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COMPACT OPTICAL ENGINE FOR VERY
SMALL PERSONAL PROJECTORS USING
LED ILLUMINATION

TECHNICAL FIELD OF THE INVENTION

This invention relates to compact optical engine for very
small personal projectors using light emitting diode (LED)
illumination.

BACKGROUND OF THE INVENTION

Conventional attempts to use light emitting diode (LED)
technology for small, “pocket-sized” or personal projection
devices have relied on optical engine technologies that were
developed for conventional arc lamp and color wheel illu-
mination systems for single-panel digital micromirror
devices (DMDs). However, the optical engine technologies
that were developed for conventional arc lamp and color
wheel illumination systems for single-panel digital micro-
mirror devices (DMDs) are not optimized for form, size,
function, or performance when using light emitting diode
(LED) sources. For example, one major way that light
emitting diode (LED) sources differ from arc lamps is that,
though the emission area of a light emitting diode (LED)
source is small, the light emitting diode (LED) sources emit
into a very large angular space. This requires very different
collection and relay optics for optimum size and efficiency
from the conventional collection and relay optics used in arc
lamp systems.

SUMMARY OF THE INVENTION

According to various illustrative embodiments of the
present invention, a device for a light projection system
includes a single light emitting diode array comprising at
least one green die, at least one blue die, and at least one red
die, a single light collection, integration, and etendue-match-
ing optic element comprising a tapered light pipe capable of
collecting substantially all light emitted by the single light
emitting diode array and spatially integrating the substan-
tially all the light emitted by the single light emitting diode
array, and a telecentric relay using at least one of spherical
and aspherical refractive and reflective components. The
device also includes an illumination wedge prism, a digital
micromirror device capable of modulating the substantially
all the light emitted by the single light emitting diode array,
and a projection total internal reflection prism, the projection
total internal reflection prism disposed between the illumi-
nation wedge prism and the digital micromirror device. The
device also includes a projection lens, wherein the telecen-
tric relay provides the substantially all the light emitted by
the single light emitting diode array through the illumination
wedge prism and through the projection total internal reflec-
tion prism to the digital micromirror device that reflects the
substantially all the light emitted by the single light emitting
diode array back through the projection total internal reflec-
tion prism that totally internally reflects the substantially all
the light emitted by the single light emitting diode array
through the projection lens.

Some embodiments of the present invention provide
numerous technical advantages. Other embodiments may
realize some, none, or all of these advantages. For example,
various illustrative embodiments may provide a device for a
light projection system that creates a very compact optical
system for a 0.55 inch (0.55") panel diagonal digital micro-
mirror device (DMD), having a form factor that remains no
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more than about 35 mm in thickness, with a total optical
engine volume of no more than about 80 cc. A total projector
using such a device for a light projection system, including
electronics, a digital micromirror device (DMD) and a
thermal solution to dissipate heat produced may have a total
volume of no more than about 200 cc, weigh no more than
about 1 Ib, and be able to fit in a pocket and/or a purse. The
brightness of such a projector using such a device for a light
projection system may be no less than about 15 to about 20
lumens, and battery operation of such a projector may be in
a range of about 2 to about 4 hours, so power consumption
of the sources and the thermal solution may be minimal.

Similarly, various illustrative embodiments may provide a
device for a light projection system that may use a single
light emitting diode (LED) array, comprising at least one
green die, at least one blue die, and at least one red die,
disposed on a single high-power thermal package in such a
way as to minimize substantially the power consumption
and the optical complexity, and, thus, the overall size,
weight, and volume of the light projection system. A single
light collection, integration, and etendue-matching optic
element comprising a tapered light pipe may be enabled by
the single light emitting diode (LED) array, and may be
compact, simple, and inexpensive. Coupling the at least one
green die, the at least one blue die, and the at least one red
die in air instead of using a conventional index-matching
sealant may improve the optical efficiency and may enable
use of the simple single light collection, integration, and
etendue-matching optic element comprising the tapered
light pipe.

A telecentric relay using at least one of spherical and
aspherical refractive and reflective components may sub-
stantially minimize the overall volume and may also provide
a pupil for controlling stray light. The telecentric relay may
be manufacturable using relatively inexpensive technologies
and/or materials due to the relatively low light levels.

In addition, using a coupling prism assembly comprising
the right angle projection total internal reflection (TIR)
prism and an illumination wedge prism may allow compact
folding of the optical path within a single plane layout, in
spite of the digital micromirror device (DMD) hinge axis
being at about 45 degrees to the package. Moreover, using
the coupling prism assembly may simplify assembly and
substantially lower the cost and/or size/volume of a telecen-
tric system by using standardized tooling, such as a 90
degree (right angle) projection total internal reflection (TIR)
prism, and allowing reduction of projection lens offset to
substantially the minimum field size required for market
requirements and/or specifications. Furthermore, a plethora
of standard liquid crystal display (LCD) lens designs may
also be made applicable thereby.

Other technical advantages will be readily apparent to one
of ordinary skill in the art having the benefit of the present
disclosure, including the following figures, descriptions, and
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The following figures form part of the present specifica-
tion and are included to further demonstrate certain aspects
of the present invention, and should not be used to limit or
define the present invention. The present invention may be
better understood by reference to one or more of these
drawings in combination with the description of embodi-
ments presented herein. Consequently, a more complete
understanding of the present invention and further features
and advantages thereof may be acquired by referring to the
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following description taken in conjunction with the accom-
panying drawings, in which the leftmost significant digit(s)
in the reference numerals denote(s) the first figure in which
the respective reference numerals appear, wherein:

FIG. 1 schematically illustrates a perspective view of a
device for a light projection system, according to various
exemplary embodiments of the present invention;

FIG. 2 schematically illustrates another perspective view
of the device for the light projection system shown in FIG.
1

FIG. 3 schematically illustrates a top perspective view of
the device for the light projection system shown in FIGS. 1
and 2;

FIG. 4 schematically illustrates another perspective view
of the device for the light projection system shown in FIGS.
1, 2, and 3;

FIG. 5 schematically illustrates an exemplary embodi-
ment of a coupling prism assembly used in the device for the
light projection system shown in FIGS. 1-4;

FIG. 6 schematically illustrates an optical path through
the coupling prism assembly shown in FIG. 5;

FIG. 7 schematically illustrates another optical path
through the coupling prism assembly shown in FIG. 5,
including an air gap between the prisms; and

FIG. 8 schematically illustrates an exemplary embodi-
ment of the single light emitting diode (LED) array used in
the device for the light projection system shown in FIGS.
1-4.

It is to be noted, however, that the appended drawings
illustrate only typical embodiments of the present invention
and are, therefore, not to be considered limiting of the scope
of the present invention, as the present invention may admit
to other equally effective embodiments.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE INVENTION

Ilustrative embodiments of the present invention are
described in detail below. In the interest of clarity, not all
features of an actual implementation are described in this
specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with
system-related and business-related constraints, which will
vary from one implementation to another. Moreover, it will
be appreciated that such a development effort might be
complex and time-consuming, but would nevertheless be a
routine undertaking for those of ordinary skill in the art
having the benefit of the present disclosure.

In wvarious illustrative embodiments, as shown, for
example, in FIGS. 1-8, a device 100 may be provided for a
light projection system 105. As shown in FIGS. 1 and 8, the
device 100 for the light projection system 105 may comprise
a single light emitting diode (LED) array 110, as shown in
FIG. 8 comprising at least one green die 800, at least one
blue die 810, and at least one red die 820. In various
particular illustrative embodiments, the device 100 for the
light projection system 105 may comprise at least two green
dice 800 (as used herein, “dice” is the plural of “die”), at
least one blue die 810, and at least one red die 820. In
various particular illustrative exemplary embodiments, the
device 100 for the light projection system 105 may comprise
two green dice 800, one blue die 810, and one red die 820,
as shown in FIG. 8, for example. In various illustrative
embodiments, the single light emitting diode (LED) array
110 may be disposed, as shown in FIG. 2, on a single
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high-power package 210 capable of thermally operating the
single light emitting diode (LED) array 110 at substantially
maximum lumens while maintaining substantial color bal-
ance.

The device 100 for the light projection system 105 may
also comprise a single light collection, integration, and
etendue-matching optic element 120 comprising a tapered
light pipe 200 and an illuminator holder 252, as shown
FIGS. 2-4, capable of collecting substantially all light emit-
ted by the single light emitting diode (LED) array 110 and
spatially integrating substantially all the light emitted by the
single light emitting diode (LED) array 110. Etendue, as one
of ordinary skill in the art having the benefit of the present
disclosure would know, is the product of the area of emis-
sion and the solid angle emitted into. The illuminator holder
252 may be used to fix the tapered light pipe 200 to the
single light emitting diode (LED) array 110 disposed on the
single high-power package 210. In various illustrative
embodiments, the single light collection, integration, and
etendue-matching optic element 120 comprising the tapered
light pipe 200 may also be capable of collecting substan-
tially all light emitted by the single light emitting diode
(LED) array 110 and spatially integrating substantially all
the light emitted by the single light emitting diode (LED)
array 110 so the white point is substantially uniform and the
intensity is substantially evenly distributed.

In various particular illustrative embodiments, the single
light collection, integration, and etendue-matching optic
element 120 comprising the tapered light pipe 200 may also
be capable of reducing the angular output of substantially all
the light emitted by the single light emitting diode (LED)
array 110. In various illustrative exemplary embodiments,
the single light collection, integration, and etendue-match-
ing optic element 120 comprising the tapered light pipe 200
may also be capable of reducing the angular output of
substantially all the light emitted by the single light emitting
diode (LED) array 110 to a half angle of no more than about
45 degrees. In various particular illustrative exemplary
embodiments, the single light collection, integration, and
etendue-matching optic element 120 comprising the tapered
light pipe 200 may also be capable of reducing the angular
output of substantially all the light emitted by the single light
emitting diode (LED) array 110 to a half angle of no more
than about 24 degrees.

The device 100 for the light projection system 105 may
also comprise a telecentric relay 130 using spherical or
aspherical refractive 143 and reflective 144 components, as
shown FIGS. 1-4. In various illustrative embodiments, the
telecentric relay 130 using the spherical or aspherical refrac-
tive 143 and reflective 144 components may also have a
pupil 250, as shown in phantom in FIGS. 2-4, disposed
appropriately between the spherical or aspherical refractive
143 and reflective 144 components, for controlling stray
light.

The device 100 for the light projection system 105 may
also comprise an illumination wedge prism 140, as shown
FIGS. 5-7. The device 100 for the light projection system
105 may also comprise a digital micromirror device (DMD)
150 capable of modulating substantially all the light emitted
by the single light emitting diode (LED) array 110. The
device 100 for the light projection system 105 may also
comprise a projection total internal reflection (TIR) prism
160, the projection total internal reflection prism 160 dis-
posed between the illumination wedge prism 140 and the
digital micromirror device (DMD) 150. In various illustra-
tive embodiments, as shown FIG. 7, the projection total


















