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Temperature dependencies for concentration and the Hall mobility of electrons for the n-Ge(Sb) and
n-Ge(Sb, Au) single crystals uniaxially deformed along the crystallographic directions [100] and [111] are ob-
tained on the basis of piezo-Hall effect measurements. A deformation-induced increase of the Hall mobility
of electrons for n-Ge(Sh, Au) single crystals at the uniaxial pressure along the crystallographic direction [100]
has been revealed. A comparison of the obtained experimental results with the corresponding theoretical cal-
culations of temperature dependencies of the Hall mobility showed that the obtained effect occurs at the ex-
pense of the reduction probability of electron scattering on the fluctuational potential. Its amplitude depends
on the temperature and on the value of the uniaxial pressure. It has also been shown that an increase of the
Hall mobility for the n-Ge(Sh, Au) single crystals uniaxially deformed along the crystallographic direction [111]
with an increasing temperature turns out to be insignificant and is observed only for the uniaxial pressures
P < 0.28 GPa. A decrease of the Hall mobility of electrons at the expense of the deformational redistribution
of electrons among the valleys of the germanium conduction band with different mobility should be taken into
account in the present case. The Hall mobility magnitude for the uniaxially deformed n-Ge(Sb) single crystals is
determined only by the mechanisms of phonon scattering and we have not observed the effect of the growth
of the Hall mobility with an increase of temperature or the magnitude of uniaxial pressure. This demonstrates
a secondary role of the fluctuational potential in the present case.
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1. Introduction

The development of modern electronics is associated with the search and development of new mate-
rials or the improvement of the properties of the existing ones. At present, a semiconductor material such
as germanium is a promising material for creating various electronic devices and sensors such as diodes,
triodes, dosimeter devices, transducers, Hall sensors, detectors of infrared radiation [1 [2]. Technologies
of strained germanium find their practical use in nanosized transistor structures and nanophotonics [3H7].
The use of n-Ge single crystals as a material for channels NMOSFET transistors allows one to increase
their gain factor and the tunnel current in relation to those transistors whose channel is made of n-Si
[3H5]]. The purposeful impact of Germanium lattice deformation opens prospects for the creation of
fundamentally new elements of nanophotonics on its basis [0, [7]. However, almost all scientific publica-
tions on nanoelectronics, in particular, works [3H7] which are devoted to the investigation and modelling
of physical properties of strained germanium and nanostructures on its basis are restricted only to the
examination of the deformation impact and the related effects on the atoms of the germanium lattice.
However, the impact of the defective structure of germanium single crystals, created by controllable and
uncontrollable impurities, was not taken into account. These impurities are introduced at the synthesis
of such nanostructures and determine the degree of compensation for the present single crystals. Such
impurities can create both shallow and deep energy levels in the band gap of germanium and significantly
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affect the functional characteristics of semiconductor devices on its basis and also largely determine
the percentage of the output of suitable products. Theoretical models of the deformation influence on
different kinetic and optical effects are very scarce both for germanium and in other semiconductors in the
presence of deep energy levels of impurities. Today, the theory of deep levels in semiconductors, unlike
the theory of shallow levels is based only on their semi-empirical models use [8]]. The practical value of
such investigations is connected with the fact that the impurity centers with deep energy levels determine
the light-emitting diodes spectra. They are centers of rapid recombination, create additional regions of
photosensitivity, strongly affect the tensosensitivity of semiconductors. Therefore, investigations of the
impact of the alloyed impurities with deep levels on electrical and optical properties of the deformed
germanium single crystals are urgent both from fundamental and applied points of view. Surely, these
investigations, in their turn, will allow scientists and engineers to provide certain scientific and metho-
dical recommendations concerning technological conditions of synthesis and modelling of germanium
properties and strained nanostructures on its basis.

2. Results and discussion

So, we were measuring the temperature dependences of the Hall constant and the electrical conducti-
vity for uniaxially deformed n-Ge single crystals, alloyed by Sb and Au impurities. Uniaxial deformation
was attached along the crystallographic directions [100] and [111]. The crystallographic orientation
of the investigated single crystals was determined using an X-ray machine, with an accuracy of 10’.
Germanium samples for research were cut in the form of a rectangular parallelepipeds, 0.8 X 0.8 x 10 mm
in size. Measurements were conducted for n-Ge samples of two groups. n-Ge(Sb) samples of the first
group were alloyed only by Sb impurity, Ns, = 5 - 104 cm™ concentration. n-Ge(Sb, Au) samples of
the second group were alloyed by Sb impurity, Nsp = 9.8 - 10'* cm™ concentration and Au impurity,
Nay = 5.05 - 10! cm™3 concentration. The temperature control was carried out with the help of the
copper-constantan differential thermocouple. During the experiment, the accuracy of the measurement
of temperature was +1 K. As it is known [9], impurity of Sb is a shallow donor. It forms in the band gap
of germanium shallow energy level Ec —0.0096 eV. Au impurity forms a deep donor level Ey + 0.04 eV
and three acceptor levels Ey + 0.15 eV, Ec — 0.2 eV and Ec — 0.04 eV in Ge. The piezo-Hall effect
study for the n-Ge(Sb) single crystals uniaxially deformed along the crystallographic directions [100]
and [111] shows that concentration of electrons at temperatures 7 > 77 K is equal to the concentration
of alloying impurity Sb and does not depend on the temperature. This is explained by the fact that
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Figure 1. Temperature dependencies of the Hall mobility for the n-Ge(Sb) single crystals at different
values of the uniaxial pressure along the crystallographic directions [100] and [111]: 1 — 0 GPa; 2 -
0.34 GPa (for the crystallographic direction [100]); 3 — 0.85 GPa (for the crystallographic direction
[100]); 4 — 0.47 GPa (for the crystallographic direction [111]); 5 — 0.96 GPa (for the crystallographic
direction [111]).
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Figure 2. Temperature dependencies of the concen- Figure 3. Temperature dependencies of the concen-
tration of electrons for the n-Ge(Sb, Au) at different tration of electrons for the n-Ge(Sb, Au) at different
values of the uniaxial pressure along the crystallo- values of the uniaxial pressure along the crystallo-
graphic direction [100]: 1 — 0 GPa; 2 — 0.29 GPa; graphic direction [111]: 1 — 0 GPa; 2 — 0.28 GPa;
3-0.59 GPa; 4 — 0.88 GPa. 3-0.69 GPa; 4 - 0.97 GPa.

the shallow donors of Sb will be completely ionized for such temperatures. Experimental results of
temperature dependencies of the Hall mobility for n-Ge(Sb) single crystals uniaxially deformed along
the crystallographic directions [100] and [111] are presented in figure [I| As can be seen in figure
the Hall mobility at the deformation along the crystallographic direction [100] does not depend on the
magnitude of the uniaxial pressure. There is no deforming redistribution of electrons between the minima
of germanium conduction band which will be shifting upward (according to the scale of energies) at the
deformation with the same speed for the present case [[10]. The deforming redistribution of electrons
between three minima of germanium conduction band with higher mobility (which ascend upwards) and
one minimum with smaller mobility (which descends down according to the scale of energies at the
deformation) will take place at the uniaxial deformation n-Ge(Sb) along the crystallographic directions
[111]. In this case, the concentration of electrons in three minima with higher mobility will decrease.
However, the concentration of electrons in the minima with smaller mobility will increase [[LOl]. This
will lead to a decrease of the average Hall mobility of electrons with an increase of the uniaxial pressure
magnitude. This fact explains the obtained experimental results (figure[I] curves 4 and 5). The growth
of the concentration of electrons in the germanium conduction band with an increasing temperature
for n-Ge(Sb, Au) single crystals (figure 2| and figure |3)) is explained by thermal ionization of the deep
acceptor level of gold Ec — 0.2 eV.

Moreover, for the given single crystals, as can be seen in figure [2] and figure [3] (curves 2—4), the
concentration of electrons increases when the magnitude of the uniaxial pressure increases. This is
associated with a decrease of ionization energy of the level Ec — 0.2 eV at the deformation [11]].

A research of the hydrostatic pressure influence on the position for the deep level of gold Ec — 0.2 eV
in germanium single crystals has been conducted by the authors of works [12} [13]. The baric coefficient
magnitude for ionization energy of the given level which had been calculated in work [12], turned out to
be understated, taking into account the experimental results of work [[13]. This is explained by the fact that
the authors of work [[12] did not take into account the impact of fluctuation potential in their calculations
[13} [14]. As it is known [15H18]], such a potential arises in the alloyed compensated semiconductors
or in semiconductors with radiation-induced defects when the concentration of free charge carriers is
small in comparison with the concentration of ionized impurity centres or charged radiation defects. The
amplitude of this potential can be quite significant which will lead to modulation of density of states
for charge carriers and, as a result, to a decrease of Hall mobility. For the given case, Hall mobility of
electrons can be written as follows [[17, [18]]:

A

HH = HH, €XP (—k—T) Q)
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Figure 4. Temperature dependencies of the ampli- Figure 5. Temperature dependencies of the ampli-
tude of fluctuation potential for the uniaxially de- tude of fluctuation potential for the uniaxially de-
formed n-Ge(Sb, Au) single crystals at different formed n-Ge(Sb, Au) single crystals at different
values of the uniaxial pressure along the crystal- values of the uniaxial pressure along the crystal-
lographic direction [100]: 1 — 0 GPa; 2 —0.29 GPa; lographic direction [111]: 1 — 0 GPa; 2 —0.28 GPa;
3-0.59 GPa; 4 — 0.88 GPa. 3-0.69 GPa; 4 — 0.97 GPa.

where up, is Hall mobility for uncompensated semiconductor, A is amplitude of fluctuation potential. In

accordance with [[16]],
2

A=—r0, 2

ens

where N is the total concentration of charged impurities or defects, ¢ is dielectric penetration, n is the
concentration of electrons in the conduction band, g is electron charge.

The reduction of the amplitude of fluctuation potential for the uniaxially deformed n-Ge(Sb, Au)
single crystals (figure {] and figure [5)), taking into account the expression (2) and experimental results
(figure [2] and figure [3), is caused by an increase of the concentration of electrons in the germanium
conduction band at the expense of magnification of the temperature or magnitude of the uniaxial pressure.

This, in its turn, explains the anomalous temperature dependencies of Hall mobility for the
n-Ge(Sb, Au) single crystals uniaxially deformed along the crystallographic direction [100] (figure [6).

As it follows from figure [6] Hall mobility does not depend on uniaxial pressure at high temperatures
because the amplitude of fluctuation potential is small and weakly depends on deformation (figure [).
For the case of uniaxial pressure along the crystallographic direction [111] (figure [7), the deformation-
induced increase of the Hall mobility at low temperatures was not observed. Only at 7 < 140 K and
P > 0.69 GPa (figure [/} curves 3 and 4) Hall mobility slightly increased when uniaxial pressure grew.
In this case, as mentioned above, it is also necessary to take into account a decrease of the Hall mobility
of electrons at the expense of the deformation redistribution of electrons between the valleys of the
germanium conduction band with different mobility. Corresponding theoretical calculations which are
presented in figure [6] and figure [7) (solid and dashed curves) were carried out by us for the quantitative
estimation of the Hall mobility magnitude for the uniaxially deformed n-Ge(Sb, Au) single crystals.

According to [19], the isoenergetic surfaces of the germanium conduction band are ellipsoids of
rotation, with an axis of symmetry which coincides with the crystallographic direction [111]. Then, the
mobility of charge carriers for an arbitrary direction can be determined from the ratio:

,u:uLsin20+,u|| cos> 6, 3)
where 6 is the angle between the examined direction and the main axis of the ellipsoid; u, and y is the

mobility of charge carriers across and along the axis of the ellipsoid.
In accordance with (T, for n-Ge single crystals undeformed and those uniaxially deformed along the
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Figure 6. Temperature dependencies of the Hall mo-
bility for the n-Ge(Sb, Au) single crystals at differ-
ent values of the uniaxial pressure along the crystal-
lographic directions [100]: 1 — 0 GPa, 2 - 0.29 GPa,
3 -0.59 GPa, 4 — 0.88 GPa (experimental results);
5-0GPa, 6-0.29 GPa, 7—0.59 GPa, 8 — 0.88 GPa
(solid curves are theoretical calculations taking into
account the fluctuation potential); 9 — 0 GPa, 10 —
0.29 GPa, 11 — 0.59 GPa, 12 — 0.88 GPa (dashed
curves are theoretical calculations without taking
into account the fluctuation potential).
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Figure 7. Temperature dependencies of the Hall mo-
bility for the n-Ge(Sb, Au) single crystals at differ-
ent values of uniaxial pressure along the crystal-
lographic directions [111]: 1 —0 GPa, 2 -0.28 GPa,
3-0.69 GPa, 4 — 0.97 GPa (experimental results);
5 -0.97 GPa, 6 — 0.69 GPa, 7 — 0.28 GPa, 8 —
0 GPa (solid curves are theoretical calculations tak-
ing into account fluctuation potential); 9 — 0 GPa,
10 — 0.69 GPa, 11 — 0.28 GPa, 12 — 0.97 GPa
(dashed curves are theoretical calculations without
taking into account the fluctuation potential).

crystallographic direction [100]
1

2
Ho = M|+ 34 (4)

Under uniaxial pressure n-Ge along the crystallographic direction [111], one minimum i.e., the main
axis of the isoenergetic ellipsoid which is oriented along the axis of deformation, will descend according
to the scale of energies by a value [19]

1 1
AE| = - (Ed + gEu) (S11+2812) P - §EuS44Pa &)
and the other three minima will ascend by a value
N 1_
AE, = —|Eq + 35 (S11+2812) P + §duS44P, (6)

which will lead to the emergence of the energy gap between them AE; » = gEuS44P.

If n; is a concentration of electrons in a descending minimum, and 7, in three minima which ascend
under uniaxial pressure P || J || [111], then the total concentration of electrons in the conduction band
of germanium is as follows:

n=ny+ny. @)

For the nondegenerate electron gas [20]]

3 3
2um kT \? Ep-AE; 2mokT \2  Ep-AE,
n =2(h—21) e kT, n2=2(h—22) e kT, ®)
Then,
3
. (@)2 e - A, )
ni mi
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where m, m represent the effective mass of the density of states for the given minima. For the isoenergetic
surface, which is an ellipsoid of rotation, the effective mass of the density of states is as follows:

m= N3 <m||mi)3, (10)

where N denotes the number of equivalent ellipsoids, 1 and m, are components for the tensor of the
effective mass of an electron along and across the axis of the ellipsoid.
In accordance with the (3), the mobility of electrons under the uniaxial pressure P || J || [111] in the
descending minimum is equal to
M= Hy - (an

Hence, for the three minima which ascend according to the scale of energies,

8u, +p
o= —5—. (12)
From expressions (7) and (9) we find
n An
= —, = . ]3
MEAYD T AT (1)

Then, for an arbitrary value of the uniaxial pressure P || J || [111], the conductivity n-Ge is as
follows:

op =gnu=q(nip +np). (14)

Taking into account expressions (IT)—(I4), the mobility of electrons at the uniaxial pressure n-Ge
along the crystallographic direction [111] is equal to

o= %A’” . (15)
+1
As itis known [21]], electron scattering on optical phonons is also possible for germanium, in addition
to their scattering on acoustic phonons and ions of impurity. Electron scattering on optical phonons
is caused by the interaction of electrons with phonons, whose frequencies correspond to temperature
Tc1 = 430 K (intravalley scattering) and intervalley scattering on acoustic phonons with characteristic
temperaturies Tcy = 320 K.
Intervalley electron scattering and electron scattering on optical phonons are described by a scalar
relaxation time 7;:

L, (16)
where
Jj

Ejz.(md)% ( T )i

aj

= —] —_—
VZmph? (kTc;)? \Ici
1 1
1 Icj\? Tcj Tc; Icj\?
¢J(X)=CT%—_1 (X+T) +679(X,T X—T ,

mg is the effective mass of the density of states for electrons of the conduction band, E; is a constant of

intervalley or optical deformation potential; p is a density of the crystal; T¢; is characteristic temperature

Tc;

-£ is a dimensionless energy of electron; G(x; T ) is a step function. For intervalley

of j phonon; x = =

scattering
) = (myym?;) (2, - 1), a7
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where m;, m,; are a longitudinal and transverse component of the tensor of the effective mass for
electrons which are in the ellipsoid of j type; Z; is the number of equivalent ellipsoids of the conduction
band of j type.

For intravalley electron scattering on optical phonons

. 12
m = (my;m’,)3Z;, (18)

Expressions for components of the relaxation-time tensor 7 and Tf’j under conditions of mixed
electron scattering on acoustic phonons and ions of impurity [22] can be written based on the theory of
anisotropic scattering:

3
ai _ A X a,i a, X2

=, = (19)
b Vkgr: xX*4by’ T

(ST

VEaT3 X2+bi

(Expressions for a| , a, , bo , b are presented in appendix @

Then, in the most general case, the scattering of electrons on the acoustic phonons, ions of impurity,
optical phonons and acoustic phonons, which are responsible for the intervalley electron scattering,
expressions for components of the relaxation-time tensor can be presented as follows [21]]:

1 1 1 1 1 1 1 1
—=——t -+, —=—t -+, (20)
T T”’ T M L o LI

where Trll’] , Ti‘” , T| , T» are longitudinal and transverse components of the relaxation-time tensor for

scattering on acoustic phonons and ions of impurity, respectively; 71 , 7, are the relaxation time for
intervalley scattering and scattering on optical phonons.

Components of tensors of mobility can be expressed through components of tensors of relaxation
times and effective mass:

e e
IJH = <T||>s ML =— <TJ_>’ (21)
m” m,
4 r 3 4 ¢ 3
7)) = — | dxx2e™1), (r))= — | dxx2e™¥r,. 22
<||> 3\/5! Il <J_> 3%! 1 (22)

Numerical values of parameters for the energy-band structure of germanium single crystals such as
components of tensors of the acoustic potential of deformation and effective mass (Eg = —6.4 eV, &, =
16.4 eV, m = 1.58mp, m, = 0.082my) [22], constants of electron-phonon interaction for optical E439
4108 % and acoustic phonons Z359 = 1.4 - 10® ST\r/l’ which are responsible for the intervalley electron
scattering [21], should be taken into account for carrying out theoretical calculations. Temperature
dependencies of the Hall mobility for the uniaxially deformed n-Ge(Sb, Au) single crystals (which were
obtained based on the given calculations) are presented in figure[6|and figure[7](solid and dashed curves).

The results of comparison of the curves, which were obtained with and without taking into account
fluctuation potential (figure[6] curves 5—12), show that under low temperatures the Hall mobility signif-
icantly depends on the magnitude of the amplitude of the given potential. For the n-Ge(Sb, Au) single
crystals uniaxially deformed along the crystallographic direction [111] the effect of the growth of the
Hall mobility with an increasing temperature is not significant and is observed only for the uniaxial
pressures P < 0.28 GPa (figure[/| curves 1 and 2). In the given case, the magnitude of the Hall mobility
is determined by the deformational reconstruction of the germanium conduction band and the effective-
ness of electron scattering on the fluctuation potential. The change of relative contribution of the given
mechanisms under an increasing uniaxial pressure explains the insignificant growth of the Hall mobility
under P > 0.69 GPa and temperatures 7 < 140 K (figure[7} curves 3 and 4).
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3. Conclusions

Electrons scattering on the ions of shallow Sb impurities for the germanium single crystals studied is
described using the Coulomb screening potential of the impurity. For deep impurities Au, this approach
does not apply, since today there are no adequate theoretical models of deep centres in semiconductors.
Therefore, it is difficult to make any estimates of the influence of such impurities on the mechanisms of
electron scattering in n-Ge(Sb, Au) single crystals. However, for the investigated impurity concentrations
Sb and Au, the electron scattering on the ions of the gold impurity can be considered secondary, since
the experimental dependences of the Hall mobility of the electrons on the temperature for the uniaxially
deformed n-Ge(Sb, Au) single crystals are well described based on the proposed theoretical model of
mobility. Additional doping of n-Ge(Sb) single crystals by the impurity of gold leads to an increase in
the degree of compensation of such single crystals and consequently to the reduction of the screening
effect. The reduction of the effect of screening is caused by the occurrence of large-scale fluctuations of
the concentration of charged ions of doping impurities and, accordingly, the fluctuation potential, whose
amplitude depends on temperature and uniaxial pressure. Therefore, description of various electron
transfer phenomena in n-Ge(Sb, Au) single crystals, for the investigated temperatures and concentrations
of doping impurities Sb and Au, can be restricted to the mechanisms of electron scattering on the acoustic
and optical phonons (intravalley scattering), acoustic phonons, which are responsible for intervalley
scattering, ions of shallow Sb impurities and fluctuation potential.

The obtained experimental results and theoretical calculations show that for single crystals
n-Ge(Sb, Au) uniaxially deformed along the crystallographic direction [100], a decrease of the am-
plitude of fluctuation potential under an increase of temperature or the magnitude of uniaxial pressure
causes a growth of the Hall mobility. Its further decrease, passing through the maximum with an increas-
ing temperature, is explained by the increase of probability of electron scattering on optical phonons
and phonons, which are responsible for the intervalley electron scattering. Scattering of electrons on the
fluctuation potential is secondary in this case. The present mechanism of scattering does not appear for
the whole area of the investigated temperatures, and the Hall mobility magnitude is fully determined by
the mechanisms of the phonon scattering. The impact of deformational reconstruction of the germanium
conduction band (in addition to a change of the amplitude of the fluctuation potential at the uniaxial
pressure) should be additionally taken into account for the case of the single crystals n-Ge(Sb, Au)
uniaxially deformed along the crystallographic direction [111]. This mechanism causes a decrease of the
Hall mobility. The obtained temperature dependencies of the Hall mobility are determined by different
relative contributions of the given mechanisms depending on the magnitude of the uniaxial pressure.

It is important to consider the impact of fluctuation potential on the mechanisms of electron transport
in germanium both at the absence and in presence of deformation fields in modelling and developing
on its basis the electronic devices and sensors, nanostructures, alloyed by different impurities (alloyed
quantum dots Ge, heterostructures SiGe).

A. Necessary appendices to calculate the relaxation time

nCy it 1 nCp 1
ay=———F——="g— = —— g
=2 2 0a =2 2 la
kB3 2mm? kE32mym?
aj - Poi a, - @y

0= —— 3 > 1= ——> >
VKT 70; (kT) VKT 7; (kT)

\/zmlsz(kT)%
J'IZNde4\/m|| ’

L[, 3 3014 [B (1+) 2

24+ = a|=+—F—=(A+B),

ﬁz 132 ﬁ3 = d ’34 3

70i(kT) =

(Dla=1+
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L(a) =- L;l In cos ¢dy is the Lobachevsky function, Ny is concentration of donor impurity, # is concen-
tration of electrons in the conduction band.

References

1. Selezenev A.A., Aleinikov A.Yu., Ermakov P.V., Ganchuk N.S., Ganchuk S.N., Jones R.E., Phys. Solid State,
2012, 54, No. 3, 462-467, doi:10.1134/S1063783412030286.
2. Claeys C., Simoen E., Germanium-Based Technologies: From Materials to Devices, Elsevier Science, 2007.
3. Kobayashi M., Irisawa T., Magyari-Kope B., Saraswat K., Wong H.-S.P., Nishi Y., IEEE Trans. Electron Devices,
2010, 57, No. 5, 1037-1046, doi:10.1109/TED.2010.2042767.
4. Kobayashi M., Irisawa T., Magyari-Kope B., Sun Y., Saraswat K., Wong H.-S.P., Pianetta P., Nishi Y., In:
Proceedings of 2009 Symposium on VLSI Technology, Honolulu, HI, USA, 2009, 76-77.
5. Choi Y.S., Lim J.-S., Numata T., Nishida T., Thompson S.E., J. Appl. Phys., 2007, 102, No. 10, 104507,
doi:10.1063/1.2809374.
6. Petykiewicz J., Nam D., Sukhdeo D.S., Gupta S., Buckley S., Piggott A.Y., Vuckovi¢ J., Saraswat K.C., Nano
Lett., 2016, 16, No. 4, 2168-2173, doi:10.1021/acs.nanolett.5b03976.
7. Boztug C., Sdnchez-Pérez J.R., Cavallo F., Lagally M.G., Paiella R., ACS Nano, 2014, 8, No. 4, 3136-3151,
doii10.1021/nn404739b.
8. Baranskii P.I., Fedosov A.V., Gaydar G.P., Physical Properties of Silicon and Germanium Crystals in Fields of
Effective External Action, Nadstirya, Lutsk, 2000, (in Ukrainian).
9. Milnes A.G., Deep Impurities in Semiconductors, Wiley, New York, 1973.
10. Herring C., Vogt E., Phys. Rev., 1956, 101, 944-961, doi:10.1103/PhysRev.101.944.
11. Semenyuk A.K., Nazarchuk P.F., Fiz. Tekh. Poluprovodn., 1984, 18, 540-542 (in Russian).
12. Holland M.G., Paul W., Phys. Rev., 1962, 128, No. 1, 43, doii10.1103/PhysRev.128.43,
13. Daunov M.I., Kamilov I.LK., Gabibov S.F., Semiconductors, 2001, 35, No. 1, 59-66, doi;10.1134/1.1340290.

13702-9


https://doi.org/10.1134/S1063783412030286
https://doi.org/10.1109/TED.2010.2042767
https://doi.org/10.1063/1.2809374
https://doi.org/10.1021/acs.nanolett.5b03976
https://doi.org/10.1021/nn404739b
https://doi.org/10.1103/PhysRev.101.944
https://doi.org/10.1103/PhysRev.128.43
https://doi.org/10.1134/1.1340290

S.V. Luniov et al.

14. Kami

lov LK., Daunov M.I., Gabibbov S.F., Magomedov A.B., J. Phys. Conf. Ser., 2008, 121, 022006,

doi:10.1088/1742-6596/121/2/022006.
15. Shklovskii B.I., Efros A.L., Electronic Properties of Doped Semiconductors, Nauka, Moscow, 1979, (in Russian).
16. Karpov V.G., Fiz. Tekh. Poluprovodn., 1981, 15, No. 2, 217-223 (in Russian).
17. Bezludnyi S.V., Kolesnikov N.V.,, Fiz. Tekh. Poluprovodn., 1981, 15, 218-229 (in Russian).
18. Luniov S.V., Zimych A.IL., Nazarchuk P.F., Maslyuk V.T., Megela I.G., J. Phys. Stud., 2015, 19, No. 4, 4704.
19. Bir G., Symmetry and Deformation Effects in Semiconductors, Nauka, Moscow, 1972, (in Russian).
20. Kireev P.S., Semiconductor Physics, Vysshaya Shkola, Moscow, 1969.
21. Luniov S.V., Burban O.V,, J. Nano Electron. Phys., 2014, 6, 01020.
22. Baranskii P., Buda 1., Dahovskii 1., Kolomoets V., Electrical and Galvanomagnetic Phenomena in Anisotropic
Semiconductors, Naukova Dumka, Kiev, 1977, (in Russian).

MexaHi3Mun po3CisHHA eNeKTPOHIB B 0AHOBICHO AedopMOBaHNX
MOHOKpucTanax n-Ge(Sh, Au)

C.B. NlyHboBT, N.®. Hazapuyd AL 3imudT 10.A. YaoBuubkd®, O.B. Byp6aH2

L JlyubKmnit HalioHanbHWI TexHIYHWIA yHiBepcuTeT, ByA. JIbBiBCbKa, 75, 43018 Jlyubk, YkpaiHa
2 BoMHCbKIAN KoneAx HauioHanbHOro yHiBepcuTeTy XapuoBux TexHosoriiA, Byn. KapeapanbHa, 6, 43016 Jlyupk,
YKkpaiHa

Ha ocHOBI BMMiptoBaHb M'€30-xonn-edeKkTy ofepXaHO TemMnepaTypHi 3a1eXHOCTi KOHLLeHTpaL,i Ta XoniBCbKOi
PYXNMBOCTi €1eKTPOHIB A5l OAHOBICHO AePpOPMOBaHMX B30BX KpuctanorpadivuHmx Hanpsmkis [100] Ta [111]
MoHokpuctanis n-Ge(Sb) Ta n-Ge(Sb, Au). BusieneHo gedpopmaLiiiHo-iHAyKOBaHe 3pOCTaHHSA XOIBCLKOI pyXxau-
BOCTi €/1eKTPOHIB ANs MOHOKpUCTaniB n-Ge(Sh, Au) Npu 0AHOBICHOMY TUCKOBI B3Z0BX KpucTanorpagiuHoro
HanpsamMky [100]. MopiBHAHHA ofepXaHNX eKCnepuMeHTalbHUX pe3yibTaTiB 3 BiANOBIAHNMY TEOPETUUYHNMU
po3paxyHKamu TeMmnepaTypHUX 3a1exXHoCTel X0NiBCbKOi PYyXAMBOCTI NoKasanw, Wo jaHuil epekT BUHUKAE 3a
paxyHOK 3MeHLLUeHHs! IMOBIPHOCTI PO3CiAHHA eNeKTPOHIB Ha GAyKTyaLiiiHOMY noTeHLiani, aMnaiTyAa AKoro 3a-
NexXxuTb Bij TemnepaTypu Ta BENYMHMN OAHOBICHOTO TWCKY. [oKa3aHo, L0 3pOCTaHHSA XO0NiBCbKOI PyXAUBOCTI
AN OAHOBICHO AepOpPMOBaHNX MOHOKpucTaniB n-Ge(Sh, Au) B340BX KpuctanorpadiuHoro Hanpamky [111] €
He3HaUYHWM i CNOCTepiraeTbcs Anile Ans oAHOBIcHUX TuckiB P < (0.28 IMa. B gaHOMy BUNaAky HeobXigHo Ta-
KOX BPaxoBYBaTW 3MEHLLEHHS XONiBCbKOT PyXMBOCTI €/1eKTPOHIB 3a paxyHoK AedopMaLiiiHoro nepepo3snoginy
€N1eKTPOHIB MiXX AOAMHAMK 30HU NPOBIAHOCTI repMaHito 3 pi3HO pyxamBicTio. i 04HOBICHO fedopMoBaHUX
MOHoKpUcTanis n-Ge(Sb) BeaMUMHa X0NIBCHKOT PyX/AMBOCTI NPY TaKMX CAMUX YMOBAX BU3HAYAETLCA NNLLE Me-
XaHi3MaMun GOHOHHOTO PO3CiHHA | epeKT 3poCTaHHS X0NiIBCbKOT PyxIMBOCTI NpU 36iNbLUEeHHI TemnepaTypu abo
BE/IMYNHMN OJHOBICHOrO TUCKY He crnocTepirascs. Lle cBigunTL NPo ApyropsagHy poib GpayKTyauiliHoro NoTeHL-
any B AaHOMY BUNaAKY.

KntouoBi cnioBa: egekt Xo/1/1a, ABULLA NEePeHOCY, e/1eKTPUYHI BAaCTUBOCTI, ZOMILLKYN
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