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THIN BDISPLAY OPTICAL PROJEGTOR
This invention was made with Government support under contract number

DE-AC02-98CH10886, awarded by the U.S. Department of Energy. The Government has

certain rights in the invention.

BACKGROUND OF THE INVENTION

The present invention relates generally to planar optical displays, and, more
specifically, to a light projection system therefor.

A thin optical display panel having a plurality of laminated optical waveguides
is disclosed in US Patent 5,381,502 over which the present invention is an improvement.
Each of the waveguides in the panel includes a transparent core laminated between opposite
cladding layers having a lower index of refraction. The waveguides collectively define an
inlet face at one end and an outlet face or screen at an opposite end disposed obliquely to the
inlet face. The screen forms an extremely small acute face angle with the longitudinal axes of
the waveguides, on the order of about 1 or 2 degrees, which allows the height of the screen to
be substantially larger than the depth or thickness of the panel for keeping the panel thin.

The thin panel may be used for various applications such as a television video
display screen with an exemplary width to height ratio of 4:3 with 525 vertical lines of
resolution. This resolution may be simply effected by correspondingly using 525 stacked
waveguides which are continuous along the width of the panel. The panel inlet face,
therefore, extends the full width of the panel but is extremely narrow corresponding with the
thinness of the panel. For example, the thickness of the panel at the inlet face may be about
2.54 cm, with the height of the screen being 100 cm, and a corresponding width of 133 cm.
The corresponding thickness of each of the waveguides is about 48 microns.

In the original development of the thin panel, a laser beam was employed to
directly produce collimated light which is sequentially scanned laterally and transversely
along the inlet face for producing a corresponding image on the screen in the horizontal and

vertical directions, respectively. Various types of lenses may be used with the laser beam for
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ensuring a high resolution image on the screen, but lenses require precise alignment and
inherently effect chromatic aberrations which adversely affect the produced image.

Accordingly, it is desired to provide an improved light projector for use with
the thin waveguide panel for reducing complexity and cost, and eliminating chromatic

aberration.

SUMMARY OF THE INVENTION
" An optical system projects light into a planar optical display. The display
includes laminated 6ptica1 waveguides defining an in,ief face at one end and an outlet screen
~ atan opposite end. A first mirror collimates light from a light source along a first axis, and
* distributes the light along a second axis. A seéo_nd mirror collimates the iight from the first

mirror along the second axis to illuminate the inlet face and produce an image on the screen.
BRIEF DESCRIPTION OF THE DRAWINGS

: The inventioﬁ, in accordance with preferred and exemplary embodiments;
together with further objects and advantages thereof, is more particularly described in the .
following detailed description taken in conjunction with the accompanying drawings in
which: _

Figure 1 is a perspective view of an optical display panel receiving light from
an optical pfojector shown schematically in accordance with an exemplary embodiment of the
present invention. .

Figure 2 is an enlarged portion of part of the display panel illustrated in Figure
1 within the dashed circle labeled 2 illustrating exemplary optical waveguides therein.

Figure 3 is a transverse secﬁonal view through the optical system illustrated in
Figure 1 and taken generally along line 3-3.

Figure 4 is an alternate embodiment of the optical system illustrated in Figure

3 including a light transmissive modulator therein.
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DESCRIPTION OF THE PREFERRED EMB&DIMENT(S)

Iustrated in Figure 1 is an optical display panel 10 including a plurality of stacked or
laminated optical waveguides 12 collectively defining an inlet face 14 at a vertically lower
end of the panel, and an outlet face or screen 16 at an opposite end thereof disposed
obliquely thereto. As shown in more detail in Figure 2, each of the waveguides 12 is in the
exemplary form of a ribbon or sheet including a transparent centrat core 12a bonded between
opposite cladding layers 12b. The cladding 12b has an index of refraction which is less than
that of the core 12a for effecting total internal reflection of light 18a transmitted to the cores
from the inlet face 14 to the screen 16. The inlet face 14 may be optically polished for
receiving the light, and the screen 16 may be frosted for diffusing the light thereat.

As shown in Figure 1, the waveguides 12 are laterally continuous for the entire
width W of the panel. The waveguides 12 are Jaminated or stacked in the transverse direction
in a sufficient number for providing suitable vertical resolution of the screen 16. For
example, there may be 525 waveguides 12 transversely stacked together to effect a maximum
depth or thickness T of the panel.

The screen 16 is planar or flat, and oblique or substantially perpendicularly to
the inlet face 14. This is effected by beveling the outlet faces of the waveguides at a small
acute angle A on the order of 1 or 2 degrees, for example, relative to the longitudinal axes of
the individual waveguides 12. In this way, the inlet face 14 may be extremely narrow or thin,
for example about 2.54 cm, with the screen 16 being relatively tall in height H over the full
width W of the screen. The height H may be about 100 cm, for example, with the width W
being about 133 cm in a typical 4:3 width to height aspect ratio for the screen 16, although
other ratios, such as 16:9, may also be effected.

The display panel 10 is of the type initially patented in US Patent 5,381,502
and enjoys all the benefits disclosed therein attributable to the laminated, thin panel design,
including flat or curved panel forms. However, in that patent a collimated laser beam was

disclosed in a system for scanning the beam both laterally along the inlet face of the panel for

SUBSTITUTE SHEET (RULE 26)



WO 00/13049 PCT/US99/15953
-4-

horizontally discriminating the light, and transversely along the depth or thickness of the
panel for vertically discriminating the light.

In accordance with the present invention, an improved optical projection
system or projector 20 is illustrated schema,tiéal_ly in Figure 1 for projecting the light 18a into
the inlet face 14 for transmission through the respective waveguides 12 to produce a viewable
image 22 on the screen 16.

The projector 20 includes a suitable white light source 18 which may be a
relatively simplé non-collimated light bulb, such as a bright halogen light bulb, for producing
white light for example. Other types of light sources may be used, and may even include
lasers if desired.

Color may be intrpdubed in the projected light 18a in any suitable manner.
For example, a conventional color wheel 24 having ;e'd, green, and blue portions may be
mounted adjacent the light source 18 and rotated fof selectively coloﬁng the light to produce
a color image 22 on the screen. | _ _

Since the light 18a is not cél_limated, a first reflecting mirror 26 is optically
aligned with the light source 18, with the color wheel 24 being suitable optically aligned

therebetween. The first mirror 26 is provided for collecting and collimating the diffuse light
" from the source 18 along a ﬁl;ﬁst axis which is vert_icgi- in Figure 1, and then distributing by
expansion the light along a second axislwl,ixich is horizontal in Figure 1, and orthogonal with
the first axis. | |

A second reflecting mirror 28 is optically aligned with the first mirror 26 for
horizontally collimating the light reﬂected-f_rom the first mirror along the second axis. and
stops horizontal expansion to illuminate thc'in_let face 14 and produce the video image 22 on
the screen 16. ' | |

The use of the ﬁ_rst and secgnd mitrors 26, 28 with the diffuse light source 18
reduces or eliminates the need for lenses in the 'p_roj_ect_ion system, reduces complexity and
cost, and eliminates chromatic aberration mherent in lenses. Howéver, in order to produce a
suitable video image 22 on 'the screen 16, the diffuse light must be collimated and transmitted

through the waveguides to the screen 16.
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The first anc%,:se;g_?nd mirrors 26, 28, therefore, axg‘e;2 @gfembly parabolic in
section for collimating the li'ghtul 8a for distribution over the enﬁre afea of the inlet face 14.
The first mirror 26 is suitably optically aligned with the light source 18 for firstly reflecting
the light 18a therefrom for laterally or horizontally distributing the light along the second
axis. The second mirror 28 is optically aligned with the first mirror 26 for secondly reflecting
the laterally distributed light for transversely or vertically distributing the light along the first
axis orthogonal to the second axis to illuminate the entire inlet face 14 and produce the image
22 on the screen 16.

The first and second mirrors 26, 28 are therefore effective for both collimating
the light 18a as the light is firstly and secondly reflected therefrom in turn, as well as suitably
distributing the light over the entire inlet face 14. The light then travels along the different
length waveguides 12 to illuminate the screen 16 and produce the image 22 thereon.

Since the light 18a is diffuse without distinction, it must be suitably modulated
in intensity for discriminating the picture elements or pixels both horizontally and vertically
in the screen 16, This may be accomplished by using a light modulator 30 shown in Figures
1 and 3 optically disposed and aligned between the light source 18 and the first mirror 26,
The light modulator 30 is effective for selectively modulating the light 18a from the source
18 prior to its first reflection in the first mirror 26.

The modulator 30 may take any conventional form such as a digital
micromirror device (DMD) which is commercially available from Texas Instruments, Inc.,
USA. The DMD 30 is in the exemplary form of a 640 by 480 element array of binary light
deflectors or micromirrors which are individually selectively tillable over a plus and minus
10° range. The DMD is operatively joined to a suitable electrical controller or processor 32
configured to selectively reflect the light 18a either toward the first mirror 26 or away
therefrom and provide horizontal and vertical discrimination for producing the displayed
image 22. .

As indicated above, the color wheel24 may be disposed between the light
source 18 and the modulator 30 for selectively coloting the light from the source prior to the

first reflection in the first mirror 26 to produce a color image 22 on the screen 16.
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Referring again to Figures 1 and 3, the first and second mirrors 26,28 are
optically aligned in sequence with the display inlet face 14 to pmﬁde; collimated and non-
focused light both laterally along the horizontal extent of the face 14 and transversely along
the depth of the face 14 to correspondingly produce the image 22 both horizontally and
vertically on the screen 16. | N

The video image 22 is initially generated at the modulator 30 which is
typically a small device of about a square centimeter in area. The DID, for example, has a
width w and height h, with a corresponding width to height first aspect ratio w/h. The first
aspect ratio may be square or rectangular, such as the 4:3 television aspcct ratio.

The display inlet face 14 by the very nature of the thm display 10 is narrow in
depth or thickness T over the entire full w1dth W with a con’espoﬁdinlg width to depth second
aspect ratio W/T which is substaﬁtially different and 1arger than the ﬁrst aspect ratio wh.

- For example, the second aspéci ratio is about 52 based on the exemplary sizes of the display
10 introduced above. - -

The display screen 16 as introduced above has a corresponding third aspect
ratio W/H which is necessarily &ifferent from the se_;ond aspect ratio WIT of the inlet face 14, .
and for example is 4:3, which matches the first aspect ratio of the modulator 30.

The light which is carried along the optical train from the modulator 30 to the
screen 16 must be suitably expanded laterally and transversely in order to form a properly
scaled image 22 on the screen 16. Given the diﬁiens_ions of the panel 10 and the light
modulator 30, the required contours of the first and sécond mirrors 26, 28 may be
conventionally determined by aﬁalysis or experimentation. The -i)arabolic first and second
rnirrors 26, 28 are suitably contoured to distribute the light from the modulator 30 both
laterally and transversely across the display iillet face 14 to produce the image 22 across the
screen 16 in conformance with the preselected ﬁrst; sécond, and third aspect ratios. Sinée
the image 22 is born from the modulator 30 which is substantially smaller in area than the
screen 16, the image is initially compresséd, and therefore, must be decompressed or
expanded along the optical train using the first and second mirrors 26, 28 to reconfigure the

image to the aspect ratio of the screen 16 with uniform scale therein.
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As shown ni Flgures 1 and 3, the first mirror 26 3 1s cpntoured in a suitable
parabola along the honzontai axis to laterally expand or decompress the light from the
modulator 30 to match the Iateral width of the inlet face 14. The first mirror 26 is also
parabolic vertically along the first axis to vertically collimate the light.

Correspondingly, the second mitror 28 is preferably contoured in a parabola
horizontally or laterally to horizontally collimate the light from the first mirror 26 and stop
horizontal expansion thereof to match the inlet face 14 along its full horizontal width W. The
second mirror 28 may be parabolic to vertically collimate the light in conjunction with the
first mirror 26. Or, the second mirror may be vertically constant or straight if the first mirror
provides complete collimation.

Since the first mirror 26 illustrated in Figure 3 is parabolic and receives light
from the adjoining modulator 30, the modulator 30 is suitably positioned off-axis to the first
mirror 26 to allow unobstructed reflection of the light from the first mirror 26 to the second
mirror 28. In this way, the modulator 30 may be offset below the first mirror 26
providing an unobstructed light path from the light source 18.

In the first embodiment of the invention illustrated in Figures 1 and 3, the first
modulator 30 is in the form of the DMD optically aligned between the light source 18 and the
first mirror 26 for selectively reflecting the light therebetween in response to the controller
32. Figure 4 illustrates an alternate embodiment of the present invention wherein the light
modulator is in the form of a conventional liquid crystal display 30a optically aligned
between the light source 18 and the first mirror 26 for selectively transmitting the light 18a
therebetween. The LCD 30a may have a suitable number of pixel elements which may be
individually turned on and off for transmitting or blocking portions of the light as desired to
effect the screen image 22. The same first and second mirrors 26, 28 may be used with the
LCD modulator 30a for the same performance and advantages as in the first embodiment
described above.

The light projector 20 described above utilizes relatively simple parabolic
mirrors 26, 28 with a diffuse light source 18 for collimating and expanding the light from the

modulators 30, 30a to illuminate the display inlet face 14 and produce a suitable image 22 on
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the screen 26. This system eliminates the need for precision collimating or focusing lenses,
and eliminates the attendant chromatic aberration therefrom. The system is inherently
compact, and may include, if desired, additional folding mirrors to further improve the
packaging of the projector with the display panel 10 in a minimum volume.

While there have been described herein what are considered to be preferred
and exemplary embodiments of the present inventio_n,_pther modifications of the invention
shall be apparent to those skilled in the art from the teachings herein, and it is, therefore,
desired to be secured in the appended claims all such modifications as fall within the true
spirit and scope of the invention. |

Accordingly, what is desired to be secured by Letters Patent of the United

States is the invention as defined and differentiated in the following claims:
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1 An optical system 20 for projecting light into an optical display panel

10 including a plurality of laminated optical waveguides 12 defining an inlet face 14 at one
end and an outlet screen 16  at an opposite end disposed obliquely thereto, comprising:
a light source 18;
a first mirror 26 for collimating light from said source 18 along a fitst
axis, and distributing said light along a second axis; and
a second mirror 28 optically aligned with said first mirror 26 for
collimating said light reflected therefrom along said second axis, and distributing said light
to illuminate said inlet face and produce an image 22 on said screen 16.
2. A system according to claim 1 wherein said first and second mirrors
26, _
3. . A system according to claim 2 further comprising a light modulator
30, 30a optically disposed between said light source 18 and said first mirror 26.
4, A system according to claim 3 wherein said first and second mirrors
26,28 are optically aligned in sequence with said display inlet face 14 to provide
collimated, non-focused light laterally and transversely thereacross.
5. A system according to claim 3 wherein:
said modulator 30 has a width to height first aspect ratio;
said display inlet face 14 has a width to depth second aspect ratio
different than said first aspect ratio;
said display screen 16 has a width to height third aspect ratio different
than said second aspect ratio; and
said first and second mirrors 26, 28 are contoured to distribute said
light from said modulator 30 across said display inlet face 14 to produce said image across

said screen 16 in conformance of said first, second, and third aspect ratios.
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6. A system according to claim 5 wherein:
_ said first mirror 26 is contoured to laterally expand said light from said
modulator to match said inlet face 14; and
said second mirror 28 is contoured to stop said lateral expansion of
said light from said first mirror 26 to match said inlet face 14.

7. A system according to claim 6 wherein said modulator comprises a
digital micromirror device 30 optically aligned bctwéen said light source 18 and said first
mirror 26 for selectively reflecting light therebefween.

8. A system according to claim 6 wherein said modulator comprises a
liquid crystal display 30a optically aligned between said light source 18 and said first mirror
26 for selectively transmitting light therebetween.

9. A system according to claim 6 further comprising a color wheel 24
optically aligned between said light source 18 and said first mirror 26 for selectively
coloring said light to produce a color image 22 on said screen.

| 10. A system according to claim 6 wherein said light source 18 is non-
collimated. | :

11. A method for projecting light into an optical display panel 10 including
a plurality of laminated optical waveguides 12 defining an inlet face 14 at one end and an
outlet screen 16 at an opposite end disposed obliquely thereto, comprising:

firstly reflecting light from a source 18 for laterally distributing said
light along an axis; and

secondly reflecting said laterally distributed light for transversely
distributing said light along another axis orthogonal with said one axis to illuminate said

inlet face 14 and produce an image 22 on said screen 16.
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12 A meglod according to claim 11 further comprising collimating said
light s said light i firstly and secondly reflected. o
13. A method according to claim 12 forther comprising selectively
modulating said light from said source 18 and prior to said first reflection thereof.
14. A method according to claim 13 further comprising selectively

coloring said light from said source 18 and prior to said first reflection thereof.
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_ AMENDED CLAIMS
[received by the International Bureau on 03 January 2000 (03.01.00);
original claim 2 amended;remaining claims unchanged (1 page)]
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1. An optical system 20 for projecting light into an optical display
panel 10 including a plurality of laminated optical waveguides 12 defining an inlet face
14 at one end and an outlet screen 16  at an opposite end disposed obliquely thereto,
comprising:

a light source 18; _

a first mirror 26 for collimating light from said source 18 along a first
axis, and distributing said light along a second axis; and

a second mirror 28 optically aligned with said first mirror 26 for
collimating said light reflected therefrom along said second axis, and distributing said

light to illuminate said inlet face and produce an image 22 on said screen 16.

2. A system according to claim 1 wherein said first and second mirrors
26, 28 are parabolic.
3. A system according to claim 2 further comprising a light modulator

30, 30a optically disposed between said light source 18 and said first mirror 26.
4. A system according to claim 3 wherein said first and second mirrors
26,28 are optically aligned in sequence with said display inlet face 14 to provide
collimated, non-focused light laterally and transversely thereacross. '
5. A system according to claim 3 wherein:
said modulator 30 has a width to beight first aspect ratio;
said display inlet face 14 has a width to depth second aspect ratio
different than said first aspect ratio; _
said display screen 16 has a width to height third aspect ratio
different than said second aspect ratio; and
said first and second mirrors 26, 28 are contoured to distriﬁute said
light from said modutator 30 across said display inlet face 14 to produce said image across

said screen 16 in conformance of said first, second, and third aspect ratios.
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