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A superlattice structure commonly existing in (Rtg,,3Nb,5)O; was detected by selected-area electron
diffraction (SAED) and high-resolution electron microscoffREM). The computer simulation of the SAED
and HREM showed that this superlattice structure might result from local nanosize planar antiferroelectric
ordered dipoles sheets. A possible model has been proposed.
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Extensive investigations have been conducted on both With regard to the characterization of the dielectric behav-
structures and properties 8f(B’'B"”)O; complex perovskite ior of the relaxor ferroelectrics, various models have been
relaxor ferroelectrics for many years. In such a system, twgroposed, such as, the superparaelectric modigiolar glass
different cationsB’ andB” randomly occupy an equivalent modell’”*® and local-electric-field modéP Most of these
lattice site. It is reasonable to deduce that the local structursnodels proposed the function of the randomly oriented polar
is distorted and ionic shifts exist commonly due to the in-microregions.
compatible static electric interaction and lattice strain. So far, all of the experiment results from neutron-

As a typical example of such materials,(Ply,sNb,,5)O;  diffraction and x-ray scattering methods can only disclose
(PMN) attracted the most studies on its microstructure due tdéhe average structure in bulk samples. The configuration and
its technological importance as well as scientific intete$t. distribution of these polar microregions in nanosize remain
Generally, PMN is regarded to have a simple cubic structureinclear.
at room temperature.® Data obtained by neutron-diffraction In this work, pure PMN and 5% La-doped PMRLMN)
and x-ray scattering methods from bulk ceramics as well aseramics were studied by selected-area electron diffraction
single crystals showed an evidence of severe ionic shifts iISAED), high-resolution electron microscogiiREM), and
PMN and related compounds, such as(ZMp;3Nb,3)O;  computer simulations. Exceptional superlattice diffraction
(PZN), PKSc;,Nb;»)O; (PSN, and PISc,,Ta;,)O; spots at the positionk/2(110 and h/3(210 +m(001)
(PST).”%% |onic displacements from ideal lattice sites may (wherek, h, andm are integer numbersvith diffuse scatter-
break the cubic lattice structure and lead to a local structuréng were observed at the room temperature. Computer simu-
with lower symmetry. In addition, both electro-optic and lations of these SAED patterns, as well as HREM, were car-
electrostrictive effects revealed that local randomly polar mi+ied out based on a proposed model involving local planar
croregions began to exit beloW, (the disappearing tempera- antiferroelectric ordered dipol¢&FODs) sheets.
ture of the RMS value of polarizatiprwhich is several hun- Pure PMN and PLMN powders were synthesized by using
dred degrees abovi, (the temperature corresponding to the of columbite precursor as described by Swartz and SKfout.
maximum permittivity under weak fiel)$'* The formation ~ The ceramics were prepared by the method described in an-
of the polar microregions requires noncubic symmetry of theother papét in detail. Both PMN and PLMN were found to
crystal structuré.In PMN, rhombohedral symmetry struc- be single phase by x-ray diffraction using Gu radiation
ture models had been proposed on the basis of x-ray andRigaku, Dmax-RB generated at 40 kV and 100 mA.
neutron diffraction experimentg:'3 Samples for transmission-electron microscofyEM)

The formation of random polar clusters at the room tem-study were first mechanically polished to obtain a thickness
perature was observed by Bonnestwal1* and supported by of ~30 um. The pellets were then thinned by ion milling
a theoretical calculation of the spontaneous polarization iffGatan 609 until electron transparency, using a 4-kV Ar ions
PMN by Gui, Gu, and Zhan{f, Recently, Gosul&t al. stud- beam at 12° inclination. A TEM with a field emission gun
ied the temperature dependence of synchrotron radiatiooperated at 200 kJEM-2010F, JEO). and a double-tilt
scattering intensities from 1:1 chemical short-range ordespecimen holdefEM-31031, JEOL were employed for
(SRO peaks in PMN. As the temperature decreased, &AED HREM. The computer simulation was performed us-
change in the temperature dependence behavior was olmg the EMS computer prograft and our own computer
served. They interpreted that this was due to an antiphassdes based on the kinematical theory.
tilting of the oxygen octahedrons coupled with some order- SAED patterns of three different zone axes from a same
ing of Pb displacements at a low temperattfre. crystal grain are shown in Figs(a—21(c). The diffraction
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FIG. 1. Experimental and simulated SAED patterns, indexed
with simple cubic indices(a) experimental[111] zone axis;(b) P
experimental211] zone axis;(c) experimen210] zone axis;(d)
simulated[111] zone axis;(e) simulated[211] zone axis;(f) simu- — =
lated[210] zone axis. ; L
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spots from the disordered PMN matrix are indexed with -~ f‘b “.\
simple cubic indices. The letterd” denotes thei(111) su- [010] J s S
perlattice diffraction spots from the 1:1 chemical-ordered mi- ‘ :
crodomains, which were well studied by many research - ) a8
works?*6 The exceptional superlattice diffraction spots are [100] -
indicated by letter N.”

Besides the superlattice spots from 1:1 chemical-ordered
domains, the main features of these SAED patterns can be (b)
summarized as followg1) New spots at positions/’2(110);

(2) New spots at positions/3(210) +m(001) with diffuse FIG. 2. Proposed planar AFODs sheet modal.viewed along
elongation along001); (3) Intensities fluctuation of N*  001] direction; (b) the three-dimensional view of the modeky-
spots along(210 and (001, respectively; and4) Diffuse  gen anions are omitted to show the model more clearly
fringes along(213) in (210 zone-axis patternWherek, h, ) N
andm are integer numbers. fluctuation of “N” spots along(210 and(001). Additionally,
Because the intensities oN” spots are very weak, long it is well known that La doping can greatly affect the chemi-
exposure time up to 30 sec was used and special contrag@l ordering ofB-site ions>?° But our experiments on 5%
balance techniques, i.e., developing the strong and the weat@-doped Phod ag 05Md; 05/dNb; 95905 showed that the in-
parts with different time’ were used during films deve'opingtensities of ‘N” SpOtS remained almost the same as that from
to show these N” spots clearly. Therefore, strong superlat- Pure PMN. So it seems likely that origin of thesBl™spots
tice spots from 1:1 chemical-ordered domains appeared ii$ structural rather than chemical.
the same time, which are usually much weaker in conven- A proposed model giving the best-matching simulated
tional SAED patterns. SAED patterns is shown in Figs(& and 2b). In one unit
It is well known that the multiple scattering from strong el of PMN, cations shifts along[110], while in the neigh-
diffracted beams can lead to extra diffraction spots in SAEDboring unit cell, cations shif along[110] (5~0.02 nm).
patterns. The positions of spots produced through thi¢n this way an antiferroelectric dipole pair is formed. Such
mechanism can be predicated by simply translating thenti-ferroelectric dipole pairs stack along bothl0y and
primary-diffraction pattern, so that its origin coincides suc-(100), resulting in planar AFODs sheets, and produce super-
cessively with all the strong spots of the primary pattérn. lattice “N” spots consequently.
The positions of the N” spots in present study, however, Here, the displacements of oxygen ions are neglected due
cannot be obtained in this way. So thedd”‘spots are not to the smaller atomic scattering factor of oxygen. It is diffi-
obtained from multiple scattering. cult to estimate the exact values of the ions skiffrom
Both B-site ions orderingchemical orderingand lattice  SAED. By referring to other neutron-diffraction and x ray
distortion resulting from ionic shifts can produce superlatticescattering dat&>?°an approximation, i.e., all cations have
spots in SAED patterrs?* Thus computer simulation of the same displacement about 0.02 nm in average, was made
these SAED patterns was carried out to find the ordereth computer simulations. This approximation will have a
structure that results inN” spots. Kinds of chemical or- slight effect on the intensities of simulated™ spots, but
dered structure models, which can give rise3t@10 or  will not change the main features of the simulated images. In
(110, were considered to fit the patterns at beginning. Buiconsideration of the weak intensities and diffuse nature of
the results were unsuccessful due to the lack of the intensiti€sN” spots, the actual coherence lengths of AFODs sheets
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should be very short. In our model used for the computer
simulation, coherence lengths of AFODs sheets are limited
less than 5 nm. Furthermore, it was suggested by the com-
puter simulation that these AFODs sheets are randomly dis-
tributed in PMN, orienting to every equivale¢it10 crystal-
lographic direction. Computer simulated patterns are shown
in Figs. 1(d)-1(f). It fits the SAED patterns quite well. All
the main features of Figs(d)—1(c) mentioned above appear

in simulated images, so this AFODs sheets model is reliable.
It will be more interesting if a quantitative comparison can
be made between the diffraction intensities of the experimen-
tal and the simulated patterns. However, ti¥ Spots are so
weak that the intensity difference between thé' Spots and

the primary spots overruns the dynamic ranges of the digital-
recording instruments available to us, such as slow-scan
charge-coupled device camera. So we cannot obtain the ex-
act intensities of the N” spots and primary spots simulta-
neously in present experiments.

Severe compositional fluctuation 8f cations and lattice
distortion were found to widely exist in PMN, this may FIG. 3. (8} HREM of PMN along[001] direction, Scherzer
promote the formation of AFODs sheets. Figui@ds the  defocus=61 nm;(b) the FFT image ofa), the(100), (010), (100),
HREM of PMN along[001] zone axis. By the fast Fourier (g10) and transmitted reflections are uséaj:a schematic diagram
transform (FFT), the lattice distortion of(010 and (100  of the PB* displacements ith); (d) the computer simulated image
planes, which contain Bb, is clearly revealed in Fig.(B). of (b).

In some areas, the distortions proceed aldtig)] and[ 110]

directions. These areas may serve as an additional evidengga existence of nanosize AFODs sheets offers direct evi-
for the existence of the planar AFODs, because this kindjence for the concept of polar microregions. The antiferro-
of distortion can be easily formed via antiphase shift of ionse|ectric ordering may be a crucial interaction competing with
of neighboring unit cells. The computer-simulated FFTfgrroelectric ordering. It is possible that the competition be-
image, based on the model proposed above, is showfjyeen these two ordered states directly lead to the diffuse

in Fig. 3(d). . phase transitiolDPT) and frequency dispersion in PMN.
Recently, Gosulat al. reported a change in temperature-

dependence behavior of PMN and attributed it to the pres-

ence of antiferroelectric fluctuations. The discovered” “ This work was supported by the Chinese National Natural
spots and the computer simulations based on the AFODScience Foundation and National 973 project, and was par-
sheets model imply that the local antiferroelectric orderingtially supported by the State Key Lab of New Ceramics and
occurs even above the room temperature. This discovery dfine Processes.
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