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Definition of Parameters
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Photoemission of valence electrons
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Photoemission Process
Electrons are excited within the solid

Scatter on their way to the surface

Spicer, Phys. Rev. 112, 114 (1958)
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Photoemission Practical Aspects

Mg Kα1254
Al Kα 1487

He I  21.2
He II 40.8

At the Fermi level, EB = 0 and Ekin(max) = hν – Φanalyzer 
At the cut off, Ekin(min) = Φsample– Φanalyzer

Ekin(max) – Ekin(min) = hν – Φsample (negative sample bias forces electrons into analyzer)
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Example of Photoemission Measurement

Indium tin oxide is conductive resulting
In a Fermi level

HeI line from a discharge lamp provides
a highly accurate photon energy

3 V sample bias shifts low energy cut off
above analyzer work function

Width of spectrum measured at cut off 
points—not sharp due to finite analyzer 
resolution and room temp measurement

For conductive samples with poorly 
defined Fermi levels, measurements still 
possible by using the Fermi level from a 
gold sample in electrical contact

Adsorption changes work function

Park et al., APL 68, 2699 (1986)
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Silicon Surface States
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Si 2p Chemical Shifts with Oxidation

Himpsel et al.
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Work function and photocurrent dependence of 
InP surfaces with Cs coverage
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Y. Sun, Ph.D. Thesis, Stanford University, 2002
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Kelvin Probe Force Microscope
Conductive AFM tip, ac voltage applied to sample results in an oscillating 
electrostatic force between tip and sample.  Compensate force with a dc bias
that matches the contact potential difference (CPD) between tip and sample.  

Work function of cantilever is calibrated and then:

Φsample = Φcantilever + CPD

Analogous measurements can be performed with
conventional Kelvin probes at mm spatial resolutions.

Sadewasser, APL 80, 2979 (2002)
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Conclusions

Work functions of bare surfaces can be obtained with photoemission
to obtain fundamental properties

Work functions affected by surface contamination, overlayers etc.

Use surface analytical results to understand interfaces on an atomic
scale.

Photoemission has been used in thin multilayer systems to 
obtain band offsets using core levels for appropriate materials 
systems.

Scanning probe techniques can be used at both microscopic and 
Macroscopic levels.
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