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THE TEMPERATURE DEPENDENCE OF THE ABSORPTION
COEFFICIENT OF ULTRASOUND IN AMORPHOUS As.Se; DOPED
WITH Cu AND 1

STANISLAV KOLNIK*, CTIBOR MUSIL#*, FRIDRICH STRBA*, Zilina

The absorption coefficient of longitudinal ultrasonic waves in amorphous
AssSes . Cug.o6, AszSos . Cug.12, AsaSes . Cug.zs and AssSe; . Ig.06 was measured
in the frequency range of (20—100) Mec/s by the pulse echo method. The
samples were of cylindrical shape and their bases were polished with a plan-
parallelism of 1 X 10-2mm.

The attenuation was measured continuously in the temperature range
of 150— 340 °K. For temperature variation the simple cryostat with a con-
tinuous sliding of the sample was used. The rate of change of temperature
was about 0.3 deg min—!. It follows from the measurements that at the given
frequency and temperature range an increase of temperature causes a mono-
tonic increase of the absorption coefficient similarly as we observed recently
in pure amorphous AssSe;. Both kinds of impurities cause an increase of
absolute values of the absorption coefficient in measured samples. The
investigation of the frequency dependence of the absorption coefficient
at room temperature proved its non quadratic character. This indicates
the existence of relaxation mechanisms, but in the investigated temperature
intervel and at the frequencies the clean-cut relaxation peaks were not
observed.

I. INTRODUCTION

Recent investigations [1], [2], [3] of the pure amorphous As,Ses and As;Ses
with the impurities of Cu and I showed that the impurities influence the
propagation of the mechanical waves, which becomes rather obvious in the
ultrasound range (tens of Mc/s) by a velocity change of the propagation of the
ultrasonic longitudinal waves and by the increase of their attenuation at room
temperature. This fact is significant because in the amorphous semiconductors
impurities cause only small changes of electric conductivity in comparison
with those in the crystalline ones [4]. It is due to the fact that for the mecha-
nical properties of an amorphous system not only the short range arrangement
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EXPERIMENTAL TECHNIQUES AND RESULTS OF MEASUREMENTS

EMMM _manwﬂzmwob omcmm.m&@:n has been determined by the graphical and nu
evaluation of the echo picture obtained b \
the one-probe or two-
method by recordin i . . B
3 g the passing of the ultrasound im
. . : pulses (3—10) us alo
Mwa m:?mmimmaomm samples. The following samples were used for Em@mthEng.
»w:m omm.wwrwwha %% at, »Wm»%mw.on.E % at, As;Ses.Cug.os % at, AssSes.Io.06 % ab .
were cylindrical shape (14 < 24) mm in | :
. " : ength and (15 -~ 16) mm
MM g H_MMHM”W . The %@MMM of the samples were carefully ground and wommrmm
were both flat and parallel. The len
. ; ; gths of the stamples were thus
MMHMM@J@ near 35. area of the faces with an error of less than 1 E%. With regard
m:. u o_ ow electric conductivity of the samples the faces were plated by Au
QR:% m._%mﬂ less iwmb 1 pm in thickness. For excitation and detection of lon-
Mb ?«M@ . % trasonic waves X-cut quarz transducers plated on one side or
s Hmw mwa were used G.ﬂ 10) mm in diameter and with basefrequencies
o EB.Q, ) o_wmmwo. Dehumidified silicon oil M-200, M-500 or salol were used
; acousticly the transducers to the sample
: s. Th
of ~ 1 um thickness or thinner. b ? naed bonds were
. mw_m temperature o.v@:mom of the sample, fixed in a simple holder with
. ooomiw_a mem obtained in a specially adapted low-temperature equipment
muw o:% rol of the ~®<.o~ ‘Om the refrigeration medium E@:B nitrogen) and by
2 oo Ezﬂozm slow shifting of the sample holder into the thermal field of the
e Q.w owamo m%maawr Thus it was easy to reach the speed of temperature
N o_:mm ot 0.3 deg. min-1 or considerable lower. To measure the temperature
_@omMosmMMim.d thermocouple was used, the thermo-junction of which was
WE.o H.OM the surface of the middle part of the cylindrical sample. The tempera-
e w w m@za o.wmow proved that at a speed of temperature change lower
-1 deg min-1, the temperature gradient was smaller than 0.5 deg cm1
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(in the long samples). The influence of the temperature gradient became evident
only in those cases when the temperature change rate was several centigrades
per minute, mainly in the liquid acoustic bond as a result of the sample de-
formation and thus also of the thickness changes of the binding layer. Under
these circumstances the phase changes cause considerable distortion of the
attenuation ratio as a result of the fact that the electric pulse detected by the
transducer is proportional to the integral of the pressure distribution on the
transducer. The phase changes are also important at temperatures in the
range of the gradual solidification of the binding liquid, therefore it is necessary
to be very careful when estimating the temperature dependence of the atte-
nuation. Similar difficulties oceur also in solid acoustic bonds at temperatures
causing such changes of dimensions of the quartz transducer and the measured
sample that a partial or complete destruction may result.

The original measurements of the frequency dependence of the longi-
tudinal ultrasonic waves attenuation were extended to the frequency of up
to 100 Mc sec-1. The results of these measurements are shown in Fig. 1.
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Fig. 1. The frequency dependence of the attenuation coefficient of pure amorphous
AssSe; and As:Ses with the impurities of I and Cu, at room temperature.

It is evident from the picture that conclusions mentioned originally for
the frequency range of (3.5 = 25) Mc sec~! may be extended also for higher

frequencies in the following sense:
1) the dependence of the attenuation coefficient as a function of frequency

is for all the samples less than quadratic and therefore typical for amorphous

materials.
2) The impurities of I and Cu increase the attenuation due to further
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dispersive mechanisms regardless of whether the impurities increase (Cu)
or decrease (I) the velocity of the longitudinal ultrasonic waves in the cop.
responding frequency range.

The dependence of the attenuation coefficient as a function of temperature
has been measured for the above mentioned samples in the temperature range
of about (150 - 340) K. Since a mechanical disturbance of the bond Tesulteq
for various diameters of transducers and acoustical binders, the individug}
measurements are plotted within a temperature range. The transducers,
smaller in diameters, allowed to reach lower temperatures. In this way it wag
possible to measure nearly at the temperature of liquid nitrogen with salg]
and a polished and on one side plated transducer 5 mm in diameter. Tempers-
ture dependence of the attenuation will be discussed in the following parts
of this paper.

In Fig. 2 the results of measurements in the sample are shown with a Cy
impurity of a concentration of 0.06 % at. At both measurements the bond
of silicon oil M 200 and the two-probe method were used. It is evident that
the temperature decrease leads to a decrease of the attenuation coefficient;
This curve is in the boundary region at a frequency in the range of 50 Mec sec-1
marked by a dashed line.
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Fig. 2. The tomperature dependence of the attenuation coefficient for amorphous
»PmNMOu.OEc.om %

We may explain the measured increase of the coefficient of attenuation by the
above mentioned change in the binding layer within the solidification tempera-
ture range of the binding liquid.
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The temperature dependence of the attenuation coefficient for the Cu impu-
rity at the concentration of 0.12 %, is shown in Fig. 3. The lower curve has
been obtained with an oil bond and the upper one with salol. There are mmﬁw..g_
interesting things on the upper curve. After So_ﬁsm.msm thus nmmabmgﬁwm
the previously destructed salol bond, the temperature Hsﬁmmmw& up to +70 °C
(denoted ), the further part was detected at a decreasing temperature
(denoted 4). Let us take notice of the pronounced deviation from the full
line in the vicinity of 443 °C, which corresponds to the solidification of mm_.o—
bond. The further values denoted by rings were obtained at a very rapid
cooling, to a temperature as low as —170 °C.
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Fig. 3. The temperature dependence of the attenuation coefficient for amorphous
AssSes.Cug.12.

The sample of Cu with the concentration of 0.25 9, for which values plotted
in Fig. 4 were obtained, presents similar temperature dependences of the
attenuation coefficient as those of the above samples. The curves for ranges
of 18 Me/sec, 30 Mc/sec and 50 Mc/sec were obtained with use of the mEo.oz
oil, the last one with the use of the salol bond. The curve for 30 Mec/sec with
values denoted by X was measured at a decreasing temperature and that deno-
ted with rings at an increasing temperature.

The influence of the impurities of T with the concentration of 0.06 % on the
temperature dependence of the attenuation coefficient is shown in Fig. 5.

In all measurements the salol bond was used and the curves for 50 Me/sec
and 90 Mc/sec were obtained with the same bond.

All the plotted temperature dependences in the examined temperature
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and frequency ranges correspond approximately to the shape of the tempera-
ture dependence of the attenuation coefficient for pure AssSes given in previoyg
papers [3], [5]. The influence of both kinds of impurities Cu and I is more
pronounced in the region of higher temperatures, i. e. when approaching the
softening point, markedly pronounced in the sample with the impurity of I,
In the region of low temperatures the plateau can be seen on all curves, ang
its starting point shifts with increasing frequency to the region of lower
temperatures.
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Fig. 4. The temperature dependence of the attenuation coefficient for maoﬁurocm.
Asa8e3.Cug.25 . The part of the curve for 105 Mcys is displaced in the direction of the axis «.

It is evident from the given dependences that the frequency curves for
higher temperatures than room temperature will be shifted to the region of
higher attenuations while for lower temperatures they will be below the curves
corresponding to room temperature. .

The used experimental equipment and especially the properties of the
materials used for creating the acoustical bond between the sample and the
transducer did not allow to obtain data about the process of the temperature
dependence of attenuation in the region below 150 °K, which would m.:m,EM
us to link our measurements to those within the temperature region Emba.oH.E
in {6], which would have a considerable importance not only for ongEw
empirical relations but also for the theory of attenuation of the s_anpmoﬁwm
in amorphous systems. Let us remember too that extending measuremen
of temperature dependences to the region of temperatures close to ;.a_wa sof nﬂnbw
point of individual samples is dangerous because of the possibility of the
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tempering by cooling to glass, with different mechanical properties, which
may cause destruction. The maximum found in the sample with the impurity
of I is probably due to superheating and an insufficient cooling.

The measurements were namely made shortly after plating the bases of the
sample in the process of which the sample had been considerably superheated ;
repoated measurements this maximum was not observed. Therefore it may be
expected that the technology of preparation of the sample will reflect not only
on the curve of the temperature dependence of the attenuation coefficient
but also on the value of this coefficient.
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Fig. 5. The tempereture dependence of the attenuation coof ficient for amorphous
»PwNMOQA Hc.em =

III. DISCUSSION

As it was shown by Duréek et al. in [5], the coefficient of attenuation
within the considered frequency range for pure As,Ses can be expressed by the
empirical relation

y - w2t
o = ) I_l. T, 1
1 4+ 272 (1)
where 4 = 2.8 x 10-9dB s em~ B =842 X 10-*dBscmland v = 6.37 »
X 1079 5. For such an expression of « it is possible to explain its first — with
regard to w — linear term by the dispersion of ultrasound waves on the static
field of deformations around motionless dislocations assuming that the inter-
atomic forces are non-harmonic. The second part of (1) can be explained by the
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E.pﬁ,mcSo: of the acoustic wave and the thermal oscillations and identifieq
with the expression for the attenuation coefficient given by Maris [7] if

CTy2
B =7

2003 (2)

where C is the specific heat of the volume unit, o 1s the density, » the velocit

of the ultrasonic waves and y is the dimensionless Griineisen wygsmgw
.H», Sm.w@@:?@ the expression for « in the form of (1) also for samples S#m
impurities — of course with other constants 4, B, © — these would have to
depend on the concentrations of impurities. Such dependence is obvious
for m_ in the range of not very low temperatures (since atomic impurities
participate significantly in forming bonds between ordered regions and so they
determine the character of the static field of deformations in an amorphous
structure. The dependence of B on the concentration would be mediated
by v, g, C and also y. However, it should be most pronounced in the relaxation
time .

Since the second term in (1) contains besides the absolute temperature 7' also
.@cm.:s.&mm depending on T, namely C(T), o(T), 7(T) and first of all 7(T'), there
Is a possibility of explaining the temperature dependence of the attenuation
coefficient from it on the assumption that v varies only negligibly with tem-
perature. The dependence on temperature in the first term of mC could be
namely mediated only through the parameter 4, to which the change in the
static field of deformations corresponding to the change of temperature would
correspond. However, the assumption seems to be acceptable that in the
range of very low temperatures the static field of deformations practically
does not changed.

The relatively wide plateau in the experimental curves of the temperature
dependence of the attenuation coefficient may be explained by the fact that
both parts in (1) in this temperature range vary with temperature only to
a small extent since to admit mutual compensation, i. e. the increase of one
part being compensated by the decrease of another seems to be hardly justi-
fiable. Therefore it is necessary to assume that in the range of the plateau
the slight dependence of the second term on temperature is connected in the
first place with such a dependence of specific heat and relaxation time on
temperature that the whole second part of (1) varies with temperature very
slightly. In the very low tem perature range, however, the change of total
character of this dependence may be expected.

The indicated analysis of the influence of impurities does not respect the
own relaxation mechanisms of the atomic impurities. Therefore we shall
mention also an other, although formal, approach explaining the measurements.
From the frequency dependences shown in Fig. 1 it is easy to obtain the curves

L6

for the difference between the attenuation coefficient of samples with impurities
and that of the pure amorphous AssSes;. These curves have at room temperature
s similar character as the similar frequency dependence for pure As;Ses,
therefore they can be described by an analogous formula as in (1), of course
with other constants. It leads in the end to the conclusion that for the samples
with impurities it is suitable to express the attenuation coefficient in the form:
Wt
x=Aw + By ——01 (3)
1 4+ o't

k
where the constants 4’ and 7; have an analogous meaning as in relation (1)
and the summation refers to all kinds of relaxation mechanisms. However
the constants By — dependent on temperature — there is not such a direct

connection with the expression of (2).

IV. CONCLUSION

The obtained temperature dependences of the attenuation coefficient in the
given frequency range lead to the opinion that the decrease of temperature
causes the decrease of the attenuation coefficient, higher at about room tempe-
rature, lower in the low temperature range.

The circumstance that we have not observed conspicuous narrow maxima
on the eurve of the temperature dependence of the attenuation coefficient and
the non-quadratic frequency dependence suggest the existence of a very
broad spectrum of relaxation times for the process of the transfer of atoms
binding individual ordered regions into an amorphous structure and also for
that of the atoms of impurities. Therefore the given explanation of the tempe-
rature dependences must be regarded as only a rough approximation and
to find a more suitable explanation of the attenuation of ultrasound in amor-
phous systems.
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