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CLAIMS

We claim;:

L. A light emitting die, comprising:

a first semiconductor material having a first surface;

a second semiconductor material having a second surface facing away frond the first
surface of the first semiconductor material;

an active region between the first and second semiconductor materials, wherein the first
semiconductor material, the active region, and the second semicénductor material
together have a stack thickness equal to a distance between fhe first and second
surfaces;

a first electrode in contact with the first surface of the first semigonductor material;

a second electrode in contact with the second surface of/the second semiconductor
material, the second electrode being spaced apartfrom the first electrode by at
least the stack thickness; and

wherein a portion of the second electrode is exposgd through the first semiconductor

material, the active region, and the second $¢miconductor material.

2. The light emitting die of claim 1 wheyein both the first electrode and the second

electrode are accessible from the same side of the [/ght emitting die.

3. The light emitting die of claim/1 wherein:

the second electrode includes a firsy/portion and a second portion extending from the first
portion;

the first portion of the second/electrode is covered by the first semiconductor material,
the active region, and the second semiconductor material; and

the second portion of thy second electrode is exposed through the first semiconductor

material, the agfive region, and the second semiconductor material.
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the first portion of the second electrode is covered by the first semiconductor material,
the active region, and the second semiconductor material; and
the second portion of the second electrode laterally extends beyond the secofid

semiconductor material, the active region, and the first semiconductor materjl.

5. The light emitting die of claim 1 wherein:

the second electrode includes a first portion and a second portion extendingArom the first
portion;

the first portion of the second electrode is covered by the first semigbnductor material,
the active region, and the second semiconductor material;

the second portion of the second electrode includes a plurality of individual sections
spaced apart from one another; and

the individual sections of the second portion laterally extend beyond the first
semiconductor material, the active region, gAd the second semiconductor

material,

6. A light emitting device, comprising:

a first semiconductor material,

a second semiconductor material spaced apdrt from the first semiconductor material;

an active region between the first and segond semiconductor materials;

an opening extending completely thybugh the second semiconductor material and the
active region and only a poyfion of the first semiconductor material;

a passivation material having a Airst passivation portion lining a sidewall of the opening
and a second passiyation portion extending laterally relative to the first
passivation portion £xternal to the opening;

a first electrode in the opfning and adjacent the first passivation portion; and

a second electrode exfernal to the opening between the second semiconductor material
and the segbnd passivation portion of the passivation material, a portion of the
second ¢fectrode being exposed through the first semiconductor material, the

activefegion, and the second semiconductor material.
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7. The light emitting device of claim 6 wherein:
the light emitting device further includes a conductive substrate proximate the secon
semiconductor material; and

the first electrode is in direct contact with the conductive substrate.

8. The light emitting device of claim 6 wherein:

the light emitting device further includes a conductive substrate proximéte the second
semiconductor material,

the first electrode is in direct contact with the conductive substrate; afd

the second passivation portion electrically isolates the scconfl electrode from the

conductive substrate.

9. The light emitting device of claim 6 wherein:

the light emitting device further includes a conductiyé substrate proximate the second
semiconductor material;

the first electrode has a first end proximate the figét semiconductor material and a second
end proximate the second semiconductgt material;

the second passivation portion has a first syfface and a second surface opposite the first
surface, the first surface being in gontact with the second electrode; and

the second surface of the second padsivation portion is generally co-planar with the

second end of the first electidde.

10.  The light emitting devie of claim 6 wherein:

the light emitting device ffrther includes a conductive substrate proximate the second
semiconductor mAterial;

the first electrode hasA first end proximate the first semiconductor material and a second
end proximgte the second semiconductor material;

the second passifation portion of the passivation material has a first surface and a second

surfacg opposite the first surface, the first surface being in contact with the

secgnd clectrode;

d surface of the second passivation portion is generally co-planar with the

second end of the first electrode; and
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both the second surface of the second passivation portion and the second end of the first

electrode are in contact with the conductive substrate.

11.  The light emitting device of claim 6 wherein:
the first electrode has a first conductive portion in the opening and a second cofductive
portion external to the opening; and

the second conductive portion extends laterally beyond the second electrode/

12. The light emitting device of claim 6 wherein:
the first electrode has a first conductive portion in the opening and/a second conductive
portion external to the opening;
the first passivation portion of the passivation material cleftrically isolates the first
conductive portion from the active region and the segbnd semiconductor material,
and

the second conductive portion extends laterally beyondAhe second electrode.

13, The light emitting device of claim 6 wherefn:

the first electrode has a first conductive portioyf in the opening and a second conductive
portion external to the opening;

the first passivation portion of the passfvation material electrically isolates the first
conductive portion from the actige region and the second semiconductor material,;

the second conductive portion is in cgntact with the second passivation portion; and

the second conductive portion exfends laterally beyond the second passivation portion

and the second electrode/

14.  The light emitting g@evice of claim 6 wherein:

the light emitting devigé further includes a substrate and an insulating material on the
substrate;

the first electrode Was a first conductive portion in the opening and a second conductive
portion ¢kternal to the opening;

the first pasgfvation portion of the passivation material electrically isolates the first

conductive portion from the active region and the second semiconductor material;
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the second conductive portion is between the insulating material and the second
passivation portion; and
the second conductive portion extends laterally beyond the second passivation portign

and the second electrode,

15. A light emitting diode ("LED") die, comprising:

a first semiconductor material,

a second semiconductor material spaced apart from the first semiconductoy/material;

an active region between the first and second semiconductor materials;

a first electrode extending through the second semiconductor materig, the active region

and a portion of the first semiconductor material, whereiry'the first electrode is
electrically coupled to the first semiconductor material And electrically isolated
from the second semiconductor material and the active fegion; and

a second electrode in contact with the second semiconductof material and surrounding at
least a portion of the first electrode, wherein the Aecond electrode is electrically
1solated from the first electrode and a portion ¢f the second electrode is exposed

through the first semiconductor material, fhe active region, and the second

semiconductor material.

16.  The LED die of claim 15 wherein:

the second electrode includes a first portior/and a second portion extending from the first
portion;

the first portion of the second electrode is covered by the first semiconductor material,
the active region, and the segond semiconductor material; and

the second portion of the second electrode is exposed through the first semiconductor

material, the active regign, and the second semiconductor material.

17.  The LED die of clgim 15 wherein:

the second electrode ingludes a first portion and a second portion extending from the first
portion;

the first portion of/the second electrode is covered by the first semiconductor material,
the activg/region, and the second semiconductor material,

the LED die hds an opening extending through the first portion of the second electrode;
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the second portion of the second electrode is exposed through the first semiconductor
material, the active region, and the second semiconductor material;

the first electrode has a first conductive portion in the opening and a second conductiv
portion external to the opening; and

the second conductive portion extends laterally beyond the second portion of the setond

electrode.

18.  The LED die of claim 15 wherein:

the second electrode includes a first portion and a second portion extending/from the first
portion;

the first portion of the second electrode is covered by the first semicdnductor material,
the active region, and the second semiconductor material;

the LED die has an opening extending through the first portion of the second electrode;

the second portion of the second electrode is exposed througly the first semiconductor
material, the active regton, and the second semiconductor material;

the first electrode has a first conductive portion in the operfing and a second conductive
portion external to the opening;

the second conductive portion extends laterally beyond/the second portion of the second
electrode; and

the second conductive portion and the second portion of the second electrode are

accessible from the same side of the LEDAlie,

19.  The LED die of claim 15 wherein:

the second electrode includes a first portigh and a second portion extending from the first
portion;

the first portion of the second electrg/de is covered by the first semiconductor material,
the active region, and the segond semiconductor material;

the LED die has an opening exten/ding through the first portion of the second electrode;

the second portion of the secghd electrode 1s exposed through the first semiconductor
material, the active refion, and the second semiconductor material;

the first electrode has a figst conductive portion in the opening and a second conductive

portion external §0 the opening;
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the second conductive portion extends laterally beyond the second portion of the second
electrode; and
the LED die further includes a passivation material between the second conducfve

poition of the conductive material and the second electrode.

20. A solid state lighting ("SSL") die, comprising:

a first semiconductor material;

a second semiconductor material spaced apart from the first semiconductor material;

an active region between the first and second semiconductor material

an opening extending from the second semiconductor maferial into the first
semiconductor material through the active region;

a first electrode having a first portion in the opening and a sefond portion external to the
opening;

a second e¢lectrode having a first part covered by the segond semiconductor material and
a second part extending laterally from the firsy/part; and

wherein the second portion of the first electrod¢ and the second part of the second
electrode are both at least partially epposed through the first semiconductor
material, the active region, and the sepbnd semiconductor material.

21, The SSL die of claim 20 whereiy the second portion of the first electrode extends

laterally beyond the second part of the second electrode.

22.  The SSL die of claim 2Q/wherein:

the second part of the secong electrode extends laterally beyond the first semiconductor
material, the active/region, and the second semiconductor material; and

the second portion of the first electrode extends laterally beyond the second part of the

second electrgde.

23, The SSi/die of claim 20 wherein:
the SSL die further includes a passivation material having a first passivation portion in
the/opening and a second passivation portion external to the opening;

the firsypassivation portion generally conforms to a sidewall of the opening; and
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the second passivation portion is between the second portion of the first electrode and

the second part of the second electrode.

24, The SSL die of claim 20 wherein:

the SSL die further includes a passivation material having a first passivation/portion in
the opening and a second passivation portion external to the openin

the second passivation portion is between the second portion of the figst electrode and
the second part of the second electrode; and

the second portion of the first electrode extends laterally beyond poth the second part of

the second electrode and the second passivation portion

25.  The SSL die of claim 20, further comprising:
a substrate proximate the second portion of the first elgCtrode; and

an insulation material between the substrate and the/second portion of the first electrode.

26. A method of forming a light emiffing device having a first semiconductor
material, a second semiconductor material spaced apart from the first semiconductor material,
and an active region between the first ang’ second semiconductor materials, the method
comprising:
forming an opening extending ¢émpletely through the second semiconductor material
and the active region afd only a portion of the first semiconductor material;

depositing a passivation material onto the light emitting device, the passivation material
having a first pagsivation portion lining a sidewall of the opening and a second
passivation pdrtion extending laterally relative to the first passivation portion
external tofhe opening;

forming a first Zlectrode in the opening and adjacent the first passivation portion;

forming a gecond electrode external to the opening on the second semiconductor

terial; and

expospig a portion of the second clectrode through the first semiconductor material, the

active region, and the second semiconductor material,
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27.  The method of claim 26, further comprising:
attaching a conductive substrate to the second passivation portion on the seco
semiconductor material; and

contacting the conductive substrate with the first clectrode.

28.  The method of claim 26 wherein exposing a portion of the secofd electrode

includes removing a portion of the first semiconductor material, the active pégion, and the

second semiconductor material.




CLAIMS

We claim:

1. A light emitting die, comprising:

a first semiconductor material having a first surface;

a second semiconductor material having a second surface facing away from the first
surface of the first semiconductor material;

an active region between the first and second semiconductor materials, wherein the first
semiconductor material, the active region, and the second semiconductor material
together have a stack thickness equal to a distance between the first and second
surfaces;

a first electrode in contact with the first surface of the first semiconductor material;

a second electrode in contact with the second surface of the second semiconductor
material, the second electrode being spaced apart from the first electrode by at
least the stack thickness, wherein the second electrode includes

a first portion covered by the first semiconductor material, the active region, and the
second semiconductor material;

a second portion extending from the first portion, the second portion of the second
electrode including a plurality of individual sections spaced apart from one
another; and

the individual sections of the second portion laterally extend beyond the first
semiconductor material, the active region, and the second semiconductor
material; and

wherein a portion of the second electrode is exposed through the first semiconductor

material, the active region, and the second semiconductor material.

2. A light emitting device, comprising:
a first semiconductor material;
a second semiconductor material spaced apart from the first semiconductor material;

an active region between the first and second semiconductor materials;
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an opening extending completely through the second semiconductor material and the
active region and only a portion of the first semiconductor material;

a passivation material having a first passivation portion lining a sidewall of the opening
and a second passivation portion extending laterally relative to the first
passivation portion exteral to the opening;

a first electrode in the opening and adjacent the first passivation portion; and

a second electrode external to the opening between the second semiconductor material
and the second passivation portion of the passivation material, a portion of the
second electrode being exposed through the first semiconductor material, the

active region, and the second semiconductor material.

3. The light emitting device of claim 2 wherein:
the light emitting device further includes a conductive substrate proximate the second
semiconductor material; and

the first electrode is in direct contact with the conductive substrate.

4. The light emitting device of claim 2 wherein:

the light emitting device further includes a conductive substrate proximate the second
semiconductor material;

the first electrode is in direct contact with the conductive substrate; and

the second passivation portion electrically isolates the second electrode from the

conductive substrate.

5. The light emitting device of claim 2 wherein:

the light emitting device further includes a conductive substrate proximate the second
semiconductor material;

the first electrode has a first end proximate the first semiconductor material and a second
end proximate the second semiconductor material;

the second passivation portion has a first surface and a second surface opposite the first
surface, the first surface being in contact with the second electrode; and

the second surface of the second passivation portion is generally co-planar with the

second end of the first electrode.
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6. The light emitting device of claim 2 wherein:

the light emitting device further includes a conductive substrate proximate the second
semiconductor material;

the first electrode has a first end proximate the first semiconductor material and a second
end proximate the second semiconductor material;

the second passivation portion of the passivation material has a first surface and a second
surface opposite the first surface, the first surface being in contact with the second
electrode;

the second surface of the second passivation portion is generally co-planar with the
second end of the first electrode; and

both the second surface of the second passivation portion and the second end of the first

electrode are in contact with the conductive substrate.

7. The light emitting device of claim 2 wherein:
the first electrode has a first conductive portion in the opening and a second conductive
portion external to the opening; and

the second conductive portion extends laterally beyond the second electrode.

8. The light emitting device of claim 2 wherein:

the first electrode has a first conductive portion in the opening and a second conductive
portion external to the opening;

the first passivation portion of the passivation material electrically isolates the first
conductive portion from the active region and the second semiconductor material;
and

the second conductive portion extends laterally beyond the second electrode.

9. The light emitting device of claim 2 wherein:

the first electrode has a first conductive portion in the opening and a second conductive
portion external to the opening;

the first passivation portion of the passivation material electrically isolates the first
conductive portion from the active region and the second semiconductor material;

the second conductive portion is in contact with the second passivation portion; and
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the second conductive portion extends laterally beyond the second passivation portion

and the second electrode.

10.  The light emitting device of claim 2 wherein:

the light emitting device further includes a substrate and an insulating material on the
substrate;

the first electrode has a first conductive portion in the opening and a second conductive
portion external to the opening;

the first passivation portion of the passivation material electrically isolates the first
conductive portion from the active region and the second semiconductor material;

the second conductive portion is between the insulating material and the second
passivation portion; and

the second conductive portion extends laterally beyond the second passivation portion

and the second electrode.

11. A light emitting diode ("LED") die, comprising;

a first semiconductor material;

a second semiconductor material spaced apart from the first semiconductor material;

an active region between the first and second semiconductor materials;

a first electrode extending through the second semiconductor material, the active region
and a portion of the first semiconductor material, wherein the first electrode is
electrically coupled to the first semiconductor material and electrically isolated
from the second semiconductor material and the active region; and

a second electrode in contact with the second semiconductor material and surrounding at
least a portion of the first electrode, wherein the second electrode is electrically
isolated from the first electrode and a portion of the second electrode is exposed
through the first semiconductor material, the active region, and the second

semiconductor material.

12, The LED die of claim 11 wherein:
the second electrode includes a first portion and a second portion extending from the first

portion;

-14-




the first portion of the second electrode is covered by the first semiconductor material,
the active region, and the second semiconductor material; and
the second portion of the second electrode is exposed through the first semiconductor

material, the active region, and the second semiconductor material.

13. The LED die of claim 11 wherein:

the second electrode includes a first portion and a second portion extending from the first
portion;

the first portion of the second electrode is covered by the first semiconductor material,
the active region, and the second semiconductor material;

the LED die has an opening extending through the first portion of the second electrode;

the second portion of the second electrode is exposed through the first semiconductor
material, the active region, and the second semiconductor material;

the first electrode has a first conductive portion in the opening and a second conductive
portion external to the opening; and

the second conductive portion extends laterally beyond the second portion of the second

electrode.

14. The LED die of claim 11 wherein:

the second electrode includes a first portion and a second portion extending from the first
portion;

the first portion of the second electrode is covered by the first semiconductor material,
the active region, and the second semiconductor material;

the LED die has an opening extending through the first portion of the second electrode;

the second portion of the second electrode is exposed through the first semiconductor
material, the active region, and the second semiconductor material;

the first electrode has a first conductive portion in the opening and a second conductive
portion external to the opening;

the second conductive portion extends laterally beyond the second portion of the second
electrode; and

the second conductive portion and the second portion of the second electrode are

accessible from the same side of the LED die.
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15.  The LED die of claim 11 wherein:

the second electrode includes a first portion and a second portion extending from the first
portion;

the first portion of the second electrode is covered by the first semiconductor material,
the active region, and the second semiconductor material;

the LED die has an opening extending through the first portion of the second electrode;

the second portion of the second electrode is exposed through the first semiconductor
material, the active region, and the second semiconductor material;

the first electrode has a first conductive portion in the opening and a second conductive
portion external to the opening;

the second conductive portion extends laterally beyond the second portion of the second
electrode; and

the LED die further includes a passivation material between the second conductive

portion of the conductive material and the second electrode.

16. A solid state lighting ("SSL") die, comprising:

a first semiconductor material;

a second semiconductor material spaced apart from the first semiconductor material;

an active region between the first and second semiconductor materials;

an opening extending from the second semiconductor material into the first
semiconductor material through the active region;

a first electrode having a first portion in the opening and a second portion external to the
opening;

a second electrode having a first part covered by the second semiconductor material and a
second part extending laterally from the first part; and

wherein the second portion of the first electrode and the second part of the second
electrode are both at least partially exposed through the first semiconductor

material, the active region, and the second semiconductor material.

17.  The SSL die of claim 16 wherein the second portion of the first electrode extends

laterally beyond the second part of the second electrode.
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18. The SSL die of claim 16 wherein:

the second part of the second electrode extends laterally beyond the first semiconductor
material, the active region, and the second semiconductor material; and

the second portion of the first electrode extends laterally beyond the second part of the

second electrode.

19.  The SSL die of claim 16 wherein:

the SSL die further includes a passivation material having a first passivation portion in
the opening and a second passivation portion external to the opening;

the first passivation portion generally conforms to a sidewall of the opening; and

the second passivation portion is between the second portion of the first electrode and the

second part of the second electrode.

20. The SSL die of claim 16 wherein:

the SSL die further includes a passivation material having a first passivation portion in
the opening and a second passivation portion external to the opening;

the second passivation portion is between the second portion of the first electrode and the
second part of the second electrode; and

the second portion of the first electrode extends laterally beyond both the second part of

the second electrode and the second passivation portion.

21.  The SSL die of claim 16, further comprising:
a substrate proximate the second portion of the first electrode; and

an insulation material between the substrate and the second portion of the first electrode.

22. A method of forming a light emitting device having a first semiconductor
material, a second semiconductor material spaced apart from the first semiconductor material,
and an active region between the first and second semiconductor materials, the method
comprising:

forming an opening extending completely through the second semiconductor material

and the active region and only a portion of the first semiconductor material;
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depositing a passivation material onto the light emitting device, the passivation material
having a first passivation portion lining a sidewall of the opening and a second
passivation portion extending laterally relative to the first passivation portion
external to the opening;

forming a first electrode in the opening and adjacent the first passivation portion;

forming a second clectrode external to the opening on the second semiconductor
material; and

exposing a portion of the second electrode through the first semiconductor material, the

active region, and the second semiconductor material.

23.  The method of claim 22, further comprising:
attaching a conductive substrate to the second passivation portion on the second
semiconductor material; and

contacting the conductive substrate with the first electrode.
24.  The method of claim 22 wherein exposing a portion of the second electrode

includes removing a portion of the first semiconductor material, the active region, and the

second semiconductor material.,
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