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MOTIVATION

Multilayer ceramic capacitors (MLCC) most common

capacitor

Different classes, defined by material,

capacitance/volume, thermal stability

Most prominent: Class 2 Capacitors
high volumetric capacitance

buffer, and coupling applications

1000 part numbers at WE




MOTIVATION
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OUTLINE

Structure of MLCCs

Material analysis of barium titanate

Long- and short-term polarization

Effect on capacitance, the memory effect
Mathematical model of ferroelectric polarization

frequency and voltage-dependent model

Implementation: LTSpice




MLCC STRUCTURE, PRINCIPLE
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FERROELECTRICS

barium titanate, unit-cell
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INTERPRETATION OF CAPACITANCE-VOLTAGE MEASUREMENTS
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DCVOLTAGE EFFECT
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SEM-EDX IMAGE AND ELEMENTAL ANALYSIS
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CORRELATE DOMAIN SIZE WITH CAPACITANCE CHANGE
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SO FAR...

Introduced MLCC structure, barium titanate
First look at DC-Bias effect and its variations

Related AC to the domain size

.... However, what is the effect of long-time dc bias exposure?




AGING EFFECTS ON CAPACITANCE-VOLTAGE MEASUREMENTS
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DETAILS: SHORT- AND LONG-TERM CAPACITANCE-VOLTAGE MEASUREMENTS

Relation of initial and final capacitance
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SHORT- AND LONG-TERM CAPACITANCE-VOLTAGE MEASUREMENTS
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SO FAR...

Discussed differences between immediate effect and aging

... What about the model?




MATHEMATICAL MODEL OF FERROELECTRIC POLARIZATION
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CONSTRUCTION AND COMPQOSITION OF MLCC
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MATHEMATICAL MODEL OF FERROELECTRIC POLARIZATION
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SO FAR...

Introduced a model based on measurable and

physically meaningful parameters

... Well, great, but that is still a complicated calculation.

... How is that supposed to help?




IMPLEMENTATION: LTSPICE

- REDEXPERT 1 on s (L5 -

! https://redexpert.we-online.com 10
0 ™\ — Model

) , 8.
£ : w

= Fit =

S (&) 4

| 2

____________ 3 0.

z zeoss . 5. 10. 15. 20. 25. 30. 35. 40.
| Voltage [V]

V—XS
P(V) =x, - Tanh + -

X6
180

. o 120 _ Model

st

€ ‘c]_ % 60

- =)
/L“ o Implement 5§ 0
L) S -60
S o
1 SINE(011) - 120
tran 1 : ® -
LTSp'CG 18040 —30 —20 —10 0 10 20 30 40

Voltage [V]




FREQUENCY AND VOLTAGE-DEPENDENT MODEL
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FREQUENCY AND VOLTAGE-DEPENDENT MODEL
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SUMMARY

Introduced ferroelectricity and class 2 MLCCs

Discussed the long- and short-term

polarization effect

Developed suitable model to fit

o voltage dependence and

o frequency spectra

Implemented the model into LTSpice
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MATHEMATICAL MODEL OF FERROELECTRIC POLARIZATION
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POLARIZATION MODEL
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POLARIZATION CONTRIBUTION TO CAPACITANCE
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