Ferroelastic Switching in PZT Thin Films: Phase-field Modeling

Zijian Hong, Jason Britson, Jia-Mian Hu, Long-Qing Chen

Department of Materials Science and Engineering, The Pennsylvania State University,
University Park, Pennsylvania 16802, USA

Switching under different strain and applied field

Piezoresponse force microscopy (PFM) [1] PFM tip induced 90° switching [2]
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s With increasing bias, elastic energy drops with the growth of a domains
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* Reductions in the elastic energy become smaller for the growth of additional a-domains

% The gradient energy increases dramatically as more and more domain walls are involved

(2) Coherency strain -0.3%
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*» We stabilize the a/c configuration as our initial domain _ _ _ o
* When switched at high bias, 90° switching is

+ The a domain tilts 45 degree with the ¢ domain observed along with local 180" switching R -

(3) 90° domain wall influence

* The bias for 90 degree switching is decreased compare to -0.4% case
* When we increase the bias further, 90 degree switching from c- to a- is favored
s At intermediate bias, both 90 degree and 180 degree switching are favored
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(3) Charge distribution with applying bias -1.1V

% c+ domain grows and interacts with the a,+ domain, forming tail to tail configuration with charged domain wall.

% Part of the a,;+ domain switches to c+ domains, remaining a,+ domains form triangularly shaped stripe a-domains
to minimize the bound charges

*» Growth of the switched ¢ domain occurs through thinning and elongation of triangularly shaped stripe a-domains
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> Similar switching and growth process has been observed in experiments [5]

(4) Final domain structure with tip near domain wall
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% As the two a,-domains get close, the high P, gradient induces high charge

Refe rences “ This charge is compensated by chargez, which means the charge induced by P, gradient

* Thus 180" switching is favored between the two a,-domains due to charge compensation.
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90° switching is favored during the local 180° switching

Decreasing the magnitude of compressive strain could lead to an increase in elastic energy,
which favors the growth of a-domains

» At relatively high bias, however, 180° switching is favored due to a rapid decrease in electrostatic energy.




