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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. 
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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. 

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

2



The technology for the fabrication of  aluminum  nanomesh films with needed parametes is 
presented in Fig. 1 

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 Al2O3; B- aluminum nanomesh 

on a glass substrate. 

3.Results
In our experiments we used 1x1 cm2  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 100C 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 nanomesh structures was obtained with SEM SUPRA-55WDS(Fig.4-5). 

        a                                                                                 b           

Figure 4. SEM images of nanomesh: a - Rs=3 𝛺/□; transparency=17%, b - Rs=16 𝛺/□; 
transparency=39%. 

        c                                                                              d         

Figure 5. SEM images of nanomesh: c - Rs=1 K 𝛺/□; transparency=57%, d - Rs=17 K 𝛺/□; 
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 𝛺/□ 
to 17K𝛺/□). 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. 

     a                b 

            c         
Figure 3. Spectra for obtained samples: a – reflection spectra, b - absorption spectra, c - 

transmittance spectra. Sample a- Rs=3 𝛺/□; sample b- Rs=16 𝛺/□; sample c- Rs=1 K 𝛺/□; sample d - 
Rs=17 K𝛺/□. 

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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