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High Permittivity in High Electric Field and Temperature
20BZT-BT: 20% Bi(Zng 5 Tig5)05-80% BaTiO;

High and less variable permittivity at high electric field and temperature, desirable for high
power conversion applications
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Oxygen Vacancy Migration Can Limit DC Lifetime

DC bias = oxygen vacancy (V5") migration
« (Change in electron and hole concentration
Increase in bulk and or electrode leakage current

Accelerated DC Lifetime for BME X7R MLCC's
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DC lifetime and degraaation modes uncharacterized in BZT-BT




< Thermally Stimulated Depolarization Current (TSDC)
/d

¢ Vo are typically not majority charge carriers = probe mobile point defects with TSDC

Poling Profile ™ Temperature Profile

g \ 7
Jrh

Current

Time
Maier, Penn State PhD Thesis (2014)




Large Resistivity Change Across Thickness—> AV,*?
Bi-rich BZT-BT: (Big5,Bag 75)(ZNg 1 Tip o)O5 (Donor doped to suppress [Vy])
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4 Largest TSDC Response for Lowest Resistance Samples
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Very large TSDC near center of sample, consistent with significant V5, concentration ‘
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Activation Energies (E,) Consistent with Dipolar and Space Charge

E,~ 0.7 eV typical of V5 grain diffusion

Low E, of Peak A = consistent with
dipolar or grain conduction

Larger E, Peak B & possible space
charge boundary blocking conduction




Thermal Annealing Decreases TSDC Response
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DC Lifetime Increased with Annealing
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Oxide lon Conductivity at Low Temperature
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Initial V> Polarization Current, Then Electronic

Fit drift of Vi =2 p(t) = pexp(t/1)

4 - Estimate D, ~ kTI/(2qtE) Dy, lower than lit. (BaTiO5 D,,, ~ 107 (E, = 0.7 eV)")

= Consistent with defect association

Estimate [Vo''] = okT/(492D,,)

[Vor]

#0 ~ 0.86 ppm

#3 ~ 30 ppm

Annealed #0 & 3 ~ 0.05 ppm

[V ] low, but not unreasonable

At longer times, formation of nand p
regions -» electronic conduction and

ultimately shorting?
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/" Space Charge Boundary
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Conclusions
« Vg lead to significantly shorter DC lifetimes in BZT-BT, at low estimated concentrations

» Resistivity is increased by annealing for long lifetime - role of space charge

* Annealing likely requires oxidizing atmosphere - MLCCs using base metal electrodes (e.g.,
Ni) are likely incompatible with BZT-BT

« The very low intrinsic electronic conductivity leads to predominant ionic conductivity in BZT-
BT in typical application temperatures (atypical of other capacitor materials)
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