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Wiederholung Diffusion

• kT (Arrhenius)
 Random Walk / Lattice Gas / ‘on site’

• Fick’s laws

• Diffusion affected by cooperativity

• Atomistic Mechanisms

• Elektromigration / Stark Effect
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Repetition PEEM / LEEM

• Magnetic domains

• Slow electrons (surface/interface sensitivity)

• PEEM with soft X-rays as source (XMCD image)

• Polarized X-ray source

• PEEM with slow electrons as source

• Research example nanocrystals
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Repetition XAS, NEXAFS, XMCD 

• Near Edge X-ray Absorption Fine Structure

• reflects density of unoccupied states

• Absorption processes and decay (soft X-rays)

• Sampling depths (total electron yield, secondary, 
Auger, Fluorescence)

• Multiplet structure (chemical, electronic sensitivity) 

• XMCD (sum rules) 

• XMLD

• Magnetism (spin and orbital moment, 
magnetocrystalline anisotropy)
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‘Physical’ Self Assembly of e.g. Nanowires

F. Himpsel, Th. Jung et al. 

MRS Bulletin 24, 20--24 (1999).
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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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• Miniaturization / Technology
• Study of material properties at small dimensions 

=> research on ultrathin insulator layers & organic molecules 
(building blocks for devices)

• applications
– OLED displays (Organic Light Emitting Diode)
– future molecular electronics
– catalysts
– …

• fundamental interest
– electronic structure
– molecular interactions
– chemical reactivities
– …

Nanotools for surface analysis and modifications 

Motivation
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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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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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Atomic Force Microscope (AFM)

Detector
Laser

Cantilever

Brain

Arm 

Hand 

~1 mm

TOUCH

1 micrometer

50 micrometer
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Image acquisition (constant current images)
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Piezo unit and tip displacement

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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History of Scanning Tunneling Microscopy
• 1979-1981 Development at IBM Zürich

G. Binnig, H. Rohrer, Ch. Gerber, E. Weibel, 
Appl. Phys. Lett 40 (1982), Phys. Rev. Lett. 49, 57 (1982)

• 1986 Nobel prize of Physics for Gerd Binnig and Heinrich Rohrer

The soccer ball team of the IBM research lab; 15 October 1986 
C. Julian Chen: Introduction to Scanning Tunneling Microscopy; 
Original photo: Blick

Rohrer Binnig
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The first Scanning Tunneling Microscope

1981 development at 
IBM Rüschlikon, Switzerland

G. Binnig and H. Rohrer 
Nobelprize for physics 1986

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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The « Nanolab » at the University of Basel

Tip

space for 
the sample 

STM - Nanolab Uni Basel
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Les composants principaux d’un STM

Cerveau

Bras 

Main

~1 mm

TOUCHER

~ 0.1 nm = 1mm/10 000 000

Ordinateur

Piézo 

Pointe 
COURENT

Composants principaux:

Main: sonde locale => pointe métallique, fine

Bras: balayage => actuateur piézoelectrique

Cerveau: régulation & enrégistrement => électronique de régulation & ordinateur 

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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Quantum Mechanic Tunneling
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Tunneleffekt
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Tunnelstrom 

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

- +

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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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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La « main » et le « bras »

Animations: H. Hidber, Université de Bâle

x Y z

“Bras” = actuateur piézoélectrique

“Main” = pointe 

WPt-Ir

pointe

surface

“Un atome 
gagne !”
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E-field modifies 
X-tal structure 
and elongation

The Piezo Scanner

Piezo-Cristal

DC voltage
-220 to +220 V

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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The Piezo Scanner

Piezo-Cristal

DC voltage
-220 to +220 V

contracted !
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The Piezo Scanner

Piezo-Cristal
Das elektrische 
Feld verändert 
die Länge des 
Piezo-Kristalls.

DC voltage
-220 to +220 V+220 Volt

extended !

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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XYZ – scan unit

Precision: 1 pm 

‘precision at your fingertips’
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Piezo scan unit 

tripod scanner tube scanner

beetle type STM

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

Principe d’un microscope à effet tunnel

Animation: IBM



15

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

Advantages of UHV and low temperature

Reinheit der Probenoberflächen

Schwingungsdämpfung

Stabilität atomarer Strukturen

 

Präparation der Kristalloberfläche und Messung 
im Ultrahochvakuum (UHV) (p<10  mbar) 

- STM auf pneumatisch gelagertem massiven Rahmen
- STM Mess-Station mit Faltenbalg schwingungsisoliert 
- Schallschutzkammer um Gesamtanlage während der Messungen

Messung bei Tieftemperatur 
=> reduzierte Beweglichkeit von Atomen und Molekülen auf der Oberfläche
T=50K (fester Stickstoff)
T=5K (flüssiges Helium)

-10
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Tunnel Current 

Sample 
CURRENT

Tip

+-

-e

Sample 
Tip

Tunnel 
Current

 Tip  Sample 

Energy 

EF

EF

Evac

Evac

e-

- +

Tip

space for 
the sample 

STM - Nanolab Uni Basel
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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

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

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

graphite (HOPG) 
résolution atomique

5,9 nm x 5,9 nm 

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

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
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Semiconductors: Silicon

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

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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NaCl/metal Atomic Resolution

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

Average
3.4 × 3.4 nm

a0 = 5.65 Å
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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

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

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

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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Further STM images from research

[100]
[010]

20 nm

www.nccr-nano.ch (Uni Basel)
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Artefact: Double Tip Effect

tip

sample

Nanosurf AG - Smart Instruments for Nanoscience & Nanotechnology© 2006 Nanosurf AG 

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

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

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).  

© Prof. Dr. S. Schintke, HEIG-VD & Prof. Dr. T.A. Jung, PSI, 27/04/2010
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Adsorbate manipulation by STM
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Déplacer des atomes ou molécules

Animations: H. Hidber, Université de Bâle

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

IBM
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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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