
PolymerPolymer ferroelectretsferroelectrets: Novel materials : Novel materials 
with builtwith built--in functionalityin functionality

Siegfried BauerSiegfried Bauer

Soft Matter Soft Matter PhysicsPhysics
JohannesJohannes--Kepler University, Kepler University, 

Linz, Linz, AustriaAustria



PCMRPCMR--schoolschool WierzbaWierzba May 10 May 10 –– May 13May 13

Traditional Traditional chargecharge electretselectrets

Electret: Electret: DielectricDielectric material material withwith quasiquasi--permanent permanent electricalelectrical chargecharge
surfacesurface chargescharges

spacespace chargescharges

compensationcompensation chargescharges

EmployedEmployed whereverwherever large large externalexternal fieldsfields areare requiredrequired

ApplicationsApplications in in acousticalacoustical transducerstransducers ((microphonesmicrophones, , headphonesheadphones...)...)

NonpolarNonpolar materialsmaterials no no pyropyro--, , piezoelectricitypiezoelectricity
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Modern Modern chargecharge electretselectrets: : ferroelectretsferroelectrets

ferroelectreticferroelectretic polymerpolymerferroelectric polymerferroelectric polymer
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ferroelectrets ferroelectrets ((cellularcellular spacespace--chargecharge electretselectrets))

combinecombine featuresfeatures of of ferroferroelectricselectrics and and spacespace--chargecharge electretselectrets

novelnovel classclass of soft of soft transducertransducer materialsmaterials
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NaturalNatural cellularcellular materialsmaterials

spongesponge woodwood

Nature Nature employsemploys thethe conceptconcept of of 
cellularcellular materialsmaterials forfor extendingextending thethe propertyproperty

rangerange of solid of solid materialsmaterials
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SyntheticSynthetic cellularcellular materialsmaterials

OpenOpen-- and and closedclosed--cellcell polyurethanepolyurethane foamsfoams

EngineersEngineers benefitbenefit fromfrom thethe foamfoam conceptconcept byby extendingextending
thethe materialsmaterials propertyproperty rangerange forfor applicationsapplications inin

thermal thermal insulationinsulation, , packagingpackaging, , mechanicalmechanical energyenergy absorptionabsorption,...,...
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Material Material propertiesproperties of solid and of solid and 
cellularcellular materialsmaterials

PorousPorous ceramicsceramics

MetalsMetals
AlloysAlloys

CeramicsCeramics

PolymersPolymers
PolymerPolymer
foamsfoams

CorkCork ElastomersElastomers
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SyntheticSynthetic functionalfunctional foamsfoams

CellularCellular polymer polymer withwith flatflat, , lenselikelenselike voidsvoids

A

AB

A

A

SEM SEM picturepicture schematicschematic viewview

FunctionalisationFunctionalisation??
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MicroscopicMicroscopic originorigin of of thethe internalinternal chargingcharging of of 
cellularcellular materialsmaterials

ChargingCharging

Dielectric barrier microdischargesDielectric barrier microdischarges
(partial (partial dischargesdischarges))

Light emisssion during chargingLight emisssion during charging
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DirectDirect visualizationvisualization of of thethe negative negative 
chargescharges byby SEMSEM

negative 

charge sheet

electrode

negative 

charge sheet

electrode

J. Hillenbrand and G. M.J. Hillenbrand and G. M. SesslerSessler CEIDP (2000)CEIDP (2000)
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PiezoelectricityPiezoelectricity in in 
ferroelectric ferroelectric polymerspolymers

PVDFPVDF
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PiezoelectricityPiezoelectricity in in 
ferroelectric ferroelectric polymerspolymers

compressivecompressive stressstress

3033 −=d pC/N

Dipole density 
piezoelectricity

moremore sensitivesensitive piezoelectric polymers piezoelectric polymers 
polymers with intrinsic piezoelectricity polymers with intrinsic piezoelectricity 

ferroelectretsferroelectrets
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PiezoelectricityPiezoelectricity in ferroelectretsin ferroelectrets
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PiezoelectricityPiezoelectricity in ferroelectretsin ferroelectrets

compressivecompressive stressstress

strong deformation strong deformation of of the macroscopic dipolethe macroscopic dipole

intrinsic piezoelectricityintrinsic piezoelectricity 60050333 K≈d pCpC/N/N
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InIn--plane plane anisotropyanisotropy of of voidsvoids in in 
polypropylenepolypropylene foamsfoams

implicationsimplications for piezoelectricfor piezoelectric propertiesproperties ??



PCMRPCMR--schoolschool WierzbaWierzba May 10 May 10 –– May 13May 13

DielectricDielectric resonanceresonance spectroscopyspectroscopy
on ferroelectretson ferroelectrets

thickness extension
resonance (TE-Mode)

thickness = λ/2
λ : acoustic 
wavelength

length extension
resonance (LE-Mode)

electric electric 
fieldfield inverseinverse piezopiezo--effecteffect

sample sample 
deformationdeformation ((mechanicalmechanical stress)stress)

directdirect piezopiezo--effecteffect

resonanceresonance inin
dielectric functiondielectric function

G. S. G. S. Neugschwandtner Neugschwandtner et al. et al. 
ApplAppl. Phys. . Phys. LettLett. Vol. 77 (2000). Vol. 77 (2000)
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PiezoelectricPiezoelectric resonancesresonances inin
thethe dielectricdielectric functionfunction of PP of PP foamsfoams
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MeasurementMeasurement of of elasticelastic and and piezoelectricpiezoelectric
propertiesproperties of of cellularcellular polymerspolymers

Computer

Pressure sensor

LCR-meter or
electrometer Sample

PolymerPolymer

Air

PolymerPolymer

Model of a 
cellular polymer
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ElasticElastic propertiesproperties of of cellularcellular PPPP

CreepCreep and and recoveryrecovery withwith instantaneousinstantaneous
elasticelastic responseresponse, , viscoelasticityviscoelasticity

and and viscousviscous flow
NonlinearNonlinear elasticelastic responseresponse

flow
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NonlinearNonlinear elasticelastic and and piezoelectric piezoelectric 
responsesresponses of PP of PP foamsfoams

0.00 0.10 0.20 0.30

1.2

1.4

1.6

1.8

2.0

2.2

2.4

la
rg

e-
si

gn
al

 
el

as
tic

 re
sp

on
se

(M
Pa

)

0.1 Hz
0.5 Hz
600 kHz  

0.00 0.10 0.20 0.30

la
rg

e
(M

Pa
)

stress T (MPa)

0.1 Hz
0.5 Hz

600 kHz  

0.00 0.08 0.16 0.24

120

160

200

240

280

320

el
ec

tro
m

ec
ha

ni
ca

l r
es

po
ns

e
d 3

3
( p

C
/N

)

stress T (MPa)

0.1 Hz
0.5 Hz
600 kHz  

0.00 0.08 0.16 0.24

120

160

200

240

280

320

el
ec

tro
m

ec
ha

ni
ca

l r
es

po
ns

e
d 3

3
( p

C
/N

)

stress T (MPa)

0.1 Hz
0.5 Hz

600 kHz  



PCMRPCMR--schoolschool WierzbaWierzba May 10 May 10 –– May 13May 13

ComparisonComparison of of piezoelectricpiezoelectric materialsmaterials

200200--6006000.0020.002PPPP

202022PVDFPVDF

3603605050PZTPZT

2 (d2 (d1111))7272quartzquartz

dd3333 ((pCpC/N)/N)Young Young modulusmodulus
(GPa)(GPa)

piezoelectricpiezoelectric
materialmaterial

FerroelectretsFerroelectrets: : extremelyextremely soft and sensitive soft and sensitive transducertransducer materialsmaterials
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CellularCellular materialsmaterials: Ferro: Ferroelectretselectrets

CloseClose analogiesanalogies to ferroelectric to ferroelectric materialsmaterials

FERROFERROELECTRETSELECTRETS

D

V
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Hysteresis Hysteresis phenomenaphenomena in in 
ferroelectric ferroelectric materialsmaterials

DisplacementDisplacement and and mechanicalmechanical strainstrain vs. vs. fieldfield
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FerroelectricFerroelectric--likelike propertiesproperties::
DielectricDielectric and and electromechanicalelectromechanical hysteresishysteresis
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PatternedPatterned chargingcharging and and converseconverse
piezoelectricitypiezoelectricity of ferroelectretsof ferroelectrets
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Patterned charging Patterned charging switchingswitching of of the piezoelectric responsethe piezoelectric response
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FocussingFocussing ultrasoundultrasound withwith an an acousticalacoustical
FresnelFresnel zonezone plateplate

focus

electrode

x

z

focus

electrode

x

z

electrode pattern electrode pattern of an of an acoustical Fresnel lensacoustical Fresnel lens
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Sound Sound pressurepressure of a of a fivefive--elementelement
acousticalacoustical FresnelFresnel zonezone plateplate
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ultrasound foci along theultrasound foci along the mainmain axisaxis and in and in the focal the focal planeplane

with present materials with present materials airair--borne ultrasound borne ultrasound up to 600kHz up to 600kHz possiblepossible
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SummarySummary

•• Combine features Combine features of of ferroferroelectrics electrics and and electrets

FerroelectretsFerroelectrets

electrets

•• New material New material class for electromechanical class for electromechanical 
energy conversionenergy conversion

•• Attractive forAttractive for largelarge areaarea transducerstransducers
and airand air--borne ultrasoundborne ultrasound
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