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Thin Films

• Motivation
• Crystal growth
• Preparation techniques
• Characterization
• Examples and properties
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Motivation
Thin film research is interesting 

for:
• Physics:

– New materials (not or hard to make in bulk)
– New effects (QHE, CMR, TMR)
– Low dimensional systems                theory

• Industry 
– Less material / Less power consumption 

(CPU´s)
– New technologies (TFT, CPU´s, D-RAM)
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Crystal growth 

1. Adsorption
2. Surface

migration
3. Incorporation
4. Desorption 

Impinging 
material (element, 
energy, 
deposition rate)Surface

diffusion adsorption

Bulk 

diffusion

desorption

Substrate

(element,

temperature)

• Substrate
• Temperature
• Growth rate
• UHV
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Growth modes
1. Layer by layer (Frank Van Der Merve)
2. Islands (Volmer Weber)
3. Layer plus island (Stranski

Krastanov)
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Techniques

• Spin Coating
• Chemical Vapour Deposition (CVD)
• Sputter Deposition
• Pulsed Laser Deposition (PLD)
• Molecular Beam Epitaxy (MBE)
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Spin coater

• Thickness depends on:
– Spinning velocity, 

acceleration
– Concentration
– Viscosity, surface tension

• Typical speed 3000 rpm
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CVD Chemical vapour deposition

SrTio3 in SiO2.

width 150 nm 
1:6
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Sputter deposition
• Accelerated ions strike target:       

bulk material (billiard ball modell)=> 
ejection

• Sputter yield ~ f (E, m, angle)
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PLD Pulsed Laser Deposition
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MBE Molecular Beam Epitaxy
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Characterization

• Structure/Orientation/Superstructure
– RHEED (Reflection High Energy Electron 

Diffraction )
– LEED (Low Energy Electron Diffraction)

• Electronic Structure
– XPS (X-ray Photoelectron Spectroscopy)
– XAS (X-ray Absorption Spectroscopy)

• Magnetic Properties
– MOKE (Magneto-Optic Kerr Effect)
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RHEED 

• Grazing angle
• (10-50 keV)
• => strong forward 

elastic scattering

LEED
• Normal incidence
• (10-1000 eV)
• High atomic 

scattering cross 
section

=> surface sensitivity
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RHEED LEED

250 nm Ag on MgO (001)
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RHEED Oscillations

Intensity ~ 
coverage
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XPS X-ray Photoelectron
Spectroscopy
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XPS • Characteristic 
binding energies 
identify chemical 
composition

• Strong e-e
interaction => 
small probing 
depth.
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XAS X-ray Absorption Spectroscopy

• Absorption is 
energy (300 to 
3500 eV) 
dependent

• Site and 
symmetry  
selective 

• Dipole selection 
rule
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MOKE Magneto-optic Kerr effect
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EuO properties
• Ferromagnetic 

semiconductor 
(TC=69K)

• NaCl - Structure 
(a=5.14Å)

• Band gap = 1.2 eV
• CMR, large magneto-

optic effects
• Huge MIT

PRB 8, 2299 (1973)
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• EuO as thin film?
– Preparation as bulk crystal needs high 

temperatures
– Difficult to make stoichiometric

EuO

EuO1-x                                                               Eu2O3

=> Thin films => distillation method

P. Steeneken, PhD thesis
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Distillation method
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Tc  Tuning
• Doping
• Oxygen 

deficiency
• Pressure

PRB 73, 094407 (2006)
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Dimensional Crossover

Ni(111) on W(110)
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Dimensional Crossover

Ni(111) on W(110)
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Spinorientation transition

Magnetization of 
Au/Co(001)/Au(111) at T= 10K

Keff x dco (mJ/m2)

dCo(A)

Magnetic anisotropy

Keff= Kv + 2Ks /dCo

Keff .dCo= Kv .dCo + 2Ks

Co/Pd
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Summary

• Different preparation methods
• New materials , new effects 
• Surface physics àààà multilayer
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Lattice mismatch
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RHEED Oscillations
Intensity ~ coverage

Intensity decrease due to 
multilayer statistic 
averaging
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MOKE Magneto-optic Kerr effect

The Kerr effect manifests itself in 

the change of

- polarization (polar and    

longitudinal effect) 

- intensity (transverse effect) 

of polarized light when reflected 

from the surface of a magnetized 

medium.

longitudinal
polar

transverse
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XAS X-ray Absorption Spectroscopy

• Absorption is energy (300 to 
3500 eV) dependent

• Symmetry and site selective 

• Dipole selection rule
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RHEED LEED

250 nm Ag on MgO (001)
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XPS
• Probing depth mean 

free path dependent. 

• statistic distribution of 
inelastic scattered 
electrons.


