




1947.21 The purpose of the work project was to devise a way of fa.
bricating thin sheets of titanate ceramics in multilayer form. Howatt 
and his colleagues invented the doctor-blade method of forming thin 
ceramic layers from fluid slips using a scraping blade over a substrate. 
After drying, the thin sheets were electroded, stacked and fired. Glen 
Howatt recognized the commercial value of this process, and went on 
to found the Glenco Corporation. 

Evolution of the Ceramic Piezoelectric Transducer 

BaTi03-Based Transducers 

Befoi;:e discussing the evolution of the technology of piezoelectric 
ceramics, it is important to reiterate the difficulty of establishing 

• clearly the priorities, and to apologize if someone who had a key but
largely "concealed" role because of the proprietary nature of commer
cial develpment has been inadvertently omitted from consideration.

The difficulty is perhaps well illustrated by the considerable legal 
effort which was required to establish the true patent position in this 
field. The authors are indeed greatly indebted to Nello Coda, Chief of 
Engineering of Erie Technological products, for making available the 
transcripts of those original proceedings, which now make fascinating 
reading. 

On the basis of this evidence, it appears clear that R. B. Gray22 of 
Erie should be credited with having the first working piezoelectric 
ceramic transducer (about 1945) and that it wa.s he who had the first 
clear understanding of the importance of electrical poling in establish
ing a remnat polar domain configuration in the ceramic and consequent 
strong piezo response. It is also clear, however, from the hard-fought 
legal case that many other scientists and engineers, both in the United 
States and abroad, were poised on the brink of, or had actually realized 
but not effectively reported, somewhat similar findings. The dates 
associated with some of these early studies are summarized in Table 
Ill. 

It is perhaps difficult now to realize the absolutely revolutionary 
thinking which was required at that time to accept even the possibility 
of piezoelectric response in a randomly axed polycrystal, and it is 
perhaps not surprising that for some time controversy raged as to 
whether the effect was electrostrictive23 or piezoelectric.24·25 
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Table III. Evolution of BaTiO 3-Based Transducers 
1945 R. B. Gray First "working" transducer 
1946 Rushman, Strivens Piezoelectricity in (Pb,Ba1 _,) Ti03 

1947 S. Roberts Dielectric and piezoelectric properties of 
barium titanat 

1947 W.L. Cherry, R. Adler Piezoelectric effect in polycrystalline

1948 

1949 
1950 

1952 
1954 

W.P. Mason 

A.V. Rzhanov 
Caspari, Merz 

Berlincourt, Kulcsar 
W.P. Mason 

BaTi03 

Electrostrictive effect in BaTi03 cera
mics 

Piezoelectric effect in barium titanate 
Demonstration of "pure" piezoelectricity 

in single-crystal BaTi03 

BaTi03 +CaTiOa 

BaTi03 + PbTi03 + CaTi03 

From our present perspective, one can see that there was much 
merit to both points of view, and that really the phenomena are 
adequately described either as spontaneous polarization-biased 
electrostriction of the prototypic phase, or true piezoelectrictiy of the 
ferroelectric phase. It was not, however, until the very clear demon
stration of pure piezoelectricity in untwinned barium titanate single 
crystals by Caspari and Merz26 that the controversy was effectively 
resolved. 

In the earliest studies the ceramics used were largely BaTi03, 
processed so as to maintain a rather coarse grain size. Poling was 
usually carried out by cooling electroded samples through the Curie 
temperature at 120°C under a substantial biasing potential, the opti
mum conditions for individual formulation being established by trial
and-error methods.27 

By the early 1950s, ceramic piezoelectiric transducers based on 
BaTi03 were becoming well established in a number of both civil and 
military applications. There was a real need to improve the stability 
against depoling which accompanied traversing the 0°C phase transi
tion in pure BaTi03 and the stability against depoling associated with 
the low corecivity of the pure titanate ceramics. A number of composi
tion manipulations have been tried to alleviate these problems, and two 
of the more successful28

•
2 9 still in use are listed in Table IV. 
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structures nor their physical properties. The same applied to all the 

studies of twinning in BaTi03 , which soon became current. Physical 

properties of twins were all averages which needed further analysis. 

About this time too, perhaps in 1946, I became aware of the 

thermodymamic work of involving the formulation of the free energy 
as a power series in the Polarization P. (I do not know whether I first 

read it in papers by Devonshire in Phil Mag--but they seem later 

than I remember, 1949 and 1951.) Anyway, I thought the work was 

elegant, and useful in connecting up various experimentally measured 

physical properties. But to me, it was fundamentally inadequate for 

two reasos--firstly, because none of the work got round to giving 

satisfactory account of the origin of polarization, and secondly 

because they were always using derived, macrosc;opic quantites, as if 

they were· fundamental. 

I mean, for example, that lattice parameters and their changes 

cannot be given as an explanation, unless you explain how the particu

lar interatomic forces in the unit cell average themselves out to give 

these lattice parameters. Also, a dipole is the product of changing 

distance--but the distance must be fined by some forces other than 

electric ones emanating from the charge, and to specify it as the 

displacement of an ion from where it used to be is about as meaningful 

as saying it is the length of a short piece of string ! In the expression 

for the free energy, what are the coefficients of the powers of P? They 

are derived only by working backwards from other physical properties 

measured for the materials as a whole. They are all-'macroscopic'. It 

was clear to me in fact that however useful thermodymamics was in 

relating properties to each other, it was no use at all in explaining 
them, because its fundamental assumptions were of randomness, and 

the unimportance of direction. It never got back beyond energies to the 

distribution, the localization and directions of the array of forces and 

elasticities of atoms or atom groups, which gave rise to potential 

energy, even before one tried to consider kinetic energy. 

About KH2P04, the geometry of the transition was quite unambig

uous. The structure of the room temperature form was well known, 

and the existence of the short, symmetrical hydrogen bond. 

Geometrically, the H was either at the center of the bond, or statisti
cally on either side. If one H was off-center, the neighboring atoms 

were so displaced as to pull the others off-centre in a pattern which 

made a piece of perfect psuedosymmetric structure in a small domain -
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how large, one did not know, but with a mosaic of domains in which 

the alternative off-center position was chosen. 

In years after, there was much argument among physicists, con

cerned with lattice modes, whether the "order parameter" was the 

hydrogen bond, the displacement of P or the axial ratio. It seemed to 

me almost entirely meaningless, since the choice of one alternative for 

one, fixed the choice for the others. The only useful question was, 

"which could be regarded as the trigger?". Another possibility consid

ered by me, but not by others, I think, was the requirements of the K-0 

polyhedron. Very much more recently, about 1986 or so, this was 

confirmed in a paper by R. Nelmes, one of the last of a series of 

beautiful papers on very careful and elegant work on KH2P04 and all 

its isomorphs by Nelmes, Thornton, and other collaborators. 

To return to earlier days, a very good account of the transition 

was given in 1944 by Quervain(Helv. Phys. Acta, 17,509). This was 

clear and correct about the geometry of the transition, while dealing 

also with the physics. Direct evidence about the placing of the H or P 

atoms did not come until 1953-55 with a pair of beautiful papers, using 

neutron diffraction analysis, by G.E. Bacon and R. S. Pease, in Proc. 

Roy. Soc. A., 220, 397 (1953) and 230, 359 (1955). Even so, more work 

was needed to establish finer details, but the papers mentioned above 

by Nelmes et al. confirmed their essential results, while adding very 

important refinements. 

The state of affairs was quite different for Rochelle salt. This was 

a much more complex structure of lower symmetry with far more 

atoms to be located, most with arbitrary parameters not fixed by 

symmetry. The structure had been done in 1941, but the techniques of 

the time did not allow great precision even for the non-hydrogen 

atoms, and there was no certainty about all the 0-0 bond lengths. It 

turned out aferwards that the one identified as the H bond in the 1940 

's and 50 's was not! Even if it had been, the attempt to link it with 

ferroelectricity by analogy with KH2P04 was wholly fallacious. This 

bond was a longer bond, and unsymmetrical. To move the H from one 

end (one minimum of a double potential well) to the other would have 

completely changed the environment of the two oxygens at the ends, 

and hence the structure. We would no longer have had two domains 

differing only in orientation, but unpredictably different structures. 
In September of 1946, I moved again, this time to Cambridge to 

the Cavendish. My experimental work here was still completely uncon-
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