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Abstract
We demonstrated possible applications for nanolithography using an atomic force microscope (AFM). We were able to 
anodically produce lines of aluminum oxide (AlO) on a thermally evaporated aluminum thin film by scanning the microscope 
tip across the substrate while applying a bias. Line widths < 70 nm were routinely obtained. A wet etch with phosphoric 
acid was shown to selectively etch the aluminum; leaving behind the aluminum oxide pattern creating what we hope will 
be an effective mask for reactive ion etching. We also demonstrated that this lithography method can be used to work with 
nanowires by drawing patterns near to and on top of zinc-oxide nanowires that had been coated with aluminum. 

Introduction
Atomic force microscopy (AFM) nanolithography has been 
around for some time in various forms. The simplest method is 
merely scratching the surface of a substrate with the AFM tip. A 
more reproducible method, used in this work, is to create a bias 
between the tip and the surface while the AFM is in alternating 
current (AC) mode [1]. 

In AC mode, the AFM tip on the end of a cantilever is driven 
up and down at high-frequency and is not in contact with the 
surface, although it is within 5-10 nm of the surface. The result 
is an extremely high electric field between the sample and the 
tip which, combined with the water vapor in the air, anodically 
oxidizes certain surfaces. By optimizing the tip speed relative to 
the sample, the tip bias, and the tip-surface distance line widths 
as low as 10 nm on Al substrates have been reported [2]. 

AFM nanolithography is desirable for a number of reasons. 
Perhaps most importantly, the technology is far less expensive 
and more available than electron-beam lithography (EBL) and 
focused ion beam (FIB) milling technology which are the more 
traditional methods of achieving features of similar dimension. 
Beyond cost issues, AFM lithography is also advantageous over 
EBL and FIB because of its speed and relative simplicity. 

Procedure
Our work was based mostly on the oxidation of aluminum thin 
films, though we made a few attempts to perform oxidation 
of silver layers as well. An important first step in achieving 
controlled oxidation on an aluminum substrate is to have as 
smooth a surface as possible. We optimized the operation 
conditions of thermal evaporation (TE) and yielded smooth Al 
surface with roughness less than 2 nm. Beyond having a smooth 
surface, we established that the substrate must be treated by 

exposure to oxygen plasma immediately prior to the lithography. 
This treatment lasts for only a few hours and was essential for 
the success of the lithography. During the actual lithography, the 
best indicator of success was the tip being pulled into the surface. 
This could be easily monitored by watching the phase output of 
the AFM. If the phase dropped down into the attractive regime 
then oxidation of the substrate was almost certainly occurring. 

Our Asylum Research AFM’s internal power supply is limited to 
± 10V while literature suggests that the best results were obtained 
in the -12 to -30 V region [2]. Subsequently we built a circuit 
that would allow the AFM to turn an external power supply on 
and off at the appropriate times during the lithography. Once 
this circuit was in place, we noticed significant improvement in 
the contrast and quality of the oxidation lines we were able to 
produce on the aluminum. 

Figure 1
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Figure 1 is an example of an oxide pattern drawn at -10 V. As 
you can see, the lines, while visible, are not solid and the pattern 
of the aluminum grains below are clearly visible. Figure 2 is an 
example of patterns drawn at -14 V with the help of the external 
power. These lines are more robust and solid. 

Applications
Once oxidized, patterns were written on the aluminum substrate; 
a method for selectively removing either the aluminum or 
the oxide was required. This step was equivalent to the mask 
developing step in EBL for example. This would then allow the 
pattern to be transferred to the sample below the mask. 

It was reported that phosphoric acid, diluted in deionized (DI) 
water, would very selectively etch the aluminum, leaving 
behind the aluminum oxide [1]. Figure 3 shows SEM images of 
three oxide lines on an aluminum thin film before and after the 
substrate was etched in phosphoric acid. As it can be seen, the 
contrast improves considerably in the right hand image as the 
lines go from being 3 nm thick to over 10 nm thick. 

Figure 4 is an AFM image showing an example of oxide lines 
drawn around a zinc-oxide nanowire; demonstrating that this 
lithography technique can be used to create structures on and 
around nanowires. The dominating feature in the figure is the 
nanowire which is approximately 200 nm wide and 100 nm high. 
We believe that there is oxidation on top of the nanowire which 
is coated with aluminum; however, it is impossible to know with 
certainty due to the surface roughness and the color scale of the 
image. 

Conclusions and Future Work
We demonstrated that AFM nanolithography can be a useful tool 
for cheaply and quickly creating RIE masks, as well as creating 
structures that will allow easier interaction with nanowires. We 
routinely achieved line widths < 70 nm, a number which promises 
to decrease as the process is optimized. Our future plans include 
using these demonstrated techniques to build working devices in 
the field of nano-optics. We are also attempting this technique on 
surfaces other than aluminum to allow for more diversity in the 
available applications. 
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