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Field ion microscope

M. K. Miller et al. 
(Oakridge National Laboratory)

Ni7Zr2 tip

Henzler/Göpel: Oberflächenphysik 
des Festkörpers, Teubner

E. W. Müller, Z. F. Physik 156, 399 (1959)W tip
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Electron microscopy

Single molecules
(500 keV microscope)

Physik, Gerthsen et al (Springer 1992)
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Electron microscopy

Au nanobridge 
(TEM)

Y. Kondo et al., Phys. Rev. Lett. 79, 3455 (1997)

Au nanobridge 
(TEM)
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STM

STM concept

B. Bleaney, Contemp. Phys. 25, 320 (1984)



Φ
=

m
k

2I ~ U . e –2kd

VL „Materials Characterization III„
WS 2019/20, L. Grill (Uni Graz)



Electron tunneling

G. Binnig et al., Appl. Phys. Lett. 40, 178 (1982)

G. Binnig et al., Phys. Rev. Lett. 49, 57 (1982)
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STM
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„Chemical contrast“

Different atomic/molecular species
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Point contact

R. Berndt, Phys. Rev. Lett. 94, 126102 (2005)

G. Binnig et al., Appl. Phys. Lett. 40, 178 (1982)
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Feedback loop

Cu(111)

crystalline island

molecular island 37 x 33 nm2
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Spectroscopy

)cos(mod tUUo ω⋅+

...)(cos)()cos()( 22
mod2

2

mod +⋅⋅+⋅⋅+= tU
dU

UIdtU
dU

UdIII oo
o ωω

lock-in signal ))2cos(1(2
1 tω+

)( eUED
dV
dI

Fs +≈

VL „Materials Characterization III„
WS 2019/20, L. Grill (Uni Graz)



...)(cos)()cos()( 22
mod2

2

mod +⋅⋅+⋅⋅+= tU
dU

UIdtU
dU

UdIII oo
o ωω

W. Ho, J. Chem. Phys. 117, 11033 (2002)
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Acetylene (C2H2) molecules on Cu(100)

double 
frequency

Vibrational Spectroscopy – chemical identification
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The role of the temperature: Required cooling

DC (decacyclene)

DC on Cu(110)
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room temperature T = 96 K

low coverage < 1 ML high coverage (1 ML)

M. Schunack et al., J. Chem. Phys. 117, 8493 (2002)

close-packed direction
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© F. Esch (TU München)

Fullerene C60 on the gold surface Au(111)
Imaging at room temperature (real time)
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Atomic force microscopy (AFM)

tip sticks in the surface and snaps back
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L. Gross, F. Mohn, N. Moll, P. Liljeroth, and G. Meyer, Science 325, 1110 (2009)

see F. J. Giessibl, Rev. Mod. Phys. 75, 949 (2003)

Tuning fork atomic force microscope (AFM)
Measurement

∆f is caused by forces
between tip and sample
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Kuzmany: Solid-State Spectroscopy, Springer

IR Spektroskopie
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Lexikon der Optik (spektrum.de)

Raman Spektroskopie
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Demtröder: Experimentalphysik 3, Springer Kuzmany: Solid-State Spectroscopy, Springer

Raman Spektroskopie
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Auger Electron Spectroscopy (AES)

Surface Analysis – The Principal Techniques, Wiley (2009)

Briggs/Seah, Practical Surface Analysis Vol.1 (Wiley)
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AES

Handbook of Auger Electron Spectroscopy (1978)

Briggs/Seah, Practical Surface Analysis Vol.1 (Wiley)
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Atom. Data Nucl. Data Tables 20, 311 (1977)

Electron binding energies (in eV)
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Auger chemical fine structure

Briggs/Seah, Practical Surface Analysis Vol.1 (Wiley)

Surface Analysis – The Principal Techniques, Wiley (2009)
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Scanning Auger Microscopy (SAM)

Ag clusters on a Si surface

Alberta Centre for Surface Engineering and Science (ACSES) VL „Materials Characterization III„
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Photoemissionsspektroskopie
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G. A. Somorjai, Chemistry in two dimensions: Surfaces

Elektronenweglänge in Festkörpern: „Universal curve“
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K. Siegbahn, J. El. Spectr. Rel. Phen. 5, 3 (1974)

Photoemissionsspektroskopie
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Photoemissionsspektroskopie

Henzler/Göpel: Oberflächenphysik des Festkörpers, Teubner

VL „Materials Characterization III„
WS 2019/20, L. Grill (Uni Graz)



Ertl/Küppers, Low energy electrons and surface chemistry, VCH

Photoemissionsspektroskopie

Briggs/Seah, Practical Surface Analysis Vol.1 (Wiley)
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Angle dependence

Si sample covered with an oxide layer
Si 2p for different emission angles

Si peak of the oxide at 103 eV changes…

Physical Electronics, Inc. (PHI)

Fitting

R. Sporken et al.

Au on GaN (Au 4f peaks)
Increasing Au coverage (from a to d)
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Depth profiling Sputtering during AES analysis

Briggs/Seah, Practical Surface Analysis, Wiley

(30 nm layer)
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EELS

P. Hofmann (Univ. Aarhus)

Henzler/Göpel: Oberflächenphysik des Festkörpers, Teubner

H on W(100)

Different geometries
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Source: Spektroskopische Methoden in der organischen Chemie, Hesse/Meier/Zeeh
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Source: Spektroskopische Methoden in der organischen Chemie, Hesse/Meier/Zeeh
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Source: Spektroskopische Methoden in der organischen Chemie, Hesse/Meier/Zeeh
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Source: Modern Techniques of Surface Science, 
2nd edition
Woodruff & Delchar
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