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Force Microscopy

The tunneling current, Jt = CVexp[-A√Ewδz]

C and A are constants, V is the voltage applied to the tip.
∆z is the probe distance, of the order of 10 A. Ew is the work function.

Tunneling current varies exponentially with distance and is detectable 
only within a few Angstroms.

For a rectangular barrier, the one dimensional wave equation is,
Ψ = e±kz where k = 2m(VB-E)/ћ2

VB may be constant across the gap, but need not be. For states at
Fermi level, VB-E is the work function.





The transmission probability or the tunneling current varies exponentially with 
the 
Distance. I α e-2kd

Common work functions are 4-5 eV and therefore, 2k is of the order of 2A-1

Tunneling current drops by an order of magnitude for every 1A of vacuum 
between electrodes. Thus, this current can be observed in practice only at 
small Separations.

To keep the current stable requires precise control of distances.

The first experimental observation of controlled vacuum tunneling was by 
Bining et. al. in 1982. They used a piezo electric device to control the distance.

Earlier studies of tunneling were using a static barrier, such as an oxide 
sandwiched between electrodes.



Tunneling schematic



Sharp metal tip scans the surface. The piezoelectric scanners position the tip 
accurately over the sample. The tip scans in the x and y directions, the position 
of z is adjusted to make by the feedback circuit to make the tunneling current 
constant. The path of the tip reproduces the shape of the surface. This is the 
common constant current mode of STM operation. There is also a constant 
height mode and the fluctuations in the current is monitored.



Imaging modes

1. Constant current
2. Constant height
3. dlnI/dz, modulating tip height 

and measuring current 
response one can get k or 
effective work function, 
ћ2k2/2m



Even for a tip as large as a 
thousand atoms, 
Only a few atoms take part 
in tunneling





Components of an STM scanner



SEM image of a scanner



Si(7x7) surface, atomic resolution image

Applications
1. Surface structure



2. Density of states

This is evident in √E dependence. CDW superstructure



3. Adsorbate structure (gold islands on 
graphite) 





4. Interfaces



5. I vs. V measurement and its variations



Various SXM 
techniques





Atomic force microscopy

While STM is an electron microscope, AFM is a 
mechanical device. Here the mechanical motion 
of a tip is used to produce the image as 
illustrated. Just as in any mechanical 
instruments, AFM may be used to manipulate 
atoms and molecules at surfaces.




