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The frequency dependence of a dislocation damping decrement of ultrasound in KBr
single crystals preliminary strained up to 1 % in the temperature range 77-300 K and
frequency range 7.5—217.5 MHz has been investigated. The temperature course of the
phonon viscosity coefficient B was determined, which is agreed both with the theory and
experimental literature data. The effect of temperature-induced changes in the dislocation
segment length on parameters of the resonance maximum and dynamic drag of dislocations
by phonons has been revealed and considered.

WccnemoBaHa yacToTHadg 3aBUCUMOCTH JUCJIOKAIIMOHHOTO NJeKpeMeHTa 3aTyXaHUA yJbTpa-
3ByKa B MoHOKpucrayiax KBr, mpegsapuTensHo npomedopmupoBanubsix g0 1 %, B mHTEpBa-
ae temneparyp 77-300 K u obmactu uactor 7,5—217,5 MI'm. OmpezesieH TeMIepaTypHBIi
xonx Koa(ddumuenta GoHOHHOIT BASKOCTU B, KOTOPHIM XOpOLIO coTjiacyeTcs KaK C Teopueii,
TaK M 9KCIEPUMEHTAJbHLIMU JIUTEPATYPHEIMU JaHHBIMU. OOHAPYKEeHO U IPOAHAJU3UPOBAHO
BIUAHNE TeMIepATypPHBIX W3MEHEHU# [IWHBI [JUCJIOKAIIMOHHOT'O CerMeHTa Ha NapaMeTphl
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Pe30OHaHCHOI'0O MaKCHUMyMa U JUHaAMHN4YeCKOe TOPMOMeHue EI/ICJIOKaIlI/Iﬁ q)OHOHaMI/I.

The informative and very reliable pulse
echo method of high frequency (MHz) range
is used most often in experimental studies
of phonon dislocation drag mechanisms in
crystals [1, 2]. The dislocation damping co-
efficient B is determined from the parame-
ters of damped dislocation resonance, the
localization of the latter being dependent
substantially on the sample pre-strain value
and temperature [3]. Basing on experiments
on some ionic crystals, it was established
that the temperature lowering [4—-8] results
always in a shift of the resonance maximum
towards higher frequencies, and a continu-
ous increase of strain at room temperature
[9] displaces the resonance parameters (fre-
quency and decrement in a maximum) in a
nonmonotonic way, according to the type of
a curve having a maximum. That is, under
small strains, when only the primary slip
planes in a crystal are involved, the reso-
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nance curves increasing in amplitude shift
towards lower frequencies.

Under high loadings, when dislocations
of "forest” arise in a crystal, the resonance
maximum starts to reduce in height and
shift towards higher frequencies. In this
connection, it is of interest to study the
influence of differences in preliminary sam-
ple straining on the temperature-induced
shift of the resonance maximum. Such in-
formation is of a large importance, first of
all, for the solution of actual scientific
problems bound with the dependence of the
dislocation damping coefficient B by pho-
nons on temperature T and dislocation den-
sity A. The preliminary researches of that
kind have already been conducted in a re-
cent work [10] on KBr crystals with perma-
nent strain of 0.5 %. The indicated strain
was selected according to [9] to be of such a
value providing the resonance maximum
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shift to the range of lower frequencies at
room temperature. The purpose of this work
is to consider the resonance maximum be-
havior in KBr samples with permanent de-
formation € = 1 %, which in contrast to [9],
exerts at T = 300 K an inverse influence on
localization of the resonance parameters, re-
ducing its amplitude value and shifts the
resonance towards higher frequencies.

The damped dislocation resonance was
studied on potassium bromide single crys-
tals by a pulse echo method using longitudi-
nal waves in the frequency range of 7.5—
217.5 MHz and temperature range 77—
300 K. The crystals of the same set as in
[8, 9] were used in the experiments. To in-
troduce fresh dislocations, the sample was
previously deformed until ¢ =1 % along
the <100> crystallographic direction. The
ultrasound was passed through the sample
along the same direction. The samples
preparation technology, including cleaving,
thin grinding, optical polishing, temperature
anneal as well as the chemical etching tech-
niques and metallographic studies of their sur-
faces are described in detail in [8, 9]. The dis-
crimination procedure of the dislocation con-
tribution out of measured ultrasound
absorption and the low-temperature experi-
mental technique are described there, too.

The frequency dependence of the disloca-
tion decrement A (f) was studied using an
original precision apparatus providing the
measurements of propagation speed and ab-
sorption of ultrasound with simultaneous
recording the sample loading curve. To
measure the mentioned acoustic properties,
the pulse interference and calibrated expo-
nent methods were used, respectively.

Fig. 1 the frequency dependences of the
dislocation damping decrement Ay(f) of ul-
trasound in KBr crystals with preliminary
strained to € = 1 % are shown at 77-300 K.
The comparison and analysis of these data
with similar results obtained before for
strain € = 0.5 % [10] have shown that both
the character of experimental frequency de-
pendences Ay(f) and their rather good de-
scription by an theoretical frequency profile
[11] as well as the change tendency of reso-
nance maximum parameters with tempera-
ture are in a good qualitative agreement. As
for frequency localization of experimental
curves for the models with a various dislo-
cation density, it differs notably. In the
sample strained up to e =1 % at a room
temperature (see curve 1, Fig. 1), the reso-
nance maximum is appeared at frequency
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Fig. 1. Frequency dependence of dislocation
ultrasound losses at various temperatures:
theoretical curves (I1—6) [11] and their high
frequency asymptotes: 1, I’ — 300K; 2, 2° —
250K; 3, 3 — 200K; 4, 4 — 150K; 5, 5 —
120K; 6, 6° — 90K.
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f =43 MHz, whereas the maximum in a
similar curve for 0.5 % strain [10] was at
f=12.3 MHz.

As the test temperature decreases, in
this work, similar to [10], the resonance
maximum shifts, as expected, to the high-
frequency region, while reducing in ampli-
tude. At the same time, the temperature
shift of the frequency resonance found in
this work is smaller than that established in
[10]. As is seen from Fig. 1 (curve 6), the
resonance maximum at liquid nitrogen tem-
perature is shifted towards higher frequen-
cies, so that the descending branch of Ay(f)
dependence has already partly left the lim-
its of the effective measured frequency
range 7.5—217.5 MHz. The behavior of fre-
quency resonance parameters at the tem-
perature variation is demonstrated in
Fig. 2. It is seen that as the temperature
drops, the dislocation decrement value A,
and the resonance frequency f,, in the maxi-
mum are changed monotonically in opposite
directions. That is, the decreasing of A,
value at the temperature drop is accompa-
nied by a fast increase of parameter f,. The
experiment confirms clearly the shift of
resonance frequency curves, caused at first
by the sample straining [9, 10] at a con-
stant (room) temperature, and then, by its
cooling up to nitrogen temperature [8—10].
At the crystal strains exceeding 1 %, the
resonant maximum, monotonically reducing
in amplitude, will be expected to leave the
working range of measuring frequencies
and its observation will become difficult.

When processing the obtained experi-
mental results presented in Figs. 1 and 2
within the framework of the theory [3], it is
possible to estimate the damping coefficient
B for various temperatures. According to
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Fig. 2. Temperature changes of resonance
frequency f,, and the decrement A, value in
the maximum of a resonance characteristic.

[3], the most preferable for that purpose is
the equation (1), describing the descending
branch of the resonance curve Ay(f), where
the value A, does not depend on the average
effective length of the dislocation segment L

_ 40Gb2A 1)
n2Af

where b is the modulus of the Burgers vector;
A, the dislocation density; G, the shear modu-
lus in the active sliding system; Q, the orienta-
tion factor; A, the decrement value in the
descending branch of the A f) dependence. In
the cases where it is possible to determine reli-
ably the resonance A, and f,, parameters, the
values of coefficient B can also be found from
equation (2) describing the resonance range [3]

 7.48 - 102QGH2A (2)

B
Al

In order to apply correctly the formulas
(1) and (2), the theoretical frequency profile
in this work was fitted to the experimental
data extremely basing on data points lying
in the resonance field and in descending
branch Ay(f), as is recommended in [1, 2].
As is seen from the formulas (1) and (2), to
calculate the relationship B(T), it is neces-
sary to know the dislocation density, the set
of resonance characteristics Ay (f) for vari-
ous temperatures, and temperature changes
of other physical characteristics [X(T),
G(T), b(T)]. It is to note that the density of
mobile dislocations in the KBr samples was
determined by us in [9] before by selective
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Fig. 3. A temperature course of the phonon
drag factor of dislocations B: the data from
[4] for = 0.23 % (light squares); the data
from this work obtained on a descending
branch (light circles) and parameters of a
resonance (dark squares).

etching and amounted A = 13-10° m~2. The
temperature relations (7T), G(T) and &T)
were taken from [8].

To check the comparability of results re-
ceived under temperature displacement of
resonance curves Ay(f), in this work the cal-
culation of parameter B was made by two
ways — and on a descending branch, and on
a resonance. The calculation results of the
coefficient B for the temperature 77-300 K
are shown in Fig. 3. It is seen that the tem-
perature dependences B(T) obtained by vari-
ous ways practically do not differ from each
other. Within error limits of the experimen-
tal technique, those agree completely with
the results of [8] obtained for KBr crystals
with permanent strain ¢ = 0.28 % . The com-
parison of the above experimental data demon-
strates that the increase of the KBr crystal
preliminary strain from 0.23 up to 1 % con-
siderably influences the ultrasound absorption
level and the frequency localization of the
damped dislocation resonance. At the same
time, the account for its frequency and ampli-
tude shift practically has not effected the abso-
lute value and temperature course of the pho-
non dynamic dislocation drag B(T). This result
confirms the opinion [12] that the damping
constant B is a fundamental characteristic of a
crystal and is independent of its dislocation
structure parameters (dislocation density A
and length of segment L).

When considering the mentioned results,
it was found that in a sample with perma-
nent strain 0.5 % [10], the resonance fre-
quency of the maximum f,, shifts from 12.3
up to 68 MHz, that is, increases by a factor
of 5.53 as the temperature decreases from
300 to 77 K. At the same time, the similar
characteristic for a sample strained up to
1 % increases only by a factor of 4.93. To
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elucidate the reasons for the decrease of the
frequency spectrum shift, in this work the
parameter L was estimated theoretically [3]
using the formula

I 0.084- G- bZ 3
B fp-(1-v)’

where v is Poisson factor.

Using the data for B and f, shown in
Figs. 2 and 3, and also taking from [8, 10]
the values of remaining parameters in-
cluded in (8), we have determined the aver-
age effective length of dislocation segment
Lggo = 1.08-10°® m and Lyr = 0.76:107% m
for a sample with permanent strain 0.5 %
at room and nitrogen temperature, respec-
tively. For crystals with ¢ =1 %, such esti-
mations make Lgyo = 0.55:1076 m and L, =
0.44.107% m. When comparing those results,
it is seen that the dislocation segment length
Lggg for the sample with 0.5 % strain is
1.86 times is more larger than that calculated
fore =1 %. As a result, the dislocation reso-
nance [3] at T = 300 K for crystals with ¢ =
1 % lies in higher frequency range, than that
for a sample with ¢ = 0.5 %.

The cause of decreasing dislocation seg-
ment effective length L of a with tempera-
ture drop observed in this work and in [5—
8, 10] associated with decreasing density of
phonon gas. Due to increase of shear modu-
lus G [8], the interaction energy of disloca-
tion with impurity atoms increases, that
makes potential stoppers (impurity atoms)
the real points of pinning. As a result, the
effective dislocation segment length L de-
creases, that becomes apparent in experi-
ment as a shift of the resonance maximum
both in amplitude and frequency (Figs.1, 2).
Besides, due to the stated increase of G
under temperature decrease, the linear ten-
sion force of dislocations increases (~ Gb2).
At a specified level of external stresses (in
the amplitude-independent region), the cur-
vature and amplitude of the dislocation seg-
ment decrease, that results in diminution of
the area which is swept out by dislocation
under its oscillatory motion. A consequence
is the decrease of a dislocation damping
decrement A; at decreasing temperature
(Fig. 1, 2). Note that all described processes
are reversible. As the temperature rises
from 77 up to 300 K, all the processes run in
the opposite direction. Within the frame of
the presented qualitative analysis, it is obvi-
ously possible to explain temperature-induced
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shifts of parameters f,, and L found in the
present work, which are smaller than in sam-
ples, deformed up to € = 0.5 % [10].

In a crystal pre-strained up to e =1 %,
the dislocations of primary slip planes are
intercepted by dislocations of "forest”. In
the interception points, appear strong pin-
ning centers arise, resulting in a limited mo-
bility of primary dislocations and linear
shrinkage of their effective length. When
temperature decreases from 300 to 77 K, the
dislocation pinning effect by weak stopping
centers also becomes apparent, though it is
less pronounced in the presence of above-men-
tioned strong stoppers. As stated above, it is
seen that while the ratio Lggo/Ly; for the
samples strained up to 1 % makes 1.24, it is
equal to 1.86 for crystals with 0.5 % strain.

Thus, in this work, we are managed to
reveal the simultaneous influence of strong
and gentle stoppers on the temperature-in-
duced change of dislocation segment length
L. Moreover, the influence of dislocation
structure parameters on localization of fre-
quency acoustic losses and on the tempera-
ture course of the of a dynamic dislocation
drag constant B has been also studied. A
rather good fitting to one B(T) curve of the
experimental data obtained for samples
with various dislocation densities testifies
that independence the B(A) at T =300 K
established in [9], will perhaps be confirmed
even at lower temperatures.
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Oco0MBOCTiI PE30HAHCHOTO MOTJIMHAHHA MOB3TO0BKHBOTO
YIABTPa3BYKY y AedopmoBanux Kpucrajgax KBr
NpM BapiloBaHHI TeMmepartrypu

O.M.Ilemuenko, I'O.Ilemuenko

Hocaig:xeHo 4acTOTHY 3aJeKHICTh AUCJIOKAI[ITHOrO JeKpeMeHTa 3TacaHHd YJIbTPasBYKY Yy
mouokpuctanax KBr, momepemuno mpogedpopmosanux mo 1 %, B iHTepBasi TemIepaTryp
77-300 K Ta obxnacti wacror 7,5—217,5 MI'm. BusHaueHo TeMmepaTypHU#l xin Koedimienra
(ouonHOI B’aA3Ko0CcTi B, AKUil [00pe Y3TOMKYETHCA AK 3 TEOPi€l0, TAK 1 3 eKCIIepUMeHTaJbHU-
MU JaHuMu. BusaBieHo i mpoaHa/isoBaHO BIJIUB TeMIIEPATYPHUX 3MiH JOBMKUHU JUCIOKAIIN-
HOTO CerMeHTa Ha IapaMeTpUd Pe30HAHCHOTO MaKCHUMyMy i JUHaMiuHe raJbMyBaHHS IUCJO-
Kanift poHoHamu.
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