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Lecture 03

Quantum Tunneling

The STM – basic idea

Suggested Reading: 

• G. Binnig, H. Rohrer, Ch. Gerber, E. Weibel, “Tunneling 
through a controllable vacuum gap”, Appl. Phys. Lett. 40, 178 
(1982).

• G. Binnig, H. Rohrer, Ch. Gerber, E. Weibel, Surface studies 
by scanning tunneling microscopy” Phys. Rev. Lett. 49, 57 
(1982).

• P.K. Hansma and J. Tersoff, “Scanning tunneling microscopy”, 
J. Appl. Phys. 61, R1 (1987).



Require a proximal probe (a sharp tip) 
to locally  interrogate the surface of a 

bulk material 

Critical Realization (circa 1980)
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The Classical Picture
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Physics of Field Emission (~1925)
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electron does 
not change!



What happens if the distance 
between the two  metals is reduced?

d≈1 nm

tip substrate

vacuum 
gapReal 

Space

Energy 
Diagram φ

FE



The electron wavefunctions for a square barrier 
can be analytically solved
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Transmitted current:
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http://phet.colorado.edu/simulations/sims.php?sim=Quantum_
Tunneling_and_Wave_Packets



http://hyperphysics.phy-astr.gsu.edu/Hbase/quantum/barr.html#c1

Useful 
summary of 

barrier 
penetration
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are now 
complicated 

(and unknown)!

In real life, it’s always more complicated

What to do??

 



Use insights gained from square barrier problem

Write wavefunction in forbidden region as:
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φ
FEe∆V

To make current flow, apply bias voltage ∆V
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Useful to define the Local Density of States (LDOS):
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and at a GIVEN energy E



The LDOS has a few nice features:

• It is independent of the volume of metal

• It is a number (for given z & E) that 
reflects the energy band structure of metal

• It can be used to obtain an expression for 
the current that flows
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LDOS Calculations

contours of constant 
charge density 

(proportional to  LDOS)

7-layer slab
Vacuum

Vacuum

LDOS



tungsten

copper



2z
W-5d symmetry

W-5d symmetryxz
2 2W-5d symmetry

x y−

Total:

W electron configuration: 1s2, 2s2, 2p6, 3s2, 3p6, 3d10, 4f14, 5s2, 5p6, 5d4, 6s2

5d: n=5,l=2,m=0,±1,±2



Element Al Au Cu Ir Ni Pt Si W
Φ(in eV) 4.1 5.4 4.6 5.6 5.2 5.7 4.8 4.9

α (nm-1) 10.3 11.9 10.9 12.1 11.6 12.2 11.2 11.2

Typical values
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Table from C. Julian Chen, Introduction to Scanning Tunneling Microscopy,  2nd Edition (Oxford University Press, Oxford) 2008.
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Use the tunnel current as 
a height monitor!



I(x,y) = e∆Vρ(z=0.6 nm,x,y;EF)

X
Y

Z

~0.6 nm

Since gap is tunable, maintain constant current by continuously 
adjusting tip height.                                              

If tip scanned in controllable way - a microscope!

The Scanning Tunneling Microscope



tip path 
constant

current 
constant

A z-height Microscope!



Extra stuff
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