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Piezoelectric Materials for Transducers.

Piezoelectric“:

Piezoelectricityh) is observed in materials whose
structures are nonvcentrosyumetric, which subdivide into polar
crystals with- permauent dipoles and ncnipclsr crystals, in which
dipoles are created by an external stress. Polar crystals are

subdivided into 2 classes dependent on the effect on their

dipules hy_an-extsrnal'fieldy_.-if the dipoles can _be reversed

the crystal is called ferroelectric. (Figs 1, 2, 3).

Materials ,(Table 1)

Materials may be divided into 3 groups (a) available com.-
merically in bulk, Rochelle salt uartz, ADP,barium titanate
and. lead zirccnate titanste 1&2) available in small quantities
and made by special techniques. lithium niobate, cadmium sulphide
and lithium sulphate (0) reported but not available.

The development of piezoelectric materials has stemmed
from known materials. From Rochelle salt (sodium potassium
tartrste) have come tartrates, phosphates, arsenstes and sul-
phates of sodium, potassium, lithium and ammsnium, allgrown from

- solution as single crystals (Fi . 4). Lithium sulphate,
guanidinium aluminium sulphate fGASE), ctaaeium dihydrogen
phosphate and tri-glycine eulzphate (TGS are the most interesting
of this group butthe Curie temperatures of most cf'ths others
are below room temperature. '

 
From barium titanate have come titanatee, airconates,

ni‘chates and tantolates of lead strontium, lithium, sodium
and potassium (Figs. 5. '6. 7. 85, which have been prepared
either as ceramics or, in a few cases, grain from the melt
as single crystals, Substitution for barium and titanium in
the perevskite structure of barium titanate has led to the dis-
covery-that other structures, tungsten bronze, pyrochlors and
layer structure can also eathibit piesoolectricity.
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Cadmium sulphide,- line sulphide and zinc oxide have the

Wurteite structure and are polar piezoelectrice but are not fer-

roelsctric (Pig. 9).. They are being developed for high frequency
transducers, 109 ME: team” the necessary thin films are

achieved by sputtering . '

1 comparison between the properties of single crystals and

ceramics is not easy since i'es mtei-ials_have been made in both

forms but it-my heassumsd that the piezoelectric activity is

higher in single crystals.

The main advantages of ceramics are (a) their loser cost.

(b) the fabrication of certain shapes, not oasible with single

crystals, such as tubes' and hemispheres, (c the ready adjustment

or their electrical properties by variation of their chemical

compositions mg. it is possible in the case of barium titanste

to add cobalt oxide to reduce dielectric loss, calcium carbonate

to lower the {33m temperature phase transition and lead oxide to

reduce ageing Ceramics have the main limitation that only

ferroelectric materials can be considered since paling is involved.

Big power transducer materials

(a) The ceramics Hi‘ and LZ'I‘ operate by the oscillations of
dipoles and the strain is small 9.5,. 2kV applied a rose a_1-cm thick

LZT ceramic element causes an extension of 4 x 10' cm. The ex-

tension is directly proportional to the field but this is limited

by the dielectric loss factor, tan 5, shich also increases with

the field. Improvements in LZ‘l‘ ceramics are being made and it

may prove possible to operate with fields as high as 10kV/cm.

(b) Fig. 10. The strain in paling, or orientating, an

unpoled Lz‘l‘ ceramic can be a hundred time greater than the strain

from driving an already poled element. A single shot, large strain,

transducer could employ the paling of an unpoled LZl‘ element but

the ceramic would then have to berestored to its zero state by

thermal depoling. Conversely, a very much larger amount of elec-

trical energy, 1Joule/om3, can be obtained by allowing a poled

ceramic element to be completely depoled by a large mechanical

force. This again would be a single shot transducer since the

element would have to be restored to its original state by re-

poliag.. Transient czrsents of several hundred amps may bere-

leased by this means 4

(c) The higher strains which occur in paling and depoling

can also be obtained in phase transitions from a ferroelectric

stats F to an anti-Terreslectric state AF which in some LZT com-

positions have a small ensry difference (An AF state my be con-

sidered as opposing adjacent dipoles). In Fig. 11 an outline is

given of a tmnsition transducer. When a sufficiently large

electric field EF is applied there is a transition from AF to F,

accompanied by a large volume strain and when the field is reduced

there is a return to AP at a lower field Ens. However, when this

type of transducer is used to drive a mechanical load the pressure
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acts to prevent the change from AP to F. Consequently, a higher

field is necessary to hhange from AP to F and the dielectric loss

per cycle 1 es. Such transducers are likely to have very low

efric iency€53 . '

fixture materials (Table 2)

The physical and electrical properties in which improvements

would he useml arex- (aldislectric loss (12) sensitivity
fie; density (:1) frequency constant (e) temperature coefficients

1‘ pressure coefficients (3) mechanical shock resistance (h)
mechanical Q.

Some gropertiss will be improved by new materials but it

is still possible tn improve existing materials by changes in

their chemical comgositions or variations in processing; hence,

with LZ'I‘ it is possible to reduce dielectric loss, increase sens-

itivity, decrease temperature and firessure effects by chenica'l

changes and to incrense coupling coefficient by either :intering

in engen ow: by hot pressing.

Methods of.‘ strengthening ceramics are still in their in-

fancy but etyeriments have been made with glasses and alumina

ceramics to stress the skin by forcing in larger stnms at the

surface, 12.2. a soda glass Mn he heat treated in a bath of molten

potassium salt causing some 1°Y‘ffir potassium ions to rep]

sodium ions and create a cc sive stress in the surfer: .1

similar way larmgg chromium he can he mile to :"fflace alumT
inns in Illumith

 

  
 

  

  

Some methods of makinr materials are shown in. Tshle 3.

Conclusions

Piezoelectric materials used at present satisfy many re.-

quirements of tmnsn‘unsrs and LZ'I.‘ ceramic materials are superior
for most purposes. mrthen research on piezoelectrics is justified

and the. emnhnsis should probably be given to ceramics since these

have a wider use.

Acknowlednments: Mr. D. Luff is with the Ceramics Section, Chemistry

Division, Admiralty Materials Laboratory, Holten Heath, PooIe,Dcrset.

Refs

1. Piszcelectricity - Hans Joffe, hcyclo.8ritan, 1961.

2. E. G. Spencer, P. V. Lenzo, A. A. Ballman, Proc. I.E.S.E., Vol.55,

No. 12, Dec. 1967.
3. 'D. Schcfiald, R. F. Brown, Canadian Journal of Physics 351

594-607. 1957-
4. A. E. Crawford, Tech. llama. No. 5, Feb. 1964, Elliott Bros.

5. I.E.E.E. Trans on Sonics and Ultrasonics, Vol. SIT-15, NO. 2,

89—97, April 1968.
6. s. P. Kirchner, n. n. vaer, J. Am. 0st. Soc. 47(5),. 1964.

 

95

The paper is nreeented with the permission of the Ministry of

Defence (Navy). I



   

   

   
   
  

  

   

 

   

 

   

 

   

    

    

  

   
   
   

4

Table 1 Piezoelectric Materials A

Material
ochelle salt

cannke‘ss. l
.m an I

Lithium nicbata
Lithium sulphate
Cadmium sulphide

~ e sulhate

Sodium cadmium niobate “ 1
cdium pomseium niobate '
: /ca1cium zirconete v
fbsrium oirconate

Tartrates" . - _ I 4‘

Phosphates 1‘

 

Table 2 . ' Future Piszoelectrice - Reguirements:
Lower dielectric loss
Lower change of capacitance with pressure ‘

Lower change of capacitance with temperature }
Mylar sensitivity ‘
Lower frequency constant _
Lower density ‘
Higzer shook resistance - \
Lower mechanical Q-for NM transducers
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Table 3'_ Material PreEIBtion ‘
1. CERAMICS - polycrystalline, sintering of pressed compacts. ‘
2. SOLUTION SINGLE CRYSTALS - growth of seeds by slow cooling. 1
3. mm SINGLE CRYSTALS - growth of seeds by pulling frommelt. - 1
4. FLUX- 5mm: CRYSTAIS {growth of crystals in a molten flux. ‘
5. EPITAXIAI. FILE - (e) vapour deposition (chemical) (b) sputtered. 1
6. commas - gag plastic and ponder (b) glass and powder 1‘

e ' devitrified glass.
Ea; painted layer (1:) screen printed layer
0 electrophoretic layer (films are then fired) ‘

B.'HYDR01'EERMAL SINGIE CRYSTALS - pressure and temperature gradient ‘

v solutions; ‘
9. REACTIVE 301’ MISSING - formation of either single crystals or

ceramics.

7. THICK FILE -


