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Polarization reversal study using ultrasound
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We found that the sound velocity changes drastically near the coercive field for a
0.955PI9Zn;,sNb,,5) O3—0.045PbTiQ ferroelectric single crystal, which reflects that domain rotation
occurred during polarization switching. This velocity change associated with polarization switching
provides a powerful method to study the dynamics of polarization reversal process in nontransparent
ferroelectric crystals. A complete phase velocity-electric field loop was measured quasi-statically in
a switching cycle and compared with the polarization hysteresis loop. In addition, two attenuation
peaks were found in the switching cycle, which indicates that two domain switching processes are
involved in the polarization reversal. @001 American Institute of Physics.
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The electronic applications of ferroelectric materialstheir properties have been fuIIy_characterii%d‘.he crystal
have intrigued more fundamental studies on these materialsrientations ar¢ 111]/[110]/[112] and the dimensions of
In recent years, the polarization reversal process has be¢he sample are 85.3X 3.8 (mm). Gold films were sputtered
revisited~’ since the understanding of this process couldonto the[111] and[111] faces to form the electrodes. A
help to build many devices using polarization reversal pheBertan high voltage supply was used to apply the electric
nomena. The rich physical phenomena associated with thigeld to the samples and a 10 MHz longitudinal wave trans-
domain switching process have attracted many physicists artlicer, which was driven by a Parametrics Pulser/Receiver,
material scientists since the 19568's! The experimental was use for both pulse launching and echo receiving. The
methods that have been used for studying the domaiwave forms were recorded using a Tektronix digital oscillo-
switching/polarization reversal are the measurements o$cope and were then transmitted to a personal computer for
ferroelectric hysteresis lodhtransient reversal curreAf:®1°  analysis. The schematic of experiment setup is shown in Fig.
permittivity vs E-field! and domain observation using op- 1. In the experiment, the applied field was changing very
tical microscopé:® Each method reveals a particular aspectslowly. The total time for the cycle is about 4 h. This slow
of the polarization reversal process. In this work, we presenprocess allows the domains to have enough time settling into
an ultrasonic method to study the polarization reversal protheir new positions in each small increment of the field. The
cess, which is very useful for studying nontransparent sysinsert of Fig. 1 shows more details of the sample geometry
tems and reveals average effects. and orientation. For convenience of discussion, coordinates

Because the velocity is a function of elastic stiffnessfor the cubic parent phase are used in this letter since the
coefficients, which are anisotropic, it can reflect the orientanatural crystal coordinates will rotate during the switching
tion of the domains. In addition, ultrasonic measure-process as will be discussed next. The initial state has a

ment could also reveal information on the attenuation of

ultrasonic waves. Therefore, if polarization rotation is PC
involved in the reversal process, we should be able to
detect velocity variation based on the crystal symmetry. C]

We show in this letter that this method is very effective
for the study of the polarization reversal process in
0.955PKZn,5Nb,/5)O3—0.045PbTiQ ferroelectric  single
crystals. Analogous to the ferroelectric hysteresis |G®pE
loop), a loop of the ultrasonic phase velocity versus electric
field has been measuréd-E loop). We found that the coer-
cive field E. can be determined from both tie-E loop as
well as from thev—E loop. Two peaks were found in the
curve of the attenuation versus electric field. The peaks cor-
respond to the critical field levels at which severe mechanical Sample l
activities occur. The two attenuation peaks indicate that the \ =
polarization reversal in this crystal system is coupled
strongly to two domain rotation processes. [110] ¥
The 0.955P&Zn,;3Nb,,5)O5—0.045PbTiQ single crystals
were grown using the high temperature flux technt§aed
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FIG. 1. Ultrasonic measurement system. The insert at the bottom shows the
dElectronic mail: cao@math.psu.edu crystal orientation.
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FIG. 2. Velocity—electric field loop and Polarization—Electric field loop.

The longitudinal velocity is measured [ii11] under an electric field also in
[111].

polarization along111] with the crystal symmetry of 3.
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FIG. 3. Velocity and attenuation versus electric field, with the longitudinal
wave propagating ifi110] under an electric field alondl11].

shown in Fig. 2, which confirmed that the velocity change is

There are a total of eight possible domain states for thigjye to domain rotation since the piezoelectric effect has no

system.

influence on the effective elastic constant in the direction

Figure 2 shows a loop of ultrasonic phase velocity ver-perpendicular to the polarization. One important finding is
sus electric field measured using our system. As a comparine change of acoustic attenuation during polarization rever-

son, a ferroelectric hysteresis loop obtained at the same timgy|. The attenuation level represents the degree of mechani-
is also shown. The crystal sample was poled before the me@y| motion involved in the polarization reversal process,

surement so that the starting point is not from the origin. Th&imilar to the case in ferromagnetic system when it is

electric field was applied to the sample along [th&l] of the
cubic coordinates, or th€ axis of the trigonal coordinates,
and the phase velocity of ultrasound[itl1] direction was
measured.

The electric field is applied opposing the polarization at(1)
the beginning. When the field is gradually increased, the ve-
locity is almost unchanged until the electric field amplitude
reaches 0.6 kV/cm for negative field direction and 0.75
kVv/cm for positive field direction. After this critical point,
velocity begins to decrease with increasing field amplitude at
faster speed. The velocity reaches a minimum near the coer-
cive field E; and then drastically increases back to its origi-(2)
nal value with further increase of the field level. Little
change of the velocity was found after the sample being
poled into a single domain state with the polarization either
along[111] or [111]. Compared to the electric hysteresis
loop, one can see that the velocity minimum appears at the
point of P=0, E=E.. There are two reasons that might
cause the velocity to decrease: one is the reduction of piezo-
electric contribution, which softens the effective elastic con-
stant along the poling direction, and the other is due to the
rotation of domains, which reduces the velocity due to elastic
anisotropy. Our analysis showed that the change observed in
this system corresponds to domain rotatidn.

Figure 3 shows the velocity and attenuation of ultra-
sound in thg 110] direction under an electric field if111] In

coupled to the elastic straff.

There are two characteristics in the field—attenuation

curve, which differ from the field—velocity curve.

Asymmetry of the attenuation for positive and negative
fields. It indicates that the domain motion is not symmet-
ric since the domain pattern changes may be controlled
by nonsymmetric defect pinning centers. This asymme-
try is also reflected in the velocity versus electric field
curve, but not as so obviously as in the attenuation ver-
sus field curve.

Instead of one minimum in the velocity curve, there are
two downward peaks in the attenuation versus field
curve. The first peak appears Bt E,. and the second
peak appears at the half-way point of the decreasing path
of the velocity—field curve. This is a convincing evi-
dence that the polarization switching in the PZN-
4.5%PT crystal is via the path of 8%71°—180° as
illustrated in the insert of Fig. 1. Such a switching path is
quite different from the conventional 63180° domain
flipping mechanism. This point has been discussed in
detail in another papéf. The two attenuation peaks cor-
respond to the critical field for the 6371° and 71°
—180° domain switching, respectively.

summary, we have demonstrated that the ultrasonic

direction (longitudinal wave perpendicular to the field direc- method can be used to probe the polarization reversal pro-
tion). The cycle period is also about 4 h. The dependence aofess through the study of a 3m symmetry system, for which

the velocity on the electric field is similar to the-E loop  there are eight possible domain states. The method is not
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