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Geometrical Frustration 

a) Frustration due 

to a defect
b) Geometrical 

frustration (out-of plane)

c) Geometrical frustration (in-

plane; 120o state)

• Frustration:  a competition between interactions such that not all of    

them can be satisfied (Red point in the figures)

• Geometrical frustration:  Intrinsic geometry of lattice structure 

causing frustration (eg. situations in (b) and (c))

3-D and 2-D Geometrical Frustration

(Melko. PRL 2001)

• The ground state requires each 

tetrahedron has 2 spins pointing out 

and 2 spins point in;  

• The interactions between nearest 

neighbors make the ground state 

macroscopically ’disorder’.

2-D triangle lattice

Kagome Lattice

Geometrical frustration by

triangular ferromagnetic islands: Kagome lattice

(Tsui-Kiu Li  2003)

Possible state of triangular 

ferromagnetic islands:

•Thin film shape anisotropy 

makes moment in plane;

•Different direction may be 

caused by magnetic field

Ferromagnetic islands: 

Kagome lattice

Fabrication with Colloid Monolayers

Self-assembly 

of polystyrene 

(PS) spheres 

on SiN

membrane

E-beam 

Evaporation and 

lift-off; triangle 

pattern is left on 

membrane 

]

]

1um1um

(a) SEM images of monolayer of PS 

spheres

(b) TEM image 

of Kagome 

lattice after lift-

off 
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Magnetic domain measurement using Lorentz TEM

Lorentz TEM: 

electron beam is 

deflected depending 

on the 

magnetization 

direction within 

different domains--

Lorentz Force: 

F = |e| (v ´ B)   

and

deflection angle:

θ = (e l B t )/ h
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Magnetic structures and Phase reconstruction

(a) Under focus image of NiFe film

(b) Over focus image of NiFe film

Phase 

angle

(c) Phase angle and 

magnetization vector 

reconstructed from (a) and (b)

•A 3-D example 
of spin-ice like 
geometrical 
frustration (eg. 
In Ho2Ti2O7): 

This project uses Lorentz-mode Transmission Electron Microscopy   

to study magnetic micro-domain structures. Particularly, we are 

interested in utilizing ferromagnetic Kagome lattices or other patterns 

to study ‘spin ice’ like geometrical frustration.  Geometrical frustration 

is a very common feature in condensed matter systems. In some 

cases, it can be so intense that it induces novel and complex 

phenomena.  

Progress: 

• Kagome lattices and other anti-dots pattern were 

fabricated;  

• We are able to use Lorentz TEM to observe magnetic 

domain structures and quantitatively interpret magnetic 

moment using phase reconstruction

• We are making progress in fabricating magnetic features 

at the nanoscale. Other measurements:
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