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METHOD AND APPARATUS FOR COMBINING 
LIGHT PATHIS OF MULTIPLE COLORED LIGHT 
SOURCES THROUGH A COMMON INTEGRATION 

TUNNEL 

FIELD OF THE INVENTION 

0001 Disclosed embodiments of the present invention 
relate to the field of projection Systems, and more particu 
larly to the use of multiple colored light Sources in Such 
projection Systems. 

BACKGROUND OF THE INVENTION 

0002 Multimedia projection systems have become popu 
lar for purposes Such as conducting Sales demonstrations, 
busineSS meetings, classroom training, and for use in home 
theaters. In typical operation, multimedia projection Systems 
receive Video Signals from a data Source and convert the 
Video signals to digital information to control one or more 
digitally driven light valves. Based on this digital informa 
tion the light valves may manipulate incident light into 
image bearing light that represents the Video image. High 
energy discharge lamps emitting polychromatic light have 
often been used in prior art projection Systems. These prior 
art projection Systems Suffer from a number of disadvan 
tages including a short lamp life and reduced brightness after 
an initial period of usage. Additionally, there is a significant 
amount of resources directed to dividing the polychromatic 
light in order to selectively manipulate light of the primary 
colors. 

0.003 Recent focus has turned to developing and manu 
facturing projection Systems employing and utilizing the 
monochromatic light of Solid State light Sources, which are 
leSS affected by the shortcomings of polychromatic light 
Sources. One challenge of using multiple monochromatic 
light Sources in projection Systems is to achieve a desired 
color balance, while being cognizant of the reliability, 
package dimensions, and cost of the projection Systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 Embodiments of the invention are illustrated by 
way of example and not by way of limitation in the figures 
of the accompanying drawings, in which the like references 
indicate Similar elements and in which: 

0005 FIG. 1 is a block diagram of a multimedia projec 
tion System employing an illumination arrangement in 
accordance with an embodiment of the present invention; 
0006 FIG. 2 illustrates light from a plurality of light 
Sources being introduced into an integrating tunnel through 
an optical assembly with light from at least one other light 
Source being introduced into the integration tunnel through 
a side, in accordance with an embodiment of the present 
invention; 

0007 FIG. 3 illustrates an optical assembly with light 
transmission guides respectively associated with like-col 
ored light Sources, in accordance with an embodiment of the 
present invention; 

0008 FIG. 4 illustrates an optical assembly with injec 
tion prisms respectively associated with light Sources, in 
accordance with an embodiment of the present invention; 
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0009 FIG. 5 illustrates an optical assembly with one 
injection prism and other prisms respectively associated 
with the light Sources, in accordance with an embodiment of 
the present invention; 

0010 FIG. 6 illustrates two dichroic mirrors situated in 
an integrating tunnel to direct colored light towards an 
output aperture of the integrating tunnel, in accordance with 
an embodiment of the present invention; 
0011 FIG. 7 illustrates an auxiliary integrating tunnel 
used to recycle a portion of the colored light that was 
inadvertently transmitted through a dichroic mirror, in 
accordance with an embodiment of the present invention; 
and 

0012 FIG. 8 illustrates a prism used to facilitate the 
introduction of colored light from the light Source into the 
integration tunnel. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

0013 In the following detailed description reference is 
made to the accompanying drawings that form a part hereof, 
wherein like numerals designate like parts throughout, and 
in which is shown, by way of illustration, Specific embodi 
ments in which the invention may be practiced. It is to be 
understood that other embodiments may be utilized and 
Structural or logical changes may be made without departing 
from the scope of the embodiments of the present invention. 
Directions Such as up, down, back, and front may be used in 
the discussion of the drawings. These directions are used to 
facilitate the discussion and are not intended to restrict the 
application of embodiments of this invention. Therefore, the 
following detailed description is not to be taken in a limiting 
Sense and the Scope of the embodiments of the present 
invention are defined by the appended claims and their 
equivalents. 

0014 FIG. 1 is a block diagram of a multimedia projec 
tion System 30 employing an illumination arrangement 32, 
in accordance with an embodiment of the present invention. 
The illumination arrangement 32, which may be coupled to 
a power Supply 40, may have a number of light Sources 
emitting light of different colors. Like-colored light Sources 
34 may emit light into an optical assembly 35. The optical 
assembly 35 may facilitate the presentation of the light from 
the like-colored light Sources 34 into an input aperture of an 
integrating tunnel 36. The input aperture may include the 
entire end face of the integrating tunnel, or Some Smaller 
portion thereof, to allow light from the light sources 34 to be 
entered into the integrating tunnel 36. In one embodiment, 
one or more different colored light sources 38 may introduce 
light within other ranges of wavelengths into a Side of the 
integrating tunnel 36. This arrangement may allow the 
flexibility of increasing the intensity of one particular color 
while using one integrating tunnel to do the primary inte 
gration. Increasing the intensity of a particular color may be 
desirable in order to obtain a more preferred color balance 
for the projection system 30, discussed further below. Fur 
thermore, this arrangement may also help to reduce the cost 
and overall dimensions of the projector System 30, com 
pared to having Separate integrating tunnels for each color. 

0015. In various embodiments, the colored light sources 
34 and 38 may comprise Solid-State light Sources. Examples 
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of Solid-State light Sources may include, but are not limited 
to, light-emitting diodes (LEDs), organic LEDs (OLEDs), 
and laser diodes (e.g., edge emitting diodes and vertical 
cavity surface emitting laser (VCSEL) diodes). 
0016. The integrating tunnel 36 may emit substantially 
integrated and shaped light along a Single light path 42. The 
Single light path 42 may assist in the conservation of the 
projection System's etendue, or light throughput, by present 
ing different colored light having Similar illumination areas 
and angles to downstream components. 

0017 Light emitted from the illumination arrangement 
32 may propagate along the light path 42, illuminate and be 
modulated by, an imaging device Such as a light valve 44, 
and be transmitted through one or more projection lenses 46. 
Various optical components may be placed in the light paths 
to adjust for Specific design factors associated with a given 
embodiment. 

0.018. The light valve 44 may include, but is not limited 
to, a digital micromirror device (DMD), a reflective liquid 
crystal on Semiconductor (LCOS) device, and a liquid 
crystal device (LCD). The projection lens 46 may include, 
but is not limited to, a fixed focal length lens, a varifocal 
lens, and a Zoom lens. 

0019. In one embodiment, the optical components may 
be held together by an optical frame within a projector 
housing (not shown). The housing may be mechanically 
rigid and be designed to facilitate the dissipation of heat. The 
frame and housing may be adapted to accommodate a 
cooling fan 50 for cooling the optical components by 
generating an airflow 52. The power supply 40 may also be 
used to power the cooling fan 50 and a controller 56. 

0020. The controller 56 may receive color image data 
representing a color image from a data Source 58 and proceSS 
the image data into constituent color data (e.g., red, green, 
and blue data). The constituent color data may then be 
conveyed to the light valve 44 in proper synchronism with 
Signals Sent to the power Supply 40 that control emission 
time frames of the corresponding constituent colors (e.g., 
red, green, and blue light). In various embodiments, the 
controller 56 may include a general-purpose processor/ 
controller, an application specific integrated circuit (ASIC), 
or a programmable logic device (PLD). 
0021 Examples of the data source 58 may include, but 
are not limited to, a personal or laptop computer, an inte 
grated television tuner, a digital versatile disk (DVD), a 
set-top box (STB), and a video camera. In one embodiment 
the projection System 30 may be used as a projector. In other 
embodiments, the projection System 30 may be used in a 
projection television. 

0022. In an embodiment where the light valve 44 is a 
DMD, the DMD may include a high-density array of digi 
tally deflected mirrors. The controller 56 may selectively 
control each of the mirrorS Such that the light propagating 
along the light path 42 may be reflected by a given mirror in 
the array either along a light path 47 toward the projection 
lens 46 in the form of image bearing light, or toward an 
adjacent light-absorbing Surface, in the form of non-image 
bearing light. The image bearing light may propagate 
through the projection lens 46 for display on a Screen or 
Surface. 
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0023. In one embodiment the DMD may be a spatial light 
modulator composed of a rectangular array of aluminum 
micromechanical mirrors, each of which can be individually 
deflected about a hinged axis. In one embodiment, the 
deflection angle (either positive or negative) of the mirrors 
may be approximately 10 degrees or more, and be individu 
ally controlled by changing the memory contents of under 
lying addressing circuitry and mirror reset Signals. 
0024. In an embodiment where the light valve 44 is a 
transmissive liquid crystal display (LCD), the light path 42 
could propagate through it and towards the projection lens 
46 without any redirection. In this embodiment the light 
from the illumination arrangement 32 may first be polarized 
by a front polarizer. The polarized light may then be 
modulated by an informational pattern of liquid crystal 
pixels in the LCD. The “ON” pixels may transmit the 
polarized light in a Selected pass orientation So that the light 
may pass through a back polarizer (or analyzer) and out 
along the light path 47 as image bearing light. The “OFF 
pixels may transmit the light Such that it is blocked by the 
back polarizer. The image bearing light may then be directed 
through the projection lens 46 for viewing. A variety of LCD 
panels are commercially available employing different 
polarization Schemes that could be employed in the present 
invention. 

0025. In an embodiment where the light valve 44 is a 
LCOS display, a liquid crystal layer on top of a mirrored 
Substrate layer may modulate the light Such that it is either 
reflected from the mirrored layer or blocked by polarization 
filters in a manner similar to the LCD display. Specific 
embodiments of the invention may include general modifi 
cations of the optical architecture to adjust for a particular 
type of light valve 44. 
0026 FIG. 2 illustrates an illumination arrangement 32 
suitable for use in the projection system 30 described in 
FIG. 1, in accordance with an embodiment of the present 
invention. Generally, FIG. 2 illustrates light from light 
Sources 34 having wavelengths within a first range of 
wavelengths, corresponding to a first color, being introduced 
into an input aperture 36 of an integrating tunnel 36 through 
an optical assembly 35. One or more different-colored light 
Sources 38 may emit light having wavelengths within other 
ranges of wavelengths, corresponding to colors other than 
the first color. Light from the one or more different-colored 
light Sources 38 may be introduced into the integrating 
tunnel 36 through a side Surface 36 of the integrating tunnel 
36. The output aperture 36 of the integrating tunnel 36 may 
output integrated light of the different colors along a light 
path 42 such that they illuminate the light valve 44. In an 
embodiment using frame Sequential color each colored light 
may be emitted during its own emission time frame. There 
fore, at any given time the integrating tunnel 36 may only 
have light of one particular color. 
0027. While in the foregoing description, for ease of 
understanding, Surface 36 is referred to as the Side Surface. 
Surface 36 may also be referred to as top or bottom Surface, 
as the qualification of the location of the Surface is merely 
a function of the point of View from where integrating tunnel 
is described. Accordingly, the reference should not be read 
as limiting on the invention, and in the context of the 
location of the Surface of the integrating tunnel, the terms 
“top surface”, “bottom surface” and “side surface” are 
Synonymous. 
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0028 Combining all of the light paths into a single light 
path 42 may at least facilitate the conservation of étendue of 
a projection System. For example, each optical component of 
the projection System may have its own étendue, which 
refers to the size of the light collection cone that the 
component may process. A component's étendue is a func 
tion of its area, normal to the direction of light propagation, 
its acceptance angle of a Solid cone of light, and the 
refractive index of the component. By presenting light of the 
different colors to the components downstream of the illu 
mination arrangement 32 along the same path 42, the 
étendue of those components may be conserved by filling 
Significant amounts of the light collection cone that the 
component is capable of processing. 

0029. In one embodiment, the integrating tunnel 36 may 
be composed of a Solid glass rod that relies on total internal 
reflection to transfer light through it and to create, at its 
output aperture 362, a Substantially uniform illumination 
field. The integrating tunnel 36 may include squared off flat 
Surfaces and can also include a cladding or reflective mir 
rored Sidewalls that may protect and/or enhance the internal 
reflection. An alternative embodiment may include an inte 
grating tunnel that is hollow with reflective Sidewalls having 
openings for the introduction of light from the one or more 
light sources 38, which work much the same way as the solid 
glass integrators. 

0.030. In one embodiment, the integrating tunnel 36 may 
be tapered, Such that the input and output apertures 36 and 
36 have different cross-sectional sizes and shapes to facili 
tate the collection or presentation of light as desired. For 
example, in one embodiment the output aperture 36 of the 
integrating tunnel 36 may be shaped and/or angled to better 
image homogenized light onto an obliquely positioned 
downstream imaging device. For example, an asymmetrical 
integrating tunnel 36, including a rectangular input aperture 
36 and a nonrectangular output aperture 36, may transmit 
a spatially uniform pattern of light along the light path 42. 
The uniform illumination exiting the nonrectangular output 
aperture 36 may be re-imaged by a relay lens (not shown) 
onto a reflective light valve that is situated obliquely to the 
light path 42. The image exiting the nonrectangular output 
aperture 36 can be intentionally distorted to compensate for 
any Keystone distortion, illumination overfill regions, and 
illumination drop-off regions, thereby potentially decreasing 
light loSS while increasing brightness and brightness unifor 
mity across the light valve 44. Different embodiments within 
the Scope of this invention may include numerous size and 
shape combinations for the input and output apertures 36 
and 36 of the integrating tunnel 36. 
0031. The integrating tunnel 36 may have an aspect ratio 
compatible with one of a number of display Standards. 
Examples of Such display Standards include, but are not 
limited to, a 16:9 high definition television (HDTV) format, 
a 4:3 extended graphics array (XGA) format, and a 16:10 
widescreen XGA (WXGA) format. Various embodiments 
may include different croSS Sections and associated collec 
tion/projection optics arranged to provide for distinct pro 
jection display formats as desired. 

0.032 The light sources 34 and 38 may each emit light 
having wavelengths within a range of wavelengths corre 
sponding to constituent colors. The constituent colors may 
be thought of as the individual colors that, when combined 
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in the appropriate amounts, create an object color for an 
image pixel. In one embodiment, the light sources 34 and 38 
may emit light having wavelengths within three primary 
ranges of wavelengths corresponding to blue, green, and red. 

0033. In one embodiment, it may be desirable to be able 
to accommodate a different number of each of the colored 
light Sources. This may facilitate achieving a color balance 
that results from different lumen output levels for the dif 
ferent colors. In one embodiment, the color balance for a 
given frame may include light from each of the colors 
emitted in proportions Such that the combination of all three 
colors will result in a balanced white light. 
0034. In one embodiment, a desired color balance may be 
achieved by having a green lumen output level of roughly 
60% of the total lumens in a frame, a red lumen output level 
of about 30%, and a blue lumen output level of about 10%. 
Therefore, the number of colored light sources may be 
adjusted based, at least in part, on the desired lumen output 
levels for the respective colors. For example, in one embodi 
ment, the plurality of light Sources 34 may be comprised of 
Six green light Sources, while the one or more different 
colored light sources 38 may be comprised of three red light 
Sources and one blue light Source. If each light Source 
emitted the same number of lumens, this embodiment would 
result in a color balance of 60% green lumens, 30% red 
lumens, and 10% blue lumens. In one embodiment, the 
different colored light Sources may emit a different number 
of lumens per frame due, at least in part, to their respective 
power ratings and efficiencies. Therefore, one embodiment 
may also base the number of each of the colored light 
Sources on the power ratings and efficiencies of the respec 
tive light Sources. 
0035 Although the above embodiment depicts light 
Sources 34 and 38 emitting light having wavelengths within 
the three primary ranges of wavelengths, other emission 
wavelengths, e.g., yellow and cyan, may be additionally or 
alternatively employed in other embodiments. 
0036 FIG. 3 illustrates an optical assembly with light 
transmission guides 66 respectively associated with like 
colored light Sources 34, in accordance with an embodiment 
of the present invention. This embodiment includes a Second 
and third light source 60 and 62 introducing light having 
wavelengths within the Second and third range of wave 
lengths into the Side of the integrating tunnel 36. In various 
embodiments the light sources 60 and 62 may present the 
light perpendicularly to the Side of the integrating tunnel 36 
(as illustrated) or at an angle. 
0037. The light transmission guides 66 may have input 
ends to receive light from the light Sources at an input area 
and output ends to emit the light at an output area corre 
sponding to the input aperture of the integrating tunnel 36. 
The light transmission guides 66 may facilitate the presen 
tation of light from the light Sources 34 to the integration 
tunnel 36 as optically adjacent light cones, while allowing 
the light Sources 34 to be physically Separated by Some 
distance. This may allow for a heat dissipative arrangement 
of the light sources 34. In one embodiment, the light 
transmission guides 66 may be fibers comprised of trans 
parent materials. Such as glass, fused Silica, or plastic. In one 
embodiment the light transmission guides 66 may be coated 
with a material having a lower refractive index to allow for 
contact of the fibers, e.g., through handling or touching the 
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mounting Structures, without Sacrificing total internal reflec 
tion. In one embodiment, this coating may be a fluorinated 
polymer cladding. 
0.038. In one embodiment, the input ends of the light 
transmission guides 66 may extend through, and be held in 
place by, holes into a light Source cover plate (not shown) 
and the light transmission guides 66 may be mated to the 
plurality of light Sources 34 in a one-to-one relationship. The 
cover plate may be constructed of, for example, aluminum, 
magnesium, and/or other heat-dissipating materials and be 
coupled to a structure holding the light Sources 34 in a 
manner to facilitate the flow of a cooling airflow. 
0.039 FIG. 4 illustrates an optical assembly with injec 
tion prisms 70 respectively associated with like-colored light 
Sources 34, in accordance with an embodiment of the present 
invention. The injection prisms 70 may be optically coupled 
to both the light sources 34 and the integrating tunnel 36 to 
facilitate light transfer between the two components. The 
light Sources 34 may be peripherally located around the 
injection prisms 70, as shown. This configuration may assist 
in the dissipation of heat produced by the light Sources 34 
while presenting a compact Solution. In one embodiment, 
light transmission guides (such as the light transmission 
guides 66 of FIG. 3) may be placed between the injection 
prisms 70 and the light sources 34. 
0040. In one embodiment, the injection prisms may be 
total internal reflection (TIR) prisms, such that light from the 
light Sources 34 enters an input Surface 70, is internally 
reflected off of a reflectance surface 70, and is input into the 
integrating tunnel 36 through an output Surface 70s. The 
injection prisms 70 may be designed such that light hits the 
reflectance Surface 70 at an angle less than a critical angle 
relative to the normal of the reflectance surface 70. In one 
embodiment, the reflectance surface 70 may be at a 45 
angle relative to the input aperture of the integrating tunnel 
36. In one embodiment the injection prisms 70 may have a 
coating applied to the reflectance Surface 70 to assist in the 
reflection. 

0041. In one embodiment the output surface 70 of the 
injection prisms may be coupled to the integrating tunnel 36 
by a transparent adhesive, e.g., one embodiment may use an 
ultraViolet cured adhesive. In an alternative embodiment, 
there may be an air gap between the integrating tunnel 36 
and the injection prisms 70. 
0.042 FIG. 5 illustrates an optical assembly having an 
injection prism 80 and input prisms 90 respectively associ 
ated with like-colored light Sources 34, in accordance with 
an embodiment of the present invention. The input prisms 90 
may be optically coupled to an input Surface 80 of an 
injection prism 80, in order to introduce light from the light 
Sources 34 to the injection prism 80. The light may then be 
reflected off of a reflectance surface 80 towards an output 
Surface 80s, which will introduce the light into an integrating 
tunnel 36. The injection prism 80 may be structurally similar 
to the plurality of injection prisms 70 discussed above with 
respect to FIG. 4. 
0043. In one embodiment the faces of the integrating 
tunnel 36, the injection prism 80, and the plurality of input 
prisms 90, may be directly coupled to one another, via a 
transparent adhesive. In an alternative embodiment, one or 
more of the elements may be positioned apart from one 
another, Such that there is an air gap in between one or more 
of the elements. 
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0044 FIG. 6 illustrates an integrating tunnel 36 having 
two dichroic mirrors 94 and 98 to direct different colored 
light towards an output aperture 36, in accordance with an 
embodiment of the present invention. In this embodiment, 
the light Sources 34 may emit light having wavelengths 
within a first wavelength range, corresponding to a first 
color, e.g., green. The green light may be directed into an 
optical assembly 35 which may present the green light into 
the integrating tunnel 36 through an input aperture 36. The 
light Source 60 may emit light having a wavelength within 
a Second range of wavelengths, corresponding to a Second 
color, e.g., red, into a Side of the integrating tunnel 36. In this 
embodiment, the dichroic mirror 94 may allow at least a 
portion of the green light to pass, while reflecting at least a 
portion of red light towards an output aperture of the 
integrating tunnel 36 and out along a light path 42. The light 
Source 62 may emit light having a wavelength within a third 
range of wavelengths, corresponding to a third color, e.g., 
blue, into the side of the integrating tunnel 36. In this 
embodiment, the dichroic mirror 98 may reflect at least a 
portion of the blue light, while transmitting at least a portion 
of the red and green light. The arrangement and Selection of 
the particular colors of this embodiment is illustrative only 
and may be changed in other embodiments within the Scope 
of the present invention. 
0045. In one embodiment, the dichroic mirrors 94 and 98 
may comprise edge filters that allow a particular band of 
frequencies to pass, while reflecting other frequencies. How 
ever, alternative embodiments could include any type of 
dichroic mirrors capable of transmitting light of certain 
wavelengths while reflecting light of other wavelengths. 
Examples of other dichroic mirrors could include, but are 
not limited to, notch filters and bandpass filters. 
0046) The design of modern dichroic mirrors may result 
in the transmission of Some of the light that was intended to 
be reflected, and the reflection of some of the light that was 
intended to be transmitted. If the incident light illuminates a 
dichroic mirror at a desired angle it may result in a decrease 
in this type of inadvertent transmission/reflection. There 
fore, in one embodiment, the light sources 60 and 62 may 
present the light to the dichroic mirrors 94 and 98 at angles 
approaching and including the desired angle to facilitate the 
desired transmission/reflection effect of the dichroic mirrors 
94 and 98. Various embodiments may account for inadvert 
ent transmission and/or reflection in other ways. 
0047 FIG. 7 illustrates an auxiliary integrating tunnel 
104 that may be used to recycle a portion of colored light 
inadvertently transmitted through a dichroic mirror 94, in 
accordance with an embodiment of the present invention. In 
this embodiment, light emitted from the light source 60 may 
be transmitted into an input aperture 104 of the auxiliary 
integrating tunnel 104. The input aperture 104 may be 
surrounded by a reflective surface 106 on or near the face of 
the auxiliary integrating tunnel 104. The light 108 may be 
introduced into the primary integrating tunnel 36 and may 
illuminate the dichroic mirror 94. A portion of the light 110 
may be reflected toward the output of the primary integrat 
ing tunnel 36. However, a portion of light 114 may be 
inadvertently transmitted through the dichroic mirror 94. In 
one embodiment, the dichroic mirror 94 may be more 
effective at reflecting light of a particular polarization, e.g., 
S-polarized light. Resultantly, the portion of light 114 may 
be primarily P-polarized. A reflective surface 118, e.g., a 
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mirror, may be placed on the opposite side of the primary 
integrating tunnel 36 to reflect the inadvertently transmitted 
light 114, back towards the light source 60. 

0048. Some of the light reflected from the reflective 
surface 118 may reenter the auxiliary integrating tunnel 104, 
strike the reflective Surface 106, and be redirected back into 
the primary integrating tunnel 36. In one embodiment, 
P-polarized light may re-enter the auxiliary integrating tun 
nel 104 and be scrambled to include other polarization states 
through the Series of reflections through the auxiliary inte 
grating tunnel 104. One embodiment, may also include a 
quarter-wave plate (not shown) placed somewhere at or 
between the reflective Surface 106 and the dichroic mirror 94 
to assist in the rotation of the polarization States. The light 
may illuminate the face of the dichroic mirror 94 for a 
Second time at a different location, with a different angle, 
and/or with other polarization States, which may increase the 
chances that at least a portion of it will be properly reflected 
towards the output aperture of the integrating tunnel 36. 

0049 FIG. 8 illustrates an optical coupling device used 
to facilitate the introduction of colored light from a light 
Source 60 into an integration tunnel 36, in accordance with 
an embodiment of the present invention. Light emitted by 
the light Source 60 and transmitted through an optional light 
transmission guide 122 may be directed into the integrating 
tunnel 36 by an optical coupling device. In various embodi 
ments, optical coupling devices may include, but are not 
limited to, prisms, glass rods, and mirrors. In the depicted 
embodiment, the optical coupling device may be a prism 
126. The prism 126 may be attached to the light transmission 
guide 122 using an optically transparent adhesive. The 
coupling of the prism 126 to the light transmission guide 122 
may be Such that the light directed through the light trans 
mission guide 122 reflects off a reflection surface 126 of the 
prism and is introduced into the integrating tunnel 36. The 
light may then experience a Series of reflections throughout 
the length of the integrating tunnel 36. AS shown, the prism 
126 may have an input prism face 126 that is angularly 
inclined relative to the side of the integrating tunnel 36 to 
facilitate the introduction of light and the positioning of the 
light source 60. However, alternative embodiments may 
include a prism with a parallel input face. The prism may be 
of any Size or shape Suitable for the image projection System. 
In one embodiment, the optical coupling device may not be 
used, in which case the light may be injected into the 
integrating tunnel 36 directly from the light source 60 or 
from a light transmission guide 122. In another embodiment, 
light from the light source 60 may be introduced to the 
optical coupling device without the use of a light transmis 
Sion guide. 

0050. In one embodiment, contact between the prism 126 
and Side of the integrating tunnel 36 may occur at a location 
before the first paraxial reflection 130. This may reduce the 
loSS of light entering the integrating tunnel 36 through the 
input aperture 36 because little light is incident on the Side 
Surfaces of the integrating tunnel 36 close to that end 36. 

0051 Alternative embodiments may include other types 
of prisms to introduce light into the Side of the integrating 
tunnel 36. In one embodiment, a prism may be arranged Such 
that there is an air gap between the Side of the integrating 
tunnel and the prism. Without the direct contact between the 
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refractive materials of the prism and the integrating tunnel 
36, the internal reflection within the integrating tunnel may 
be unaffected. 

0052 Although specific embodiments have been illus 
trated and described herein for purposes of description of the 
preferred embodiment, it will be appreciated by those of 
ordinary skill in the art that a wide variety of alternate and/or 
equivalent implementations calculated to achieve the same 
purposes may be Substituted for the Specific embodiment 
shown and described without departing from the Scope of 
the present invention. Those with skill in the art will readily 
appreciate that the present invention may be implemented in 
a very wide variety of embodiments. This application is 
intended to cover any adaptations or variations of the 
embodiments discussed herein. Therefore, it is manifestly 
intended that this invention be limited only by the claims and 
the equivalents thereof. 
What is claimed is: 

1. An apparatus comprising: 
a plurality of first light Sources to emit light having 

wavelengths within a first range of wavelengths corre 
sponding to a first color; 

a Second light Source to emit light having a wavelength 
within a Second range of wavelengths corresponding to 
a Second color, 

an optical assembly to receive light from the plurality of 
first light Sources and to transmit the light to an 
integrating tunnel; 

the integrating tunnel having 
a first Surface to receive the light from the Second light 

Source at a first location; 
an input aperture, on a Second Surface adjacent to the 

first Surface, to receive the light from the optical 
assembly; and 

an output aperture, to output light of the first and 
Second color. 

2. The apparatus of claim 1, wherein the light Sources 
comprise Solid State light Sources. 

3. The apparatus of claim 2, wherein the Solid State light 
Sources comprise at least one of a group consisting of a 
light-emitting diode and a laser diode. 

4. The apparatus of claim 1, further comprising: 
a third light Source to emit light having a wavelength 

within a third range of wavelengths corresponding to a 
third color; and 

the integrating tunnel to receive the light from the third 
light Source at a Second location, and the output aper 
ture of the integrating tunnel to output light of the first, 
Second, and third colors. 

5. The apparatus of claim 4, wherein the first, Second, and 
third colors comprise green, red, and blue, respectively. 

6. The apparatus of claim 4, wherein the Second location 
is on the first Surface. 

7. The apparatus of claim 1, wherein the optical assembly 
comprises a plurality of light transmission guides respec 
tively associated with the plurality of first light Sources. 

8. The apparatus of claim 1, wherein the optical assembly 
comprises a plurality of prisms respectively associated with 
the plurality of first light Sources. 
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9. The apparatus of claim 8, wherein the plurality of 
prisms comprise a plurality of injection prisms, each having 

an input Surface to receive light from a respective one of 
the plurality of first light Sources, 

an output Surface to transmit light into the input aperture 
of the integrating tunnel; and 

a reflectance Surface to reflect the light from the input 
Surface toward the output Surface. 

10. The apparatus of claim 8, further comprising: 
an injection prism having 

an input Surface, optically coupled to the plurality of 
prisms; 

an output Surface, optically coupled to the input aper 
ture of the integrating tunnel; and 

a reflectance Surface to reflect light from the input 
Surface towards the output Surface; and 

the plurality of prisms to receive light from the respective 
plurality of first light Sources and to transmit the light 
into the input Surface of the injection prism, the injec 
tion prism to transmit the light into the integrating 
tunnel. 

11. The apparatus of claim 1, further comprising: 
a first dichroic mirror, disposed within the integrating 

tunnel, 

to transmit at least a portion of the light of the first color 
towards the output aperture of the integrating tunnel; 
and 

to reflect at least a portion of the light of the Second color 
towards the output aperture of the integrating tunnel. 

12. The apparatus of claim 11, wherein the integrating 
tunnel is a primary integrating tunnel and the apparatus 
further comprising: 

an auxiliary integrating tunnel optically coupled to the 
primary integrating tunnel at the first location, the 
auxiliary integrating tunnel having 
an input aperture, an output aperture, and a first reflec 

tive Surface Surrounding the input aperture, 
the auxiliary integrating tunnel to receive light of the 

Second color through the input aperture and to trans 
mit the light out of the output aperture towards the 
first location of the primary integrating tunnel, and 

a Second reflective Surface on or near a third Surface of the 
primary integrating tunnel opposite the first Surface, to 
receive a portion of light of the Second color transmit 
ted through the first dichroic mirror and to reflect it 
back towards the first reflective surface of the auxiliary 
integrating tunnel. 

13. The apparatus of claim 11, further comprising: 
a third light Source to emit light having a wavelength 

within a third range of wavelengths corresponding to a 
third color; and 

the integrating tunnel having a Second location to receive 
light from the third light Source, and the output aperture 
of the integrating tunnel to output light of the first, 
Second, and third colors, and 
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a Second dichroic mirror, disposed within the integrating 
tunnel, 

to transmit, at least a portion of, the light of the first and 
Second colors toward the output aperture of the 
integrating tunnel; and 

to reflect, at least a portion of, the light of the third color 
toward the output aperture of the integrating tunnel. 

14. The apparatus of claim 1, further comprising: 
a prism to receive light from the first light Source and to 

transmit the light into the integrating tunnel at the first 
location. 

15. A method comprising: 
emitting light having wavelengths within a first range of 

wavelengths corresponding to a first color, from a 
plurality of first light Sources into an input aperture of 
an integrating tunnel, and 

emitting light having a wavelength within a Second range 
of wavelengths corresponding to a Second color, from 
a Second light Source, into a first Surface of the inte 
grating tunnel at a first location, the first Surface being 
adjacent to a Second Surface that includes the input 
aperture. 

16. The method of claim 15, further comprising: 
emitting light having a wavelength within a third range of 

wavelengths corresponding to a third color, from a third 
light Source, into the integrating tunnel through a 
Second location. 

17. The method of claim 16, wherein light of each of the 
first, Second, and third colorS is emitted from a respective 
number of respective light Sources. 

18. The method of claim 17, wherein light of each of the 
first, Second, and third colors have respective lumen output 
levels. 

19. The method of claim 18, wherein the light of the first 
color is emitted Such that it has a lumen output level greater 
than the lumen output levels of light of both the second and 
the third colors. 

20. The method of claim 19, wherein the light of the 
Second color is emitted Such that it has a lumen output level 
greater than the lumen output level of light of the third color. 

21. The method of claim 20, wherein the first, second and 
third colors comprise green, red, and blue, respectively. 

22. The method of claim 18, wherein the respective 
number of respective light Sources is based, at least in part, 
on the lumen output levels of the respective colors. 

23. The method of claim 15, further comprising 
transmitting at least a portion of the light of the first color 

through a dichroic mirror located in the integrating 
tunnel, towards an output aperture of the integrating 
tunnel; and 

reflecting at least a portion of the light of the Second color 
with the first dichroic mirror towards the output aper 
ture. 

24. The method of claim 15, wherein emitting light from 
the plurality of first light Sources into the input aperture of 
the integrating tunnel comprises introducing the light to the 
input aperture through at least one of a group consisting of 
light transmission guides and prisms. 
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25. The method of claim 15, wherein the light sources 
comprise at least one of a group consisting of a light 
emitting diode and a laser diode. 

26. A method comprising: 
emitting light within a first range of wavelengths corre 

sponding to a first color from a first number of first light 
SOurceS, 

emitting light within a Second range of wavelengths 
corresponding to a Second color from a Second number 
of Second light Sources, 

emitting light within a third range of wavelengths corre 
sponding to a third color from a third number of third 
light Sources; 

light of each of the first, Second, and third colors having 
respective lumen output levels; 

the first, Second, and third numbers being based, at least 
in part, on the lumen output levels of the respective 
colors, and 

integrating light of each of the first, Second, and third 
colors in an integrating tunnel. 

27. The method of claim 26, further comprising: 
each of the first, Second, and third light Sources having 

respective power ratings and efficiencies, and 
the first, Second, and third numbers being based, at least 

in part, on the respective power ratings and efficiencies. 
28. A System comprising: 
an illumination arrangement including 

a plurality of first light Sources to emit light having 
wavelengths within a first range of wavelengths 
corresponding to a first color; 

a Second light Source to emit light having a wavelength 
within a Second range of wavelengths corresponding 
to a Second color; 

Oct. 27, 2005 

a third light Source to emit light having a wavelength 
within a third range of wavelengths corresponding to 
a third color; and 

an integrating tunnel having a first Surface to receive 
the light from the Second light Source at a first 
location, an input aperture, on a Second Surface 
adjacent to the first Surface, to receive the light from 
the plurality of first light Sources, a Second location 
to receive light from the third light Source, and an 
output aperture, to output light of the first, Second, 
and third colors, and 

an imaging device to receive the light from the illumina 
tion arrangement, and to modulate the light into image 
bearing light. 

29. The system of claim 28, wherein the light sources 
comprise at least one of a group consisting of a light 
emitting diode and a laser diode. 

30. The system of claim 28, wherein the imaging device 
comprises one of a group consisting of a digital micromirror 
device, a liquid crystal on Silicon device, and a liquid crystal 
display. 

31. The system of claim 28, further comprising: 
a projection lens, to receive the image bearing light from 

the imaging device, and to project an image. 
32. The system of claim 28, further comprising: 
a controller adapted to receive color image data from a 

data Source and to Send control Signals to the image 
device based on the color image data; and 

the imaging device to receive the control Signals and to 
modulate the light into image bearing light based, at 
least in part, on the control Signals. 

33. The system of claim 32, in which the data source 
comprises one of a personal computer, a Set-top box, and an 
integrated television tuner. 
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