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FDTD Simulation and Study on Effect of Metal Nanoparticle
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Abstract Some photons will be transformed into surface plasmon polaritons and dissipated along the metal surface
due to the existence of the interface between metal cathode and organic layer in organic light-emitting diode
(OLED). At the same time, the metal cathode absorbs part of the light energy. Both of these cases will result in a
very low power efficiency of the device. The changes of luminous efficiency of the device with the structure of Ag
(100 nm)/MoO; (5 nm)/NPB (35 nm)/EML (20 nm)/Alq, (40 nm)/Al (20 nm)/MoQO, (50 nm) are analyzed
after the introduction of silver nanoparticles (Ag NPs) or gold nanoparticles (Au NPs). Furthermore, the positions
of the metal nanoparticles are changed to observe the effect of different positions of the nanoparticles on the
luminous efficiency of the device. The finite-difference time-domain method is used to simulate the luminous
efficiencies of devices without metal nanoparticles and metal nanoparticles at different positions of the device. The
results show that both Ag NPs and Au NPs can improve the luminous efficiency, and Ag NPs are better than Au
NPs. At the wavelength of 468 nm, when Ag NPs are located on the surface of Al cathode, the middle of electron
transport layer (ETL) and the Ag surface, the transmittance of the device is 51. 1%, 50.5% and 45. 5%,

respectively. However, the transmittance of the reference device without Ag NPs is only 43.3%.

KmB . 2021-10-28; f&E HEF: 2021-11-12; A BAH.: 2021-11-25
EE£TH.: EFEAKPILS (11974236, 62005152) (VL4 158 A= BHIF 5 52 BB 87 1 R (K YCX20_2549)

BIEESE . "weixia_lan@shu. edu. cn; *bwei@shu. edu. cn

0916001-1



MR

=42 % £ 9HI/2022 F£5 B/RFEHIR

Key words materials; metal nanoparticles; top-emitting organic light-emitting diode; finite-difference time-domain

method; surface plasmon polaritons

1 5l =

ALK W (OLED) B A7 n] AT 2 25 il |
SRR AR AR | i 3 T2 AT B R I T R AR O
SEIR 4 R 3 B s I B AE AR R T N
R 8 1, OLED — 8 ] 9 43 IS & 41 OLED
ML S OLED., M8 A% 4 MK & 4 OLED, Tl &
5 OLED HA BT 1R 5 @ ali B R & o6 ReR
SO WO E B H AT OLED SR 9 22454 .

P F TAR T B v, 4% 2 MR 3T 5 R A7 A 22
SO R N AT AE D AR R B TR R A
IR 1 4 B 5 K A R S 30 OLED By 6 850%
BARS T E R T AR P RE L SO R HDOEeR E
BN BFFE A . HATE B OLED # 4 % %
BRI Iy ik B 5 AT SR 258 OHLRE 16 b1 kL
% 1 AR FH 26 1 45 B8 130T (SPPs) #5260

SPPs" " 35 B Je: 75 4 J&@ 2 1 IX 4 i — Fh H il
TG TAH BAE IR B R IR 5 . TE A GG T
WORTT . AR PR R A SOk Y 0 R —
kS e A IR DT 7= A — Fh R R Y A K
R R E A AR R Y SR B o R O AT o R
B —MAEROr k., T B FEM. a5 AL E
G S5 R0 1 7 OB 3 1E A5 B Y g i DU R R
S 25 AR AR A R RORY

SPPs #£ OLED Jy I it i F B #i 2 £ A 17 1R
ZRER AR, 2013 4F . HH#i%E LISt OLED #%
PEAE MW FE X 4 R AL & L ST A Au 48k i
KL (NPs) o ) FH %6 8 7 I 5 00 5 ik s 5 R — 4 2
FEWEWY (PEDOT) J2 A9 HLKE B, SCEE T SPPs (93
KR AHRER T WM EEROR, 2014 4,
Fuchs 2" FI| F SPPs e 4k & i 3 i 5 % % OLED
TRIFROERRA . 2020 4F kM B3 40 Ag 9 kor
HBAE TR Z (ETL) il Ag 40K 75 5%
FZ 7 A A R A AE T B2 T ROt EE
Wang % BFGE 18R 440 K 0L JE T A7 58 FL i 14 T
K OLED 655 R L% Ok ot A 5 i i 434
SRR, T Ag fl Au 7F £ 1 B TR IR O
FLAG ARE 0 T 9 S 2 L ROAR S R 3 T e
G0 AU Al 28 1 45 48 DAUAR R BRI

AICAESE MR Ag (100 nm)/MoO, (5 nm)/

NPB (35 nm)/EML (20 nm)/Alg; (40 nm)/Al
(20 nm)/MoO; (50 nm) B T & it OLED #§ {4 H 5]
AEERIE Ag/Au NPs 3 & % B 1 300 38 58 300
FELT 4k W (RGB) = Fh 2 L KR, I AT BR 22 43 i)
B(FDTD) i X 51 A 5] 44 K J00RE 1) 48 ¢F 3E 17 15
H L IFXTEE NPs 43 307 T Al B R m  ETL A ]
H Ag SRR XF 2508 & CRCR B R0,
Jo . E ik R R B 51 Ag NPs 8R40 H Ag
NPs fii F Al i R ar .

2 LR A

FDTD ¥ 2 fift ol &2 2% o) J (4 45 o vk 2 —1
SR — Tl R T I el F W 37 03 O R I R B
B F M 5 B Y B #F Lumerical FDTD Solutions fE
i 53 YER H XS OLED H By 48 06 2% 45 1 AR 2 1k
e PEAT AR 5T . dl ik FDTD Solutions fig 3
IS HERR M 43 T 5 0 OLED 6t 5
S A HE, FERT DL T I PR BE 5 0 M R R, Y
BT R Y I TR) A R R AR

2P 1 R Hh Ag(100 nm)
P8 BB MoO; (5 nm) £F Jy FHAR 5 Hi )2, T LB
K BH B 5 %5 7 f% i )2 [N, N'-Di ( 1-naphthyD-N,
N'-diphenyl ( 1, 1-biphenyl)-4, 4'-diamine ( NPB)
(35 nm) JEI Ay ¥ 2, &6 )2 EML(20 nm) , tris(8-
quinolinolato) aluminium ( Alg, ) YE N L F 1% i )2
(40 nm) , A1(20 nm) 1E K B , MoO, (50 nm) fE
FIAE 2 . AR S % dn AR BR A b i AR A
iy ALBI# FR 1 CETL H ) fil Ag FH B 5% T 43 )
SIAME 4 @ 90 oK BOkL . LA 58 51 A 42 8 44 oKk it
X g 1 & G R Y 52 W A 4 T 9 oK JBURL 7E % 1
AN RIS X R O R R 52 L 3 8 R 43 il ag
Devicel ., Device2 Fl Device3, F: 45 ¥ 43 7l M. Ag
(100 nm)/MoQ; (5 nm)/NPB (35 nm)/EML
(20 nm)/Alqg; (40 nm) /Al (20 nm)/Ag(Au) NPs
(5 nm)/MoQO; (50 nm); Ag (100 nm)/MoO,
(5 nm)/NPB (35 nm)/EML (20 nm )/Alq,
(40 nm)/Ag(Au) NPs (5 nm)/Al (20 nm)/MoO,
(50 nm); Ag (Au) NPs (5 nm)/Ag (100 nm)/
MoQO; (5 nm)/NPB (35 nm)/EML (20 nm)/Alg;,
(40 nm) /Al (20 nm)/MoQO, (50 nm),

0916001-2



EA2E FOHI/2022 £ 5 B/HEER

MoO,
Ag

36 nm 50 nm Ag/Au NPs

1 S, (DS % R 55 5 (b) 4 8 94 K Uk A BA A 22 17 (Devicel) ;
(OB RY KPR FE ETL 1 (Device2) 5 (d) 43 & 44 K Uk: 78 FH #L 2 1fif (Device3)

Fig. 1 Device structure diagrams. (a) Reference device structure; (b) metal nanoparticles on cathode surface (Devicel) ;

(¢) metal nanoparticles in ETL (Device2); (d) metal nanoparticles on anode surface (Device3)
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Fig. 2 Refraction coefficient and extinction coefficient of material. (a) Refraction coefficient; (b) Extinction coefficient
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Fig. 3 Normalized spectra and transmittances. (a) Normalized output spectra of Au and Ag when wavelength of input light
source is 468 nm; (b) normalized output spectra of Au and Ag when wavelength of input light source is 534 nm;

(c¢) normalized output spectra of Au and Ag when wavelength of input light source is 618 nm; (d) transmittances of
Au and Ag when wavelength of input light source is 468 nm; (e) transmittances of Au and Ag when wavelength of

input light source is 534 nm; ({) transmittances of Au and Ag when wavelength of input light source is 618 nm

e 2% 38 b 0 LR R ST 2GR K 468 nm

i, Ag NPs 7E & 18 A [F] 47 B X5 g 2 6805 0 52
Me . AR T B S 10 45 F X e R AT 0 B LA AR
W 5 iR,

B 5 AT A Ag NPs [ 25 115 5 &, & 5
(b))~ ()45l Ag NPs i F Al BA F T . ETL
Hla) Ag F R AR RO LR RTRUE R EIA
Ag NPs [ {1 (19 06 2 25 P AE &1 s, 23
AT HOR BB Ah s ST Ag NPs J 16 DL B 2
T B RS, T A B 4 R RO 1R A O s R A F
Bl e, IHRS R R ARG A Ag NPs 19 5%
PR SR R AUA 43, 3% 78 Al B 3 11 51
A Ag NPs JGi#E R i 8 (51. 10 3 2 Ag NPs fii
T ETL i, 3 ot A S AR (50. 50005 24 Ag
NPs 7 TR . LR AR (45.500)

4 AE ALFI AR R T8 51 A AgNPsI , % £ 19 O

I 3Ca) Al LA . Au, Ag P FR BT B A4 58 )32
Ak LT — . FRE, M A G TR I K
534 nm B}, Au,Ag 1958 AR b el JL-F— 3,
Bl 3(b) frw. B 3(d xR T S5 ALK A
468 nm I, Au.Ag BN, AT LK B, & R TE
450 nm T Fe i (56 %), Ag BB ERIE T Au, M
K 3 AT LU LB R AE 475 nm A ok
fHE42%), B ACTHE KK 618 nm i, Ag 5
Au BRI —8L i E 3D i, &2, ] L
1531, Ag NPs &R RS UL T Au NPs, B64h, 6
R T R X BB RYRAOR R ST/ R & i
5K 78 R WA R R RO AN S B B B 46
S B0 KON 1) B A AE B S0 0 S A, T
LT AN WO B 1) S8 3 5 i L L S T [ R
AR BURLAE 3 R 1 ARG T 3O A KN, 45 2R
WA 4 frR, @it &8, Lig R Ag NPs if &
Au NPs #E4E 468 nm A S 60K B A e i 198
0916001-4



E42 5 FIH/2022 5 B/FEER

S

Transmittance
[\ [¥V) >
(=] (=]

—_
S
T

0

300 400 500 600 700 800 900
Wavelength /nm

60 +(b) —=— 468 nm
n + 534 nm
50+ H . —4— 618 nm
8 L]
g 40+ .
Zs0l o«
.
=)
10+
0
300 400 500 600 700 800 900
Wavelength /nm

4 3 R I AN R GRJOR: BB 6% . () Ags (b) Au

Fig. 4 Transmittances of different nanoparticles under three wavelengths. (a) Ag; (b) Au
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Fig. 5 Simulation results of inserting Ag NPs in different positions. (a) without inserting Ag NPs;

(b) on cathode surface; (¢) in middle of ETL; (d) on anode surface
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