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Lecture 05

Some Topics in  STM

• Scanning Tunneling Spectroscopy (STS)

• Current Imaging Tunneling Spectroscopy (CITS)

• Apparent barrier height

• Force on the tip

• Atomic Corrugation  

• Quantum Corrals
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ability at energy E for an applied voltage V

What determines number of electrons that flow 
per unit time for an applied V?

Apply -V to tip

eV

tip substrate

EF
empty 
states

filled 
states

LDOS

1sec
NeI

−

=



Fermi-Dirac Distribution
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A few reasonable assumptions:

• kBT at room temperature is 0.025 eV

• for voltage increments ΔV >  ~2 kBT/e, f(E) is well 
approximated by a step function

• assume tip DOS does not change appreciably with 
energy
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Measure I(V) at each point:
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Making it work
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from Omicron web site

Key Idea:  Acquire 
an (x,y) image at 
different voltages. 
Useful to visualize 
filled and unfilled 

states at each (x,y) 
point

Example



Measuring the apparent tunnel barrier height
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The Force on the Tip Atom?
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collective tip-
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+       atom-
atom 
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Frestore = -kzspring constant, k
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Cantilever Physics -
static model
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see Cross et al., Phys. Rev. Lett. 80, 4685 (1998).
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How to measure?
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from Intro to Scanning Tunneling Microscopy, C. Julian Chen (Oxford Press, Oxford - 2003), pg. 228 

Au substrate

W tip

Junction Stability 
Nanomechanical Effects



Atomic Corrugation – How High is an Atom?

40 mV, 10 nA



Heinze et al., Phys. Rev. B58, 16432 (1998). 

Corrugation/Voltage Graph



Heinze et al., Phys. Rev. B58, 16432 (1998). 

Corrugation Amplitude/Distance 
Graph



Quantum Corrals

• Confine electrons inside artificial structures
• Requires atomically flat metallic substrates
• Requires the presence of surface electron states
• Construct 2D atomic  “fence” of electron scattering centers
• New way of guiding information through a solid
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from Fiete and Heller, Rev. Mod. Phys. 75, 933 (2003)

Elliptical Shapes are Special



Manoharan, Lutz and Eigler, Nature, 3 February 2000

36 cobalt atoms forming an elliptical 
structure on Cu(111) substrate



Fiete and Heller, Rev. Mod. Phys. 75, 933 (2003)

Topography

DOS 
(dI/dV)

Theory Experiment



Quantum Corral 
Simulation

http://mw.concord.org/modeler1.3/mirror/quantum/corral.html

See also Prof. E.J. Heller’s lecture at
https://nanohub.org/resources/3253/



To do STM well, you need

i) high quality, FLAT, well characterized, electrically 
conducting substrates;

ii) UHV and Low Temperature equipment; 

iii) lots of time and money; 

iv) infrastructure, infrastructure, infrastructure;

and

i) good theoretical support.

SUMMARY
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