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Surface-plasmon-enhanced GaN-LED based on nano-grating

Li Zhiquan, Liu Tonglei, Bai Landi, Xie Ruijie, Yue Zhong, Feng Dandan, Gu Erdan
(Institute of Electrical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract: In order to improve the luminous efficiency of conventional GaN—-LED, a transmissive surface
plasmon enhanced GaN-LED based on nano-grating was proposed. The enhanced LED included a low
refractive index SiO, film and a Ag film in the p—GaN grating slot, and the top layer ITO film. The
basic principle of improving LED emission characteristics for this new structure was described in detail,
and with simulation software "COMSOL™ —RF Module" based on the finite element method, the
parameter optimization and numerical simulation analysis for the structure were studied. The results
show that when the period p=280 nm, the duty ratio f=0.5, dgo =25 nm, ds=15nm, dip=30 nm, the
transmission efficiency of the structure is higher in the visible range, and the Oth order transmittance is
0.716, the Oth order reflectivity is 0.224, the peak of the —1st order transmittance is 0.183, with Purcell
factor enhancing nearly 16.4 times. The internal quantum efficiency, light extraction efficiency and SPP
extraction efficiency can be improved simultaneously in this new GaN-LED.
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Fig.2 Dispersion transformation curve of SPPs excited by ATR

XF TR A B TR R R LED, N AR
(") RS 03 (e ) B 5 R 2 TB 3000 531 0

’ k, ad+k ; 1- T
= T Spp = 1 — int 3
nlm krad+kspp+knm—rad Fp ( )
Moy = Cor Kt Can*Kag. o)

krad+ kspp+ knon—rad

200 nm

350 nm
Quantum
well

Bare MRG

(a) LED J5 i B )1
(a) Original sample of LED

(b) £ 24 L (MRG)FE R
(b) MRG sample

AR AR5 G A kg, R BT PE S RS
TR MRS A 8 % Cyp 2R SPP B ZEURUR S F, Bl
SCOy Purcell PR, 378 P 1 R0 B 98 &N 19 5
o H. Fy=(kuatKgp+Koon-raa)/ (Keaat-Koonraa) o 45 22 2 (3) Fl
AR ), RN TR g (8 F,) LR BCRICE
Ceo F1 SPP ZEHUA % Cyp 7T LA [H] B 35 K, 8 4 LED
BB EK/ =R ERE .
1.2 LED ##jt&E 38

Kl 3(a)~(c)43 il LED JR UG # R\ 2 )2 M % 8
Mt &£ B (Multilayer rectangular gratting , MRG) il ¥ |2
W M AL B (Single layer rectangular grating , SRG)
f 25 b s T L, L 59 3 bl 9 K 0 460 nm
Bl 3(a)hy — Fh 3L 3 (1) B 5 BF GaN-LED 4 4E ;5 45
F, MR Z= BRI N W F A4S, 350 nm B Y n B
GaN 2, JLY9KJER InGaN F 4 1~ Fif )2 F1 200 nm J5
) p 8 GaN JZ . K 3(b)h Z JZ I el k¢ F , K
Ml ERE AR . B Se X p—GaN JZ i 47 o6 M %0 ik
Z) R O 180 nmy, JE 10 p, o =S b =055 HokAE
p—GaN Sl i Ay 43 i) B 55 — )2 25 nm [ SiO, JZ Fil

/v ITO

g Ag
SiO,

SRG

(c) HJZHIE LM (SRG)FE
(c) SRG sample

[ 3 LED 4 i) #i 22
Fig.3 LED structure model

15nm /4 @82, 4 m TR L Y p—GaN JZ 4
BB Bn , FE R E 5 — )2 = T AR 8 ITO Ay
Jo 2, R 4 J A BT S 58 B v X PR A g A, b 4
J& Xt SPP 1) i #E FH IR AR T o ITO H A /55 38 3 Pk | fig
% 0 IR LED Y &R 08, HH A By R A
FH o 1 56 IE 45 Ja WA 47 565 5 %8 FR 4k %t LED & 631
FYFZE A SRG #EAT X LG, WA 3(c) R o 45
frp A —J2 Ag 99K06ME, H ERmy=<, T
F 1m0 Ay GaN , W A BT A7 S5 A AR 22 R K .

MRG-LED 4§ 25 ¥ 7 & Bl W & 4 fiR , i1 QW

Filling ratio: /=0.5

F{ 4 MRG-LED £ #4 75 3 4]
Fig.4 Schematic illustration of the MRG-LED

0920005-3



bk T2

% 9 M

www.irla.cn

% 47 %

D37 AR 14 6 i B A AN Ta] 09 B R O AR, o
SO 5 B E T M RS AN A 0, JFRUE GaN
J2 R R B2 TEBR . AR B O s = e, Sio,
JZIEF R QW B B, Si0, J2 1 JE B, AR 2 1 )& 5
ITO JZ )5 & 730 %€ XN pof,d, dsio, » dae Fldimoo

ik QW Hh B T RE G2 55 SPP A M &
HEFE Si0, ZIEH 2] QW I B d=20nm, — i 1E &l
o do A L 6 1 R 53 A L MH dgo 2L N 22
Fp 2081080/, AR T N FRCR R L 280G F B R
SR Fp, 4 dgio,=25 nm , X A B R IE SPP H A 45
e AR, SOAS 23 38 i Puarcell 3 53 P 5 1) 2 A2
1o MUY JEEBE da VEFE 15 nm, W] DLORAIE 42 & o't Al
BT 0 O AR R R E E SOBAE A s
H f=0.5,

F) 3 F A FR JC ¥ (Finite element method , FEM)
8 B AEL K “ COMSOL™-RF Module ” %J 3C H1 4 H (14
LED #8175t 5, B S 8k 3 S ae o i
1% 5 B 7E fif % (Transverse magnetic , TM) £ 2 Al H,
(Transverse electric, TE)# = F 19 F by & S R E By
B3 =1 B i B A BE P A 0 /Y A A L
e, #F— 254 1% LED KA 4544 T () SPP A2 |
Purcell &) . HL 37 73 A5 1 00 LA S H — Ak %@ 2 2 32 A
I — AL W e 2l 2R, AE p—GaN i &8 i F ik & B a7
FAFBERLAS [ 7 ) FAS ) B A, A SRR
WAL K AL TE 2 Bl 1) bk e 9 DL G 2 DAL
R SEE 1 1 25 0, 7 x J5 I il —x Jy ] 152 & Floquet Jii] ]
PEJL A S . GaN YT 85 30y 2.5, 28 T i
1,Si0, #1 ITO fy 3t 4t ok B Bl T M. & @ iRy
I HLH BT ORI A G AT
A (5)
A, L +iA)
SR A B Rl m A FR 4R 0 LB UG K5, %
ANEBENEETHRERK, W T4£E Ag:.=5.8,A,=
1.4541x107"m,A.=1.761 4x10°m

g (N)=enticn=€.—

2 ERGE
2.1 AmMmL

TER LG B 1S 3 B e e i e bl B W)
I %%/ K :p=180 nm ,f=0.5,d=20 nm,d g, =25 nm,

dy=15nm,dio=30 nm, 1% 645 F JE W K a0 ok g5

F A B F s e w] 0% I B R W AL AR . BT
5 B R R R AT SR O B, iR 5
M fE R bE . BB A 6 R 00, BIA S 6 MUK HB
e B B A BCE p S B, BRI A
“COMSOL™-RF Module” [f) 2 ¥ k. 47 4 o G , %t R
i) JEL 81 p () T™M 1 TE #5520 1 % B 4% i e v B A
S K AR AR AL i R R A TR T WL S TR . &
ST 0 KB B 440~500 nm , 15 B TR p 45
K 10nm, 435 F H 100~300 nm, AR 45 47 i 45
B AR 4 O 1 £5 G A% i R M AE JE W p=280 nm 1 3k
R, 7 TM BT, AGHE KK, B &
R PR B G , 76 )5 1 p=280 nm, % K Oy 460 nm B}, HF
Wi 1% i % R 05 06755 48 TE BExUR , 2 B 1 i 256 o i
% WK B 1G0T BG 0, p=280 nm I, 1% Gy e i 2%
AR O A 0 o 2 BB D % 06 1 1, A £ R A
p=280 nm i, H B 4% 5 RS B EROR .

0.75

—=u—150nm (a) TM
= —e—180nm
= —4—200 nm Py
@ v 250 nm A/”‘At/
E 0.70F —e—280 nm P /‘/
g ~<-300nm a4 13
g SPPRE) C S
A Y - T e R 2 -n
Ppe IFTFVYY .
5 AT A
T 0.65F ¥V L esgAaTaan
° o0t i
= A
S
0'60 1 L 1 1 1 1 1
440 450 460 470 480 490 500
Wavelength/nm
(b) TE
g M"”?A"A/‘
‘% 0.78) A At
2 A A T,
g A AAT T e A
A A a4 . v
g ,,»"”’4"" ““““““ o n
g S I e e
5 072 <7 7T T —e—1500m
] i /_,./' —e—180 nm
° " —4—200 nm
= o v-250nm
= " ——280 nm
0.66f =" <300 nm

440 450 460 470 480 490 500
Wavelength/nm

B 5 AT A A 0F T, () TM fii ik O B 4% i i 18 il 1 /9 22 4k
ih £ 5 (b)TE fii 4k O K % il 45 4 Bl 5 1< A9 42 1 h 2

Fig.5 (a) TM-polarized Oth order transmissions versus wavelength
with different periods; (b) TE—polarized Oth order

transmissions versus wavelength with different periods

22 ITO EEEMRK
[ € J& 9] p=280 nm , JLAth 2 8O AL, %) ITO 5%
R EE ST S B . BES R do KK

0920005-4



bk T2

% 9 M

www.irla.cn

% 47 %

10 nm , 9 % 75 il 10~100 nm , A 51 0 19 78 £k 15
0°~90°, ZZEHFE TM KLU 19 ZF B 1% i e v B
A 5T 0 B 784k il 2k 18 6(a) B s o i IR A g, — 5
JEL B ) TTO 2 vh 22 AT LA KE i vl W% 3% 3, Y4 dino
/NTF 50 nm Ha‘ W& dio (38 0, 337 S 45 M R
Uf 5 24 dpo #8355 50 nm B, ik G R 5845 5] 0.4~0.5
I, 5 ITO 2 i J2 1 SiO, 22 #h 2 1) SRG 45
1o B AT A IE B33 5 % o 7E dino=30,40, 50 nm B}, = 4]
ST 1 % B A% R 1 Bl A S A 0 A8 Ak il 2R Al R

LB SR ER AN BT BRI dno 8K,
X HSECT ) E B R BT R . S
BN B F B RS R B E ST 0 22 kil 2 an 1 6(b)

08 (a)‘_‘ —=—10nm
= 071 ;?_?:*:E!\\ —e—20nm
2 0.6} J=460nm  —A=30nm
E " v 40 nm

I —&—50nm
§ 0.4F CF!‘} < 60nm
= —»—70nm
5 0.3F —e—80nm
LS —*—90 nm
3 0.2r *— 100 nm
= 0.1f \\. —+—SRG
S

Of
-0.1 20
Inc1dent angle 0/( )
0.9
b
0.8-( )
g
2 5
B
o
=]
2
o)
Le]
8
=]
S

: 0 1I0 2I0 3I0 4IO SIO 6IO 7I0 SIO 90
Incident angle 6/(°)

6 (a) 7t 460 nm e P Ab , TM fii ik % W 1% i i P2 76 A ]
i dino Z 80T B ST A 92 AL 265 (b) 78 460 nm Hr0
KAk TM i 4k 2 B B 9T RR PETE A T B9 dino 2 50 AT
i 9 722 A il 2

Fig.6 (a) TM—polarized Oth order transmission versus incident
angle for different parameter dio at 460 nm center
wavelength; (b) TM—polarized Oth order reflectivity
versus incident angle for different parameter do

at 460 nm center wavelength
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