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Illumination assemblies, components, and related methods 
are described. An illumination assembly can include at least 
one solid state light-emitting device, an emission surface 
through Which light is emitted, and a Wavelength converting 
material that Wavelength converts at least some light emitted 
by the solid state light-emitting device. The Wavelength con 
verting material can have a ?rst density per unit area of the 
emission surface at a ?rst location and a second density per 
unit area of the emission surface at a second location, Wherein 
the second density is substantially different from the ?rst 
density, and Wherein the density per unit area is de?ned With 
a 1x1 cm2 averaging area. Another illumination assembly can 
include a light guide con?gured to receive light emitted by a 
solid state light-emitting device. The light guide can have a 
length along Which received light propagates and an emission 

MA (Us) surface substantially parallel to the length of the light guide 
and through Which light is emitted. A Wavelength converting 

(21) App1.NO.I 11/831,306 material can have a density per unit area of the emission 
surface that substantially increases along the length of the 

(22) Filed: Jul. 31, 2007 light guide 
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ILLUMINATION ASSEMBLY INCLUDING 
WAVELENGTH CONVERTING MATERIAL 
HAVING SPATIALLY VARYING DENSITY 

FIELD 

[0001] The present embodiments are draWn generally 
towards illumination systems, and more speci?cally, illumi 
nation systems including solid state light-emitting devices. 

BACKGROUND 

[0002] Illumination assemblies can provide light for a vari 
ety of applications, including general lighting and electronic 
applications. For example, a backlighting assembly can be 
used to provide light for a display, such as a liquid crystal 
display (LCD). Currently such backlighting assemblies 
mainly employ cold cathode ?uorescent tubes (CCFLs) light 
sources. Although these ?uorescent tubes can provide e?i 
cient distributed lighting, serious disadvantages of ?uores 
cent tubes include complicated inverter electronics, sloW 
sWitching speeds, and the presence of haZardous materials, 
such as mercury, Within the ?uorescent tubes. 

SUMMARY 

[0003] Illumination systems, components, and methods 
associated thereWith are provided. 
[0004] In one aspect, an illumination assembly comprises 
at least one solid state light-emitting device, an emission 
surface through Which light is emitted, and a Wavelength 
converting material that Wavelength converts at least some 
light emitted by the solid state light-emitting device, the 
Wavelength converting material having a ?rst density per unit 
area of the emission surface at a ?rst location and a second 
density per unit area of the emission surface at a second 
location, Wherein the second density is substantially different 
from the ?rst density, and Wherein the density per unit area is 
de?ned With a 1x1 cm2 averaging area. 
[0005] In another aspect, an illumination assembly com 
prises a solid state light-emitting device, a light guide con?g 
ured to receive light emitted by the solid state light-emitting 
device, the light guide having a length along Which received 
light propagates and an emission surface substantially paral 
lel to the length of the light guide and through Which light is 
emitted, and a Wavelength converting material having a den 
sity per unit area of the emission surface that substantially 
increases along the length of the light guide. 
[0006] In one aspect, a display comprises at least one solid 
state light-emitting device, an emission surface through 
Which light is emitted, a Wavelength converting material that 
Wavelength converts at least some light emitted by the solid 
state light-emitting device, the Wavelength converting mate 
rial having a ?rst density per unit area of the emission surface 
at a ?rst location and a second density per unit area of the 
emission surface at a second location, Wherein the second 
density is substantially different from the ?rst density, and 
Wherein the density per unit area is de?ned With a 1x1 cm2 
averaging area, and a liquid crystal layer arranged to receive 
at least some Wavelength converted light emitted by the Wave 
length converting material. 
[0007] In one aspect, a display comprises at least one solid 
state light-emitting device, a ?rst Wavelength converting 
material region that Wavelength converts at least some light 
emitted by the solid state light-emitting device to a ?rst Wave 
length spectrum, a second Wavelength converting material 

Feb. 5, 2009 

region that Wavelength converts at least some light emitted by 
the solid state light-emitting device to a second Wavelength 
spectrum different from the ?rst Wavelength spectrum, and a 
liquid crystal layer comprising a ?rst pixel light valve 
arranged to receive at least some Wavelength converted light 
emitted by the ?rst Wavelength converting material, and a 
second pixel light valve arranged to receive at least some 
Wavelength converted light emitted by the second Wavelength 
converting material. 
[0008] In one aspect, a method of making an illumination 
assembly comprising providing at least one solid state light 
emitting device, and providing a Wavelength converting 
material that Wavelength converts at least some light emitted 
by the solid state light-emitting device, the Wavelength con 
ver‘ting material having a ?rst density per unit area of an 
emission surface at a ?rst location and a second density per 
unit area of the emission surface at a second location, Wherein 
the second density is substantially different from the ?rst 
density, and Wherein the density per unit area is de?ned With 
a 1x1 cm2 averaging area. 
[0009] Other aspects, embodiments and features of the 
invention Will become apparent from the folloWing detailed 
description of the invention When considered in conjunction 
With the accompanying ?gures. The accompanying ?gures 
are schematic and are not intended to be draWn to scale. Each 
identical or substantially similar component that is illustrated 
in various ?gures is represented by a single numeral or nota 
tion. 
[0010] For purposes of clarity, not every component is 
labeled in every ?gure. Nor is every component of each 
embodiment of the invention shoWn Where illustration is not 
necessary to alloW those of ordinary skill in the art to under 
stand the invention. All patent applications and patents incor 
porated herein by reference are incorporated by reference in 
their entirety. In case of con?ict, the present speci?cation, 
including de?nitions, Will control. 

BRIEF DESCRIPTION OF FIGURES 

[0011] FIG. 1A is a perspective vieW of an illumination 
assembly including a Wavelength converting material, in 
accordance With one embodiment; 
[0012] FIG. 1B is a cross-section vieW of an illumination 
assembly including a tapered extraction region, in accordance 
With one embodiment; 
[0013] FIG. 1C is a cross-section vieW ofa display includ 
ing an illumination assembly as a backlight unit, in accor 
dance With one embodiment; 
[0014] FIGS. 2A-B are ?oWchar‘ts of methods for Wave 
length converting and spatially homogenizing light, in accor 
dance With one embodiment; 
[0015] FIG. 3A is a cross-section vieW of an illumination 
assembly having a spatially varying density of a Wavelength 
converting material, in accordance With one embodiment; 
[0016] FIG. 3B is a chart of a density of Wavelength con 
ver‘ting material versus distance from a light source, in accor 
dance With one embodiment; 
[0017] FIG. 4 is a cross-section vieW of an illumination 
assembly having a spatially varying density of a Wavelength 
converting material due to a differing microscopic density of 
the Wavelength converting material, in accordance With one 
embodiment; 
[0018] FIG. 5 is a cross-section vieW of an illumination 
assembly having a spatially varying density of a Wavelength 




























