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Abstract: Localized surface plasmon resonance enhanced n-ZnO/i-ZnO/MgO/p-GaN heterostruc-
ture light-emitting diodes ( LEDs) with different sliver nanoparticles ( Ag NPs) density were fabrica-
ted using molecular-beam epitaxy technique. It is found that the introduction of Ag NPs with suitable
density is favorable for the effective resonant coupling between excitons in ZnO and the localized sur-
face plasmons of Ag NPs, and thereby significantly improves the electroluminescence ( EL) perform-
ance of the device. Note that the enhancement ratio increases firstly with the Ag NPs density and
then decreases, and the variation is believed to be resulted from balance between the enhancement
caused by the resonant coupling between the excitons in ZnO and the localized surface plasmons of

Ag NPs and the extinction of the emitted photons by the Ag NPs.

Key words: localized surface plasmon resonance; light-emitting diodes; sliver nanoparticles; electroluminescence

Wi EH: 2015-08-01; 1&ITHHA: 2015-09-20
EEWA: EKARRAES (11304281) ; WriLEE2= b RHIFE 255 H (21065013213) % H)



1364 K ot

S ¢

%5 36 &

1 3]

EAEELES AR UG I Dl a4 IS A
H E E IR 0 L 5 ARG A B T A Sy ek
RIMEEFRILIR MG FLARAIR 5 68 910K
KR RE JEAR RN (9 AORL T BT Ak A B 358 LA
FORiF Z R R A AR S A Rl
AT 5 B TR IR 5 7 A 1 H e 7 i B T 4 4
DKWL -3 IR A K3 5, TR AR 8 7 30 37 i 1t %%
JE AT AR R AR /o 4 Ji 2 18 B30 A} 9 016 v 2 46
ReR, HAE, &m9ekb+E 8 2 T RE
FL A 1) B AR A5 T oK BH BB HL Y > S AR O
T8 BT FOGER I g A0

TR K S T M4 ( Light-emitting diodes,
LEDs) T & 680 m | TAER RAR a5
A, LR A5 Rl S RO RR R B A,
1L -VI & EHEFBRAL S Y2 S8 A8 (Zn0) 1Y
AT N 3.37 eV, T 45 A HEN 60 meV , L H
TR ALAE 26 meV , I | 755 IR A 345 75
RS MBI RO, WA = il 45 52 A0 ROt — il
O O ER A A BEAR AL R PR s
A1k PR BAE Zn0 FEE A& Re 407 1
BUS T8 24 B SCR SR 9k H AT Zn0 3%
RICAR A 0 P e IR AR A, B S PR N F A B R
P=YiE

PEAER R 4 R 4S54 e AN KR TR
B 14 B RS IR0 48 1 ZnO R DG AR
RICHCR A TR FE IS Zhang 251 T
TR RAKRL T (Ag NPs) Y Ja 1 2% T 46 %5 1
PRI R 2 W AT LUfE n-ZnO/AIN/p-GaN 5 J5i 45
LEDs A& G 8 2.5 1%, 3 HAE Ag NPs B
010 nm FEESRBCRE S Lin %Y BT K&
i, Ag NPs 5 n-Zn0/i-Zn0/p-GaN 5 Jfi 45 LEDs
KICZZ IR B R 10 nm B, & 658 50 200
U, ARSI AT 4 R 9Kk T R R T A T
IRIEPRRLN HE 1R Zn0O %& LEDs #3F 0 & 6k R ot
17 TIBEZ 58, KB Ag NPs 7] LUfdi n-Zn0/i-Zn0/
MgO/p-GaN 5 45 LEDs (5540 & o i #2 &
3.2 £ BRI (4 4 8 40 Kok 7 %t g 1R Y
RAEA LB R, R A 7E ZnO % LEDs
TR BB R AT T 4 8 4Rk T Ry S i 45
B P UARSLIR AR B 72 0 08 A 398 5 2k 1
IR, oy 46k 2 187 4% B9 1K 2L 4R 2 0 X ZnO JE

e

LEDs F345R AR BA R AR e 1) LEDs JiX
BEH90 d LU, ROGRHEamACR Wk A B B
R

MELHRIE W EE R E , H A4 JE 90Kk
T R 3583 1T A5 S T R LR KN AR 8 ZnO S
LEDs #5141 & St B Jy 1 U T —2eik g, 0
S, B R R JR AR T A S T AR IR
N ZnO 3 LEDs #5444, AR 2 1) TAETR 2
A8, E RO R 38 T A B AR 1
9 ZnO K& LEDs # {8 & ePEREMBF 5T, 6T
LEDs H14 J& 94 K KL+ 43 A1 %5 B B 90 340 A i
TE T4 R ANOKRL - 1) 43 A R g A B ROt
Rt A AR w mEMR I, A S8 TR [E %
B Ag NPs A1 (1) Jay 35k 3% 11 46 2 7 IR IL AR B 5 n-
Zn0/i-Zn0/MgO/p-GaN 5 Jii 45 LEDs £ {4, A/ 5%
T Ag NPs (U BEXF Zn0 3L LEDs 3 {4 & Gk fig
(IRENR , BIFSE B0, A& ) Ag NPs Y4341 2% B AT
VIR E L & LEDs 2% 14 1 B 80Ok SRR, 0T Ag
NPs )% B R e s RAR, BRSO AR AT

2 %

DI ai4 IRAT(99.9999% ) 4@ (99.999% ) |
S0(99.999% ) FE M IERL, BT HH Y p-GaN 7E A4
JiS, A FH 45 B 7 R 4 Bh 43 1 R AL 4E ( Molecular-
beam epitaxy, MBE) E NI n-Zn0/i-Zn0/Mg0O/
p-GaN 5 Jii%% LEDs #4, VAHERER ArBEman .
AR R JECRE, SR Mulfinger 25237 48 4% i 1)
FAL R AR AR I 55 Ag NPs IR,

HARERT . (1) WL b 2415 Ve p-GaN
IR MBE A= K2 FE il f IR EE S 750 C
B2 5T AL B 30 min , 25 52 T80 W R 24
(2) BB IR 650 C, 4@ Mg J5 T
317 °C, VLR 20 nm MgO JZ; B #5142 )8 Zn 3
UREE N 235 °C UL 50 nm i-Zn0 2. (3) BEHES
M MBE fE G, 4 BUB AR KN RN 4 B 5
— R SRR S LU RE S AN ST Ao b 3 (SE4E LED
w/o Ag NPs) , FEAY T BY 3 BRAE & b 43 3 e v 1
2 K3 NN IR S R AR 1L il %5 Ag NPs
VW (43 BCHE LED w Ag NPs-1 .LED w Ag NPs-
2 M LED w Ag NPs-3) . (4) ¥ 4 Hbt 5 U0
A MBE A K& 0GR Se 4 HiI7E 350 <C
&)@ Zn PR E A 235 °C, YT 20 nm i-Zn0 2, 7
i Ag NPs J& Redd IR B2 7+ 500 °C L, 428 Zn I



5512

v A5, % AR R AUROR 70 A B 4Ot T A OB R B 1365

M= #] 245 °C, ULAL 500 nm n-ZnO )2, (5)
e R 42 s A 2K R H R 43 3l E p-GaN 2 Al I
Ifif n-ZnO FEPEZ EUTRUNZE 42 )8 Ni/Au A1 Ti/ Au
YE R LA .

FIH Hitachi S-4800 37 & 547 4 B+ . 1o 5%
(SEM) 1 Shimadzu UV-3101 PC %Y %8 #h-A] VL-it
LMY TS RAE Ag NPs HITE 51 B G2 4
. FIH LakeShore 23 &) /) 7707 2 /R MR R 40K
FAE p-GaN ,i-ZnO Fl n-ZnO 52 1 B 22 Pk 5 LA
K Ag NPs &4 i) n-Zn0/i-Zn0/MgO/p-GaN 53 i
45 LEDs a8 H - (1-V) F¢tE . FIH Hita-
chi F-4500 256 GTE AR RAE LEDs i 4 1Y Hi 2
RCHE S TE N Keithley 2400 3022,

3 %R5itk

B R THEMR 1 IR.2 KM 3 1K Ag
NPs iFH A9 ZnO HEREAY SEM B8 - M damf X
F i, Ag NPs B4R K 10 ~20 nm , FEHLAHC7EH
BRI, I HLBE & e bR KB £, Ag NPs 9%
JEAR R, X THER 1 R Ag NPs VTR AORE S, A&l
1(a) /R, Ag NPs [R50 A5 AR H , 44 A kL 1 22 (1] [i]
PRI , ZnO VW2 1 R 10 35 R R A0 5% 72
o M THER 2 W Ag NPs WM I RE S, & 1
(b) Ur7n, ZnO K I Ag NPs B9~ %0 B B & |
DRI IR A Ag NPs (RIS, Zn0 HEZ 1Y
T TR 10% , XFTHER 3 K Ag NPs %
WRE S AN 1 (e) iR, Zn0 HE T Ag NPs [
B — B4 Ag NPs 22 [i] (4 15 85 78 3T | ZnO
IR 1 2R 10 B 5 R 2K 20% , H Ag NPs [
X B I B,
5‘%)_. 870 _(}")).‘.' .

: - - v : . : >' ... r S 5 »
: " 5OBJIH} o A 500mm . .+ 500 nm.
1 BERAFIREL Ag NPs f) ZnO W SEM B, (a)

Ag NPs-1;(b)Ag NPs-2;(c)Ag NPs-3,
Fig.1 FE-SEM images of the Ag NPs deposited on ZnO
films with different spin-coating times. (a) Ag NPs-1.

(b) Ag NPs-2. (¢) Ag NPs-3.
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Fig.2 UV-visible transmittance (a) and UV-visible extinc-
tion (b) spectra of ZnO film without Ag NPs, as well
as ZnO film with Ag NPs-1, Ag NPs-2, and Ag NPs-
3, respectively. Inset of (b) shows the localized sur-
face plasmon resonance extinction spectra of Ag NPs-
1, Ag NPs-2, and Ag NPs-3 obtained by subtracting
the extinction spectrum of ZnO film with Ag NPs to
that of ZnO film without Ag NPs, and the localized
surface plasmon resonance extinction spectrum of Ag

NPs sol is also displayed for comparison.
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Fig.3 (a) Schematic diagram of Ag NPs localized surface

plasmon resonance modified n-Zn0/i-Zn0O/MgO/p-
GaN heterostructures LEDs. (b) I-V characteristics
of n-Zn0/1-Zn0/Mg0O/p-GaN heterostructures LEDs
without Ag NPs, as well as with Ag NPs-1, Ag NPs-
2 and Ag NPs-3.
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Fig.4 EL spectra of n-Zn0/i-Zn0/MgO/p-GaN heterostructures LEDs without Ag NPs(a) , as well as with Ag NPs-1 (b), Ag

NPs-2 (c¢), and Ag NPs-3 (d) under various injection currents ranging from 1 to 4 mA.
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