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« Hrat C}O| 2 E (Light Emitting Diode (LED)= XI2tAX 0|1 O X] BZO0|2t= & 7HX|E OtES= sMY|=
2N ClAEg 0] ArH#TE OfL 2} o5, 54t 218, sS4l & AtsAS2| Crdot 200 A & &[0 QUL

- O|=Z 200 A LED 7|8t & K& Sl =2kXo| M2l 50| £ectes £, =8 WAE ZX87|&, &8 20t
Mol 7|2t 22| &xt, &% I N2| S0 LEDHE5IH 7|2 &YX, =2 8 O|dE A7, S
H LED &¢7|== LED S3= 0|83t AZUT, S, =4 & ZF ML A=t M, B2 =T,
=40 HO|2 QI5TA 5= ZH7|=, AtSAtet sS4 E0H0M MM 3 S4 7|2 0|82t QX S
HMES M=V 2202 #A 2 BX|/AE/FES= dAZE HERI A|AH, 22| 4l AYE LED
8= 7=2 ey =F7|, e Y| 5 Ot 20k 882 = U= 7Y 0|2f7|= O|Ct.

« 22t C}O| 2 E (Light Emitting Diode LED)= M 7| & Yo 2 HalSl= AKXIO|C}H LED 885 &0|7| {5t
MEED = CYet 7|s & S0 2R 2 8ls &=dtes 5 282 S7MA7|7] /6l LED2| B HO
LI IfEH S /451 80| O|sZEE HtA|Z2EN 7|EQ| LED2t H|wot &3=0| =2 LEDE g
= U HeIiE dd 7[=0f Ciet A7 AL} 0[1], 220 55 LIS LED| #2010 E0 &
U 2 AEO o5 HlotE 552 a2 SdS &80 LEDS| 285 =0/ = A7t TA D
AULCH2-4].

« 27|24 CHO| 2 E (organic light emitting diode, OLED)2| H&2 IMA|Z|7] &5t 2 = 50| AulX}
£ 22 OLEDS| 50| AFE[RUL, ITO Y=7|Et2(0f| Ag LIHIE = M=510 1 %
HIEHESS 2 T8 & 2 5 & 248 & His=S & A =8 & = 85919
24 2 tE OLEDe| 2=7H0| &8oteis ALS0| ALl RUCHS,6]. Eot, KL= JRZF AT
(spontaneous) H&E = S7tA|7|1, LI YA =34 T7|F0| ©ALRF =2| L =l(capture)= ?et t
HAEZS ZTHA|7] =L QXY o|st o 7| K A A et (Exciton recombination) 20| =7F, 2L QIO
=X 0| oot AT 7| E Halof oot ZEQ| BhE(out-coupling) 57 S0 CHet A7F Tl 0 UCHT-9].

- 2H0ME FSHLIET XS SEt=HFNE HECI0|E(LED)Rt 7|2 ELCt0|2 E(OLED)Y| S8%t A4t
Z1t0f Ciolo| Zt=fs| EmE Nk} ShC}.
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Noble metallic NP layer deposited on or within a conventional LED to enhance efficiency of device. This new class of LEDs can be

used in various compelling applications.
Nanoscale Res. Lett. 6,199(2011)



2. InGN/GaN LED with Ag nanoparticles

AgLte RAtS

T} HHEZI=2(surface plasmons) A2
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(optical output power)Q| J2iZ &
= ALt

G

Fig.1. Schematic 3D representation of a
InGaN/GaN LED with embedded Ag
nanoparticles.
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Fig.2. (a) Atomlc force m|croscopy (AFM)
image of Ag nanoparticles deposited on a n-
GaN layer before annealing. b) AFM image
of Ag nanoparticles deposited on a n-GaN
layer after annealing. The annealing process
was carried out at a temperature of 750 °C
for 10 min in a metal-organic chemical
vapor deposition growth chamber.
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Fig.3. (a) I-V characteristic of InGaN/GaN
MQW LEDs with Ag nano-particles (dashed
line) and without Ag nanoparticles (solid
line). b) Optical output power (L-I
characteristic) of InGaN/GaN MQW LEDs
with Ag nanoparticles (white-dotted line)
and without Ag nanoparticles (black-dotted
line).

Adv. Mater. 20, 1253—1257(2008)



3. InGN/GaN LED with Au nanoparticles

H St EE0] sMESLO0|RES got=ds S7tAIZILE A8 12 Au L= A7t p-GaNe| LEDO|| =
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Fig.2. (a) Room temperature PL spectra of InGaN/GaN MQW LEDs with and

without Au nanoparticles. (b) The wavelength-dependent PL enhancement of
e S g s e InGaN/GaN MQW LEDs. The inset shows extinction spectrum of Au nanoparticles

Fig. 1. (a) Schematic of SP-enhanced green LEDs ~ e€mbedded in p-GaN layer. (c) TR-PL spectra of InGaN/GaN MQW LEDs with and

with Au nanoparticles embedded in p-GaN. AFM  Without Au nanoparticles at 10 K.
images of 0.2-nm-thick Au films deposited on a p-

GaN spacer layer (b) before and (c ) after thermal
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Appl. Phys. Lett. 98(5), 051106 (2011)



4. OLED with Au nanoparticles
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Fig.1. (Color online) (a) Schematic device structure of an OLED 04 E. T
incorporating Au NPs in the PEDOT: PSS layer. (b) TEM and (c) 0 20 40 60 80 100
high-resolution TEM images of the synthesized Au NPs. Current density (mA/em’)

Appl. Phys. Lett. 100, 013308 (2012)



5. OLED with Ag nanodot array
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Fig. 2. (a) AFM image of Ag
nanodot array on ITO glass
fabricated using very thin

bias voltage and (b) variations of luminance with bias
voltage of the OLEDs. Comparison of EL intensites of
' ' the OLEDs with and wituout Ag nanodot array at a
nanoporous alumina mask with 5y6_|ength of 520 nm as voltage function.(d) EL

through-hole and (b) the spectra of OLED with and with-out Ag nanodot array at
extinction spectra of Ag nanodot 15y,

array on ITO glass and ITO glass. Appl. Phys. Lett. 105, 013306 (2014)

Fig. 1. Pictures and schematic illustrations
of (a) Ag nanodot array fabri-cated on ITO
glass using the nanoporous alumina mask
and (b) multilayer structure of OLED with
internal ordered Ag nanodot array.
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