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INTEGRATING LIGHT SOURCE MODULE

CROSS-REFERENCE TO RELATED APPLICATION

The present application is based on and claims the benefit of U.S. provisional

patent application Serial No. 60/838988, filed August 1, 2006, of U.S. provisional patent

application Serial No. 60/821032, filed August 1, 2006, and of U.S. provisional patent

application Serial No. 60/820888, filed July 31, 2006, the contents of which are hereby

incorporated by reference in their entirety.

Reference is made to commonly assigned U.S. Patent Application entitled "LED

Mosaic" (Attorney Docket No. 62370US006), filed on even date herewith; U.S. Patent

Application entitled "Combination Camera/Projector System" (Attorney Docket No.

62369US006), filed on even date herewith; U.S. Patent Application entitled "LED Source

With Hollow Collection Lens" (Attorney Docket No. 62371US006), filed on even date

herewith; U.S. Patent Application Serial No. 11/322,801, "LED With Compound

Encapsulant Lens", filed Dec. 30, 2005; U.S. Patent Application entitled "Optical

Projection Subsystem" (Attorney Docket No. 63281US002), filed on even date herewith;

U.S. Patent Application Serial No. 11/772609 entitled " LED Illumination System With

Polarization Recycling" filed on July 2, 2007; and U.S. Patent Application Publications

US2006/009141 1 (Ouderkirk et al.) "High Brightness LED Package", US2006/0091798

(Ouderkirk et al.) "High Brightness LED Package With Compound Optical Element(s)",

and US2006/0092532 (Ouderkirk et al.) "High Brightness LED Package With Multiple

Optical Elements".

BACKGROUND

Light source modules are most widely used in illumination systems which have a

variety of applications, including projection displays, backlights for liquid crystal displays

(LCDs) and others. Projection systems usually include a source of light, illumination

optics, an image-forming device, projection optics and a projection screen. The

illumination optics collect light from a light source and direct it to one or more image-

forming devices in a predetermined manner. The image-forming devices, controlled by an

electronically conditioned and processed digital video signal, produce an image



corresponding to the video signal. Projection optics then magnify the image and project it

onto the projection screen. White light sources, such as arc lamps, in conjunction with

color wheels have been and still are predominantly used as light sources for projection

display systems. However, recently, light emitting diodes (LEDs) were introduced as an

alternative due to their longer lifetime, higher efficiency and superior thermal

characteristics.

LEDs typically include an LED die or chip mounted on a metal header. The header

can have a reflective cup in which the LED die is mounted, and electrical leads connected

to the LED die. Some packages may also include a molded transparent resin that

encapsulates the LED die. The encapsulating resin can have either a nominally

hemispherical front surface to partially collimate light emitted from the die, or a nominally

flat surface. Moreover, an optical element may be brought into contact or close proximity

with a surface of an LED die to couple or "extract" light therefrom in order to reduce the

amount of light trapped within the die.

Also, extraction structures can be formed or positioned on the LED emitter to help

couple light out of the LED die, thereby preventing the light from being trapped therein

and wasted. For example, roughening the emitting surface of the LED die or providing a

large number of facets or other structures on such surface, such as sub-wavelength

structure, can be used to enhance light extraction from the LED die. Other extraction

structures include high extraction photonic crystal structures and wire grid extraction

components. Still other extraction structures include glass or ceramic extractors or

extractor arrays as disclosed in U.S. Patent Application Publications US2006/009141 1

(Ouderkirk et al.) "High Brightness LED Package", US2006/0091798 (Ouderkirk et al.)

"High Brightness LED Package With Compound Optical Element(s)", and

US2006/0092532 (Ouderkirk et al.) "High Brightness LED Package With Multiple

Optical Elements".

Recent advances in solid state lighting, optics, and display elements are allowing

the creation of extremely small, full-color projectors. In order to make these color

projectors small enough to be incorporated into a cell phone, it is necessary to explore

very efficient and compact means of combining colors. There are two predominant

methods of creating color projection. The first method, known as "Color-Sequential," uses

a dichroic X-cube to overlay light from individual red, green and blue light sources and



image these colors onto a monochrome microdisplay in a specific time-sequential fashion.

The second method, known as "Color-Filtering," entails imaging a white light source onto

a microdisplay with red/green/blue color filters.

The discussion above is merely provided for general background information and

is not intended to be used as an aid in determining the scope of the claimed subject matter.

SUMMARY

A light source module is provided comprising an emitter having at least one light

emitting surface and an at least partially hollow integrating optic mounted over the

emitting surface; where the index of refraction within the hollowed area is less then the

index of the subsequent medium along the optical path. The integrating optic has a

proximal end facing the emitting surface and a distal end facing away from the emitting

surface. The distal end of the integrating optic is flat and has a rectangular aspect ratio

which can differ from the aspect ratio of the emitter. Optical films and/or an optical

component such as a collection lens can be adhered to the distal end of the integrating

optic.

This Summary is provided to introduce a selection of concepts in a simplified form

that are further described below in the Detailed Description. This Summary is not intended

to identify key features or essential features of the claimed subject matter, nor is it

intended to be used as an aid in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRA WINGS

FIG. 1 is a schematic side view illustration of a light source module including a

tapered rod integrator type of at least partially hollow integrating optic in accordance with

some disclosed embodiments.

FIG. 2A is a schematic top view illustration of the emitter shown in FIG. 1,

illustrating an aspect ratio.

FIGS. 2B and 2C are bottom and top views, respectively, of tapered rod

integrators, illustrating aspect ratios.

FIGS. 3-6 are schematic side view illustrations of the light source module shown in

FIG. 1, and which illustrate additional features and/or components.



FIG. 7 is a schematic side view illustration of a light source module including a

tapered rod integrator in accordance with another disclosed embodiment.

FIGS. 8-1 1 are schematic side view illustrations of the light source module shown

in FIG. 7, and which illustrate additional features and/or components.

FIG. 12 is a schematic side view illustration of a light source module including a

hollow integrating tunnel type of integrating optic in accordance with another disclosed

embodiment.

FIG. 13 is a schematic side view illustration of another light source module

embodiment including an integrating tunnel type optic.

DETAILED DESCRIPTION

Disclosed embodiments provide, among other things, an efficient mechanism for

extracting light from an LED light source. If desired, the disclosed embodiments can also

be used for combining colors from LED emitters. These disclosed embodiments enable

more compact versions of the Color-Sequential and Color-Filtering techniques by

eliminating the need for the X-cube in the Color-Sequential method, and eliminating the

need for anamorphic and Fresnel lenses, which have conventionally been used in both

Color-Sequential and Color-Filtering methods of color projection.

Also, using some of the integrator rod/tunnel techniques disclosed herein, the use

of LEDs having extraction structures on the surface of the die is possible without

interfering with the intended light extracting function of those structures. Although

extraction features are not shown in detail in the FIGS of the present disclosure, each

embodiment disclosed herein should be interpreted as optionally encompassing these

features, though the features are not required.

The disclosed designs are in some ways contrary to contemporary teachings that

the only way to increase the extraction efficiency of a high refractive index LED die or

chip is to encapsulate it in a medium having the highest available refractive index, i.e., as

close as possible to that of the LED die. A basic example of an LED light source

employing this contemporary teaching is shown in prior art FIG. IA of U.S. Patent

Application entitled "Light Emitting Diodes with Improved Light Extraction Efficiency"

(US 2002/0030194 Al). This illumination source includes an LED emitter in the form of a

die or chip positioned on a metal header. Wire bonds provide electrical connection to the



LED emitter. The emitter is bonded to a transparent optical element having a refractive

index for light emitted by the active region preferably greater than about 1.5, more

preferably greater than about 1.8.

As discussed, disclosed embodiments depart from conventional encapsulating

techniques, and instead utilize a relatively low index medium or optic between the LED

emitter and a subsequent optic. The benefits are similar to those described in the above

reference U.S. Patent Application entitled "LED Source with Hollow Collection Lens",

and in U.S. Patent Application Serial No. 11/322,801, entitled "LED With Compound

Encapsulant Lens," except that in the present disclosure the additional benefit of an

integrating optic is also utilized.

In one embodiment shown in FIG. 1, the integrating optic has a spherical cavity

which provides the benefit of allowing room for wire bonds or other raised features on the

surface of the LED, and also efficiently collects light from an LED having extracting

features that work best with an air interface. It is often preferable to follow such air gaps

with a spherical surface rather than a flat surface so as to minimize Fresnel losses,

particularly for the light rays exiting the LED at very high angles. In this case minimal

Fresnel losses occur for light ray incident at normal angles. Assuming the LED is a

Lambertian emitter, more of the light rays exiting the die into air will be captured by a

spherical surface since more of them will strike at angles close to normal.

Referring now to the drawings of the present disclosure, wherein like reference

numbers designate similar elements, FIG. 1 shows schematically an exemplary

embodiment of the illumination systems of the present disclosure, which may be used for

projection applications. The light source module 10 shown in FIG. 1 includes an emitter

15 having an emitting surface 17. Emitting surface 17 which may be or may include an

emitting surface or surfaces of an LED, a layer of phosphor, or any other emissive

material. The emitter 15 is positioned on a mounting surface or substrate 25, and can

optionally have a heat sink 20 positioned between the emitter 15 and the surface 25, or

elsewhere. Although shown positioned between emitter 15 and surface 25, heat sink 20 is

not required in all embodiments, nor is it necessary for the heat sink to be located in this

particular position.

Light source module 10 also includes an integrating optic 30 which is at least

partially hollow mounted over emitting surface 17 of emitter 15. In this particular



embodiment, integrating optic is a tapered rod integrator. Most examples described herein

are with reference to tapered rod integrators 30 and 130 (described initially with reference

to FIG. 7). However, these are only examples of integrating optics which are at least

partially hollow, and other examples of such optics are also disclosed. For example, tunnel

integrator 230 introduced in FIG. 12 is another such integrating optic. Although various

features are described with reference to one type of integrating optic or another, it should

be understood that these features can be present with any of the disclosed types of at least

partially hollow integrating optics.

Referring back to FIG. 1, mounting of integrator 30 over emitting surface 17 can

be through any desired technique or configuration, including by mounting integrator 30 to

other surfaces (e.g., surface 25 or a surface of heat sink 20). Tapered rod integrator 30 has

a proximal end 35 and a distal end 45. Proximal end 35 faces emitting surface 17, while

distal end 45 faces away from the emitting surface. Proximal end 35 of integrator 30

provides a surface 3 1 that forms a spherical cavity 40 over emitter 15. Distal end 45 of

integrator 30 provides a surface 46 on which optical components and/or films can be

positioned. Between top surface 46 and bottom surface 31, integrator 30 has tapered

sidewalls 32 and 33.

In exemplary embodiments, cavity 40 provided by tapered rod integrator is filled

with a material having a refractive index, nl, which is less than a refractive index, n2, of

the tapered rod integrator. The material in cavity 40 can be, in various embodiments, air

(including any of a variety of gases or gas mixtures) or a liquid. The liquid can be an

encapsulant gel. In some embodiments, the refractive index n l will be close to 1.0, but can

be as high as 1.5 in yet other exemplary embodiments. Other values of n l are also

possible. Regardless of the value of nl, generally, n l will be less than n2. In exemplary

embodiments, the refractive index n2 of the tapered rod integrator will be at least 2.0, and

generally will be around 2.4 or higher.

Referring now to FIG. 2A, shown is a schematic top view of emitting surface 17 of

emitter 15 in accordance with one example embodiment. In this example embodiment,

emitting surface 17 has array of emitters 18, for example emitters of differing colors. For

example, in FIG. 2A, array of emitters 18 comprise three different colors (e.g., red, green

and blue) each designated by a different cross-hatching. These types of multi-colored

emitter arrays can utilize the color blending provided by tapered rod integrator 30.



However, use of tapered rod integrator 30 is not limited to emitter arrays, as integrator 30

can be used with single emitters as well.

Emitter 15 has an aspect ratio which is the width W E of the emitter divided by the

height HE of the emitter. End 35 of tapered rod integrator 30 which provides the spherical

shaped cavity 40 also has an aspect ratio. FIG. 2B shows a bottom view of integrator 30

such that cavity 40 is shown. The aspect ratio of integrator 30 at bottom end 35 is the

width W I_B of that end of the integrator divided by the height H I_B of that end of the

integrator. In some exemplary embodiments, the aspect ratio of integrator 30 at bottom

end 35 closely matches the dimensional aspect ratio of the emitter. By closely matching,

these aspect ratios can be substantially equal in exemplary embodiments.

FIG. 2C illustrates a top view of integrator 30 such that cavity top end 45 is shown.

The aspect ratio of integrator 30 at top end 45 is the width Wi_τ of that end of the

integrator divided by the height Hi_χ of that end of the integrator. In some exemplary

embodiments, the aspect ratio of integrator 30 at top end 45 is a rectangular aspect ratio

(even if the bottom end of integrator 30 is not rectangular). The rectangular aspect ratio of

the top end 45 of integrator 30 does not need to closely match the aspect ratios of the

emitter and of the bottom end of the integrator. This allows conversion to a desired aspect

ratio to be achieved.

Referring now to FIG. 3, shown is a further embodiment of light source module 10

in which an optic 50 in the form of a collection lens is adhered to the tapered rod

integrator. Optic 50 can be any type of optical lens component chosen to achieve a

particular result. For example, optic 50 can include a collimating lens to aid in the

production of collimated light from source 10. Also, instead of an optical lens, one or

several single-layer or multi-layer optical films 55 can be positioned on surface 46 of

tapered rod integrator 30 to achieve desired optical results. This is illustrated for example

in FIG. 4 . An example of an optical film which can be placed on surface 46 includes a

reflective polarizing film (RPF) which can be used to produce uniformly polarized light

and to facilitate light recycling. An example of a reflective polarizing film is the Vikuiti-

brand multi-layer optical film (MOF) DBEF, manufactured by 3M Company, St Paul MN.

Another example of an optical film which can be placed on surface 46 is a quarter wave

plate (QWP), which can be used to convert the polarization of light (e.g., from circularly

polarized to linearly polarized, or vice versa). In one embodiment both RPF and QWP are



included in optical film element 55, with the QWP adjacent to surface 46, in order to

produce a greater degree of polarized light recycling. In still other embodiments of light

source module 10, such as illustrated in FIG. 5, the light source module includes the

collection lens or other optic 50 adhered to the tapered rod integrator 30 via it being

positioned on optical film 55. In yet another embodiment illustrated in FIG. 6, mirrored

sides 60 are formed from reflective materials on the side walls of integrator 30 in order to

enhance total internal reflection (TIR) provided by integrator 30 and light source module

10.

Referring now to FIGS. 7-1 1, shown is another light source module 100 which is

substantially the same as light source module 10, with the exception of certain aspects of

the tapered rod integrator. As shown in FIG. 7, light source module 100 includes tapered

rod integrator 130 which shares many features with tapered rod integrator 30 described

above. As such, tapered rod integrator 130 has a proximal end 135 and a distal end 145.

Proximal end 135 faces emitting surface 17, while distal end 145 faces away from the

emitting surface. Distal end 145 of integrator 130 provides a surface 146 on which optics

and/or optical films can be positioned. Between top surface 146 and the bottom of

integrator 130, the integrator 130 has tapered sidewalls 132 and 133. The primary

difference between integrators 30 and 130 is that cavity 140, provided by integrator 130

and positioned over the emitting surface, is a truncated pyramidal shaped cavity instead of

a spherical shaped cavity. The materials used to fill truncated pyramidal shaped cavity 140

can be the same as discussed above. Similarly, as illustrated in FIGS. 8-1 1, optics such as

collection lens 50, optical films 55, mirrored sides 60, or various combinations of these

types of features, can all be used with integrator 130.

Yet another embodiment which can be used with these various features is

illustrated in FIG. 12. In FIG. 12, light source module 200 is shown having an integrating

optic in the form of tunnel integrator 230. In tunnel integrator 230, the cavity 240 is

extended upward to form a tunnel through tapered or non-tapered sidewalls 232 and 233.

Although not illustrated in FIG. 12, the various features described above with reference to

tapered rod integrators 30 and 130 can all be used with tunnel integrator 230 in the same

manner. Thus, the sidewalls of tunnel integrator 230 can be mirrored for example. As a

further example, one or more optical films can be included with tunnel integrator 230

between the tunnel integrator and collection lens 50. The contents of the cavity (e.g., the



tunnel 240) and the refractive index relationship stipulating that the index closest to the

emitter is lower than the index of subsequent optics also apply to tunnel integrator 230

embodiments. Further, while a particular collection lens size is shown matching the width

of tunnel integrator 230, other sizes of collection lenses can also be used. See e.g., the

wider collection lens 350 used with tunnel integrator 230 in light source module 300

shown in FIG. 13. FIG. 13 also illustrates mirrored sidewalls 360, which can be either of

inner or outer sidewalls in various embodiments, as was described above with regard to

tapered rod integrators.

In summary, in exemplary embodiments, light source modules include an emitter

having at least one light emitting surface, and an at least partially hollow integrating optic

mounted over the emitting surface. In the various embodiments, the index of refraction

within the hollowed area is less then the index of refraction of the subsequent medium

along the optical path..

The at least partially hollow integrating optic has a proximal end facing the

emitting surface and a distal end facing away from the emitting surface. In some

embodiments, the proximal end of the integrating optic has a dimensional aspect ratio

closely matching a dimensional aspect ratio of the emitter, while the distal end of the

integrating optic is flat with a rectangular aspect ratio. The rectangular aspect ratio of the

distal end of the integrating optic can be different than the dimensional aspect ratio of the

proximal end of the integrating optic.

In various embodiments, the at least partially hollow integrating optic includes a

tapered rod integrator forming a cavity over the emitting surface, where the cavity has a

refractive index, nl, less than a refractive index, n2, of the tapered rod integrator. The

cavity can be, for example, a spherical or a truncated pyramidal shaped cavity. The cavity

can be filed with air, fluid such an encapsulant gel, etc, thus providing the refractive index

nl. A collection lens can be adhered to the tapered rod integrator, and the collection lens

will have a refractive index which is higher than the refractive index, n2, of the tapered

rod integrator. One or more optical films can also be positioned between the collection

lens and a distal end of the tapered rod integrator.

In yet other embodiments, the at least partially hollow integrating optic includes a

tunnel integrator mounted over the emitting surface. In these embodiments, the light

source modules will typically include a collection lens adhered to the tunnel integrator



having an index of refraction, n2, greater than the index of refraction, nl, in the tunnel. In

the exemplary embodiments illustrated, the tunnel integrator has a proximal end facing the

emitting surface and a distal end facing away from the emitting surface, the proximal end

of the tunnel integrator forms an enclosure over the emitting surface, while the distal end

of the tunnel integrator is flat with a rectangular aspect ratio. The collection lens is

typically adhered to the distal end of the tunnel integrator.

The disclosed light source modules can be used in a variety of devices. In

exemplary embodiments, a color-sequential mini-projector utilizing these light source

modules can include the light source modules, a polarizing beam splitter (PBS), a

monochrome liquid crystal on silicon (LCOS) panel, and a projection lens. There would

not be the need for a color-combining X-cube since the colors would be combined and

homogenized in the tapered tunnel extractor. In addition, there would not be a need for an

anamorphic lens to adjust the aspect ratio, provided the LED array and tapered tunnel

aspect ratios matched that of the desired imager panel. A color-filter mini-projector

employing the disclosed light source modules can include a PBS, a color-filter LCOS

panel, and a projection lens. Alternatively, a color-sequential mini-projector system

utilizing these light source modules can include the light source modules, collimating

optics, a digital light processing (DLP) panel, and a projection lens.

Unless otherwise indicated, all numbers expressing feature sizes, amounts, and

physical properties used in the specification and claims are to be understood as being

modified by the term "about." Accordingly, unless indicated to the contrary, the numerical

parameters set forth in the foregoing specification and attached claims are approximations

that can vary depending upon the desired properties sought to be obtained by those skilled

in the art utilizing the teachings disclosed herein.

Various modifications and alterations of this invention will be apparent to those

skilled in the art without departing from the scope and spirit of this invention, and it

should be understood that this invention is not limited to the illustrative embodiments set

forth herein.



WHAT IS CLAIMED IS:

1. A light source module, comprising:

an emitter having at least one light emitting surface; and

an at least partially hollow integrating optic mounted over the emitting

surface;

wherein the index of refraction within the hollowed area is less then the

index of refraction of the subsequent medium along the optical path..

2 . The light source module of claim 1, wherein the at least partially hollow

integrating optic has a proximal end facing the emitting surface and a distal end facing

away from the emitting surface, the proximal end of the at least partially hollow

integrating optic having a dimensional aspect ratio closely matching a dimensional aspect

ratio of the emitter, the distal end of the at least partially hollow integrating optic being

flat with a rectangular aspect ratio.

3 . The light source module of claim 2, wherein the rectangular aspect ratio of

the distal end of the at least partially hollow integrating optic is different than the

dimensional aspect ratio of the proximal end of the at least partially hollow integrating

optic.

4 . The light source module of claim 1, wherein the at least partially hollow

integrating optic comprises a tapered rod integrator forming a cavity over the emitting

surface, wherein the cavity has a refractive index, nl, less than a refractive index, n2, of

the tapered rod integrator.

5 . The light source module of claim 4, wherein the cavity of the tapered rod

integrator is a spherical cavity.

6 . The light source module of claim 4, wherein the cavity of the tapered rod

integrator is a truncated pyramidal shaped cavity.



7 . The light source module of claim 4, wherein the cavity of the tapered rod

integrator is filled with air which has the refractive index n l .

8. The light source module of claim 4, wherein the cavity of the tapered rod

integrator is filled with a liquid having the refractive index n l .

9 . The light source module of claim 8, wherein the liquid is an encapsulant

gel.

10. The light source module of claim 4, and further comprising a collection

lens adhered to the tapered rod integrator, the collection lens have a refractive index which

is higher than the refractive index, n2, of the tapered rod integrator.

11. The light source module of claim 10, and further comprising at least one

optical film positioned between the collection lens and a distal end of the tapered rod

integrator.

12. The light source module of claim 4, wherein the tapered rod integrator has

a proximal end facing the emitting surface and a distal end facing away from the emitting

surface, the light source module further comprising at least one optical film adhered to a

distal end of the tapered rod integrator.

13. The light source module of claim 1, wherein the at least partially hollow

integrating optic comprises a tunnel integrator mounted over the emitting surface, the light

source module further comprising:

a collection lens adhered to the tunnel integrator having an index of

refraction, n2, greater than the index of refraction, nl, in the tunnel;

wherein said tunnel integrator has a proximal end facing the emitting

surface and a distal end facing away from the emitting surface, the proximal end of

the tunnel integrator forming an enclosure over the emitting surface, the distal end

of the tunnel integrator being flat with a rectangular aspect ratio, the collection lens

being adhered to the distal end of the tunnel integrator.



14. The light source module of claim 13, wherein the tunnel integrator has

tapered side walls.

15. The light source module of claim 13, wherein the proximal end of the

tunnel integrator has a dimensional aspect ratio closely matching a dimensional aspect

ratio of the emitting surface.

16. The light source module of claim 15, wherein the rectangular aspect ratio

of the distal end of the tunnel integrator is different than the dimensional aspect ratio of

the proximal end of the tunnel integrator.

17. The light source module of claim 13, wherein the tunnel integrator is filled

with air which has the refractive index n l .

18. The light source module of claim 13, wherein the tunnel integrator is filled

with a liquid having the refractive index n l .

19. The light source module of claim 18, wherein the liquid is an encapsulant

gel.

20. The light source module of claim 13, and further comprising at least one

optical film positioned between the collection lens and the distal end of the tunnel

integrator.

21. The light source module of claim 1, wherein the at least partially hollow

integrating optic has mirrored side walls between a proximal end facing the emitting

surface and a distal end facing away from the emitting surface.
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