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INFLUENCE OF ANISOTROPIC

SCATTERING MECHANISMS ON POLARIZATION
DEPENDENCES OF TERAHERTZ RADIATION
EMITTED BY HOT ELECTRONS

The influence of anisotropic scattering mechanisms on the polarization dependences of tera-
hertz (THz) radiation emitted by hot electrons in multivalley semiconductors of the n-Ge type
has been studied both theoretically and experimentally. The main attention is focused on a situ-
ation where the electric field applied to a multivalley semiconductor is directed asymmetrically
with respect to the valleys. Changing from the anisotropic mechanism of electron scattering by
ionized impurities to that by acoustic phonons is demonstrated to result in the transformation
of maxima into minima in the periodic polarization angular dependence of the radiation in-
tensity emitted by hot electrons. The substitution of one dominating mechanism of scattering
by another one can result from a number of reasons: the lattice temperature variation or the
variation in the concentration of ionized impurities, the change in the magnitude or the orien-
tation of the electron-heating field, the application of a unidirectional pressure or the specimen
illumination. All those factors are shown to affect the polarization dependences of spontaneous
radiation emitted by hot electrons in the case where the temperatures of electrons in different
valleys are also different.
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1. Introduction

Free charge carriers in semiconductors can be in-
volved in the processes of both absorption and emis-
sion of light. However, the conservation laws of en-
ergy and momentum cannot be satisfied simultane-
ously, when a free charge carrier interacts with a light
quantum. Therefore, the processes concerned become
possible only if “third bodies” take part in them. As
such, these can be impurities and lattice vibrations
in semiconductors, as well as the semiconductor sur-
face. Which process (light absorption or emission)
prevails depends on external conditions. If a system of
charge carriers in the thermodynamically equilibrium
state is irradiated with light, the absorption processes
dominate. On the other hand, if external irradiation
is absent but the charge carriers are heated up with
the help of an electric field, radiation emission pro-
cesses prevail. The latter have specific features in the
case of multivalley semiconductors, which originate
from the anisotropy of the electron dispersion law, the
anisotropy of electron scattering mechanisms, and the
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very fact that there are several energetically equiva-
lent valleys (minima) in the Brillouin zone.

Since the dispersion law for charge carriers is ani-
sotropic in vicinities of those minima, the contribu-
tion made by electrons from a separate valley to the
radiation spectrum has to be angular (polarization)
dependent. However, some multivalley semiconduc-
tors, such as n-Ge and n-Si, have a cubic symme-
try, so that the valleys are arranged symmetrically
in the Brillouin zone. As a result, the total contri-
bution made to radiation emission by all the valleys
is averaged, and the angular dependence may disap-
pear at all. This polarization dependence of the total
(summed up over all valleys) radiation reveals itself
only in the cases where the temperatures of electrons
and their concentrations become different in the val-
leys owing to some reasons. Just this situation arises
when the electron-heating field is oriented asymmet-
rically with respect to the valleys or when a unidirec-
tional pressure is applied to the semiconductor.

The character of the polarization dependences is
governed by both the dispersion law and the scatter-
ing mechanisms. The change of one scattering mech-
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anism by another one (this change can be stimulated
by the electron heating, the variation of the lattice
temperature or the impurity concentration) results
in that the polarization characteristics transform. In
works [1]to [3], we studied the influence of the electron
heating, lattice temperature, and pressure, respec-
tively, on the polarization characteristics of radiation
spontaneously emitted by hot electrons. In this work,
we also consider a multivalley semiconductor of the
n-Ge type. As an example of the asymmetric orienta-
tion of the electron-heating field, we chose the direc-
tion (1,1,1). In this case, there emerge three “hot” and
one “cold” valleys. The electron temperatures in the
valleys are determined, and their field dependences
are plotted. We will demonstrate how the change of
the dominating scattering mechanism affects the po-
larization characteristics. In particular, we show that
the change of a scattering mechanism results in a
smooth transformation of maxima in the periodic po-
larization angular dependence of radiation into min-
ima. The field dependences of the coefficients describ-
ing the angular characteristics of radiation emission
are obtained. The theoretical and experimental an-
gular dependences of spontaneous radiation emission
by hot electrons at various values of electric field in-
tensity, electron and lattice temperatures, impurity
concentration, and unidirectional pressure are plot-
ted and explained.

2. Theory

In works [4, 5], the theory of spontaneous light emis-
sion in the THz frequency range by hot electrons
in multivalley semiconductors of the n-Ge and n-Si
types was developed. The dispersion law for the elec-
tron energy in such semiconductors near the minima
in the Brillouin zone (i.e. in the “valleys”) looks like
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where p; are the components of the electron momen-
tum, and m) and m, are, respectively, the longi-
tudinal and transverse components of the tensor of
masses.

The dispersion law (1) was used in works [4, 5] to
derive an expression for the energy emitted at the
frequency w and into the solid angle d§2 by electrons
from every valley per unit time. Spontaneous emis-
sion by free electrons is possible only provided certain
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scattering mechanisms. Therefore, expressions for the
angular dependence of radiation energy emitted by
hot electrons were obtained in works [4,5] with regard
for the anisotropy of the acoustic and impurity-based
mechanisms of scattering.

2.1. Acoustic scattering

Let the orientation of the rotation axis of ellipsoid
(1) for electrons in the k-th valley be given by the
unit vector iy. Then, in accordance with the results
of works [4, 5], the expression for the energy emitted
by hot electrons of this valley per unit time at the
frequency w into the solid angle df), when they are
scattered by acoustic phonons, reads
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Here, ny is the concentration of electrons from the
k-th valley, ), is their temperature (in energy units),
the unit vector qg describes the polarization direction
of an emitted electromagnetic wave, ap = fiw/6;, and
K (ay) is the Bessel function of imaginary argument.

The anisotropic acoustic scattering of electrons
in multivalley semiconductors of the n-Ge and n-Si
types can be characterized by two components of the
relaxation time tensor, Tia)(e) and Tﬁa)({:‘) (see, e.g.,
work [6]). The dependences of those components on
the energy of an electron from the k-th valley look
like
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From whence, we have

HO) =" 776 =" ()

In expressions (3) for Tia) (€) and Tﬁa)

tities Tio) and TTO) do not depend on the tempera-

ture of hot electrons, but only on the lattice tem-
perature and other parameters (the constants of de-
formation potential, the components of mass tensor,

(€), the quan-
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and so forth). The parameters Tio) and Tﬁo)

expressed in terms of the components of the acous-
tic mobility tensor for cold (not heated up) electrons,
proceeding from the relations

0
er” en
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where 6 is the lattice temperature measured in energy
units.

The general expression for spontaneous radiation
emitted by hot electrons (2) can be substantially sim-
plified in the limiting cases fiw < 6. (the classi-
cal frequency interval) and fiw > 6. (the quantum-
mechanical interval). In particular, in the classical
limit (at hw < 6.), Eq. (2) yields

can be
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Here, cos g, = irxqp, and ¢y is the angle between the
polarization direction and the orientation direction of
the “valley” (the ellipsoid of revolution). Analogous-
ly, in the quantum-mechanical frequency limit (fiw >
> 6,), we obtain
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2.2. Impurity (Coulomb) scattering

In work [5], the theory of light absorption and emis-
sion by hot electrons in the case where the Cou-
lomb scattering plays the dominating role was devel-
oped. The impurity potential was adopted in the form

u(r) = —e "/, (8)

where ¢( is the static dielectric constant, and rp is
the Debye radius.

The general expression for spontaneous radiation
emission by hot electrons at the dominant role of
Coulomb scattering is presented in work [5]. Since
this expression is cumbersome, only its forms in the
limiting cases are presented here. In particular, in the
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classical frequency range (hw < 6.), if the Coulomb
scattering dominates, we obtain [5]
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where Tic)(ﬁk) and Tﬁc)(ek) are the transverse and
longitudinal components of the relaxation time tensor
at the Coulomb scattering of hot electrons,
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Here, n. is the concentration of ions (according to
the electroneutrality condition, n. = > ng), InC; =
k

~ 0.577... is the Euler constant, and the notations
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are introduced. (Unfortunately, the notations %
TL k

and % in work [5] were confused).
ik

In the case of the impurity scattering (at potential
(8)), the components of the relaxation time tensor
(10) and (11) are related to the corresponding com-
ponents of the mobility tensor for electrons from the
k-th valley by the formulas
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In the quantum frequency limit (Aiw > 6.) and in the
case of the Coulomb scattering, we have
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If the acoustic and impurity (Coulomb) mechanisms
of scattering act simultaneously, the total energy
emitted by hot electrons is equal to the sum of ener-
gies associated with separate scattering mechanisms.

The formulas for the “acoustic” [Egs. (6) and (7)]
and “impurity” [Egs. (9) and (16)] radiation emission
by hot electrons can be expressed in more convenient
forms, if we use the relations

1 1

sin? @), = 3 (1—cos 2p1); cos? @y = 3 (1+-cos 2¢y).
Then, e.g., if fiw < Oy, Eq. (6) yields
W,E,a) = cha)(l + ga €08 2y )dO, (17)
where
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An analogous expression can be written down for the
“impurity” radiation emission,
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Using Eq. (10), we obtain
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3. Manifestation of Multivalley

Structure in Terahertz Radiation
Emitted by Hot Electrons

In the previous section, we have analyzed the con-
tribution made to spontaneous radiation emission by
hot electrons belonging to the same valley. Now, we
consider the total radiation emission of hot electrons
from all valleys. As an example, we examine hot elec-
trons in n-Ge. In this case, the orientations of “val-
leys” (the rotation axis of the mass tensor) are given
by the unit vectors

1
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The Joule power released in the k-th valley by the
field F applied to the semiconductor looks like

(1,-1,1 (22)
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where n; and 6, are the concentration and the tem-
perature (in energy units), respectively, of electrons in
the k-th valley. The electron temperature of the k-th
valley is determined from the energy balance equa-
tion, i.e. from the equality between the Joule power
released in the k-th valley and the energy transmitted
by hot electrons in the k-th valley to lattice vibrations
per unit time, (@)S .- In particular, for the scatter-

dt
ing by longitudinal acoustic phonons, we have [6, 7]
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where p is the density, and ¥ is an energy constant.
Analogously, for the scattering by optical lattice vi-
brations, we obtain
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where wy is the frequency of optical lattice vibrations,
D the constant of the electron coupling with optical
lattice vibrations, and Kj(z) the Bessel function of
the second kind of imaginary argument.

In the model of energetically independent valleys,
the temperature of electrons in the k-th valley is de-
termined by the energy balance equation

(a) ©)
dEy dE\?
(7), + (&), —wen

st

(25)

(26)

A more rigorous model must also involve the interval-
ley migration of electrons and the intervalley energy
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transmission from “hot” valleys to “cold” ones. Those
issues were analyzed, e.g., in work [7] in detail, and
they will not be considered here. Let us dwell in more
details on the dependence of the electron heating on
the heating field orientation.

From Egs. (22) and (23), one can see that, if the
electron-heating field is directed along a direction
that is symmetric with respect to the valleys, i.e.
along the direction (1,0,0), then (i,F)* = 1F? for
k=1,2,3,4. We obtain
(27)

W (k) = ny, @ o (0k) + ;M|(9k)) F2.

Hence, if the electron-heating field is oriented along
the direction (1,0,0), then, according to Eq. (27), the
Joule power per one electron is identical for all val-
leys. This means that Eq. (26) predicts the identical
temperatures 0 for all valleys (k = 1,2,3,4), with
the electron concentrations nj in all valleys being
identical as well. If so, the polarization dependence
of total spontaneous radiation emitted from all val-
leys disappears. Really, one can see from Eq. (6) or
(9) that, provided identical concentrations and tem-
peratures, the angular dependence remains to be con-
tained only in the factors sin” ¢, and cos? @y. Since,
in accordance with Eq. (22),

4

3
. 4 4
E cos” Pe = E (lk q0)2 = g (qu + qu + qu) = ga
k=1 k=1

we obtain from Eq. (6) that, in the case where the
acoustic scattering dominates in the classical fre-
quency limit,

2 1
x{ @ + @ }dQ. (28)
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Since the concentration of electrons and their tem-
perature in this case, i.e. if the field F is directed
along the axis (1,0,0), do not depend on the number
of valley, we made the substitution of ngf; by nf.
in expression (28).

A formula similar to Eq. (28) can be obtained for
the impurity scattering, by proceeding from expres-
sion (9). Hence, in spite of the angular dependence
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of spontaneous radiation emission by hot electrons
from one valley, the total emission of all valleys does
not depend on the angles, provided that the electron
temperatures in the valleys are identical.

4. The Case of Different
Electron Temperatures in the Valleys

Let the heating field be oriented along the direction
(1,1,1), i.e.

F = Fi;. (29)
Then, in accordance with Eq. (22), we have

1
iL1F)? =F?, (i4F)’=-F% k=2,34. (30)

9
From Eq. (23) with regard for Eq. (30), we obtain

WD(91) = TL1,[LH(91)F2, (3].)

8 1
Wp (0r) = n, {QML(ek) + 9M|(9k)}F27 k=234

(32)

The energy balance equation (26) and expressions
(31) and (32) show that, if the field is oriented along
the direction (1,1,1), three valleys (k = 2,3,4) are
characterized by the same electron temperature and
electron concentration,

92 = 93 = 04; Ng = Ng = N4. (33)
whereas one valley (k = 1) has the ni- and 6;-values
different from those in Eq. (33). Since pg > p for
n-Ge, we may assert that there is one “cold” and
three “hot” (with identical temperatures) valleys at
this field orientation.

Radiation emission by hot electrons in all valleys is

described by the formula

4 4
D> WiBr,mx) = > W0k, mx) +
k=1 k=1

+ Wi(61,n1) — Wi(02,n2). (34)

On the right-hand side of expression (34), the same
term W (62, ne)—the contribution of the (kK = 1)-
valley, but with the same 65 and no, parameters as for
other three hot valleys—is added and subtracted. As
a result of this procedure, we obtain the sum over all
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valleys but with identical temperatures and concen-
trations of electrons, and two more terms, Wy (61:m1)
and —Wj (f2n3). According to Eq. (28), the total ra-
diation emission from all valleys with the same elec-
tron concentration and temperature has no angular
(polarization) dependence. Hence, the entire angu-
lar dependence of spontaneous radiation emitted by
hot electrons in n-Ge in the case where the electron-
heating field F is oriented along the direction (1,1,1) is
given by the difference Wy (01:n1)—Wi(02ms) = AW.

In the classical frequency range, by supposing
the dominant role of acoustic dispersion and taking
Eq. (6) into account, we obtain

AW(a) - 462 {( n191 _ n292 ) %
3m5/2¢3 mlrj_a)(ﬁl) mLTJ_ (92)
x sin? 14 n191 n292 cos? cpl}dQ.
m”T” (91) m”T” (92)
(35)

Expressing sin ¢; and cos?¢; in terms of cos 2y,
formula (35) is transformed to the form analogous
to expression (17) obtained earlier for the one-valley
model,

AW® = AG@ {1 + Ag, cos 21} . (36)

Here, the following notations are used:
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In the case of the acoustic scattering, according to
Eq. (3), we have

mgj ) (6,) m||7'1(01) @1) -

« 1 1
TRJ_TJ(_O) mHTlﬁO) .

Therefore, Egs. (37) and (38) can be rewritten as fol-
lows:

wp 2@ o))

X {’I’Llaf/2 +

Analogously, in the case of the impurity scattering in
the classical frequency limit with regard for formulas
(9)—(11), we obtain

(40)

AW — AG© {1 + Ag. cos 2<,01} ) (41)

where the notations

S IR AR

and
3e 1 1 3/2
— 07" x
327’1’3/203<7ru_7-L (91) m||7'” (91)) !
— + —=| dQ,
<[ 7l

were introduced. Expressions for TiC)H (01) in Eq. (43)

are given by formulas (10) and (11). Note that, if
the weak (under the logarithm sign) dependences on
the electron temperature and concentration are ne-
glected, the expression

( 1 1 >93/2
mLTJ_ (91) mHTﬁ )(91)

can be regarded as a known parameter (a numerical
value) for the given specimen.

AG©@

(43)
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We would like to attract attention to the fact that
the quantities AW (®) and AW () depend differently
on the electron and lattice temperatures. In addition,
AW also depends on the concentration of ionized
impurities. Therefore, the condition AW (®) = AW (¢)
determines the concentration of ionized impurities, at
which the acoustic and Coulomb contributions to ra-
diation emission become equal to each other, provided
that the temperature is fixed. Hence, it is easy to
select such a concentration of ionized impurities, at
which the transition from one dominating scattering
mechanism to the other can be executed by varying
the temperature of electrons (with the help of the
applied electric field).

5. Discussion of the Results and Their
Comparison with Experiment

Formulas (36) and (41) determine the angular depen-
dence of spontaneous radiation emitted by hot elec-
trons in the classical frequency range in semiconduc-
tors with the band structure of the n-Ge type in the
case where the electron-heating field is oriented along
the direction (1,1,1). In this case, we have one cold
valley (with the electron concentration n; and tem-
perature 1) and three hot ones (with the identical
electron concentration ny and temperature 63). The
temperatures #; and 65 can be determined from the
energy balance equation (see Eq. (26)). Let us discuss
the electron concentrations (in our case, these are ny
and na2).

Our calculations were based on the results of ex-
periments carried out at low temperatures (the lattice
temperature was equal to 4 K). The concentrations of
electrons in the valleys were determined from the con-
centration balance equation. As a rule, this equation
is derived with the use of the electron distribution
functions in the valleys taken as the Maxwellian func-
tion with the corresponding effective electron tem-
perature. The electron migration between the val-
leys occurs owing to high-energy “tails” in the elec-
tron distribution functions, i.e. with the participa-
tion of electrons with the energy e > hw,, where
wy, is the frequency of intervalley phonons. Therefore,
the effective temperature approximation in the frame-
work of this energy balance automatically means that
the electron—electron scattering dominates at energies
€ > hw, as well. However, the e — e scattering inten-
sity is known to be proportional to the squared elec-
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tron concentration, whereas the corresponding scat-
tering cross-section is reciprocal to the relative veloc-
ity raised to a power of four. Hence, when the elec-
tron concentration is not high enough, the e — e scat-
tering can thrust the Maxwellian distribution with a
certain effective temperature on a group of electrons
with energies close to the average one (¢ ~ 6,.), but it
ceases to remain the dominating mechanism of scat-
tering for electrons in the energy “tail” with energies
€ > hwy,. As a result, the electron migration between
the valleys becomes insignificant. Just this situation
is realized in our case (relatively high-resistance spec-
imens and low temperatures). Therefore, we consider
below that n; = nsy. Nevertheless, it is worth not-
ing that, besides the different heating of electrons in
the valleys that occurs at definite field orientations
and acts as a driving force, the electron migration
between the valleys can also be a result of the uni-
directional deformation in the specimen. In this case,
the concentrations of electrons in the valleys are also
the functions of applied unidirectional pressure.

Hence, if the field is oriented along the direction
(1,1,1), we obtain one “cold” valley with the electron
temperature #; and three “hot” ones with the tem-
perature 6. In this case,
0y > 91; Ny X Nq. (44)
From Eq. (39), one can see that, in the case where
the acoustic scattering dominates and conditions (44)
are satisfied, the value of Ag, is negative, whereas, at
the impurity scattering in accordance with Eq. (39),
the value of Ag, is positive. So, a conclusion can be
drawn that, if, owing to the temperature growth, the
mechanism of scattering transforms from the impu-
rity to the acoustic one, the angular dependences of
the radiation intensity would undergo the following
modification: minima of intensity should be observed
at those angles where it had maxima.

If the concentration of ionized impurities is known,
the equality AW(® = AW allows one to deter-
mine the temperature, at which the transition takes
place (as the temperature grows) from the impurity
mechanism of scattering to the acoustic one. In Fig. 1,
the theoretically calculated temperatures in the “cold”
and “hot” valleys as the functions of the applied elec-
tric field are plotted. In the corresponding calcula-
tions, we considered that, at the parameter values
quoted in the figure caption, the energy losses of elec-
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Fig. 1. Dependences of the electron temperatures in “cold”
(numbers) and “hot” (primed numbers) valleys of n-Ge on the
heating field at various electron concentrations n = 0.8 x 1014
(curves 1 and 1'), 1.2 x 10'* (curves 2 and 2’), and 1.5 x
10'* cm=3 (curves 3 and 3'). The lattice temperature Ty =
42 K
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Fig. 2. Dependences of the coefficient Ag on the heating
field F' for various concentrations of charge carriers in n-Ge
n=0.8x10" (1), 1.2x10™ (2), and 1.5x10™ cm~3 (3). The
lattice temperature Ty = 4.2 K
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Fig. 3. Polarization angular dependences of THz radiation
emitted by n-Ge (n = 2.5 x 10'® cm™3) under the action of
electric field
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trons stem from their interaction with lattice acous-
tic vibrations, and the momentum relaxation results
from the electron scattering by impurities and acous-
tic phonons. We also considered the electron momen-
tum relaxation at the spontaneous emission of acous-
tic phonons, which is a substantial factor at low tem-
peratures [9]. In calculations, the minimum tempera-
ture of electrons was selected to equal 60 K, because
the validity of the Born approximation used to derive
the expressions for the electron mobility components
becomes problematic at lower temperatures.

Note that, if either of the scattering mechanisms
dominates in the momentum relaxation (the momen-
tum is scattered by either acoustic phonons or ion-
ized impurities) and the interaction of electrons with
acoustic phonons prevails in the energy relaxation,
the expressions for the temperatures of “cold” and
“hot” electrons can be obtained from formulas (23),
(24), and (26) in the general analytical form. In par-
ticular, if the relaxation of both the electron momen-
tum and energy takes place on acoustic phonons, we
obtain the following expression for the temperature of
electrons in the k-th valley, the orientation of which
is given, in accordance with Eq. (27), by the unit
vector i:

O = g + {<0>2 + \/é[u(f) (0) F? +

1/2
(- 0) 0]} (45)
where
_ 8V2md
Ca = 773/2Lii4p (46)

The corresponding expressions for the acoustic mo-
bility components are given by formulas (5).

In the case where the energy relaxation of hot
electrons is related to their interaction with acoustic
phonons, and the momentum relaxation to the scat-
tering by ionized impurities, we obtain from Eq. (26)
that

1 c
0, = 9{1 - [;ﬁj (6) F>+

(o 0 - 0) ]| (47)
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The corresponding expressions for the impurity
mobility components are given by formulas (15).
(While deriving Eq. (47), we used the approximation

() AE
Mf7” (0k) ~ (9) Mf” (9),

i.e. we considered the temperature dependence of the

(48)

impurity scattering in the form 92/ % and neglected the
weak dependence on 5 under the logarithm sign.)

From Egs. (45) and (47) with the use of formula
(27), it is easy to obtain the temperatures of electrons
in the “cold” and “hot” valleys.

Note that, in the case where the momentum re-
laxation is associated with the electron scattering by
both acoustic phonons and ionized impurities, the ex-
pression for Joule energy (23) must include the com-
ponents of the resulting mobility, y, | (¢). Approxi-
mately, those components can be expressed in terms
of the components of the acoustic and impurity mo-
bilities as follows:

LU S
pen @) o) w0

Formula (49) testifies that the resulting mobility is
mainly governed by the mechanism that results in a
lower mobility. Therefore, when the impurity mo-
bility “becomes higher” than the acoustic one, as the
temperature grows, formula (47) for the electron tem-
perature has to be substituted by formula (45).

In Fig. 2, the field dependences of the coefficient

(49)

Ag— AG W Ag, + AG© Ag,
97 TTAG@ + AGO

(50)

that characterizes the resulting angular dependence
of types (36) and (41) at the simultaneous action of
the acoustic and impurity mechanisms of scattering
are exhibited. The figure shows that the coefficient
Ag changes its sign at different values of the electron-
heating field, depending on the concentration of ion-
ized impurities. This regularity is associated with the
fact that the substitution of the impurity mechanism
of scattering by the acoustic one occurs at differ-
ent electron temperatures, depending on the impurity
concentration. The change of the Ag-sign means that
the maxima in the periodic angular dependence of
spontaneous radiation emitted by hot electrons grad-
ually transform into minima, as the field varies.
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Fig. 4. Polarization angular dependences of THz radiation
emitted by n-Ge (n = 6 x 101 cm~3) at various temperatures
(temperature of the environment of the emitting specimen is
indicated). The applied electric field F' = 140 V/cm
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Fig. 5. Polarization angular dependences of THz radiation
emitted by n-Ge (n = 1.5 x 10'* cm™3) at various pressures
P=0(1),1(2),3(3), and 5 kbar (4). F =200 V/cm
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minimum (2) to maximum (4 ). The electric field F = 32 V/cm
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Figures 3 to 5 exhibit the polarization dependences
experimentally measured for n-Ge. The measurement
technique was described in work [8] in detail. The
electron-heating field was oriented in the direction
(1,1,1). Figures 3 and 4 demonstrate the influence of
the electric field magnitude and the lattice temper-
ature, respectively, on the angular dependences con-
cerned. As one can see from Egs. (39) and (42), the
sign of coefficient Ag can be inverted by changing
the concentration of electrons in the “hot” valleys by
means of a unidirectional pressure (as a result, the
electrons are moved into the “cold” valley). Figure 5
illustrates how this action affects the polarization de-
pendences.

It is worth noting that the acoustic mechanism of
scattering can be substituted by the Coulomb one
by illuminating the specimen with visible light. Such
illumination increases the concentration of Coulomb
scattering centers and can change the lattice scat-
tering to the Coulomb one. As is seen from Fig. 6,
the illumination considerably changes the polariza-
tion characteristics. However, for this effect to be in-
terpreted unequivocally, the influence of illumination
on the electron temperature should be estimated.

Hence, which of the electron scattering mecha-
nisms dominates under specific conditions depends
on the lattice temperature, electron heating (which,
in turn, depends on the field magnitude and orien-
tation), impurity concentration, unidirectional pres-
sure, and illumination. Therefore, all those factors af-
fect the polarization characteristics of spontaneous
radiation emitted by hot electrons.
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BIIJINB AHIBOTPOITHUX MEXAHI3MIB
PO3CISIHHA HA TTOJISIPUBAIINHI 3AJIEXKHOCTI
TEPATEPIIOBOTI'O BUITPOMIHIOBAHHA
TAPAYNX EJIEKTPOHIB

Pesmowme

TeopeTuvHO i eKClIepIMEHTAJIBHO JOCJIiI?KEHO BILJIUB aHI30TPO-
ITHUX MeXaHIi3MiB PO3CislHHSA Ha NOJIApU3alliifHi 3aJI€KHOCTI Te-
pareprosoro (TT1l) BUnIpOMiHIOBaHHS rapsvuX €JIEKTPOHIB y
GaraTo0IMHHUX HamiBIpoBiaHukax Tuny n-Ge. OcHOBHY yBa-
ry NPUIIJIEHO CUTYyallil, KOJu IPUKJIaJeHe 10 0araTog0IMHHO-
o HAIIBIIPOBIJHUKA eJIEKTPUYHE II0JIe HAIIPABJIEHO Y HAIPsIM-
Ky, HecuMeTpudIHOMY BimHocHo mosmu. Iloxkasamo, mo 3amina
aHI30TPOITHOI'O MeXaHI3My PO3CisIHHS eJIEKTPOHIB i0OHI30BaHUMU
JOMIIIKaMHU Ha aHI30TPOIHUI MeXaHi3M pPO3CisIHHA IX aKyCTH-
qHIMY (DOHOHAMHU BeJle O 3aMiHM MAKCUMYyMiB Ha MiHIMyMu Ha
nepioAnYHIN IoIAPU3aliifiHiil KyTOBIi 3aJ1€2KHOCT] iHTEHCUBHO-
CTi BUIPOMIHIOBAHHS rapsvuX €JIEKTPOHIB. 3aMiHa OLHOTO HO-
MIiHYIOYOr0 MeXaHi3My PO3CisIHHS iHIIUM MOXKe OyTH 3yMOBJIE-
Ha HU3KOIO IPUYMH: 3MIHOIO TEMIIEPATYPH I'PDATKA ab0 KOHIIEH-
Tpallil 10HI30BaHUX JIOMIIIOK, 3MiHOIO BeJInduHu abo opieHTaril
PO3IrpiBarov0ro eJIeKTPOHHU MOJIs, IPUKJIAIEHHIM OTHOHAIIPAB-
JIEHOTO TUCKY abo miicBiTKOIO 3paska. llokazano, mo Bci mi
NIPUYMHY BINIMBAIOTh HA MOJIAPHU3aIiilHI 3aJ1€2KHOCTI CIIOHTaH-
HOIO BUIIPOMIHIOBAHHS TapsiYuX €JIEKTPOHIB y BUIAJKY, KOJIU
TeMIIEPATypPHU €JIEKTPOHIB Pi3Hi B PI3HUX JOIMHAX.
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