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CLAIMS
I/We claim:
1. A method for manufacturing a light emitting diode (LED)./the method
comprising:

applying a first light conversion material to a first region on the LED/and

second light conversion materials.

2. The method of claim 1 wherein.the LED ig’one of a plurality of LEDs on a
workpiece, and wherein the method further comprises:
applying the first light conversion material tofhe first region on multiple LEDs on the
workpiece; and
applying the second light conversion mgferial to the second region on multiple LEDs on

the workpiece.

3. The method of claim 2 yherein:
the first light conversion rgfaterial is applied to two or more LEDs on the workpiece
simultaneously opfapproximately simultaneously; and

the second light convrsion material is applied to two or more LEDs on the workpiece

simultaneoysly or approximately simultaneously.
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6. The method of claim 2 wherein the workpiece includes a first set of LEDs havin
a first emission characteristic and a second set of LEDs having a second emission characterjétic
different than the first emission characteristic, and wherein:
the first and second light conversion materials have a first arrangement relatiy€ to cach
other on each LED in the first set of LEDs; and
the first and second light conversion materials have a second arrangeffient relative to
each other on cach LED in the second sct of LEDs, and yherein the second

arrangement is different than the first arrangement.

7. The method of claim 1 applying a second light conyersion material to a second,
different region on the LED comprising applying the second light conversion material such that

the first light conversion material is spaced apart from the secgnd light conversion material.

8. The method of claim 1 wherein:

applying the first light conversion material tg'the first region comprises applying the first
light conversion material in a plupdlity of individual first rectilinear blocks on the
LED with first channels sepapéting the individual first blocks from each other;
and

applying the second light convgrsion material to the second region comprises applying
the second light convgrsion material in a plurality of individual second rectilinear
blocks on the LEIY'with second channels separating the individual second blocks

from each othey'and from the first blocks.

mgferial, wherein selecting the first light conversion material comprises selecting
it least one of a composition, a concentration, and a quantity of a first phosphor
such that the first phosphor has a desired first emission wavelength; and

lecting the second light conversion material before applying the second light
conversion material, wherein selecting the second light conversion material
comprises selecting at least one of a composition, a concentration, and a quantity
of a second phosphor such that the second phosphor has a desired second

emission wavelength.
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10.  The method of claim I wherein:
the first light conversion material comprises a yellow or yellowish phosphor, and

the second light conversion material comprises a red phosphor.

11.  The method of claim 1 wherein applying the first light conversionAnaterial and
applying the second light conversion material comprises screen printing the Arst and second

light conversion materials onto the LED.

12. The method of claim 1 wherein:

applying the first light conversion material comprises applylng the first light conversion
material using a first photolithographic process;

applying the second light conversion material co prises applying the second light
conversion material using a second photolifiographic process.

13.  The method of claim 1 wherein the/first light conversion material comprises a
first phosphor and the second light conversigf material comprises a second phosphor, and
wherein: |

applying the first light conversion phaterial comprises—

applying and patterning 4 first photoresist material on the LED; and
depositing the first posphor into openings in the first photoresist material using
electrophgfesis; and

applying the second light conversion material comprises—

depogfting the second phosphor into openings in the second photoresist material
using electrophoresis; and

emoving the second photoresist material.

The method of claim 1 wherein the LED is on¢ of a plurality of LEDs on a
worlfiece, and wherein the method further comprises measuring an emission characteristic of a

D fality of LEDs on the workpiece before applying the first light conversion material.
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15.  The method of claim 1, further comprising selecting a first pattern for the fir
light conversion material on the LED and a second pattern for the second light converglon
material on the LED based, at least in part, on a measured emission chéracteri_stic of thf LED
such that a combined emission from the LED and the first and sccond light conversiop/materials

at least approximates a white light.

16.  The method of claim 1, further comprising selecting a comp@sition for the first
light conversion material and a composition for the second light convergion material based, at
least in part, on a measured emission characteristic of the LED such fhat a combined emission
from the LED and the first and second light conversion materials g least approximates a white

light.

17. A method for modifying an emission chagacteristic of individual light emitting
diodes (LEDs) of a microelectronic workpiece, the meffod comprising:
selectively applying a first phosphor materig¥onto each LED in a first pattern; and
selectively applying a second phosphoy/material onto each LED in a second pattern
different than the first pattern; £nd
wherein for the individual LEDs, g/combined emission from the corresponding LED, the
first phosphor material, #nd the second phosphor material produces a light having

desired spectral consgltuents.

18.  The method of/claim 17, further comprising forming a plurality of LEDs on the
workpiece substrate beforg modifying an emission characteristic of the individual LEDs, and
wherein forming individual LEDs comprises sequentially applying an N-type gallium nitride

(GaN), an indium ggflium nitride (InGaN), and P-type GaN onto a silicon substrate via epitaxial
19/ The method of claim 17 wherein each LED comprises an InGaN LED, and
applying a first phosphor material comprises applying a yellow phosphor containing

Certum(IIl)-doped Yttrium Aluminum Garmet (Ce:YAG), and wherein the first

pattern comprises an array of first portions across the individual LEDs;
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applying a second phosphor material comprises applying a red phosphor containin

Ce:YAQ, and wherein the second pattern comprises an array of second portjéns

20.  The method of claim 17 wherein modifying an emission gharacteristic of
individual LEDs comprises adjusting the emission characteristics of the J/EDs such that the

emission from each LED at least approximates a white light.

21.  The method of claim 17, further comprising applyifg a third phosphor material
onto each LED in a third pattern different than the first and fecond patterns, and wherein a
combined emission from the corresponding LED, the fipét phosphor material, the second

phosphor material, and the third phosphor material producgs a desired color of light.

22.  The method of claim 17 wherein fhe workpiece comprises a first workpiece
inciuding a plurality of first LEDs, and whergdn the method further comprises processing a
second workpiece including a plurality of seggnd LEDs by—

selectively applying the first phgSphor material onto cach second LED in the first

pattern; and

selectively applying the secghd phosphor material onfo each second LED in the second

pattern,

wherein for the indivjdual second LEDs, a combined emission from the corresponding

sccond LEP, the first phosphor material, and the second phosphor material

producey/the desired color of light.

23.  A/method for color correction of light emitting diodes (LEDs), the method
comprising:
forphing a first color correction material over a first discrete area of an LED, wherein the
first color correction material comprises a first phosphor having a first emission
wavelength; and

forming a second color correction material over a second discrete area of the LED,

wherein the second color correction material comprises a second phosphor

having a sccond emission wavelength different than the first emission
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wavelength, and wherein a combined emission from the LED and the first an.

second color correction materials at least approximates a white light.

24. A microelectronic workpiece, comprising:
a scmiconductor substrate; and
a plurality of light emitting diodes (LEDs) on the substrate, wherein the idividual LEDs
include—
a first converter material in a first predetermined pattern oryfhe LED; and
a second converter material in a second predetermip€d pattern on the LED,
wherein the second pattern is different than e first pattern, and wherein
at least a portion of the LED is accessilyfe through the first and second
patterns, ‘
wherein a combined emission from the LEP, the first converier material, and the
second converter material prgduces a light having desired spectral

constituents.

25.  The microelectronic workpiecg/of claim 24 wherein:

the individual LEDs on the subgfrate comprise an indium gallium nitride (InGaN)
material between an Nyfype gallium nitride (GaN) material and a P-type GaN
material;

the first converter materigd comprises a yellow phosphor material; and

the second converter ipaterial comprises a red phosphor.

the segdnd pattern comprises an array of second blocks across the LED and separated by

second gaps.

217.

the first blocks include generally circular, rectilinear, and/or polygonal-shaped blocks;

The microelectronic workpiece of claim 26 wherein:

and

the second blocks include generally circular, rectilinear, and/or polygonal-shaped blocks.
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28.  The microelectronic workpiece of claim 24 wherein the first converter material i

spaced apart from the second converter material by a gap on the individual LEDs.




CLAIMS

I'We claim:

1. A method for manufacturing a light emitting diode (LED), the method
comprising:

applying a first light conversion material to a first region on the LED; and

applying a second light conversion material to a second, different region on the LED,
wherein the first hght conversion material is spaced apart from the second light
conversion material by a gap, and wherein at least a portion of the LED is
accessible in the gap after applying the first and second light conversion
materials,

wherein during operation of the LED, at least a portion of a light emitted by the LED
passes through the gap.

2. The method of claim 1| wherein the LED is one of a plurality of LEDs on a
workpiece, and wherein the method further comprises:
applying the first light conversion material to the first region on multiple LEDs on the
workpiece; and
applying the second light conversion material to the second region on multiple LEDs on

the workpiece.

3. The method of claim 2 wherein:

the first light conversion material is applied to two or more LEDs on the workpiece
simultaneously or approximately simultaneously; and

the second light conversion material is applied to two or more LEDs on the workpiece

simultaneously or approximately simultaneously.

4, The method of claim 2 wherein each LED on the workpiece includes the same

arrangement of first and second light conversion materials.
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5. The method of claim 2 wherein each LED on the workpiece includes a different

arrangement of first and second light conversion materials.

6. The method of claim 2 wherein the workpiece includes a first set of LEDs having
a first emission characteristic and a second set of LEDs having a second emission characteristic
different than the first emission characteristic, and wherein:
the first and second light conversion materials have a first arrangement relative to each
other on each LED in the first set of LEDs; and
the first and second light conversion materials have a second arrangement relative to
each other on each LED in the second set of LEDs, and wherein the second

arrangement is different than the first arrangement.

7. The method of claim 1 applying a second light conversion material to a second,
different region on the LED comprising applying the second light conversion material such that

the first light conversion material is spaced apart from the second light conversion material.

8. The method of claim I wherein:

applying the first light conversion material to the first region comprises applying the first
light conversion material in a plurality of individual first rectilinear blocks on the
LED with first gaps separating the individual first blocks from each other; and

applying the second light conversion material to the second region comprises applying
the second light conversion material in a plurality of individual second rectilinear
blocks on the LED with second gaps separating the individual second blocks

from each other and from the first blocks.

9. The method of claim 1, further comprising:

selecting the first light conversion material before applying the first light conversion
material, wherein selecting the first light conversion material comprises selecting
at least one of a composition, a concentration, and a quantity of a first phosphor
such that the first phosphor has a desired first emission wavelength; and

selecting the second light conversion material before applying the second light
conversion material, wherein selecting the second light conversion material

comprises selecting at least one of a composition, a concentration, and a quantity
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of a second phosphor such that the second phosphor has a desired second

emission wavelength.

10.  The method of claim 1 wherein:
the first light conversion material comprises a yellow or yellowish phosphor, and

the second light conversion material comprises a red phosphor.

11. The method of claim 1 wherein applying the first light conversion material and
applying the second light conversion material comprises screen printing the first and second

light conversion materials onto the LED.

12.  The method of claim 1 wherein:

applying the first light conversion material comprises applying the first light conversion
material using a first photolithographic process; and

applying the second light conversion material comprises applying the second light

conversion material using a second photolithographic process.

13, The method of claim 1 wherein the first light conversion material comprises a
first phosphor and the second light conversion material comprises a second phosphor, and
wherein:

applying the first light conversion material comprises—

applying and patterning a first photoresist material on the LED; and
depositing the first phosphor into openings in the first photoresist material using
electrophoresis; and

applying the second light conversion material comprises—

removing the first photoresist material;

applying and patterning a second photoresist material on the LED;

depositing the second phosphor into openings in the second photoresist material
using electrophoresis; and

removing the second photoresist material.
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14.  The method of claim 1 wherein the LED is one of a plurality of LEDs on a
workpiece, and wherein the method further comprises measuring an emission characteristic of a

plurality of LEDs on the workpiece before applying the first light conversion material.

15.  The method of claim 1, further comprising selecting a first pattern for the first
light conversion material on the LED and a second pattern for the second light conversion
material on the LED based, at least in part, on a measured emission characteristic of the LED
such that a combined emission from the LED and the first and second light conversion materials

at least approximates a white light.

16, The method of claim 1, further comprising selecting a composition for the first
light conversion material and a composition for the second light conversion material based, at
least in part, on a measured emission characteristic of the LED such that a combined emission
from the LED and the first and second light conversion materials at least approximates a white

light.

17.  The method of claim 1 wherein at least a portion of the light emitted by the LED

does not pass through any intervening light conversion materials disposed on the LED,
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