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High-temperature(high-T) and high-electric-field(high-E) effects on PR(Zn;;sNbys) g gsTig 0gl O3 were
studied comprehensively by neutron diffraction in the ranges<30€ 550 K and GsE=<15 kV/cm. We have
focused on how phase transitions depend on preceding thermal and electrical sequences. In the field-cooling
process E[[001]=0.5 kV/cm), a successive cubi€}—tetragonall)— monoclinic (M¢) transition was
observed. In the zero-field-cooling process, however, we have found that the systenotoassform to the
rhombohedralR) phase as widely believed, but to an unidentified phase, which weXcXllgives a Bragg-
peak profile similar to that expected fBr but thec axis is always slightly shorter than tlaeaxis. As for field
effects on theX phase, it transforms into thd - phase via another monoclinic phadd () as expected from
a previous papdmiNohedaet al, Phys. Rev. B55, 224101(2002]. At a higher electric field, we confirmed the
field-inducedM -— T transition, which shows a graduedaxis jump contrary to a shaipaxis jump observed
by strain and x-ray diffraction measurements.
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[. INTRODUCTION 8%PT by x-ray diffraction and found that the field
dependence of the lattice parameter exactly reflects the strain
Solid solutions of Pb(ZpsNbyg)O; and PbTiQ  behavior, which indicates that the observed high macro-
(PZNxPT) are relaxor ferroelectrics with extremely high scopic strain levels indeed originate from the microscopic
piezoelectric responség,which are an order of magnitude strain of the lattic€.In addition, they found that the structure
larger than those of conventional piezoelectric ceramics suchf PZN-8%PT exhibits an irreversible change from the zero-
as Pb(ZTi;_,)Os (PZT).>* PZNxXPT has a cubic(C) field R phase to different phases by applying electric fiélds.
perovskite-type structure at high temperatures, and undefSubsequent x-ray measurements at RT by Nole¢@d have
goes a diffuse ferroelectric phase transition at low temperaidentified the symmetries of the various phases appearing in
tures. It has been reported that the ferroelectric region i®ZN-8%PT/® They have shown that the zero-fiegRiphase
separated into rhombohedr@) and tetragona(T) symme-  starts to follow the direct polarization path to theymmetry
tries by a morphotropic phase boundaiMPB), a nearly via an intermediate monoclinidf,) phase, but then jumps
vertical line between the two phasesxat10%. The piezo- irreversibly to an alternate path involving a different type of
electric response of PZXMPT reaches the maximum a  monoclinic distortion Mc),® as schematically drawn in Fig.
=8%, which is located on thR (lower x) side near MPB.  1(b). Their result suggests that there is a very narrow region
These behaviors are qualitatively similar to those of PZTof monoclinic phase nestled against MPB as found for PZT.
However, PZNxPT can be grown in single crystal form un- After the recent discovery of thil, and M phases in the
like PZT, so that the structural prop erties can be studied ifPZT and PZNxPT systems by Noheda&t al.® another
more detail. monoclinic phaseMg was reported in the PMNXPT
A typical strain field loop for a poled system®
Pb(ZnysNby3) g 9oTig.0d O3 (PZN-8%PT single crystal at The maximum piezoelectric activity is located in the
room temperaturgRT), where an electric field is applied monoclinic phase near MPB in both PZT and PXRT.
along the pseudo-cubj®01] direction E|[001]), is shown These observations have resulted in the concept of the polar-
in Fig. 1(a) after Park and Shrout. The strain increases lin-ization rotation mechanism by Fu and CoHényhich suc-
early below a certain threshold field, then jumps discontinucessfully explains the ultrahigh electromechanical response.
ously, which is called the jump. Durbinet al. studied PZN-  While the direction of the polarization vector in a conven-
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a reproduced. Instead, they have found a marked asymmetry of
@) PZN-8%PT 3x3x1 mm3 the (002 Bragg-peak line shapes along thexis, indicating
a nonuniform strain distribution within the crystal, which
- washes o ut the jump. Their subsequent high-energy x-ray
0.80 L study of the same crystals has supported this View.
rd In the present study, we have carried out higtesolution
0.60 E f neutron diffraction experiments of PZN-8%PT single crystal
i ] | in the temperature and electric-field ranges 8008<550 K
] ] ) and O<E=15 kV/cm, which are significantly extended than
040 £ I/ those of the previous work. We have particularly focused
/ upon how phase transitions depend on preceding thermal and
0.20 electrical sequences. The present paper is organized as fol-
/ lows. The experimental paper are given in Sec. Il. In Sec. IlI,
we show our experimental results on the structural phase
10 20 30 40 transitions under various sequences. We first clarify that
PZN-8%PT doesot transform to theR phase in the zero-
E (kV/cm) field-cooling (ZFC) process as widely believed, but to a yet
P ‘ Qo unidentified phase, which we call théphase. We then de-
(b) polarization paths in PZN-8%PT scribe the temperature dependence in the field-codkht)
R[111] process, and the electric-field dependence at fixed tempera-
A tures. These results are summarized inEaim phase dia-
/O gram. Discussions on the phase and the establish&dT
) 01]

Strain (%)

0.00
0

phase diagram are given in Sec. IV.

[001] T

Il. EXPERIMENTAL DETAILS

Neutron diffraction measurements have been performed
mainly on the 8<8x 2 mnt single crystal. This crystal was
grown by the flux solution methdd at the Pennsylvania
State University. The as-grown crystal was poled at 10

polarization vector ky/cm at RT. The _strain curves _measured along [ib@l]
direction as a function of electric field were used to check the

FIG. 1. (a) Electric-field dependence of the strain measured forquality of the crystals. As shown for a typical example in
the 3x3x 1 mn? PZN-8%PT crystal(b) Polarization rotation path  Fig. 1, the crystals we studied exhibit a sharp jump in the
for the PZN-8%PT crystalR—M,—Mc—T). c-axis lattice spacing around 15 kV/cm.

The neutron diffraction experiments were carried out on
tional tetragonal ferroelectric phase is fixed to ffi@1] (e.g., the Tohoku University triple-axis spectrometer TOPAOG)
PbTiO;) or [111] (e.g., BaTiQ) direction, the monoclinic installed in the JRR-3M reactor located at the Japan Atomic
symmetry allows the polarization vector a much greater deEnergy Research Institute in Tokai, Japan. Most of the ex-
gree of freedom as it is only constrained to lie within the periments were performed using the tight horizontal beam
(110) plane for M, and the(010 plane for M. In the  collimation 18-10'-S-10'-B (S denotes Sample and de-
monoclinic phases, the polarization direction can easily adnotes Blank with two pyrolytic graphite(PG) filters before
just to the electric field, thus naturally gives a large piezo-and after the sample to eliminate higher harmonics in the
electric response. Although the presence of a monoclinimeutron beam. The incident neutron enerBy) (was tuned to
phase in a cubic perovskite system seems quite unusual, it #¢.7 meV ¢ =2.36 A) with a highly oriented PGHOPG
now understood within the framework of an extended De-monochromator. Gold electric wires insulated with alumina
vonshire theory for strongly anharmonic crystals, which re-tubes were carefully connected to the sample which was
quire higher-order terms. mounted on the cold head of a high-temperature closed cycle

As described above, PZN-8%PT shows a complicatedefrigerator(HT-CTI, 15<=T<600 K). A high electric field
field-induced phase transitioR— M ,—Mc—T on increas- was generated with the MATSUSADA AR-series high-
ing the field andr — M on decreasing the fielct? To clarify ~ voltage power supply. The sample was wrapped with glass
the origin of the exceptional piezoelectric character of thiswool for electric insulation, and fixed softly to a specially
system, it is necessary to resolve the complexities of thelesigned copper sample holder with care not to give unnec-
transformation sequences in more detail. Ohwetdal. have  essary stress.
carried out neutron diffraction experiments on PZN-8%PT The crystal was oriented to give thglOL) scattering
single crystals as a function of applied electric fiEldhey  plane and the electrodes were attached to®d) surfaces.
have confirmed the irreversiblR— M ,— M sequence re- Thus electric field was applied along the pseudoc(ib@1]
ported in x-ray diffraction experiments. However, the sharp direction in the present study. The lattice constant of PZN-
jump observed in strain and x-ray measurements was n@&%PT in the cubic phase at=540 K, E=0 kV/cm is a
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FIG. 3. Temperature dependence of the lattice constants under
zero electric fieldE= 0.0 kV/cm by monitoring th€é002) reflection.
C—T—X transition sequence is clearly seen.

phase from theC phase as expected, associated with
90°-domain formation, which was confirmed by observing a
peak splitting of the(002) reflection along th¢001] direc-
tion. By fitting the (002 reflection with a double Gaussian
function, we obtained the temperature dependence of the lat-
tice constante; anda; as shown in Fig. 3.

To confirm theT to R phase transition, we cooled down
the sample further. Quite unexpectedly, however, we have

FIG. 2. E-T phase diagram of PZN-8%PTa) is obtained from
structural measurements in the FC procélssis obtained from the
increasing electric-field process after ZR@nd ZFH for theX
phasé. Arrows indicate the scanning directions and ranges of the
corresponding measurement sequences. Circles represent the transi-
tion temperatures and fields determined from each sequence.

=4.04 A, thus the 1 rl.u(Ref. 19 corresponds toa*
(=b*)=2m/a=1.555 A1, We fixed thea* (=b*) value

at 1.555 A1 all the time for reciprocal lattice scanning.
Scans were carried out immediately after changing the
sample condition.

IIl. PHASE TRANSITIONS

First of all, we show the electric field—temperatue7)
phase diagram of PZN-8%PT in Fig. 2 which summarizes
our present structural measurements. Circles represent the
transition temperatures and fields which were determined by
changes of the lattice constants and peak profiles. An arrow
indicates the scanning direction and range of the correspond-
ing measurement sequence.

A. X phase

We studied the temperature dependence of the lattice con-
stants of PZN-8%PT crystal under zero electric fiedéF, E
=0.0 kV/cm). As stated in Sec. Il, the sample was poled in

the initial state. The sample was first heated up to 560 K, FIG. 4. The(H00) and(00L) peak profiles of th€ phase an&
where we confirmed the symmetry is cubic. At 500 K in the phase, respectively. Solid and dotted lines drawn through the data
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ZFC process, the PZN-8%PT crystal transforms into The points are guides to the eyes.
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FIG. 5. Mesh scans around ti@02) and (200 profiles at 540 K under the zero electric fidid=0.0 kV/cm and at 400 K and 300 K
underE=0.5 kV/cm.

found that the system does not transform into Bhghase at  region® which indicates first-order character similar to that
340 K on cooling as widely believed so far, but to an uni-of the X—T phase transition in the PZKPT system. We
dentified phase. We will call it th& phase in the present speculate that this first-order character may be universal to
paper. Figure 4 shows th@00 and (002 peak profiles in  the phase transitions near MPB.
the C and X phases. Thg200 and (002 peak positions
coincide in theC phase, and their profiles are perfectly cen-
tered whena* and b* were set to the same value
(1.555 A1 in the C phasg. On the other hand, the peak  To clarify the electric-field effects on the phase-transition
center of the(002) profiles in theX phase shifts to highey  sequence as represented in Fi@) 2we studied the tempera-
compared to that of200), which indicates PZN-8%PT is not ture dependence of the lattice constants of PZN-8%PT crys-
in the R symmetry after ZFC. We also studiédi0l) peak tal under fields E=0.5,2.0,6.0,10.0 kV/cm) on cooling, thus
profile and found no sign of the expected peak split of theFC processes. To obtain a comprehensive picture of the
rhombohedral structure, although a mosaic broadening waBZN-8%PT structural properties under the FC process, we
observed. As for the lattice constants,gradually increases took mesh scans around tli@02 and (200) reflections at
with decreasing temperature and suddenly drops by a largg4d0 K, 400 K, and 300 K with the electric fieldE
amount at 340 K, where th&—X phase transition takes =0.5 kV/cm (see Fig. 5. As mentioned in Sec. II, we fixed
place. the a* and b* values at 1.555 A® throughout the scans.
Although it is not shown in Fig. 3, we also observed theThe following are remarks of the mesh scan results.
intensity jump at the transition temperatures, 500 K and 340 (a) At 540 K, neither elongation nor contraction of the
K. The integrated intensity of thé02) reflection in theX lattice constants was seen. The PZN-8%PT system is still in
phase () is 1.5 times larger than that in thephase (1), the cubic symmetry.
and five times larger than that in th€ phase () (b) At 400 K, the elongation of the lattice constaitand
(Ix:17:1c~5:8.3:1), which indicates that the extinction the contraction of the lattice constamf were clearly seen.
effect® is phased out through transitions. In the zero-fieldThus the PZN-8%PT crystal transforms into fhi@hase. As
heating(ZFH) process, th&— T phase transition takes place shown in the contour maps of Fig. 5, additional peaks appear
at 380 K with a large hysteresis; the transition temperature isear(002 and (200 in the T phase. These peaks indicate a
40 K higher than that of the cooling process, while the 90°-domain formation along thg01} pseudocubic plan¥.
— C phase transition shows a small hysteresi0 K. These (c) The M phase appears. As shown in Figch the
phase transitions accompanied with the hysteresis clearly in{200 peak splits into three peaks, i.€200) twin peaks and
ply the first-order character of this phase transition. A first-one (020 single peak, while th€002 peak remains as a
order character was also observed in the PZT system neamngle peak.
MPB .28 The T— C phase transition shows a small hyster-  Figure 6 shows the temperature dependence of the lattice
esis about-10 K (Ref. 17 range, while theM ,—T phase constants observed E=2.0 kV/cm. We also measured the
transition is accompanied by a very wide temperaturg200) reflection at 450 K, th€200) and the(020) reflections

B. Temperature dependence of lattice constants in FC process
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FIG. 6. Temperature dependence of the lattice constants under
the electric fieldE=2.0 V/cm. TheM phase is stable at RT in -0.020
contrast to the ZF cooling result. Solid lines drawn through the data 0.020
points are for guides to the eyes. ]

at 300 K to obtain the information of the lattice constanmt =~ 0.0007
at 450 K,am, and b'V'c at 300 K, respectively. The lattice [ ]
constanicy gradually increases as the temperature decreases 0.020! 0.0kviem ‘X ]
and suddenly drops greatly at 340 K, where fhe>M¢ .96 1.98 2.00 2.02 204
phase transition takes place. H
L . . FIG. 7. Electric-field dependence of tifelOL) contour around
C. Electric-field dependence of lattice constants at fixed the pseudocubi€200) obtained at 345 K.

temperatures

To construct Fig. @), we also observed the electric-field The field-dependent behavior of the lattice constap,t;and
(E) dependence of the lattice constants at some selected tettine am, observed in the field range 2(E3.5 kV/cm
peratures(1) from theC phase at 550 K and 520 K2) from  seemed to be non-linear to the electric field, which is usually
the X phase at 300 K, 330 K, 345 K, and 360 K. TK@hase seen in the domain rotation properties by the bulk
in (2) was realized by FC from 550 K to 300 K followed by
FH to the target temperature. Note, in particular, that PZN- PZN-8%PT 8x8x2 mms3
8%PT is in theT — X hysteresis loop at 360 K. Following the . ' ' ' ' |330K
precedent routine, we also took(HOL) mesh scan around 407t

4.08

the pseudocubi¢200 position. As mentioned before, the e “CMC
peak structure aroun(®00 strongly depends on the nature o 4.06

of the phase appearing in PZN-8%PT. Figure 7 shows the k=

electric-field dependence obtained at a fixed temperature of % 4.05

345 K. We observed the irreversible— M ,— M transition S

sequence that was found by Nohedtal.”®® The M, O 4.04

phase is stable at room temperature for more than two weeks _8

after the field removal, and shows no relaxation of the crystal ﬁ 4.03

lattice. = 402

Figure 8 shows the electric-field dependence(@fthe
lattice constants antb) the 8—90° value, observed at 330 4.01
K. ax and cy show no field dependence. AbovE 0.15
=2.0 kV/cm, on the other hand, PZN-8%PT transforms into 548
the M, phase with a large elongation of,IA and shrinking ’

B-90.0 (deg.)

of ay,.?° A peak split suddenly takes place at 2.0 kV/cm and 2'22 P (b)
B—90° (Ref. 21 shows a gradual increment as the field ’ 800024681012
increases. TheM, phase exists only in the range 2.0 Electric field (kV/cm)

<E3.5 kV/cm, which is shown by gray region in Fig. 8. The

width of the omega S_Cglﬁ Aw, which corresponds to the FIG. 8. Electric-field dependence @) the lattice constants and
crystal mosaic width, is also drastically changed fram»  (b) 3—90° observed at 330 K. Solid lines drawn through the data
~0.2° to ~0.1° within theM , phase as the field increases. points are for guides to the eyes.
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PZN-8%PT 8x8x2 mm3 =0.0 kV/cm show a significant difference as much &s
4.085 | - ' ~0.07%. This difference is also seen in {290 and (002
4,080 o | peak profiles of theC phase ani phase as depicted in Fig.
T 5 T 4. This means that the PZN-8%PT crystahit in the rhom-
@ 4075} bohedral symmetry after the ZFC process as has long been
‘g ! believed.
*g 4070 L1 An important question is how PZN-8%PT can distinguish
g ! between theay and cy directions under the ZFC process.
@ 4065 Macroscopically, this is most likely due to the surrounding
& : environment of the sample such as attachment of electrodes
s 4.060 | ] to thec plane, the sample holding, and so on. These effects
C 360 K will inform the sample of thes direction and let the sample
4.055 L Me , , distinguish between thay andcy directions. It would look
0 5 10 15 as if theX phase is amveragedcubic lattice, if the effects
Electric field (kV/cm) were perfectly removed.

As for the microscopic mechanism of the emergence of
the X phase, ghase-shifmodel proposed by Hirotat al?*
for the relaxor PbMgsNb,s0; (PMN) would give a key
clue. They analyzed the diffuse intensity of PMN and found

) ) _that the ionic displacements are divided into two categories;
measurements. Since we observed the lattice constants, thisy yniform phase shiftd.i;) common to all the ions, and

anomalous property of the lattice constants dose not origigach jonic displacement that satisfies the center-of-mass con-
nate from the macroscopic domain rotation. This will be dis-gjion as is the case for ordinary ferroelectric systems such as
cussed in Sec. V. _ PbTiO;. It is speculated that the inhomogeneity of Mgand
Above 3.5 kv/cm, theM , phase transforms into thc  Np5S+ gistribution creates a local electric-field gradient and
phase with a gradual change in spite of the polarization jumgyeracts with polar nanoregiof®NR’S resulting in such a
from the intrapseudocubifl 10} plane to intrapseudocubic phase shift. The uniformly shifted PNR’s are randomly po-
{010 plane[see Fig. 1b)]. Up to 10 kV/cm, the lattice con- |arized in the crystal, however, it may slightly reorient by the
stantcy . elongates and thiy, _ shrinks continuously. On the = surrounding environments as presented above and results in
other hand, the lattice constaay does not show the field the anisotropy of the crystal lattice. Very recently, Wakimoto
dependence. Th8—90° value also represents a gradual in-€t al?> have reported that the mode coupling between the
crement up to 10 kV/cm. After removing the field, the lattice transverse acoustic arsbft transverse opti¢TO) modes in
constants do not return to the home position, but still remai?MN results in condensation of tleft TO mode that also
in the M symmetry. It is now clear that th¥l. phase is contains a large acoustic component. The condensation of
another ground state of PZN-8%PT at 330 K. such a coupled optic mode provides an elegant explanation
Next, we measured theaxis jump € jump) on the poled  for the origin of the phase-shift model. We speculate that this
PZN-8%PT crystal at 360 K which is located inside the hys-type of phase shift also exists in the PZN-8%PT crystal and
teresis loop of the reversibl&—M¢ phase transition. A causes a significant difference betweenaheandcy lattice
sharpc jump was clearly seen by strain and x-ray measureconstants.
ments at room temperature at high electric field5 kV/cm One of the main goal for the relaxor physics is to under-
as shown in Fig. (B). As mentioned before, Nohedzt al.  stand and calculate how a large piezoelectric response is re-
clarified using high-energy x rays that the crystal surfacedlized. The discovery of th& phase as a ground state of
behaves differently from the crystal bulk at BTe., the field PZN-8%PT around 300 K urges revisions of theoretical
inducing theM c— T transition is 7 kV/cm for the bulk and frameworks of relaxors. In particular, the polarization rota-
20 kV/cm for the near surface regiBrNeutrons eas"y pen- tion mecha:nisnjlil which SUC.CGSSfU”y eXplainS the h|gh elec-
etrate a crystal and give us the bulk information more tharffomechanical responses, is largely based on the correct as-
any other measurement. Figure 9 shows the hysteresis Iocﬁﬁgnment of the symmetries of various structural phases. It is
of the ¢ lattice constant, which represents the field-inducedhus very important to identify the space group of tke
Mc—T phase transition of PZN-8%PT. Thag,  gradually phase. _
increases nonlinearly and shows a small jump, which is con- 't iS worth referring to recent reports on PZRef. 26
trary to the one as seen in Fig(al This is ascribed to a and PMNxPT (Ref. 10 because some of the compositions
strain distribution in the bulkd near MPB earlier thought to be rhombohedral are mono-
clinic. In comparison between these studies and our assign-
ment of theX phase in PZN-8%PT, however, we have to be
IV. DISCUSSIONS careful about the difference between powder diffraction and
single-crystal diffraction of the lead oxide relaxor materials.
Indeed, Nohedat al® previously reported that the near sur-
Let us first discuss th¥ phase introduced in Sec. Ill. As face region of the lead oxide relaxors behaves differently
shown in Fig. 8a), the lattice constantay andcy at E  from the crystal bulk.

FIG. 9. A hysteresis loop of the lattice constantepresenting
the Mc—T phase transition of PZN-8%PT. Solid lines drawn
through the data points are guides to the eyes.

A. X phase
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B. E-T phase diagram symmetry of each phase: ti@symmetry forM: and theR

As described in Sec. Ill, we have constructed g  Symmetry forM,. TheO symmetry requires thgo01] elec-
phase diagram of PZN-8%PT. Figuréa? summarizes the fmc fleld_much h|gher tha.n.that for tHe symmetry, resulting
results obtained in the FC process. The: T phase bound- N the higher piezoelectricity of thilc phase.
ary shifts to higher temperature and tfie~M; phase
boundary shifts slightly to lower temperature as the field V. SUMMARY
increases, which indicates that thghase is stabilized under
a high electric field. Thev , phase never appears in the FC We made comprehensive neutron-diffraction studies on
process even when the field is very low, as experimentallyjligh-temperature and  high-electric-field  effects on
confirmed down toE=0.5 (kV/cm). Although it is not PH(ZnyaNbys)o.62Ti0.0e/Os (PZN-8%PT in the ranges 300
shown in F|g Za), the MC phase is stable even at 15 K. =<T=<550 K and G=sE=<15 kV/cm. In the ﬁeld-COOling pro-
Figure 2b) summarizes the field increasing process at a fixe¢ess (FC, E=0.5kV/cm), a successive cubic Cf
temperature after ZFCQand ZFH forX phase. At high tem- ~ —tetragonall’) —monoclinic(M¢) transition was observed.
perature, theC phase transforms into tHE phase reversibly In the (ZFC) process, however, we have found that the sys-
and the phase boundary shows the same feature as thatt@m doesnot transform to the rhombohedr&R) phase as
Fig. 2(a). At low temperature, th& phase irreversibly trans- widely believed, but to a new, unidentified phase, which we
forms into theM , phase at a lower field. Thil, phase is  call X. X gives a Bragg-peak profile similar to that expected
represented by the gray region in FigbR Note that theX for R, but thec axis is always slightly shorter than theaxis.
andM , phases become stable as the temperature decreas¥ée expect that the discovery of the novélphase as a
As already stated above, ti\, phase at RT does not relax ground state of PZN-8%PT urges revisions of theoretical
at least for two weeks. This indicates the stability of Mg  frameworks of relaxors. It transforms into thé: phase via
phase at RT. As shown in Fig. 8, the lattice constatand ~ another monoclinic phaseM,), as expected from a previ-
cx show no change in th& phase, while they exhibit a 0US papef.At a higher electric field, we confirmed the field-
drastic nonlinear change in thé, phase. The omega-scan inducedMc—T transition, which shows a graduataxis
width also shows the same behavior as the lattice constanigmp contrary to a sharp-axis jump observed by strain and
as stated in Sec. Ill. This change may be due to the reorienx-ray diffraction measurements. Our precksel phase dia-
tation of the uniformly shifted PNR, presented above as th@ram will provide a fundamental aspect for future studies of

microscopic origin of theX phase. relaxors. Our next goal is to clarify the true character of the
The PZN-8%PT crystal further transforms into tve. ~ X phase.
phase at a higher field irreversibly. Once thig: phase is After this work was completed, we learnt that a phase

obtained(PZN-8%PT poled crystal the X and M, phases similar to theX phase of PZN-8%PT was found in PZN at
no longer recover. Only the reversitiéc—T phase transi- 00m temperature by high-energy x-ray diffractfén.
tion takes place at higher field as seen in the strain fieigl
1(a)] and x-ray measurements

It has been reported that the PZN-9%PT crystal has an
orthorhombic(O) symmetry at RT after applying the fiefd. We would like to thank P. M. Gehring, S.-E. Park, B.
Let us consider a new phase diagram that has the compositoheda, and S. Wakimoto for stimulating discussions, as
tion (x) axis perpendicular to thE-T plane. In that phase well as Y. Kawamura for technical support. We are also
diagram, it is clear that th® phase is indeed very close to grateful to G. Xu and his collaborators for informing us of
the M ¢ phase. We speculate thahmlden Osymmetry exists their high-energy x-ray results on PZN prior to publication.
in the PZN-8%PT at RT and gives birth to the: symmetry,  This work was supported by U.S.-Japan Cooperative Re-
whose polarization is located on tiHeM-O polarization search Program on Neutron Scattering between the U.S. De-
rotation path as shown in Fig(l). Parket al. reported that, partment of EnergyU.S. DOB and the Japanese MONBU-
in the PZNxPT system, thé/l - symmetry near MPB gives a KAGAKUSHO and partly by the RIKEN NOP Project. We
higher piezoelectricity than th&l, symmetry (lower x) also acknowledge financial support from the U.S. DOE un-
does! This difference can be ascribed to the backgroundier Construction No. DE-AC02-98CH10886.
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