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Pressure is shown to have a very strong influence on the glassrilexon dielectric response of
Sr,_,CaTiO; (x=0.007), or SCT(0.007, reducing the dielectric susceptibility and lowering the glass tran-
sition temperatureT,,, at the very rapid rate of 35 K/kbar. Above 0.5 kbar there is complete suppression of
the transition and relaxor state and evolution of a quantum paraelectric state at low temperatures. These effects
can be understood in terms of the increase of the ferroelectric soft mode frequgnayijth pressure which
strongly reduces the polarizability, and thereby the correlation lemgthfor dipolar interactions. It is esti-
mated that above 0.5 kbag becomes significantly smaller than the average separation between neighboring
C& " ions (2.1 nm leading to loss of overlap and correlations between adjacent nano-domains and loss of the
relaxational character of the dielectric response. While pressure Iowgrghe application of a dc biasing
electric fields raised,, and can reinstate a ferroelectric state at modest pressures. The interplay between
pressure and dc field provides insights into the physics. The very large pressure and field effects observed are
attributed to the small characteristic energies of the crystal in the quantum regime.
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. INTRODUCTION mann and co-workers® The results suggest that SCT
(0.007 exhibits an inhomogeneous polar low-temperature
The physics of random dipolar impurities in highly polar- state with evidence for ordering at two length scdlém the

izable ionic dielectric crystals has been a subject of continushorter length scale, quasi-first-order Raman scattering by
ing interest. Here the best examples are dipolar impurities i8oft (TO,) and hard (TQ and TQ;) polar modes gave evi-
the two incipient soft mode ferroelectrics KTa@nd SrTiq ~ dence of Ca-induced FE microregions, or polar nan-
where the very high polarizability of the host lattice, associ-0domains, whose size is determined by temperature-
ated with the soft ferroelectri¢FE) mode, not only renor- d_ependent correlation radiug,, and the crystal _exh|b|ts the
malizes the dipole moment of the impurity, but also function-diPolar glass response of a relaxor ferroelectric. The longer
ally changes the dependence of the dipole-dipole interactiolﬁngth scale ordering is deduced from field-dependent linear

energy on the spacing between dipdiésin this case, a refringence measurements and is attributed to the presence

long-range ordered FE state occurs if the impurity concen?! 12rge random-field-correlated domains that relax indepen-
tration exceeds a critical value; below this value, a dipolar-dently ar_1d b_e have like sywt(_:hable s_uperparaelectnc moments

: ' ' whose size increases with increasing temperdture.
glass-like(relaxop state forms.

. . . . . Because the soft FE mode frequency of SriTi®known
A particularly interesting material system in these regard§0 be a strong function of presstirand because the charac-
is Sp_,CaTiO3 (or SCT) in the limit of smallx, which has

; , > D teristic energies of the crystal are small in the quantum re-
been the subject of extensive resee?rcr_hCQZ might be  gime, it was felt that the application of hydrostatic pressure
expected to substitute for Sr at the A site in theABO;,  would lead to significant changes in the dielectric response
perOVSkite |a.ttice; however, the evidence is clear that th%nd phase behavior of this Crysta| and thus provide new in-
Ca* impurity in SrTiO; is dipolar’™ Its ionic radius(0.99  sights into the physics. Indeed, as will be described below,
R) is considerably smaller than that of’Sr(1.12 A), mak-  the present results reveal an unusually high sensitivity of the
ing it possible for the C& to occupy an off-center position response to pressure leading to fast suppression of the tran-
at the St site, thereby producing random electric field andsition temperature and vanishing of both the transition and
strain coupling to the polarization. Alternatively, some of thethe frequency dispersion by0.5 kbar. We also investigated
Ca" may substitute at the 11 site resulting in the forma- the influence of a biasing dc field on the response. Section I
tion of an oxygen vacancyM,). The dipolar impurity would  provides a brief description of the experimental details fol-
then be the Ca:V, pair defect. However, recent theoretical lowed by presentation and discussion of the results in Sec.
results on KTa@ strongly favor metal ion at thé site over  |II. Section IV provides some concluding remarks.
(dopant:V,) pair hopping as responsible for the small acti-
vation energies found in experimefits.

The present paper deals with a fixed SCT composition,
x=0.007, or SCT(0.007 for short. Extensive dielectric and The single crystal used came from the same material and
optical studies were performed on this composition by Kleewas prepared as for the earlier 1-bar dielectric stutifes.

IIl. EXPERIMENTAL DETAILS
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o o T ] ferroelectric domain statebut they are also the signatures of
[ 1 kHz 0 v 4] a relaxor staté:* In what follows much of our emphasis will
L 12.,";‘:., o] A2 ] be on the relaxational response.

60 - o 10*F A2 47 We envision each Ga-induced dipolar entity surrounded
i 04 kbar 1 bar £ ‘ 1 | by a polarized region of the soft SrTi®ost lattice, forming

0.2 kbar 102 - .". 4 a nanodomain whose size is determined by Tréependent

40r 5 s ] r. of the host. Because of the soft ferroelectric mode nature
] 1027, (K") ] of the host, on cooling from hig these nanodomains grow
asr. increases, increasing their dynamic correlativhéSee

7 Sec. Il F below. However, for this dilute sample, these cor-

Dielectric Constant & [10%]

[ 0.5 kbar Sy ] relations do not become large enough to precipitate a global,
STO (1 bar) long-range ordered FE state at |Gw Rather, they exhibit a
T S e —v 20 dynamic slowing down of their orientational motion, result-
Temperature (K) ing in the frequency dependent peakédh(T), a dynamic

glasslike transition temperature, and the frequency dispersion
FIG. 1. The dielectric=’ (T) response of SCT0.007 at differ-  on the lowT side of the peak. At sufficiently low all such
ent pressures showing the frequency dispersion, which vanishes g{otion freezes, and the dispersion vanishes as shown below
0.5 kbar. Also shown for comparison in the frequency-independent_4 K. Dispersion is also exhibited by the imaginary part of
response of pure SITEXSTO) at 1 bar. The inset is an Arrhenius 4 dielectric functione” (T) in the transition regioﬁ.
plot of the T dependence of the relaxational frequeriesinverse The flipping of the orientation of the Ca-induced nan-

relaxation timgat 1 bar. odomains between equivalent potential minitagzero bias

) , is a thermally activated process. We find that the relaxational
(110)-oriented sample plate with the long edges parallel tnetics for SCT(0.007) obey a simple Arrhenius expression
[001]c was polished to optical quality and subsequentlygyer the rather small changes T, with frequency for the
etched in boiling orthophosphoric .acid in order to removepresent resultéinset, Fig. 1. The results show the expected
surface layers of about 0.1-mm thickness. After this proceiycrease of the activation enerdy with field strength(not
dure the sample reaches its f'”‘?' sizes, @28  ghown, but the magnitudes d& (~100 me\j and the pre-
X 6.5 mn?. Th|_s geometry favors an onenteq state with theexponential (attempt frequency>10°% are unphysically
tetragonalc axis parallel to the long edges, i.e., parallel 10 |arge. This is a feature that is generally observed in fitting the
[001]. The polished broad faces becofidQ oriented in  rejaxational kinetics of relaxors to a simple Arrhenius fatw.
the low-temperature tetragonal phase and were equipp@fjhen data are taken over a sufficiently broad frequency
with copper-gold electrodes. The €a concentration,Xx  range, deviations from this law are generally observed for
=0.007, of this sample was determined from the antiferroygjaxors? In such cases the kinetics are found to be well fit
distortive phase transition temperature of 125 K. The dielechy the Vogel-FulchefVF) equation, which yields more real-
tric permittivity (both reale’ and imaginarye” components stic values for the fitting parametef€.in the present case,
was measured with a Hewlett-Packard model 4188ped-  the dielectric data do not extend over a sufficiently broad

ance br|dge as a function of temperat(me293 }Q! hydrO- frequency range to use the VF equation_
static pressuré0—6 kbay frequency (18-1¢ Hz), and bi-

asing dc electric field$0—500 V/cm). The ac electric field

amplitude was below 1 V/cm to minimize nonlinearities in B. Influence of pressure on the dielectric response
the dielectric response. Pressure was generated in a conven-P h ¢ il the dielectric re-
tional high-pressure apparatus using gaseous and solid He as ressure has a very strong intiuence on the dielectric re

S i t sponse Qf SCTO0.00%, as shoy\(n in Fig. 1. First, we note the
the pressure transmitting media. The temperature depelarge shift of the glass transition temperatuiig,) to lower

dence was measured during a slow drift of less than 1 K/mmt'emperatures with very modest pressures. The skig/dP
is ~—35 K/kbar, a very large effect. Second, there is a de-
ll. EXPERIMENTAL RESULTS AND DISCUSSION crease in the amplitude of the peak with increasing pressure.
These effects are characteristic of relaxors and can be ex-
plained in terms of soft mode and relaxor physidhere has
The dielectric response of SAD.007 at ambient pres- been considerable interest in the properties of relaxors and
sure (1 bap was first studied by Bednorz and Wer® (for  the mechanism for the ferroelectric-to-relaxor crossover in
x=0.0075) and later in more detail by Bianddtial® Figure =~ ABO; ferroelectrics with random site disorder. It has been
1 shows the real part of the dielectric constasit,vs tem-  shown that for these systems pressure favors the relaxor state
perature for our sample measured at different frequenciesver the normal FE stafe.
with the amplitude of the ac driving field fixed at 0.6 V/cm.  The results in Fig. 1 also show the complete suppression
The results are in close agreement with the earlier Wwark. of the “transition” and, thus, the relaxor state, with pressure.
The roundede’ (T) peak and the frequency dispersion in The 0.5-kbar data show no evidence of an approaching tran-
€ (T) at and below the peak temperatufg,, were taken to  sition in eithere’ or €’ (not shown. The 2- and 4-kbar results
be evidence of a percolative transition into a random-fieldn Fig. 2 confirm the complete suppression of the relaxor

A. 1-bar dielectric response
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shown for comparison.
FIG. 2. The frequency-independegt (T) response of SCT
(0.0079 at 2 and 4 kbar. The inset is an expanded view of theFig. 4 show thafT,, decreases linearly with pressure, sug-
behavior at low temperature. gesting a finite slope &@B,,— 0 K (broken ling. For an equi-
librium phase transition, the third law of thermodynamics
state and reveal the emergence of a quantum paraelectiigquires thatT. vanishes with an infinite slope, i.e.,
state—a state characterized by a higtthat is independent (T_/dP— — asT,—0 K. For a glasslike transition, on the
of temperature over a substantial temperature range at thgher hand, residual configurational entropyTas—0 K al-
lowest temperatures. Pure SrEiCSTO) exhibits such a state  |ows for a finited T,,/d P.2 Although the data in Fig. 4 do not
below~3 K at 1 bar] which is also seen in other materidls. cover a sufficient range to draw a definitive conclusion, they
Accompanying the suppression of the relaxor state is th@re suggestive of a glass transition.
vanishing of the frequency dispersion in the response, as Defining the quantum paraelectri@PE region by the
seen and as expectéd. onset of a nearly temperature-independénat the lowest
Figure 3 compares the’ (T) response of SCT0.007  temperatures, the dashed line separates the paraelectric and
and pure STO at 0.5 kbar. The major difference occurs belowpPE regions. Thus, as the hydrostatic pressure increases

~30 K, wheree’ (T) of SCT(0.007) rises more rapidly with  from ambient, there is a rapid suppression of the relaxor state
decreasingi—an effect that we attribute to increased corre-

lations among the polar nanodomains as well as to a lower
soft mode (TQ) frequency. Above 30 K the two responses
appear very similar, but there is a systematic differeacef L & T, at10%Hz
SCT(0.007 being slightly higher over most of the tempera-
ture range covered. This is clearly revealed by the differ-
ences in the ¥ (T) responses as shown.

30 ———T———r———————

< 20 .
4
paraelectric

g
)
o
C. Temperature-pressure phase diagram 4 N
s N
Figure 4 shows the temperature-pressure phase diagran® 1o \etmer e -
for SCT (0.007. The crystal is in the paraelectric state at R relaxor e
temperatures above 20 K for all pressures. At lower tempera- [ / -----
ture and low pressure the (T) response is relaxorlike. Us- I \\
ing Tmax at 10 kHz versus pressure to separate the paraelec: gL P P  EEE—
tric and relaxor FE states, the relaxor state is confined to the
. X . Pressure (kbar)
triangular region from 0 to 18 K and between ambient and

0.5 kbar. Over the limited range of the data, the results in FIG. 4. Temperature-pressure phase diagram for SL007.

quantum PE
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followed by a slow expansion of the QPE state. The dashed Pressure (kbar)

line in Fig. 4 does not, of course, represent a true phase

boundary; it merely represents the experimental finding that F|G. 6. Isothermal pressure dependences'obf SCT (0.007.

the range over whicle’ becomes nearly independent bt

low temperatures expands with increde common obser- All of the € (P) effects in Fig. 6 are well-known prop-

vation for ferroelectrics in the quantum regirhe. erties of soft mode systems:rom wZe’ = const we have, for
the P dependence ob,

D. Temperature and pressure dependences of the susceptibility (91N we/dP)7=—1/20In€e'19P). (1)
in the paraelectric phase s

Kleemannet al? deduced the 1-bar temperature depen--rakIng the initial € (P) slopes in Fig. 6, we find that

T (dInws/dP)r, i.e., the fractional change img, increases
dence of the FE soft mode frequenayg of the same crys fsrom 1.05%/kbar at 293 K to 2.85%/kbar at 100 K. to

tal from Raman scattering measurements. For soft mode FEs, , - ; .
¢ andw, are related by a Lyddane-Sachs-Teller relationship 40%/kbar at 50 K, rates that are typical of perovskites well

o
such thawZ2e’ ~const. Figure 5, which is a coplot at 1 bar of aboveT,.

, . . " The T dependence of' in the high temperature paraelec-
wi(T) and our (1¢)(T) data, shows that this relationship is tric phase of ABO; ferroelectrics usually obeys a Curie-

well-obeyed for the SC'(Q.OO?) crystal, i..e.., the temperature \yjiss law,e’ =C/(T—T,) over a wideT range. HereC is
dependence abs determines that of'. Similarly, we expect yho cyrie constant and, is the Curie-Weiss temperature.

the pressuréP) dependence abs to determine the pressure pejaxors, however, show large deviations from this law start-
dependence o€’, as has been demonstrated for many sof

z A 'ing well aboveT,,. In fact, such deviations set in upon the
mode systemS.Thus, theP deper;dence of #/(T) inFig. 5 ncleation of the polar nanodomains, i.e., at the so-called
represents th® dependence abT) also.

; ; Burns temperaturd g s, @and increase with decreasimgs
Figure 6 compares isothermal at 10 kHz versus®> at  tpe size of the domains and their correlations incrédshas

temperatures between 50 and 293 K. In this temperaturgeen found that the' (T) response of relaxors aboie, can
rangee’ is independent of frequency. The QataTaat 100K  pe generally represented by the power law expression,
were recorded versus decreasi@fter cooling from room

temperature at 6 kbar. However, isothermal measurements (' —€)=C(T-T,) 7, 2

for both increasing and decreasing pressure showed no hys-

teresis in this temperature range. The 50-K data were dewheree., is the limiting high temperature value aef. At T
duced from isobaria’ (T) plots. € (P) at 200 and 293 K >Tg,ms, Y— 1.0, and Eq(2) is simply the Curie-Weiss law.
decreases nearly linearly with increasiRgver the modest However, belowTg,s, v can reach values up to 2.0. Al-
pressure range of the data. The initial logarithmic derivathough there appears to be no unambiguous justification for a
tives, (@In€e'/oP);, are —0.021 and—0.032 per kbar at 293 y=2.0 for relaxors, ay=2 regime is predicted on the basis
and 200 K, respectively. The slope at 293 K compares favoref lattice dynamical models solved within the framework of
ably with the slope—0.022/kbar for pure SrTiQat 298 KX°  quantum statistical mechanics to describe the deviation from
At lower temperatures the dependencesobn pressure be- Curie-Weiss behavior in the quantum displacive litiie.,
comes much stronger and increasingly nonlinear, as showrlT,=0 K) of ferroelectrics>'*2In this case the deviation
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FIG. 7. Log-log plot of the temperature dependence of ¢he - 200 Viem |
response of SCT0.007 at different pressures as suggested by Eq. i P = 0.2 kbar _
@). o T T

0 10 20 30 40
from y=1 is attributed to quantum fluctuations. This predic- Temperature (K)
tion has been met for systems exhibiting equilibrium phase
transition$ as well as for the Sr,CaTiO; system in the FIG. 8. The influence of dc bias on tle& (T) response of SCT
extreme dilute limit* (0.007 at 0.1 and 0.2 kbar. The inset(a) depicts the effect of bias

Figure 7 shows double-logarithmic plots of'€.) ! on the potential for the hopping of dipolar entities. The insetin
vs. (T—T,,) for SCT(0.007 at 1 bar and elevated pressure. shows the shift of the glass transition temperaflizewith field for
Taking €.=100 and T,,=18 K, the 1-bar results yield SCT (0.007 at 1 bar(solid line, Ref. 5 and at 0.2 kbar(solid
y=1.23, which is comparable tg~1.3 for a SCT(0.0075  circles.
sample measured by Bednorz and Mué[ﬂsspming Tm  they are in close agreement with the latter. The inset in Fig.
=0K at 0.5 kbar(see Fig. 3 the data in Fig. 7 yield g() compares our 0.2 kbakT,, versusE results with the
y=1.44, and at 2 kbay=1.18. Thus, these results suggest1_par data Another feature to note is the fact that these very

that y increases with decreasini, (as observed for quan- |arge biasing field effects occur only in the quantum regime.
tum ferroelectrics but it does not reach a value of 2.0 as They vanish above 25-30 K, as shown in Fig. 8.

Tm— 0 K (unlike quantum ferroelectrig$ In the case of relaxors, additional biasing field effects can
be expected and are observed. Cooling a relaxor in the pres-
E. Effects of dc biasing electric fields ence of a dc field aligns its polar nanodomains increasing

their sizes and correlations, effectively canceling the influ-

Bianchiet al. demonstrated the strong influence of dc biasence of random fields and reducing the frequency dispersion
on the dielectric response so for SOT.009 at 1 ba? We  in the relaxor state. At sufficiently high fields, which are still
find equally strong field effects at elevated pressures. Figurgery modest in the quantum regime, the domains can become
8 shows the responses at 0.1 and 0.2 kbar, which are quakufficiently large so as to percolate the whole sample and
tatively similar to what is observed at 1 baFhe large sup- lead to the onset of long-range order and a normal FE tran-
pression of the peak amplitudg,,, and the shift ofT,, to  sition. This is a field-induced nano-to-macro domain transi-
higher temperatures are the expected behaviors for quantution. Evidence of such a transition in relaxors has come from
ferroelectrics, and result from field stabilization of the local dielectric response and TEM measureménts.
potential of a dipolar entity making one of its potential Evidence for these effects can be seen in our pressure
minima deeper and the other shallowearset in Fig. &a)]. results(Fig. 8). The relaxor nature of the response at low
Thus, more thermal energy is needed to overcome the deepkias is evident. The dispersion is essentially gone at the very
barrier and induce the transition. Additionally, the field alignsmodest field of~300 V/cm. TakingAT;, the difference be-
and clamps the polarization of the sample, reducing its smativeenT,, at 1¢ and 16 Hz, as a measure of the strength of
signal ac susceptibility. These effects are well known fromthe relaxor character of the response, we find th@t de-
Landau free energy theory, which predicts tligtincreases creases from 1.8 K at 0 V/cnot0 K by ~300 V/cm. The
with field strength a&?2. Bianchiet al’s 1-bar data confirm  vanishing of the dispersion ifi,, at high bias is a reflection
this prediction fore>50 V/cm. Our results with bias at high of the transition acquiring normal ferroelectric character, as
pressure are not as extensive as those of Biaechl, but  expected.
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i 4 500 V/cm ) F. Unique aspects of the incipient ferroelectric SrTiQ host
) S BN B —— As already noted, a unique aspect of the S@T007
0 10 20 30 crystal is the presence of the dipolar Ca-induced nan-
Temperature (K) odomains in an incipient FE host, SrHOThe very low, but

finite, frequencywg of the soft mode of this crystal at low
FIG. 9. The influence of dc bias on tl& (T) response of SCT temperatures makes the polarizability {/w) very large.
(0.007 at 0.5 kbar. The inset shows the (T) response of pure This polarizability is further enhanced, ang, is renormal-
SITiO; (STO) at a bias of 4.1 kv/em. ized, by the presence of the dipolar entities.
The low frequency of the soft FE moda long wave-
The 0.5-kbar results present an interesting case. As notd@ngth TO phononis determined by the near cancellation of
earlier, at this pressure the relaxor state is completely sugh€ short-range forces by7 the Coulombic forces, and in-
pressed and the sample is in a dispersion-free quantufff€ases rapidly with pressurhaadlng’toza large decrease in
paraelectric state—a state akin to that of undoped Srai© the correlation lengtir. («1l/wg Ve') 2 Figure 10 shows
1 bar. The application of bias to these two crystals in thighe temperature dependencer@ffor SCT.(O'OOD at differ-
state produces qualitatively similar results. First, there is gt pressures deduced from the dielectric data, and compares
large suppression in the magnitudeebfin the quantum re- the pehawor to t_hat of pure STO. The strong enhancement of
. R Y r. with decreasingl on approachindrl,, at 1 bar for SCT
gime as shown in Fig. 9. Second, it is known from early(o 007, and the strong decreasesrfwith pressure at low
work*that a sufficiently large field can induce ferroelec-, .~ 9 ¢ P

o . . . temperatures, are evident. The corresponding decreases in
t”(,:'ty W't,h a very broad aqd shallow’ (T) pea'k n SrTQ the correlation volumes are, of course, huge, and this result is
(Fig. 9, inset; note the highly expanded axis with an

: = at the heart of the interpretation of the present results.
accompanying reduction in crystal symmetry. The present peqycingr, from dielectric data gives relative, and not

0.5-kbar data on SCT10.00% hint at the existence of such a absolute, values af.. Thus,r. in Fig. 10 is given in arbi-

field-induced transition. The 200-V/cm data in Fig. 9 reveal &rary units. Kleemanet al* deduced a quantitative value of
broad e’ (T) peak at~8 K. At 500 V/cm there is still evi-  the radius of the average polar clusterr() for SCT(0.007)
dence of a peak ir' (T), but, unfortunatelye’ is further  at 1 bar from analysis of the Raman line shape and intensity
suppressed and the peak is even broader. over a limited temperature range. Their analysis showed that
The results in Fig. 9 show an important difference be-r_ increases from 1 nm at 22 K to 3.5 nm at 17(Kig. 10
tween our SCT(0.007 sample and pure SrT¥O Whereas read against the right ordinateThese results allow us to
the latter requires fields of kilovolts/cm to induce the FEscale ther(T) results deduced from the dielectric data for
state, or at least a peak &i(T) (4.5 kV/cm in the inset in comparison. This scaling was done by equating the present
Fig. 9), this state can be induced in the S@I007 crystal at  arbitraryr. value atT,, (~17 K) to Kleemannret al.s value
fields that are an order of magnitude smaller. We believe thi$3.5 nm) at the same temperature at 1 bar. Accordingly the
is a reflection of the presence of Ca-induced polar nanscale of the left ordinate in Fig. 10, though in arbitrary units,
odomains in the latter putting it closer to its FE instability matches the scalén nm) of the right ordinate. It is imme-
limit. We also note(inse) that at 0.6 kbar, a field of 4.5 diately noticeable that, although both sets of 1#Q4T) data
kV/cm is not sufficient to induce ferroelectricity in ST®.  show the rapid decrease of with increasingT from T,,,
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Kleemannet al’s r falls off much more rapidly than is sug- orthorhombic C,,) symmetry for the low temperature
gested by the dielectric data. The cause of this discrepancy fghase, i.e., below,, as well as for the polar nanodomains
not clear. above T,,. This implies equilibrium tetragonal
Examination of the results in Fig. 10 provides several(D,,)-to-orthorhombic phase transition for the crystalat.
insights into the physics of SC{0.007. For this composi- However, at this time there is no confirming eviden@eg.,
tion the average separation betweerf Cions is~2 nm. If ~ from diffraction data for a bulk phase transition. High reso-
percolation requires a full overlap of the correlation radii of lution diffraction studies would be very desirable. The situa-
adjacent polar nanodomains, thenat the percolation limit  tion here is probably akin to that for dilute KT_,Nb,O5
must be equal to 2.1 nfThe dielectric data in Fig. 10 (x~0.01-0.02) where Raman scattering restits gave
suggest that af=50 K, r. of SCT(0.007 is <1 nm and is evidence of long-range FE correlatiofmn the length scale
essentially the same as that for pure STO, indicating that thef the wavelength of optical phononand lower symmetry
nanodomains are nonoverlapping. Below this temperaturehelow T,,, but high resolution x-ray diffractidd did not
the largerr. causes the domains to overlap, interact, andeveal evidence of a bulk phase transition. Thus, the issue is
increase their correlations, that reach a maximuni gt the length scale of the correlations—an issue that requires
below which temperature dipolar motion slows down caus{urther study.
ing the polarizability and thereby, to decrease. In this work we have emphasized the relaxational proper-
At 0.5 kbar, an overlap of the nanodomains begins belowties of SCT(0.007. The observed pressure and bias field
~30 K (rg~1.1 nm), with indications that, may not reach effects can be understood in terms of a relaxor model, and at
the full percolation value of 2.1 nm even at the lowest tem-the heart of the physics is the strong dependence of the soft
peratures, consistent with the observation that the transitiomode frequency on the various external variables. It is this
is suppressed by this pressure. By 4 kbagx1l nm at all dependence which determines the correlation length for in-
temperatures—there is no overlap or correlations among theractions and correlations among the?Géanduced polar

polar domains, and the crystal is not unlike pure STO. nanodomains whose existence is a certainty. It will be inter-
esting to investigate the influence of pressure on the suscep-
IV. CONCLUDING REMARKS tibility of SCT within a quantum scaling concept similarly as

o was done for the dependence Brand T.18
The remarkably large pressure and bias field effects on the

dielectric properties and phase behavior of SOD07) are
manifestations of the delicate balance between competing
interactions in this system. At the heart of the physics of this We express our thanks to J. Georg Bednorz for providing
crystal is the behavior of the FE (TDsoft mode. The quasi the excellent SCT crystal, to Jan Dec for preparing the
first-order Raman scattering results of Kleemat@al? have  sample and David Lang for technical support. The work at
identified the sum frequency, 2T Qassociated with the lat- Sandia was supported by the Division of Materials Sciences
tice and a low frequency TQcluster (nanodomaih mode. and Engineering, Office of Basic Energy Science, DOE, un-
Both of these TQ modes soften with decreasing their  der Contract No. DE-AC04-94AL8500. Sandia is a multipro-
frequencies reaching about the same low, but finite, valuegram laboratory operated by Sandia Corporation, a Lockheed
(~7cm L hws~0.9 meV) atT,,. The Raman results favor Martin company, for the U.S. Department of Energy.
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