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Abstract: In this study, the feasibility of ZnO/Al/ZnO flexible transparent electrodes for future flexible optoelectronic
devices was investigated. All depositions were performed on PET substrates. The thicknesses of the top and bottom ZnO
layers were 5-70 nm and 2.5-20 nm, respectively. The highest visible light transmittance was recorded when the thicknesses
of the top and bottom ZnO layers 30 nm and 2.5 nm, respectively. 62% optical transmittance (at the wavelength of 400 nm)
and sheet resistance of 19 Q/[] were measured. After repetitive bending test at a curvature radius of 5 mm, the
transmittance and sheet resistance did not change.
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Fig. 1. (a) Schematic structure of Oxide/Metal/Oxide transparent
electrode, (b) Illustration of destructive interference in the
presence of an anti-reflective coating. Destructive interference
takes place when the layer thickness is equal to (A/4n).
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Fig. 2. Structure of PET/ZnO/Al/ZnO transparent electrode on
PET substrate, where the thickness of Al was fixed at 8 nm.
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Fig. 3. Optical transmittance of the PET/ZnO/Al/ZnO structures as
a function of wavelength, where the thickness of the top
ZnO was varied from 5 to 70 nm.
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Fig. 4. The change of optical transmittance according to bottom
Oxide thickness variation on PET substrate.
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Fig. 5. Optical transmittance for the structures of (1) PET/AL (2)
PET/ZnO/Al, (3) PET/AI/ZnO and (4) PET/ZnO/Al/ZnO.
The thickness of Al layer is fixed at 8 nm, while the

thicknesses of the top and bottom ZnO layers are 30 nm and
2.5 nm, respectively.
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Fig. 6. Picture of the bending test for PET/ZnO/Al/ZnO transparent
electrode. The bending radius was maintained at 5 mm.

J. Microelectron. Packag. Soc. Vol. 25, No. 2 (2018)



34 ey -

SRR T
WA S HhshsT A
5

o] Frg

L

ZAAME Fd At 2-8317] 91§ PET/ZnO/Al/ZnO
Tz BT st A+E A TE 4 Zn0ZF
o] A Wsh= 7HAFAA S B & IS vHS
™ 30 nm FAY o #H i Fogo] A=A 3HE ZnO
Zo] T/ Wsl= A A o2 ERrd nx)E= g gfo] &}
UA T 25mmY w] 7MY =L TR S o] HIYL
w, o] g gk A3t Zn0% 7oA HI FHE 62%E
713kt st ZnO%-¢] 739 PET 7|33 vl e uf
Al ¥Hete] 548 7 ste] &

AN X 54.7% ] |A

SR-%

=]
e Fistela A2 5% detuHE EE ko] Fut
%719 Al 719 OMO F3AF2] wg) e FHL

A 5 gol FhEt,
UAte| 2

of AFE WEH AT AITH(elF) FAINRF-
2016R1D1A1B03931866) A2 G = A FH T}

References

1. Y. W. Gwon, and B. J. Kim, “Mechanical and Electrical Fail-
ure of ITO Film with Different Shape during Twisting Defor-
mation”, J. Microelectron. Packag. Soc. 24(4), 53 (2017).

2.J. H. Lee, P. Lee, H. M. Lee, D. J. Lee, S. S. Lee, and S. H.
Ko, “Very long Ag nanowire synthesis and its application in
a highly transparent, conductive and flexible metal electrode
touch panel”, Nanoscale, 4, 6408 (2012).

3.J. Wu, H. A. Becerril, Z. Bao, Z. Liu, Y. Chen, and P. Peu-
mans, “Organic solar cells with solution-processed graphene
transparent electrodes”, Appl. Phys. Lett., 92, 263302 (2008).

4.D. S. Hecht, D. Thomas, L. Hu, C. Ladous, T. Lam, Y. B.
Park, G. Irvin, P. Drzaic, “Carbon-nanotube film on plastic as
transparent electrode for resistive touch screens”, Journal of

ulo] A2 AR} @ F7)4 5] A 42578 A235 (2018)

By

10.

11.

12.

13.

14.

15.

16.

17.

18.

=
-

o

the SID, 17(11), 941 (2009).

. J. H. Yun, “Transparent Ultrathin Oxygen-Doped Silver Elec-

trodes for Flexible Organic Solar Cells”, Adv. Funct. Mater.,
1606641, 1 (2017).

. G. Zhao, W. Wang, T.-S. Bae, S.-G. Lee, C. W. Mun, S. H.

Lee, H. Yu, G-H. Lee, M. K. Song, and J. H. Yun, “Stable
ultrathin partially oxidized copper film electrode for highly
efficient flexible solar cells”, Nature communications, 6, 8830
(2015).

.J. G Jang, Y. G. Lim, and Y. W. Hwang, “Antireflection layer

Coating on the Epitaxial Base Si Solar Cell”, Proc. Interna-
tional Microelectronics And Packaging Society Conference,
26, 141 (2003).

. K. Fuchs, “The conductivity of thin metallic films according

to the electron theory of metals”, Proc. Cambridge Philos.
Soc., 34, 100 (1938).

. E. H. Sondheimer, “The mean free path of electrons in met-

als”, Advances in Physics, 1(1), 1 (1952).

A. F. Mayadas, and M. Shatzkes, “Electrical-resistivity model
for polycrystalline films: the case of arbitrary reflection at
external surfaces”, Phys. Rev., B1, 1382 (1970).

D. Gall, “Electron mean free path in elemental metals”, Jour-
nal of Applied Physics, 119(8), 085101 (2016).

J. A. Floro, S. J. Hearne, J. A. Hunter, P. Kotula, E. Chason,
S. C. Seel, and C. V. Thompson, “The dynamic competition
between stress generation and relaxation mechanisms during
coalescence of Volmer—Weber thin films”, Journal of Applied
Physics, 89, 4886 (2001).

J. A. Floro, S. J. Hearne, J. A. Hunter, P. Kotula, E. Chason,
S. C. Seel, and C. V. Thompson, “The dynamic competition
between stress generation and relaxation mechanisms during
coalescence of Volmer—Weber thin films”, Journal of Applied
Physics, 89, 4886 (2001).

D. Choi, and K. Barmak, “On the potential of tungsten as
next-generation semiconductor interconnects”, Electronic
Materials Letters, 13, 449 (2017).

W. Zhang, S. H. Brongersma, O. Richard, B. Brijs, R. Pal-
mans, L. Froyen, and K. Maex, “Influence of the electron
mean free path on the resistivity of thin metal films”, Micro-
electronic Engineering, 76, 146 (2004).

Y. Lantasov, R. Palmans, and K. Maex, “New plating bath for
electroless copper deposition on sputtered barrier layers”,
Microelectronic Engineering, 50, 441 (2000).

W. Zhang, S. H. Brongersma, T. Clarysse, V. Terzieva, E.
Rosseel, W. Vandervorst, and K. Maex, “Surface and grain
boundary scattering studied in beveled polycrystalline thin
copper films”, Journal of Vacuum Science & Technology,
B22, 1830 (2004).

C. Zhang, D. Zhao, D. Gu, H. S. Kim, T. Ling, Y. K. R. Wu,
and L. J. Guo, “An ultrathin, smooth, and low-loss Al-doped
Ag film and its application as a transparent electrode in
organic photovoltaics”, Adv. Mater., 26, 5696 (2014).



