	Atomic Force Microscopy (AFM)
Background Reading (Pre-Lab)
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This problem is to be completed individually.
Please read the following description of Atomic Force Microscopy
 and answer the following questions in your own words in a Word document.

a.
What are the three modes of the AFM, and what are the advantages/disadvantages of each?

b.
What is the AFM resolution limit?  

c.
What causes the resolution limit?
The primary purpose of Atomic Force Microscopy (AFM) is to quantitatively measure nano-scale surface features with a nominal 5 nm lateral and 0.01 nm vertical resolution on all types of samples.  The resolution is limited because of the shape of the cantilever tip that is drawn over the sample to measure the surface features.  A sharper tip leads to better resolution; differences in tip sharpness and resolution are demonstrated in Figure 1.  Depending on the AFM design, scanners are used to translate either the sample under the cantilever or the cantilever over the sample. (That is, the cantilever tip can be drawn over the sample or the sample can be drawn under the tip).  By scanning, the local height of the sample is measured.  The cantilever can be used in three different ways.  The most common way is contact mode, where the cantilever tip is brought into direct contact with the sample surface.  Non-contact mode prevents electrical and frictional damage.  A tapping mode yields the highest resolution, but damages the surface.  These modes are demonstrated in Figure 2.  Three-dimensional topographical maps of the surface are then constructed by plotting the local sample height versus horizontal probe tip position.  

So, AFM can provide position information based on the surface height of a solid; and thus, the nature of the interatomic bonding of the specimen is resolved.  The interatomic bonding, in turn, yields information about the molecular or atomic characteristics of the specimen surface.  Because of this, AFM can be used to image surfaces with atomic resolution as well as surface forces at nano-Newton scales.  

A sharpened tungsten needle is used as a probe.  The tungsten needle is used to monitor the force between the needle and a specimen surface over which the needle is scanned.  Scanning is accomplished by varying the voltage of the tip of the needle with respect to the specimen.  As the needle approaches the surface, it experiences an initial attractive force (polarization forces), which is replaced by a repulsive force as the needle makes physical contact with the specimen.  Scanning over the surface at constant displacement (at a constant height), and monitoring the changes in the attractive force yields a scanned image in which molecular resolution is readily obtained and where atomic resolution has also been claimed.   

Comparison of AFM to Other Common Techniques:

Scanning Electron Microscopy can provide resolution of images up to 0.2 nm.  Images are viewed from a strictly top down perspective.  Topographical information can be obtained by examining differences in contrast (shading) of the sample.  By comparison, AFM provides much better topographic contrast because images are resolved in three dimensions.  Direct height measurements are taken and unobstructed views of surface features can be resolved.

Optical Microscopy provides topographical information based on light being reflected outside of an objective lens (resolved as dark) or inside an objective lens (resolved as light).  Resolved surface features are thus based on directions that light bounces off the sample surface.  By comparison, AFM provides unambiguous measurement of step heights, independent of reflectivity differences between materials.  
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Figure 1:
Interaction between a sharp tip and a surface feature of a sample, showing the resolution limit of the AFM.  (The top, thin, line is the output of the AFM.  Note the shallower depth of the same well for the wider tip.)
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Figure 2:
Three modes of the AFM: (A) contact, (B) non-contact, and (C) tapping.  
The AFM outputs are shown below each diagram.  The black arm represents the cantilever beam, and the triangle represents the probe tip.
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