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Introduction to STM and AFM

Lecture 12
Relation between Tunneling and Chemical Bond

Simultaneous measurement of tunneling 
conductance and interaction force 

(a) Force measured by the deflection of the cantilever.

(b) Tunneling conductance measured by the pico-ammeter.

(c) At low bias voltages, the tunneling current is proportional to bias.

Basic concepts in the relation between tunneling 
conductance and interaction force (1)

• When the configuration of a tunneling junction is fixed, the 
interaction energy (or force) is fixed. 

• When the configuration of a tunneling junction is fixed, the 
tunneling conductance (or resistance) is fixed. 

• By changing the configuration of a tunneling junction, both 
interaction energy and tunneling conductance will change. 

• Tunneling current is not directly related to interaction energy: 
it is proportional to bias voltage.

• By changing the sign of the bias, the sign of tunneling current 
changes. But the interaction energy remain unchanged. 

Basic concepts in the relation between tunneling 
conductance and interaction force (2)

• Because tunneling conductance is proportional to the square 
of the tunneling matrix element, and the interaction energy 
equals the absolute value of tunneling matrix element, the 
tunneling conductance is proportional to the square of the 
interaction energy (or the interaction force).
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Physical meaning of the equation of equivalence
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If the density of states of one of the electrodes is low, the tunneling 
conductance is low.

By measuring the interaction energy and tunneling conductance 
simultaneously, the density of states of the electrodes can be determined.  

If the tunneling conductance follows an exponential law,

The interaction energy will also have an exponential dependence on z, 
but the decay length is doubled.   
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Experimental facts (1) 

In an early experiment of combined STM and AFM, it was discovered that 
the tunneling conductance decays one order of magnitude per 0.1 nm, and the 
force decays one order of magnitude per 0.2 nm. 



2

Experimental facts (2)

A recent simultaneous measurement of force and tunneling conductance: The 
subtraction of van der Waals force from the total force.

Experimental facts (3)

l

Experimentally it was found that the decay length of attractive chemical bond 
force is twice as large as the decay length of tunneling conductance. 

Experimental facts (4)

Another recent experiment of simultaneous measurement of force and 
tunneling conductance found that force decays much slower with distance 
than tunneling conductance. 

Experimental facts (5)

By plotting tunneling conductance (current) versus force squared, a good 
linear relation was found, and the density of states thus recovered agrees well 
with theoretical expectations. 

Experimental facts (6)

In the weak interaction regime, by decomposing the total force into van der Waals 
force and chemical bond force, the quadratic relation is again accurately recovered. 

Atom manipulation: diffusion activation 
energy and threshold conductance (1)

Condition of motion: the interaction energy between the tip and the atom is 
larger than the diffusion activation energy to climb over a ridge.
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Atom manipulation: diffusion activation 
energy and threshold conductance (2)

Computer-automated experiments showed that the threshold resistance to move an 
atom is very consistent: it is independent of the polarity and magnitude of the bias. 

Atom manipulation: diffusion activation 
energy and threshold conductance (3)


