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INTRODUCTION 

EXPERIMENTAL

     Nanotechnology has received increased attention within the scientific community due to itsapplication in a number of fieldsranging from 
electronics to biomedical technologies[1]. Progress in many of these applications dependsmainly on the capability to fabricatenanostruc-
tured materials that includepolymers and semiconductors, among others [2, 3]. Several methods have been introduced for the fabrication of 
nanostructures; the more common onesareelectron beam lithographyand focused ion beam lithography. However, these methods are not 
straightforward and are expensive to operate. One powerful methoddesigned to overcome these problems is atomic force microscopy 
(AFM)nanolithography [1-3]. This technique is simple and less expensive [2]. AFM nanolithography is divided into two general groups based 
on their mechanistic and operational principles, bias-assisted and force-assisted AFM lithography [2]. In bias-assisted method, a bias 
voltage is applied to the tip to generate an oxide pattern on metallic or semiconductor substrate[4, 5]. Whereas, force-assisted method 
applies a large force to the tip to produce fine grooves on the surface of polymerlike samples by mechanically scratching, pushing or pulling 
the surface atoms and molecules with a sharp tip; the interaction between the tip and the sample is mainly mechanical [2, 3]. 

     In this technical note, we demonstrate the capability of AFM nanolithography to generate nanopatterns by utilizing Park NX10 Atomic 
Force Microscope. The tip bias mode isused to create oxide patternsonthe silicon substrate. Successful pattern fabrication isconfirmed by 
Lateral Force Microscopy (LFM). The integration of lithography and LFM mode with AFM enables it to fabricate nanopatterns and simultane-
ously acquire both topography and frictional data. The results obtained in this experiment confirms the fabricated oxide nanopatterns 
aresuccessfully executed.

     A Park NX10 AFM was used for AFM nanolithography to drawnanopatternsonto a silicon substrate. LFM imaging was conducted after 
the lithography process to confirm the successful fabrication of the oxide patterns on the surface as well as to distinguish the surface 
difference between the oxide layers and silicon substrate. A PPP-CONTSCPt cantilever with a nominal spring constant (k = 0.2 N/m) and 
resonancefrequency (f = 25kHz) was utilized in the experiment. 

Bias-Assisted AFM Nanolithography 

RESULTS AND DISCUSSION

     Bias-Assisted AFM Nanolithography is a technique described as material modification (oxidation) through the application of voltage bias 
to the AFM tip.The applied bias on the tip results in the generation of an electric field between the tip and the sample. The field ionizes 
water molecules formed between the tip and the sample, which leads to local anodic oxidation (LAO) used to fabricatenanoscale oxide 
features on the surface. In the lithography process, the tip acts a nanoscale electrode for current injection or collection [1, 2]. The amount of 
oxide layer formed on the surface depends on the magnitude of the applied bias and humidity. Previous study [2] reported that the 
thickness of a pre-designed nanoscale oxide pattern of device structure increased due to the increment of applied tip voltages. Therefore, 
itconcluded the tip voltage influenced the amount of oxide formedin the surface.Figure 1 shows a schematic illustration of bias-assisted 
AFM nanolithography. In this study, Park lithography softwarewas used to design and apply nanolithography to the sample surface. A 
silicon substrate was used as a sample. The application of –10 V resulted in a high electric field around the tip which led to cleavage of 
water moleculesinto ions H+, OH- and O- ions [5]. The OH- and O-ions are then pushed away from the biased tip and react with silicon to 
form SiO2. The nanoscaleoxide pattern forms on the surface of the silicon substrate along the scan area of the lithography scan.
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Lateral Force Microscopy

     In Lateral Force Microscopy (LFM) mode, the vertical deflection andthe torsion of the cantileveraremeasured and utilized to acquire 
topography and surface frictional characteristics of the sample.  The cantilever movement in both the vertical direction and the torsion is 
tracked via a position sensitive photo detector (PSPD) that consists of four domains (a quad-cell), shown in Figure 2. Surface topographical 
information and frictional informationare obtained using Equation 1 and 2.

     Figure 3 shows the topography, frictional data and equivalent line profile of the images after the lithography process. The images were 
taken using LFM mode. Since LFM is a contact mode, both topography and frictional data can be acquired simultaneously, allowing for 
correlation between topographic and frictional properties.The AFM topography image (Figure 3b) reveals thatthe design is a Christmas ball 
pattern with diameter of approximately 17 μmand composed of multiple tiny structures with heights ranging from 0.2–1.5 nm. Figure3e 
represents the line profiles that were generated using the Park XEI software to provide a more direct signal comparison.By analyzing the 
line profiles obtained from the LFM forward (green line) and backward (blue line) scans, we gain insight into the frictional characteristics of 
the sample. In the forward scan, the LFM signal shifted upward, indicating that the movement of the cantilever was hindered due to change 
in frictional force as the tip bypassed the oxide layer. Conversely, the LFM signal shifted downward during the backward scan, which, again, 
was a result of the cantilever being dragged by the surface because of the larger frictional interaction between the cantilever and the 
surface. As a result, we can conclude that the frictional coefficient of the oxide layeris higher than that of the silicon substrate.

Equation 1: Topographic information = (A+C) - (B+D) 
Equation 2: Frictional information = (A+B) - (C+D) 
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Figure 1. Schematic illustration of Bias-Assisted AFM Nanolithography [4, 5].

Figure 2. Schematic illustration of laser position on PSPD in the operation of AFM (top) and LFM (bottom).
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Figure 3. (a) 3D View, (b) Topography image, (c) LFM forward scan, (d) LFM backward scan,
(e) Line profiles plotted along red line seen in 3b, green line seen in 3c, and blue line seen in 3d.
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     Here we have demonstrated the use of AFM nanolithography to generate nanoscale oxide patterns in a silicon substrate using the Park 
NX10 system. Voltage bias-mode technique was used in the AFM nanolithography process. The application of –10 V voltage bias on the tip 
led to successful fabrication of the nanoscale oxide features in the surface. LFM mode was also conducted and the results confirmed the 
successful fabrication of the oxide patterns.Overall, the AFM nanolithography described in this study is an effective method tofabricate next 
generation materials and devices with nanoscale features.of the oxide layeris higher than that of the silicon substrate.
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