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Abstract. We report a transparent conductor based on Al nanomesh, which was fabricated
through Al anodization and etching processes. The Al anodization was performed at low
temperature condition to slow down the anodization rate to achieve the well-controlled
thickness of an Al nanomesh. By careful controlling of the anodization process, we can
fabricate Al nanomesh transparent conductors with different sheet resistance and optical
transparency in the visible spectrum range. We shall show that Al nanomesh transparent
conductor is a strong contender for a transparent conductor dominated by ITO.

1.Introduction

The main interest in considering of porous aluminum oxide is the technology of its manufacturing.
Electrochemical anodizing of Al results in a relatively ordered structure of aluminum oxide. This
technology doesn’t require photolithography processing, therefore it’s could be quite cheap [1-2].

To obtain nanomesh aluminum structure it’s necessary to use features of growth of aluminum
oxide. This structure is optically transparent and electrically conductive. These parameters depend on
geometrical structure of porous alumina films [3].

In addition to good optical transparency and almost metallic conductivity, ultrathin aluminum
nanomesh film is flexible and durable. In order to obtain an aluminum nanomesh with various pores
size, it’s necessary to change anodizing voltages, content and concentration of an electrolyte. It allows
one to change the basic electro optical properties, such as optical transparency and electrical
conductivity.

Aluminum nanomesh films can be used also as a substitute for ITO in light emitting devices, solar
cells and other optoelectronic applications. It is possible also to fabricate a high resistance transparent
ultrathin film if needed.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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2.Methodology

It is possible to achieve many useful structures by anodizing the bi-layer structures, where top porous
anodic oxide is used as a template for anodizing or etching the bottom layer. Masking makes easier the
pore nucleation process in the bottom layer, therefore more regular porous structures in less aggressive
electrolytes can be formed in the bottom layer.

In this paper we will describe how to get a transparent conductive aluminum nanomesh film on a
glass substrate using low temperature non lithography low cost anodizing technology. We propose to
change anodizing parameters in the final stage of the process, which allows to open transparent
windows and leave a nanomesh from aluminum residues.
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The technology for the fabrication of aluminum nanomesh films with needed parametes is
presented in Fig. 1

........t

roe o e L)
........t

‘‘‘‘‘‘‘ recscecsco
®

I........
eSS ee

Figure 1. Al nanomesh manufacturing process: A - a glass substrate with initial aluminum layer; 1-
start of the anodizing process; 2- stop anodizing; 3-etching of porous Al,O3; B- aluminum nanomesh
on a glass substrate.

3.Results

In our experiments we used 1x1 cm? glass substrates coved with magnetron sputtered aluminum film
of 200 nm thick. Aluminum nanomesh was obtained by anodic oxidation of aluminum in anodizing
cell (Fig. 2) at a temperature of 10°C in 2% solution of phosphoric acid at anodizing voltage of 100
V. Chromic acid solution (potassium dichromate) was used to etch of porous aluminum oxide.
Images of obtained samples are shown in Fig. 3.

Figure 2. Electrochemical cell: 1- glass wafer; 2- deposited aluminum; 3- O-ring; 4- electrolyte;5-
platinum electrode with platinum net;6- cell body;7 — power source.
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Figure 3. Obtained samples aluminum nanomesh on glass wafers: a- Rs=3 Ohm/sq; b- Rs=16
Ohm/sq; c- Rs=1 KOhm/sq; d- Rs=17 KOhm/sq.

Morphology of obtained nanome

-

sh structures was obtained with SEM SUPRA-55WDS(Fig.4-5).
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Figure 4. SEM images of nanomesh: a - Rs=3 £/0; transparency=17%, b - Rs=16 Q/0;
transparency=39%.

Figure 5. SEM images of nanomesh: ¢ - Rs=1 K Q/o; transparency=57%, d - Rs=17 K (/o
transparency=63%.
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Through the method of anodic oxidation of aluminum, we were able to obtain an aluminum
nanomesh with different values of transparency (from 17% to 63%) and sheet resistance (from 3 2/o
to 17KQ2/o). SEM-images (Fig. 1 a-d) clearly show the structure of the obtained nanomeshes. The
sizes of the porous (150-200 nm) and inter porous distances (200-250 nm) are almost equel.

The spectral characteristics of the samples are shown in the Figure 3.

100

50
a0 ]
45 |
] ]
Sarnih 40 Sample a
ample a E
70 35
g 604 £ a0
5 50 5 1
= = 25
g Sample b B j
= 40 o <
= Y. g 204
[+ T f
30 4 T T g 15 |
T Sample c J
20 4 . R 104 Sample d
Sample d ]
10 - 5 4
] r T T T T T T T T T T 0 T T T T T T
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
a b
100
90 4
80 4
- 104 o
A ™,
# AT Sample d
o 604 A —— e
g2 Sample ¢
& 50 P
£ e
a 404 e ———— _Sampleh
E 304
204 Sample a
10
4} T T T T T T T T T T
300 400 500 600 700 200
Wavelength (nm)

c
Figure 3. Spectra for obtained samples: a — reflection spectra, b - absorption spectra, ¢ -
transmittance spectra. Sample a- Rs=3 2/o; sample b- Rs=16 2/o; sample ¢c- Rs=1 K 2/o; sample d -
Rs=17 KQ/o.

4. Conclusions

Using the features of the porous alumina growth allowed us to obtain a cheap ultra-thin material with
good optical properties and conductivity of a metal. Aluminum nanomeshes are cheaper than ITO, and
it gives the new advantages in manufacturing areas. We believe that the unique structure, optical and
electrical properties of nanomesh films can be used in various research objectives and production
purposes.

References

[1] Smirnov A, Jaguiro P, Stsiapanau A, Martinovich A, Maksimov A, Tarasevich S, Lapanik V,
Kwok H S 2009 Electrochemical fabrication of alignment and multifunctional nanostructured
layers for LCD Proc. 29th Int. Display Research Conf. 548-550

[2] Smirnov A, Stsiapanau A, Mohammed A, Mukha E, Kwok H S, Murauski A 2011 Combined

nanostructured layers for display applications Proc. SID Symposium Display Week-2011 1385-
1387



SPbOPEN2014 IOP Publishing
Journal of Physics: Conference Series 541 (2014) 012027 doi:10.1088/1742-6596/541/1/012027

[3] Jaguiro P, Stsiapanau A, Hubarevich A, Mukha Y, Smirnov A 2010 Self-organized
nanostructured anodic oxides for display applications Semiconductor Physics, Quantum
Electronics & Optoelectronics 13 305-308

[4] Du Q G, Sathiyamoorthy K, Zhang L P, Demir H V, Kam C H, Sun X W 2012 A two-
dimensional nanopatterned thin metallic transparent conductor with high transparency from the
ultraviolet to the infrared Appl. Phys. Lett. 101 181112

http://www.idtechex.com/research/reports/transparent-conductive-films-tcf-2014-2024-forecasts-
markets-technologies-000366.asp



Journal of Physics: Conference Series

OPEN ACCESS Related content

. - Model of porous aluminium oxide grow
Transparent conductor based on aluminum duing i siage of anodzation

E M Aryslanova, A V Alfimov and S A
nanomesh Chivilikhin

- Modelling of ion convection during

. . . . electrochemical oxidation of aluminium
To cite this article: B Kazarkin et al 2014 J. Phys.: Conf. Ser. 541 012027 Pavel Zun and Andrey Svitenkov

- Raman scattering in conducting metal-
organic films deposited on nanoporous
anodic alumina

E N Golubeva, H V Grushevskaya, N G

View the article online for updates and enhancements. Krylova et al.

Recent citations

- Metal nano-grids for transparent
conduction in solar cells
Christopher P. Muzzillo

@ The Electrochemical Society
Advancing solid state & electrochemical science & technology

2021 Virtual Education

Fundamentals of Electrochemistry:
Basic Theory and Kinetic Methods

Instructed by: Dr. James Noél
Sun, Sept 19 & Mon, Sept 20 at 12h—15h ET

Register early and save!

This content was downloaded from IP address 197.210.70.129 on 20/07/2021 at 07:55



https://doi.org/10.1088/1742-6596/541/1/012027
http://iopscience.iop.org/article/10.1088/1742-6596/541/1/012016
http://iopscience.iop.org/article/10.1088/1742-6596/541/1/012016
http://iopscience.iop.org/article/10.1088/1742-6596/541/1/012025
http://iopscience.iop.org/article/10.1088/1742-6596/541/1/012025
http://iopscience.iop.org/article/10.1088/1742-6596/541/1/012070
http://iopscience.iop.org/article/10.1088/1742-6596/541/1/012070
http://iopscience.iop.org/article/10.1088/1742-6596/541/1/012070
http://dx.doi.org/10.1016/j.solmat.2017.04.048
http://dx.doi.org/10.1016/j.solmat.2017.04.048
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsv04HcqfIXJWOeLmxY0Z9kAVs7RHaJfCX3jJml3-fnzPPYsQtkDe6GDW24_Xb5GfFMkdBp3aXYo0xUgw6xlfNC0QvFLETYLw2580mg6TIm6ebaVdyIKpAh0TZ5mgQ1-XRYiD4pKJDIUUiTvfFRLF-v-YwJTzT-tcL0jqeBPkADMZsBRZqOOW2nAp4YAR0ZOQVCpE7V19UNlPFAict-CsqBEi508r8Cu2nkZCBFzvaDW6e0JHOsdiPZYbCQGg9J7xJFpVd_B2Hcren081uUya4dGFT9OwingpBo&sig=Cg0ArKJSzNoSu9YgI3jE&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/short-courses

SPbOPEN2014 IOP Publishing
Journal of Physics: Conference Series 541 (2014) 012027 doi:10.1088/1742-6596/541/1/012027

Transparent conductor based on aluminum nanomesh

B Kazarkin, A S Mohammed, A Stsiapanau, S Zhuk, Y Satskevich and

A Smirnov

Belorussian State University of Informatics and Radioelectronics (BSUIR), Minsk,
220013, Belarus

E-mail: kazarkin_boris@mail.ru

Abstract. We report a transparent conductor based on Al nanomesh, which was fabricated
through Al anodization and etching processes. The Al anodization was performed at low
temperature condition to slow down the anodization rate to achieve the well-controlled
thickness of an Al nanomesh. By careful controlling of the anodization process, we can
fabricate Al nanomesh transparent conductors with different sheet resistance and optical
transparency in the visible spectrum range. We shall show that Al nanomesh transparent
conductor is a strong contender for a transparent conductor dominated by ITO.

1.Introduction

The main interest in considering of porous aluminum oxide is the technology of its manufacturing.
Electrochemical anodizing of Al results in a relatively ordered structure of aluminum oxide. This
technology doesn’t require photolithography processing, therefore it’s could be quite cheap [1-2].

To obtain nanomesh aluminum structure it’s necessary to use features of growth of aluminum
oxide. This structure is optically transparent and electrically conductive. These parameters depend on
geometrical structure of porous alumina films [3].

In addition to good optical transparency and almost metallic conductivity, ultrathin aluminum
nanomesh film is flexible and durable. In order to obtain an aluminum nanomesh with various pores
size, it’s necessary to change anodizing voltages, content and concentration of an electrolyte. It allows
one to change the basic electro optical properties, such as optical transparency and electrical
conductivity.

Aluminum nanomesh films can be used also as a substitute for ITO in light emitting devices, solar
cells and other optoelectronic applications. It is possible also to fabricate a high resistance transparent
ultrathin film if needed.
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2.Methodology

It is possible to achieve many useful structures by anodizing the bi-layer structures, where top porous
anodic oxide is used as a template for anodizing or etching the bottom layer. Masking makes easier the
pore nucleation process in the bottom layer, therefore more regular porous structures in less aggressive
electrolytes can be formed in the bottom layer.

In this paper we will describe how to get a transparent conductive aluminum nanomesh film on a
glass substrate using low temperature non lithography low cost anodizing technology. We propose to
change anodizing parameters in the final stage of the process, which allows to open transparent
windows and leave a nanomesh from aluminum residues.
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The technology for the fabrication of aluminum nanomesh films with needed parametes is
presented in Fig. 1
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Figure 1. Al nanomesh manufacturing process: A - a glass substrate with initial aluminum layer; 1-
start of the anodizing process; 2- stop anodizing; 3-etching of porous Al,O3; B- aluminum nanomesh
on a glass substrate.

3.Results

In our experiments we used 1x1 cm? glass substrates coved with magnetron sputtered aluminum film
of 200 nm thick. Aluminum nanomesh was obtained by anodic oxidation of aluminum in anodizing
cell (Fig. 2) at a temperature of 10°C in 2% solution of phosphoric acid at anodizing voltage of 100
V. Chromic acid solution (potassium dichromate) was used to etch of porous aluminum oxide.
Images of obtained samples are shown in Fig. 3.

Figure 2. Electrochemical cell: 1- glass wafer; 2- deposited aluminum; 3- O-ring; 4- electrolyte;5-
platinum electrode with platinum net;6- cell body;7 — power source.
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Figure 3. Obtained samples aluminum nanomesh on glass wafers: a- Rs=3 Ohm/sq; b- Rs=16
Ohm/sq; c- Rs=1 KOhm/sq; d- Rs=17 KOhm/sq.

Morphology of obtained nanome

-

sh structures was obtained with SEM SUPRA-55WDS(Fig.4-5).
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Figure 4. SEM images of nanomesh: a - Rs=3 £/0; transparency=17%, b - Rs=16 Q/0;
transparency=39%.

Figure 5. SEM images of nanomesh: ¢ - Rs=1 K Q/o; transparency=57%, d - Rs=17 K (/o
transparency=63%.
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Through the method of anodic oxidation of aluminum, we were able to obtain an aluminum
nanomesh with different values of transparency (from 17% to 63%) and sheet resistance (from 3 2/o
to 17KQ2/o). SEM-images (Fig. 1 a-d) clearly show the structure of the obtained nanomeshes. The
sizes of the porous (150-200 nm) and inter porous distances (200-250 nm) are almost equel.

The spectral characteristics of the samples are shown in the Figure 3.
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Figure 3. Spectra for obtained samples: a — reflection spectra, b - absorption spectra, ¢ -
transmittance spectra. Sample a- Rs=3 2/o; sample b- Rs=16 2/o; sample ¢c- Rs=1 K 2/o; sample d -
Rs=17 KQ/o.

4. Conclusions

Using the features of the porous alumina growth allowed us to obtain a cheap ultra-thin material with
good optical properties and conductivity of a metal. Aluminum nanomeshes are cheaper than ITO, and
it gives the new advantages in manufacturing areas. We believe that the unique structure, optical and
electrical properties of nanomesh films can be used in various research objectives and production
purposes.
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