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Abstract

The effect of Al doping in Ag layer (Ag(Al)) on the
thermal durability of dielectric/metal/dielectric (DMD)
transparent conductive film was investigated. The
AZO/Ag(Al)/AZO-DMD (Al content of Ag layer:
0.0~10.5 at%) film were prepared on SiO: substrates by
ion beam sputtering at room temperature. After the
deposition, all the films were annealed for 1 hr in the
vacuum at temperatures of 100 to 600 °C with an inter-
val of 100 °C. The effects of annealing on the structure,
surface morphology, optical and electrical properties of
the DMD films were investigated. Thermal durability of
the DMD with Ag(Al) was markedly improved about
200 °C compare to the DMD with pure Ag layer. After
500 °C annealing, the average transmittance
(A=380~780nm) Tave and sheet resistance Rs of DMD
with 10.5 at% Al doped Ag were improved to 83.3 %
and 14.1 Q/sq., respectively.

1. Introduction
Transparent conductive oxide (TCO) films such as in-
dium tin oxide (ITO), gallium doped zinc oxide (GZO) and
zinc doped indium oxide (IZO) have been studied for vari-
ous applications such as touch panels, solar cells, thin film
transistors (TFTs), organic light emitting diodes (OLEDs)
and LEDs due to their high transmittance and good electri-
cal conductivity. In some cases, like in the fabrication pro-
cess of dye-sensitized solar cells (DSSCs) and visible
light-emitting diodes (LEDs), high-thermal durability are
required. However, it was reported that electrical conduc-
tivity of amorphous based TCO tend to degrade after
high-temperature thermal annealing (>250 °C) [1]. On the
other hand, the dielectric/metal/dielectric (DMD) structure
is expected as a candidate of high performance transparent
conductive film having high transmittance and conductivity
[2]. For the Al-doped ZnO (AZO) based DMD, it has been
reported that annealing up to 300~400 °C improves DMD
characteristics but further increase in temperature decreases
transparency and electrical conductivity due to aggregation,
diffusion and/or oxidation of Ag [3].
In this study, effect of Al doping in Ag layer [4, 5] on
the thermal durability of AZO/Ag(Al)/AZO-DMD trans-
parent conductive films were studied.

2. Experimental and results
Fig. 1 shows the schematic diagram of DMD film used

in this study. The AZO/Ag(Al)YAZO-DMD films were
prepared on SiO; substrates by ion beam sputtering at room
temperature with thickness of 45/20/50 nm. Al contents of
the Ag(Al) layer were set to be 0.0, 4.7, 7.5, 10.5 at%. Af-
ter the deposition, all the films were annealed for 1 hr in the

vacuum at temperatures of 100 to 600 °C with an interval of
100 °C.
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Fig. 1 Schematic diagram of AZO/Ag(Al)/AZO-DMD.

Fig. 2 shows the average transmittance Tavg in visible
region (380~780 nm) with the variation of annealing tem-
peratures for the samples with Al content of 0.0 and 10.7
at%. For the case of DMD with pure Ag, the Tave slightly
increased from 65.2% of as deposition to 66.8 % of after
300 °C annealing. But at 400~600 °C, the Tave decreased
due to Ag aggregation. On the other hand, for the case of
DMD with Ag(Al) (Al content:10.5 at%), the Tave mono-
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Fig. 2 Annealing temperature dependency of the aver-
age transmittance Tave in visible region (380-780 nm).
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tonically increased up to 500 °C and Tave reached to
83.3 % and then it decreases slightly at 600 °C.

SEM images of these DMD films as a function of an-
nealing temperatures are shown in Fig. 3. For the case of
DMD with Ag, many dark area where the Ag was not de-
tected in EDS measurement were observed at 500~600 °C.
The dark area without Ag was considered to be formed due
to Ag aggregation. For the case of DMD with 10.5 at% Al
doped Ag, uniform surface morphology was maintained up
to 500 °C, and only small dark spots were appeared even at
600 °C.
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Fig. 3 SEM images of DMD films with pure Ag and
with 10.5% Al-doped Ag layer at different annealing
temperatures.
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For comparison of the performance of transparent con-
ductive coatings, Haccke’s figure of merit (FOM,
Tave'%Rs)[6] is plotted in Fig. 4. For the case of DMD with
pure Ag, FOM slightly increase to 300 °C and showed the
highest value of 0.49 x 102 (!, At 400~600 °C, it de-
creased mainly due to decrease of transmittance. For the
case of DMD with 10 at% Al doped Ag, FOM significantly
improved to 500 °C, and showed the highest value of 1.1 x
102 !, The maximum FOM value of DMD with Al doped
Ag are 2.2 times higher than that of DMD with pure Ag.
The thermal durability of AZO/Ag/AZO-DMD was about
200 °C improved by Al doping in Ag layer.
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Fig. 4 Figure of merit of DMD films with pure Ag and
with 10.5% Al-doped Ag layer as a function of anneal-
ing temperatures.

3. Conclusions

We investigated the effects of Al doping in Ag layer of
AZO/Ag/AZO-DMD films on the thermal durability. It was
revealed that Al doping was remarkably suppressed aggre-
gation of Ag layer in DMD film under high temperature
annealing. The maximum FOM of DMD with 10.5 % Al
doped Ag layer was 2.2 times higher than the DMD with
pure Ag.

Acknowledgements

The authors thank Prof. K. Kishino of Sophia Univ-ersity for
valuable discussion. This work was partiall-y supported by
Grants-in-Aid for Challenging Explor-atory Research #24656216,
and Scientific Research (B) #24310106, and by the Supported
Program for t-he Strategic Research Foundation at Private Uni-
versi-ties of MEXT.

References

[1] G. Gongalves, et al., Thin Solid Films 515 (2007) 8562.
[2] G. Leftheriotis, et al., Solid State Ionics 136 (2000) 655.
[3] D.R. Sahu, et al., Thin Solid Films 515 (2006) 932.

[4] H. C. Kim, et al., J. Appl. Phys. 94 (2003) 5393.

[5] H. C. Kim, et al., J. Appl. Phys. 95 (2004) 5180.

[6] G. Haacke, J. Appl. Phys. 47 (1976) 4086.

-309 -



