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ILLUMINATION SYSTEM WITH INTEGRAL
MODULATION TECHNIQUE

TECHNICAL FIELD

The present invention relates generally to the field of
projection display systems, and relates more particularly to
a display system employing an illumination relay coincident
with a fold mirror located at a stop in the system that is
operable to selectively retract and insert into the optical path
for directing downstream light transmission in a manner that
improves system efficiency.

BACKGROUND

Projection displays are used for a wide variety of appli-
cations, such as producing the pictures viewed on television
screens. A typical projection display system includes a
number of components, including the screen, a light source,
and an optical path between them. To create the pictures, one
or more light sources are provided to emit light when it is
needed. The light they produce is then manipulated by a
series of optical devices in order to create the visual image.
The visual image created along the optical path is then
displayed on the visual-image display screen, the television
screen for example, or another visual display. In most cases,
the goal is to produce the best picture possible. The key to
producing a desirable visual display, of course, is the con-
figuration of the various optical devices along the optical
path. The selection, operation, and configuration of these
devices also contributes to unseen characteristics of the
system, such as cost and efficient use of system resources.

Several types of projection displays have recently been
developed. These new display systems are now becoming
much more common, serving as a replacement for the
widely-used CRT (cathode ray tube) display, which pro-
duces a visual image by producing and directing a stream of
electrons at a treated display surface. The stream could only
be directed to one point at any given time, but can be
systematically swept across the display with such speed as
to create the visual impression of a single image. This
technology is fairly well-developed, but has reached the
point where perceptible increases in quality are difficult to
achieve. A CRT also takes up a relatively-large amount of
space because the components used for generating the
electron stream must be placed at a certain distance from the
display screen. Many recently-developed projection display
systems, in contrast, feature a much slimmer profile. In
addition, projection display systems often produce much
cleaner visual images. The combination of these advantages
has made such systems immensely popular.

One such projection-display system is commercially
available from Texas Instruments of Dallas, Texas under the
trademark DLP® (or Digital Light Processing®). DLP®
projection-display systems utilize a digital micromirror
device (DMD) in their optical path. The DMD typically
includes an array of thousands of tiny mirrors that are use to
manipulate light originating at an internal light source. Other
components in the optical path adjust the light for use by the
DMD, or convey the image it generates. FIG. 1 is a
simplified diagram illustrating an exemplary DMD-type
projection display system 10.

In the display system 10 of FIG. 1, light source 11, which
may be, for example, an arc lamp or an LED, emits light that
first passes through a first condenser lens 12. Some light
sources tend to produce a Lambertian emission and con-
denser lens 12 helps to produce a more focused (and more
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useful) beam of light, which then proceeds downstream to
color wheel 13. (Note that the light-travel direction will for
convenience sometimes be referred to simply as down-
stream). In FIG. 1, color wheel 13 has three sections; red,
green, and blue, through which the light beam passes as the
wheel rotates. Color wheel 13 may, for example, rotate once
per frame of displayed image so that the light (when the light
source is on) passes through each of the different sections in
turn. Currently, a typical color wheel (not shown) may have
as many as six to eight color segments and make two to three
revolutions per frame.

After passing through the color wheel 13, the light passes
through a second condenser lens 14 and then falls onto DMD
chip 15. As mentioned above, DMD chip 15 includes
thousands of micromirrors (as many as a million or more),
mounted, for example, on a semiconductor chip. Note that
for convenience herein, both the DMD and the chip-
mounted device will be referred to simply as a DMD. Each
micromirror is associated with a digital memory cell (not
shown) and is mounted such that it can be individually
adjusted so that light striking it can be selectively directed as
necessary to create the visual image. This image is formed
according to input from a source 16. Source 16 is shown as
a single block that represents a variety of possible sources,
for example a broadcast television station, a DVD, or a game
playing device. While the source 16 provides indications of
the image desired, control 17 generates the input for storage
in the digital memory cells that will ultimately determine the
position of each micromirror at any given instant. Light
selectively reflected from DMD 15 for the image then passes
from each of the selected mirrors then passes through a
projection lens 18 so as to create the visual image on screen
19.

The visual image created on screen 19, of course, is a
function of the position if each of the DMD micromirrors are
selected at any given time. It is also a function of the quality
of light that reaches the DMD 15. The use of color wheel has
already been mentioned. In addition, the light may be
intermittently blocked, altering the quality of light available
for reflection by the DMD micromirrors. Current methods
for blocking the light path, however, generally require the
absorption of light by elements that form part of the optical
path itself. Frequently, this produces problems related to the
undesirable buildup of excess heat energy. Needed then, is
a way to direct light in a projection display system so that is
may be properly modulated while at the same time permit-
ting discharge of unneeded light energy without excess heat
buildup or the need for additional cooling measures. The
present invention provides just such a solution.

SUMMARY OF THE INVENTION

The present invention is directed at an efficient illumina-
tion system that modulates the light in a projection in order
to, for example, increase bit depth and improve contrast in
the visual images produced by the system. The system and
method of the presenting invention also alleviate problems
typically associated with excess heat buildup that are
encountered when using prior modulation schemes.

In one aspect, the present invention is a projection display
system having a light source for emitting the light used to
create a visual image and a display screen for displaying the
visual image. The light source and the display screen define
the ends of an optical path, which is a collection of optical
devices that direct and modulate the light in order to produce
the desired image. A mirror or functionally equivalent
reflecting surface is insertable into, and retractable out of the
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optical path so that some or all of the light propagating along
the path may be selectively directed from a first portion or
the optical path to another portion downstream from the
mirror. Modulated light continuing along the optical path is
further modulated to create the image itself, in one embodi-
ment using a digital micromirror device (DMD). The mirror
insertion and retraction is controlled by a controller that
preferably controls operation of the light source and the
DMD (or other spatial light modulation device) as well. The
controller is coupled to an image source from which image
information is obtained.

In another aspect the present invention is an optical path
for use in a display system. The optical path includes a first
portion that receives light from a light source, a retractable
fold mirror located at a stop of the system that may be
inserted into the optical path to selectively fold all or a
portion of the propagating light, preferably at an angle of
approximately 90 degrees, toward a second portion of the
optical path. Light not so directed falls upon a light dump
disposed outside of the optical path, where may be absorbed
and the associated heat energy efficiently dissipated in a way
that minimally impacts the optical path components. Alter-
nately, the optical path is oriented so that removing the
mirror from the path directs the light to a downstream
optical-path portion and inserting the mirror directs all or a
portion of the light to the light dump. The fold mirror may
be mounted on a track for sliding the mirror out of the optical
path laterally using a retraction member attached to the
mirror or to a frame holding the mirror. In another embodi-
ment, the mirror may be mounted so as to rotate either out
of'the optical path entirely or out of the optical path by virtue
of eliminating the direction of any light to the downstream
portion of the optical path.

In another aspect, the present invention is a method for
modulating light in a projection display system, including
the steps of receiving light receiving light in a first portion
of an optical path and selectively directing the received light
to a second portion of the optical path using a fold mirror
that may be inserted into and removed from the path of the
received light. All or a selected portion may be so directed,
and the light not directed to the second portion of the optical
path may be directed to a light dump. The method may also
include the steps of providing a light source, with the light
source and the fold mirror operation controlled by a con-
troller that is coupled to an image-information source. The
method may also include the steps of further modulating the
light directed to the second optical path portion to create a
visual image, and displaying the created image on a display
screen.

The primary advantage of the preferred embodiment of
the present invention is that the illumination uniformity at
the modulator (DMD) will remain uniform as the mirror is
moved. This is due to the optical property of locating the
mirror at the aperture stop of the illumination optical path.

An advantage of a preferred embodiment of the present
invention is that light may be more completely modulated to
increase the contrast and bit depth for the projection display,
which may, for example, be the display screen of a high
definition television (HDTV).

A further advantage of a preferred embodiment of the
present invention is that the higher-quality images are
obtained with a system that simplifies the mechanical opera-
tion of the system and provides greater latitude in image
generation while at the same time applying modulation
techniques that minimize the buildup of excess heat in
undesirable locations along the optical path.
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As more complete appreciation of the present invention
and the scope thereof can be obtained from the accompa-
nying drawings that are briefly summarized below, the
following detailed description of the presently-preferred
embodiments of the present invention, and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawing, in which:

FIG. 1 is a simplified diagram illustrating an exemplary
DMD-type projection display system;

FIG. 2 illustrates a typical optical path that may be used
in a projection display system, and which may be modified
in accordance with the present invention;

FIG. 3 illustrates an optical path that may be used in a
projection display system according to an embodiment of
the present invention;

FIG. 4 illustrates an optical path that may be used in a
projection display system according to another embodiment
of the present invention;

FIG. 5 illustrates an optical path that may be used in a
projection display system according to another embodiment
of the present invention;

FIG. 6 illustrates an optical path that may be used in a
projection display system according to another embodiment
of the present invention;

FIG. 7 is a diagram illustrating selected components of a
projection display system according to another embodiment
of the present invention; and

FIG. 8 is a flow diagram illustrating a method of modu-
lating light in a projection display system according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the presently preferred embodi-
ments are discussed in detail below. It should be appreciated,
however, that the present invention provides many appli-
cable inventive concepts that can be embodied in a wide
variety of specific contexts. The specific embodiments dis-
cussed are merely illustrative of specific ways to make and
use the invention, and are not intended to limit its scope.

The present invention will be described with respect to
preferred embodiments in a specific context, namely a
projection display system that produces visual images on a
display screen using spatial light modulation (SLM). The
invention may also be applied to advantage, however, in
other optical systems that modulate light to produce visual
images for display.

Naturally, in any projection display system one goal is to
produce a visual image of high quality on the visual image
display screen. The techniques used to accomplish this goal,
however, generally are limited by other design constraints
such as the cost of certain components or the difficulties
encountered in reliably performing the technique. In most
cases the amount of space taken up by the components
required for performing the technique is also a consider-
ation, especially with modem display system applications
such as HDTV where having limited depth dimension is a
great commercial advantage. This in turn also leads to
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design constraints related to the dissipation of heat produced
by the electrical and light transmitting portions of the
system.

One measure of the quality of a visual image is contrast.
Contrast refers to the difference in brightness between one
portion of the image and another, or many others. When
presenting an image, the contrast that may be produced
depends on the ability to modulate the light used to make the
image to create a variety of different intensities. While a
beam of light produced by a light source may theoretically
be altered to almost any intensity level, in practice the
number of different levels depends on how many bits (units
of information) are available for designating a certain level
to a modulating device. The maximum number of bits
available is often referred to as the bit depth. Increasing the
bit depth will therefore have a positive impact on picture
quality.

In a projection display system the visual image is itself
produced by a device that modulates a light beam such that
the display screen is properly illuminated. A device such as
a DMD in fact creates the image, component by component,
and directs it to the display screen, normally through a
projection lens that enlarges the image for presentation.
Controlling the quality of light that arrives at the DMD,
however, also contributes to the resulting image. The con-
figuration of the optical path between the light source and
the DMD effects this control.

As mentioned above, the optical path, as that term is used
herein, refers to the path taken by light traveling from a light
source to a visual display screen or similar destination, and
is defined by the various devices used to direct and modify
the light as it propagates. Note that while the light source and
the display screen typically define the ends of the optical
path, whether they are actually considered a part of it is not
material to the present disclosure unless explicitly stated or
evident from context. The term ‘optical path’ may also at
times be used to refer to a portion of the overall optical path,
that is, the term does not necessarily imply the presence of
components not mentioned in a particular context. An opti-
cal path in which the present invention may be advanta-
geously applied will now be described.

FIG. 2 illustrates a typical optical path 20 that may be
used in a projection display system, and which may be
modified in accordance with the present invention, as will be
described below. In the optical path 20, a DMD 30 is
illuminated by light passing through a total internal reflec-
tion (TIR) prism system (denoted generally as 29) The
optical path 20 of FIG. 2 includes a high-intensity lamp
assembly 21 as a light source. Light from a light source 21,
in this example, white light from a high-intensity UHP (ultra
high pressure) arc lamp, first passes through condenser lens
22, which focuses the light before it falls on rotating color
filter wheel assembly 23. There, the light is converted into
primary wavelengths (such as red, green, and blue) by a
sequence of filters arranged on a spinning disc. The light so
converted then passes through integrator rod 24 to produce
a uniform light beam using multiple internal reflections in a
transparent optical medium. From integrator rod 24, the light
next passes through a set of relay lenses 25. The set of relay
lenses 25 is typically made up of a first lens 26, a second lens
27, and a third lens 28, which shapes the colored light beam
to fit the optical aperture of TIR prism assembly 29.

The sequenced, colored light passing into the TIR prism
31 strikes a first TIR prism surface 32 at an angle greater
than the critical angle of the surface and reflects off the
surface onto the surface of DMD 30. Modulated light is
reflected from appropriately-turned mirrors of DMD 30 back
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through the TIR prism assembly 29, and strike the TIR prism
surface 32 at an angle less than the critical angle of the
surface. This light therefore passes through the TIR prism
surface 32, out of the prism assembly 29, and into the
projection lens 33. Projection lens 33 focuses the image onto
a visual-display screen (not shown in FIG. 2).

In the system described above, the light traveling along
the optical path on its way to the DMD (or other SLM
device) is modulated with respect to wavelength by the color
wheel assembly 23. In accordance with the present inven-
tion, it may also (or instead) be efficiently modulated for
intensity and continuity. This principle will now be
described with reference to FIG. 3.

FIG. 3 illustrates an optical path 100 that may be used in
a projection display system according to an embodiment of
the present invention. Note that the depiction of optical path
100 is similar to, although not identical and somewhat
simplified from, the optical path 20 illustrated in FIG. 2. In
accordance with this embodiment of the present invention,
optical path 100 begins at light source 101. Light emitted by
light source 101 enters condenser lens 102 so that it may
focus on color wheel 103. After passing through color wheel
103, the light beam is integrated in integrator 104, and then
passes through a first set of relay lenses 105. In this
embodiment, first set of relay lenses 105 includes relay lens
106 and relay lens 107. Note that in describing this embodi-
ment of the present invention, the optical devices 102
through 107 will be said to define a first portion 110 of the
optical path 100.

After passing through the first set of relay lenses 105, the
propagating light reaches a location designated as stop 115.
Disposed at stop 115 is mirror 120, which is mounted so as
to move in some fashion that will remove it from the optical
path. Light striking the mirror 120 from the first portion 110
is reflected toward the second portion 130 of the optical path
100. In this embodiment, optical path second portion
includes a second relay lens set 135 and a prism 140. The
second set 135 of relay lenses includes lens 136 and lens
137. Note that optical path 100 illustrated in FIG. 3 is only
a portion of the entire optical path used in a display system
according to the present invention. In a preferred embodi-
ment, light directed to the second portion 130 of optical path
100 will continue on to a DMD (not shown in FIG. 3) and
modulated for projection onto a display screen. In such an
embodiment, mirror 120 therefore affects the characteristics
of the light that reaches the DMD, and ultimately the
displayed visual image.

In operation, mirror 120 is selectively removable from the
optical path 100. In the embodiment of FIG. 3, when mirror
120 is removed, it does not reflect light from first optical
path portion 110 to second portion 130, but rather allows it
to pass to the light dump 145. Light dump 145 is located
outside the optical path 100 and includes, for example, a
sheet of aluminum, which has facing optical path 100 a
surface 146 that has been blackened. Light dump 145 is
mounted on a substrate 147 or other structure that functions
as a heat sink to assist in dissipating the heat energy of the
light directed toward it. The presence of a light dump such
as light dump 145 is preferred but not required.

In the embodiment of FIG. 3, light originating at light
source 101 is in this way directed to either the light dump
145 or to the second portion 130 of optical path 100. Note
that the term ‘directed’ is used in this way herein notwith-
standing the fact that when the mirror 120 is removed from
the optical path 100, the light simply continues on in the
direction it had been going when it reached stop 115. In
another embodiment (not shown) light traveling in the first












