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Young’s modulus(Y) of 0.7P{Mg,;3sNb,5) O;—0.3PbTiQ has been investigated for polycrystals

and single crystals oriented alof@01), (110, and(111). The value ofY oy and¥ ;¢ for single
crystals was dramatically lower than either;, or the polycrystalline averaged value. For
ceramics, field dependent measurements revealed a significant softenkgwtfich was not
observed for oriented crystals. For both forms, the elastic energy densities were similar, however
significantly higher hysteretic losses were found for polycrystals.2@®3 American Institute of
Physics. [DOI: 10.1063/1.1618940

INTRODUCTION Materials (Urbana, Il). These crystals were grown by a
seeded vertical Bridgman methdd®® Corresponding
Single crystals of 0.7RMgysNbyg)O3—0.3PbTIQ  ppMN-—PT 70/30 ceramics were fabricated using conventional
(PMN—PT) that are oriented along th@01) direction have  iveq oxides methods. These specimens were prepared by
high :_alectro_mechanlcal _co_%pllng coeff|C|en_is%0.95) and_ EDO Corporation(Salt Lake City, UT. e—o measurements
f(let%tggslm'ggfed_étr%njs(b;%eiirg::])ilacesr?ﬁ;t?]r:\lzut'::gior were performed on bar shaped specimens having an aspect
by i S e S %8 % £ i 1 g o3 e v g
oriented single crystals of 0.7EMg1sNby) O3~ 0-3PbTIQ laad was applied using a pneumatic cylinder. Special care

are currently under development for advanced transducers tak i ¢ distribution in th ;
sonar. In acoustic transducer applicatinsjiaxial prestress Was taken to ensure a uniform stress distribution in the setup

inherently needs to be used. The influence of applied uniaxidly" () Placing the strain gauges in the center of the speci-
stress on the electromechanical performance characteristic8'en. where the stress is constafit) using rectangular
of (001-oriented PMN-PT crystals has recently beenshaped specimens, with parallel sides; @idlapplication of
investigated:” These investigations have demonstrated a de@ uniform load on the specimen, via the pneumatic cylinder.
polarization of the crystals with increasiig The electrome- e—o measurements were performed under zero dc bias and at
chanical coupling and acoustic power density are relatively various dc bias level&applied along the load axisYoung’s
independent over a modest range of stresses, because thedulus (Y) was determined from the slope of the-o
elastic strain and polarization are dually changed umder  curve. In additionP—E ande—E measurements were simul-
It has been known for some time that poled PMN—PTtaneously performed using a modified Sawyer—Tower
ceramics and soft PZTs have high coupling and piezoelectrigridge. The area of the hysteresis loop of reE curve was
constant§;** however, their application in acoustics and determined by integration using Green’s theorem.
transduction has been limited by hysteretic losses, resulting Figure Xa) shows theP—E curve for the polycrystalline
in thermal stability problems. Even thou_gh hard PZT mate<orm taken under unipolar drive at variows The induced
rials have lower electromechanical performancepo|arizaﬁOn at 15 kV/CMAP 15 em» Can be seen to be

coefficients acoustic and transduction devices are designeﬂqcreased from~0.06 to 0.16 C/rwith increasing uniaxial
around these compositions, in order to reduce the hysteretg;(ress between 0' and><61.07 N/m2. Figure 1b) shows the

losses. The performance characteristics (@d2)-oriented unipolar P—E response for #001)-oriented crystal under
0.7PlMg4/3Nb,5) O3—0.3PbTiQ crystals are significantly P resp o ye .
. . - arious o. This figure reveals a significant increase in
superior to those of corresponding compositions of PMN—-P . ) .
AP (15 kvicm) relative to the ceramic formAP 15 cm) In-

ceramics.3910 n nt
The purpose of this work was to investigate the elasticcreased fror7nv0.028 c/ under. small Ipads t0-0.25 C/
der 6<10° N/m*. The data in the figures show that the

and hysteretic properties of poly- and single crystal forms of!" S .
the same PMN—PT composition as a functioncofBoth ~ Value of the remanent polarizatidd, under zeroE shifts

forms of the material have been found to have similar elecWith o, due to a partial depoling with increasing The data
troacoustic energy densities, however the ceramic form haglso reveal an increase in the hysteretic losses with increas-
significantly higher hysteretic losses. ing 0. The e—E data are shown at various mechanical
Single crystals of PMN—PT 70/30 that are oriented alongstresses in Figs.(¢) and 1d) for the polycrystalline and
the(001), (110), and(111) directions were obtained from HC (00D-oriented crystal, respectively. These data exhibit the
same general trends of increasiagvith o. However, the

dAuthor to whom correspondence should be addressed; electronic mai}(a'ue of € undgr 15 kV/Cm'6(15_kV/Cm)’ was significantly
dviehland@vt.edu larger for the single crystal relative to polycrystal form.
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FIG. 1. P—E and e—E responses at different uniaxial stresses between 0 anthD6N/m? under unipolar drive conditionga) P—E response for a ceramic
specimen(b) P—E response foK001)-oriented crystal(c) e—E response for a ceramic specimen, &dde—E response fok001)-oriented crystal.
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FIG. 2. Hysteretic loss as a function éffor single and polycrystalline PMN—-PT 70/30 figr= 15 kV/cm: (a) polycrystalline form andb) single crystal form.
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FIG. 3. Young's modulus as a function Bffor single and polycrystalline PMN—PT 70/30 for=6x 10’ N/m?: (a) polycrystalline form andb) single crystal
form.
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One of the major differences in the—E characteristics PMN-PT 70/30 have multiple domains in the poled condi-
between the single and polycrystalline forms was the area dfon. The main difference is that in single crystals all domain
the hysteresis loops. Figuresaand 2Zb) show the hyster- walls are coherent throughout the specimen and are restricted
etic losses as a function ef at E=15kV/cm for poly- and to crystallographically equivalent directions. However, in the
single crystal forms, respectively. The hysteretic loss wapolycrystalline form, the grains are randomly axed with re-
significantly higher for the polycrystalline form, by nearly 1 spect to each other, and thus domains do not remain coherent
order of magnitude. This dramatic difference between poly-across grain boundaries. Accordingly, only in the polycrys-
and single crystals may be due to the multitude of randomlytalline condition do hysteretic losses become pronounced.
axed grains of the ceramic form, which results in high frac- We also measured the anisotropy of Young's modulus
tions of off-axis polarization vectors that are randomly axedusing the conventional resonance—antiresonance method.
with respect tcE. Temperature dependent data are shown in Fig. 406d),

Young’'s modulus as a function ofE for o=6 (110, and (112) oriented PMN-PT 70/30 crystals. These
x 10" N/m? is shown in Figs. @) and 3b) for polycrystal- measurements were performed under zero uniaxial stress
line and(00)-oriented single crystals, respectively. A dra- (i.e., o=0 N/m?). The room temperature value ¥fcan be
matic difference inY can be seen between the specimensseen to be low £ 2X 10°°N/m?) along both the001) and
The value ofY was nearly 1 order of magnitude lower for the (110 directions; whereas along tk&l11), it can be seen to be
(001)-oriented crystal, relative to the polycrystal. In addition, much higher ¢1.5x 10'*N/m?). Previous investigations of
the dependence di was much different for the two forms. PKh(Zn,;sNb,3) O3—4.5%PbTiQ crystals have yielded simi-

For the(002)-oriented single crystal increased from-10'°  lar anisotropic values folgo1 and Y 15 .'® However, in

to ~1.5x 10'*°N/m? with increasingE from 0 to 8 kV/cm.  our study, in the(011) plane, an unusual isotropy &f was
However, for the polycrystalline fornY first decreased no- also found, whereY gy = Y(119<Y(113 . Averaging of an-
ticeably with increasing: (and alsoo) and then recovered to isotropic elastic constants in ceramics can lead to a large
its original value. Young’s modulus was only soft in the vi- difference betweelY of the ceramic and crystal forms. How-
cinity of the coercive field~3 kV/cm), as identified by bi- ever, this difference will be noticeably lowered due to the
polar P—E measurements.

The stored elastic energy ¥22 was nearly the same for
both the (001)-oriented single (1.%10%J/n?) crystal and
the polycrystalline (1.& 10*J/n?) form. The dramatically
higher value ofY indicates that the induced strains in the
polycrystalline condition are noticeably lower than that of
single crystals. Recent investigations of soft and hard BZTs
have shown similar depolarization, increase of hysteretic loss
with increasingo, and relatively high values oY, as re- .t <110> -
ported here for the PMN—PT polycrystalline form. Ran- S ‘/
domly axed grains seemingly increase hysteretic losses due S, S <001
to a high fraction of off-axes polarization vectors. 2% 80 75 10 i Tso

In (00)-oriented PMN—PT 70/30 crystals, the stable Temperature (C)
phase under zero field is either the ferroelectric rhombohe-

1-3 e 15 ; FIG. 4. Young’s modulus as a function of temperature(@@1), (110), and
dral FE“ or monoclinic FE*‘ ", Upon pOlIng a FEor FEm . {111)-oriented PMN—PT 70/30 single crystals for=0 N/n?. These mea-
phase along th¢D01), the specimen must form a polydomain g,rements were performed using the conventional IEEE resonance—

structure. Thus, both the single and polycrystalline forms ofntiresonance method.
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