#32% H12Mm b= = SO Vol. 32, No. 12
2012 4 12 A ACTA OPTICA SINICA December, 2012

AR P ER B B PR S g5 AR GaN & LED g
S ISR A S )

IR 2 B AR kR9 B B
(| WRKSEBBIE S TR, 10K S 2010y
UK B B BB I VR 250014

FE N TR 980K BRI 45 A X GaN e &t AR (LED) O 48 Bk 32 09 52w, R T i 380A B 22 43 1
(FDTD) 43 5%F GaN.ZnO . SiO, R 2,45 4B 1 2 BRIGCBT 45 4 JEAT 7 43 A R B A, [R) i B =40 A O i N BT S |
X FDTD H8 S5 AT 73— P Bk, OF58 & B 76 W K50 B I 5 3R /N 0 A A 0 T e 55 3 T 45 4 )23 1Y
A A SRGIR BRI & R B B W . M L2 BT BB R 0 MR 2 T 2 B UHE  Bk BR  BE
G2 A F T LB 048 5 s 24 ARk 5 . g8 oK 2 BR AR RN i, e 3R BUSCR L B L Bk S kR R
600 nm 2= BRI GERFF 4544 GaN He LED, HOG#2 B LA 454 1) 8 -4k LED 3§38 5. 66 4%, £ LA B I 5
RS R LA . TE I HERY b 38 A 45 AT I Y T A A 3 2 IR 4 A 1 S R S SR 36 A T A X AR
AR A3 A 0 I i X DL A3 B 58 AT T BT FIBRTIE . 3 2 45 B 52 BRI 5 P BB GaN 3k LED ik i+ 5 flifb B
KR O KOG TR s iR B2 0 ik IR IURR s R BRI A A 5 B

FESES 0472 XEkFRIZAE A doi: 10.3788/A0S201232.1223001

Effect of Structure of Nano-Hemisphere Microlens Array
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Abstract To improve the light extraction efficiency (LEE) of GaN-LED with hemisphere microlens array surface
structure, four kinds of waveguide materials such as GaN, ZnO, SiO, and polystyrene are studied with finite-
difference time-domain method. The simulation results are further tested by mode analysis method. The results show
that the LEE can be improved when the refractive index grows higher, and the LEE of microlens array with bigger
radius hemisphere is better in the subwavelength structure. The optimized model with 600 nm radius hemisphere
microlens array of GaN material, with which the LEE exhibites 5. 66 times enhancement than that of the planar LED,
is the best output among those results. The above results are analyzed and verified by the asymmetric planar mode
analysis method with equivalent refractive index. These results provide a theoretical guide on the practical design and
optimization of highly efficient GaN-based LED.
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Fig. 1 Schematic of GaN-based LED (a) 3D structure and (b) 2D cross section surface hemisphere microlens array
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Fig. 3 (a) Cross section schematic of triangular lattice of surface hemisphere microlens array; (b) cross section schematic

of square lattice of surface hemisphere microlens array; (c¢) schematic of single hemisphere 3D structure
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Table 1 Equivalent refractive indexes of triangular and square lattice of surface hemisphere microlens array

Nphere 1.0 1.2 1. 46 1.58 1.8 2 2.2 2.4 2.5
Triangular . 1.0 1.12 1.28 1. 35 1.49 1.61 1.73 1. 85 1.92
Square 7. 1.0 1. 10 1. 24 1. 30 1. 42 1.52 1.63 1.73 1.79

MEA L3 F = ik 5 DU 7 ks 19 2 BR 31 3%
T B 25 4 J2 25 BT R (L3 1) B XS L i) LA
s = AR SE A I O T R R A M SR S R R T
PO J5 & b 45 R 1 [ 26 A2 0 S 8T B 4 il TR
A IR 2 T DB 45 AL 22 O i b = A R R RS
PRI L2 A - 2 R = 6 45 X O 1) 25 25K
i R Hr
3.2 BKXHWEIE

A SR Aige A Jo e 5 B X T7 35 Rk X GaN JE

Jt LED W5 S8 T 70 07 . i T U &5 1 i 3
I 5t 230 A v (R A 21 =1, 45 IR % O 4 T 1) 5 5%
JEUU) s 07 2% 5 2 J2 AN TR 3 33 3R )2 4% B8 22 2 P Btk AT
SR R AR IR B LS FOR B . il e 5
42709 600 nm BT M S 45 4 1 TS SE RO L2
B G RCR FBCA IR A R I OO 9 1. 37 4%
X5 ELSE BTG R A LE A A R 25 B A SR
20 )2 - AROR I AUL A5 280 K 2l T LS A I (R T
EIEINE R X He TR 45 Gl 45 4 1 A [R) BRI L B

1223001-4



F R

K BRIBE R S S5 GaN 2 LED St 2 U8 () 82 1)

SAE T HC B R AR 5 0 O U e .
TG T, I N A IS B IRAL 2 Hr R AR 4 R
FRTRIAL T 0 B8 2 P Al B A7 A5 X 00 i A I
TRE T S A Ak T BORE (O R IO 1Y 2 A
R 3 S RO S R AT AL Y T O 2 T A IR 4
H AR R — 2 B S B
IXREZ A5 A8 AT DL AR R A B2 B 3R X FR -
MR P 454, 45 A s F5 O RR R G P S AR
PR AT LAAS 4548 9 A B e A =X A
L1 T g P 3 I I S 1 S
GaN B2 2 BRI 485 0 55 R i )2 . A i AL
BERE N €cuurate s Ecore » Exphere » X T T AL & H 2 p A&
TG B
Roellime << < ko€l s (5)
A ke PR ARBOE)Z R E N by A s
Ly AR
Yeore =ki€eore (1) — B+ YVibsrae = Rianpsine (2) — B
yiphere = kgssphere(l) *BZ ’ (6)
(@) TE

& /um

2 TE SR RAETT FE 0

Y subs Ysph
Yeoreh =mm + arctan —"¢ 4 arctan —2C,

core core

m=0,1,2,-- 8!
TE SHAH 55 E,o (o) FIEREH 50 R L BB
Il Z W 25 T R R
d’E, ()
dx?
t B IR A AT RIK A5 8] DL GaN Syl 2 i & Fl TE
T
ST R AT O A R AN AR AL U [ 51 4
H/NER B4R, B 4 i TR R S E R
SiO, A 53R 1. 46, 5583 1 55 1. 28, 242 43 5
i 100 nm Al 400 nm B X5 ) = )2 4 X5 FR - A 3
LB PR A T Soh R E L 0 B
(SRR R

+[kie(a) — FIE, (2) = 0. (8)

K4 ng=1.28 0 TEHKX3AE. (a) =100 nm; (b) r=400 nm
Fig. 4 TE modes distribution maps when n=1. 28. (a) »=100 nm; (b) r=400 nm

MK 4 BB YR E R 1. 28 B AR
AR A5 3 A1 7 2 35K 05 435 4 )23 DI v o S L R i
MAERIRZ. NE 4D F B R BRI S5 )2 E
¥ HABIACD 28 4k i) 5o B B & 1A B 3 . 25
A B 2 ) FDTD 158 45 K 43 B, B UE T 16 B M
Si0, 2 ERF 4R A 100 ~500 nm 14 K 248, 3| o
500 nm J5 , JEHR USRI BT WG .

MRS A AN E . R GaN fE
N R T BE AR A S 3R 2.5, AT R R
ng=1.92 BFARE TR A0 i 5 B . K S
AT RVE L2 r=100 nm B, 3CHF 15 4> TE #2L,
A —A> i B2 m] DLk A Bk G058 45 1) 2 X
X AR TG IR O AR I s AT AN B 2, A ] 5 () T
78324 r=200 nm B, 38 15 A TE B, 7 3 Fikd
FHEA BRI 454 2 X, B SO A A —
PG 5(b) frn s 24 =300 nm B}, 324 16 4~ TE
B A 4 TP =0k AR BRSO 45 1 J2 X I A A5

A B R I 5Co) TR 3 24 #=400 nm Al 500 nm
B 3 30RF 17 A TE B A 5 it 20k A f BRI B
SR 2 X A5 B B0 A kS B 5R, il 5 (D)
(e);4 r==600 nm If, ¢ 18 A~ TE L. H 6 Fh
R A2 BR G 25 0 )2 X 3 L 45 3 B KA SR A IR
. niE 5CH R,

B AR r G, R AR B K A
O 22 PR 7E T2 E 450 )2 b ik SR ]
DA 2 T - BRI PR 51 45 A 4 BB s b, LU B
B BRAP AR I K L O $ UK 5 06 SR B BB K 1Y
PO IGE TR 2 Bi7R i FDTD 15824555, WM fE
AR A A X A Kb =100 nm 5
r=600 nm R0 A0 AT T HER ANl 6 TR,
MEH AL DLE B A FEAR =100 nm 5 600 nm
MG B A5 ES 7 2 B ok e 465 4 )22 X 3 J5 3 L i
E} REREBESR T — M5 L b 40l A8 H 2 BR B 4
¥ B b1 kL L 2 B PS J2 ZonO W 37 55 38 7 347 40 #7 1

1223001-5



e {1

K5 ng=1.92 %W TERSX 0GR, (a) =100 nm; (b) »=200 nm; (¢) »=300 nm; (d) »=400 nm;
(e) r=500 nm; (f) r=600 nm

Fig. 5 TE modes distribution maps corresponding to n.,=1.92. (a) r=100 nm; (b) r=200 nm; (¢) r=300 nm;
(d) =400 nm; (e) r=500 nm; (f) »=600 nm
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