
 

 

 

 

 

 

 

 

 
 

 

 

 

 

140 

104 

FIG. 1A FIG. 1B 

112 

144 

116 

120 

124 

148 

116 

124 

120 

152 

104 

142 

146 

156 

FIG. 1C FIG. 1D 

108 

104 
104 

180 170 

      AlGaN 

AlN  

n-GaN 

        AlGaN 

AlN 

n-GaN 

114 

190 

120 

124 

116 

120 

124 

116 

114 

112 

1/9 



 

 
 

 
 

 

FIG. 2 

 

 

forming a first material layer of a first 

conductivity type 

forming a second material layer of a 

second conductivity type 

forming a light emitting layer between 

the first material layer and the second 

material layer 

forming a plurality of generally ordered 

photonic nanostructures at a surface of 

the first material layer through which 

light generated from the light emitting 

layer is emitted for enhancing light 

extraction efficiency of the vertical light 

emitting diode, comprising forming a 

self-assembled template comprising 

generally ordered nanoparticles on said 

surface of the first material layer to 

function as a mask for forming the 

photonic nanostructures at said surface of 

the first material layer. 

208 

212 

216 

200 

204 

2/9 



   
 

  

F
IG

. 
3
A

 

F
IG

. 
3
B

 

F
IG

. 
3
C

 

F
IG

. 
3
D

 

1
4
4
 

3
4
0
 

3
4

2
 

1
4

6
 

3
3
0
 

3
3
4

 

1
2
0
 
1
2

4
 

3
0
4
 

1
0
8
 

3
0
2
 

1
1

6
 

1
1

4
 

1
1

2
 

1
2
0
 

1
2
4
 

1
1
6
 

1
1
4
 

1
1
2
 

1
0
8
 

3
0
4
 

3
0
4
 

3
0
4
 

3
0
2
 

1
4
4
 

1
4
6
 

1
2
0
 

1
2
4
 

1
1
6

 

1
1
4

 

1
1
2

 

1
0
8
 

1
4
4
 

1
4
4
 

1
4
6
 

1
4
6
 

1
2
0
 

1
1
6
 

1
2
4
 

1
2
4
 

1
1

6
 

1
1

4
 

1
1

2
 

1
0
8
 

1
2
0
 

1
0
4
 

1
4
2
 

3/9 



 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

FIG. 4 

412 

408 

408 

416 

420 

 

4/9 



 
  

 
 

      

 
      

 
 

 

 
 

 
 

 
 

 

  

 
 

        

 

  

4
1
6
 

4
3
0
 

4
3
2
 

4
2
0

 

4
3
0
 

4
0
8
 

F
IG

. 
5
A

 
F

IG
. 
5

B
 

F
IG

. 
5

C
 

F
IG

. 
5
D

 

F
IG

. 
5
E

 

1
4
8
 

1
1
6
 

4
1
6

 

1
0
8
 

1
4
6
 

1
2
0
 

1
2
4
 

1
1
6

 

1
1

6
 

1
1
6
 

1
1
6
 

1
2
4
 

1
2
4
 

1
2

4
 

1
2

4
 

1
2
0

 

1
2
0
 

1
2

0
 

1
2
0

 

1
4
6
 

1
4

6
 

1
4
6
 

1
4
6
 

1
0
8
 

1
0
8
 

1
0

8
 

1
0

8
 

1
9
0
 

1
5
6
 

5/9 



6/9 
 

 

As-deposited       10s etch      20s etch  

 

 

 

 
FIG. 7A 

 
 

 FIG. 7B

148 

FIG. 6A FIG. 6B FIG. 6C 



7/9 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 8A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

200 nm

200 nm

15s

20s

FIG. 8B 

 

400 450 500 550
0

1x10
4

2x10
4

3x10
4

4x10
4

5x10
4

P
L
 i
n
te

n
s
it
y

Wavelength, /nm

 0s

 10s

 20s

 30s
-5 0 5 10 15 20

30k

40k

50k

P
L

 i
n
te

n
s
it
y

Etch duration (/s)



8/9 
 

 

 
 

 

FIG. 8C 



9/9 
 

 

 

 
 
 

 

 

 

 

 

 
 

 

 

FIG. 9A 

FIG. 9B 




