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Abstract. The relation between the transport characteristics of
subterahertz thermal phonons and the structural features of single-
phase dielectric crystalline laser ceramics based on cubic oxides
synthesised in different technological regimes is studied. The effect
of plastic deformation on the formation of the grain structure and
intergrain layers (boundaries), as well as on the thermophysical,
acoustic, optical, and laser characteristics of the materials is analysed.
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5. Introduction

One of the important achievements of the last decade in laser
physics, as well as in solid-state physics and optical materials
science is the creation of a new class of active functional mate-
rials — laser crystalline ceramics based on cubic oxides doped
with trivalent lanthanide ions Ln** [1-5]. The scale of these
achievements is demonstrated in Table 1, which lists the most
well-known ceramics.

Investigations showed that the laser characteristics of
ceramics strongly depend on the size and structure of their
crystallites (grains) and developed system of intergrain layers
(boundaries). It was also found that the thermal conduction
of ceramics and single crystals of the same composition at
T > 300 K is almost identical, while the mechanical character-
istics (hardness) of ceramics are noticeably better than those
of single crystals. This is especially pronounced in the case of
the widely used laser ceramics based on the Y;Al;O;, garnet
oxide (see, for example, [35]). The motivation of this paper,
which is devoted mainly to this garnet ceramics, can be under-

Table 1. Dielectric laser ceramics, active Ln>* ions, and stimulated radiation (SR) channels.

Ln3* laser ions and SR channels

Crystalline Space
ceramics group Pt Nd3* Ho3* Er3* Tm3* Yb3+
Oxide

Sc,0;4 T - 1a3 - - - izp=>*Lispl6] - *Fsn~>2F7 [7]
Y203 T)-1a3 - Fap>11p 8] > 5 [9)] ESZ : jﬁzz H ?} - Fsp—>2Fy; [12]
Y,0;-ThO, T -1a3 - Fyp->*1p 3] - - - -
{Y3HALI(AL)O 0, ~la3d - Fip>op[14] 1> L [17] Liap=>"Lsn (18] “HyCE) = Hg[19]  *Fsp—>2Fy; [20]

*F3p 1112 [15]

*F3p~> 113 [16]
{Y3}[Alg 5S¢y 5)(Al3)O1n 0/110 —la3d - Fap~> 211 - - - Fsip~>2Fy2 [22]
{YGdo}[Se:l(ALGa)Oy,  0,°—Ia3d - - - - *Fsp—>2F; 23]
[YosErs}ALIAL)O,  O}0~Ia3d  — - - RO -
(Y(.5Gdy 5),03 T -1a3 - Fap=>*1p 251 - - - -
Ba(Mg,Zr,Ta)O; 0} — Fm3m - Fypoyp 26] - - - -
Lu,O; T)] - Ia3 - Fap>1p 27 - - *HyCFy) > Hg [28]  *Fspp—>2F7 [29]
{Lus}[AL](AL;)O, 0/}0 —la3d - - - - - 2Fsp~2Fyp, [30]

Fluoride
CaF,-SrF,-YbF; O;, - Fm3m 2Fs;~> 2Fyp [31]
SrF, Oj, — Fm3m  Py~3F,[32] *F3p~ 1)1, [33]
Oxyfluoride

Cas(POy)sF Cgi— P63/m *F3p~> 1112 [34]

Note: The table is based on pioneering papers published in peer-reviewed scientific journals.
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stood from the data of Fig. 1, which demonstrates the evolu-
tion of the output powers of Y3Al50, laser ceramics achieved
for the years of its investigation and application and shows
that the output power was increased from 70 mW in the first
experiments to more than 100 kW in recently developed
lasers. So that Fig. 1 was not overloaded with references, we
give the results of only several key works, which determined
this progress. Other key laser publications are described in
sufficient detail in some reviews (see, for example, [1-5]). To
be fair, we should also mention the paper on the spectroscopy
of Nd**: Y3Al50,, ceramics published in 1990 [40] and one of
the authors of this work, T. Yanagitani, who, together with
the scientists of Konoshima Chemical, developed the leading-
edge vacuum sintering and nanocrystalline (VSN) technology
of fabrication of highly transparent Nd**:Y;Al;0,, laser
ceramics [41]. All the achievements shown in Fig. 1 beginning
from 2000 belong to the ceramics produced by this Japan
company.

Z 105k 67 kW
E >100 kW
= 1 4
L 0 1.46 kW
E
= 102 72 W
[38] *Fin = *Liip
10"+ Asg = 1.06 um
0 225 mW
10°F 70 mW [36] 0.47 Bt
1ot L) [37]
102 I I I
1995 2000 2005 2010 Year

Figure 1. 15-year evolution of achievements in the development of di-
ode-pumped Y3;Als0,,:Nd3* ceramic lasers. The illustrative dependence
of the output power is plotted based on the data from [3,5]. The open
circles show achievements reported at conferences (according to [5]).

As will be shown below, the main requirements to these
materials (absence of stresses in grains, homogeneous distri-
bution of the dopant, fast heat removal from the lasing
region) are controlled by the grain structure and the quality of
interface layers in the region of their contact. At present, the
problem of improvement of ceramics quality consists in the
optimisation of the grain structure and size, as well as of
the conditions of formation of contact boundaries. The char-
acter and structure of boundaries in a specified volume are
analysed by high-resolution transmission electron micro-
scopy. These investigations confirm the existence of continu-
ous intergrain layers with a thickness of several nanometers
[42]. At the same time, electron and atomic-force microsco-
pies can analyse only limited volumes and do not allow one to
make conclusions on the average characteristics of intergrain
boundaries and their relation to the thermophysical, acoustic,
and optical characteristics of materials [43].

An efficient method of investigating materials with struc-
tural defects is the heat pulse method [44]. At a decreased
phonon temperature (energy), which creates conditions for
competition between the times of elastic (7)) and inelastic (t*)
phonon scattering, there exists a wide set of phonon transport
regimes [45]. The most informative regime for investigating
the structural defects and phonon transport processes is the
classical diffusion regime, when a heat pulse is elastically scat-

tered by the structural defects in the absence of inelastic pho-
non-phonon interactions. The condition for the occurrence
of this regime for a time ¢ < 7" is the relation 7y) << 7, < 7*
(7}, 1s the time of ballistic phonon transport). These conditions
are fulfilled at liquid helium temperatures (2—4 K) almost for
all dense oxide ceramics. In this case, the phonon wavelengths
Aph & 10—50 nm are comparable with the characteristic sizes
of the structural elements of ceramics (intergrain layers, pores,
nanofragments of another phase).

The temperature dependences of the transport character-
istics of subterahertz phonons in the diffusion regime at liquid
helium temperatures were studied in [45]. Under these condi-
tions, inelastic phonon—phonon processes can be neglected,
and the elastic phonon scattering efficiency is determined
only by the structural features of the material. Heating the
metal film of the injector to a temperature 7}, such that AT =
T, — Ty < Ty, one can study the temperature dependences
of scattering by changing the thermostat temperature 7. The
signal recorded by a superconducting bolometer at the sample
face opposite to the injector is well described by the solution
of the diffusion equation. The experimentally measured value
is the instant of recording of the diffusion signal maximum
tmax = L22D(T) (plane source), where D(T) = [v/3, L is the
sample size, D is the diffusion coefficient, / is the phonon free
path, and v is the polarisation-averaged velocity of acoustic
waves.

The authors of [46] showed that the frequencies of elasti-
cally scattered phonons forming the maximum of the diffusion
signal recorded by a bolometer correspond to the energies
hw ~ (3—4) kgT (kg is the Boltzmann constant), which allows
one to consider the phonon transport within the single-fre-
quency model. In experiments on thermal conductivity, phonons
with these frequencies determine the temperature dependence
of the thermal conductivity coefficient K(7') = cyD(T) ~ T in
the temperature range from 8 to 16 K, which was observed
in [47] for ceramics based on the Y3Al;0;, garnet oxide.

The possibility of obtaining the phonon diffusion regime
in ceramics in the region of liquid helium temperatures is
shown in [48]. The method is sensitive to insignificant varia-
tions in the ceramics structure and allows one to estimate the
acoustic impedance and the thickness of intergrain boundaries
averaged over the sample volume [49].

The aim of this work is the study and optimisation of the
grain structure and intergrain boundaries of the samples of
crystalline laser ceramics based on Nd3*: Y;Al;0;, in order to
improve the acoustic, thermophysical, and laser characteristics.

6. Structure of intergrain layers

In dense microstructured ceramics in the region of liquid
helium temperatures, when the condition gR >> 1 (¢ is the
phonon wave vector and R is the average grain size) is ful-
filled, the phonon spectrum is similar to the spectrum of vibra-
tional excitations of grains, and the intergrain boundaries can
be represented as plane layers of a finite thickness ¢ with an
acoustic impedance different from the impedance of the grain
material [49]. If the phonon free path in ceramics is / >> R,
then we can assume that the intergrain boundaries are the
main factor determining phonon scattering. In this case, the
phonon transport mechanism can be represented as ballistic
propagation of phonons in a grain with the probability f,, of
their transfer to the neighbouring grain.

In the diffusion regime for the time scale 1 >> ¢ (¢, is the
time of the presence of a phonon in the grain), the diffusion
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coefficient is D ~ R*/t,, where t;, ~ R(vf,)"\. The value f,, is
determined as the ratio of the flux density of nonequilibrium
phonons passing from one grain to another to the density of
the flux incident to the boundary [49]. Then, D ~ Rvf,, from
which we conclude that, within the proposed model, D ~ R,
and the spectral characteristics of phonons, i.e., D(T), are
determined by f,,.

Figure 2 shows the dependences of the diffusion coeffi-
cient on the average number of grains in a series of ceramics
(including optically transparent) based on cubic oxides at
T = 3.8 K in the region of gR >> 1. The variable parameters
were the annealing temperature and time, which determined
the average size of grains. The dependence D(R) is close to
linear within a range of R varying by 2—3 orders of magni-
tude. This fact testifies that the properties of intergrain layers
remain stable in a wide range of technological parameters.
The data presented in Fig. 2 point to a higher phonon diffu-
sion coefficient in Nd3*: Y;Al;0,, ceramics than in Y;Al;04,
ceramics, which, according to the model of [49], can be related
to a higher density of intergrain layers due to sinking of
heavier Nd** ions to the region of boundaries. Considering
the spectral characteristics of the diffusion coefficient, we can
expect a resonance character of the dependence f,,, when the
projection of the phonon wave vector is commensurable with
the intergrain layer thickness. Under the conditions of our
experiment, this may lead to a change of the sign of the deriv-
ative 0t,,,,/0T and, hence, of 0D/0T.
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Figure 2. Dependences D(R) in the region gR >> 1 at 7= 3.8 K in oxide
ceramics Al,O5 [49] (¢); ZrO,:Y,05 [50] @), Y,05:Nd3* [51] (A), TiO,
(microwave synthesis) [52] (V); Y3Al;01, (0) and Y3Al50;,: Nd** (Cng &
1%) [53] (e). The solid curves connect the experimental points for ce-
ramic samples of identical compositions. Point A corresponds to the
data for Y3Al50,, single crystal [46].

The method of determination of the acoustic impedance
and thickness of intergrain layers based on the analysis of the
temperature dependences D(T) is described in [50] on the
example of refining of different methods of compaction and
synthesis of ZrO,:Y,0; ceramics. The experimental results
were compared with the data calculated by the expression
= 1f,/(1 —f,) [54], where [ is the effective free path of pho-
nons in a layered periodic structure with a period R in the
absence of phonon scattering in the grain material. The phonon
mean free path in a grain before the scattering event at the
boundary is I, = 0.6R [55].

Figure 3 shows the theoretical dependence of the ratio
Iy = f,/(1 - f,) on the parameter ¢,d (¢, is the phonon wave
vector in the intergrain layer material) in the samples of trans-

parent optical ceramics Nd**:Y;Als0,,. This dependence is
the left trailing edge of the resonance curve for phonon scat-
tering from a layer of a finite thickness d with an acoustic
impedance different from the acoustic impedance of the grain
material. The presented results correspond to the case when
the impedance ratio of the grain material (p = 4.55 g cm™,
v =5.6x10° cm s7!) and the layer material (SiO, glass phase,
p>=2.02gcm>, v =4.05x10° cm s7!) is z,/z, = 0.32. The inset
shows the experimental dependences D(T') for the studied
samples. The phonon free path for a particular temperature
was calculated from the values 7,,,,,(7") by the formula /(T) =
3L [20t,x(T)]. From the value /[, for one of the points (for
example, 7' = 3.8 K), from the point of intersection with the
theoretical dependence we determined the parameter ¢,d,
from which, in turn, we calculated the thickness d. The coor-
dinates of the other points of the temperature dependence
D(T) for a given sample were the corresponding experimental
values /(T)/ly and ¢,(T)d (for d calculated at the previous
step). The points corresponding to the experimental data for
all the samples lie on the calculated dependence, which testifies
to a satisfactory quality of the proposed model. In the general
case, when one has no idea on the intergrain layer material,
the dependence /(T)/l is put into correspondence with the
curve of the most similar shape from the family of the theo-
retical dependences f,,/(1 — f,,) for different ratios of the acoustic
impedances of the grain and the intergrain layer. According to
our estimates, the intergrain layer thickness d in the studied
samples lies in the range from 0.21 to 0.45 nm.

0 1 1 1
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 ¢qd

Figure 3. Calculated dependence £, /(1 —f;,) on the ¢»d for Y;Als0,,: Nd3*
(Cna = 1%) samples with L =0.108 cm and R =22 um (<), L =0.141 cm
and R =31 um (a), L=10.143 cm and R = 30 um (o), L = 0.175 cm and
R=11pum (V),and L =0.44 cm and R =27 um (@) [56]. The inset shows
experimental data.

In Nd*:Y,05 and Lu,O; ceramics synthesised in the
absence of SiO, [51,57], the estimated intergrain layer thick-
nesses were close to the lattice constant of the grain material.
The principal distinction of the samples of ceramics synthe-
sised by the VSN method was the presence of twins in the
grain structure.

Figure 4 shows the images of triple junctions observed on
an etched surface (a) and a fracture (b) of a sample of Y;Al;0,
ceramics. The junction angles of 120° testify to ordering of the
grain structure, since cubic structures can form crystallo-
graphic boundaries of this configuration only when the grains
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a b

Figure 4. AFM images of triple junctions on etched surfaces (a) and
fractions (b) of an Y;Al;0;, ceramic sample.

are bound by 111 planes. Twinning in the interface regions of
grains (Fig. 4b) also points to the existence of natural crystal-
lographic boundaries. A model of formation and shift of twin
boundaries and of healing of pores by rotating a part of the
structure around the threefold axis by 60° is presented in
papers [35,58—-60].

7. Specific features of the kinetics of subterahertz
phonons in ceramics with twinning elements in
the structure

Even the first investigations of the structure of intergrain
boundaries in Y3Als0;, ceramics (Konoshima Chemical Co.)
[53] revealed that the intergrain boundaries in all samples are
well stabilised and their average thicknesses are smaller than
the lattice constant of the grain material (¢ = 1.202 nm). This
was responsible for the good optical and thermophysical
properties of the samples. Paper [47] published the data on
the thermal conductivity in Y3Al;0,, ceramics with the grain
size R = 4-5 um and an order of magnitude larger free path
of phonons in the region of liquid helium temperature. These
data indirectly point to advanced technological procedures,
which allowed the authors to improve the material structure,
which contradicts the assumption on intergrain layers of a
finite thickness.

The experimental kinetic characteristics of phonons at
T = 3.86 K in Y3Al50,, ceramic samples taken from [60] are
given in Table 2.

The maximum free path was observed in sample 1. Com-
parable phonon free paths under the same experimental con-
ditions were observed in single crystal of 15—20-percent solid
solutions (Y;_.Ln,);AlsO; [46]. Analysing the kinetic charac-
teristics and the structures of the first and the last samples in
Table 2, one can see some distinctions correlating with the
grain size. Investigations of the fractures of samples by scan-
ning and atomic force microscopies showed that twinning in
samples with R = 1-2 um occurred over the entire volume.
The distance between the twinning planes was ~ 100 nm
(Fig. 5a). At R > 2 um, twinning was either observed only in
the region of boundaries or was not observed at all (Fig. 5b).

There is a set of results on an increase in the number of
defects and stresses induced by them in the structure of grains
with their growth. In particular, destruction of samples with a
grain size of 1 -2 um occurs mainly along the grain boundaries.
In ceramics with a large grain size (R = 10 wm), mainly the
grains themselves are destroyed. This fact testifies to a lower
hardness and to existence of stresses in the structure of large

Table 2. Kinetic characteristics of phonons in Y3Al;0;, ceramic samples
at 7= 3.86 K [60].

Sample =/ Rlum Dlem?s™  Ilem IR
number
1 0.31 1 4.41x103 2.36x102 236
2 0.9 7 2.37x103 1.27x102 18
3 0.31 6.5 1.46x10°  0.78x102 12
4 0.31 6.5 1.25%103 0.67x102  10.3
5 0.145 13.5 0.86x10° 0.46x102 3.4
6 0.16 11 5.6x103 0.3x1072 295
7 0.24 1-2 1.5x103 0.8x102 54
8 - 3 - 1x102 25
9 - 4 - 0.75x102 25
10 - 7.5 - 1.5x102 20
11 0.175 11 0.96x103 0.51x102 4.6
12 0.44 27 3.2x10° 1.73x102  5.76
13 0.143 30 0.73x103 0.39x102 1.3

Note. Samples 1-10 are produced by Konoshima Chemical Co.:
(1 —3) Nd3+:Y3A15012, (4—7) Y3A15012 [53], and (8— 10) Y3A15012 [47]
(11-13) are Nd**: Y3Al50,, samples from Institute of Radio Engineering
and Electronics, Russian Academy of Sciences [56].
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a

Figure 5. Microphotographs of fractures along grain boundaries (a)
and through a grain (b) of ceramic samples.

grains. The problem of structural defects, stresses caused by
these defects, and grain anisotropy still remains open. The opti-
cal anisotropy of ~ 5% in neighbouring grains was observed
in the process of annealing of samples of Y,Oj3 ceramics [61].
Figure 6 shows the asymptotics of the trailing edge of
the diffusion signal S(7) for some samples from Table 2. The
dependence S(7) ~ ¢~ observed in samples 1 and 7 was typi-

10°

107!

10? 10°

t/us

Figure 6. Asymptotics of the trailing edges of diffusion signals recorded
by a bolometer for samples 1 (7), 3 (2), and 12 (3) from Table 2.
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cal for the conditions of classical diffusion and a plane source
of phonons. The asymptotics of the trailing edge of signals in
samples 3 and 12 (R > 10 um) showed a pulling of the signal,
which may be related to the reflection of phonons from the
boundaries due to the anisotropy of neighbouring grains.
Another indirect evidence of an increase in the number of
defects and corresponding stresses with increasing grain size
(R = 10 um) is the behaviour of the dependence of //R on the
grain size (Fig. 7).

IIR

102

10!

1 11 11 1 ? 1
10! R/nm

10°

10°

Figure 7. Dependence of the ratio //R on the grain size for Y;Al;0(,
samples from Table 2 at 7= 3.86 K.

The authors of [55] theoretically analysed the diffusive
propagation of 0.874-THz phonons in dense o-Al,O5 ceramics
with zero-thick boundaries, where the phonon scattering was
caused only by the disorientation of crystallites (grains) in
combination with their elastic anisotropy. The expression for the
phonon free path given in [55] has the form / = /(1 —{cosa))™,
where (cosa) is the average cosine of the angle of single scat-
tering. This expression reflects the fact that the appearance
of stresses with increasing size of grains and, as a result, the
anisotropy in the grain structure lead to a decrease in the
effective phonon free path (Fig. 7) and to a pulling of the trail-
ing edge of recorded signals (Fig. 6). The above facts indi-
rectly point to an enhancement of stresses with increasing
grain size in the absence of twinning in the grain structure,
which can be related to more severe conditions of compaction
and synthesis and leads to a deterioration of thermophysical
and optical characteristics (depolarisation) of the material.

The twinning processes may lead to a better structure
[62,63], because the formation of defects and their existence
in small volumes are energetically unfavourable, and defects

are carried out to the boundaries, which serve as defect sinks.
The defects creating stresses of opposite signs can be drawn
from neighbouring regions to the twin boundaries and anni-
hilate there. Therefore, the structure of individual grains in
such materials is obviously more perfect, i.e., the twinning
boundary during its movement may efficiently clear the crys-
tal from defects without making a noticeable contribution to
phonon scattering. Table 3 lists the calculated lattice energies
of initial single crystals and the energies of lattices with (111)
[112] twins, which made it possible to estimate the twinning
energy, and presents the microhardness of initial samples.

The twinning ability of crystals may also be responsible
for solid-state reactions occurring during powdering of cor-
responding products [64]. The role played by twinning in the
synthesis of Y3AlsO, laser ceramics from Al,O3 and Y,O3
powders is considered in [65].

Another example of a positive role of plastic deformation
by twinning is a decrease in the number of dislocations and an
improvement of the quality of the grain structure in optically
transparent laser ceramics based on lithium fluoride [66].

8. Specific features of phonon spectra
in nanostructured ceramics (gR ~ 1)

One of the trends in the development of ceramics technology
is the use of nanostructured instead of microstructured mate-
rials. Our investigations showed that ceramic materials with
the grain size R < 100 nm have weakly stabilised boundaries.
A decrease in the grain size is related, as a rule, to a lower
temperature and a shorter time of the synthesis, which leads
to an increase in the thickness, a decrease in the density, and
deterioration of elastic characteristics of the intergrain layer,
which, in turn, results in deterioration of the thermophysical
properties of the material.

Figure 8 shows the dependences D(R) for standard Al,O;
and ZrO,: Y,0j3 ceramics [50], which are the extensions of the
D(R) dependences shown in Fig. 2 to the region of smaller R.
The steep fall of the D(R) dependence corresponding to ¢R =~ 20
can be considered as a restriction on the grain size imposed in
view of optimisation of the thermophysical properties of
dielectric oxide ceramics produced by compaction with subse-
quent annealing. This fall can be a beginning of the right wing
of resonant phonon scattering from grains, which is con-
firmed by its shift to smaller R according to the difference in
the velocities of sound (v4},0, > vysz). The authors of [67]
managed to create the condition gR ~ 1 and find a gap in the
phonon spectrum of multiphase ceramics based on the
YSZ: Al,0O; composite, which, in addition to the main frac-
tion of YSZ crystallites, contains some amount (10%—15%)
of nanosized (R = 20—40 nm) metastable Al,O5 phase.

It was shown that the position of the upper edge of the gap
in the phonon spectrum is to a large extent determined by the

Table 3. Calculated lattice energies of initial single crystals and crystals with twins.

Crystal Hardness/ Lattice energy Lattice energy Lattice energy Energy Twin
GPa (tabulated)/eV (calculated)/eV with twins/eV difference (%) energy/eV
LwALO), 16.5 625.66 625.65 602.64 3.7 23.01
Y;Al504, 14 620.2 620.11 589.90 4.9 30.21
Lu,O5 9 142.2 139.98 135.82 3.0 4.16
Y,04 8 133.4 131.42 122.67 6.7 8.75
MgO 6 41.2 41.38 41.13 0.6 0.25
LiF 1 10.56 10.61 10.46 1.4 0.15
NaF 0.65 9.46 9.43 9.35 0.9 0.08
NaCl 0.25 7.93 7.94 7.90 0.5 0.04
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Figure 8. Dependences D(R) for ceramics based on Al,O; (/) and
Z10,:Y,05(2).

elastic characteristics of the intergrain layer, while the pres-
ence of inclusions (pores, inclusions of another phase) with a
characteristic size smaller than the grain size of the basic
material of ceramics leads to a shift of the gap to the high-
frequency region of the phonon spectrum.

9. Conclusions

Thus, investigation of the phonon kinetics in the region of
liquid-helium temperatures is a sensitive method of compara-
tive estimation of the degree of stabilisation of intergrain
boundaries in ceramic materials depending on the conditions
of their compaction and synthesis. The estimates of the ther-
mophysical properties of ceramic materials reflect the average
data on the acoustic impedance and the structure of inter-
grain boundaries in the samples. The plastic deformation by
twinning in the grain structure makes it possible to improve
the thermophysical and optical characteristics of ceramics.

The best quality of the intergrain boundaries, the absence
of stresses in the grain structure, ordering of grains, and, as a
result, the best acoustic, thermophysical, and optical proper-
ties are realised in Nd*":Y;Al;0,, ceramics synthesised by
sedimentation with the use of vacuum sintering in the absence
of external pressure under the conditions when the main plas-
tic deformation mechanism responsible for the formation of
ceramic structure is twinning and the average grain size does
not exceed 1-2 pum.

The acoustic transparency of Y3;Al;O;, oxide ceramics with
twinning elements in its structure in the terahertz frequency
region is comparable with the transparency of single crystals
of Ln3*:Y;Al;0,, solid solutions. It is shown that, in the
region of liquid helium temperatures, the ratio of the phonon
free paths to the average grain size (//R) can comprise several
hundreds, which testifies to the crystallographic nature of
intergrain boundaries, as well as to the absence of defects and
defect-induced stresses in the grain structure.

The restrictions imposed on the grain size in oxide nano-
structured ceramics in view of their thermophysical proper-
ties, which are related to possible resonant phonon scattering,
are analysed. The possibility of formation of a gap in the pho-
non spectrum is to a large extent determined by the elastic
properties of the intergrain layer, while the presence of inclu-
sions (pores, inclusions of another phase) with a characteristic
size smaller than the grain size of the basic material of ceram-

ics leads to a shift of the gap to the high-frequency region of
the phonon spectrum.
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