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FIELD DEPENDENCES OF ELASTIC COEFFICIENTS
OF FERROELECTRIC CERAMICS DURING
POLARIZATION REVERSALY

SCHMIDT, CH.” DIESTELHORST, M., STORBECK, U..» Halle

In order to determine the variation of elastic coefficients of Pb(Zr Ti, _ )0, cera-
mics (x = 0.55 and 0.52) with an electric bias field during the polarization reversal, the
resonance frequency f, of bars excited to longitudinal vibrations and of disks excited
to radial vibrations was measured. From the different shapes of the corresponding £,
vs. £ plots it was concluded that, contrary to common assumtions, Poisson’s ratio o
and the elastic compliance s%, increase considerably more during the polarization
reversal than s{. Even the influence of the composition on o-and s}, is more significant
than on sf.

I. INTRODUCTION

Piezoelectric PZT ceramics are the most commonly used transducer materials
in ultrasonic today, at least from the technical point of view. One essential
technological procedure of manufacturing piezoceramics is the poling process
for providing polar properties. Many experiments have been performed for
investigating the behaviour of PZT ceramics during the poling and the polariza-
tion reversal in order to study the mechanism of these processes. Different
quantities like polarization and strain as well as coefficients characterizing
permitivity, piezoelectricity, and elasticity have been measured in dependence of
the electric field varying slowly in time. .

The motive for our investigations was a discrepancy between the results on
the field dependence of the elastic compliance s,, during the polarization reversal
obtained in our laboratory and those published by other workers, e.g. by
Uchida and Ikeda [1], Wersing [2], and Isupov and Stolypin [3]. All
these investigations were done by the same method, i. e. by measuring resonance
frequencies of ceramic resonators excited piezoelectrically to a natural mode of
vibration.

—_——

1} Contribution presented at the 10th Conference of Ultrasonic Methods, ZILINA, August 27
—30. 1968.
2) Sektion Physik, Martin-Luther-Universitit Halle-Wittenberg 4020 HALLE, DDR
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PZT (NSM) ceramics (VEB Keramische Werke Hermsdorf) are shown in Figure
I (Rosenkranz [4]). The components of ali samples were the same, only the

571is, resp., tetragonal and rhombohedral (the figures being the Zr concentration
is mole %), whereas NSM 525 has a composition near the morphotropic phase
boundary (MPB), where both phases coexist.
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Fig. 1. Change of the resonance frequency Af. with the electric field strength E for bars of
Pb{(Nj, 3Sbs 4 oZr, T, _ 10, ceramics with different Zr concentration x.

17 = 1/2Uest) 2 M
where / and ¢ are the length and the density of the bart. The other workers used
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circular disks excited to radial vibrations. The fundamental frequency of this
mode is after Mason [5]:

I = R2mr {osfi(1 — )~ )
with R, being the first root of the equation

3)
RiJo(R) — (1 - 0)J\(R) =0

(Jo and J, are Bessel’s functions of the Oth and the Ist order, r and o are radius
and Poisson’s ratio of the disk). In all papers cited above Poisson’s ratio was
taken to be independent of the vo_mawm:.o:,mga of the ceramics and to have the
value 0.27 (yielding Ry =2.03) as suggested by Mason,

1L EXPERIMENTS AND RESULTS

from the same ceramic ingot. The frequency of the exciting voltage (ca 40 V/cm)
was controlled by the resonance frequency of the ceramic resonators and plotted
vs. the bias field which varied triangularly in time with typically 2 min per cycle.

Our preliminary results obtained at a temperature of 120°C for PZT 55
(x =0.55, rhombohedral) and PZT 52 (near MPB) are shown in Figures 2 and

We obtained the same JAE) dependence for both bars as that found earlier
by Rosenkranz. The small irregularities seen in Figure 3b near the coer-
cive fields are caused by the zero transitions of the electromechanical coupling
and intermission of the voltage controlling the frequency of the hf generator.
For the disks, however, we find the minimum of the resonance frequency at lower
absolute values of the bias field followed by a steep increase. This increase leads
1o a huge maximum at E_ in the field dependence of f? of the PZT 52 disk. This
different behaviour of bars and disks has obviously to be attributed to the field
dependence of Possion’s ratio. This can be evaluated from equations (1) and 2)

wll SO = R, . (1 — &)~ 4)
by meams of a plot of R, . (1 — 0?)='2 y5 ¢ provided f? and f* belong to the
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Fig. 2. Variation of the resonance frequency f,

with the electric field for (a) a disk (diameter

15 mm, thickness 0.55 mm) and (b) a bar (length

14.9 mm, width 1.55 mm, thickness 0.55 mm) of
PZT 55 (120°C)

Fig. 3. Electric field dependence of f; for (a) a
disk (15 x0.55mm) and (b) a bar
(13.5 x 0.52 x 0.55 mm) of PZT 52 (120°C)

Fig. 4. Variation of the elastic compliance $E
and of Poisson’s ratio with the electric field E for
PZT 52 and PZT 55 (120°C)

Table |

Relative difference between maximum and minimum values of elastic coefficients during polariza-
tion reversal of PZT ceramics (120°C)

elastic Poisson’s elastic
compliance ratio compliance
hm ﬂh
i e b
Pb(Zr, 4sTi, 45)0, 13% 33% 58%
Pb(Zry 53Ty 44)0, 4.5% 15% 19%
Table 2
Relative difference between elastic coeflicients of Pb(Zr, 55Tig 450, an Pb(Zry 5,Tiy 40, (120 °C)
elastic Poisson’s elastic
compliance ratio compliance
£ E
St i
minimum values . 17% 40% 1%
remanence 14% 35% 53%
maximum values 9% 20% 29%

The preliminary results of our study can be summarized as follows:
1. Possion’s ratio o = —5y5/5,, is by no means constant during the polarization
reversal. On the contrary, it changes considerably more with the field strength

than s,, (cf Figure 4 and Table 1).

2. Even the influence of the composition on the elastic coefficients is more

pronounced for & than for s,, (cf Table 2).

Fig. 5. Variation of the resonance frequency f,
ofaPZT 55 bar with the electric field £ at 120°C
for different regimes (cf text)
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PZT ceramics.
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3ABUCUMOCTD YIIPYTUX MOCTOAHHBIX MbE3OAEKTPUYECKON
KEPAMHUKMU OT NOJst B MPOUECCE UIMEHEHUSA nojasrPn3ALIUU

Jlnd onpenenesus U3MeHEHUS YIPYIHX NOCTOAHHBIX kepamukn Po(Zr Ti, _ )0;(x = 0,551 0,52)
B MPOLECCe M3MEHEHUSA TIOAPHIAUMK HANIPABICHHOTO 3EKTPHYECKOrO RS H3IMepANalb pe-
30HAHCHAR YACTOTA f, CTEPXKHE, BO3OYKIAEMBIX IPOIONBHBIMY BUGpaUMaMU, H NHCKOB, NoaBep-
TAOUHXCS paHATEHLIM BHOpauraM. Ha ocHoBe pasiuunsix dopm rpaduKoB COOTBETCTBYIOINX
4acToT f, xak dyukumii £ caenaHo 3akidioueHue, 4TO, B NIPOTHBOMOIOKHOCTL OOIIUM Tipea-
nonoXeHusM, oTHoweHue [yaccona o n YIpPYTas MOAATAMBOCTE ST, BO3pACTaeT 60Mlee 3aMETHO B
TIPOLUECCE HIMEHEHHS IONAPH3ALMK, YeM BETHUMHA Sf,. KpoMe TOro, BiHaanue cocTapa Ha o 1 St

Gonee 3naunTenbHO, YeM Ha ST
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