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2 Overview

■Background: Ferroelectric Ceramics and PZT95/5

EMicromechanical Approach

°Switching Criteria

Simulation of PZT95/5

■



3 Ferroelectrics erovskites

Above Curie
Temp

Below Curie
Temp

Strain Polarization

+Cubic above Curie Temp

+Shift of ions positions below Curie
temperature causes spontaneous
polarization and strain.

+Orientation of polarization and strain is
associated with phase.

+Switching between polarization
orientations can be induced by electric field
or stress (Domain-switching).



4 Ferroelectrics — PZT95/5

PZT95/5
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Jaffe et. al. 1971

Fritz and Keck 1978

PZT95/5



5 Ferroelectrics — PZT95/5
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Application of pressure
stabilizes antiferroelectric
phase
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Application of electric
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ferroelectric phase
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6 Ferroelectrics - Ceramics

Ferroelectric Ceramic Polycrystalline
Microstructure

Single Crystal Domain
Microstructure

Ferroelectric Unit Cell



7 Micromechanical Approach — Domain Structure

Ferroelectric Ceramic Polycrystalline
Microstructure

Single Crystal Domain
Microstructure

1

Phase properties are rotated for each
domain-variant.

Single crystal response is volume
fraction weighted average of each

domain-variant properties

Ferroelectric Unit Cell

Properties for each
ferroelectric phase

Transverse-isotropic
symmetry based on
polarization direction
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8 Micromechanical Approach — Grain Structure

Ferroelectric Ceramic

Evaluated as element field variables

Polycrystalline
Microstructure

1

Polycrystal Matrix represented by
volume average response of N single

crystals uniformly distributed in
rotational space.

Single Crystal Domain
Microstructure

1

Phase properties are rotated for each
domain-variant.

Single crystal response is volume
fraction weighted average of each

domain-variant properties

Ferroelectric Unit Cell

Properties for each
ferroelectric phase

Transverse-isotropic
symmetry based on
polarization direction
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9 Switching Criteria - Energy Dissipation
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10 Switching Criteria - Distributed Switching Criteria

Needed to capture:

Second order (continuous) transitions
Defects/inhomogeneity in the material

Relative volume fractions of p in oc-P system

Deviation of driving force of transformation
from switching criteria

In the variant oc to p transformation, if

Then the volum ractions are adjusted such that



11 Switching Criteria - Intergranular Interactions

Remnent polarization and strain difference between each grain and the

matrix.
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12 Simulation of PZT95/5 — Hysteresis Loops
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13 Simulation of PZT95/5 — Phase Diagrams

6
5

4

E
> 3

0 2

1

fl

Experiment
(C/m2)

 D .0.00
 D - 0.05

▪ =0.10
▪ =0.15
D .0.20

 D - 0.25
 D .0.30
—D .0.35

AFE

100 200 340 400 500
Pressure (M a

Simulation

 D.0.00
—D.0.05
— D.0.10
 D - 0.15

D= 0.20
 D - 0.25
 D.0.30
 D - 0.35

— (Num Grains: 32)

—+ (DisL'fransition)
—+ (Inter-Ciranular)

— — Experiment

-0.4
-6 -2 0 2 6

E3 (MV/II1)



14 Simulation of PZT95/5 —Advantages
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15 Conclusion

Micromechanical approach is used to capture the heterogeneous characteristics of ceramic PZT95/5
without resolution of the microstructure.

Energy based switching criteria are used to govern both domain-switching and phase transformation
transitions.

Distributed-transitions and Inter-granular interactions allow for improved capture of hysteresis
behavior.

The combination of these techniques results in a model that successfully captures the domain-
switching and phase transformation phenomena in ferroelectric ceramics as demonstrated in
PZT95/5.


