1/8

FIG. 1
D
82 =
\
13 \
/_ ~ "
/ \\\\\\\\\\\"*
21bw‘/ s e v
21a—pd—"" d
4 /|
VA /
a2
FIG. 2




F1G. 3

FIG. 4

2/8

Substrate
preparation step

RIE hemispherical
projection formation
step

L1

12 25

25

— 510

— S20

Sy S

L3

T
T12

|

y T3

11 82

" |
A ﬂi/\.)\ )\_)74/\]1/\

82

11 82 50

L2




3/8

FIG. 5
50
1 11
TN
97
50—-\
s P N N b
: \
L1 | 11
O ’ (e
ho2s
L3 D
FIG. 6
b
82 11 82 82 82 11
15
<
\\& NN, //,v
13 w;\
37 \ ]
% i 3456
2 SVANNNNNNN ;}i
AV '
Vv« /ﬂ//////// 2/@
zzj/ / 22
4 2t

21a 82 L1



4/8

FI1G. 7
11
— 11
37
— 21a
!
e
22 — 1 22

21b 21b

1M 1 11 13



518

FIG. 8
L1

12 25

2
Jd / / t
SN ANV NANAN A
1
T
|

T1 T2

Ta

11

FIG. 9



6/8

FIG. 10

FIG. 11

FI1G. 12

21b—

21a—

1
f\ A/]
NN

14 Li=1.89mm



F1G. 13
1.2
L—
=~ 1 % First comparative sample ’//Eirst invention |
E / sample
5 08 .- =]
B
2 06
+ —— Simulation results
=
we 0.4
3 B Test results
0.2
0 i R T S S S | L el 1 PRGN TP T T B 1 1 S Lodal
0.01 0.1 1 10 100
Hemispherical projection height {(microns)
FIG. 14
20
=
[&]
g
- 1.5 4 -
3 Oxygen concentration
= — = range for specific resistance
- of 0.5 Qcm or less
o 1.0 5
]
8
Q
& 05Qcm
0.0 ‘ : - +

18+15 1E+16 1E+17 1E+18 1E+19 1E+20

F @ T R . 2
UXYEen concentration V’Cmq,



8/8

FIG. 15
GaN substrate thickness 400 microns
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FIG. 16

Relationship between substrate thickness, substrate
plane size, oxygen concentration, and light output
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