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INTRODUCT ION

Polyvinylidene fluoride (PVFP) is a polymer which can be xtruded
into very thin sheets and polarised Lo form piezoelectric transducers.
The material is transparent, flexible, liphtweirht, cheap, and resist-
2nt to mechanical snd thermal shock nnd to chemical attack. tlect-

ofas can be easily vavour-denosited onto its surface in any cdesired

confi~uration.

PVF, has heen used in microvhones, loudsveakers znd switches, but
although its characteristic impedance is very close to that of water,
thereby ensvring mood mutehing, its nossible avplications as an under-

water transducer have not been exploited.

At Loughhorough we are just beginning a resesrch project to study
the potential of *his material for underwater devices, particularly
ultrasound receivers. flur studies so far have included some basic
maasurerents of material parameters, such ss the piezoelectric con-
stants d:,}3 and 333 which describe transmitting and receiving perform-
ance in the thickness directinon. Cur ultimate expectation is to

construct a multielement array for acoustic imarcine.



SOM% PROPLERTIES OF PVTJ‘p

Nelwvinylidene {luoride ic privueily manufactured for use as a
rackineg and insulating moterial and for handling radioactive and
cor—nsive chemicals, - Put since 1963, when the first details of its
piezoelectric properties were published in Japan, its apvnlication as
a transducer material has become of great interest. It is readily
obtainable in thin sheets down to 6 microns thick, and transducers

can be made with flat responses as high as 500 Miz.

"He material exists in two basic forms, referred to as phase I
(8 ~form) and phase IT (s¢-form). They can exist separately or to-
mether, and their presence can be determined by infra-red absorption
techniques. Although both forms have dipole moments in their mole
ecular chains (8 has the larger moment), neither has a resultant
macromolecular dipole moment unless polarised in a D.C. electric
field. Poth forms of P‘-.n'F:> con be established when the raw material
(pellets) is extruded durinc the manufacture of thin shects, if
thick sheets resulting from injection or compression moulding are
available, then typically the -form is obtained if the material is
stretched hy 400% at 160°C  (near the melting point), sné the S-form
if it is stretched by 400% at 50 - 90°¢,

T"he nrecise mechanisms of dipole orientation in P'\IFp under the
influence of poling fields are not fully understood, aﬁd the reader
is spared any further confusion ahout it here. Tt is sufficient to
savy that the material is hoih pilezoelectric and pyroelectric, and

therefore deavelops a surfrce potential Jdifference due te either

pressure or temperature fields.

Theoreticnlly, the ecuivalent electrical circuit of PVF, is the
same as for any piescclectric matorizl, nawmely an LCR series circuit
(rotionsl immedance arm) in parallel with a capacitance & (electric-
al impedznce arm). ~ut becsuse of the low mass of thin PUFE sheets
the I componsbt of L:c motional arm can reasonably be ne;lected over
the flat reswvonse part of tie freguency spectrum. Mechenically,

therefore, the materinl is sredominantly sliffness-controlled.
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TRANSDUCER CONSTRUCTION

Zlectrodine of Fv?p transducers is usually effected by vapour
deposition of .a metal in a vacuum chamber, and for permanent adhesion
the metal rust bhe honded chemically to the polymer surface. This
necessitates the use of reactive metals such as aluminium, nickel,
chromium and nichrome. Tlectrodes with simple geometry such as

o

circles or souares are readily made by using a suitable mask; but
if an array of very small electrodes is required it is better to use

photolithopraphic techniques.

‘Thenn provided with electrodes PVF2 can be permanently polarised
by the application of a high D.C. electric field. Peling fields
can be as high as 2 - 3 MV cm—1 and are limited only by dieleectric
breakdown of the material. Jenerally speaking, the receiving sen-
sitivity of a PVFE transducer, for a particular poling temperature,
increases linearly as the magnitude of its original poling field.
Tt also increases linearly with temperature for a given poling field.
mhese dependencies are illustrated in Tigures 1 and 2 far a number
of identical 25-micron thick devices of 20 mm diameter. Mhe poling
voltaces ranged from 600V to 1kV, corresponding to electric fields
of 240 to 400 kV cm—1, and the temperatures ranged from 60°2 to 10500.
Jubsequent measurements for fields up to 1,65 MY cm_1 have substan-
tiated these observations of linear dependency. The verticdal axes
of Tirures 1 and 2 are relative voltage outputs of the various trans-
Aucers, all situated (separately) at the same distance from a con-

ventional source transducer.

There is also o non-linear time dependency, and our experiments
have indicated thet to wmake a transducer with maximum sensitivity -
for o given temperature and electric field - a minimum of 30 minutes

poling time is reguired.
MEASUREMENTS

ne of our earlicst teasurements was to compare the rcceiving
sensitivity of a 25- micron thick PVF? transducer with a convention-
4l PZT-bL *ronsducer of the same area, when situated (separately) at

the same location in the far field of an acoustic source, simply by



wonitoring the two ovtput voltares. “7ith the T4%-4 transducer
receiving at its fundamentnl resonance frequency of 2 iil'z, it was
superior to the flat-resnonse VW7, transcducer by 50 dB, ‘then re-
neiving olff-resonance, at t 'z, the P2T-4 transducer was 30 dF
hatter. o measurements were made with the PVFP transducer receiv-
ing at a thaickness resonance frequency because it was impractical

to drive the available source above a few MHz.

‘lowever, we have the facilities to make a I'VF, transducer of
sufficient thickness to have a fundamental resonance freguency - and
hence much improved response = in the low radic frequency region.
"he technique is to form the hasic shape required by injection or
compression moulding of the raw material then stretch it by some 400%
in a tensile test machine, For a 1mm thick transducer, a poling
field of up to 500 K7/ cm-1 can be applied.

"he most useful parameters for determining the response of PVF2
in its thickness (or "3") direction - appropriate for underwater
apnlications -~ are the piezoelectric constants g33 and d33,'given as
(1)

S = d E

33 73

£ - (2)

3 = "B33 T3

where d_, relates the elastic strain S, caused hy an electric field

33 3
E% (inverse ef{ect) znd f33 ralates the electric field established
by a compressive stress T (direct effect). By re-writing (1) as
t, = d v
5 3 33 V3 (3
the formula recomes independent of thickness. Tt is clear that 4d

33

can be obtained by meagsurinm the change of thickness St3 due to an
Awplied D.C. voltape V5' In this work 300V wns applied and 6t3 was

measured on a '"Malystep" machine to an accuracy of better than & x

L]
-y

10 mm. Talues of €ﬁ3 up to 500 pC N*11have been obtained, whig? is
well above the quoted value of 289 pC N for PZT-4% and 152 pC N
For PZT-2, "owever, the measured values were found to vary from
point to point across the transducer electrodes (heing maximum at the

periphery) and the average value for d33 was generally an order of



masnitude less than the meximum valne,

“he ;__ constant has not yot been mepsured directly, hut we have

s
devised é)system Tor doing it. Pasieally, a uniform stress is
aunplied to the transducer surfaces by means of air pressure and the
ctput voltame develeoped scross the device is monitored. Taking
the dielectric constant (K} into account, an estimation of g33 can

be obtained from

Tere e§3 is the sbsclute dielectric constant measured with T_= O,

- 3 -
and €  is the permittivity of free space (3.35 x 10 12 farad metre 1).

17-1
Thus for an average value of 50 pC I for 4 and a measured value

33
of 12 for K, g35 is ahout 0,5 VN~ 1, Comparing tihis figure with
the gquoted value of Bz (0.026 VmN-q) for PZT-4, it is apparent that

PVF? could make a good receiver.
CONCLUSIONS

At Loushbhorough we have only just begun to appreciates the complex-
ities of the behaviour of PVFE. However, we have made many trans-
ducers under different conditions, and have measured some of their
important parameters,

A series of experiments is currently beins undertaken to establish
the precise variation of d33 and g33 with temparature, and to rel=te
these to other piezoelectric, electric and elastic constants.

““his should £ill en important gap in the litersture because thick-
ness vibration of PVFD nas been little studied so far, There are
many possible underwater avplications of the material, not the least
hecause of its close acoustic matching to water, "“hus, by malking
use of this information the response of nractical underwater trans-

ducers a2nd srrays can be hetter assessed.
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