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Evidence of defect-induced polarization clusters in
nominally pure KTaO, from low-temperature Raman and
hyper-Raman spectra
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Abstract. A comparison is made between low-temperature Raman and hyper-
Raman spectra of six single crystals of KTaOz grown as pure according to the present
state of the ari by top-seeded sclution and spontaneous-mcleation techniques, All
samples differ in four spectral features: (a) first-order Haman intensity, (b) hyper-
Rayleigh intensity, {c) width of the soft-mede hyper-Raman line, (d) soft-mode fre-
quency. While (a), (b) and {c} are approximately linear functions of each other, (d}
turns out to vary with the square of (a) or (b). No correlation is found between any
of the four quantities under study and the photoluminescence at 687 nm recently
assigned to Ta®t mear oxygen vacancies. The results are interpreted in terms of
polarization clusters formed by the host crystal in response to static or quasi-static
defects of the random local-field type. Since the radius of a single polarization cluster
reaches the magnitude of about five lattice constants, the specific defect structure at
the centre is screened, so that the observed relationships between {a), (b), (¢} and
(d) become rather general.

1. Introduction

Static or quasi-static lattice distortions arcund defects are usually described in terms
of the phonon Green’s function of the host crystal [1]. Since the contribution of each
phonon to this function embodies the square of the reciprocal phonon frequency, optic-
phonon-type distortions do not play a major role compared to the elastic or acoustic-
phonon-type ones, provided the influence of the long-range electric fields due to the
charge distribution of the defects can be neglected [2]. While the optic-phonon-type
distortions fade away within a few lattice constants, the elastic ones slowly decrease
with increasing distance r from the defect, the asymptotic behaviour of the elastic
displacement field being characterized by r~2 [1,2]. A somewhat intermediate sit-
uation is encountered when the soft-mode component is extracted from the lattice
distortion induced by a defect in a ferroelectric material near its phase transition [3].
In the simplest approximation the static or quasi-static soft-mode polarization P(r)
surrounding a point defect of appropriate symmetry in the paraelectric phase is given
by

B(r) = P expl~(r~d)rd  (r> ) 1)
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where d and r, are the radius of the defect core and the correlation radius of the
soft-mode polarization, respectively. In general, d has the order of magnitude of a
lattice constant and may be assumed to be independent of temperature, whereas r_ is
proportional to the inverse of the soft-mode frequency 2, and tends to diverge near
the phase transition point, i.e. [5)

ro ~ Q5 (2)

Various names, sometimes with subtle distinctions, have been given to the phenomenon
specified by equations (1} and (2), e.g. polarized clusters [6], ferroelectric microregions
or microdomains [7] and frozen-in fluctuations of the order parameter [4]. Such con-
cepts have been used extensively in order to explain various anomalous features in light
scattering spectra, especially the appearance of symmetry forbidden Raman lines and
elastic or quasielastic central peaks [8,9].

In a recent communication [10] {hereafter referenced as I} second-harmonic light
or hyper-Rayleigh (HRL) scattering from the bulk of nominally pure KTaO; has been
investigated as a function of scattering geometry and temperature between 10 and
200 K. Interrelations between HRL and soft-mode hyper-Raman (HRM) scattering have
been observed which become particularly transparent at low temperatures (7" < 50 K).
(i) The HRL intensity varies with temperature as Qg *. (i) The HRL selection rules on
the polarizations of incident and scattered light are determined by the soft-mode HRM
tensor although in a slightly different way than the selection rules of the soft-mode
HRM scattering itself,

The Q3 * law follows from the assumption that non-interacting clusters, polarized
according to equation (1), contribute incoherently to the HRL signal, each contribution
being proportional to the square of the volume integral of I:"(r) and hence to the fourth
power of r, or 251, Consistently, the HRL selection rules can be deduced from the
derivative 9x(2)/3P of the second-order susceptibility x(2) of the host crystal with
respect to P at P = 0, i.e. from the soft-mode HRM tensor [11]. An appropriate
average of the square of 9x{?)/3P has to be taken over the random distribution of
directions in which the clusters are polarized. As long as the overall cubic symmetry
of KTaQ; is preserved, the result is quite independent of the particular distribution
assumed.

In their effort to intexpret previous reports on collinear second-harmonic generation
(SHG) in paraelectric KTaOj, SrTiO4 and BaTiOj,, Prusseit~Elffroth and Schwabl [12}
have come to similar conclusions and to findings in line with (i} and (ii).

The present paper intends to answer several questions left open in I. First, the po-
larization clusters probed by HRL scattering are shown definitely to arise from defects
and not from quasi-static intrinsic odd-parity excitations like hopping motions between
off-centre positions of the Ta ions. Secondly, the intensity of first-order Raman (FOR)
scattering is found to correlate with the intensity of HRL scattering, so that specula-
tions about a common origin of both effects are confirmed. Thirdly, HRM spectroscopy
proves to be capable of detecting variations of the soft-mode damping constant and
frequency accompanying the variations of FOR and HRL intensities. During the course
of this work, reports on photoluminescence from KTaQ, around 687 nm [13, 14] have
offered the possibility to single out oxygen vacancies as the only defect core of the
polarization clusters in pominally pure samples. Hence we have supplemenied our
measurements by a search for correlations between the photoluminescence on the one
side and FOR, HRL and soft-mode HRM scattering on the other. Qur negative result
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indicates that in our samples the particular defects traced by the photoluminescence
either do not induce polarization clusters at all or are exceeded in this respect by
others. Recent observations {14] of enhanced photoluminescence and FOR scattering
from samples deliberately reduced in a hydrogen atmosphere at elevated temperatures
favour the second alternative because they suggest a common origin of both effects
under certain sample conditions. Nevertheless there is some probability that different
defects are operative, only their concentrations being simultanecusly increased during
the reduction procedure.

Our subject matter is divided into two sections. In section 2 we summarize theo-
retical concepts and expectations. In the interest of clarity we do not ponder on the
various nomenclatures developed in the literature to describe the mutual influence of
defects and host crystals near structural phase transitions. Instead, we mainly use
the continuum approximation elaborated by Levanyuk et al [3,4,8,0]. In section 3
we present our experimental data and discuss how far they verify the predictions of
section 2.

2. Theoretical background

2.1. Continuum approzimalion

In the continuum approximation the response of the KTaO, host crystal to defects is
derived from the well known Landau expansion of the free energy density [4, 9]

@ [P)= LAP? + {BP* + {D(VP)’ - gP?z - L fP?2? (3)

where g and f represent electrostrictive coefficients and A, B and D have the standard
meaning with A ~ Q2. For the sake of simplicity, the purely elastic part of & is omitted
and the soft-mode polarization or order parameter P as well as the elastic strain = are
treated as scalars. Both quantities split into quasi-static defect-induced contributions
P, & and phonon contributions P/, ', i.e. P= P + P’ and z = £+ 2’. As indicated
by the spectral separation of the HRL and the soft-mode HRM lines (see I}, P and P’
refer to time scales differing by orders of magnitude. Hence any dynamic coupling
between P and P’ may be neglected. A
Minimizing ¥, we obtain the following equations for 2 and P”:

DV2P . AP = BP® — (29 + fi) P2 @
2
DVIP' + A [(Qﬂ) —~ 1] P' = (3BP® - 29z — fi?)P' + 2BB(P')?
4]
—2fPiz' - g+ f&)P'T ~ fP(z")*. (5)

The presence of a defect is modelled by the boundary conditions on the solutions of
equation {4} at the interface between defect core and surrounding polarization cluster
[4]. The Ornstein-Zernike function of equation (1) with r2 = D/A represents the
lowest-order approach to this problem.
The experimental results of I suggest two restrictive and simplifying assumptions.
{a) Linear and planar defects are absent. Indeed, they would give rise to HRL
scattering intensities varying with temperature as ;® and 252, respectively. Within
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the framework of the continuum description the observed 25* dependence can be
explained only by the presence of point defects.

(b) Below 50 K there is no restructuring of the defects or local phase transition.
Moreover, the boundary value P(d) of the quasi-static soft-mode polarization at the
defect-core/pola.nza.tlon-cluster interface is almost independent of temperature. This
condition seems to be satisfied because otherwise the temperature dependence of the
HRL intensity should deviate from the 254 law.

The defects specified so far are referred to as stiff or frozen-in point defects [9].
They may be further characterized as symmetry-breaking defects of the random local-
field type or as symmetry-conserving defects of the random local transition tempera-
ture type, the local phase transition to the symmetry-breaking defect structure hav-
ing already occurred (soft-defect limit) [9,15). In the Halperin-Varma classification
scheme the defects under consideration are denoted by A2 or B2 [16].

In discussing the various coupling mechanisms activated by the polarization clus-
ters we shall always approximate the solution of equation (4) by a sum of Qrnstein-
Zernike functions centred at randomly distributed defect sites. This sum will also be
inserted into the right-hand side of equation (5) in order to account for the defect-
induced damping and frequency shift of the zone-centre soft mode.

We note that equation (5) describes the dispersion of the soft phonon branch by
the expression

Q% (q) = Q% (1 +r2¢%) (6)

which specifies the extent to which the continuum description should be reproduced
from exact lattice-dynamics calculations in the long-wavelength limit.

2.2. Hyper-Rayleigh scailering

According to I and the remarks of section 1, a comparison of the HRL scattering
intensities from different samples of KTaO, should be based on the formula

Iypy, ~ re Z L, P(d,)]? (7)

The sum over { indicates that a diversity of non-interacting defects is permitted,
each defect i being characterized by its concentration N,/V, core radius d; and core-
boundary polarization P(d;). As a reference for Jyg; we may use the intensity of the
soft-mode HRM line which is certainly much less influenced by the defects than Ip, .

2.3. First-order Raman scatiering

Pue to the broken symmetry within the polarization clusters, the optical phonons
around the centre of the Brillouin zone become Raman active ([7] and references
therein)., The spectral Raman efficiency Sfogp(w) of the optical phonon branch ¢ is
determined by the power spectrum of the polarization

_ azx(l) . .
Pgop = Zq: 2P(Q0%(a) P(q)Q;(q)E,, (8)

where P(g) is the Fourier transform of P(r), @%(g) = Q,(—q) the normal coordinate
of the phonon of branch ¢ and opposite wavevector —g, x(!) the linear or first-order
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susceptibility and E,, the electric field of the incident laser radiation. Representing
P(r) by Ornstein-Zernike functions, we obtain

Ston(@) ~ 72 (T PP @) [aa e ©

where g, (w, g) is the lineshape function of the phonon of normal coordinate @,(q)
and the sum over g has been replaced by an integral. On the basis of equation (9)
three phenomena can be predicied, namely (a) as phonons with g # 0 are Raman
activated, the defect-induced FOR lines are broader than the corresponding HRM lines
the Wldths of which are given by g,(w,0); (b) the mtegral intensities If,p of the FOR
lines vary with temperature proportionally with r_ ~ Q5 as follows immediately from
" an integration of expression (9) over w (see also the discussion about the correct power
law in [9]); and {c) at a given temperature, I§og is proportional to Iyg; for any o.

2.4. Soft-mode damping

The damping mechanisms of the zone-centre soft mode follow from the terms on the
right-hand side of equation (5). Since we are only concerned with low-temperature
measurements, we can exclude all difference processes requiring the annihilation of a
thermally activated phonon. Thus we neglect 2BP(P')? and —-2(g + f&)P'z’. The
second term stands for an electrostrictive process in which the zone-centre soft mode
(g, = 0) absorbs a transverse acoustic phonon {g, # 0) to produce a higher-frequency
phonon of the soft phonon branch (g; = g, # 0). This process has been considered to
dominate the damping of the soft mode in pure KTaQ, at elevated temperatures [17]
and may be enhanced by the defect-induced strain field Z.

At low temperatures, the damping of 2 zone-centre transverse optic phonon is
usually attributed to its decay into two or more acoustic phonons. Within the lim-
its of the continuum approximation the decay of the soft mode into two phonons is
symmetry-forbidden in pure KTaQ,. However, it is activated if polarization clus-
ters are present, the corresponding term on the right-hand side of equation (5) being
—fP(z')?. We may slightly generalize this argument by referring to the well known
expressions obtained for the phonon self-energy in lowest-order perturbation theory
[18]. The additional defect-induced damping function 7‘5.,2)(w) may be written as

(2) Z Z (4 ( 0 g q ‘12) Qau

C, O, .8 &
7 G Y192 o Yo "1 T2

1172

X {§(w — w; — wp) — 8w +wy +wy)} (10)

2
A(q +4q,+ Q2)

where the coupling parameters ®(*) are fourth-order coefficients in the expansion of
the potential energy & in terms of phonon normal coordinates. The quasi-static dis-
tortions within the polarization clusters are taken into account by the frozen-in normal
coordinates Q,, (q) of the soft phonon branch. The pairs (w;,w;), (1, 95) and (0}, 02)
denote the frequencles, wavevectors and branches of the acoustic phonons involved in
the summation processes, respectively. The function A(g + g, + g;) takes care of
momentum conservation, whlle the difference of the two é-functions guarantees that

energy is conserved and 7 (w) becomes an odd function of w [18].
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In the joint density of states description, equation (10) reduces to

TP w) ~ 3 189(9)Q,,(a)*sP(a,w) (11)

q

where ®(4)(q) is an appropriate average of

;q;(ﬂ(o q q Q‘z)
Ves Oy Op Oy Uy

over g,,q, and /g, w) stands for the two-phonon density of states calculated in
compliance with A(g + ¢, + g.).
A further coarse reduction of equation (11) to essential factors yields

YD W) ~ FPUP@I D (w) ~ f’rc( > -Q’-,i[d,-ﬁ(do}’) AW  (12)

The angle brackets indicate an average over the g-space, while p(2)(w) stands for the
usual two-phonon density of states, i.e. p(¥(q = 0,w). Comparing equations (12),
(7) and (9), we expect the soft-mode damping constant to vary linearly with Ly, or
Ifor at any fixed low temperature because of the common factor ) ; N;/ V[djf’(d‘)]z.

The remaining terms on the right-hand side of equation (5), i.e. —2fPfa’ and
(2BP? — 293 — f&?)P’, describe quasi-harmonic couplings between the soft phonon
branch and acoustic phonons and within the soft phonon branch itself. In the first case
only acoustic phonons with frequencies around £, are relevant. They have wavevectors
g at which f"(q) is already so small that it cannot mediate the coupling between
acoustic and optic phonons any longer. In the second case we may derive a damping
function of the form

2
Y8w) ~ BAA(q)[*)p V) (w) ~ B*rS (Z %[d;ﬁ‘(d.-)l") pw). (18)

Here we concentrate on the term 3BP2P’ in equation (5) and introduce the one-
phonon density of states p{!){w) characterized by a M, critical point at w = {2, with
P (0) = 0.

Since the spectral width of the soft-mode HRM line is rather small, the measured
damping constant -+ is determined by the value of the damping function at w = £,.

Thus, there is almost no contribution from 1’},—“(&:) and the defect-induced increase of

v seemns to be dominated by 7;2)(90) ~ Iymy-

2.5. Shift of the sofi-mode frequency

The defect-induced shift AR, of the soft-mode frequency £, has to be derived from
the frequency-shift functions A(w) and A(w) + Ap(w) of KTaOj, in the absence and
presence of polarization clusters, respectively. A self-consistent description requires:

A(Q) =0 A + Ap) + Ap(Q, + AL) = 0. (14)
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Apart from frequency-independent contributions, A(w) and Ap(w) are given by the
negaiive Kramers-Kronig or Hilbert transforms of the corresponding damping func-
tions, the density of states being the essential factors to be transformed [18].

If we assume that the soft-mode damping in pure KTaQj results from multiphonon
processes, A{w) intersects the frequency axis at w = {2, with a slight negative slope.
We may write

8A
Ap(Q+AQ) = ‘ (E)n

The defect-induced frequency-shift function A p(w) splits according to
Apw) = AD + ADw) + AP (w) (16)

AR, = 0. (15)

where A(l)(w) and A(z)(w) follow from a Kramers-Kronig transformation of equations

(13) and (12), respectively, while the frequency-independent contribution A(O) can be
deduced directly from equat:on {5). We obtain

9y _ N; 2
AL = 3min, = 5 Z [d;P(d))] (17e)
or, referring to the quartic a.nharmomc coupling parameters,
@ _ 15 asw(0 0 g -g)4 2
A~ o ; ¥ o0 oy oy op ) 9ol (175)

Both expressions describe the well known effect of the polarization-induced shift of
the soft-mode frequency [19]. Usually, this effect is observed for a uniform quasi-static
polarization P due to an externally applied electric field. In the case of a fluctuating
P the frequency shift is determined by the average of P? as shown by equation (17).

Because of B > 0, A;) is always positive as far as the strain-field corrections in
equation (5) can be neglected. '

At w =, + A, the constant term A( ) in equation (16) is partly cancelled by

Ag)(w) ~ __fm (18)

W —-w
0

This function becomes negative with a negative slope because the two-phonon density
of states p(*)(w) contributes to the integral mainly above £, 4+ AQ,. Moreover, both
A(c') and A(z)(ﬂ + Af},) are proportional to ¥, N;/V(d,P(d;))* and hence to Iym,
or IFOR

Concerning A% )(w), we realize that the negative Kramers-Kronig transform of
the M, critical pomt. of p{t)(w) yields a negative cusp proportional to Q5 [20]. If this
structure is assumed to determine the zeroes of Ap{w), we expect

Nii, ?

a0) ~ B2 ( 3 JHd PP (19)
;

the sign of AQ, being unpredictable on the basis of our arguments because it sensi-

tively depends on the detailed balance of all three terms in equation (16). According

to equation (18) JAQ,| varies with the squares of Iyg; or Ifor at any fixed low

temperature.
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3. Experimental details and results

§.1. Samples and experimenial sel-up

Measurements are performed on six samples of nominally pure KTaO, grown in four
different laboratories [21] by essentially two different techniques: the Czochralski-type
top-seeded solution growth method (TSSG, samples No 2 and 6) [22] and the self-
nucleation method based on the spontaneous formation of crystalline grains within a
slowly cooled flux of Ta,Oy and K,CO; (samples No 1, 3,4 and 5) [23].

The samples are sawed and ground to cubes with {100} surfaces and 3 to 10 mm
edge lengths. They are mounted in a Janis continuous-flow helium cryostat and cooled
to 5 K.

Details of our HRM spectrometer have already been described in I, In order to
measure ordinary Raman or photoluminescence spectra the Nd-YAG laser radiation is
replaced either by its second harmonic or by the 5145 A line of an Ar-ion laser.

8.2, Hyper-Raman specira

Figure 1 shows the low-frequency Stokes part of the HRM spectrum obtzined for two
samples with almost the same incident laser intensity. The ratios Iypy/Iyrm of the
integral HRL and soft-mode HRM intensities differ by a factor of 2.5. Moreover, the
targer value of Iypy / lipa 18 2ssociated with a broader HRM line at a higher frequency.

)

[T,
T 5
I KTa0y
4 5K
i x(yylz

HYPER RAMAN INTENSITY (&
[+ ]
l

frocaatass -

5 10 15 20 25 30
HYPER - RAMAN SHIFT {cm)

Figure 1, Hyper-Rayleigh and soft-mode hyper-Raman lines of two nominally pure

samples of KTaO3 at 5 K. Hyper-Rayleigh lineshape: instrumental profile of the

spectrometer; hyper-Raman lineshape: convolution of the instramental profile and a
Lorentzian.

Some more details of the soft-mode behaviour are displayed in figure 2. The
convolution of the Gaussian instrumental profile of the spectrometer and a Lorentzian
is fitted to the experimental data points, all HRM lines being scaled to the integral
intensity of sample No 1. We observe the damping of the soft mode to increase the
more the soft-mode frequency deviates from an ideal value, either in the positive or
in the negative direction. The full curve represents the soft-mode HRM line in the
limit of a pure sample, the underlying damping constant v and frequency £2, being
extrapolated from figure 7 (see subsection 3.5).



Polarization clusters in nominally pure KTaO, 3705

L8]

HYPER-RAMAN INTENSITY (S2nts)

o

20 30
HYPER-RAMAN SHIFT {em™)
Figure 2. Soft-mode hyper-Raman lines of three nominally pure samples of KTaO3

at 5 K. The bar AP indicates the spectral slit width. Full curve, extrapolation to the
pure-sample limjt according to figure 7: {lp = 19.3 em™!, vy = 0.2 cm™!

N

3.3. First-order Raman features

We restrict ourselves to the FOR features of the To, phonon branch because it is the
FOR feature that can most easily be separated from the intense second-order Raman
background. In figure 3 we show the ordinary Raman spectra of three samples in the
spectral range between 510 and 560 em™!. The second-order Raman background rep-
resents the lower-frequency shoulder of the T0,(X) + TA(X) sum band [24]. While the
second-order Raman features of all samples coincide if referred to the same integrated
Raman intensity, the FOR features do not. In order to extract the FOR intensity Ifop
for ¢ = ’1‘04 from the measured spectrum, we fit the sum of a Lorentzian centred at
564 cm~! and a second-degree polynomiral to the second-order Raman background
between 500 and 600 cm~?, as indicated by the full curve in figure 3. IFOR differs
from sample to sample by almost the same factor as Iyg; /Iypum-

f‘.‘;‘nl—g

28 mool KTa.0,

g4z | 5K

42 x(yy)z

L%u % I RAMAN i'# S

E 3 (7\L=5145n’m1 P

; g 400 - . :

s o TIVPER-RAMAN

1 = (= 1084pm) > L
5 T T T T T

| T | T
510 520 530 540 550 560
RAMAN or HYPER-RAMAN SHIET (cm™)

Figure 3. Upper curves, first-order Raman line of the T04 phonon branch super-
imposed on the lower-frequency shoulder of the T04(X) + TA(X) sum band at 5 K.
Lower curves, the measured (asterisks) and deconvoluted (full curve) hyper-Raman
line of the zone-centre To4 phonon. Width of first-order Raman line, 5.2 ¢cm™!

width of the hyper-Raman line, 3.5 cm™}.

For comparison, the measured and deconvoluted TO, HRM line is also plotted
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in figure 3. Note that the FOR lines do not have to be deconvoluted because they
refer to a spectral slit width of less than 1 cm™!. In accordance to conclusion (a)
in subsection 2.3 the width of the deconvoluted HRM line (full curve) is noticeably
smaller than that of the FOR lines.

6 KTals

> L

Z 5K

b} L x{yvylz

ui; L A =532nm

—- G —

2% AV

Ya

zg |

T

A A

w

g ¥ ~%5

= " #6
0 ¥ ﬁ‘ = i I
14440 14500 14600 14580

WAVENUMBER (em-1})
Figure 4. Zero-phonon lines of the red photoluminescence from three samples of
KTaOa at 5 K excited by the second harmonic of the Nd-YAq laser. All spectra refer
to the same second harmonic intensity. Note the absence of any correlation between
the photoluminescence intensities and the first-order Raman jntensities of figure 3.

10k SOR * 1

LuM

T SO .
AR G L A
b AT Y W
05+ f? Y SRR

i ) llHRL |
Ap o ,lw., kp )opd Ak R 4
A W YA el I
;' f '\"'-

=2mm |
t \'\
1
J (AP

POSITION ALONG PATH OF LASER BEAM THROUGH SAMPLE

Figure 5. Second-order Raman (50R), photoluminescence (LUM) and hyper-
Rayleigh (HRL) intensities along the path of the laser beam through sample No 1, A
2 mun long section is cut out from this path by the entrance slit of the spectrometer.

INTENSITY {arb. units)

0.0

82.4. Phololuminescence

Figure 4 presents the zero-phonon lines of the red photoluminescence around 687 nm
excited by the second harmonic of the Nd-YAG laser. The spectra of the three samples
refer to the same second-harmonic intensity. Comparing figure 4 with figures 1 and
3, we do not find any correlation between the photoluminescence intensity on the one
hand and Jgpp/Tupy OF Iogs on the other. This conclusion is also confirmed by fig-
ures 5 and 6, where second-order Raman, HRL and photoluminescence intensities along
the path of the laser beam through the sample are plotted. Details of the experimental
technique for obtaining such intensity distributions are described in I. The flat distri-
butions of all intensities in figure 5 signify the homogeneity of the particular sample
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KTaQ3
SOR #5
5K
xiyylz

o

L H
';Mf" o

ke i \,II-" u“ r'il v“
.“'}W‘r\‘l

A HR
PR
g

'
1
1

INTENSITY {arb.units)
o
o
L

00 ;
POSITION ALONG PATH OF LASER BEAM THROUGH SAMPLE

Figure 8. The same measurements as in figure 5 performed on sample No 5. The
photcluminescence (LUM) curve indicates a gradient in the defect concentration.

under study. In figure 6, however, the photoluminescence curve indicates a gradient of
the defect concentration. The uncorrelated behaviour of photoluminescence and HRL
intensities excludes a commeon origin of both effects.

22' : .
£ iz
= it > KTa0,
E 5K
D 1 1 H 4
3- .

Figure 7. Ratio Iupr/lurm of hyper-
. Rayleigh and soft-mode hyper-Raman intensi-
< ties, soft-mode damping constant - and soft-
* mode frequency shift |Aflo| as functions of
the first-order Raman intensity of the ToO4
1 phonon branch. In the previous figures the
samples are numbered according to their se-
quence along the abscissa of this figure, i.e.
o in order of increasing first-order Raman inten-
- sity. The full lines and curves are fits of the
1 2 3 4 linear and quadratic relationships predicted
first-order RAMAN INTENSITY by equations (7), (9), (12) and (19) to the
of the TO, phenon branch farb.units)  experimental points.

s
T
1

v e
[\ %]

N O

1AQpt tem)
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3.5. Relations belween the foregoing resulls

In figure 7 the ratio Iyp, /fypa of HRL and soft-mode HRM intensities, the soft-mode

damping constant 7, and the soft-mode frequency shift |Af,| are shown as functions

of the FOR intensity Iggﬁ of the TO, phonon branch. Within the limitations set by the

experimental accuracy and the small number of samples, our experimental results are

in line with equations (7), (9), (12) and (19) predicting a linear relationshig between
4

Iure/ Tarany 7 2nd Inos as well as a quadratic dependence of |AQy] on Iggs.
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4. Summary

In this paper we support the view that a nominally pure sampie of KTaO,; may be
treated as a perfeci crystal weakly perturbed by random local fields due to unavoid-
able defects. The analysis of the crystal response is divided into two steps. In the first
step the formation of polarization clusters is considered. Their radius is determined
by the soft-mode correlation length r, and amounts to about five lattice constants at
5 K (see I), thus justifying the neglect of the specific defect structure at the centre.
In the second step the quasi-static lattice distortions within the polarization clusters
are regarded as sources of additional phonon coupling mechanisms based on quartic
anharmonic coupling parameters and evidenced by an increased damping and a fre-
quency shift of the zone-centre soft mode. Inclusion of HRM and second-order Raman
susceptibilities yields HRL and FOR scattering.

In the limit of low defect concentrations the four quantities under study, i.e.
Liru/ Iurans Tooms 7 and |AQy| follow simple power laws with respect to both the

correlation length r_ and the expression 3_,(N;/V)d;P(d;)]*. In continuation of the
present work an experimental verification of all of them is desirable.
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