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PROJECTION-TYPE IMAGE DISPLAY
APPARATUS AND METHOD

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.

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent Appli-

cation No. 00-35331 filed Jun. 26, 2000 1n the Korean Indus-
trial Property Office, the disclosure of which 1s incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a projection-type 1mage
display apparatus and method providing an 1image by focus-
ing an 1mage formed by display devices on a screen using
light emitted from a light source, and more particularly, to a
projection-type 1mage display apparatus having a structure
adapted so that the efliciency of the use of light and resolving
power thereof can be enhanced, and method of providing the
same.

2. Description of the Related Art

Referring to FIG. 1, a conventional projection-type image
display apparatus comprises a light source 10 generating and
emitting light, first and second dichroic mirrors 42 and 44
separating an incident white light beam into red, blue, and
green beams, first, second, and third transmaissive display
devices 51, 53, and 55 forming respective images correspond-
ing to the separated colors, a color prism 60 combining the
images formed by the first, second, and third display devices
51, 53, and 35, a screen 80, and a projection lens unit 70
magnityving and projecting the combined 1image onto the
screen 80.

Here, the projection-type image display apparatus further
comprises a fly’s eye lens array 20 installed 1n the optical path
between the light source 10 and the first dichroic mirror 42
mixing incident rays so that uniform beams can enter the first,
second, and third display devices 51, 53, and 335, a polarizer
allowing only one polarized component to pass therethrough,
and a converging lens 41 converging the beam having passed
through the polarizer 31.

Since the conventional projection-type image display
apparatus configured as described above employs 3 sheets of
display devices producing a color image, the optical structure
1s complex. Further, since one polarized component 1s used as
an effective beam using a polarizer, and the beam having
passed through the polarizer 1s divided into three beams of
three respective paths by the first and second dichroic mirrors,
there 1s a problem 1n which the light utilization efliciency of
the apparatus 1s low.

SUMMARY OF THE INVENTION

Accordingly, i1t 1s an object of the present mvention to
provide a projection-type image display apparatus in which
first and second dichroic mirrors and a reflecting mirror dis-
posed to neighbor each other are used to direct separated color
rays toward one direction while the separated rays have dii-
ferent converging angles, and both separated p-polarized rays
and s-polarized rays are used to form an 1image by employing
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2

at least one polarizing beam splitter so that the efficiency of
the use of light and resolving power thereof can be enhanced.

Additional objects and advantages of the invention will be
set forth 1n part 1n the description which follows and, 1n part,
will be obvious from the description, or may be learned by
practice of the invention.

The foregoing objects of the present invention are achieved
by providing a projection-type image display apparatus
including: a light source generating and emitting light; a color
separation unit separating incident rays according to prede-
termined ranges of wavelengths, and directing the separated
rays at angles different from each other; a lens array dividing
the rays separated by the color separation unit into predeter-
mined pixels and converging the rays of pixels individually; a
driving portion driving the lens array to change the proceed-
ing paths of the color rays focused on the lens array; a polar-
1zing beam splitter changing a proceeding path of incident
rays depending on a direction of polarization by passing first
polarized rays of the incident rays, and reflecting second
polarized rays; a retlection-type display device producing a
color image using the first and/or second polarized rays hav-
ing passed through and/or having been reflected from the
polarizing beam splitter, and reflecting the color image
toward the polarizing beam splitter; a lens unit provided in the
optical path between the lens array and the display device
converging and projecting incident rays onto the display
device; and a projection lens unit magnilying and projecting
the 1mage formed by the display device and entering via the
polarizing beam splitter onto a screen.

The above objects of the present invention may also be
achieved by providing a projection-type image display appa-
ratus including: a light source generating and emaitting light; a
color separation unit separating incident rays according to
predetermined ranges ol wavelengths, and directing the sepa-
rated rays at angles different from each other; a deflector
changing the proceeding paths of the individual color rays
separated by the color separation unit; a lens array dividing
the rays separated by the color separation unit into predeter-
mined pixels and converging the rays of pixels individually; a
polarizing beam splitter changing a proceeding path of inci-
dent rays depending on a direction of polarization by passing
first polarized rays of the incident rays, and retlecting second
polarized rays; a reflection-type display device producing a
color image using the rays entering via the polarizing beam
splitter, and reflecting the color image toward the polarizing
beam splitter; and a projection lens unit magnifying and pro-
jecting the image formed by the display device and entering
via the polanizing beam splitter onto a screen.

The above objects are further achieved by providing a
projection-type 1mage display apparatus including: a light
source generating and emitting light; a color separation unit
separating incident rays according to predetermined ranges of
wavelengths, and directing the separated rays at angles diif-
ferent from each other; a lens array dividing the rays sepa-
rated by the color separation unit into predetermined pixels
and converging the rays of pixels individually; a driving por-
tion driving the lens array to change the proceeding paths of
the color rays focused on the lens array; a relay lens converg-
ing the rays having passed through the lens array; a reflection-
type display device producing a color 1image using the rays
having passed through the relay lens, and reflecting the color
image 1n a direction different from that of incident rays; and
a projection lens unit magnifying and projecting the image
reflected from the display device onto a screen.

The above objects are further achieved by providing a
projection-type 1mage display apparatus including: a light
source generating and emitting light; a color separation unit
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separating incidentrays according to predetermined ranges of
wavelengths, and directing the separated rays at angles diif-
ferent from each other; a lens array dividing the rays sepa-
rated by the color separation unit into predetermined pixels
and converging the rays of pixels individually; a driving por-
tion driving the lens array to change the proceeding paths of
the rays focused on the lens array; a reflection-type display
device selectively passing the rays having passed through the
lens array to form an 1mage; and a projection lens unit mag-
nitying and projecting the image formed by the display device
onto a screen.

The above objects are turther achieved by providing a
projection-type 1mage display apparatus including: a light
source generating and emitting light; a color separation unit
separating incidentrays according to predetermined ranges of
wavelengths, and directing the separated rays at angles diif-
terent from each other; a first polarizing beam splitter retlect-
ing a first polarized rays of the rays separated by the color
separation unit to direct the first polarized rays toward a first
path, and passing a second polarized rays thereot to direct the
second polarized rays toward a second path; first and second
lens arrays provided in the first and second path, respectively,
dividing the rays separated by the color separation unit into
predetermined pixels and converging the rays of pixels indi-
vidually; first and second driving portions driving the first and
second lens arrays to change the proceeding paths of the rays
tocused on the first and second lens arrays; first and second
transmission-type display devices selectively passing the
respective rays having passed through the first and second
lens arrays to form respective images; a second polarizing
beam splitter combining the images formed by the first and
second display devices and directing the combined 1mage to
one path; and a projection lens unit magnifying and project-
ing the image combined by the second polarizing beam split-
ter onto a screen to form a magnified 1mage on the screen.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the present
invention will become apparent and more readily appreciated
from the following description of the preferred embodiments,
taken 1n conjunction with the accompanying drawings of
which:

FI1G. 1 1s a schematic diagram 1llustrating an optical layout
ol a conventional projection-type 1image display apparatus;

FI1G. 2 1s a schematic diagram 1llustrating an optical layout
ol a projection-type 1image display apparatus according to an
embodiment of the present invention;

FIG. 3 1s a schematic perspective view illustrating an
essential portion of the apparatus shown 1n FIG. 2;

FIG. 4 1s a diagram 1illustrating an optical layout of the
color separation unit of FIG. 2;

FIG. 5 1s a diagram 1llustrating an optical layout of the lens
array of FIG. 2;

FIG. 6 1s a sectional view 1illustrating the pattern of an
image having passed through the lens array and taken along
line A—A of FIG. 5;

FI1G. 7 1s a schematic diagram illustrating a driving portion
driving the lens array;

FIGS. 8A, 9A, and 10A are diagrams illustrating positions
of divided color stripes, which are changed according to the
positional change of the lens array;

FIGS. 8B, 9B, and 10B are diagrams illustrating positions
of color images formed by a display device when the lens
array 1s disposed as shown in FIGS. 8A, 9A, and 10A, respec-
tively;
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FIG. 11 1s a schematic diagram 1llustrating the operation of
the projection-type 1image display apparatus shown 1n FIGS.

2 and 3 when one polarized beam enters the lens array;

FIG. 12 1s a schematic diagram 1llustrating the operation of
the projection-type 1image display apparatus shown 1n FIGS.
2 and 3 when different polarized beams enter the lens array;

FIG. 13 1s a diagram illustrating a 3-D 1mage focused on
the screen 1n FIG. 12, in which an s-polarized beam image and
a p-polarized beam 1mage overlap;

FIG. 14 1s a diagram 1llustrating a left-eye 1image and a
right-eye 1image into which an overlapped 1image 1s separated
by polarizing eyeglasses;

FIG. 15 1s a schematic diagram 1llustrating an optical lay-
out of a projection-type image display apparatus according to
another embodiment of the present invention;

FIG. 16 1s a schematic diagram 1llustrating an optical lay-
out of a projection-type image display apparatus according to
yet another embodiment of the present invention;

FIG. 17 1s a view diagram 1llustrating an overlapped image
formed by images which are formed by first and second
display devices of FIG. 16 and pass through first and second
birefringent plates;

FIGS. 18 and 19 are schematic diagrams respectively 1llus-
trating an optical layout of a projection-type image display
apparatus according to yet another embodiment of the present
invention;

FIG. 20 1s a schematic diagram 1llustrating an optical lay-
out of a projection-type image display apparatus according to
yet another embodiment of the present invention;

FIG. 21 1s a schematic diagram 1llustrating an optical lay-
out of a projection-type image display apparatus according to
yet another embodiment of the present invention; and

FIG. 22 1s a schematic diagram 1llustrating an optical lay-
out of a projection-type image display apparatus according to
yet another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 2 and 3, a projection-type image display
apparatus comprises a light source 110 generating light and
emitting the generated light 1n a direction, a color separation
umt 120, a lens array 130, a driving portion 140 driving the
lens array 130 1n a direction perpendicular to the optic axis of
incident rays, and a polarizing beam splitter 160 separating an
incident ray according to polarization, reflection-type display
devices 171 and 173 transforming incident rays into color-
imaged rays, a screen 190, and a projection lens unit 180
magnifying and projecting the images formed by the display
devices 171 and 173 onto the screen 190.

The light source 110 1s comprised of a lamp such as a xenon
lamp, and a halogen lamp, and a reflecting mirror provided at
a side of the lamp directing light emitted from the lamp 1n a
direction.

The color separation unit 120 separates an incident beam
into beams of predetermined wavelength ranges, and causes
the separated beams to travel at different angles from each
other. Referring to FIG. 4, the color separation umt 120
includes first and second dichroic mirrors 121 and 123 dis-
posed to be slant at different angles with respect to the optic
axis of an incident beam, and a reflecting mirror 125.

The first dichroic mirror 121 reflects the beam (R) of a first
wavelength range of an incident white light beam composed
of combinations of red (R), green (G), and blue (B) rays at a
first angle 0, with respect to the optical axis of the incident
beam, and passes the beams (G) and (B) of other wavelength
ranges. The second dichroic mirror 123 retlects the beam (G)
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of a second wavelength range of the beam having passed
through the first dichroic mirror 121 at a second angle 0 . with
respect to the optical axis, and passes the other beam (B) of a
third wavelength range. In addition, the reflecting mirror 125
reflects the beam (B) of a third wavelength range having
passed through the first and second dichroic mirrors 121 and
123 at a third angle 0, with respect to the optical axis.

Here, 1t 1s preferable that the first, second, and third angles
0, 0O, and O, are determined to satisty Equation (1) of
inequality so that the beams (R) and (B) of the first and third
wavelength ranges which are retlected from the color sepa-
ration unit 120 can be converged with the beam (G) posi-
tioned at the center.

0,>0,>0p5

(1)

Here, the fact that the first, second, and third wavelength
ranges are respectively set to be red (R), green (G), and blue
(B) 1s mtended only for the purpose of an example, and
therefore the first wavelength range may be set to be another
color, 1.¢., green (), or blue (B).

Referring to FIGS. 2, 3, and 5, the lens array 130 divides
beams (R), (G), and (B) of the first, second, and third wave-
length ranges by the color separation unit 120 into a prede-
termined number of pixel rays, respectively, and converges
the divided pixel rays individually. To this end, 1t 1s preferable
that the lens array 130 1s a cylindrical lens array 1n which a
plurality of cylindrical lenses 131 each having widths corre-
sponding to the widths of pixels constituting the reflection-
type display devices 171 and 173 are disposed to neighbor
cach other. Therefore, as shown in FIG. 6 1llustrating a sec-
tional view taken along line A—A of FIG. 5, the beam having
passed through the lens array 130 has color stripes disposed to
neighbor each other 1n the repeating sequence of blue (B),
green (), and red (R) colors. The color stripes are moved a
minute distance in a direction perpendicular to the optical
axis according to the operation of the driving portion 140.
Theretfore, red (R), green (G), and blue (B) color beams can be
alternately projected onto individual pixels of the display
devices 171 and 173.

Referring to FIG. 7, the driving portion 140 drives the lens
array 130 linearly 1n the directions of a double-headed arrow
shown 1n FIG. 7, and 1s comprised of a yoke member 141
having internal and external yoke portions which are inte-
grally formed and forming a magnetic circuit, a magnet 143
provided on the inner sides of the external yoke portions of
yoke member 141, a coll member 145 wound around a bobbin
133 having a form extended from the lens array 130 so that the
coill member 145 can face the magnets 143. Here, the direc-
tion of the magnetic field lines of the magnets 143 and the
winding direction of the coil member 145 are determined so
that the direction of an electromagnetic force between the coil
member 145 and the magnets 143 can be the directions of a
double-headed arrow shown 1n FIG. 7. The driving portion
140 moves the lens array 130 by a unit length which 1s V3 or
less than 4 the width of the cylindrical lens 131 so that the
beams of the first, second, and third wavelength ranges can
alternately enter respective pixels constituting the display
devices 171 and 173. In addition, 1t should be understood that
the driving portion 140 may be composed of a piezoelectric
driver operated according to the piezoelectric effect other
than the previously described structure of a voice coil motor.

FIGS. 8A, 9A, and 10A are diagrams illustrating positions
of divided color stripes, which are changed according to the
positional change of the lens array. In addition, FIGS. 8B, 9B,
and 10B are diagrams 1llustrating positions of color images
tormed by a display device when the lens array 1s disposed as

shown 1 FIGS. 8A, 9A, and 10A, respectively. The center
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line shown 1n FIGS. 8A, 9A, and 10A 1s a line showing the
center of one cylindrical lens 131 constituting the lens array
130, the position of the center line varies when the lens array
130 1s operated by the driving portion 140 (FIG. 7). On the
other hand, the reference line shown 1n FIGS. 8A, 9A, and
10A 1s a line forming one datum of a predetermined optical
system, for example, the display device 171 or 173, and the
position of the reference line 1s fixed without reference to the
operation of the lens array 130.

First, when reviewing FIGS. 8A, 9A, and 10A, the optical
arrangement of the separated beams (R), (G), and (B) of the
first, second, and third wavelength ranges on the lens array
130 1s not changed. In addition, when the lens array 130 1s
operated so that the center line may be positioned on the left
side of the reference line, as shown 1n FIG. 8A, the rays of the
first, second, and third wavelength ranges having passed
through the lens array 130 enter the display devices 171 and
173 1n the order of blue (B), green (G), and red (R) stripes, as
shown in FIG. 8B. When the lens array 130 1s operated so that
the center line may be positioned on the reference line, as
shown 1n FIG. 9A, the rays having passed through the lens
array 130 enter the display devices 171 and 173 1n the order of
red (R), blue (B), and green (G) stripes, as shown in FIG. 9B.
Finally, when the lens array 130 1s operated so that the center
line may be positioned on the right side of the reference line,
as shown in FIG. 10A, the rays having passed through the lens
array 130 enter the display devices 171 and 173 in the order of
green (G), red (R), and blue (B) stripes, as shown in FIG. 10B.

Therefore, when the lens array 130 1s operated 1n a direc-

tion perpendicular to the optical axis according to the three
steps, as described above, three color rays of color stripes
which have been divided by the color separation unit 120 and
have passed the lens array 130 sequentially enter one pixel of
the display devices 171 and 173. Therefore, when the display
device 171 1s driven 1n accordance with the operation of the
lens array 130 operated by the drniving portion 140, 1t 1s
possible to produce a necessary color 1n each pixel, and there-
fore to produce a tull color image.
The polarizing beam splitter 160 1s provided 1n the optical
path between the lens array 130 and the display devices 171
and 173, and changes a preceding path of an incident beam by
selectively passing or reflecting the incident beam according,
to the polarized direction of the incident beam. For example,
the polarizing beam splitter 160 passes a first polarized inci-
dent beam, and reflects a second polarized incident beam
whose polarized direction 1s orthogonal with respect to that of
the first polarized beam.

The display devices 171 and 173 produce color-imaged
rays from the first and/or second polarized rays having passed
through and/or having been reflected from the polarizing
beam splitter 160, and reflects the color-image rays to the
polarizing beam splitter 160. FIG. 2 shows an example of a
projection-type 1image display apparatus provided with both
the first retflection-type display device 171 transforming the
rays having passed through the polarizing beam splitter 160
into color-imaged rays, and the second reflection-type display
device 173 transforming the rays reflected from the polarizing
beam splitter 160 into color-imaged rays. It 1s preferable that
cach of the first and second display devices 171 and 173 1s
composed of a ferroelectric liquid crystal display device
exhibiting a faster response speed than a conventional liquid
crystal display device.

In addition, a projection-type image display apparatus
according to an embodiment of the present invention 1s pro-
vided with a lens unit disposed 1n the optical paths between
the lens array 130 and the display devices 171 and 173 con-
densing and projecting the incident rays onto the display
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devices 171 and 173. Referring to FIG. 2, the lens unit
includes a first converging lens 151 provided in the optical
path between the lens array 130 and the polarnizing beam
splitter 160 converging the rays having passed through the
lens array 130, and second converging lenses 153 and 155
provided in the optical paths between the polarizing beam
splitter 160 and the first and second display devices 171 and
173, respectively converging respective incident beams.

FI1G. 11 1s a schematic diagram illustrating the operation of
the projection-type 1image display apparatus shown in FIG. 2
when the first polarized beam, 1.e., a p-polarized beam enters
the lens array. In this case, the display device 1s provided with
only the first display device 171, and the second converging
lens 153 1s provided only in the optical path between the
polarizing beam splitter 160 and the first display device 171.

Referring to FIG. 11, a p-polarized beam divided into color
stripes while passing through the lens array 130 1s converged
by the first converging lens 151, and the converged beam
passes through the polarizing beam splitter 160. The beam,
having passed through the polarizing beam splitter 160, 1s
converged by the second converging lens 133, and the con-
verged beam enters the first display device 171. The first
display device 171 changes a direction of polarization of the
rays being reflected from its pixels forming an 1image from a
p-polarization to an s-polarization, and reflects the s-polar-
ized rays toward the polarizing beam splitter 160. The
reflected rays pass through the second converging lens 153,
and then s-polarized rays of the reflected rays corresponding
to an 1mage are reflected from the polarizing beam splitter
160, and are magnified and projected onto the screen 190 by
the projection lens unit 180.

Here, 1t should be understood that when an 1incident beam
entering from the light source 1s an s-polarized beam, an
image can be produced by providing the second converging
lens 155 and the second display device 173 instead of the
second converging lens 153 and the first display device 171.
In addition, the same effect can be produced by changing the
transmission and reflection characteristics of the polarizing
beam splitter 160 for polarized beams without changing the
second converging lens 153 and the first display device 171.

FIG. 12 1s a schematic diagram illustrating the operation of
the projection-type image display apparatus shown 1n FIG. 2
when the first and second polarized rays 1n a mixed state enter
the lens array. In this case, the second converging lenses 153
and 155, and the first and second display devices 171 and 173
are provided along two respective optical paths. Referring to
FIG. 12, the first and second polarized rays (S+P) divided into
the color stripes while passing through the lens array 130 are
converged by the first converging lens 151, and enter the
polarizing beam splitter 160. The polarizing beam splitter 160
passes the first polarized rays, 1.e., the p-polarized rays, and
reflects the second polarized rays, 1.e., the s-polarized rays.
Thefirst display device 171 1s provided in the proceeding path
of the first polarized rays, converts the rays retlected from
individual pixels forming an i1mage into second polarized
rays, and reflects the rays toward the polarizing beam splitter
160. In addition, the second display device 173 1s provided 1n
the proceeding path of the second polarized rays, converts the
rays reflected from 1ndividual pixels forming an 1mage into
first polarized rays, and retlects the rays toward the polarizing
beam splitter 160. The polarizing beam splitter 160 retlects
the second polarized rays forming an 1image, which enter from
the first display device 171, and passes the first polarized rays
forming an i1mage, which enter from the second display
device 173 so that the rays from the first and second display
devices 171 and 173 can be directed toward the screen 190. In
this case, since both the first and second polarized rays enter-
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ing from the light source 110 are used as effective rays to form
an 1mage, there 1s an advantage 1n that the efficiency of the use
of light can be higher than that of the case configured as
shown 1n FIG. 11.

In addition, as shown in FIG. 12, 1n the case that an 1mage
1s formed by selectively using the first and second display
devices 171 and 173 which are operated independently of
cach other according to the directions of polarization, a 3-D
image can be seen when a user wears polarizing glasses to see
the 3-D 1image.

FIG. 13 1s a diagram 1illustrating a 3-D 1image 191 focused
on the screen in FIG. 12, 1n which an s-polarized beam image
and a p-polarized beam 1mage overlap. Here, a second polar-
1zed beam 1mage (an s-polarized beam image) formed by the
first display device 171 and projected by the projection lens
umt 180, and a first polarized beam 1mage (a p-polarized
beam 1mage) formed by the second display device 173 and
projected by the projection lens unit 180 constitute a left-eye
image and a right-eye 1mage for forming an 1image of a frame,
respectively.

As shown 1n FIG. 14, since a left-eye image 191a and a
right-eye 1mage 191b are separated when an 1image focused
onto the screen 190 1s seen via polarizing eyeglasses which
has a left-eye lens 196 having a direction of polarization to
allow a p-polarized beam 1mage to pass therethrough, and a
right-eye lens 197 having a direction of polarization to allow
an s-polarized beam 1mage to pass therethrough, a 3-D 1image
can be seen.

Referring to FIG. 15, a projection-type image display
apparatus according to another embodiment of the present
invention comprises a light source 210 emitting light in one
direction, a color separation unit 220, a lens array 230 oper-
ated by a driving portion 240 1n a direction perpendicular to
the optic axis thereot, a lens unit, a polarizing beam splitter
260, first and second retlection-type display devices 271 and
2773, and a projection lens unit 280 magmiying and projecting
the images formed by the display devices 271 and 273 onto a
screen 290.

The projection-type image display apparatus 1s character-
ized 1n that an optical layout of first and second converging
lenses 251 and 253 constituting the lens unit 1s changed, and
since the other optical members have substantially the same
structures and functions as the optical members of the same
names described 1n connection with the embodiment of FIG.
2, detailed descriptions thereol will be omuatted.

The first and second converging lenses 251 and 253 are
sequentially provided along the optical path between the lens
array 230 and the polarizing beam splitter 260, and converge
incident rays. When the first and second converging lenses
251 and 253 are provided as described above, since an optical
distance between the polarizing beam splitter 260 and the first
and second display devices 271 and 273 can be short, there are
advantages 1n that optical design of a projection-type 1image
display apparatus can be easily performed, and, in addition,
the optical component of the apparatus can be compacted
more than the first embodiment by employing only one sec-
ond converging lens.

Referring FIGS. 16 and 17, a projection-type image dis-
play apparatus according to another embodiment of the
present invention comprises a light source 310 emitting light
in one direction, a color separation umt 320, a lens array 330
operated by a driving portion 340 1n a direction perpendicular
to the optical axis thereof, lens umts 351, 353, and 355, a
polarizing beam splitter 360, first and second reflection-type
display devices 371 and 373, first and second birefringent
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plates 372 and 374, and a projection lens unit 380 magnifying,
and projecting the 1mages formed by the display devices 371
and 373 onto a screen 390.

The projection-type 1mage display apparatus 1s character-
1zed 1n that the first and second birefringent plates 372 and
374 are provided in optical paths, since the other optical
members have substantially the same structures and functions
as the optical members of the same names described 1n con-
nection with the embodiment of FIG. 2, detailed descriptions
thereol will be omitted.

The first birefringent plate 372 i1s provided in the optical
path between the first display device 371 and the polarizing
beam splitter 360, and causes the rays reflected from the first
display device 371 to displace a predetermined portion of the
width of a pixel with respect to incident rays. In addition, the
second birefringent plate 374 1s provided in the optical path
between the second display device 373 and the polarizing
beam splitter 360, and causes the rays reflected from the
second display device 373 to displace a predetermined por-
tion of the height of a pixel with respectto incident rays. Here,
it 1s preferable that the first and second birefringent plates 372
and 374 are disposed so that differently polarized two types of
rays projected onto the screen 390 can be displaced 2 the
width and height of a pixel in directions orthogonal to inci-
dent rays. In the case that the projection-type image display
apparatus 1s configured as described above, since a color
image can be projected onto the screen 390 with the area of
every pixel on the screen divided into 4 equal portions, there
1s an advantage 1n that a high-resolution image can be
achieved.

Referring to FIGS. 18 and 19, a projection-type image
display apparatus according to another embodiment of the
present mnvention comprises a light source 410, a color sepa-
ration unit 420, a detlector, a lens array 430 dividing the
beams separated by the color separation unit 420 1nto a pre-
determined number of pixel rays, a polarizing beam splitter
460 changing the proceeding path of an incident beam
depending on a direction of polarization of the incident beam,
a retlection-type display device 471, and a projection lens unit
480 magmiying and projecting the images entering from the
display device 271 onto a screen 490.

The projection-type 1mage display apparatus configured as
above 1s characterized 1n that beams separated by the color
separation umt 420 are deflected and therefore the proceeding
paths of the beams are changed without operating the lens
array 430 so that the beams of the first, second, and third
wavelength ranges can sequentially enter into respective pix-
cls of the display device 471.

Referring to FIG. 18, the deflector 1s composed of a detlect-
ing mirror 441 which 1s provided to be pivotable 1n the optical
path between the color separation unit 420 and the lens array
430 changing an angle of reflection of an incident ray. In
addition, as shown 1n FI1G. 19, it 1s possible that the deflector
1s composed of a detlecting plate 445 which 1s provided to be
pivotable 1n the optical path between the polarizing beam
splitter 460 and the screen 490 changing an angle of refraction
of an 1ncident ray.

Referring to FIG. 20, a projection-type image display
apparatus according to another embodiment of the present
invention comprises a light source 510, a color separation unit
520, a lens array 530 dividing the beams separated by the
color separation unit 520 1nto a predetermined number of
pixel rays, a driving portion 5340 driving the lens array 530, a
relay lens 551 converging the rays having passed through the
lens array 330, a reflection-type display device 570 trans-
forming the rays having passed through the relay lens 5351 into
color-imaged rays, and reflects the color-imaged rays 1n a
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direction different from the direction of incident rays, and a
projection lens unit 380 for magnitying and projecting an
image onto a screen 590.

The projection-type 1image display apparatus according to
this embodiment 1s characterized in that the rays reflected
from the reflection-type display device 570 and forming an
image are directed 1n a direction different from the direction
of 1incident rays so that the proceeding path of the imncident
rays can be changed. Therefore, there 1s an advantage 1n that
a polarizing beam splitter changing the proceeding path of an
incident ray depending on a direction of polarization of the
incident ray can be excluded. To this end, 1t 1s preferable that
the reflection-type display device 570 1s a digital micro-mir-
ror device 1n which micro-mirrors corresponding to respec-
tive pixels are arranged 1n a two-dimensional array structure,
and each micro-mirror changes 1ts reflection angle according
to electrostatic attraction forces in order to form an 1mage.
Here, since the light source 510, the color separation unit 520,
the lens array 530, the driving portion 540, and the projection
lens unit 580 have substantially the same structures and func-
tions as the optical members of the same names described in
connection with the embodiment of FIG. 2, detailed descrip-
tions thereotf will be omatted.

Referring to FIG. 21, a projection-type image display
apparatus according to another embodiment of the present
invention comprises a light source 610, a color separation unit
620, a lens array 630, a driving portion 640 driving the lens
array 630, a display device 670 selectively passing color-
separated rays entering from the lens array 630 to form an
image, and a projection lens unit 680 magnifying and project-
ing the image formed by the display device 670 onto a screen
690. The display device 670 1s a transmission-type display
device such as a transmission-type liquid crystal display
device, and the imndividual pixels of the display device 670
selectively pass the respective rays entering from the lens
array 630 to form an 1image.

The projection-type 1mage display apparatus according to
this embodiment 1s different from the previous embodiments
in the fact that the former employs the transmission-type
display device 670. In this embodiment, since a polarizing
beam splitter changing a proceeding path of a ray 1s not
necessary, there 1s an advantage in that the configuration of an
optical system 1s simple. In the projection-type image display
apparatus according to this embodiment, the display device
670 1includes a polarizer and an analyzer so that only one type
of polarized beam can pass through the transmission-type
display device 670. Here, since the light source 610, the color
separation unit 620, the lens array 630, the driving portion
640, and the projection lens umt 680 have substantially the
same structures and functions as the optical members of the
same names described in connection with the embodiment of
FIG. 2, detailed descriptions thereot will be omaitted.

Referring to FIG. 22, a projection-type image display
apparatus according to another embodiment of the present
invention comprises a light source 710, a color separation unit
720, a first polarizing beam splitter 730 dividing the rays
separated by the color separation unit 720 into two groups of
rays directed toward first and second paths, first and second
lens arrays 731 and 735 provided 1n the first and second paths,
respectively, first and second driving portions 741 and 745
driving the first and second lens arrays 731 and 735, respec-
tively, first and second transmission-type display devices 771
and 773 selectively passing the rays having passed through
the first and second lens arrays 731 and 735, respectively, to
form respective images, a second polarizing beam splitter 760
combining the 1images formed by the first and second display
device 771 and 775 and directing the combined 1mage to one
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direction, and a projection lens unmit 780 magmiying and
projecting the combined 1mage onto a screen 790.

This projection-type image display apparatus 1s different
from the projection-type image display apparatus according
the previous embodiment of FIG. 21 1n the fact that the former
separates mcident rays into first polarized rays (s-polarized
rays) and second polarized rays (p-polarized rays), and 1s
coniigured so that the first and second polarized rays can form
respective 1mages. The first polarizing beam splitter 730
passes the first polarized rays of the incident rays and directs
the first polarized rays to the first path, and reflects the second
polarized rays of the incident rays and directs the second
polarized rays to the second path. The first polarized rays pass
through the first lens array 731 and the first display device
771, and enter the second polarizing beam splitter 760. Mean-
while, the second polarized rays retlected from the first polar-
1zing beam splitter 730 pass through the second lens array 735
and the second display device 775, and enter the second
polarizing beam splitter 760. Here, the first display device
771 1s composed of a transmission-type liquid crystal display
device or the like, and the pixels of the first display device 771
are driven individually to change polarization depending on
image portions and non-image portions, and produce an
image.

The second polarizing beam splitter 760 changes the path
of incident rays by passing or retlecting the incident rays
according to a direction of polarization of the incident rays so
that the 1image signals entering along the first and second
paths can proceed toward the projection lens unit 780.

As described above, when the first and second display
devices 771 and 775 are disposed in different paths, 1t should
be understood that the efficiency of the use of light 1s high, and
a 3-D image can be produced by driving the first and second
display devices 771 and 775 to form a left-eye 1mage and a
right-eye 1mage, respectively.

Here, since the light source 710, the color separation unit
720, and the projection lens unit 780 have substantially the
same structures and functions as the optical members of the
same names described in connection with the embodiment of
FIG. 2, detailed descriptions thereof will be omitted. In addi-
tion, since the first and second lens arrays 731 and 735, and
the first and second driving portions 741 and 745 have sub-
stantially the same structures and functions as the lens array
130 and the driving portion 140 according to the embodiment
of FIG. 2, detailed descriptions thereol will be omitted.

As described above, the projection-type 1mage display
apparatus separates the rays entering from the light source
into color rays using the color separation unit composed of
first and second dichroic mirrors and a reflecting mirror dis-
posed to neighbor each other. The separated rays are rear-
ranged by the lens arrays according to their colors so that
color stripes disposed 1n sequence and divided according to
the ranges of wavelengths can enter the display devices, and
the lens arrays are operated so that a tull color image can be
produced by each pixel. Therefore, there are advantages in
that the efficiency of the use of light 1s high, and, 1n addition,
a high-resolution 1mage can be achieved.

In addition, since both p-polarized rays and s-polarized
rays separated by a polarizing beam splitter are utilized in
image formation, there are advantages in that the efficiency of
the use of light can be enhanced, and, 1n addition, a 3-D image
can be produced by forming left-eye and right-eye images
using the separated p-polarized and s-polarized rays. In addi-
tion, when 1mages formed by using p-polarized rays and
s-polarized rays separated by a beam splitter are moved %4 the
width and height of a pixel in directions orthogonal to each
other, since a color 1image can be projected onto the screen
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with the area of every pixel on the screen divided 1nto 4 equal
portions, there 1s an advantage 1n that a high-resolution image
can be achieved.

Although preferred embodiments of the present invention
have been shown and described, 1t will be appreciated by
those skilled 1n the art that changes may be made in these
embodiments without departing from the principle and spirit
of the invention, the scope of which 1s defined 1n the appended
claims and their equivalents.

What 1s claimed 1s:

1. A projection-type 1image display apparatus including:

a light source emitting light rays;

a color separation unit separating the rays incident thereon
according to predetermined ranges of wavelengths, and
directing the separated incident rays at angles different
from each other:

a lens array dividing the rays separated by the color sepa-
ration unit mnto predetermined pixel rays and converging
the pixel rays individually;

a driving portion driving the lens array to change the pro-
ceeding paths of the separated rays incident on the lens
array irom the color separation unit;

a polarizing beam splitter changing a proceeding path of
the converged pixel rays depending on a direction of
polarization by passing first polarized rays of the 1nci-
dent pixel rays from the lens array, and retlecting second
polarized rays of the incident pixel rays from the lens
array;

a reflection-type display device having pixels producing at
least one color image using the first and/or second polar-
ized rays having passed through and/or having been
reflected from the polarizing beam splitter, and reflect-
ing the color image toward the polarizing beam splitter;

a lens unit, provided 1n the optical path between the lens
array and the display device, converging and projecting
the first and second polarized rays onto the display
device, said lens unit comprising:

a first converging lens provided in an optical path between
the lens array and the polarizing beam splitter, converg-
ing the pixel rays having passed through the lens array;
and

a second converging lens provided n an optical path
between the polarizing beam splitter and the display
device converging incident pixel rays from the beam
splitter; and

a projection lens unit magnifying and projecting the color
image formed by the display device and through the
polarizing beam splitter onto a screen.

2. The projection-type 1image display apparatus as claimed
in claim 1, wherein the lens array is a cylindrical lens array 1n
which a plurality of cylindrical lenses having a width corre-
sponding to a width of a pixel of the display device are
disposed to neighbor each other.

3. The projection-type 1image display apparatus as claimed
in claim 2, wherein the driving portion moves the lens array
by a unit length which 1s /3 or less than 5 of a width of one of
the cylindrical lens so that the separated rays of the predeter-
mined wavelength ranges alternately enter respective pixels
constituting the display device.

4. The projection-type 1image display apparatus as claimed
in claim 1, wherein the lens unit includes:

a first converging lens provided in an optical path between
the lens array and the polarizing beam splitter, converg-
ing the rays having passed through the lens array; and

a second converging lens converging the rays converged by
the first converging lens.
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5. The projection-type image display apparatus as claimed
in claim 1, wherein the display device 1s provided in the
proceeding path of the first polarized pixel rays or the pro-
ceeding path of the second polarized pixel rays, and the rays
reflected from the individual pixels of the display device
forming the at least one color image are changed from one
polarized state to the other polarized state, and are reflected
toward the polarizing beam splitter.

6. The projection-type image display apparatus as claimed
in claim 1, wherein the display device includes:

a first display device provided 1n the proceeding path of the
first polarized pixel rays changing the rays reflected
from the individual pixels thereof and forming a first
color 1mage 1nto the second polarized rays, and reflect-
ing the second polarized rays toward the polanzing
beam splitter; and

a second display device provided 1n the proceeding path of
the second polarized pixel rays changing the rays
reflected from the individual pixels thereof and forming
a second color image into the first polarized rays, and
reflecting the first polarized rays toward the polarizing
beam splitter.

7. The projection-type image display apparatus as claimed
in claim 6, wherein the first color image of the second polar-
1zed rays produced and projected by the first display device,
and the second color 1mage of the first polarized rays pro-
duced and projected by the second display device form a
left-eye color image and a right-eye color image of the same
image frame so that a 3-D color image can be seen when a user
uses polarizing glasses.

8. The projection-type 1image display apparatus as claimed
in claim 6, wherein the projection-type image display appa-
ratus further includes:

a lirst birelringent plate provided in the optical path
between the polarizing beam splitter and the first display
device so that the polarized rays reflected from the first
display device and forming the first color 1mage are
displaced a predetermined portion of the width of a pixel
with respect to polarized rays incident thereon; and

a second birefringent plate provided in the optical path
between the polanizing beam splitter and the second
display device so that the polarized rays reflected from
the second display device and forming the second color
image are displaced a predetermined portion of the
height of a pixel with respect to polarized rays incident
thereon.

9. The projection-type 1image display apparatus as claimed
in claim 8, wherein the first and second display devices are
disposed so that differently polarized types of rays retlected
from the first and second display device each forming a color
image and projected onto the screen via the polarizing beam
splitter and the projection lens unit can be displaced %4 the
width and height of a pixel in directions orthogonal to rays
incident to the first and second display devices.

10. The projection-type image display apparatus as
claimed 1n claim 1, wherein the color separation unit
includes:

a first dichroic mirror disposed so as to reflect the rays of a
first wavelength range incident thereon at a first angle
with respect to the optical axis of the incident rays, and
so as to pass the rays incident thereon of other wave-
length ranges;

a second dichroic mirror disposed so as to reflect the rays of
a second wavelength range incident thereon having
passed through the first dichroic mirror at a second angle
different from the first angle with respect to the optical
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ax1s of the incident rays, and so as to pass the remaining,
rays of a third wavelength range; and
a reflecting mirror disposed so as to reflect the rays of the
third wavelength range incident thereon having passed
through the first and second dichroic mirrors at a third
angle different from the first and second angles with
respect to the optical axis of the incident rays.
11. The projection-type i1mage display apparatus as
claimed in claim 10, wherein the first, second, and third
angles satisty the following equation of inequality,

the first angle>the second angle>the third angle.

12. A projection-type 1image display apparatus including:

a light source emitting light rays;

a color separation unit separating rays of light incident
thereon according to predetermined ranges of wave-
lengths, and directing the separated rays at angles dii-
ferent from each other;

a first polanzing beam splitter reflecting first polarized rays
incident thereon from the rays separated by the color
separation unit to direct the first polarized rays toward a
first path, and passing second polarized rays incident
thereon from the rays separated by the color separation
unit to direct the second polarized rays toward a second
path;

first and second lens arrays provided in the first and second
path, respectively, dividing the rays incident thereon
separated by the color separation unit into predeter-
mined pixel rays and converging the pixel rays individu-
ally;

first and second driving portions driving the first and sec-
ond lens arrays to change the proceeding paths of the
rays incident to the first and second lens arrays;

first and second transmission-type display devices selec-
tively passing the respective rays incident thereon hav-
ing passed through the first and second lens arrays to
form respective color images;

a second polarizing beam splitter combining the color
images formed by the first and second display devices
and directing the combined color image to one path; and

a projection lens unit magnifying and projecting the color
image combined by the second polarizing beam splitter
onto a screen to form a magnified color image on the
screen.

13. The projection-type i1mage display apparatus as
claimed 1n claim 12, wherein the first lens array 1s a cylindri-
cal lens array 1n which a plurality of cylindrical lenses having
a width corresponding to the width of a pixel of the first
display device are disposed to neighbor each other, and the
second lens array 1s a cylindrical lens array in which a plu-
rality of cylindrical lenses having a width corresponding to
the width of a pixel of the second display device are disposed
to neighbor each other.

14. The projection-type i1mage display apparatus as
claimed 1n claim 13, wherein the first and second drniving
portions move the first and second lens arrays, respectively,
by a unit length which 1s 14 or less than %4 the width of the
cylindrical lens so that the rays of predetermined wavelength
ranges can alternately enter respective pixels constituting the
first and second display devices.

15. The projection-type i1mage display apparatus as
claimed in claim 13, wherein the color separation unit
includes:

a first dichroic mirror disposed so as to retlect the rays
incident thereon of a first wavelength range at a first
angle with respect to the optical axis of the incident rays,
and so as to pass the rays of other wavelength ranges;
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a second dichroic mirror disposed so as to reflect the rays
incident thereon of a second wavelength range of the
rays having passed through the first dichroic mirror at a
second angle different from the first angle with respect to

16

a lens array configured to be drivable to divide the sepa-
rated rvays into predetermined pixel vays corresponding
to the pixels of the display device, such that a driving of
the lens arrvay causes the separated rays of the predeter-

the optical axis of the incident rays, and so as to pass the ° mined wavelength vanges to alternately enter vespective
remaining rays of a third wavelength range; and pixels of the display device; and
areflecting mirror disposed so as to reflect the rays incident a deflecting unit which variably changes one of an angle of
thereon of the third wavelength range of the rays having reflection of the separated rays before the lens array and
passed through the first and second dichroic mirrors at a an angle of refraction of an incident vay, the incident ray
third angle different from the first and second angles 10 being incident to the deflecting unit from the display
with respect to the optical axis of the incident rays. device, to displace pixels of the image in corresponding
16. The projection-type image display apparatus as predetermined directions,
claimed in claim 15, wherein the first, second, and third wherein the deflecting unit alternately displaces the pixels
angles satisiy the following equation of mnequality, 4 of the image by a /> pixel unit.
23. An image display system comprising:
the first angle>the second angle>the third angle. a display device having pixels to produce an image;
17. A method of forming an image comprising: a lens array configured to be drivable to divide color sepa-
emitting light rays; rated rays into predetermined pixel vays corrvesponding
separating the rays of light according to predetermined 20 lo the pixels of the display device, such that a driving of
ranges of wavelengths and directing the separated rays at the lens array causes the separated rays to alternately
different angles; enter vespective pixels of the display device; and
dividing the separated rays into predetermined pixel rays a deflecting unit which variably changes an angle of vefrac-
and then converging the pixel rays; tion of an incident ray, the incident vay being incident to
separating said converged pixel rays into first and second 25 the deflecting unit from the display device, to displace
polarized pixel rays; pixels of the image in corresponding predetermined
producing color 1mages using said first and second polar- divections,
1zed pixel rays; wherein the deflecting unit comprises a deflecting array,
displacing the rays of the first color image by a width of a which pivotably changes the angle of refraction.
pixel and the rays of the second color image by a height 30  24. An image display system comprising:
of a pixel; and a display device having pixels to produce an image; and
projecting and magnifying the first and second color a deflecting unit which variably changes an angle of vefrac-
images onto a screen. tion of a colov separated incident vay, the incident ray
18. An image display system comprising: being incident to the deflecting unit from the display
a display device having pixels to produce an image; 35 device to display pixels of the image in a predetermined
a colov separation unit which separates rvays incident sequence,
thereon according to predetermined vanges of wave- wherein the variably changing of the deflecting unit alter-
lengths and divects the separated vays at corrvesponding nately displaces the pixels of the image in corrvesponding
different angles; predetermined divections.
a lens array configured to be drivable to divide the sepa- 40  25. The image display system as claimed in claim 24,

wherein the deflecting unit alternately displaces the pixels of
the image in opposite directions by a /2 pixel unit.
26. A method of forming an image using a display device
having pixels to produce the image, the method comprising:
dirvecting vays of predetermined wavelength vanges to the
display device; and
producing the image by variably changing an angle of
refraction of an incident rvay, incident after modification
by the display device, to displace the pixels of the image
in corresponding predetermined divections,
wherein the variably changing of the angle of refraction
displaces the rays of the predetermined wavelength
ranges to alternately enter respective pixels of the dis-
play device.
27. An image display system comprising:
a display device having pixels to produce an image; and
a deflecting unit which variably changes an angle of reflec-
tion of a color separated light ray to the display device to
display pixels of the image in a predetermined sequence,
wherein the variably changing of the deflecting unit alter-
nately displaces the pixels of the image in corresponding
predetermined divections,
wherein the variable changing of the angle of veflection of
the color separated light ray is performed before a divid-
ing of the color separated light into predetermined pixel
rays corresponding to the pixels of the display device,
and

rated rays into predetermined pixel ravs corresponding
to the pixels of the display device, such that a driving of
the lens arrvay causes the separated rays of the predeter-
mined wavelength ranges to alternately enter vespective
pixels of the display device; and 45

a deflecting unit which variably changes an angle of vefrac-
tion of an incident ray, the incident ray being incident to
the deflecting unit from the display device, to displace
pixels of the image in corresponding predetermined
directions. 50

19. The image display system as claimed in claim 18,
further comprising a driving portion which drives the lens
array so as to have the separated vays of the predetermined
wavelength vanges alternately enter the vespective pixels of
the display device. 55

20. The image display system as claimed in claim 18§,
wherein the display device is one of a reflection-type display
device and a transmission-type display device.

21. The image display system as claimed in claim 18,
wherein the image display system is a projection-type image 60
display system.

22. An image display system comprising.

a display device having pixels to produce an image;

a colov separation unit which separates rvays incident
thereon according to predetermined vanges of wave- 65
lengths and divects the separated vays at corrvesponding
different angles;
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wherein the deflecting unit alternately displaces the pixels
of the image in opposite directions by a V2 pixel unit.

28. A method of forming an image using a display device

having pixels to produce the image, the method comprising:

directing rvays of predetermined wavelength vanges to the >
display device; and

producing the image by variably changing an angle of
reflection of a light ray, of the rays of the predetermined
wavelength vranges, to the display device, to displace the
pixels of the image in corresponding predetermined
divections,

wherein the variably changing of the angle of reflection
displaces the vays of the predetermined wavelength
ranges to alternately enter respective pixels of the dis-
play device,

whevrein the variable changing of the angle of veflection of
the light vay is performed before a dividing of the rays of
the predetermined wavelength rvanges into predeter-
mined pixel rays corresponding to the pixels of the dis- >0
play device, and

wherein the deflecting unit alternately displaces the pixels
of the image in opposite directions by a V> pixel unit.

29. A projection-type image display apparatus including:

a color separation unit separvating rays incident thereon 25
according to predetermined vanges of wavelengths, and
dirvecting the separated incident vays at angles different
from each other;

a lens array dividing the rvays separated by the color sepa-
ration unit into predetermined pixel rays and converging 30
the pixel rays individually,

a driving portion driving the lens array to change the
proceeding paths of the separated vays incident on the
lens array from the colorv separation unit;

a polarizing beam splitter changing a proceeding path of 35
the converged pixel vays depending on a direction of
polarization by passing first polarized rays of the inci-
dent pixel vays from the lens array, and veflecting second
polarized rays of the incident pixel vays from the lens
array; 40

a veflection-type display device having pixels producing at
least one color image using the first and/ov second
polarized rays having passed through and/or having
been reflected from the polarizing beam splitter, and
reflecting the color image toward the polarizing beam 45
splitter;

a lens unit, provided in the optical path between the lens
array and the display device, converging and projecting
the first and second polarized vays onto the display
device, said lens unit comprising: 50

a first converging lens provided in an optical path between
the lens array and the polarizing beam splitter, converg-
ing the pixel vrays having passed through the lens array;
and

10

15

18

a second converging lens provided in an optical path
between the polarizing beam splitter and the display
device converging incident pixel vays from the beam
splitter; and

a projection lens unit magnifyving and projecting the color
image formed by the display device and through the
polarizing beam splitter onto a screen.

30. A projection-tvpe image display apparatus including:

a color separation unit separating vays of light incident
thereon accovding to predetermined rvanges of wave-
lengths, and directing the separated rays at angles dif-
Jerent from each other;

a first polarizing beam splitter rveflecting first polarized
rays incident theveon from the vays separated by the
color separation unit to direct the first polarized rays

toward a first path, and passing second polavized rays
incident thereon from the vays separvated by the color
separation unit to divect the second polarized rays
toward a second path;

fivst and second lens arrays provided in the first and second

path, rvespectively, dividing the rays incident thereon
separated by the color separation unit into predeter-
mined pixel rays and converging the pixel rays individu-
ally;

first and second driving portions driving the first and sec-

ond lens arrays to change the proceeding paths of the
rays incident to the first and second lens arrays;

first and second transmission-type display devices selec-

tively passing the vespective rays incident theveon hav-
ing passed through the first and second lens arrays to
form respective color images;

a second polarizing beam splitter combining the color
images formed by the first and second display devices
and directing the combined color image to one path; and

a projection lens unit magnifyving and projecting the color
image combined by the second polarizing beam splitter
onto a screen to form a magnified color image on the
screen.

31. A method of forming an image comprising:

separating rays of light according to predetermined vanges
of wavelengths and divecting the separated rays at dif-
Jerent angles;

dividing the separated rays into predetermined pixel vays
and then converging the pixel rays;

separating said converged pixel vays into first and second
polarized pixel rays;

producing color images using said first and second polar-
ized pixel rays;

displacing the vays of the first color image by a width of a
pixel and the ravs of the second color image by a height
of a pixel; and

projecting and magnifving the first and second color
images onto a screen.
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