
PREFACE 

Composite materials have a vast market with a projected annual growth of 14.6% in 

the U.S.A The applications of ceramic-matrix composites include electronic materials, 

chemical processing, cutting tools, engine parts and fossil-fuel combustion. Polymer

matrix composites with fibres are replacing · more conventional materials in aerospace 

and defence applications as they possess desirable properties which are not easily 

attainable in a single phase material. In recent years, a totally new class of ferroelectric 

ceramidpolymer composites has emerged. As with the structural composites, this new 

class of electroactive (piezo-and pyroelectric) composites consist of a ferroelectric 

ceramic phase and an electrically insulating polymer phase and it offers considerable 

advantages in the design of piezoelectric and pyroelectric sensor materials with 

optimum desirable properties which are not attainable by either of the two individual 

components of the composite material. Such composites should be highly 

electroactive, chemically inert and possess good electrical breakdown strength. 

Composites of ferroelectric ceramics and polymers can be appropriately matched for 

their structure by a suitable selection of materials for desired applications. 

Ferroelectric ceramics such as PZT, LiNb03 exhibit large piezo- and pyroelectric 

effects and are, therefore, useful for diverse transducer applications, viz ., hydrophones, 

vidicon, acoustic emission detection, optical switching and bio-medical ultrasound 

devices. However, their mechanical properties are poor and their acoustic impedance 

is significantly different from that of water and this is not beneficial for the efficient 

energy transfer at such an interface. The high Q-value of the ceramic also restricts the 

bandwidth for its use as a receiver in microelectronic applications. There are two 

important properties which detennine the usefulness of a piezoelectric material for 

sensor applications and these are the piezoelectric strain coefficient dh, and the 

piezoelectric voltage coefficient & and their product di,&, known as the figure of 

merit, should have as large a value as possible for transducers. The gh coefficient is a 
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measure of the material's ability to generate a voltage response to an applied strain. 

Unfortunately, with the piezoceramics, &,- values tend to be low because of their high 

dielectric constants. For the same reason their pyroelectric figure of merit is also 

unattractive. These difficulties, together with their high densities and stiffness restrict 

practical applications. As a result much attention is being focused to search for a 

flexible alternative materials with acceptable electroactive properties. 

Ferroelectricity in polymers is a new phenomenon. Considerable evidence has been 

accumulated in recent years to support the ferroelectric properties of well-poled 

homopolymer polyvinylidene fluoride (PVDF) and its copolymer vinylidene fluoride 

and trifluoroethylene P(VDF-TrFE). However, the piezo- and pyroelectric coefficients 

of these polymers are significantly lower than those of ferroelectric ceramics. For 

many applications, such a reduced level of electroactivity may be an acceptable price to 

pay for the significant improvement in its mechanical strength, high figure of merit, 

wide bandwidth, the ability to produce extremely thin samples with virtually any 

desired electrode area and shape and a large reduction in the production cost. 

However, an ideal material for the piezo- and pyroelectric devices should combine the 

electroactive properties of the ferroelectric ceramics with the mechanical and dielectric 

properties of the polymers. 

In general, for a diphase dielectric composite, the mixture can be represented by a 

macroscopic dielectric constant which is a function of the included materials and their 

geometries. Such a composite system with appropriate structural connectivities with 

the optimum ceramic and polymer components should provide attractive electroactive 

materials for piezo- and pyroelectric transducers for microelectronic applications. 

It is with great pleasure that the editor expresses his deep gratitude to his fellow 

contributors, each being a renowned authority in his or her field. The Chapters are, in 

general, self contained although there are many cross-references. 



The present volume covers many aspects of the field of electroactivity in ceramics, 

polymers and their composites in a relatively small space. As a result many important 

questions may not have been sufficiently discussed. It is hoped that this book will 

generate interest in an exciting area of new and intelligent materials for electroactive 

sensor applications for microelectronics (and possibly in the nanometer scale) for the 

twenty-first century. 

Bangor, November 1993 Dilip K. Das-Gupta 



-



ORGANIZATION OF THE BOOK 

Chapter 1 provides a brief resume of piezo- and pyroelectricity and ceramic/polymer 

composites. 

Chapter 2 reviews the fundamental aspects of ferroelectricity in several polar polymers 

containing cooperative dipoles, polarization reversals and ferroelectric transition. It 

also discusses the fundamental properties of the ferroelectric nature of liquid crystal 

polymers containing a chiral smectic phase which are of considerable importance as 

sensor materials. 

The spectroscopic techniques of ~tructural studies of ferroelectric polymers including 

subrnillimetric infrared (5-50cm·1), far infrared (40-400cm·1), near infrared (400-

4000cm·1) submillimetric dielectric spectroscopy, X-ray diffraction and other methods 

have been discussed in Chapter 3. 

The theory of photopyroelectric spectroscopy (PPES), which is a new technique for 

the determination of photothermal properties of materials, together with its 

applications, is given in Chapter 4. 

The piezo- and pyroelectric properties and the second harmonic generation in thin 

films of polyurea are described in Chapter 5. Polyurea possesses a large dipole 

moment of 4.9 Debye units and its g31-coefficient is superior to that of polyvinylidene 

fluoride (PVDF) whilst its pyroelectric coefficient is similar to that of PVDF. 

The ferroelectric behaviour including Curie transition, permittivity and polarization 

reversal of two different copolymers of vinylidene fluoride (VDF) with 

trifluoroethylene (TrFE) and tetrafluoroethylene (TeFE) with respect to their thermal, 

mechanical and electrical properties is discussed in Chapter 6. 



A survey of relaxation processes in heterogeneous dielectrics including relaxation in 

dipolar glasses, ferroelectric relaxors, polymer dispersed liquid crystals and ceramic

polymer composites is provided in Chapter 7. 

A review of models of ferroelectric ceramic-polymer composites with 0-3 connectivity 

together with the nature of piezo- and pyroelectric behaviour of calcium modified lead 

titanate and poly (vinylidene fluoride-trifluoroethylene) is presented in Chapter 8. 

The different poling techniques i.e., thermal, corona, electron-beam and other methods 

for the copolymer P(VDF-TrFE) and composites are considered in Chapter 9. The 

determination of the spatial distribution of polarization by thermal and pressure pulse 

techniques including the laser intensity modulation method (LIMM) is also discussed in 

this chapter. 

The piezoelectric properties, modelling, fabrication and high frequency application 

(>0.5 :MHz) of ceramic-polymer composites with 1-3 connectivity have been reviewed 

in Chapter 10. 

Finally Chapter 11 considers the application of ferroelectric ceramic polymer 

composites with 1-3 connectivity in the pulse-echo mode. It also discusses practical 

design criteria for improved efficiency of such piezoelectric transducers and their 

future developments. 


