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Study on photoelectric properties and application of molybdenum
trioxide modified silver transparent electrode
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Abstract ; Silver is a potential candidate of flexible transparent electrode materials due to its excellent con-
ductivity ,malleability and ease preparation. Ag thin films with different thicknesses (6 nm, 10 nm, 14
nm, 18 nm,20 nm,24 nm) were prepared by vacuum thermal evaporation. Because of the combined effect
of light scattering and absorption, the transmittance decreased first, then increased, and then decreased
with the increase of thickness. When the thickness of Ag film was 18 nm,the best transmittance was a-
bout 60%. Meanwhile, the surface resistance decreased gradually with the increase of thickness. In order
to improve the transmittance of Ag film, molybdenum trioxide (MoQ,) with high refractive index of 2. 1
was introduced to modify Ag film to prepare MoQO,/Ag/MoO, (MAM) multilayer film, The results show
that the introduction of MoQ), smoothes the surface of Ag film, reduces the surface resistance and im-
proves the conductivity, More importantly, the refractive index coupling occurs at the MoQ, /Ag inter-
face, which greatly improves the overall transmittance of the multilayer,and the transmittance generally
increases by at least 10%. When the thickness of Ag is 14 nm,the transmittance of MAM multilayer is
the best,up to 70 %. Finally, the feasibility of silver transparent electrode was verified in a green organic
light-emitting diode (OLED).

Key words: silver; surface morphology; molybdenum trioxide (MoQ,); organic light-emitting diode
(OLED)
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Fig.1 Device structure diagram
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Tab.1 Organic molecular structures

Molecular structure
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Fig. 2 Transmittance of silver thin film

with different thicknesses in the visible range

3 B Je AN ) JBE P IR i) R TR A 1 . K
KRR E AR SR B 6 nm 10 nm A, 38 AR 3% M
AARZ IR 0, B 5 5 AR E5 48, ~F 2 LK Cav-
erage roughness, R,) ZJ 2. 50 nm, ] J5 {8 ¥ & B
(root mean square roughness, RMS roughness, R,)
25 2.00 nm, HAEE(E S TR 2 . MRS N
14 nm i, 2 THDRE B2 T 4R T R 36 I 3% 22 M AR BT
BRIE B, GBI el 555 W8 20 Be i i R B b, AR
JEEJE Sy 20 nm i L ORURE BE W2 T R L 3 (D R e i
T8 B R B 1Y 3% S M AR B DG RIS X 3 o R
SEWA R H 55 G A 2 5 AR B R
PRI o R 10 JE R 5 i A AR

A 51 MoOy X 4RI 35 47 48 i . il % MoO,
(30 nm)/Ag(x nm)/MoO; (30 nm)ZEH, K 4 J&
N T ORER R MAM £ 2 BB 7E 7] U6 ik B 1) 1%
R MAM 22 B 0937 i 5 R 1 5 B g 2 i B
e~ 1B I B I A A, ] MoOy 151 AHIES 16
B . SEERRZEL MAM ZR RS g R 2



B9H S A = S0 R 8 6 H A I e A i ' e P e R HC R BF 5

WIREE R 2 2R PR AR 10 nm 1Y
ZE14nm I . 7 5 R BE 2 03 s AR R O
14 nm Ji7 . B2 JER A9 39 . MAM 22 2 i (4 i i
A 2z AR . B MAM 22 )2 [l b 4R )2 9 )5 52
14 nm i, 2 2 B 5 i AR 78 450—480 nm %
KGR # i Hnl ik 70 %,

(d) 20 nm

3 AEEEREENRERR
Fig.3 Surface morphology of Ag films

with different thicknesses
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Tab.2 Roughness of Ag films of different thickness
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Thickness of Average RMS
silver roughness roughness
/nm /nm /nm

6 2.54 2.00
10 2.52 1.97
14 2.16 1.92
20 1. 22 0.96
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Fig. 4 Transmittance of MAM multilayers in the

visible range: MAM :MoO; (30 nm)/Ag

(x nm)/MoO; (30 nm) (x=10,12,14,16,20,24)
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Fig.5 Transmittance curves of MAM multilayer
films and pure silver thin films with

different silver thicknesses
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Tab.3 Sheet resistance of pure silver thin films

and MAM multilayer films at different silver thicknesses

Thick Sheet Sheet resistance

ofleilr\ieiS resistance of Ag of MAM
/\nme film/ multilayer
«Q/CH /CQ/[CDH

10 — 10.7

14 11.5 8.4

16 8.4 6.9

20 — 5.6

24 4.1 3.2
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Fig. 6 Variation of sheet resistance with Ag

thickness for pure Ag film and MAM multilayer
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Fig.7 Photographs of the top and bottom emission

of the device: (a) Light emission from ITO anode side;

(b) Light emission from Ag cathode side
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Fig. 8 Luminance-voltage-current density

curve of the device
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Fig. 9 Current efficiency-current density

curve of the device
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