
Repetition Scanning Tunneling Microscopy

• STM Abbildung als gefaltete Zustaende von Spitze
Probe und Transferfunktion

• STM zum Studium der Diffusion (vgl. FIM )
• STM Manipulationsmoden

Weiter: 

• Wie lernen wir etwas aus den STM / STS Daten? 

• Daten fuer Exkursion? 
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Microscopes
For the visualisation of millimeter to nanometer structures

Light Microscope Electron Microscope
(SEM)

Scanning Probe Microscope
(SPM)

since about 1750 since about 1955 since about 1981

geometric optics
resolution about 500 nm
Light-Intensity contrast

e-beam raster-scan
resolution 5 nm
secondary electron counting
projection image

Local probe piezo-scan
resolution 0.1 nm
3D map of surface

~1 nm = 1mm/1000000

Piézo

Pointe

Ordinateur

COURANT
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Oberflaechensensitivitaet / Aufloesung: 

Fernfeld
• Aufloesung durch de 

Broglie begrenzt
• Elektronen

10eV ~ 3.9 A
1keV ~ 0.39 A
10keV ~ 0.12 A

• Ionen / Atome (Bsp C)
0.083 A / SQRT(E(eV))

• Photonen
hc / E

rot 622 – 780 nm
blau 455 – 492 nm
violett 390 – 455 nm
UV 30A – 0.3 mju
X < 30A

Nahfeld
• Aufloesung nicht

Wellenlaengenbegrenzt
• Haengt vom Abbildungs-

mechanismus ab
• Bsp: Evaneszentes Feld

~ ik
 exponentieller Abfall



Source: http://www.ieap.uni-kiel.de/surface/ag-kipp/stm/stm.htm

Scanning Tunneling Current

Bardeen approximation PRL 6, 57 (1961)
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Scanning Tunneling Microscopy

Tunneling current:      Itunnel ~  U ρt ρs(x,y) e-const d        (Tersoff and Hamann)

tip sample

=> sensitivity to local electronic structure of the sample

U



Chemical Sensitivity in STM: 
surface states vs image states

Image State Contrast >>> Surface State Contrast

T. Jung et al. Phys. Rev. Lett. 74, 1641 (1995) 



Stufenzustaende und Oberflaechenzustaende
auf W(331)





Chemical Sensitivity in STM: 
surface states vs image states

Periodic Contrast Change in Ugap: Image Resonant 
Enhancement !

T. Jung et al. Phys. Rev. Lett. 74, 1641 (1995) 



Bildladungspotential ueber leitender Oberflaeche

a) idealer Leiter
b) hohe Stufendichte
c) Potentialverschiebung im STM
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Chemical imaging of insulators by STM
J. Viernow et al., Phys Rev. B 59 (1999) 10356

Scientific Background: Chemical Imaging

CaF1 / CaF2 nanowires CaF2 on  Si(111)
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Inelastic Tunneling Spectroscopy
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Chemical contrast in an alloy



S. Schintke, Seminar @ MIT,  April  2006 

CuOEP molecules on metal and NaCl/metal

CuOEP on Cu(111)
(averaged image)
3.0 nm × 3.0 nm, U = -0.55 V, I = 24 pA

CuOEP on 
Pd(111) and on NaCl/Pd(111)
15.0 nm × 15.0 nm, U = -1.9 V 

•• on Pd(111) no on Pd(111) no assemblyassembly of of CuOEPCuOEP
=> => strongerstronger moleculemolecule--metalmetal substratesubstrate interactioninteraction thanthan on Cu(111) on Cu(111) 

•• stablestable adsorptionadsorption of of individualindividual moleculesmolecules on on NaClNaCl

•• smallersmaller broadeningbroadening of of electronicelectronic statesstates on on NaClNaCl thanthan on metal on metal 
=> => reducedreduced moleculemolecule--substratesubstrate interactioninteraction !!
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Bias dependence: CuOEP on NaCl/Pd(111)
S. Schintke et al. submitted (2007)

--1.9 V1.9 V --1.7 V 1.7 V --1.5 V1.5 V --1.3 V1.3 V --1.9 V1.9 V

15 x 15 nm

•• Small Small broadeningbroadening of of thethe HOMO on HOMO on NaClNaCl

=> => confirmingconfirming decouplingdecoupling fromfrom metalmetal

•• CuOEPCuOEP on Pd(111): on Pd(111): eighteight lobe lobe structurestructure

=> HOMO => HOMO levellevel broadeningbroadening

HOMOHOMO
LUMOLUMO

STS/UPS    DFTSTS/UPS    DFT

E



Resonant tunneling via HOMO states
 eight lobe structure

side groups imaged in STM although
HOMO belongs to the porphine ring! 

Isolated molecule on ultrathin insulator
CuOEP on NaCl/Pd(111)
S. Schintke et al. submitted (2007)

--1.9 V 1.9 V 
(HOMO)(HOMO)

Compare: simulated STM images
=> adsorption geometry: 
porphine ring towards substrate
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Scanning Tunneling Microscopy

Tunneling current:      Itunnel ~  U ρt ρs(x,y) e-const d        (Tersoff and Hamann)

tip sample

=> sensitivity to local electronic structure of the sample

U
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• Identification of the molecular
electronic states

• Probing the LDOS by STS on metal 
and on insulator

• Probing the DOS by UPS on metal 
and on insulator

• Investigation of the advancement of 
electronic (de)coupling by increasing
insulator thickness

• Discussion of the molecule-surface
interaction

• Close collaboration with theory

Molecular Electronics normal to the surface

HOMOHOMO

LUMOLUMO

EE
MoleculeMolecule
(Gas (Gas phasephase))

MoleculeMolecule
on metalon metal

MoleculeMolecule
on on insulatorinsulator

STS/UPSSTS/UPS STS/UPSSTS/UPS DFTDFT
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Surface state scattering
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Quantum corral
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2D bandstructure

Detection of confined states in a porous supramolecula network

STS is a powerful tool to probe the local electronic density of states (LDOS) of a 
quantum entity. 

STS performed inside the hexagonal DPDI pores shows, in the corresponding 
dI/dV curve, a confined electronic state at -0.22V (black curve).

No peak is seen on the metal surface for the same voltage (red curve).

J.Lobo-Checa et al, Science, 325,300 (2009).



© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
Nanolab, Uni Basel 

2D bandstructure (STS+ARPES)

ARPES is a surface analytical technique that helps us to identify the binding energy of 
the confined electrons with respect to their momentum.

The red dotted line in fig c shows the E(k) relation of the free surface electrons and the 
black line (first sub-band) corresponds to the first confined state.

The energy gap between the sub-bands is ~90 eV.
With increasing molecular coverage, the number of the confined states increases and 

the surface state forms a continuous band in 2D supramolecular structure.
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1 m

Come and study more: 
STM/STS - Nanolab Uni Basel 

• UHV 10-10 mbar
• in situ sample preparation and analysis
• multiple evaporation facilities
• STM (home-built RT, Omicron LT)
• XPS, UPS, AES, LEED
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