fluxes. Based on
the first principle discussed above, this arrangement pre-
vents the plurality of partial light fluxes from projecting the
central axis of the colored light combining means at sub-
stantially the same position. This accordingly makes dark
lines formed on a projected 1image sufliciently 1nconspicu-
ous.

In the lighting optical system of this arrangement, it 1s
preferable that the part of the small lenses are eccentric
lenses having optical centers at a different position from the
position of the optical centers of the other small lenses, 1n
order to cause an 1llumination area on a lighting area by the
partial light fluxes passing through the part of the small
lenses to be shifted in the direction of rows from an
illumination area on the lighting area by the partial light
fluxes passing through the other small lenses.

This arrangement causes the optical paths of the partial
light fluxes passing through the part of the small lenses to be
shifted from the optical paths of the partial light fluxes
passing through the other small lenses. Based on the first
principle discussed above, this arrangement prevents the
plurality of partial light fluxes from projecting the central
ax1s of the colored light combining means at substantially
the same position. This accordingly makes dark lines formed
on a projected 1mage suificiently mconspicuous.

In the lighting optical system of the above arrangement,
it 1s preferable that a plurality of small lenses located on an
identical column are divided into a plurality of groups, small
lenses mncluded 1 an 1dentical group have optical centers at
an 1denftical position relative to a lens center, and small
lenses mncluded in different groups have optical centers at
different positions relative to the lens center.

In this arrangement, the respective groups have different
optical paths of the partial light fluxes passing through the
small lenses. Namely the respective groups form the dark
line corresponding to the projected central axis of the
colored light combining means at different positions and
prevents the central axis of the colored light combining
means from being projected at substantially the same posi-
tion.

It 1s further preferable that the plurality of small lenses
located on an 1dentical column are divided into the plurality
of groups so that a total quantity of light of the partial light
fluxes passing through each of the plurality of groups 1is
equal to each other.

The difference 1n total quantity of light of the partial light
fluxes passing through each group varies the degree of
darkness of the dark line corresponding to the central axis of
the colored light combining means projected by the partial
light fluxes passmg through the group. The object of the
present invention 1s to make these dark lines sufficiently
inconspicuous. The human’s eyes have relatively high dis-
criminating power based on the relative comparison, and the
difference 1n degree of darkness among the dark lines is
accordingly undesirable. The 1dentical total quantity of light
of the partial light fluxes passing through each group thus
equalizes the degree of darkness of the dark lines formed by
the partial light fluxes passing through the respective groups.

The plurality of groups may be at least two sections
divided 1n the direction of columns. This simple arrange-
ment prevents the central axis of the colored light combining
means from being projected at substantially the same posi-
fion.

In one preferable arrangement, the plurality of groups are
two sections divided in the direction of columns, optical
centers of a plurality of small lenses included 1n one of the
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two sections and optical centers of a plurality of small lenses
included 1n the other of the two sections are symmetrical
about the lens center.

In this arrangement, the other section includes the same
small lenses as those of one section, which are arranged
upside down. Namely the second lens array consists of only
one type of small lenses.

In the lighting optical system of any one of the above
arrangement, 1t 1s preferable that the plurality of small lenses
included 1n the second lens array have optical centers that
are arranged symmetrically about a center of the second lens
array corresponding to a center of an optical axis of a light
Source.

The light source used 1n the projection display apparatus
generally has the largest quantity of light on the center of the
optical axis, and the quantity of light decreases with an
increase 1n distance from the center of the optical axis. In
case that such a light source 1s used in the projection display
apparatus, the above preferable arrangement can equalize
the degree of darkness of all the plurality of dark lines
corresponding to the central axis of the colored light com-
bining means projected by the partial light fluxes passing,
through the plurality of small lenses included 1n the second
lens array.

In the lighting optical system of any one of the above
arrangement, 1n accordance with one application, the divid-
ing and superposing optical system further comprises: a
superposing lens which superposes and condenses a plural-
ity of partial light fluxes, which have passed through the
plurality of small lenses in the first lens array and the
plurality of small lenses 1n the second lens array, substan-
fially on an illuminating position of each light modulation
means; and a polarizing element interposed between the
second lens array and the superposing lens, wherein the
polarizing element comprises: a polarization beam splitter
array which has plural sets of a polarization separating film
and a reflecting film that are parallel to each other, the
polarization beam splitter array separating each of the plu-
rality of partial light fluxes passing through the plurality of
small lenses of the second lens array into two types of linear
polarized light components; and a polarizer which equalizes
polarizing directions of the two types of linear polarized
light components separated by the polarization beam splitter
array.

This arrangement converts the light including rays of
random polarized light to one type of polarized light and
thereby enhances the utilization efficiency of light.

The present invention 1s also directed to a projection
display apparatus comprising: a lighting optical system
which emits light; colored light separation means which
separates the light into three colored rays; three light modu-
lation means which respectively modulate the three colored
rays based on given 1image signals; colored light combining
means which has two dichroic films arranged 1n an X shape
and a central axis corresponding to a position where the two
dichroic films cross each other, the colored light combining
means combining the three colored rays respectively modu-
lated by the three light modulation means to composite light
and outputting the composite light in a common direction;
and projection means which projects the composite light
output from the colored light combining means on a pro-
jection surface, wherein the lighting optical system com-
prises a dividing and superposing optical system that divides
a light flux 1nto a plurality of partial light fluxes, which are
arranged 1n directions of columns and rows, and superposes
the plurality of partial light fluxes, the columns being
substantially parallel to the central axis of the colored light
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combining means, the rows being substantially perpendicu-
lar to the direction of columns, and wherein the dividing and
superposing optical system 1s constructed to shift, in the
direction of rows, an 1llumination area on each light modu-
lation means illuminated with part of the partial light fluxes
among the partial light fluxes located on a same column
from an 1llumination area i1lluminated with the other partial
light fluxes among the partial light fluxes located on the
identical column.

Like the respective lighting optical systems described
above, the projection display apparatus including any one of
the above lighting optical systems can make dark lines
formed on a projected image sufficiently inconspicuous.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the principle of forming a dark line when an
integrator optical system 1s adopted 1n a projection display
apparatus with a cross dichroic prism;

FIG. 2 15 a perspective view 1llustrating the appearance of
first and second lens arrays 1 and 2;

FIGS. 3(A) and 3(B) are a partial enlarged view of FIG.
1(A-1) and a cross sectional view showing an x-y plane
including a central axis 5 of a cross dichroic prism 4;

FIG. 4 conceptually shows the state 1n which the partial
light fluxes which have passed through small lenses
arranged on an N-th column 1n the two lens arrays 1 and 2
are projected on a projection screen 7;

FIG. 5§ 1s a plan view schematically illustrating a main part
of a projection display apparatus as a first embodiment
according to the present invention;

FIG. 6 1s a perspective view 1llustrating the appearance of
a first lens array 120;

FIGS. 7(A) and 7(B) show a second lens array 130 in the
first embodiment;

FIGS. 8(A)-8(C) show the function of the second lens
array 130;

FIG. 9 conceptually shows the state 1n which the partial
light fluxes by the first and the second lens arrays 120 and
130 are superposed on a liquid-crystal light valve 252;

FIG. 10 shows the state 1n which partial light fluxes output
from small lenses 132a, 132b, and 132c¢ pass through a cross
dichroic prism 260;

FIGS. 11(A) and 11(B) show the relationship between the
position of the optical axis of the small lens on each row of

the second lens array 130 and the quantity of light of the
partial light flux passing through each small lens;

FIG. 12 shows another second lens array 130' having
different structure from that of the second lens array 130
shown 1n FIG. 7;

FIG. 13 1llustrates another projection display apparatus as
a second embodiment according to the present 1nvention;

FIGS. 14(A) and 14(B) illustrate structure of a polarizing
clement 140;

FIG. 15 shows the function of the second lens array 130
in the second embodiment;

FIG. 16 shows the function of the second lens array 130
in the second embodiment;

FIG. 17 conceptually illustrates a main part of a projection
display apparatus;

FIG. 18 1s a partly decomposed perspective view 1llus-
trating a cross dichroic prism 48; and

FIGS. 19(A) and 19(B) show a problem arising in the case
of utilizing the cross dichroic prism 48.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Some modes of carrying out the present invention are
described below as preferred embodiments. In the following
description, z direction denotes the direction of the course of
light, x direction denotes the direction of 3 o’clock seen
from the direction of the course of light (the z direction), and

y direction denotes the direction of 12 o’clock.
A. First Embodiment

FIG. 5 1s a plan view schematically illustrating a main part
of a projection display apparatus as a first embodiment
according to the present invention. The projection display
apparatus includes: a lighting optical system 100; dichroic
mirrors 210 and 212; reflecting mirrors 218, 222, and 224;
an entrance lens 230; a relay lens 232; three field lenses 240,
242, and 244, three liquid-crystal light valves (liquid-crystal
panels) 250, 252, and 254; a cross dichroic prism 260; and
a projection lens system 270.

The lighting optical system 100 includes: a light source
110 for emitting a substantially parallel light flux; a first lens
array 120; a second lens array 130; a superposing lens 150;
and a reflecting mirror 160. The lighting optical system 100
1s an 1ntegrator optical system that substantially uniformly
causes the three liquid-crystal light valves 250, 252, and
254.

The light source 110 has a light-source lamp 112 used as
a radiant light source for emitting a radiant ray of light and
a concave mirror 114 for converting the radiant ray of light
emitted from the light-source lamp 112 to a substantially
parallel light flux. One preferable example of the concave
mirror 114 1s a parabolic reflector.

FIG. 6 1s a perspective view 1illustrating the appearance of
the first lens array 120. The first lens array 120 includes
small lenses 122 which respectively have a substantially
rectangular shape and are arranged 1in a matrix of M rows
and N columns. In this example, M=6 and N=4. The second
lens array 130 includes small lenses that are essentially
arranged 1n a matrix of M rows and N columns correspond-
ing to the small lenses 122 of the first lens array 120. The
details of the second lens array 130 will be described later.
The small lenses 122 divide the light flux emitted from the
light source 110 (FIG. 5) into a plurality of (that is, MxN)
partial light fluxes and condense the respective partial light
fluxes 1n the vicinity of the second lens array 130. The
contour of each small lens 122 seen from the direction z 1s
set to be substantially similar to the shape of a display arca
on the liquid-crystal light valves 250, 252, and 254. In this
embodiment, the aspect ratio (the ratio of the lateral dimen-
sion to the vertical dimension) of each small lens 122 is set
equal to 4 to 3.

In the projection display apparatus shown in FIG. §, the
parallel light flux emitted from the light source 110 1s
divided 1nto a plurality of partial light fluxes by the first lens
array 120 and the second lens array 130 1n the integrator
optical system. The partial light fluxes output from the
respective small lenses 122 of the first lens array 120 are
condensed by means of the small lenses 122, so that images
of the light source 110 are focused 1n corresponding small
lenses 132 of the second lens array 130. Namely a number
of secondary light source 1mages are formed in the small
lenses 132 of the second lens array 130 corresponding to the
number of small lenses 122 of the first lens array 120.

The superposing lens 150 has the function of the super-
posing optical system that superposes and condenses the
partial light fluxes output from the respective small lenses
132 of the second lens array 130 on the liquid-crystal light
valves 250, 252, and 254, that 1s, on the areas to be
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illuminated. One lens array having both the function of the
superposing lens 150 and the function of the respective
small lenses of the second lens array 130 may be used
instead of the two lenses 130 and 150. The reflecting mirror
160 has the function of reflecting the light fluxes output from
the superposing lens 150 toward the dichroic mirror 210.
The reflecting mirror 160 may be omitted from the structure
according to the requirements. The structure of the embodi-
ment enables the respective liquid-crystal light valves 250,
252, and 254 to be illuminated in a substantially uniform
manner.

The two dichroic mirrors 210 and 212 have the function
of the colored light separation means that separates a ray of
white light condensed by the superposing lens 150 into three
colored rays of red, green, and blue. The first dichroic mirror
210 transmits a red light component of the white light flux
emitted from the lighting optical system 100, while reflect-
ing a blue light component and a green light component. The
red light transmitted by the first dichroic mirror 210 1is
reflected from the reflecting mirror 218, passes through the
field lens 240, and eventually reaches the liquid-crystal light
valve 250 for red light. The field lens 240 converts each
partial light flux output from the second lens array 130 to a
light flux parallel to the central axis of the partial light flux.
The field lenses 242 and 244 arranged before the other
liquid-crystal light valves have the same function. The green
light reflected from the first dichroic mirror 210 1s reflected
again by the second dichroic mirror 212, passes through the
field lens 242, and eventually reaches the liquid-crystal light
valve 252 for green light. The blue light reflected from the
first dichroic mirror 210 is transmitted by the second dich-
roic mirror 212, passes through the relay lens system includ-
ing the entrance lens 230, the relay lens 232, and the
reflecting mirrors 222 and 224, goes through the field lens
244, and eventually reaches the liquid-crystal light valve
254 for blue light. The relay lens system 1s used for the blue
light component which has the longer optical path than those
of the other colored light components, 1n order to prevent a
decrease 1n utilization efficiency of light. In other words, the
relay lens system enables the partial light fluxes entering the
entrance lens 230 to be transmitted to the exit lens 244.

The three liquid-crystal light valves 250, 252, and 254
have the functions of the light modulation meanss that
respectively modulate the three colored rays responsive to
given image information (a given image signal) to form
images. The cross dichroic prism 260 has the function of the
colored light combining means that combines the three
colored rays and forms a color image. The structure of the
dichroic prism 260 1s identical with that described in FIGS.
18 and 19. The cross dichroic prism 260 has a dielectric
multi-layered film for reflecting red light and another dielec-
tric multi-layered film for reflecting blue light that are
arranged 1n a substantially X shape on an interface of four
richt-angle prisms. These diclectric multi-layered films
combine the three colored rays to produce composite light
used for projecting a color i1mage. The composite light
generated by the cross dichroic prism 260 1s output toward
the projection lens system 270. The projection lens system
270 has the function of the projection optical system that
projects the composite light on a projection screen 300 to
display a color image.

The projection display apparatus of the first embodiment
shown 1n FIG. 1s characterized by the second lens array 130.
FIG. 7 shows the second lens array 130 1n the first embodi-
ment. The small lenses 132 of the second lens array 130
include three different types of small lenses 132a, 132b, and
132¢ having optical axes at different positions. Each row of
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the small lenses 132 consists of one of the three types of
small lenses 132a, 132b, and 132c. Referring to FIG. 7(A),
the cross drawn on the surface of each small lens represents
the position of the optical axis or the optical center of each
small lens. The small lenses 132a constituting the second
and the fifth rows of the second lens array 130 have the
optical axes on the centers of the respective small lenses
132a. The small lenses 132b constituting the third and the
sixth rows have the optical axes shifted in the +x direction
from the centers of the respective small lenses 132b. The
small lenses 132c¢ constituting the first and the fourth rows
have the optical axes shifted 1n the —x direction from the
centers of the respective small lenses 132c¢. FIG. 7(B) shows
exemplified structures of small lenses having shifted optical
axes (eccentric lenses), such as the small lenses 132b and
132c. The small lenses 132b and 132c¢ are eccentric lenses
that are equivalent to the lenses having the optical axes
shifted from the centers of spherical lenses cut at predeter-
mined positions.

FIG. 8 shows the function of the second lens array 130.
FIG. 8(A) 1s a plan view showing the second row from the
top of the second lens array 130. FIG. 8(B) is a plan view
showing the third row from the top of the second lens array
130, and FIG. 8(C) 1s a plan view showing the fourth row
from the top of the second lens array 130. For the simplicity
of illustration, only the main part on the optical path from the
light source 110 to the liquid-crystal light valve 252. The
following description regards the second column of the first
and the second lens arrays 120 and 130 (FIGS. 6 and 7).

Referring to FIG. 8(A), the parallel light flux emitted from
the light source 110 1s divided 1nto a plurality of partial light
fluxes by the small lenses 122 of the first lens array 120. The
partial light flux 1s condensed by the small lens 122 to be
focused as a light source 1mage in the small lens 132a of the
second lens array 130. The superposing lens 150 causes the
partial light flux output from the small lens 132a to be
superposed and condensed on a lighting area 252a, which 1s
the light-entrance surface of the liquid-crystal bulb 252. The
small lens 132a has the optical axis on the center of the small
lens 132a (see FIG. 7). The partial light flux output from the
small lens 132a accordingly has a central axis 256cl that
passes through the center of the lighting area 252a, so that
an 1llumination area 256la 1s 1lluminated. Referring to FIG.
8(B), the partial light flux output from the small lens 132b
on the second column of the second lens array 130 1is
condensed on the lighting area 252a 1n the same manner as
FIG. 8(A). The small lens 132b, however, has the optical
axis shifted in the +x direction (see FIG. 7). The partial light
flux output from the small lens 132b accordingly has a
central axis 257cl that 1s shifted 1n the +x direction from the
center of the lighting area 252a, so that an 1llumination areca
2571a, which 1s shifted in the +x direction from the 1llumi-
nation area 256la, is illuminated. Referring to FIG. 8(C), the
partial light flux output from the small lens 132¢ on the
second column of the second lens array 130 1s condensed on
the lighting area 252a in the same manner as FIGS. 8(A) and
8(B). The small lens 132c, however, has the optical axis
shifted in the —x direction (see FIG. 7). The partial light flux
output from the small lens 132¢ accordingly has a central
axis 258cl that 1s shifted m the —x direction from the center
of the lighting area 252a, so that an 1llumination areca 258la,
which 1s shifted in the —x direction from the illumination
arca 256la, 1s 1lluminated. The partial light fluxes on the
fifth, the sixth, and the first rows of the second lens array 130
respectively have the optical paths identical with those of
FIGS. 8(A), 8(B), and 8(C). As shown in FIGS. 8(A), 8(B),
and 8(C), the partial light fluxes passing through the small
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lenses arranged on the same column are superposed on the
three different 1llumination arcas 256la, 2571a, and 258la by
the three different types of small lenses 132a, 132b, and 132c¢
of the second lens array and the superposing lens 150 to
illuminate the lighting area 252a. The respective central axes
256¢l, 257cl, and 258cl of the partial light fluxes pass
through the lighting arca 252a at the different positions
relative to the center of the lighting area 252a.

FIG. 9 conceptually shows the state 1n which the partial
light fluxes by the first and the second lens arrays 120 and
130 are superposed on the liquid-crystal light valve 252. In
this drawing, the liquid-crystal light valve 252 1s seen from
the side of the superposing lens 150. The illumination area
256la by the partial light fluxes passing through the small
lenses 132a 1s shown by the solid line, the 1llumination area
2571a by the partial light tfluxes passing through the small
lenses 132b 1s shown by the broken line, and the 1llumina-
tfion arca 258la by the partial light fluxes passing through the
small lenses 132c¢ 1s shown by the one-dot chain line.
Although the illumination areas 256la, 257la, and 258la
have deviations in the y direction 1n FIG. 9, these deviations
are only for the purpose of clarifying their positional dif-
ferences. In the actual state, there 1s substantially no devia-
tion 1 the y direction. As clearly seen in FIG. 9, the
illumination area 2571a 1s shifted in the +x direction from the
1llumination area 256la, whereas the 1llumination area 2581a
1s shifted in the —x direction from the illumination arca
256la. The positional difference among the 1llumination
arcas 256la, 2571a, and 258la 1n the x direction causes the
unevenness of 1llumination on both ends of the liquid-crystal
light valve 252. No significant problem, however, arises
since an elfective areca 253 actually used for the projection
1s smaller in size than the contour of the liquid-crystal light
valve 252.

FIG. 10 shows the state in which the partial light fluxes
output from the small lenses 132a, 132b, and 132c¢ pass
through the cross dichroic prism 260. For the better
understanding, parts not required for description are either
omitted or simplified. The central axis 256c¢l of the partial
light flux output from the small lens 132a on the second row
and the second column of the second lens array 130, the
central axis 257cl of the partial light flux output from the
small lens 132b on the third row and the second column, and
the central axis 258cl of the partial light flux output from the
small lens 132¢ on the fourth row and the second column
pass through the cross dichroic prism 260 at different
positions relative to a central axis 262 of the cross dichroic
prism 260. As described previously in the first principle, the
positional difference among the central axes of the partial
light fluxes passing through the cross dichroic prism 260
relative to the central axis 262 of the cross dichroic prism
260 causes dark lines to be formed at different positions.
This prevents the dark lines formed by the respective partial
light fluxes passing through the M small lenses arranged on
the same column from being condensed on one place, and
thereby makes the dark lines sufficiently inconspicuous.

The following describes the arrangement of small lenses
having optical axes at different positions in the second lens
array 130. FIG. 11 shows the relationship between the
position of the optical axis of the small lens on each row of
the second lens array 130 and the quanfity of light of the
partial light flux passing through each small lens. FIG. 11(A)
shows a distribution of the quantity of light emitted from the
light source 110. FIG. 11(B) is a front view showing the
second lens array 130 from the side of the light source 110.
Referring to FIG. 11(A), the light source 110 generally has

the brightest portion i1n the vicinity of the center of the
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optical axis of the light-source lamp 112, and the brightness
decreases with an increase 1n distance apart from the center
of the optical axis. When 1t 1s assumed that the brightness of
the partial light fluxes passing through the small lenses on
the second and the fifth rows of the second lens array 130 1s
medium, the brightness on the third and the fourth rows is
oreater, whereas the brightness on the first and the sixth rows
is smaller as shown in FIG. 11(B).

As described previously, among the partial light fluxes
passing through the M small lenses arranged on the same
column of the second lens array 130, those passing through
the small lenses having optical axes at the same position
form dark lines at the same position on the screen. In this
embodiment, the set of the small lenses 132¢ on the first and
the fourth rows, the set of the small lenses 132a on the
second and the fifth rows, and the set of the small lenses
132b on the third and the sixth rows respectively cause dark
lines to be formed at the same positions on the screen. The
difference 1n total quantity of light among the partial light
fluxes passing through the respective sets of the small lenses
leads to the difference in degree of darkness among the three
dark lines formed on the screen. The human’s eyes have
relatively high discriminating power based on the relative
comparison. The difference 1in degree of darkness among a
plurality of dark lines accordingly makes the dark lines
rather conspicuous.

The positions of the optical axes of the respective small
lenses are determined to equalize a total quantity of light of
the partial light fluxes passing through each set of small
lenses, which have the optical axes at the same position,
among the M small lenses arranged on the same column of
the second lens array 130. This enables the three dark lines
formed by the partial light fluxes passing through the
respective sets of small lenses to have the substantially
identical degree of darkness.

In this embodiment, the optical axes of the small lenses
included in the respective sets, that 1s, the set of the first and
the fourth rows, the set of the second and the fifth rows, and
the set of the third and the sixth rows, are arranged at three
different positions, in the —x direction, on the center of the
lens, and in the +x direction as shown in FIG. 11(B). This
arrangement causes the dark lines formed by the partial light
fluxes passing through the M small lenses arranged on the
same column to be divided into three different places and
have the equivalent degree of darkness, thereby making the
dark lines sufficiently 1inconspicuous.

The positional shifts of the optical axes of the small lenses
132b and 132¢ may be calculated from the geometrical
relations of the second lens array 130, the superposing lens

150, the field lenses 240, 242, and 244, the liquid-crystal
light valves 250, 252, and 254, and the central axis 262 of
the cross dichroic prism 260, or may be obtained experi-
mentally. It 1s preferable that the positions of the optical axes
of the small lenses 132b and 132c, that 1s, the small lenses
having the optical axes shifted from the center of the lens,
are determined to cause the dark lines formed by the partial
light fluxes passing through the small lenses 132b and 132c¢
to exist between the dark lines formed by the partial light
fluxes passing through the small lenses 132a on the second
and the fifth rows, that 1s, the small lenses having the optical
axes on the center of the lens. The dark lines formed by the
partial light fluxes passing through the small lenses having,
the optical axes shifted from the center of the lens (the small
lenses 132b and 132c¢) are preferably to be disposed in the
middle of the dark lines formed by the partial light fluxes
passing through the small lenses having the optical axes on
the center of the lens (the small lenses 132a). This structure
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maximizes the mterval between the dark lines and prevents
the dark lines from being overlapped.

In the structure of the embodiment, the position of the
optical axis of the small lens 1s changed on each row of the
lens array. Another structure may also be applicable as long
as the structure prevents the dark lines formed by the partial
light fluxes passing through the M small lenses arranged on
the same column from being converged on one place.

FIG. 12 shows another second lens array 130' having
different structure from that of the second lens array 130
shown 1n FIG. 7. The second lens array 130" includes M
rows of small lenses that are divided by the center of the
rows mto two sections, an upper section and a lower section.
The upper section consists of small lenses 132'c having
optical axes shifted 1n the —x direction from the center of the
lens, whereas the lower section consists of small lenses
132 having optical axes shifted in the +x direction from the
center of the lens. The second lens array 130' of this structure
1s applied to the lighting optical system 100 shown 1n FIG.
5 1n the projection display apparatus. In this case, the dark
lines formed by the partial light fluxes passing through the
M small lenses arranged on the same column are divided
into two different places. Although the second lens array
130" causes the less number of divisions of dark lines than
the second lens array 130, this structure also makes the dark
lines sufficiently inconspicuous. The second lens array 130
includes two different types of small lenses with optical axes
at different positions, which are divided 1n the direction of
rows 1nto the two sections, the upper section and the lower
section. This simple structure enables the second lens array
130" to be manufactured more readily than the second lens
array 130.

B. Second Embodiment

FIG. 13 1llustrates another projection display apparatus as
a second embodiment according to the present invention.
The primary difference of the second embodiment from the
first embodiment 1s that a lighting optical system 100
includes a polarizing element 140 interposed between the
second lens array 130 and the superposing lens 150. The
other constituents of the second embodiment are 1dentical
with those of the first embodiment. The lighting optical
system 100' emits predetermined polarized light, but there 1s
no difference 1n main functions. Like the first embodiment,
the second lens array 130 may be replaced by the second
lens array 130' shown in FIG. 12. The following describes
the functions different from those of the first embodiment.

FIG. 14 illustrates structure of the polarizing element 140
(FIG. 13). The polarizing element 140 includes a polariza-
tion beam splitter array 141 and a selective phase difference
plate 142. The polarization beam splitter array 141 includes
a plurality of columnar translucent members 143 having a
parallelogrammatic cross section, which are bonded to one
another. Polarization separating films 144 and reflecting
films 145 are formed alternately on the interfaces of the
translucent members 143. In order to enable the polarization
separating {1lm 144 and the reflecting film 143 to be arranged
alternately, the polarization beam splitter array 141 1s manu-
factured by bonding a plurality of sheet glasses with these
films formed thereon and cutting the bonded sheet glasses
slantly at a predetermined angle.

The light of random polarizing directions passing through
the first and the second lens arrays 120 and 130 1s divided
by the polarization separating {ilm 144 into s-polarized light
and p-polarized light. The p-polarized light passes through
the polarization separating film 144, whereas the s-polarized
light 1s reflected by the polarization separating film 144 in
such a manner that the angle of the incident ray and a
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perpendicular line at the incident point of the s-polarized
light into the polarization separating film 144 1s symmetrical
with the angle of the reflected ray and the perpendicular line
(the rule of reflection). The s-polarized light reflected from
the polarization separating film 144 1s reflected again by the
reflecting film 145 according to the rule of reflection and 1s
then output o be substantially parallel to the p-polarized
light passing through the polarization Separatmg f1lm 144.
The selective phase difference plate 142 1s an optical ele-
ment having A/2 phase difference layers 146 disposed on the
light-exit surfaces of the light passing through the polarlza-
tion separating films 144. There are no A/2 phase difference
layers on the light-exit surfaces of the light reflected from
the reflecting films 145. The A/2 phase difference layer 146
accordingly converts the p-polarized light transmitted by the
polarization separating film 144 to s-polarized light. As a
result, the light fluxes of random polarizing directions enter-
ing the polarizing element 140 are mostly converted to
s-polarized light. In accordance with another possible
structure, the selective phase difference plate 142 may have
»/2 phase difference layers 146 disposed on the light-exit
surfaces of the light reflected from the reflecting films 145
to convert the s-polarized light to p-polarized light.

As clearly shown in FIG. 14(A), the position of the center
of the s-polarized light emitted from one polarization sepa-
rating film 144 of the polarizing element 140 (that 1s, the
position of the center when the two rays of s-polarized light
are regarded as one set of light flux) is deviated in the x
direction from the center of the mcident random light flux
(s-polarized light+p-polarized light). The shift is equal to
half a width Wp of the 2/2 phase difference layer 146 (that
1s, half the width of the polarization separating film 144 in
the x direction). As shown 1n FIG. 13, the optical axis of the
light source 110 (shown by the two-dot chain line) is
accordingly shifted from the system optical axis (shown by
the one-dot chain line) after the polarizing element 140 by
a distance equal to Wp/2.

In the first embodiment (FIG. §), the partial light flux is
condensed by each small lens 122 of the first lens array 120
to be focused as an 1image of the light source 110 m the
corresponding small lens 132 of the second lens array 130.
In the second embodiment, on the other hand, it 1s preferable
that a light source 1mage 1s focused in the vicinity of the
polarization separating film 144 (FIG. 14) of the polarizing
clement 140, 1n order to enable the polarizing element 140
to effectively utilize each partial light flux output from the
second lens array 130.

FIGS. 15 and 16 shows the function of the second lens
array 130 (FIG. 7) in the second embodiment. FIG. 15 shows
the optical path of the partial light flux passing through the
small lens 132a on the second row and the first column of the
second lens array 130. FIG. 16 shows the optical path of the
partial light flux passing through the small lens 132c¢ on the
fourth row and the first column of the second lens array 130.
Referring to FIG. 15, a partial light flux 356 that has a central
axis 356c¢l parallel to the system optical axis and 1s output
from the small lens 122 on the second row and the first
column of the first lens array 120, which 1s not illustrated
here, 1s condensed by the small lens 122 on the polarization
separating film 144. A partial light flux 356a transmitted by
the polarization separating film 144 1s condensed by the
superposing lens 150 to i1lluminate the lighting areca 252a,
which 1s the light-entrance surface of the liquid-crystal light
valve 252. A partial light flux 358b reflected from the
polarization separating {ilm 144 and further from the retlect-
ing film 145 also illuminates the lighting arca 252a. The
small lens 132a has the optical axis on the center of the lens
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(see FIG. 7). The partial light flux output from the small lens
132a enters the polarizing element 140 1n such a manner that
the central axis 356c¢l of the partial light flux 1s parallel to the
system optical axis. The two partial light fluxes 356a and
356b output from the polarizing element 140 1lluminate an
illumination area 356la in such a manner that central axes
356c¢la and 356d1b of these partial light fluxes 356a and 356b
pass through the center of the lighting arca 252a.

In the same manner as FIG. 15, referring to FIG. 16, a
partial light flux 358 that has a central axis 358cl parallel to
the system optical axis and 1s output from the small lens 122
on the fourth row and the first column of the first lens array
120 1s condensed by the small lens 122 on the polarization
separating {1lm 144. A partial light flux 358a transmitted by
the polarization separating film 144 i1s condensed by the
superposing lens 150 to illuminate the lighting area 252a. A
partial light flux 356b reflected from the polarization sepa-
ratmg f1lm 144 and further from the reflecting film 145 also
illuminates the lighting area 252a. The small lens 132c¢ has
the optical axis shifted 1n the —x direction from the center of
the lens (see FIG. 7). The partial light flux output from the
small lens 132¢ enters the polarizing element 140 1in such a
manner that the central axis 358cl of the partial light flux 1s
inclined 1n the direction away from the system optical path
relative to the course of the light. The two partial light fluxes
358a and 358b output from the polarizing element 140
illuminate an 1llumination area 358la 1n such a manner that
central axes 358cla and 358clb of these partial light fluxes
358a and 358b are shifted in the —x direction from the center
of the lighting area 252a.

Like 1n the first embodiment, in the second embodiment,
the small lenses 132a, 132b, and 132c¢ having the optical
axes at different positions change the 1lluminating position

(the superposing position) of the partial light fluxes output
from the small lenses arranged on the same column of the
second lens array on the liquid-crystal light valves 250, 252,
and 254. This structure effectively prevents the dark lines
formed by the respective partial light fluxes passing through
the M small lenses arranged on the same column from being
concentration on one place and thereby makes the dark lines
suificiently inconspicuous.

The liquid-crystal light valves 250, 252, and 254 gener-
ally have polarizing planes on their light-entrance surfaces.
The hiquid-crystal light valves 250, 252, and 254 accord-
ingly modulate only predetermined polarized light, whereas
the other polarized light 1s lost as useless light fluxes. The
structure of the second embodiment causes the light flux
output from the polarizing element 140 to be 1dentical with
the predetermined polarized light utilized in the liquid-
crystal light valves 250, 252, and 254. Compared with the
first embodiment, the second embodiment thus enhances the
utilization efficiency of light 1n the projection display appa-
ratus.

Like 1n the first embodiment, 1n the second embodiment,
the positional shifts of the optical axes of the small lenses
132b and 132c¢ may be calculated from the geometrical

relations of the second lens array 130, the polarizing element

140, the superposing lens 150, the field lenses 240, 242, and
244, the liquid-crystal light valves 250, 252, and 254, and
the central axis 262 of the cross dichroic prism 260, or may
be obtained experimentally. In the second embodiment, the
polarizing clement 140 converts part of the partial light flux
passing through the second lens array to the partial light flux
shifted in the direction of rows by Wp (see FIG. 14). This
halves the interval between the partial light fluxes in the
direction of rows. It 1s accordingly preferable that the
positions of the optical axes of the small lenses 132b and
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132c, that 1s, the small lenses having the optical axes shifted
from the center of the lens, are determined to cause the dark
lines formed by the partial light fluxes passing through the
small lenses having the optical axes shifted from the center
of the lens (the small lenses 132b and 132c¢) to be disposed
in the middle of the dark lines formed at the %2 intervals by
the partial light fluxes passing through the small lenses 132a
on the second and the fifth rows, that 1s, the small lenses
having the optical axes on the center of the lens.

The present invention 1s not restricted to the above
embodiments or modes, but there may be many
modifications, changes, and alterations without departing
from the scope or spirit of the main characteristics of the
present mvention. Some possible modifications are given
below.

In the second lens array, the respective rows or the
respective sets of rows may have optical centers (optical
axes) at different positions in the direction of rows. In
another example, only one row or one set of rows may have
the optical axis at a different position. In the above
embodiments, the light flux from the light source 1s divided
into a plurality of light fluxes arranged 1in a matrix. The
present invention 1s also applicable to the case 1n which the
light flux 1s divided into a plurality of light fluxes at least
arranged substantially on the same column. It 1s accordingly
required that at least part of the small lenses among at least
one column of small lenses substantially arranged in a
predetermined direction of columns have the optical center
at a different position from that of the optical center of the
other small lenses. In this case, the illuminating position (the
illumination area) on the hghtmg arca by the partial light
fluxes passing through the part of the small lenses 1s different
from the illuminating position by the partial light fluxes
passing through the other small lenses. This makes the
position of the partial light fluxes passing through the at least
part of the small lenses relative to the central axis of the
cross dichroic prism different from the position of the partial
light fluxes passing through the other small lenses and
thereby divides the dark lines into different positions. This
accordingly makes the dark lines formed due to the cross
dichroic prism mconspicuous.

The projection display apparatus 1s accordingly required
to have the dividing and superposing optical system that
divides a light flux into a plurality of partial light fluxes,
which are arranged on at least one column and divided
substantially 1n the direction corresponding to the central
axis of the colored light combining means, and superposes
the plurality of partial light fluxes on the light modulation
meanss. The dividing and superposing optical system may
have an illuminating position changing means which shifts
an optical path regarding part of the light fluxes among one
column of the partial light fluxes from an optical path
regarding the other partial light fluxes, 1n order to shift an
1llumination area on the light modulation means 1lluminated
with the part of the light fluxes from an illumination area
illuminated with the other partial light fluxes 1n a direction
different from the direction corresponding to the central axis
of the colored light combining means.

All the above embodiments regard the transmission-type
projection display apparatuses. The present invention 1s,
however, also applicable to reflection-type projection dis-
play apparatuses. The ‘transmission-type’ implies that the
light modulation means, such as the liquid-crystal light
valve, transmits light, whereas the ‘reflection-type’ implies
that the light modulation means reflects light. In the
reflection-type projection display apparatus, the cross dich-
roic prism 15 used both as the colored light separation means

10

15

20

25

30

35

40

45

50

55

60

65

138

which separates white light 1nto three colored rays of red,
oreen, and blue and as the colored light combining means
which recombines the modulated three colored rays and
emits the composite light in a predetermined direction. The
reflection-type projection display apparatus to which the
present invention 1s applied has similar effects to those of the
transmission-type projection display apparatus.

The lighting optical system of the present invention 1s
applicable to a variety of projection display apparatuses. The
projection display apparatus of the present invention may be

used to project and display 1images output from a computer
or 1images output from a video cassette recorder on a screen.

What 1s claimed 1s:

1. A lighting optical system for emitting light for use in a
projection display apparatus comprising: colored light sepa-
ration means which separates the light into three colored
rays; three light modulation means which respectively
modulate the three colored rays based on given image

signals; colored light combining means which has two
dichroic films arranged 1n an X shape and a central axis

corresponding to a position where the two dichroic films
cross each other, the colored light combining means com-

bining the three colored rays respectively modulated by the
three light modulation means to composite light and out-

putting the composite light 1n a common direction; and a
projection means which projects the composite light output
from the colored light combining means on a projection
surface, the lighting optical system comprising:

a dividing and superposing optical system that divides a
light flux mto a plurality of partial light fluxes, which
are arranged 1n directions of columns and rows, and
superposes the plurality of partial light fluxes, the
columns being substantially parallel to the central axis
of the colored light combining means, the rows being,
substantially perpendicular to the direction of columns,

wherein the dividing and superposing optical system 1s
constructed to shift, in the direction of rows, an 1llu-
mination area on each light modulation means 1llumi-
nated with part of the partial light fluxes among the
partial light fluxes on an 1dentical column from an
1llumination area 1lluminated with the other partial light
fluxes among the partial light fluxes on the 1dentical
column.

2. A lighting optical system 1n accordance with claim 1,
wherein the dividing and superposing optical system com-
PIrises:

a first lens array having a plurality of small lenses

arranged 1n the directions of columns and rows; and

a second lens array having a plurality of small lenses
respectively arranged corresponding to the plurality of
small lenses of the first lens array,

wherein, 1n the second lens array, at least part of the small
lenses among at least one column of the small lenses
arranged 1n the direction of columns have optical
centers different from optical centers of the other small
lenses 1n the at least one column.

3. A lighting optical system 1n accordance with claim 2,
wherein the part of the small lenses are eccentric lenses
having optical centers at a different position from the posi-
tion of the optical centers of the other small lenses, 1n order
to cause an 1llumination area on a lighting arca by the partial
light fluxes passing through the part of the small lenses to be
shifted 1n the direction of rows from an 1llumination area on
the lighting area by the partial light fluxes passing through
the other small lenses.

4. A lighting optical system 1n accordance with claim 2,
wherein a plurality of small lenses located on an 1dentical
column are divided into a plurality of groups,




US RE38,225 E

19

small lenses included 1n an identical group have optical
centers at an 1dentical position relative to a lens center,
and

small lenses included in different groups have optical

centers at different positions relative to the lens center.

5. A lighting optical system in accordance with claim 4,
wherein the plurality of small lenses located on an 1dentical
column are divided into the plurality of groups so that a total
quantity of light of the partial light fluxes passing through
cach of the plurality of groups 1s equal to each other.

6. A lighting optical system 1n accordance with claim 4,
wherein the plurality of groups are at least two sections
divided 1n the direction of columns.

7. A lighting optical system in accordance with claim 6,
wherein the plurality of groups are two sections divided in
the direction of columns, and

optical centers of a plurality of small lenses included in
one of the two sections and optical centers of a plurality
of small lenses included 1n the other of the two sections
are symmetrical about the lens center.

8. A lighting optical system in accordance with claim 2,
wherein the plurality of small lenses included 1n the second
lens array have optical centers that are arranged symmetri-
cally about a center of the second lens array corresponding
to a center of an optical axis of a light source.

9. A lighting opfical system 1n accordance with claim 2,
wherein the dividing and superposing optical system further
COMPrises:

a superposing lens which superposes and condenses a
plurality of partial light fluxes, which have passed
through the plurality of small lenses 1n the first lens
array and the plurality of small lenses 1n the second lens
array, substantially on an illuminating position of each
light modulation means; and

a polarizing element interposed between the second lens
array and the superposing lens,

wherein the polarizing element comprises:

a polarizing beam splitter array which has plural sets of a
polarization separating film and a reflecting film that
are parallel to each other, the polarizing beam splitter
array separating each of the plurality of partial light

fluxes passing through the plurality of small lenses of

the second lens array into two types of linear polarized
light components; and

a polarizer which equalizes polarizing directions of the
two types of linear polarized light components sepa-
rated by the polarizing beam splitter array.

10. A [projection display apparatus] projector, compris-

Ing:

a lighting optical system which emits light;

colored light separation means which separates the light
into three colored rays;

three light modulation means which respectively modu-
late the three colored rays based on given i1mage
signals;

colored light combining means which has two dichroic
films arranged 1n an X shape and a central axis corre-
sponding to a position where the two dichroic films
cross each other, the colored light combining means
combining the three colored rays respectively modu-
lated by the three light modulation means to composite
light and outputting the composite light in a common
direction; and

projection means which projects the composite light out-
put from the colored light combining means on a
projection surface,
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wherein the lighting optical system comprises a dividing
and superposing optical system that divides a light flux
into a plurality of partial light fluxes, which are
arranged 1n directions of columns and rows, and super-
poses the plurality of partial light fluxes, the columns
being substantially parallel to the central axis of the
colored light combining means, the rows being sub-
stantially perpendicular to the direction of columns,
and

wherein the dividing and superposing optical system 1s
constructed to shift, in the direction of rows, an illu-
mination area on each light modulation means 1llumi-
nated with part of the partial light fluxes among the
partial light fluxes located on a same column from an
illumination area illuminated with the other partial light
fluxes among the partial light fluxes located on the
identical column.
11. A [projection display apparatus] projector in accor-
dance with claim 10, wherein the dividing and superposing
optical system comprises:

a first lens array having a plurality of small lenses
arranged 1n the directions of columns and rows; and

a second lens array having a plurality of small lenses
respectively arranged corresponding to the plurality of
small lenses of the first lens array, wherein, in the
second lens array, at least part of the small lenses
among at least one column of the small lenses arranged
in the direction of columns have optical centers ditfer-
ent from optical centers of the other small lenses 1n the
at least one column.

12. A [projection display apparatus] projector in accor-
dance with claim 11, wherein the part of the small lenses are
eccentric lenses having optical centers at a different position
from the position of the optical centers of the other small
lenses, 1n order to cause an illumination area on a lighting
arca by the partial light fluxes passing through the part of the
small lenses to be shifted in the direction of rows from an
illumination area on the lighting area by the partial light
fluxes passing through the other small lenses.

13. A [projection display apparatus] projector in accor-
dance with claam 11, wherein a plurality of small lenses
located on an 1dentical column are divided into a plurality of
gTOUpS,

small lenses 1ncluded 1n an identical group have optical
centers at an 1dentical position relative to a lens center,
and

small lenses included in different groups have optical

centers at different positions relative to the lens center.

14. A [projection display apparatus] projector in accor-
dance with claim 13, wherein the plurality of small lenses
located on an identical column are divided into the plurality
of groups so that a total quantity of light of the partial light
fluxes passing through each of the plurality of groups is
equal to each other.

15. A [projection display apparatus] projector in accor-
dance with claim 13, wherein the plurality of groups are at
least two sections divided 1n the direction of columns.

16. A [projection display apparatus] projector in accor-
dance with claim 15, wherein the plurality of groups are two
sections divided 1n the direction of columns, and

optical centers of a plurality of small lenses included 1n
one of the two sections and optical centers of a plurality
of small lenses 1included 1n the other of the two sections

are symmetrical about the lens center.
17. A [projection display apparatus] projector in accor-
dance with claim 11, wherein the plurality of small lenses
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included 1n the second lens array have optical centers that
are arranged symmetrically about a center of the second lens
array corresponding to a center of an optical axis of a light
SOUrce.

18. A [projection display apparatus] projector in accor-
dance with claim 11, wherein the dividing and superposing
optical system further comprises:

a superposing lens which superposes and condenses a
plurality of partial light fluxes, which have passed
through the plurality of small lenses in the first lens
array and the plurality of small lenses 1n the second lens
array, substantially on an illuminating position of each
light modulation means; and

a polarizing element interposed between the second lens
array and the superposing lens, wherein the polarizing,
clement comprises:

a polarizing beam splitter array which has plural sets of a
polarization separating {ilm and a reflecting film that
are parallel to each other, the polarizing beam splitter
array separating each of the plurality of partial light

fluxes passing through the plurality of small lenses of

the second lens array into two types of linear polarized
light components; and

a polarizer which equalizes polarizing directions of the
two types of linear polarized light components sepa-
rated by the polarizing beam splitter array.

19. A lighting optical system for emitting light for use in

a projector comprising a colored light separation system
which separates the light into three colored rays, three light
modulation devices which respectively modulate the three
colored rays based on given image signals, a colored light
combining system which has two dichroic films arranged in
an X shape and a ceniral axis corresponding to a position
where the two dichroic films cross each other, the colored
light combining system combining the three colored rays
respectively modulated by the three light modulation devices
to composite light and ouiputiing the composite light in a
common direction, and a projection lens which projects the
composite light output from the colored light combining
system on a projection surface, the lighting optical system
COMprising:

a dividing and superposing optical system that divides a
light flux into a plurality of partial light fluxes, which
are arranged in directions of columns and rows, and
superposes the plurality of partial light fluxes, the
columns being substantially parallel to the central axis
of the colored light combining system, the rows being
substantially perpendicular to the direction of columns,

wherein the dividing and superposing optical system is
constructed to shift, in the direction of rows, an illu-
mination area on each light modulation device illumi-
nated with part of the partial light fluxes among the
parttal light fluxes on an identical column from an
iumination area illuminated with the other partial
light fluxes among the partial light fluxes on the iden-
fical column.

20. A lighting optical system in accordance with claim 19,
wherein the dividing and superposing optical system com-
prises.

a first lens array having a plurality of small lenses

arranged n the directions of columns and rows; and

a second lens array having a plurality of small lenses

respectively arranged corresponding to the plurality of

small lenses of the first lens array,

wherein, in the second lens array, at least part of the small
lenses among at least one column of the small lenses
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arranged in the direction of columns have opftical
centers different from optical centers of the other small
lenses in the at least one column.

21. A lighting optical system in accordance with claim 20,
wherein the part of the small lenses are ecceniric lenses
having optical centers at a different postiion from the
position of the optical centers of the other small lenses, in
order to cause an illumination area on a lighting area by the
partial light fluxes passing through the part of the small
lenses to be shifted in the direction of rows from an tllumi-
nation area on the lighting area by the partial light fluxes
passing through the other small lenses.

22. A lighting optical system in accordance with claim 20,
wherein a plurality of small lenses located on an ideniical
column are divided into a plurality of groups,

small lenses included in an identical group have oprtical
centers at an tdentical posttion relative to a lens center,
and

small lenses included n different groups have opfical

centers at different positions relative to the lens center.

23. A lighting optical system in accordance with claim 22,
wherein the plurality of small lenses located on an identical
column are divided into the plurality of groups so that a total
quaniity of light of the partial light fluxes passing through
each of the plurality of groups is equal to each other:

24. A lighting optical system in accordance with claim 22,
wherein the plurality of groups are at least two sections
divided in the direction of columns.

25. A lighting optical system in accordance with claim 24,
wherein the plurality of groups are two sections divided in
the direction of columns, and

optical centers of a plurality of small lenses included in
one of the two sections and optical centers of a plurality
of small lenses included in the other of the two sections
are symmeltrical about the lens center.

20. A lighting optical system in accordance with claim 20,
wherein the plurality of small lenses included in the second
lens array have optical centers that are arranged symmetri-
cally about a center of the second lens array corresponding
o a center of an optical axis of a light source.

27. A lighting optical system in accordance with claim 20,
wherein the dividing and superposing optical system further
COMpPrises:

a superposing lens which superposes and condenses a
plurality of partial light fluxes, which have passed
through the plurality of small lenses in the first lens
array and the plurality of small lenses in the second
lens array, substanitially on an illuminating position of
each light modulation device; and

a polarizing element interposed between the second lens
array and the superposing lens,

wherein the polarizing element comprises.

a polarizing beam splitter array which has plural sets of
a polarization separating film and a reflecting film that
are parallel to each other, the polarizing beam splitter
array separating each of the plurality of partial light
fluxes passing through the plurality of small lenses of
the second lens array into two types of linear polarized
light components; and

a polarizer which equalizes polarizing directions of the
wo types of linear polarized light components sepa-
rated by the polarizing beam splitter array.

28. A projector, comprising.

a lighting optical system which emits light;

a colored light separation system which separates the
light into three colored rays;
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three light modulation devices which respectively modu-
late the three colored rays based on given image
signals;

a colored light combining system which has two dichroic
films arranged in an X shape and a central axis
corresponding to a position where the two dichroic
films cross each other, the colored light combining
system combining the three colored rays respectively
modulated by the three light modulation devices to
composite light and outputiing the composite light in a
common direction; and

a projection lens which projects the composite light
output from the colored light combining system on a
projection surface,

wherein the lighting optical system comprises a dividing
and superposing optical system that divides a light flux
into a plurality of partial light fluxes, which are
arranged in directions of columns and rows, and super-
poses the plurality of partial light fluxes, the columns
being substantially parallel to the central axis of the
colored light combining system, the rows being sub-

stantially perpendicular to the direction of columns,
and

wherein the dividing and superposing opitical system is
constructed to shift, in the direction of rows, an illu-
mination area on each light modulation device 1llumi-
nated with part of the partial light fluxes among the
partial light fluxes located on a same column from an
umination area illuminated with the other partial
light fluxes among the partial light fluxes located on the
identical column.

29. A projector in accordance with claim 28, wherein the

dividing and superposing optical system comprises.

a first lens array having a plurality of small lenses

arranged n the directions of columns and rows,; and

a second lens array having a plurality of small lenses

respectively arranged corresponding to the plurality of

small lenses of the first lens array, wherein, in the
second lens array, at least part of the small lenses
among at least one column of the small lenses arranged
in the direction of columns have optical centers differ-
ent from optical centers of the other small lenses in the
at least one column.

30. A projector in accordance with claim 29, wherein the
part of the small lenses are ecceniric lenses having optical
centers at a different position from the position of the opfical
centers of the other small lenses, in order to cause an
umination area on a lighting area by the partial light
fluxes passing through the part of the small lenses to be
shifted in the dirvection of rows from an illumination area on
the lighting area by the partial light fluxes passing through
the other small lenses.
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31. A projector in accordance with claim 29, wherein a
plurality of small lenses located on an identical column are
divided into a plurality of groups,

small lenses included in an identical group have optical
centers at an tdentical posttion relative to a lens center,
and

small lenses included in different groups have optical
centers at different positions relative to the lens center.
32. A projector in accordance with claim 29, wherein the
plurality of small lenses located on an identical column are
divided into the plurality of groups so that a total quantity
of light of the partial light fluxes passing through each of the
plurality of groups is equal to each other:
33. A projector in accordance with claim 29, wherein the

plurality of groups are at least two sections divided in the
direction of columns.

34. A projector in accordance with claim 33, wherein the
plurality of groups are two sections divided in the direction
of columns, and

optical centers of a plurality of small lenses included in
one of the two sections and optical centers of a plurality
of small lenses included in the other of the two sections
are symmetrical about the lens center
35. A projector in accordance with claim 29, wherein the
plurality of small lenses included in the second lens array
have optical centers that are arranged symmetrically about
a center of the second lens array corresponding to a center
of an optical axis of a light source.
36. A projector in accordance with claim 29, wherein the
dividing and superposing optical system further comprises.

a superposing lens which superposes and condenses a
plurality of partial light fluxes, which have passed
through the plurality of small lenses in the first lens
array and the plurality of small lenses in the second

lens array, substaniially on an illuminating position of
each light modulation device; and

a polarizing element interposed between the second lens
array and the superposing lens, wherein the polarizing
element comprises:

a polarizing beam splitter array which has plural sets of
a polarization separating film and a reflecting film that
are parallel to each other, the polarizing beam splitter
array separating each of the plurality of partial light
fluxes passing through the plurality of small lenses of
the second lens array into two types of linear polarized
light components; and

a polarizer which equalizes polarizing directions of the
wo types of linear polarized light components sepa-
rated by the polarizing beam splitter array.
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