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Repetition II

• Kristallographie / Oberflaechenkristallographie

• Bragg, Laue: Beugung am Kristallgitter

• XRD, surface XRD, LEED, RHEED

• Ewald Kugel / Konstruktion

• Wood Notation und 
Oberflaechenrekonstruktion (weitere Beispiele)

Repetition III

• What can we learn from Diffraction?
-- statistical average
-- lattice constants, size and structure of unit cell
-- position of atoms within cell (rocking curves, I/V)
-- spot profiles: defect structure
only RHEED: growth velocity
-- inelastic processes modify diffraction 

(phonons, plasmons)
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Oberflächenphysik

27/04/2010

Local Probes and Experiments I:

Scanning Tunneling Microscopy (STM)
Inelastic Tunneling and 

Scanning Tunneling Spectroscopy (STS)

Prof. Dr. Silvia Schintke & Prof. Dr. Thomas A. Jung 
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STM – local probe for surface science 

surface analysis @ nanoscale
- scanning probe methods (STM/AFM)

- working principle of STM
- tunnel current
- examples and image interpretation

- scanning tunneling spectroscopy (STS)
- local electronic structure  

surface modifications @ nanoscale
- manipulation of atoms or adsorbates
- nanoindentation

STM image: self-assembled 
molecular layer
Nanolab, Uni Basel

IBM

Asylum
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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

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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Scanning Tunneling Microscopy  

Brain

Arm

Hand

~1 mm

TOUCH

~ 0.1 nm = 1mm/10 000 000

Computer 
& control 
electronic Piezo 

Tip 
CURRENT

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

L.Ramoino, S.Schintke et al., to be published
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Image acquisition (constant current images)
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Piezo unit and tip displacement
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The first Scanning Tunneling Microscope

1981 development at 
IBM Rüschlikon, Switzerland

G. Binnig and H. Rohrer 
Nobelprize for physics 1986
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Quantum Mechanic Tunneling
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Tunneleffekt
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Tunnelstrom 
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STM
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Tunnel Current – simple approximation 

Sample 
CURRENT

Tip

+-

-e

Sample 
Tip

Tunnel 
Current

Tip

space for 
the sample 

STM - Nanolab Uni Basel

 Tip  Sample 

Energy 

EF 

EF

Evac

Evac

e-

- +
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Measurement modes: constant current vs constant height

at each position (x,y) 
record signal: 
tip displacement in 
z direction

at each position (x,y) 
record signal: 
tunnel current It 

z
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The « finger » and the « arm »

Animations: H. Hidber, University of Basel

x Y z

“Arm” = piezoelectric actuator

“Finger” = tip 

WPt-Ir

tip

surface

“One atom
wins !”

x Y z
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Piezo scan unit 

tripod scanner tube scanner

beetle type STM
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Tunnel Current in STM

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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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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STM Application 
for 
Surface Analysis
and  
Surface Material Science & Engineering
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Atomic resolution 
Metals

50 nm

I=0.5nA U=50mV 

1 nm
I=5nA  U=-70mV 

steps of monatomic height atomic resolution
(raw data on Ag(111))

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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Graphite: HOPG (highly oriented pyrolythic graphite)

graphite (HOPG) 
résolution atomique

5,9 nm x 5,9 nm 
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STM image raw data of HOPG

scan size: 4 nm

0.34nm

0.25nm 0.14nm

From the lattice model of graphite one
can see that there are two different
positions of the carbon atoms in the
graphite crystal lattice (see e.g. R.C. Tatar)

Atomic Resolution Images on HOPG

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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Semiconductors: Silicon
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Ultrathin insulators
MgO/Ag(001): Insulator at the limit

Ubias  ( V )
1.5 2.0 2.5 3.0

 1ML 

MgO
surfaceinterface

 2ML 

 

3ML 

ln
 (

d
I/d

U
)

S. Schintke et al., Insulator at the ultrathin limit: MgO on Ag(001), Phys. Rev. Lett. 87, 276801 (2001) 

S. Schintke and W.-D. Schneider, Insulators at the Ultrathin Limit: Electronic Structure studied by Scanning 
Tunneling Microscopy and Scanning Tunneling Spectroscopy, J. Phys.: Condens. Matter 16, R49-R81 (2004)

U
bias

( V )

-6 -5 -4 -3 -2 -1 0 1 2 3

EF

STS 1 MLMgO/Ag(001)

[100][010]

STM image at 3.0 V

1st layer MgO

2nd

0.21nm

3rd

0 50 100 150 200

lateral tip displacement (nm)

0.21nm4th

1st layer MgO

2nd

3rd

Scan Profile

20 nm
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Ultrathin insulators: NaCl layers

NaCl on Ag(001)
14.5 nm × 14.5 nm 
U = 1.24 V, 40 pA a0 = 5.65 Å

NaCl on Ag(111) 
1.25 m x 1.25 m

atomic resolution: one
type of the ions is imaged

NaCl on Ag(111)   200 nm x 200 nm
U = 4.0 V, I = 15 pA

Ag
2

1

3

NaCl on Cu(111)
5 nm × 5 nm 
U = -1.5 V, 50 pA 
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1.25 × 1.25 µm, U = -0.25 V, I = 49 pA

CuOEP Self-Assembly on Salt

CuOEP on NaCl/Ag(111)

150 × 150 nm
U = -0.34 V, I = 57 pA

70 × 70 nm
U = -0.34 V, I = 57 pA

150 × 150 nm, U = -0.34 V, I = 57 pA 70 × 70 nm, U = -0.34 V, I = 57 pA15 × 15 nm, U = -0.25 V, I = 81 pA
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Towards Molecular Electronics

Metal

Metal

Insulator
Molecules

Himpsel, Jung et al. MRS Bulletin 24 (8) 1999 Infineon: carbon nanotube FET 

Carbon Nanotube
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Oxygen on Ag(001): 
molecular superstructures; far- ranged dissociation

Atoms

Atoms:

S. Schintke, S. Messerli et al., J. Chem. Phys. 114, 4206 (2001)

Molecules:

S. Messerli, S. Schintke et al., Chem. Phys. Lett. 328, 330 (2000). 
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Oxygen/Ag(001)
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Self-intermixed monolayer

SubPc C60

Scan range 17nm x 25nm. Vbias=1.3V, It=20pA.Scan range 4.3nm x 3.2nm. Vbias=1.3V, It=20pA.

M. de Wild et al., ChemPhysChem 10, 181 (2002)
M. de Wild et al., Chimia 10, 56 (2002)
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Further STM images from research

[100]
[010]

20 nm

www.nccr-nano.ch (Uni Basel)
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2. STM beyond imaging

- STM a tool for nanofabrication: 

Adsorbate  manipulation

- STM a local spectroscopy tool:  

Scanning Tunneling Spectroscopy (STS)

Inelastic Tunneling Spectroscopy  (IETS)

Local Photonemission spectroscopy  

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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« Nanotool »: STM-Tip
Materials: Tungsten (W), Iridium (Ir), Platinum-Iridium (Pt-Ir), Gold (Au),… 

e.g. cut or electrochemically etched

Pt-Ir-tip

W-tip

tip

surface

“One atom wins !”

Scanning electron micrographe of an STM tip
(Hamann, Hietschold, Rastertunnelmikroskopie)

Matterhorn (“tip”) Pingpong-ball (“atom”)
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Tip-sample interaction

Low-temperature manipulation of Ag atoms and clusters on a Ag(110) surface,
J.T. Li, W.-D.Schneider, and R. Berndt, Appl. Phys. A, 66, 575 (1998).  
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Tip-sample interaction

Ag adatom motion along [1-10] rows

Diagonal Ag adatom motion along 

[1-11] direction (atom exchange)

Low-temperature manipulation of Ag atoms and clusters on a Ag(110) surface,
J.T. Li, W.-D.Schneider, and R. Berndt, Appl. Phys. A, 66, 575 (1998).  
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Adsorbate manipulation by STM
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Déplacer des atomes ou molécules

Animations: H. Hidber, Université de Bâle
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Quantum Corral

IBM

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

Reversible 2D Phase Transition controlled by the STM tip

nucleation

sublimation
(negative sample
bias U = -1.2 V)

I=10pA, U=1.2V90x90nm, I=10pA, U=1.2V

Controlled phase transition 2D fluid <=> 2D solid
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STS (scanning tunneling spectroscopy) 
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Inelastic Tunneling Spectroscopy
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Chemical contrast in an alloy
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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).
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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.

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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1 m

Come an 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


