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Abstract. The temperature variations of the refractive index and of the linear birefringence
have been studied in flux-grown nominally pure Sr3&hd Sg_,Ba, TiO3 (SBT) single crystals

(x = 0.02, 0.08 and 0.17) in the temperature range from 5 to 300 K. Polar domain structures
were studied by polarizing microscopy. In SB¥ & 0.17) two phase transitions (PTs) at
T.1 = 91 K (cubic, paraelectric-to-tetragonal, ferroelectric) aig = 76 K (to orthorhombic

or rhombohedral) were detected. SBX¥ & 0.08) undergoes a PT & = 50 K (cubic,
paraelectric-to-orthorhombic or rhombohedral, ferroelectric). In theddimit (x = 0.02) the
cubic-to-tetragonal PT of pure SrTiQvas observed afp = 70 K. Below 7, = 28 K a polar

state with G, symmetry and weak anisotropy was observed. Contributions of the spontaneous
electro-optic effect to the temperature variation of the refractive index in SB¥ (.08 and

0.17) allow us to estimate the spontaneous polarization and its temperature variation.

1. Introduction

The perovskite-type incipient ferroelectric or quantum paraelectric strontium titanate
(SrTiOs, henceforth denoted as STO) is very sensitive to doping with impurities because of
its highly polarizable lattice [1]. Substituting for Brions with small amounts of Ga or
Ba?* leads to ferroelectric phase transitions (PTs) at low temperatfirf®;6]. Unlike the
Sr_Ca, TiO3 system (SCT for short) [2], solid solutions;S¢gBa, TiO3 (SBT for short) with
x > 0.2 [6] undergo a sequence of PTs upon cooling similar to that observed in nominally
pure BaTiQ [7, 8], namely: paraelectric, cubic (pto-ferroelectric, tetragonal )-to-
orthorhombic (G,)-to-rhombohedral (&,). Despite the rather long history of investigations
on SBT most experimental research was done on samples with high concentratiott of Ba
(x > 0.5) and mainly on ceramics. There are only a few studies concerned witlT low-
properties of SBT in the low-Ilimit (x < 0.016) [3—6]. In particular, detailed investigations
of the PTs forx < 0.2 are lacking. Recently [7] we have been able to show that this range of
x displays, in fact, quite interesting novel features. Evidence was found that SBT undergoes
a low-T transformation from ferroelectric to glassy behaviour similar to that known of for
SCT and for the related impurity systems KT and KTaGs:Nb [8]. Up to now, at which
value ofx the crossover takes place from Bagi@pe (with three ferroelectric phases) into
STO-type (with only one polar loW- phase) behaviour has been unknown.

In order to clarify the phase transformations in SBT for relatively small concentrations
of Bat we have investigated the temperature variation of the refractive index (RI) and
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the temperature and electrical field dependences of the linear birefringence (LB) in SBT
single crystals withx = 0, 0.02, 0.08 and 0.17. Additionally, measurements of the
transmitted light intensity were made. A preliminary study of domain structures at the points
of transformations was carried out simultaneously with the refractometric measurements.
They allow us to obtain the temperatures of the ferroelectric PTs, to evaluate the value of
spontaneous polarization in the samples under study and to conclude that the permittivity
of SBT with x = 0.02 has a fairly low anisotropy, unlike that of SCT.

2. Experimental procedure

Single crystals of the solid solutions SrEcBaTiO; were grown by the flux method.
The concentrations of B& were determined by x-ray lattice constant measurements using
Vegard’'s law. Comparison with the dielectric response of ceramics with well known
compositions [6] showed good agreement foe= 0.02 and slight deviations far = 0.08

and 0.17, where the ceramics indicate- 0.065 and 0.135, respectively.

Nominally pure STO and SBTx(= 0.02) samples with edges b andc along the
cubic directions [11Q} [110]. and [001} and¢/a andc/b ~ 2—3, were polished to optical
quality. These directions refer to the tetragonal axe$ andc, respectively, below the
temperature of the antiferrodistortive {&q4) PT, To = 105 K, for STO. Since it has been
shown [4] that SBT with lowx undergoes a structural cubic-to-tetragonal PT similar to
that in STO, the above orientation and size guaranteed that the samples formed a structural
single domain [9]. The SBT samples with= 0.08 and 0.17 were cut along the cukbl®0
directions. Refractometric measurements of SBT=0.02) were also made for samples
with {100} faces. All of the SBT samples revealed internal stress, which was clearly seen
at room temperature under a polarizing microscope.

The temperature dependences of the Rls were measured at the wavelength 632.8 nm
of a He—Ne laser in the temperature range from 20 to 300 K using a homodyne-type
interferometer [10]. The sensitivity of this techniquesis~ 10-° at an absolute accuracy
of about 16°. The advantages of the method are its very low variation of sensitivity
with respect to changes of the light intensity transmitted by the sample, as well as low
sensitivity to the influence of the depolarization of light passed through the sample. The
technique allows us to measure variations of the optical phase difference or the specific
optical retardations(7"), which is related to the variation of the Rig(T), and to the
linear sample dilation§ L(T)/L, along the propagation direction:

SY(T) =én(T)+ (n+ 1D SL(T)/L. @

Lacking data on the temperature dependence of the lattice parameters of SBT, we did
not attempt to separate dilation from refractive effects in our phase-shift measurements.
Additionally the transmitted light intensity,, through the SBT samples placed between
crossed polarizers was measured at the He—Ne laser wavelength.

The LB was measured on selected areas with size& 80 um. In SBT ¢ = 0.02)
light was propagated along theaxis in order to measure the principal LBn,.. For
SBT (x = 0.08) the polarizers were parallel either to [11@} to [100], and for SBT
(x = 0.17) they were parallel to [110] Temperatures between 5 and 300 K were achieved
using a He evaporation cryostat allowing temperature control to withinz +0.05 K. An
electric bias field up to 250 kV mt was applied in the LB measurements using silver
paste electrodes. Simultaneously with the investigation of the LB the appearance and
transformation of domain structure in the SBT samples were checked using a polarizing
microscope.
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3. Experimental results and discussion

3.1. SBT 4 = 0.08 and 0.17)

In figure 1 theT-dependences of the optical retardat&p(7) in SBT are shown. For
STO we present onlyy(T'), because of the small difference betwedr (T') andsy,(T)

in nominally pure strontium titanate. A minute change of slopes@f7) for STO at

To = 105 K, similar to what was observed previously [11], indicates the structural PT into
the low-T' tetragonal phase.

The decrease dij(7) for SBT (x = 0.08 and 0.17) at low temperatures in comparison
with the monotonic behaviour found in STO is attributable to the contribution of spontaneous
polarization via the electro-optical effect. In SB¥ £ 0.08) a bending point referring to a
maximum of dsY(7)/dT is found at7, ~ 50 K. Below 50 K we observe the appearance
of a domain structure with domain walls alof$00). directions and size<50 um. The
direction of the domain walls does not change with decreasing temperature, but in the range
from 30 to 50 K domain wall motion is microscopically observed during cooling and heating
procedures.

In SBT (x = 0.17) there are two kink-like anomalies indicated7at ~ 91 K and
T., ~ 76 K. Preliminary measurements of the temperature dependence of the dielectric
permittivity show a peak &f.; and a step-like anomaly near 1o,. Pronounced anomalies
at 7., and T, are also present in the temperature dependence of the LB (figure 2, curve
3). Similarly to in SBT { = 0.08), domains with walls alon¢l10. directions and with
size <50 um appear belowl.;. Below T, a change of the domain pattern is observed
with new directions of the domain walls along the [108kes. They become particularly
clear-cut on cooling under a moderate electric figid~ 50 kV m*, parallel to [100],
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30

Figure 2. Temperature dependences of the effective values of the LB measured at zero external
field for SBT (« = 0.08) with polarizers parallel to [10Q](curve 1) and [11Q] (curve 2),
respectively, and for SBTx(= 0.17) with polarizers parallel to [110]curve 3), upon zero-

field heating after field cooling (curve 4) and upon field cooling with, = 129 kV ! (curve

5). Curve 6 shows the light intensity transmitted by SBT= 0.08) placed between crossed
polarizers. Transition temperatures are indicated by arrows.

and are preserved down to lowest temperatures. The transformation of the domain structure
observed under a polarizing microscope is confirmed by imaging diffraction patterns of laser
light due to irregular domain wall gratings.

According to our observations the SBT system very probably reveals domain formation
processes similar to those observed in nominally pure BaTkoar the tetragonal phase of
BaTiO; in a (001) plate, a 90domain structure with walls along the [11Qdirection is
very typical [12-16]. Even itzac-domain walls, i.e. walls parallel to [100] directions, are
observed, in addition walls parallel to [110] directions are also present. This corroborates
our assumption that SBTx(= 0.17) undergoes a ferroelectric PT into a tetragong! C
phase aff,; = 91 K.

Experimental data on domain structures in the orthorhombic and rhombohedral phases of
BaTiOs; are very poor [12, 13, 16]. In the orthorhombic phase of a (100) plated®mMains
with walls along the(101). directions and 60domains with walls along the [100Rnd
[110]. directions within the (100) plane are observed. In the rhombohedral phase domains
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with walls along the [10Q] direction are known. Taking into account that domain walls
along the [100Q] direction are observed in SBk (= 0.08) below7, = 50 K and in SBT
(x = 0.17) belowT,, = 76 K, we are inclined to assume orthorhombic or rhombohedral
phases in both types of sample below these temperatures.

Thus all of the optical measurements for SBI £ 0.08 and 0.17) below, and
T.1, respectively, were performed on ferroelectric polydomain samples. Quite frequently
erratic jumps of the LB signal are encountered. They are due to irregular domain wall
motion (see above). LB measurements, hence, do not reflect directly the difference between
principal values of refractive indices. They are thus less promising for quantitative analysis.
Nevertheless, the appearance of particularly large chadges, of the LB signal (figure 2,
curve 1 at~50 K and curve 3 at291 K) strongly hints at the occurrence of PTs from cubic
to low-T ferroelectric phases at these temperatures. The effective value of the LB in SBT
(x = 0.17), measured with polarizers parallel to [11@oes not change significantly during
various temperature cycles through at zero external field (figure 2, curve 3). Obviously,
by virtue of some quenched stress distribution the domain pattern is reproduced upon cycling
through the PT, thus leaving the LB signal invariant. After cooling the sample in an electric
field applied along the [10Q]direction and making measurements on it subsequently upon
zero-field heating, the LB is found to have increased by more than a factor of two in the
temperature range just belo#y; = 91 K (figure 2, curve 4). Obviously the direction of
the external field is parallel to the easy direction of the spontaneous polarization in the
proposed G, phase. Cooling in an electric field (figure 2, curve 5) yields a similar effect,
but the onset of ferroelectricity appears at higher temperature, as expected. Measurements
of the LB below7T = 88 K in an electrical field are not shown because of their noise due
to unreproducible domain motion.

For SBT (¢ = 0.08) the temperature dependence of the LB complies well with ortho-
rhombic or rhombohedral symmetry beldly = 50 K, where the direction of polarization
lies along [110] or [111]. as deduced from our domain structure analysis. As revealed
by measurements with polarizers parallel to [10tlle LB peak starts to grow belo®,.
(figure 2, curve 1). On the other handp,. s, measured with polarizers parallel to [11,0]
nearly vanishes in the vicinity df. (figure 2, curve 2).

An additional anomaly of the LB appears for SBT£ 0.08) neall’” = 40 K. Whereas in
[110]. geometryAn, increases, it decreases in [L0Gkometry. This is consistent with an
anomaly of the temperature dependence of the average RI (figure 1, inset). At approximately
the same temperature a small step-like anomaly is observed in the temperature dependence
of the dielectric permittivity of SBT ceramics (= 0.06 and 0.09), which is associated with
another ferroelectric PT near 40 K [17]. We do not observe any changes of the domain walll
directions around 40 K, but intense domain motion in the region from 30 to 50 K is clearly
seen upon both cooling and heating. In contrast with the readily reproducible increase
of An.sr in [100]. geometry belowl,, the size and the temperature position of the LB
anomaly near 40 K are less reproducible. Nevertheless, we cannot exclude the possibility
of the presence of a PT from orthorhombic to rhombohedral symmetry, assuming similar
domain patterns of both phases to appear in the (1p@ne. On the other hand, some
interaction of true ferroelectric domains with quantum paraelectric state clusters cannot be
excluded. The latter are believed to appear near this temperature in nominally pure STO
[18]. Hence, domain wall motion coupled with anomalies of optical and dielectric properties
might be involved.

In this last case we conjecture that only one ferroelectric PT is present in.SSBT0(08)
(cubic to orthorhombic or rhombohedral), but at least two ferroelectric phases (tetragonal and
orthorhombic or rhombohedral) are detected in SBE(0.17). As shown previously [6], a
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sequence of three ferroelectric PTs (cubic—tetragonal—orthorhombic—rhombohedral) is found
for SBT withx > 0.2. Itis, hence, reasonable to assume the presence of multicritical points,
where the above sequence coalesces first into two PIZ €D x < 0.20) and finally into

one PT (008 < x < 0.17). The situation thus resembles that observed for;KTdb, O3,

where the three-transition sequence collapses into a single transitiorD®xQx < 0.03

[19]. If this situation is applicable to SBT, too, another PT remains to be discovered for SBT
(x = 0.17), very probably at temperatures slightly beldw = 76 K. Owing to blurring by
multidomains, the situation cannot be clarified on the basis of our present LB data.
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Figure 3. Spontaneous contributions to the optical retardationléading to autocorrelation
functions of the polarizationb] in SBT (x = 0.08 and 0.017) as functions of the temperature.
Transition temperatures are indicated by arrows.

In order to evaluate the ferroelectric contributions to the variations of the optical
retardation of SBT in figure 1 it is necessary to find a reliable approximation for the
non-ferroelectric (regular) behaviour of the refraction. As is well known this varies due
to thermo-optical and photoelastic mechanisms [10] as was confirmed, e.g., for pure STO
[11, 20]. As is seen in figure 1 the temperature dependendg/ @) for nominally pure
STO is very similar to that for the paraelectric phase SBT samples well aiov&his
suggests the use of STO as a reference material for evaluating the regular behaviour of the
temperature variation of(7) for SBT. We thus obtain the ferroelectric contribution to
the optical retardation§y* (7'), for SBT as the difference betweé(7) for STO samples
and that for SBT samples as shown in figure)3(

Before we discuss the ferroelectric contribution to the optical retardation of SBT it is
necessary to note that the changeS¢f7) depends on the changes of both the Rl and the
dilation; see equation (1). Thus when using the expression ‘refraction of light’ we include
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both contributions inSY(7). Since for pure SrTi@ the relative change of the RI with
temperaturedn(T) is equal todY(7T) within an error of about 20% [11], one may assume
Sy* ~ én* also for SBT.

Table 1. Effective electro-optical coupling coefficients describing coupling between the principal
refractive indices:; and the autocorrelation functiofP?) according to equation (2) and [21]
for various phases of §r,Ca TiO3, x < 1.

Electro-optical coupling coefficients;3 (m* C2)

Principal refractive index  Tetragonal  Orthorhombic ~ Rhombohedral

n3 —-1.02 —-0.92 -0.89
na -0.27 -0.31 —-0.34
ny -0.27 -0.27 —-0.34

The ferroelectric contributiody® ~ dn* to the principal values of the refractive indices
n; arises from the autocorrelation function of the polariza{iBf) [21, 22]:

S~ 8ny = —(n?/2)g55 (P2) = Aiz(P?) &)

where gf; are second-order polarization optical coefficients {aﬂﬁ) is assumed to refer

to the spontaneous polarizatio®,, lying along the axis indexed as 3. The electro-
optic coefficients in the ferroelectric phasegy, are related to the coefficients;;

in the paraelectric centrosymmetric phase according to a relationship derived in [21].
Assuming that introduction of small numbers of?Baions does not significantly change

gi; for nominally pure STO, we have calculated the coefficieats in equation (2)

for the tetragonal, orthorhombic and rhombohedral ferroelectric phases in SBT using
ni~ng~ 2.38,g11 ~ 015 nf C2, g1, ~ 004 nf C2 andgss = 0.08 nf C2 for

STO [23]. All coefficients are assumed to be temperature independent [24]. The results are
shown in table 1.

Since we measured the optical retardation for polydomain samples in ferroelectric
phases, the optical retardatiodg(7) at low temperatures and, hence, the ferroelectric
contributionséy® ~ én* (figure 3@)) contain values averaged over the contributions of
all domains along the direction of the light beam propagation. It seems, hence, justified
within the optical indicatrix perturbation approach to evaluate the data of figufeb$(
using averaged coupling coefficients, which we approximate hy= —0.6 m* C=2 in the
orthorhombic and rhombohedral ferroelectric phases. The spontaneous polarizations in SBT
(x = 0.08 and 0.17) thus obtained from equation (2) usipf) from figure 3¢) are shown
in figure 3¢). We find P, ~ 7 x 102 C m~2 and 11x 10~2 C m~2 for SBT (x = 0.8 and
0.17, respectively), in reasonable agreement Wit~ 25 x 1072 C m~2 for pure BaTiQ
considering thafl. decreases in SBT with decreasing?Baoncentration [6].

It is seen from figures 3} and 3¢) that ferroelectric precursor contributions to the
RI of SBT (x = 0.08 and 0.17) appear at temperatures 50-60 K alipveBecause of
the isotropic character of the precursor contribution in the cubic phase it is clearly seen
in SY* versusT (figure 3@)). The LB (figure 2) reflects the anisotropy of the precursor
polarization only by virtue of coupling to internal stress fields [25]. Precursor processes were
also observed in the temperature dependence of the light intelysitransmitted through
SBT samples placed between crossed polarizgrsis a measure of the depolarization of
light. For SBT ¢ = 0.08) a drastic increase df, is observed af" ~ 60 K (figure 2,
curve 6) for incident light with [11Q] polarization. This might be connected with the
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growth of polarization clusters comparable with the wavelength of light and coupling to
internal stress. In agreement with this assumption the precursor LB in.[@G&0netry also
achieves relatively high values around 60 K (figure 2, curve 2). Ned} to 50 K only a
change of slope is observed for (7). For SBT (¢ = 0.17) I, starts to increase &;.

an,, [107]

Figure 4. Temperature dependences®i,. for SBT (x = 0.02) measured on different sample
areas. Transition temperatures are indicated by arrows.

3.2. SBT 4 = 0.02)

A change of slope oby(7T) for SBT (x = 0.02) at7p; = 70 K (figure 1) indicates the
structural PT to the lowF tetragonal phase, similar to that in STO,Tat= 105 K. The
transition temperature agrees with a linear extrapolation of its dependence on%he Ba
concentration deduced from elastic compliance measurements for SBT {014) [4].

More clearly Ty is indicated by the LB measurements shown in figure 4, wheng.
abruptly sets in just belowlp. In contrast with the case for SBTx (= 0.08 and
0.17) no structural domains were observed under the polarizing microscoge forTp.
Nevertheless, the observed dependencéof. on the sample position clearly seems to
indicate multidomain effects. When comparing our LB data with those obtained by Bednorz
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on a carefully prepared single-domain sample of SBT=0.016) with7y = 75 K and
Ang.(40 K) ~ 1.1 x 10~ [5], we conjecture that curve (c) withn,.(40 K) ~ 0.7 x 1074
comes closest to a crystallographic single domain.

At temperatured; < Ty, the principal LB,|An,.|, decreases smoothly and bends into
a horizontal low7 tail after passing a point of inflexion @ ~ 28 K (figure 4). This effect
is most pronounced in curve (a), whefe~ 65 K. Weaker anomalies are found in curves
(b) and (c), wherel; ~ 45 and 40 K, respectively. These anomalies are very probably
related to a lowF polar phase similar to that observed for SCT [2, 26]. Contrastingly
with the case for SCT, however, in our measurements the polar anomaly is different in
sign compared with the structural one, which is due to the tetragonal elongation along the
c-axis in both SCT and SBT. On the other hand, Bednorz’'s sample of SB¥ (.016)

[5] shows a large positive polar anomaly, growing upStan,. ~ 1.3 x 10-2 from 30 to

5 K and, hence, resembling that for SCT [26] to a large extent. We argue that the different
behaviours of the samples are due to the different orientations of the polarization within
the more or less perfect tetragonal single domains. Whereas a positive signmf
indicates that the polarization lies in plar®, | [110]., § An,. < O very probably signifies
perpendicular orientationP || [110].. Presumably internal stress lies at the origin of the
different orientations. The SBTx(= 0.016) sample [5] was carefully annealed at 1800

prior to lapping, which merely induces perpendicular compressive stress and oridAtates
parallel to the planeP; = (P,). On the other hand, our sample was heavily stressed along
arbitrary directions due to the growth process. In-plane tensile components then cause
reorientation ofP perpendicular to the plan®; = (P,) [5].

This situation can be taken into account via a simple indicatrix calculation [27]. We
start from the cubic phase, introduce the stragiande; due to the structural instability at
To and the polarization correlation functiof® P;), i, j = x, y andz. Bearing in mind the
rotation of the crystal axes when changing from cubic to Bwymmetry (tetragonal and
orthorhombic, respectively), we expect spontaneous comporents= ﬂ:(Py) = £P/2
for a- and b-domains, respectively. Furthermore we hdweP,) = +P2/2 and(P?) =
(P2) # (P2?). The volume fractions referring ta- and b-orientated polarization are taken
into account via the adjustable parameters- & and «, respectively. Straightforward
calculation yields the [11Q]plane LB:

Ange =ne —ng = SstructAnac + 5p0| Ange
= (n3/2) [(p11— p12)(e1 — e3) + (811 — g12) ((P?) — (P?)) + (3 — @)gaaP?] .

3)
Sinceez > e; and p11 < pia, the strain-induced LB§ggructAnge, iS positive, whereas the
polarization-induced LB§yo An,., may change sign depending on the valuexof The
case wherex = 0 yields 8po An,. > 0 as always observed for SCT [5, 25] and for
virtually stress-free SBT, wheran,. ~ 1.37 x 102 [5]. On the other handy = 1 yields
8pol Ange < 0 resulting inAn,. =~ 6 x 10-° as observed in the extreme case of figure 4,
curve (c). From these limiting values we easily calcul®&e= 4.9 x 102 C m? and
(Pzz)l/2 ~ 2.1 x 1072 C m2 by adding and subtracting equation (3) with= 0 and 1,
respectively, using the loW- approximation(P?) = P?/2, and inserting the extrapolated
value Ssyruct Ang (T — 0) ~ 1.25x 1074, It is noticed that the spontaneous polarization is
somewhat larger than that obtained for SGT={ 0.011), P, ~ 2.9 x 1072 C m~2 [26].

The large negative LB anomaly occurring in samples with perpendicular polarization
clearly hints at importantz-directed polarization fluctuation§P?). These are usually
neglected in SCT [26] because of its leyrvalue [2]. In SBT, however, the anisotropy of
the permittivity is much smalleg,. ~ ¢, [4]. This is certainly connected with the large size
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Figure 5. Temperature dependences of the principal birefringengg of SBT (x = 0.02) under
an external electric field applied along the [11@]rection. Inset: the time dependence of the
electric-field-induced contribution tan,. at7 = 6 K after field cooling withE = 236 kV m1
switched off atr = 164 s.

of the B&* ion, which does not necessarily occupy a well defined off-centre position in the
xy-plane, as C& does in SCT. Presumably it has a tendency to displace asimilarly

to in the tetragonal phase of BaBOThis view is corroborated by our measurements of the
LB induced by an electrical field along [110ffigures 5 and 6, curve 1) and along [001]
(figure 6, curve 2), respectively. Quadratic dependeidcts,. « E? are observed (solid
lines), which indicate that the field effect can be treated in the paraelectric approximation
when calculatingpol An,e from equation (3) with?; = (P;) + eoe; E;, j = c or a:

(8pol Antac) Blla = (n3/4)(g11 — 812+ gaa) (€08 Ea)® (4a)
(8pol Anac) ple ~ —(n3/2) (811 — g12)(e0e Ec). (4b)
Here we assume that the terms linear and quadratic in {@thand (P.) may be neglected,
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since only(P,) is non-vanishing (figure 5), before taking the data shown in figure 6. On
this basis we calculate the values = 6.3 x 10° ands, = 5.1 x 10°, which are of the
same order of magnitude as reported for [&wor SBT (x = 0.014): ¢, ~ 1.8 x 10* and

e ~ 1.4x10% [4]. It would be very interesting to study more precisely both the permittivity
components and the LB for perfect single-domain samples.

The nature of the ferroelectric phase fbr< 7. ~ 28 K is as yet unclear. Relatively
sharp peaks of the dielectric permittivity [4, 5] indicate a ferroelectric PT. Similarly to the
case of SCT, one might expect a disordered nanodomain state owing to the interaction with
guenched random fields [2, 19, 26]. In contrast to the case of SCT, however, owing to
the weak anisotropy of its permittivity SBT is a candidate for a Heisenberg rather than
for an XY-model system [2]. Clearly, more careful experiments on better defined samples
including measurements of low-frequency permittivity and second-harmonic generation are
required for a better understanding of the SBT system in thexidimit.

4. Conclusion

Various optical methods used in present study have shown that SBT witfacBatent of
x = 0.17 undergoes at least two ferroelectric PTg.at= 91 K from a paraelectric, cubic to
a ferroelectric, tetragonal phase andTat= 76 K, to an orthorhombic (or rhombohedral)
phase. For SBTx = 0.08) a ferroelectric PT af. = 50 K to an orthorhombic (or
rhombohedral) phase is detected. A spontaneous ferroelectric contribution to the refraction
of light is observed for SBTx = 0.08 and 0.17). This allows us to estimate the value of
the spontaneous polarization.

Analysis of the temperature and the electrical field dependences of the LB in SBT
(x = 0.02) reveals that the spontaneous polarization lies in the plane perpendicular to the
tetragonalc-axis, but appreciable polarizability is also found along ¢hdirection. Future
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research needs to show whether or not the ferroelectric state is disordered on a nanoscale
due to the influence of intrinsic random fields as in the case of SCT.
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