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- Fundamental magnetic properties at the surface(or interface) depend on the local environment: 
The symmetry, number, types and distance of an atom's nearest-neighbors at the surface are different from 
its bulk.  Therefore, magnetic properties including the magnetic moment, Tc, anisotropy, and the 
magnetoelastic coupling may be different from their bulk values. 

Electron structure at surfaces
- Reduced coordination and reduced bonding at a surface  

lead to significant changes in electronic structure 
explainable for the unusual magnetic properties.

- Changes in magnetic moments (see Figs. 16. 1-2) 
Eight monolayers of Ni (001) on a Cu (001) substrate 
Calculated values: (cf. bulk moment = 0. 6 μB/Ni)

Interior interface layer: reduced moment due to
Bulk-like moment of central layers = 0.56 μB/Ni 
Surface layer moment   = 0.74 μB/Ni 

Seven-layer Fe (001) 
Calculated values: bulk-like moment = 2.25 μB/Fe, 

surface layer moment = 2.98 μB/Fe 
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Variation of magnetic moment calculated by 
layer in an 8 ML Ni/Co (001) film
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Electron structure at surfaces (continued)
- Changes in charge distribution(see Fig. 16.3) and spin density at a surface (see Fig. 16.4) at 

surface of seven-layer Fe(001) and Ni(001) films 

(4) Surface and Thin-Film Magnetism

Seven-layer Fe (001) Seven-layer Ni (001)

Show Fig. 16.4
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Surface Lattice Constant Relaxation
- A spacing normal to the surface is significantly smaller than in the interior. 
- The surface relaxation strain amount to several percent (see Fig. 16.5) 
- Most surfaces show negative (inward) relaxation. 

Relaxation is greater for lower-atom-density faces (see Fig. 16.6)
- While the electronic effects associated with a surface in metal
extends only to three or four atomic layers, exchange coupling can 
carry magnetic surface effects much farther into the interior.
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- Large biaxial, in-plane strains can occur in thin films due to differences in thermal expansion between a film   
and its substrates. 

- Very large mismatch strains for a single-crystal epitaxial film in the surface plane due to a lattice mismatch, 
also causing a perpendicular Poisson strain. 

- Below a critical thickness, the elastic energy per unit surface area (∝η2d/2, a lattice misfit η = (as - af)/as : as
and af are the film and substrate in-plane lattice constants, respectively) increases due to a lattice mismatch   
as film thickness d increases.

- Above the critical thickness, the equilibrium dislocation density increases. (see Fig. 16.7) 

Strain in Magnetic Thin Films
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- Strain vs Ni thickness in Cu/Ni/Cu sandwiches (see Fig. 16.8) 
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Strain in Magnetic Thin Films (continued)
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- Stabilization of metastable phases in thin films is possible as a result of epitaxial strains. 
- Examples : FCC Fe, FCC Co/ BCC Co at room temperature (see Fig. 16.19 in O’handley )

Metastable Phase

Show Fig. 16.9 
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- Measurement of the spin polarization of secondary electrons is a surface sensitive probe of magnetism 
because secondary electrons come from the outermost layer of the material.
- Valence electrons inside materials are characterized by a polarization P'

- Once the hot electrons, created by the probe and emitted from the solid by overcoming the surface barrier, it is 
called a secondary electron. The electrons emitted from a ferromagnet may be characterized by a polarization, P
= (N↑ - N↓)/(N↑ + N↓), where N↑ and N↓ represent the number of spin-up and spin-down electrons in the emitted 
beam.

- Since P' ∝ P, the polarization of the emitted electrons can indicate valence electron polarization. 
However, usually P > P' and thus measurement of the spin polarization of the secondary electrons require a scattering   
experiment making use of spin-dependent scattering based on exchange or spin-orbit interactions. 

Examples : photoemitted electrons, Field-emitted electrons, Auger electrons

Secondary Electron Spin Polarization
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Iron Films : Surface anisotropy constant Ks
is much larger than the bulk cubic anisotropy K1
(see Figs. 16.12-13) 

Surface Magnetic Anisotropy
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Cobalt Films : Experimental evidence (see Fig. 16.14-15) 
Perpendicular magnetic anisotropy arising from an interface effect

Surface Magnetic Anisotropy
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Polycrystalline multilayers of FCC [Co/Pd]n
grown on GaAs substrates in an MBE chamber
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Magnetoelastic Coupling in Thin Films
Magnetoelastic coupling constant can also deviate from bulk values. (see Fig. 16.18) 
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SEMPA (Scanning electron microscopy 
with (spin) polarization analysis) (1982 yr) 

Analysis of the secondary electron spin 
polarization to construct a high-resolution 
image of the surface magnetization, 

MFM (Magnetic Force Microscopy) 
(see Fig. 16.19, 16.21), (1987 yr) 

Comparison (see Table 16.2) 

Magnetic Domains in Thin Films
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Observation of magnetic domain structures in thin films  
(see Figs. 16.22-23) 
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Show Fig. 16. 22



Seoul National UniversitySuperconductors and Magnetic Materials Lab.

Domain size versus film thickness (see Fig. 16.24-25) 
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Show Fig. 16.24
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Inhomogeneous Magnetization in Films

- Magnetization Variations Normal to the Film Surfaces (see Fig. 26-27) 

(4) Surface and Thin-Film Magnetism



Seoul National UniversitySuperconductors and Magnetic Materials Lab.

Inhomogeneous Magnetization in Films (continued)
- Magnetization Configurations with Two Perpendicular Anisotropy Surfaces (see Fig. 16.28-29) 
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Show Fig. 16.29
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Inhomogeneous Magnetization in Films (continued)
- Magnetization Variations in Film Plane : Ripple Domains (see Fig. 30) 

(4) Surface and Thin-Film Magnetism
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