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THE TEMPERATURE DEPENDENCES OF THE CHANGES
OF THE TRANSVERSE ACOUSTIC WAVES ATTENUATION
IN »-InSh DUE TO THE MAGNETI(C FIELD

The ultrasonic Wwave in a semiconductor can be accornpanied by an electric
field which affects the current carrjers. On the other hand the carriers contri-
bute in such a case to the attenuation of the ultrasonic wave. The attenuation
due to the carriers depends on the electromechanica] coupling coefficient
and on the concentration and mobility of the carriers, and thus can be influ-
enced by the external fields. This enables In some cases to separate the at-
tenuation on carriers by measuring the attenuation changes due to the external
fields, and by comparing the results with the theory it is Possible to determine
the electromechanica] coupling coef ficient, or the mobility and concentration
of the carriers.

direction is most significant. The influence of the transverse magnetic field
on the attenuation of such waves wag investigated by Nil] and Mc Worther
[1]in the temperature range 4—20 K for the frequency of 9 GHz, by Drichko
et al. [2] at 77 K for the frequencies of 400—800 MHz, and by Smith et al. (3]
at 296 K for the frequencies of 10—200 MHz. On the basis of their ultrasonic
measurements these authors determined the following values of the component
€11 of the piezoelectric tensor: 0.060 4- 0.005 Cm~2 [1]: 0.08 Cm—2 [2]: 0.076 -
* Katedra technickej fyziky Vysokej Skoly dopra viej. 010 88 NHH.HZ>, Emnxw.m:mlwm 25.
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+ 0.010 Cm -2 [3]. By other methods Arlt and @:mmm::mw [4] got ¢4 —
= 0.071 -+ 0.007 Cm=2, and Arnaud and Quentin [5] obtained the value of
0.079 4 0.008 Cm—2, :

The present Paper deals with the investigation of the mgmnzmacb changes
caused by the magnetic field of 0.1—0.5 T in the temperature range 77—220 K
and the experimental results together with the measured electrical conducti-
Vity are used for the determination of the mobility and concentration tempe-
rature dependences in the above mentioned temperature range, taking e, —
= 0.076 Cm—2.

II. EXPERIMENTAL RESULTS AND THEIR INTERPRETATION

sonic comparator, model 9000”. Sample I had the length 1.71 ¢m in the 110>
direction and a cross section area of 0.797 em? in the (110) plane. Its electrical
conductivity at 77 K was 2 X 103 Q~1m-1, Sample IT had the length of 1.25 cm,
@ cross section area of 0.879 cms2 and an electrical conductivity of 3.9 X
X 103 Q-1m—1, The opposite (110) faces of each sample were ground and polished
fat to < 1 pm.

, u i
20800 1 + uZB? cos? 9 ()
where » and Us are the angular frequency and the velocity of the ultrasonic
wave, respectively, gy — enoug is the electrical conductivity, ng and Mo are the
electron concentration and mobility in the absence of the magnetic field,
¢ is the crystal density, and 9 is an angle between the vector B and the direction
of ultrasonic wave Propagation. The relation (1) comes from the formula derived

by Steele [6] under the conditions

14 u2Be
cos? 9 < 1, w? << wpap, So————2_ 2)
< = s OR I + p3B2 cos? 9 @)
where wp = gofe, wp — evuokT.

We used the mo:oém:m values of quantities in (1): ¢ = 25 X 4.28 x 108 secl,
Us = 2.28 X 103 msec-1, ¢ =158 X 103kgm-3, ¢;, — 0.076 Cm—2 [3]. Using
the experimental value %0 =2 X 13Q1m-1 we have determined Mo =
= 52.7 m2/Vsec, ne = 2.37 x 10%,m~3, 9 — ggog39’ for sample I to fit the expe-
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EEEZ& magnetic field ma%a:&.mbo@ at 77K, and similarly for sample IT we HI. CoNcLUSION
have foungd: o =.27.2 m?/Vsec, Mo = 8.96 x 10203 9 880.. -

The experimental valyeg of du for B — 0.476 T versys temperature are We have shown that for the, change of the Emmo&moaom:% active sheay :
plotted in Fig. 2. Hr@:mxwmi.sozai temperature ..Qmwo:ma\:o“mm of the electrica] ultrasonic wave attenuation: dye: to the magnetic field in n-InSh the simple |
conductivity of Samples I and IT are shown in Fig, 3,.and in Fig. 4 there are formula (1) of Steele’s theory can be used if the ‘conditiong (2) are fulfilled.
the temperature, Qowmb@nﬁomm of o and 1z, computed HEEHQ.EE@A: by the From the magnetic field dependence of dx at 77K 4 comparatively accurate
use of experimental valyeg of A, g¢ and -the angles 9 determined, from the determination of the angle between the vector B and the direction of the
Mmagnetic field dependences of dwat 77K, N & ultrasonic wave Propagation can be done. Thep from the measured values of

o . T i Ao and gq the electron concentration and mobility can be determined without

the Hall measurements being necessary. This may be an mmﬁ:&mm» if we are
interested in the mean values of these quantities in rather large samples of
an arbitrary cylindrical shape with an axig in the ¢ 110} direction (or the (11 | Y
direction for a longitudinal wave), where the measurement of the HaJj voltage
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Fig. 4. The temperature dependences of
; electron Concentration and mobility, re.
spectively, for sample I (g), (), and for
m ) sample 1T (A), (£).
50
Fig. L Hﬁo .Emm:mamo field d Fig. 3. The temperature dependences of
the  attenuation changes at 77 the electrical conductivities at, 26ro magne-
«Sample I (@).,and sample IT ( A). Verse magnetic field B = 0.476 T for 100 200 300  tic field for semple I (g), and sample
N . sample I (@), and sample 11 (4). T [k]— 1I (a).
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