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Ceramic Capacitor Technology
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PLZT ïa highly flexible ceramic material class
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Piezo actuators Capacitors
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CeraLinkÊ at a first glance
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capacitors
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New demands for DC link capacitors

Requirements for a DC link capacitor

ǒHigh capacitance density

ǒHigh current density

ǒLow parasitic values (ESR/ESL) for fast switching

ǒLow losses in operation

ǒHigh operating and peak temperatures 

ǒHigh cooling efficiency due to high thermal 

conductivity

ǒSupport of distributed DC link capacitor topologies 

with low inductance components (modular design)

Improvements in power density and efficiency were mainly 

driven by semiconductor technology in the last decade.

Example: principle block picture and size comparison  of a motor inverter

ñToday the package of a motor inverter is mainly 

driven by the size of the capacitor, the bus bars, 

the terminal box and the filter components.ò
Source: Plikat, Mertens, Koch, Volkswagen AG, Corporate Research, 2013 
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Technology guideline
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Film Capacitor Large MLCC Chips Stacked MLCC CeraLink

Åmore compact

Åhigher operating

temperature

Ålower ESL

Åhigher frequency

ÅSMD

Åhigher ripple 

current ratings

Åmore compact

/ less footprint

Ålower ESL

Åmore robust

Åhigher cap-density

at Vop

Åhigher operating

temperature

Ålower ESL

Åhigher ripple 

current ratings

Standard semiconductor

technology
Standard semiconductor

technology

Enhanced technologies / modular 

ceramic designs possible / 

automotive

High-end and high-temperature

applications / fast switching (SiC) / full

cermic DC-link solutions
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How does CeraLinkÊ meet these requirements?

Material Ceramic chip 

features

Packaging

High capacitance 

density

High current 

density
Low parasitic 

values

Low losses

High operating and 

peak temperatures

High cooling 

efficiency

Modular design
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Material

PLZT ïan antiferroelectric material

P Dielectric polarization

E Electrical field strength

ŮPermittivity

P

E

E

Ů

P

E

E

Ů

P

E

E

Ů

Linear Ferroelectric Antiferroelectric

Nature of electrical 

polarization
Electronic, ionic

Permanent dipoles form 

ferroelectric domains

Permanent dipoles form 

antiparallel zones

Material class (Ba,Nd)TiO, typ. NP0, C0G BaTiO3 (BTO), typ. X7R (Pb,La)(Zr,Ti)O3 (PLZT)

Advantages
Ů constantover electric field 

and temperature
Ů  upto 10,000 is possible

Ů  increaseswith field

Disadvantages Ů  < 100
Ů  decreasesstrongly with 

electrical field
Ů  low at zero bias
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High capacitance density at operating condition

ǒDue to antiferroelectic behavior, the 

characteristics of CeraLinkÊ are strongly 

non-linear and optimized for conditions 

under operation in power electronics

ǒFilm capacitors and class 1 ceramics have 

a dielectric constant (nearly) independent 

on the electrical field. (Ů< 100)

ǒThe permittivity of ferroelectric (e.g. X7R) 

MLCC capacitors is decreasing with 

electrical field

ǒCeraLinkÊ features an increasing dielecric

constant up to the operating voltage

ǒAt higher AC voltage (peaks), the material 

is able to provide even higher permittivies

DC bias characteristics at room temperature
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CeraLinkÊ is ideal for fast switching

Device characteristics lead to a low inductive 

commutation loop

ǒHigh capacitance density of 2 to 5 µF/cm³

ǒLow self-inductance (ESL) of 2.5 to 4 nH

ǒHigh thermal robustness allows CeraLinkÊ to be 

placed very close to the semi-conductor with 

operation up to 150 °C permissible

ǒNo limitation of dV/dt
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Ceramic Chip Features

Design for robustness against ceramic cracks

MLSC design

ǒSeries connection of two MLCC geometries in 

one component.

ǒMLSC design prevents short circuits caused 

by cracks from mechanical overstress
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Weibull ï95% CI

Shape 21.62

Scale 1331

N 30

AD 0.175

P value >0.250

500 V Chip

zero bias maximum bias

stress in corner 

area scales with 

height of chip

MFD design

ǒChip is segmented in height to reduce piezoelectric stress 

between active and inactive area
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Ceramic chip design for high current capability 

and high thermal conductivity

Copper inner electrodes

ǒCo-firing of PLZT ceramic material together with Cu is difficult, but possible

ǒCu ïprocess is one core competence of the piezo mother factory in Deutschlandsberg, Austria

Cross section of the CeraLinkÊ multilayer chip consisting of appr. 80 dielectric ceramic layers
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Packaging

Robust interconnection of metallic contacts 

Lead frame

10,000 cycles thermal 

shock test 

(-55 °C to +150 °C) 

ǒ Silver sinter connection between ceramic body and lead frame

ǒ Outer contacts made of CIC (copper invar* copper), to combine high 

electrical and thermal conductivity with low coefficient of thermal expansion

ǒ All materials are excellent thermal and electrical conductors (lowest thermal 

and electrical resistance)

ǒ Silver layer prevents cracking of the ceramic in case of mechanical 

overstress or solder shock Ą open mode!

No crack or damage

after thermal cycles

*Invar: 36Ni-Fe

Ceramic with inner 

electrodes (Cu)

Ag galvanic layer

Sintered silver layer
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Low losses at high temperatures and frequencies

Low dielectric loss at high temperatures Minimal ESR due to low-loss

copper electrodes and HF-suited backend

Comparison @ 0.1 VAC, 0 VDC, 25 °CComparison @ 1 VAC, 1 kHz, 400 VDC, 25 °C
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ESR @ 100°C,

400VDC

Temperature (°C)

D
is

s
ip

a
ti

o
n

 f
a

c
to

r
ta

n
 ŭ

[1
0

-3
]

Frequency (Hz)

E
q

u
iv

a
le

n
t

s
e

ri
e

s
re

s
is

ta
n

c
e

[Ý
]

10050
0
-50 1500

20

40

60

80 10-0

104

10-1

10-2

10-3

105 106 107

BTO = barium titanate oxide = standard MLCC material
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Low self-heating and high current capability

Due to low losses at high temperaure

and high frequency, CeraLinkÊ can 

carry more current under these 

conditions 

Measurement condition
MKP film 

capacitor

BTO Class 2 

MLCC
CeraLinkÊ

Typical capacitance density

@ DC link voltage, 20 VRMS, 25°C
0.7 µF/cm³ 2.5 µF/cm³ 4.9 µF/cm³

Typical current rating 

per capacitance @ 100 kHz, 105°C
< 1 A/µF < 4.5 A/µF 12 A/µF

Comparison @ 400 VDC, 105 °C, 200 kHz Comparison @ 400 VDC, 85 °C, 5 Arms

5

0 0

T
e

m
p

e
ra

tu
re

in
c
re

a
s
e

[°
C

]

T
e

m
p

e
ra

tu
re

in
c
re

a
s
e

[°
C

]

Frequency [kHz]Current [Arms]

0 1 2 3 4 5 6 20 40 60 80 120100

10

15

20

25

30

10

20

30

40

50

60

70

Measurements were carried out without active cooling (no forced air flow, no heat sink)


