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CLAIMS
I/We claim:

1. A light emitting diode (LED) device, comprising:

a substrate with a thermal conductivity of greater than about 1.0W/(m-K),

an LED die carried by the substrate, the LED die being thermally cgfipled to the
substrate;

an insulating material on the LED die, the insulating material beipf at least partially
transparent,

a converter material spaced apart from the insulating materidl, the converter material
including a phosphor; and

a conduction material in direct contact with both the conyferter material and the substrate,
and the conduction material having a thermél conductivity greater than about

1LOW/(m-K).

2. The LED device of claim 1 wherein;

the substrate includes at [east onc of siligdn (Si), gallium nitride (GaN), aluminum nitride
(AIN), copper (Cu), aluminup (Al), tungsten (W), stainless steel (Fe), diamond
(C), glass (Si0,), silicon cptbide (SiC), and aluminum oxide (AlO3);

the LED die includes an N-tfpe gallium nitride (GaN) material, an indium gallium
nitride (InGaN) matgfial, and a P-type GaN material on one another in series;

the insulating material/includes at least one of a polyimide, a solvent-soluble
thermoplastic olyimide, a ceramic material, and glass, the insulating material
having a thérmal conductivity less than about 0.15W/(m-K);

the converter Aaterial includes at least one of cerium(IIl)-doped yttrium aluminum

garnft ("YAG"), ncodymium-doped YAG, ncodymium-chromium double-doped

AG, erbium-doped YAG, ytterbium-doped YAG, neodymium-cerium double-

doped YAG, holmium-chromium-thulium triple-doped YAG, thulium-doped

YAG, chromium(IV)-doped YAG, dysprosium-doped YAG, samarium-doped

YAG, and terbium-doped YAG, CaS:Eu, CaAlSiN;3:Eu, Sr;SisNg:Eu, SiS:Eu,

Ba,SisNs:Eu, SrzSi04:Eu, SrSizN202:Eu, SrGa;S4:Eu, SrAl;04:Eu, Ba;SiOq4:Eu,
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SrsAll40;5:Eu, SrSiAl,OsN:Eu, BaMgAljgO17:Eu, Sr;P207:Eu, BaSO4:Eu, and
SrB407:Eu;

the conduction material includes at least one of indium tin oxide (ITO), fluorine-dgfed
tin oxide (FTO), and zinc oxide (ZnQOY), and

the conduction material includes a lateral portion generally corresponding to the' LED die
and at least onc vertical portion cxtending from the lateral portion $dward and in

direct contact with the substrate.

3. The LED device of claim 1 wherein the conduction terial is between the

converter material and the insulating material.

4, The LED device of claim 1 wherein the copferter material is between the

conduction material and the insulating material.

5. The LED device of claim 1 wherein e conduction material includes a lateral
portion generally corresponding to the LED die gAd two opposing vertical portions extending

from the lateral portion toward and in direct confact with the substrate.

6. The LED device of claim }wherein:

the conduction material includgs a lateral portion generally corresponding to the LED die
and two opposing v#rtical portions extending from the lateral portion toward and
in direct contact y#ith the substrate; and

the converter materig¥/generally encapsulates the conduction material.

7. The LED device of claim 1 wherein:
the conducyfon material includes a lateral portion generally corresponding to the LED die
d two opposing vertical portions extending from the lateral portion toward and
in direct contact with the substrate;
lateral portion of the conduction material includes a surface facing away from the
LED die; and
the converter material is on the surface of the conduction material and with a width

generally corresponding to an emission area of the LED die.
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8. The LED device of ¢laim 1 wherein:

the conduction material is a first conduction material between the converter material an
the insulating material; and

the LED device further includes a second conduction material spaced apart from tife first

conduction material and in direct contact with the converter material.

9. The LED device of claim 1 wherein:

the conduction material is a first conduction material between the coperter material and
the insulating material;

the LED device further includes a sccond conduction material ghaced apart from the first
conduction material and in direct contact with the cghverter material;

the converter material includes a plurality- of vias extefding from the first conduction
material to the second conduction material; a

the plurality of vias individually contain a third co#duction material.

10.  The LED device of claim 1 wherein,

the LED dic is a first LED die;

the LED device further includes a segond LED die carried by the substrate in a side-by-
side arrangement with the Arst LED die; and

at least one of the insulating mgferial, the converter material, and the conduction material

encapsulates the firgfand second LLED dies.

11.

heat conduction path being configured to conduct heat from the phosphor to the
heat sink.

12.  The LED device of claim 11 wherein at least a portion of the heat conduction

ath is directly between the phosphor and the LED die.
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13.  The LED device of ¢laim 11 wherein:
at least a portion of the heat conduction path is directly between the phosphor and th
LED die; and

the LED die includes an electrical insulator proximate to the heat conduction path,

14.  The LED device of claim 11 wherein:

the heat conduction path is a first heat conduction path; and

the LED device further includes a second heat conduction path in diggct contact with the
phosphor, the second heat conduction path being configured to conduct heat from

the phosphor to the heat sink.

15.  The LED device of claim 11 wherein:

the heat conduction path is a first heat conduction pa

the LED device further includes a second heat copfluction path in direct contact with the
phosphor, the second heat conduction pdth being configured to conduct heat from
the phosphor to the heat sink; and

the first and second hcat conduction pathf arc gencrally parallel to cach other.

16.  The LED device of claim ) wherein:

the heat conduction path is a fiy§t heat conduction path; and

the LED device further jdcludes a second heat conduction path and a third heat
conduction path/both in dircct contact with the phosphor, the sccond heat
conduction path being configured to conduct heat from the phosphor to the heat
sink, and gfe third heat conduction path being configured to conduct heat from

the pho#phor to the first and/or second heat conduction paths.

17. e LED device of claim 11 wherein:

the hght conduction path is a first heat conduction path;

LED device further includes a second heat conduction path and a third heat
conduction path both in direct contact with the phosphor, the second heat

conduction path being configured to conduct heat from the phosphor to the heat
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sink, and the third heat conduction path being configured to conduct heat from
the phosphor to the first and/or second heat conduction paths;

the first and second heat conduction paths are generally parallel to each other; and

the third heat conduction path is generally perpendicular to the first and/or secopd heat

conduction paths.

18.  The LED device of claim 11 wherein:

the LED device further includes an insulating material between the hfat conduction path
and the LED die; and

the insulating material is configurcd to rcsist a heat flow gfom the LED dic to the

phosphor.

19.  The LED device of claim 11 wherein:

the LED device further includes an insulating mgferial between the conduction material
and the LED die;

the insulating material is configured to #sist a heat flow from the LED die to the
phosphor via the insulating matcpfal; and

the heat conduction path is also conffured to conduct at least a portion of the heat flow

1o the heat sink,

20. A method of manufp€turing a light emitting diode (LED) device, comprising:
attaching an LED dic tp/a heat sink, the LED dic being thcrmally coupled to the heat

depositing £ conduction material on the insulating material and the heat sink, the

nduction material having a thermal conductivity greater than about
1.0W/(m-K); and

deflositing a phosphor on the conduction material, the phosphor generally corresponding

to the emission area of the LED die.
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2]1.  The method of claim 20 wherein depositing a conduction material includes
depositing at least one of indium tin oxide (ITO), fluorine-doped tin oxide (FTO), and zin

oxide (Zn0O) on the insulating material via physical vapor deposition (PVD).

22, The method of claim 20 wherein:

encapsulating the LED die includes encapsulating the LED die with at |Zast onc of a
polyimide, a solvent-soluble thermoplastic polyimide, a ceramfc material, and
glass via spin coating or chemical vapor deposition (CVD); a

depositing a conduction material includes depositing at least op€ of indium tin oxide
(ITOQ), fluorinc-doped tin oxide (FTO), and zinc oxidZ (ZnO) on the insulating

material via physical vapor deposition (PVD).

23.  The method of claim 20 wherein depositing afonduction material includes:
depositing a first conduction material on the insulgfing material; and

after depositing the phosphor, depositing a secghd conduction material on the phosphor.

24.  The method of claim 20 whereindepositing a conduction material includes:

depositing a first conduction material/on the insulating material; and

after depositing the phosphor, depbsiting a second conduction material on the phosphor,
the second conductionfaterial being generally the same as the first conduction

material,

25.  The method gf claim 20 wherein depositing a conduction material includes:

depositing a first gbnduction material on the insulating material;

after depositingthe phosphor, depositing a second conduction material on the phosphor;

forming a Alurality of vias in the phosphor, the vias individually extending directly
tween the first and second conduction materials; and

filling'the plurality of vias with a third conduction material.
26. A light emitting diode (LED) device, comprising:

a heat sink;
an LED die thermally coupled to the heat sink, the LED die having an emission area;
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a phosphor spaced apart from the LED die, the phosphor at least partially corresponding
to the emission area of the LED die; and

means for conducting heat away from the phosphor to the heat sink.

27. The LED device of claim 26, further comprising means for resisting g/heat flow

from the LED die to the phosphor.

28.  The LED device of claim 26 wherein:
the phosphor includes a first surface and a second surface oppositg/the first surface; and
the means for conducting heat away from the phosphor inclyde means for conducting

heat away from both the first and second surfaces of£Ahe phosphor.

29.  The LED device of claim 26 wherein:

the phosphor includcs a first surfacc and a sccond Lurface opposite the first surface; and

the means for conducting heat away from thg/phosphor include means for conducting
heat away from the phosphor along/ first direction generally parallel to the first

and second suifaces and along g/second direction generally perpendicular to the

first direction.




CLAIMS
I/We claim:

1. A light emitting diode (LED} device, comprising:

a substrate with a thermal conductivity of greater than about 1.0W/(m-K);

an LED die carried by the substrate, the LED die being thermally coupled to the
substrate;

an insulating material on the LED die, the insulating material being at least partially
transparent,

a converter material spaced apart from the LED die, the converter material including a
phosphor; and

a conduction material in direct contact with both the converter material and the substrate,
the conduction material having a thermal conductivity greater than about
[.0W/(m-K), wherein the conduction material includes a lateral portion across
from a forward-facing surface of the LED die and at least one vertical portion
extending from the lateral portion toward the substrate such that the conduction

material at least substantially covers the LED die.

2. The LED device of claim 1 wherein:

the substrate includes at least one of silicon (8i), gallium nitride (GaN), aluminum nitride
(AIN), copper (Cu), aluminum (Al), tungsten (W), stainless steel (Fe), diamond
(C), glass (810;), silicon carbide (8iC), and aluminum oxide (Al,Os);

the LED die includes an N-type gallium nitride {GaN) material, an indium gailium
nitride {InGaN) material, and a P-type GaN material on one another in series;

the insulating material includes at least one of a polyimide, a solvent-soluble
thermoplastic polyimide, a ceramic material, and glass, the insulating material
having a thermal conductivity less than about 0.15W/(m-K};

the converter material includes at least one of certum(III)-doped yttrium aluminum
garnet ("YAG"), neodymium-doped YAG, neodymium-chromium double-doped
YAG, erbium-doped YAG, ytterbium-doped YAG, neodymium-cerium double-
doped YAG, holmium-chromium-thulium ftriple-doped YAG, thulium-doped
YAG, chromium(IV)-doped YAG, dysprosium-doped YAG, samarium-doped
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YAG, and terbium-doped YAG, CaS:;Eu, CaAlSiN3y:Eu, SrSisNg:Eu, SrS:Eu,
BasSisNg:Eu, SrSi04:Eu, SrSixN205:Eu, SrGaxSs:Eu, SrAl:O4:Eu, BaySi0,:Eu,
SryAl140;5:Eu, Sr8iAlL;O3;N:Eu, BaMgAljyOy5:Eu, SryP»04:Eu, BaS0,4:Eu, and
SrB4O7:Eu; and

the conduction material includes at least one of indium tin oxide (ITQ), fluorine-doped

tin oxide (FTO), and zinc oxide (ZnO}.

3. The LED device of claim 1 wherein the conduction material is between the

converter material and the insulating material.

4. The LED device of claim 1 wherein the converter material is between the

conduction material and the insulating material.

5. The LED device of claim 1 wherein the vertical portion of the conduction
material includes two opposing vertical portions extending from the lateral portion toward and

in direct contact with the substrate.

6. The LED device of claim 1 wherein:

the vertical portion of the conduction material includes two opposing vertical portions
extending from the lateral portion toward and in direct contact with the substrate;
and

the converter material generally encapsulates the conduction material.

7. The LED device of claim 1 wherein:

the vertical portion of the conduction material includes two opposing vertical portions
extending from the lateral portion toward and in direct contact with the substrate;

the lateral portion of the conduction material includes a surface facing away from the
LED die; and

the converter material is on the surface of the conduction material and with a width

generally corresponding to an emission area of the LED die.

8. The LED device of claim 1 wherein:
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the conduction material is a first conduction material between the converter material and
the insulating material; and
the LED device further includes a second conduction material spaced apart from the first

conduction material and in direct contact with the converter material.

9. The LED device of claim 1 wherein:

the conduction material is a first conduction material between the converter material and
the insulating material;

the LED device further includes a second conduction material spaced apart from the first
conduction material and in direct contact with the converter material;

the converter material includes a plurality of vias extending from the first conduction
material to the second conduction material; and

the plurality of vias individually contain a third conduction material.

10.  The LED device of claim 1 wherein:

the LED die is a first LED die;

the LED device further includes a second LED die carried by the substrate in a side-by-
side arrangement with the first LED die; and

at least one of the insulating material, the converter material, and the conduction material

encapsulates the first and second LED dies.

11.  The LED device of claim 1 wherein at least a portion of the conduction material

comprises an af least generally transparent material.

12, The LED device of claim 1 wherein the insulating material, the conduction

material, and the converter material are adjacent to each other in series.
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