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PR g B, ME LA 2 R AR A U9, PRk, AR SR
FRIK M (Polystyrene, PS) Bk [ 41 26 % [14-16],
TE P-GaN #i% 45 Al 9kiks, B R 72
LA (atomic layer deposition, ALD) 4% R ¥E Al
Y K TORE 2 18 K DT ALO4 Al ZnO 3 5. PL
TSI ZE LI 51 ALK EUR S, ZnO 3y
% S B 1

2 KBt

T PSERA 2L, 78 P-GaN #JiE L il %
FHIFEEEN PS BRI, BT LR 16 3l i
BB, KB HIAY PS BRIAW S 3 2B 1k #
T 50 T AR K SR TE 5K 7 731 PS Bk, H 4%
T B T RRTC T A B2 S P A B 2% 1+ —
FEFEMFR BN (sodium dodecyl sulfate, SDS) ¥,
TE U B R AR A FHEFI G PS BREUZE; 15
WiE e S, A TIefE P-GaN #1)iE, M PS BR#f
JE DX Sk LGRS R /K T, T R ] A5 5
AP PS BRIERMR. PS BRI K/NATE], 15514
JR ORI/ IMELAN [F].

TR ARG R AR Z AR E T 50 nm
G )8 AR, DIRREIRE SRR 4 x 10 Pa,
DB R 0.02 A /s, 3l i 2RI T 25 B PS BK,
A 9 AL 98K B0k 5. R ALD R 78
Al YRR R AR KU 15 nm Al,O5 #1200 nm
ZnO, IR R 125 C. T4 8 e F 2ok m
RBZRL L P SR Sl RE AR, [FIRT LAy BB e
L1 2 NSy B B 21 4 8 2K BB, TR

RAERBBVRIERAT, 5 UBRSIIE AR
fEdE, X2 SPs WACE AR ZGMEIPLE]. oK
RICARERE SR HOEBUO, i ALOz 282 ek
B R VR 1,

A SLE . ALD %% B 5 8 Beneq 23 Al
TSF 200. Al,O5 It H A9 17 9K 44 95 02 = 2L 40
( Trimethylaluminium, TMA) Fll/K (H,0), 4K
HEA 0.1 nm/cycle. ZnO FrFHARTIRAIRE 23
##(Diethylzinc, DEZn )1 H,0, 4 K5#5%4 0.2 nm/
cycle, HAAERK T 22 WA BRSIZ Z Fif TAE 1.

R 77 B35 (atomic force microscope,
AFM, Shimadzu, SPM-9500J3) 3k £ fF 23 H7 ZnO
THE G DML B, (P R i 7 B AUBE (scanning
electron microscope, SEM) W 2% H 2H 2% ¥ A A9
PS BRI AR, 4 XA Varian Cary5000 %15 7h-
A UL-2T AN RO IR 43 6 BE T A it R i,
Ph 325 nm He-Cd OG5 VE B I8 I 55 FF 5 Y
PL i

3 #RE5ith

Kl 1(a) B PSERFESI ) SEM & & 1(b) R
AL KPR SEM . fiEl 1(a) FIE 1(b) A,
PS BRFESh — 4 Jr 2 HELs A, LBk PS 3KU5, 15
B = AR P AL GOR IR RES . 38 L i
FR 22735 (finite difference time domain, FDTD)
FEAEL 19 SR 360 nm PS ERVE AAR, 1551 Al 44
KRS, =B KK R 93 nm, 1%
ALK BURL IR 51 B3 6% 5 ZnO 1958 51 KOk
(UV)IEMWIG, AR T ZnO i kG,
I, AR PS BRRAE R 360 nm.

K 2 ff R A K ZnO WIS R & PL 3%
Hop ) SR URA ALK R, B ERRA

Bl 1 (a) PSERIMS SEM [E; (b) Al 44K 0K 451 SEM &
Fig. 1. (a) The SEM image of PS arrays; (b) the SEM image of Al nanoparticle arrays.
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Fig. 2. Comparison of ZnO photoluminescence spectra with

and without Al nanoparticles.

AL GPRRRL. B FR A PL A — MR8 G2
T 380 nm BT A UV &, %R T ZnO ¥+ 1
A K, 55— MRS IR T 520 nm BT
e & g, —BHA S ZnO SRR EREE &,
S 23 AFIRIBRA 4 20, 520 nm [T S8 1 & Sk
FXEF 380 nm ZEA A Y UV I§5R 405, UV i
2 EAR/N, WA ALD 2B K/ ZnO B
R B RAf

H PL 3E&5 Rl A1, M T8 5 ALGK
WO R AT &, BIA AL GUKRBURL S, 75 ZnO 1Y
AT I &t 380 nm M Ak, PL W R 438 B 3 0
T 1.91 4%, 520 nm B b s g 16 R 530 B 1G5 T
1.27 £%, [FA 380 nm MHEEAY UV L THRMETE.

T BAIE ZnO 73 A OGRS R R T
AL R OR R T 55 B K5 ZnO W & 2B 5
FURA EAE SRR, FRATEM R R S8 44T,
P75 B 00 AR IS 25 TRIAE Y AL 9K B0k R
A1), I R TR G, dniEl 3 TR,

P ST F 3 SR AT AL 40 K R B T A
£ 380 nm b B LR IG AR F AL 4K
R T A B AR SR AR M. X A B NI S
ZnO ) UV AW 4 19, ZnO £E 380 nm Fff 3T K
RS AR BT IOR W, e i R 6% PL S
(A3 S F AL 90K J0RE 2% 11 25 55 TR A1 ZnO H
BT A EAE A A . AL 98K Uk 2% 1 A7 AE R
HIY A BT, HASDEAREEH AL 4K B0k K
I EH LR P A A3 — B0, S A4 R 94
K IURE R 1R, FLERTA F R ORI A R,
TR 4 R A K R 1) 2 1 5 5 TR PR 4 1.

3 ALGURIBURL I TR 3%

Fig. 3. The absorption spectrum of Al nanoparticles.

F A B TSR S = A AL e, I BARR
Hi B 5 AL 9K BBORL 1Y) 2 T R R Y, i ZnO 1)
PL 55358, HAARRIAR N ZnO ¥+ 5 &%
R A AR 25 ZnO PR
2223 Sy R, 24 ZnO MO R S, iR
ZBEE S Al YRR AL T 14k Re &, B
FEB T RIRIURIET I, ghnT DR AL 4K
LI 2 T 55 B FARIR s, ad R AH EAE ], e
W R ALGURIEUR L Rk, JE#E TR
R ZnO 1) PLRY, 3¢k AT D A# B A A+ A X ZnO
WPl & 380 nm M T AR Y PL WEHESRATECK, M
520 nm FfF AL BRFE % O PL ISR A5 HUN, KN
AL K IFORLIE 3 1) S IR W W 4 5 ZnO 45 il &
SCIEAW . T3 Ak, W4 JE 4ok ok 2 1 Jmy duk R
i LA, 304 7T e fii 32 10190 0T 1 ety 2548 2B ek
A3 Y InO A E ARG AL QORI ) 3R 1 45
B AM AR R, H 380 nm KT UV 14 %
HE AR RAT A 125-27),

R T AR ZnO i1 & 606 TR S
JEH T AL GORIBUR R 45 B TR 5 ZnO M+
KA s ZL A EAE R SR B, R TEIA
AL G0k . T4 8 ZnO 15 3% T LA 2 | 3
T2 = EHUH TR B, ARGl AFM 24 2
i1 ZnO HEMREIESN, Kl 4(a) FIE 4(b) Fr
R K A(a) A TIA AL UK B ZnO T 5
FIHIEH, K 4(b) 51 A ALK I ZnO
R TS

IR ZE R mT 0, XA 1A AL K R
) ZnO A, FLX O ARRURE BE T 5(E A 3.34 nm,
FIA AL GUKIER Y ZnO JHER, HY 7 HORRE T
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4 (a) JC ALGKIURL ZnO WEIEAY AFM [&; (b) A AL 9K AR ZnO WY AFM &
Fig. 4. The AFM image of ZnO without Al nanoparticls; (b) the AFM image of ZnO with Al nanoparticls.
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Abstract

During the past few decades, surface plasmons (SPs) have become a research hotspot. The SPs are the
collective oscillations of free electrons at the interface between metal and dielectric surrounding. Localized
surface plasmon resonance (LSPR) for metal nanoparticles (NPs) has a wide application in the light emission
enhancement by the selective photon absorption and by increasing local electromagnetic field. Nowadays, many
achievements of SP-enhanced-emissions are applied to light emitting diodes. With the advantages of the direct
wide band gap (3.37 eV) and large exciton binding energy (60 meV), zinc oxide (ZnO), which is considered as a
potential material, has a wide range of applications, especially in ultraviolet (UV) optoelectronic devices.
However, the low photoluminescence efficiency of ZnO limits the commercial applications of ZnO-devices. The
relevant research shows that the selection of different metal NPs, such as platinum (Pt), aluminum (Al),
argentum (Ag), aurum (Au), is one of the approaches to improving the UV emission from ZnO. In this study,
two-dimensional arrays of Al NPs are used to improve the LSPR photoluminescence efficiency from ZnO grown
by the atomic layer deposition (ALD). The two-dimensional arrays of Al NPs are fabricated on the surfaces of
p-type Gallium nitride (GaN) substrates by colloid lithography. With the air-liquid interface self-assembly, the
monolayer masks for colloid lithography are obtained on the substrates of p-type GaN. Then, after a 50-nm Al
layer is deposited by thermal evaporation, the Al NPs’ arrays are gained by being dipped into toluene and extra
sonication to remove the masks. Finally, 15 nm Al,05 and 200 nm ZnO films are deposited in sequence by ALD
at a temperature of 125 “C. The extinction spectra of Al NPs’ arrays are acquired by an ultraviolet-visible
spectrophotometer. The results of the extinction spectra suggest that the radiative recombination rate is
increased by the resonance coupling between the localized surface plasmons (LSP) of the Al NPs arrays and the
excitons of the ZnO. A 1.91-fold enhancement of photoluminescence integral intensity in band-edge emission is
measured because of the Al NP arrays coupled with ZnO. The result means that the LSP of the Al NPs’ arrays
can increase the UV-emission of the ZnO. Therefore, this cost-effective and facile approach can be used in high-

performance optoelectronic devices.
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