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• Ferroelectric nanostructures – underlying physics 
• Explain experimentally observed quadrant features in 

TEM images1, and why they could differ from PFM 
(Piezoresponse Force Microscopy) images. 

• Applications: next generation ferroelectric devices 
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  Free Standing Nanostructures 4 

• Devonshire-Ginzburg-Landau energy for polarizations 
• Real Space approach: key to modeling nanostructures, 

boundary conditions, free surfaces 
• Finite difference, explicit time stepping for polarization 

evolution, electrostatic and elastic fields 3 

• 3D, parallel code 4 

  Free Energy 

  Maxwell Equation 

  Piezoresponse Force Microscopy (PFM) vs TEM 

  Equation of Motion 

PFM images show flux closure domain patterns 2 

(can be explained by depolarizing field) 

  Mechanical Equilibrium 3,4 

  Possible Configurations – TEM Quadrant Patterns 

  Is Electron Beam Charging Responsible? 

  Radial Electric Fields Create Quadrant Domain Patterns 2 

But TEM images show quadrant domain patterns 2 
(mechanism not fully understood) 

Li and Bonnell, Annu Rev 
Mater Res, 2008 

Only flux closure observed – this does not explain quadrant patterns 

Radial electric fields due 
to uniform charge 

  Conclusion 

Flux closure domains 
form due to 

depolarizing fields 

• Differences between PFM and TEM images 

• Depolarizing fields lead to flux closure in PFM 
imaging 

• Electron beam charging leads to quadrant 
patterns with radial polarizations in TEM 
imaging 
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