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Relative Permittivity

High Permittivity in High Electric Field and Temperature
20BZT-BT: 20% Bi(Zn, 5Ti; 5)05-80% BaTiO,
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High and less variable permittivity at high electric field and temperature, desirable for high

power conversion applications

High permittivity at >120 kV/cm
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High permittivity at >200°C at 100 kHz
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s 1 Oxygen Vacancy Migration Can Limit DC Lifetime

DC bias = oxygen vacancy (V,™") migration
« Change in electron and hole concentration
* Increase in bulk and or electrode leakage current

Accelerated Lifetime for BME X7R MLCC's
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DC lifetime and degradation modes uncharacterized in BZT-BT
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Thermally Stimulated Depolarization Current (TSDC)

V™ are typically not majority charge carriers = probe mobile point defects with TSDC
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s | BZT-BT

Donor doped to suppress oxygen vacancy concentration
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A  Significant resistivity decrease in
center of thick sample

« Likely reduced in center from
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Largest TSDC Response Near Center of Pellet
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Very large TSDC near center of sample, consistent with significant V,*" concentration
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Polarization Temperature Dependence of TSDC
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« Limited temperature dependence of peak A suggests it is a dipole defect (e.g., trapped V™)'
* Increase in peak B with polarization temperature suggests it is from space charge’

Both peaks likely related to V,™

"W.-E. Liu, PhD Thesis Penn. State (2009)



s | Electric Field Dependence of TSDC
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o | Impact of Oxidative Thermal Annealing on TSDC
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« Thermal annealing dramatically reduces TSDC response, consistent with TSDC probing V5™

« Larger TSDCin 1-3 slice after anneal

Thermal anneal: ~1 day at 800 °C in air
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10 | Annealed High Temperature and Oxygen Pressure Dependent
Resistivity :
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« Temperature dependent resistivity consistent with 20BZT-BT literature?
« 1/4 slope oxygen partial pressure dependence consistent with Bi-rich BZT-BT?3 I

’Raengthon et al., Appl. Phys. Lett. 101, 112904 (2012); 3Kumar et al., J. Am. Ceram. Soc. 101 (2018) 2376 I



11 DC Lifetime
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- Sintering in air may cause high [V,*], reducing DC lifetime
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Irreversible Polarity Dependence of TSDC
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Summary

« BZT-BT is a potential high temperature, high field ceramic capacitor dielectric for
power conversion applications

« TSDC response correlates with existence of oxygen vacancies
« Sintering likely induces large amounts of V™

« Thermal annealing oxidizes samples, reduces TSDC, and extends DC lifetime
« TSDC source appears to be at or near electrodes
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