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Polarized microscope observation of ferroelastic domains in a, 8D, (SBT) single crystal
reveals the presence of domains uplig="770 K, which supports the ferroelasticity and Amam
symmetry of the intermediate phase between ferroelectric and paraelectric phases. Far-infrared
spectra of SBT ceramics, single crystal and thin films show a well underdamped optical soft mode
at 28 cmi !, which partially softens to 21 cit near the ferroelectric transition temperatufie.f

=600 K). This softening does not explain the entire anomaly of low-frequency permittivity
observed neaf.,. On the basis of high-frequency measurements, which do not show a significant
dispersion, central-mode-type dispersion in the 10-100 GHz range is proposed as an explanation.
So, the phase transition &, apparently shows a crossover behavior between the displacive and the
order—disorder type. €002 American Institute of Physic§DOI: 10.1063/1.1498005

SrBi, Ta,Og (SBT) is currently widely used for nonvola- polar symmetry B2cb for this phase, but their structure re-
tile ferroelectric (FE) memories due to its polarization mains polar up to 1273 K, which seems very unlikely.
fatigue-free nature and low coercive field for polarization The dynamics of the FE phase transition in SBT has
switching™? Although ferroelectricity in SBT was discov- been investigated by Raman scatterifigh®> An optical soft
ered at the beginning of the 196G'§and hundreds of papers mode (SM) was observed in the FE phase spectra below
have been published in the last few years, basic structur@0 cm ', however, it softens only partially and disappears
and physical properties of SBT are still not completely un-from the Raman spectra already 50 K beldyg. The SM in
derstood. SBT belongs to the Aurivillius family of bilayered the FE phase is expected to be active in both IR and Raman
pseudoperovskite oxides. The perovskite-type group§Pectra® Moretet al'®reported IR reflectivity and transmis-
[SITa0,]2~ and[Bi,0,]2" are stacked alternately along Sion studies on FE SBT, but their work did not extend into
the pseudotetragonal axis>® The B,O, layers and Tag the far-IR SM region. In the mid-IR, they found that the
octahedra are considerably distorted and atomic displacdligh-frequencyHF) modes in SBT showed the strong influ-
ments along tha axis give rise to spontaneous polarization, €nce of the pseudotetragonal parent symméy., approxi-
The FE phase crystallizes in the orthorhombic space grouEﬁate Raman IR mutual exclusipmut this will not extend to
A2;am with two formula units in primitive unit cellZ;n, he symmetry-breaking SM. _ _
=2) and transforms to the paraelectric ph4BE) with te- In this letter, we report on direct observation of fer-
tragonal structure 14/mmm Zg,=1) near 600 K7 roelastic domains in a SBT crystal in its intermediate phase,
Samples often grow nonstoichiometricallgarticularly the and on the study of the phonon SM in the far-IR spe'ctra.
Sr and Bi sites which strongly influences the FE transition Also, temperature dependence of the complex dielectric re-
femperatureT oy, "8 e.g., Tey=750 K for Sg,dBiysTa,0g.° sponse up to 1.8 GHz in the temperature range of 300-570 K

‘ ; ill be briefly discussed.
Recently, an intermediate phase between the FE and P\ﬁ Two types of SBT samples were investigated: Single

phases has been suggested on the basis of structural and Sg&'stal as used in a previous stddyand ceramics. The
cific heat measurements, however, its space group was ngfngle crystal, a plate with dimensions of about 2 mm
determined®** Very recently, Hervochest al*? published /5 01 mm. was grown from the méitits large face
powder neutron diffraction data of &§sBi> 178,09 and sug-  \yas perpendicular to theaxis. SBT ceramics were prepared
gested the Amam space group for this phage is between 589 5 standard calcination technique and sintered at 1100 °C
and ~820 K. On the other hand, Kinet al” proposed a o, 1 p.

IR spectra (15—3000 cnt) were obtained using a Fou-
dElectronic mail: kamba@fzu.cz rier transform spectrometer Bruker IFS 113v. IR reflectivity
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FIG. 2. Temperature dependence of the IR reflectivity spectra of SBT ce-
ramics and single crystal. Single-crystal spectra are taken at polarization of
q | IR beam perpendicular to axis.
—

, ‘“ improper ferroelast® (doubling of the unit-cell volume
F - ’ ! " anh | and the lower one &, is proper FE(no further change of
‘_' 1‘0'].1m‘3 Iq ﬂf ﬁBOO K:’ the primitive unit-cell volumg No change of domain struc-

ture is seen at and beloW,,, which supports our conclu-

FIG. 1. Images of SBT single crystal at selected temperatures in polarize
microscope. Ferroelastic domain structure disappears between 770 and 88ioN. o
K. The temperature dependence of the IR reflectivity spec-

tra of SBT ceramics and single crystal is shown in Fig. 2.

The spectra were taken below 650 thmwhich is the trans-

Wast StUdleg bfetween :t;o and' 568 K u5|tng i t%ryci?atf.?ngarency region of the polyethylene windows in the cryostat
custom-made furnace, transmission spectra ot the thin Wimg, 4 e polyethylene filter used for reduction of the IR emis-

were investigated up to 673 K using a commercial high'sion from the hot sample. Only the room-temperature spec-
temperature cel(Specac P/N 5850 Above room tempera-

: < trum was obtained up to 3000 crh and because no pro-
ture, a polyethylene filter was used to reduce the rad'at'orﬁounced changes are expected in the mid-IR range, the

from the sample, nonetheless, the thermal radiation enterinﬁbom-temperature reflectivity above 650 chwas used for
the interferometer from the heated sample was taken intgo fits of the spectra at all temperatures. The room-

account in our evaluation. Dielectric measurements in the HEemperature spectrum above 200¢magrees with that in
range of 1 MHz~-1.8 GHz were performed using a COMpUteRef, 16, The reflection bands are best resolved in the low-

controlled dielectric spectrometer with the HP 429.18 'mped'temperature spectra where the mode dampings are smaller.
ance Analyzer, the Novocontrol BDS 2100 coaxial sampleye resolved 24 modes in reflectivity of ceramics at 30 K,
cell and the Sigma System M18 temperature chamber fofgwever, the factor group analysis in the AM space group
temperatures 300-570 K. predicts 61 IR active modes (21,419 B,+21B,). The
Ferroelastic domains were investigated in the singlereflectivity of the SBT single crystal revealed 14 modes at 10
crystal sample at temperatures up to 870 K using a Leic although 42 modes are allowg®;, modes can not be
DMLP polarized microscope equipped with Linkam THMS seen on this(001) oriented single-crystal plate Not all
600 temperature cellsee Fig. 1 It can be seem that the modes are resolved in the spectrum because of possible
domains do not vanish at the FE phase transitidd, ( mode overlapping and/or their small intensities. The increase
=600 K) but remain at least up to 770 K. At 800 K, no  of damping with temperature causes the broadening of the
domain pattern was observed. The gradual disappearance lghnds and decrease of their intensity. The highest achieved
domains on heating indicates that the transition from fertemperature, 568 K, is close f®,,. The reflectivity was
roelastic to paraelastic phase (776K.;<<800K) is near fitted with the sum of classical damped oscillatddotted
second order. Both possible space gro(amam and B2cb  lines in Fig. 2 and we used 24 and 20 modes for the fit of
of the intermediate pha%& can be ferroelastic and both the lowest- and highest-temperature reflectivity, respectively.
phases have a doubled-primitive unit cell compared with the  The real ¢') and imaginary £”) part of the complex
high-temperature tetragonal phase 14/mmm. On one hand, ngermittivity computed from the reflectivity fit of ceramics
spontaneous polarization has been reported afigye On  are shown in Fig. 3. One can see that the lowest-frequency
the other hand, a small signal of second-harmonic generatigphonon gives the highest contributior- {00) to the static
was observed betwedn, andT,; (Ref. 17 which could be  permittivity £, and it is well underdamped at most tempera-
evidence for the presence of small polar regions or clusters itures, although its damping increases upon heating. The fre-
the intermediate phase. The fdn space group of the FE quency of the mode softens from 28 cmat 30 K to
structure is not a subgroup of the B2cb space group, there21 cm ! at 568 K. The SM frequency, obeys the Cochran
fore, it is difficult to understand the Curie—Weiss anomalylaw w§=A(TC-T) with T,=1420 K andA=0.5536 K 1.
nearT., and we suggest the Amam symmetry for the inter-Similar temperature dependence of the SM was observed
mediate phase. This impiies that the upper transitioh.ats  also in Raman scattering,but the SM frequency and its



1058

300

Appl. Phys. Lett., Vol. 81, No.

6, 5 August 2002

Kamba et al.

plained by the different samples used. Our value and tem-

perature dependence af, was confirmed by submillimeter
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transmission measurements on SBT thin filttise details

will be published later Concerning the SM assignment, Sta-
chiotti et al® theoretically studied lattice dynamics of SBT
and found one unstable phonon mode whose eigenvector
mainly involves movements of the Bi atoms relative to the
TaQ; perovskite-type blocks.

Partial softening ofwg on heating toT., causes only
small increase ok, which can not explain the dielectric
anomaly nearT., [&o(T¢p)=500-80Q.>* Central-mode-
type anomaly(i. e., dielectric relaxation below phonon fre-
quencie$ should be responsible for the low-frequency di-
electric anomaly. To estimate its frequency, we performed
dielectric measurements in the 100 Hz—1.8 GHz frequency
range from room temperature up to 570 K. Only a small
dispersion was seen at high temperatures below 50 MHz
which was, however, not connected with the critical slowing
down. This means that the central mode must lie substan-
tially above 2 GHz but certainly below 300 GHz. Because of
the presence of a phonon SM as well as a central-mode-type
dispersion, the FE phase transition shows a crossover be-
tween displacive and order—disorder behavior.

FIG. 3. Temperature dependence of the complex permittivity of SBT ceram-

ics obtained from the fits of IR reflectivities.

damping were slightly higheisee Fig. 4. Unlike in IR, the
SM is not active in the Raman spectra abdyg, therefore
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