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Influence of Ag Nano-buffer Layer Thickness on the Opto-electrical
Properties of AZO/Ag Transparent Electrode Films

Tae-Young Eom*, Young-Hwan Song*, Hyun-Joo Moon*, Dae-Hyun Kim**,
Yun-Ju Cho**, Daeil Kim*"
*School of Materials Science and Engineering, University of Ulsan, Ulsan 44610, Korea
**Poongsan Holdings, Changwon, Gyeongnam 51544, Korea

Abstract Al doped ZnO (AZO) single layer and AZO/Ag bi-layered films were deposited on the glass sub-
strates by radio frequency and direct current magnetron sputtering and then the effect of Ag buffer layer on the
electrical and optical properties of the films was investigated. The thicknesses of AZO upper layer was kept as
100 nm, while Ag buffer layer was varied from 5 to 15 nm. The observed results mean that opto-electrical prop-
erties of the AZO films is influenced with Ag buffer layer and AZO film with 10 nm thick Ag buffer layer show the
higher opto-electrical performance than that of the AZO single layer film prepared in this study.
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Fig. 1. XRD pattern of AZO single layer and AZO/Ag bi-
layered films. (a) AZO 100 nm, (b) AZO/Ag 5nm, (c)
AZO/Ag 10 nm, (d) AZO/Ag 15 nm.

Table 1. The experimental conditions of AZO and AZO/Ag bi-layered films

Parameters AZO Condition Ag Condition
Base pressure (Torr) 2.0x107
Deposition pressure (Torr) 3x107 1x107°
AZO RF Power (W/cm2) 2.5 -
Ag DC Power (W/cm?) - 2
Ar gas flow rate (sccm) 25 10
Thickness (nm) 100 5,10, 15
Deposition rate (nm/min) 3 40
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Table 2. Influence of Ag buffer layer on the structural properties of AZO films

2 Theta (Degree) FWHM (Degree) Zn0(002) Grain size (nm)
AZ0 100 nm 33.82 0.52 15.13
AZO/Ag 5 nm 33.58 0.63 12.41
AZO/Ag 10 nm 33.58 0.57 13.79
AZO/Ag 15 nm 33.82 0.46 16.93

Table 3. Effect of Ag buffer layer on the electrical properties of AZO/Ag films

Carrier density (x10% cm™) Mobility (cm?V'S™) Resistivity (x10™* Qcm)
AZO 100 nm 2.7 4.02 56
AZO/Ag 5 nm 5.7 2.01 53
AZO/Ag 10 nm 120 4.04 1.3
AZO/Ag 15 nm 160 6.35 0.58
B LE(FWHM), 0= 387k=2 ojojgi). o
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Fig. 2. The optical transmittance of AZO single layer
and AZO/Ag hi-layered films. (a) AZO 100 nm, (b) AZO/
Ag 5nm, (c) AZO/Ag 10 nm, (d) AZO/Ag 15 nm.

gre] Aol FEaL 7% FAB NI
AZO/Ag 10 nm ¥Fe] 7hA38 BEaler) 271 A
o AlEEw, AZO/Ag 15 nm ¥}eke] Falw 7ha
= 3 Ag PP F8 Sl oSk o= A}
9o

Fig. 3= AZO =3} AZO/Ag Z&Hete]
g AR Wsks 4% ddteln. AZO v
o] TUAYE 2.6 nmP2H, 3P Ag EZ]
FAZY S7¥EE AZO HEe) EHEAAYE 4.0
mmellA 1.9 nmE 7+43S BYth ole 31 Ag
A552] AAslol| o8t AZO vieke] Heks) gk
2 FHARTV} Ag A= Alsdt

Table 4= ®}EHe] FA RSl wE AZO ¥

=)



Ag 8K el mE AZO/Ag FRASe] A7) B4 AT 275

Fig. 3. AFM images (scan area; 2x2 pm?) and RMS roughness of AZO single layer and AZO/Ag bi-layered films. (a)
AZO 100 nm, (b) AZO/Ag 5 nm, (c) AZO/Ag 10 nm, (d) AZO/Ag 15 nm.

Table 4. Comparison of sheet resistance), optical transmittance (T) and figure of merit as a function of annealing

temperature
Sheet resistance (€/ [1) Transmittance (%) Figure of merit (Q™)
AZ0 100 nm 562 815 2.30%x 107
AZO/Ag 5nm 53.8 78.7 1.69 x 1072
AZ0O/Ag 10 nm 11.7 82.2 1.25 x 107
AZO/Ag 15 nm 5.07 74.7 9.28 x 107
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