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Introduction:

¥One of the primary limiting factors for the improvement of the reliability of
ceramic capacitors lies in the long-term resistance degradation; Ni
¥ Many factors influence the dielectric degradation, and experimentally it is alm
impossible to isolate one particular parameter to study its effect on degradation;| ]
¥ Capacitor lifetimes are typically determined by highly accelerated tests (HALTS
in the paraelectric state, while for the capacitors in-service, the polarization a
the associated electrostrictive /piezoelectric strains may significantly affect local GB!
oXxygen vacancy concentration and migration, and thus degradation. )

Fig.1 Schematic diagram of simulation (degradation)

Objectives and Benefits: Approaches --- Phase Field Model

¥To develop a theoretical model and computer codes for¥ F, (N, P)=F, . (P)+F,  (P)
predicting the resistance degradation of ferroelectric dielectrics
and piezoelectric devices based on the phase-field approach. *uasic(P)+F, NysP)+ Foyod N )
The executable version of the computer codes will be made¥Order parameter®;, P,, andP; (polarization)
available to members

¥To understand fundamentally the dependence of resistance
degradation on temperature, composition (solute dopants andd Evolution of the order parameters governed by:

lectrostatic (

Ny (oxygen vacancies density)

distributions), and electrode/dielectric microstructures to oP dF N, oF

rovide guidance for the members to improve their products. e o AV S P )
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Progress: S

¥MWe have set up a nice code for the simulation of resistance
degradation process;

¥We have done a test for our code by choosing single crystal?
SrTiIO3 as an example, in which we simulated the oxygen e
vacancy migration phenomenon and the local charge density
distribution and the current density our results show good
agreement with the literature (Waser).
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Fig.2 Plot of current density change as a function of time (both
| in logarithm scale). An increase of current density at t4= 10
I (reduced unit) indicate the occurrence of capacitor breakdown
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‘ For more information contact:
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Phone: (814) 863-8101 E-mail: lgc3@psu.edu
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Fig.3 Evolution of local conductivity distribution (reduced ¥Ye Cao
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