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Piazoelectric Materials for Transdugers,

Piezoelactricity

Piozoslectricity'!) 1s observed in materials whose
structures are nonw-centrosymmetrie, which subdivide into polar
crystals with permanent dipolés and nomépolar erystals, in which
dipoles are created by an external streés. Polar crystals are
subdivided into 2 classea dependent on the effect on their
dipoles by an external fieldj..if the dipoles can be reversed
the orystal is called ferrcelectric. (Figs 1, 2, 3).

Materials ,(Tab‘.l:e‘ 1)

Materials may be divided into 3} groups (a) available com-
merically in bulk, Rochelle salt, quartz, ADPF, barium titanate
and lead zirconate titanste (T..ZT} %b) available in small quantities
and mede by special technigues, lithium niocbate, cadmium sulphide
and lithium sulphate (¢} reported Tut not available.

The development of piexoelectric materials has stemmed
from known materiala. From Rochells salt (scdinm potassium
tartrate) have come tartrates, phosphates, arsenates and sul-
phates of sodium, potassium, lithium end smmonium, &ll grovm from
- solution as single erystsls (Fig. 4). Lithium sulphats,
guanidinivm alumininm sulphate ?GASH’), otassium dihydrogen
phosphate and tri-glycine subphats (TGS) are the most interesting
of this group tut the Curie temperatures of most of ‘the others
are below room temperature. :

Prom DParium titanate have come titanstes, zirconates,
nigbates and tantolates of lead, strontium, lithium, sodium
and potassium (Fige. 5,6, 7, 85, vhich have been prepared
elther as ceramics or,.in a few cases, srowm from the melt
as single orystals, BSubetitution for barium snd titanium in
the perovekite structure of barium titanate has led to the die-
covery-that othér strmuctures, tungsten bronze, pyrochlore and
layer atructure can also exhiblt plegoelectrisity.
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Cadmium sulphide; zinc sulphide and zinc oxlde have ths
Furtzite structure and are polar plezoeleotrics but are not fer=
roeleotrio (Fig. 9).- They are being developed for high frequency
transducers, 100 MAz t?,‘,)mhza the necessary thin films are ‘
achieved by sputtering™ . o : )

Corami'g:a B a i ta_la‘

& comparison betwsen the propertiee of single orystals and
ceramios is not easy since few mateiials have been made in both
forma but it may be assumed that the plezoelectric aotivity ie
highsr in single crystals. ‘

The main advantages of ceramics are {a) their lower cost.
(v) the fabrication of certain shapes, not posaible with single
erystals, such as tubes and hemispheres,’ (¢) the ready adjustment
of their eleotrical properties by varistion of their chemical
ocompositions e.g. it is possible in the case of barium titanate
to sdd ccbalt oxide to reduce dielectric loas, caleium carbonate
to lower the {”m temperature phase transition and lead oxide to
reduce ageing'”’’, Ceramios have the main limitation that only
ferroelectric materials can be comsidered since poling is involved,

High power transducer materials

(2) The coramice BT and L2T operate by the oscillations of
dipoles and the strain is small e.g. 2kV applied agross afom thick
1LZT ceramic element causes an extension of 4 x 1077em. The ex-
tension 1s directly proportional to the field but this is limited
by the dielectric loes faetor, tan S, which alao increases with
the field. Improvements in LZT ceramics are béing made and it
may prove posaible to operate with fields as high as 10kV/cm.

(b} Fig. 10. The strain in poling, or orientating, an
unpoled LZT ceramic cen be a hundred times greater than the strain
from driving an already poled element. A single shot, large strain,
traneducer could employ the noling of an unpoled LZT element but
the ceramic would then have to be restored to ite zero state by
thermal depoling. Conversely, a very much larger amount of elec-
trical enerey, 1Joule/om3, can be obtained by allowing a poled
ceramic element to be completely depoled by a larpe mechanical
force, This azain would bYe a single shot transducer since the
alement would have to be restored to its original state by re-
paling,. Transient mtrsvnta of several hundred amps may be re-
leased by this meanaid

(c) The higher strains which occur in poling and depoling
can alsc be obtained in phase transitions from a ferrcelectric
atate P to an anti-ferrcelectric state AF, which in some LZT oome
ponitions have & small enersy difference (An AF state may be con-
aidered as onposing adjacent dipolaa). In Fig, 11 an outline is
siven of & transition transducer. ¥hen a sufficiently large
electric field Ep is annlied there is a tranajtion from AF to F,
accompanied by a large volume strain and when the field is reduced
there is a veturn to AF at a lower field Fyp. However, when this
type of transducer is used to drive a mechanical losd the pressure
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aota to prevent the change from AP to F. Conmequently, & higher
field 18 necessary to thange from AF to F and the dlelectrio loss
psr cycle Tises, Susch tranaducers are likely to have very low
afflciancyf53.

Future materials (Table 2)

The physical and eleotrical propertiss in whkich improvements
would be neeful ares- (a) dielectric loss (b) sensitivity
Ee; demsity (d) frequency comstant (e) temperature coefficients
¢} pressura coefficients (g) mechanieal shock resistance (h)
mechanical Q.

Some nroperties will be improved by new materials tut it
im atill nossible to improve existing materiale hy changes in
their rhemical compoaitions or variations in pmocessing; hence,
with LZT it is possible to reduce dieleetric loss, increase =ens-
itivity, decresws tempeeature and orassura effects hy chemical
chanmes and o increase coupling coeffiriant by either sintering
in oxyoen ov by hot pressing,

Methods of strengthening ceramics are atill in their in-
fancy but exneriments have bean made with zlasser and alumina
ceraming to stress tha skin by forcing in larger strmg ot tha
anrface, m.7. A anda olasg can he heat trsated in 2 bath of molten
potasainm salt causing sere lawper ookassinm ioms tn raplace
sodium iong and ¢reate o comoressive stmess in the surface,In
gimilar way larmsg chromium ions can he mule te penlace alnminium
ima in nTUminntés.

Some methods of making rwierials are anowm in Tabla 3,
Concluslons

Pieznalaetric matarials wsed at nrecant satiafy many ra-
quirements of transdurars apd LZT cevamis materials are sunarcinr
for most nurroses. Purthew vesearch on piescelectries iz justified
and the emnhasis should probably be given to ceramics sines these
have a wider use,
Acknowledements: lYr. D, Iuff is with the Ceramics Section, Chemistry
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Table 1 Piezoelectric Materials
Material CUR| Eq [ooupraNa  EOREY. | DIRLEC T .:m. £TRESS
Eochella salt 30 - b8 350 owdf tnean
Quartz S50 | = |. 2 | 5 | zxn|comparss,
P ’ 120 | - 22 th |2a »e| srear
BT {Bariumtitanate) - 120 | sa5| 45 |voe-aced 90« v | comeress
LZT (lead Z2ircconate Titanateifso-}sm =55 ] -5 |so0-30c0|250x% - » |
Lead nicbate 560 | /0| 40 | 500 |oown|comPerss
Lithium nlobate . 1200 - - - - -
Lithium sulphate ’ 78 - * 38 =4 bx -
Cadmium sulphide ] - - 26 | 10 - -
9 1 ~ - - - -
- w2l - o000 - —
_ 200 | 40| - 000 |mewe™| -
odium potasaium niodate %00 | 48 - 1 oo [404 n -
BT fealeiunm siroonate - 20 |- ]| - o000 | - -
/barium zirconate - |- v39  |moc-smal = -
- | Ryt #7 - 20~ .
Eitg:ur.:r:{::ﬁgan selenite ] {'“” caks avfoh -
- |= Fhosphatea } 1o - | =- - -
=~ Argenates
Tabls 2 L Puture Plezoelectries » Reguirements:

Lower dislectric losa
Lower change of capacitance with pressure
Lowar change of capacitance with temperature
Higher sensitivity
- Lower freguency constant
Lower density
Higher shock resistance
Lowar mechaniecal @ for NDT tnanaduoers.

Table -3 Material Preparation
1. CERAMICS - polycrystelline, sintering of pressed compacts.
2. SOLUTION SINGLE CRYSTALS - growth of seeds by slow cooling.
3. MEKT SINGLE CRYSTALS - growth of seeds by pulling from melt.
4. FLOX SINGLE CRYSTALS - growth of orystals in a melten flux.
5, EPITAXTAL FIIMS - (a)} vapour deposition {chemical) (b} sputtered.
6. COMPCSTTES - Ea plastic and powder (b) glass and powder
' ¢) devitrified glass,
7. THICK FILMI - { 3 painted layer (b) screen printed layer
(o) electrophoretic layer (films are then fired)
B, HYDROTEERMAL SINGIE CRYSTALS = pressure and tempersture gradient
- golutiona,
9. REACTIVE HOT PRESSING - formation of either single crystals or
ceramics.




