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configured to emit light having a first dominant wavelength, and an index
matched wavelength conversion structure (10, 60) configured to receive
light emitted by the light emitting die (24). The index matched wavelength
conversion structure (10, 60) includes wavelength converting particles (14)

having a first index of refraction embedded in a matrix material (12). The
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matrix material (12) has a second index of refraction that may be substan-
tially matched to the first index of refraction. The light emitting device may
include a graded index layer (50) having an index of refraction that is con-
tinuously graded from a first index of refraction in a first region of the
graded index layer (50) near the light emitting die (24) to a second index of
refraction in the graded index layer (50) away from the light emitting die
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This International Searching Authority found multiple (groups of)
inventions in this international appliication, as follows:

1. claims: 1-10,21-23,25,26,29,30,31,36,37,42

A light emitting device according to claim 1, further
specified by the features defined in claims 2-10, 21 or 22;
or

A Tuminaire comprising a light emitting device as recited in
Claim 1; or

A light emitting structure according to claim 25; or

A light emitting device according to claim 26; or

A light emitting device according to claim 29, further
specified by the features defined in claims 30, 31, 36 or
37, or

A luminaire comprising a light emitting device as recited in
Claim 29; wherein

claim 1 defines:

A light emitting device, comprising:

a light emitting die configured to emit light having a first
dominant wavelength; and

an index matched wavelength conversion structure configured
to receive light emitted by the light emitting die;

wherein the index matched wavelength conversion structure
comprises a plurality of wavelength converting particles
embedded in a matrix material, the wavelength converting
particles having a first index of refraction and configured
to receive at least a portion of light emitted by the light
emitting die and to responsively emit light having a second
dominant wavelength that is different from the first
dominant wavelength, and the matrix material having a second
index of refraction that is substantially matched to the
first index of refraction.

1.1. claim: 1+2

The light emitting device of Claim 1, wherein the matrix.
material comprises silicone and has an index of refraction
greater than about 1.55.

1.2, claim: 1+3

The light emitting device of Claim 1, further comprising a
mounting surface, wherein the light emitting die is on the
mounting surface and is between the mounting surface and the
wavelength conversion structure.

1.3. claim: 1+4

The light emitting device of Claim 1, further comprising a
lens on the wavelength conversion structure, wherein the
lens is configured to receive light emitted by the light
emitting die that passes through the wavelength conversion
structure.
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1.4, claim: 145

The light emitting device of Claim 1, further comprising:
a submount, wherein the Tight emitting die is on the
submount; and
a lens, wherein the light emitting die is between the
submount and the lens, the lens including a proximal surface
near the light emitting device, a distal surface spaced
apart from the light emitting device, and a side surface
~extending between the proximal surface and the distal
surface, wherein the wavelength conversion structure is on
the proximal surface, the distal surface, and/or the side
surface.

1.5. claim: 1+5+6

The 1ight emitting device of claim 5, further comprising:

a reflective layer on at least one of the proximal surface,
the distal surface and/or the side surface of the lens that
the wavelength conversion structure is not on.

1.6. claims: 1+7,8

The light emitting device of Claim 1, further comprising a
light scattering layer configured to scatter light emitted
by the light emitting die.

1.7. claims: 149,10

The 1ight emitting device of Claim 1, further comprising:

a mounting surface, wherein the light emitting die is on the
mounting surface; and

a housing comprising sidewalls extending away from the
mounting surface, the mounting surface and the sidewalls
defining an optical cavity, wherein the wavelength
conversion structure is outside the optical cavity; and
optionally a lens on the optical cavity.

1.8. claims: 1+21,22
The light emitting device of Claim 1, wherein the wavelength
conversion structure comprises a lens positioned adjacent
the light emitting die.

1.9. claim: 23

A luminaire comprising a light emitting device as recited in
Claim 1.

1.10. claim: 25
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1.11.

1.12.

A light emitting structure comprising a diode layer and an
index matched wavelength conversion structure adhesively

- bonded to the diode layer, wherein the index matched

wavelength conversion structure comprises a plurality of
wavelength converting particles embedded in a matrix
material, -the wavelength converting particles having a first
index of refraction and configured to receive at least a
portion of light emitted by the light emitting die and to
responsively emit light having a second dominant wavelength

. that is different from the first dominant wavelength, and

the matrix material having a second index of refraction that
is substantially matched to the first index of refraction.

claim: 26

A light emitting device, comprising:
a submount;
a light em1tt1ng die on the submount;
an index matched wavelength conversion structure adhes1ver
bonded to the diode layer, wherein the index matched
wavelength conversion structure comprises a plurality of
wavelength converting particles embedded in a matrix

- -material, the wavelength converting particles having a first

index of refraction and configured to receive at least a
portion. of 1ight emitted by the 1light emitting die and to
responsively emit 1ight having a second dominant wavelength
that is different from the first dominant wavelength, and
the matrix material having a second index of refraction that
is substantially matched to the first index of refraction;
and

a lens on the wavelength conversion structure.

claims: 29,30,31,36,37
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A light emitting device according to claim 29,
further coptionally comprising the additional features of any
of claims 30, 31, 36 and 36+37, the additional features of
claim 30 being:
the graded index layer comprises a silicone matrix including
a plurality of transparent particles embedded therein,
wherein the silicone matrix has a first index of refraction
and the transparent particles have a second index of
refraction that is higher than the first index of
refraction, and wherein a concentration of the transparent
particles in the silicone matrix is continuously graded from
a first concentration in the first region of the graded
index layer near the light emitting die to a second
concentration in the graded index layer away from the light
emitting die;
the additional features of claim 31 being:
an optical element having a third index of refraction that
is higher than the first and second indices of refraction
and that is configured to receive light emitted by the 1light
emitting die;
wherein the optical element is between the light emitting
die and the graded index layer; and ‘
wherein the first region of the graded index of refraction
is near the optical element and the second region of the
graded index layer is away from the optical element, and
wherein the first index of refraction is higher than the
second index of refraction;
the additional features of claim 36 being:
an encapsulant material on the light emitting die, wherein
the encapsulant material has a third index of refraction
that is less than or about equal to the first index of
refraction;
wherein the encapsulant material is between the light
emitting die and the graded index layer; and
wherein the first region of the graded index of refraction
is near the encapsulant material and the second region of
the graded index layer is away from the encapsulant
material, and wherein the first index of refraction is lower
than the second index of refraction; and the additional
features of claim 37 being:
an optical element on the graded index layer, wherein the
optical element has a fourth index of refraction that is
greater than or about equal to the second index of
refraction.

1.13. claim: 42

A luminaire comprising a light emitting device as recited in
Claim 29.

2. claims: 1+9+10+11,12,13
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A light emitting device, comprising:

a light emitting die configured to emit light having a first

dominant wavelength; and

an index matched wavelength conversion structure configured

to receive light emitted by the light emitting die;

wherein the index matched wavelength conversion structure

comprises a plurality of wavelength converting particles

embedded in a matrix material, the wavelength converting

particlies having a first index of refraction and configured

to receive at least a portion of light emitted by the light
- emitting die and to responsively emit 1ight having a second

dominant wavelength that is different from the first

dominant wavelength, and the matrix material having a second

index of refraction that is substantially matched to the

first index of refraction, further comprising:

a mounting surface, wherein the light emitting die is on the

mounting surface; and

a housing comprising sidewalls extending away from the

mounting surface, the mounting surface and the sidewalls

defining an optical cavity, wherein the wavelength

conversion structure is outside the optical cavity; and

a lens on the optical cavity, wherein '

details of the lens arrangement on the optical cavity are

further specified.

3. claims: 1+9+10+14, 29+36+37+38
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A Tight emitting device according to claim 1, further
comprising:

a mounting surface, wherein the light emitting die is on the
mounting surface; and

a housing comprising sidewalls extending away from the
mounting surface, the mounting surface and the sidewalls
defining an optical cavity, wherein the wavelength
conversion structure is outside the optical cavity; and

a lens on the optical cavity; further comprising

an encapsulant material in the optical cavity, the
encapsulant material having a third index of refraction that
is lower than a fourth index of refraction of the lens, and
a graded index layer between the optical cavity and the
lens, wherein the graded index layer has an index of
refraction that is continuously graded from a lower index
near the optical cavity to a higher index near the lens; or
A light emitting device according to claim 29, further
comprising:

an encapsulant material on the light emitting die, wherein
the encapsulant material has a third index of refraction
that is less than or about equal to the first index of
refraction;

wherein the encapsulant material is between the light
emitting die and the graded index layer; and

wherein the first region of the graded index of refraction
is near the encapsulant material and the second region of
the graded index layer is away from the encapsulant
material, and wherein the first index of refraction is lower
than the second index of refraction; still further
comprising

a lens on the graded index layer, wherein the lens has a
fourth index of refraction that is greater than or about
equal to the second index of refraction.

4. claim: 1+9+10+15




International Application No. PCT/US2008 /013280

"FURTHER INFORMATION CONTINUED FROM PCTASA!/ 21(

A light emitting device, comprising:
a light emitting die configured to em1t 1ight having a first
dominant wavelength; and
an index matched wavelength conversion structure configured
to receive light emitted by the light emitting die;
wherein the index matched wavelength conversion structure
comprises a plurality of wavelength converting particies
embedded in a matrix material, the wavelength converting
particles having a first index of refraction and configured
to receive at least a portion of light emitted by the light
emitting die and to responsively emit light having a second
dominant wavelength that is different from the first
dominant wavelength, and the matrix material having a second
index of refraction that is substantially matched to the
first index of refraction, further comprising:
a mounting surface, wherein the light emitting die is on the
mounting surface; and
a housing comprising sidewalls extending away from the
mounting surface, the mounting surface and the sidewalls
defining an optical cavity, wherein the wavelength
conversion structure is outside the optical cavity; and
a2 lens on the optical cavity, wherein
the wavelength conversion structure is between the lens and
the optical cavity.

5. claim: 1+9+10+16

A light emitting device, comprising:
a 1ight emitting die configured to emit light having a first
dominant wavelength; and
an index matched wavelength conversion structure configured
to receive light emitted by the light emitting die;
wherein the index matched wavelength conversion structure
comprises a plurality of wavelength converting particles
embedded in a matrix material, the wavelength converting
particles having a first index of refraction and configured
to receive at least a portion of light emitted by the light
emitting die and to responsively emit light having a second
dominant wavelength that is different from the first
dominant wavelength, and the matrix material having a second
index of refraction that is substantially matched to the
first index of refraction, further comprising:
a mounting surface, wherein the light emitting die is on the
mounting surface; and
a housing comprising sidewalls extending away from the
mounting surface, the mounting surface and the sidewalls
defining an optical cavity, wherein the wavelength
conversion structure is outside the optical cavity; and
a lens on the optical cavity; further comprising a 1ight
scattering layer on the optical cavity.

6. claim: 1+17
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The light emitting device of Claim 1, further comprising a
graded index layer on the wavelength conversion structure,
the graded index layer having an index of refraction that is
continuously graded from a higher index of refraction near
the wavelength conversion structure to a lower index of
refraction away from the wavelength conversion structure.

7. claims: 1+18,19,20

The 1ight emitting device of Claim 1, further comprising a
graded index layer between the wavelength conversion
structure and the 1light emitting die, the graded index layer
having an index of refraction that is continuously graded

* from a higher index of refraction near the light emitting
die to a lower index of refraction near the wavelength
conversion structure.

8. claim: 24

A liquid crystal display backlight comprising a light
emitting device as recited in Claim 1.

9. claim: .26+27

A Tight emitting device, comprising:
a submount;
a light emitting die on the submount;
an index matched wavelength conversion structure adhesively
bonded to the diode layer, wherein the index matched
wavelength conversion structure comprises a plurality of
wavelength converting particles embedded in a matrix
material, the wavelength converting particles having a first
index of refraction and configured to receive at least a
portion of light emitted by the light emitting die and to
responsively emit 1ight having a second dominant wavelength
that is different from the first dominant wavelength, and
the matrix material having a second index of refraction that
is substantially matched to the first index of refraction;
and o
a lens on the wavelength conversion structure; further
comprising:
a light scattering layer between the lens and the wavelength
conversion structure and configured to scatter 1ight emitted
by the wavelength conversion structure.

10. claim: 26+28
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A light emitting device, comprising:

a submount;

a light emitting die on the submount;

an index matched wavelength conversion structure adhésively

bonded to the diode layer, wherein the index matched

wavelength conversion structure comprises a plurality of

wavelength converting particles embedded in a matrix

material, the wavelength converting particles having a first.

index of refraction and configured to receive at least a

portion of light emitted by the 1ight emitting die and to

responsively emit light having a second dominant wavelength

that is different from the first dominant wavelength, and

the matrix material having a second index of refraction that

is substantially matched to the first index of refraction;

and

a lens on the wavelength conversion structure; further
~comprising:

an antireflective coating on the lens.

11. claim: 29+31+32

A light emitting device, comprising:
a light emitting die configured to emit 1ight having a first
dominant wavelength; and
a graded index layer configured to receive light emitted by
the 11ght emitting die, wherein the graded index layer has
an index of refraction that is continuously graded from a
first index of refraction in a first region of the graded
index layer near the light emitting die to a second index of
refraction in the graded index layer away from the light
emitting die, wherein the first index of refraction is
different from the second index of refraction; further
comprising:
a lens having a third index of refraction that is higher
than the first and second indices of refraction and that is
configured to receive light emitted by the light emitting
die;
wherein the lens is between the light emitting die and the
graded index layer; and
wherein the first region of the graded index of refraction
is near the lens and the second region of the graded index
layer is away from the lens, and wherein the first index of
refraction is higher than the second index of refraction.

12. claims: 29+31+33,34,35
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A light emitting device, comprising:
a light emitting die configured to emlt }ight hav1ng a first
dominant wavelength; and
a graded index layer configured to receive light emitted by
the light emitting die, wherein the graded index layer has
an index of refraction that is continuously graded from a
first index of refraction in a first region of the graded
index layer near the light emitting die to a second index of
refraction in the graded index layer away from the light
emitting die, wherein the first index of refraction is
different from the second index of refraction; further
comprising:
a wavelength conversion structure having a third index of
refraction that is higher than the first and second indices
of refraction and that is configured to receive light
emitted by the light emitting die;
wherein the wavelength conversion structure is between the
light emitting die and the graded index layer; and
wherein the first region of the graded index of refraction
is near the wavelength conversion structure and the second
region of the graded index layer is away from the wavelength
conversion structure, and wherein the first index of
refraction is higher than the second index of refraction.

13. claims: 29+36+37+39,40,41

The 1ight emitting device of Claim 29, further comprising:
an encapsulant material on the light emitting die, wherein
the encapsulant material has a third index of refraction
that is less than or about equal to the first index of
refraction;

wherein the encapsulant material is between the light
emitting die and the graded index layer; and

wherein the first region of the graded index of refraction
is near the encapsulant material and the second region of
the graded index layer is away from the encapsulant
material, and wherein the first index of refraction is lower
than the second index of refraction; further comprising a
wavelength conversion structure on the graded index layer,
wherein the wavelength conversion structure has a fourth
index of refraction that is greater than or about equal to
the second index of refraction.

14, claim: 43

A liquid crystal display backlight comprising a light
emitting device as recited in Claim 29.
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