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The In0.4Ga0.6As/GaAs heterostructure with quantum-dot chains
has been studied. Dark current measurements reveal the anisotropy
of electrical properties of the structure in the temperature range
77–150 K. The wave-function damping length and the average hop-
ping distance in the heterostructure are calculated. The energy
diagram of the heterosystem is analyzed by using the lateral pho-
tocurrent and photoluminescence spectroscopies. The activation
energies of electrons and heavy holes were determined from exper-
imental data in the framework of a theoretical model proposed for
the temperature dependence of the lateral photocurrent.

1. Introduction

Semiconductor heterostructures with quantum dots
(QDs) and quantum threads demonstrate unique fun-
damental properties owing to the quantum-mechanical
size effects, which is promising for the application of
those objects in nanoelectronics. On the basis of low-
dimensional heterostructures of type I, novel optoelec-
tronic devices have been created. The InAs QDs in
GaAs matrices were used as an active medium in infra-
red lasers [1], as well as a material for optical informa-
tion storage devices [2] and novel single-electron [3] and
quantum-information facilities [4]. A considerable num-
ber of publications were devoted to the study of optical
properties of InGaAs/GaAs heterostructures with QDs

using absorption spectroscopy [5, 6], photoluminescence
(PL) [7, 8], and Raman spectroscopy [9].

The features of the electron spectrum and the longi-
tudinal motion of charge carriers in such heterostruc-
tures allow the latter to be used as a basis for the cre-
ation of infra-red photodetectors and photoresistors with
quantum-sized objects in the active region, in which the
interband and interlevel transitions are engaged. In par-
ticular, photodetectors with InGaAs QDs were devel-
oped, which are photosensitive in the medium (3–5 µm)
and far (8–14 µm) infra-red ranges [10–12]. In works
[13, 14], the generation of a photocurrent and a photo-
emf in lateral structures, in which a photoexcited current
carrier has to overcome a GaAs barrier to reach the con-
tacts, has been studied. In researches of the lateral pho-
tocurrent, localized nonequilibrium charge carriers have
to be excited to a two-dimensional wetting layer (WL),
in which the transport of charge carriers is possible along
the direction of an applied weak electric field. The es-
cape of the charge carriers localized in QDs takes place
as a result of either their band-to-continuum transitions
[15] or the processes of thermally induced emission.

The processes of thermal emission and capture of
charge carriers by localized states in QDs substantially
affect the longitudinal transport and the recombination
phenomena in and the photosensitivity of quantum-sized
heterostructures of type I [16]. The understanding of
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Fig. 1. Schematic diagram of specimens with InGaAs quantum
dots and the geometry of eutectic Ge–Au contacts

the temperature dependences of the charge carrier emis-
sion processes from QD levels will allow the mechanism
of photosensitivity and the factors that restrict the effi-
ciency of InGaAs/GaAs-based photodetectors to be elu-
cidated. We tried to comprehend the role of the charge
carrier capture at localized and delocalized states in QDs
in the lateral photocurrent generation.

This work aimed at studying the influence of thermal
emission processes on the temperature dependences of
the lateral dark current (DC), lateral photoconductivity
(LPC), and PL in In0.4Ga0.6As/GaAs heterostructures
with quantum dots. The researches were also aimed at
comparing between the dark conductivity and the photo-
conductivity in the cases where the electric field was ap-
plied either along or across the QD chains. By analyzing
the shape of the obtained temperature and spectral de-
pendences, we determined the activation energies for the
processes of thermally induced electron and hole emis-
sion from the QD states, as well as the electron spectrum
of heterostructures under investigation.

2. Experimental Part

Multilayered low-dimensional In0.4Ga0.6As/GaAs het-
erostructures to study were grown up using the method
of molecular beam epitaxy. To eliminate defects, the
GaAs(100) substrate was covered with a GaAs buffer
layer. An In0.4Ga0.6As layer of the thickness dInGaAs =
4 nm was grown up on the GaAs buffer and covered
with a thin GaAs layer of the thickness dGaAs = 38 nm.
This procedure was repeated 17 times (Fig. 1). The
In0.4Ga0.6As/GaAs structures were so grown up that
the QDs had a chain-like arrangement. The average
distance between the QD chains was 90 nm. The to-
pograms (Fig. 2) registered on a Ntegra (NT–MDT)
atomic-power microscope were analyzed to obtain the

Fig. 2. AFM images of the surface layer of the In0.4Ga0.6As/GaAs
heterostructure

surface concentration of QDs, which amounted to about
2 × 1010 cm−2, as well as their average width (48 nm)
and height (≈ 7 nm).

For experiments, we prepared specimens with two dif-
ferent arrangements of contacts, oriented in parallel and
perpendicularly to the QD chain direction in the spec-
imen. Such geometries of contact arrangement ensured
that the current runs through the specimen in either of
two mutually orthogonal directions, along the QD chains
or perpendicularly to them. Ohmic contacts 0.6 mm in
diameter which are located at a distance of 3 mm from
each other were formed on the basis of Au-Ge eutectic
alloy on the surface of specimens with epitaxial layers.
As a result, the ohmic contacts with every epitaxial layer
and the GaAs substrate were provided (Fig. 1).

The DC and photocurrent measurements were carried
out using a current amplifier and a standard technique of
detection of a constant photocurrent in the temperature
range from 77 to 290 K. The voltage U = 16 V was
applied to the specimen.

To study the optical transitions under LPC conditions,
we applied the method of photocurrent spectroscopy in
the geometry where the exciting radiation fell normally
onto the surface. The spectral LPC dependences were
measured on an infra-red spectrometer in the energy
range from 0.8 to 1.6 eV. The obtained spectral depen-
dences of the photocurrent were normalized to a constant
number of exciting radiation quanta with the help of a
non-selective pyroelectric detector.

PL measurements were carried out following the stan-
dard technique on an infra-red spectrometer and in the
same energy range hν = 0.8 ÷ 1.6 eV. Excitation was
carried out using a laser with a wavelength of 404 nm
and a power of 5 W/cm2. The spectral width of a slit
in this measurement range was 17 meV. The specimen
temperature was 77 K. A cooled Ge photodetector was
used for the radiation registration.
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3. Results and Their Discussion

3.1. Dark current measurements

In Fig. 3, the temperature dependences of DC at an
identical bias voltage of 16 V applied perpendicularly
to the QD chains (a dotted curve) and along them (a
solid curve) are depicted. The largest differences be-
tween them are observed within the temperature inter-
val ranging from 77 to 150 K, when the conductivity
of wide-band-gap GaAs is low, and the charge carriers
mainly move along the layers with QD and WL, which
are characterized by a higher equilibrium concentration
of charge carriers. Different temperature dependences
were observed in this temperature range, which points
to different mechanisms of charge carrier transport, i.e.
to the anisotropy of electric properties.

At low temperatures, the transport of charge carri-
ers is substantially affected by the processes of thermal
emission and capture of charge carriers in the potential
wells of InGaAs QDs. Namely, the charge carriers, af-
ter their thermally assisted escape from the potential
well into delocalized states of barrier levels, drift toward
the contacts and find themselves in the field of the next
well which is capable to capture them. After being cap-
tured by the potential well, the charge carriers can be
thermally activated to transit again into the delocalized
state. The processes of recapturing and thermal emission
are repeated as the charge carriers move toward the con-
tacts. Such a hopping mechanism of charge transfer is
described in works, where the conductivity in nanofilms,
as well as heterosystems of type II, were studied [17–
19]. In the low-temperature interval ranging from 77 to
150 K, the temperature dependence of the conductiv-
ity in the case where the charge carriers drift along QD
chains can be described by the expression

IDC ∼ σ = σ0 exp

[
−
(
TES

T

)0,5
]
. (1)

Hence, the so-called “1/2 law” is obeyed. It is predicted
both in the Efros–Shklovskii model of hopping conduc-
tivity with a variable hopping length [20] and in the Mott
model for the one-dimensional (1D) case where the elec-
tron motion is quantized in two directions. However, to
substantiate the one-dimensionality of the examined sys-
tem for actual sizes of QDs is a difficult task. The aver-
age lateral size of nanoislands is 40 nm, i.e. the condition
for the charge carrier motion quantization is satisfied in
one direction only; it is the direction of growth.

Adopting the Efros–Shklovskii model as a basis, we
carried out calculations admissible for the structure con-

Fig. 3. Temperature dependences of DC in In0.4Ga0.6As/GaAs
heterostructures in the temperature range from 77 to 290 K with
the contacts oriented in parallel (solid curve) or perpendicularly
(dashed curve) to QD chains. The insets show the same depen-
dences in logarithmic coordinates for the parallel (A) and perpen-
dicular (B) contact geometries

cerned. In particular, in formula (1), TES = 1
4πε0ε

Ce2

kBξ
,

where ξ is the wave function localization radius, kB the
Boltzmann constant, e the electron charge, and C a nu-
merical coefficient depending on the structure dimen-
sionality [20]. The theoretical value of the constant C
for the two-dimensional (2D) model of particle capture,
if the recapture is not considered, is C = 6.2 [20]. The
dielectric permittivity of InGaAs is ε = 13.1.

The parameter σ0 is not a constant for the majority
of structures, depending on the charge carrier concen-
tration at localization levels which are engaged into the
conductivity. In turn, the concentration of charge car-
riers is a function of the temperature. As a result, the
general form of the σ0(T )-dependence looks like [21]

σ0 = γT m, (2)

where γ is a parameter independent of the temperature.
In Fig. 3 (inset A), the temperature dependence of the
dark current plotted in the coordinates ln2(IDC/T

0.5)
versus (kBT )−1 is depicted. In those coordinates, the
straight line with the slope m = 0.5 was obtained in the
temperature interval from 77 to 150 K. The tangent of
the slope angle of this straight line was used to calculate
the parameter TES = 15500 K and the wave function
localization radius ξ = 0.5 nm.
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Fig. 4. LPC spectra of In0.4Ga0.6As/GaAs heterostructures with
the geometries of contacts in parallel (solid curve) and perpendic-
ularly (dashed curve) to a QD at 77 and 290 K. The PL spectrum
obtained at 77 K is shown in the inset

The average hopping distance is [21]

rh =
ξ

4

(
TES

T

)0,5

. (3)

We used the values obtained for ξ and TES in the temper-
ature range 77–150 K to calculate the hopping distance
rh = 1.25 ÷ 1.75 nm. This magnitude is comparable
with the distance between the edges of neighbor nanois-
lands. As is seen from the AFM images of the upper
heterostructure layer, the distance between the neighbor
QD chains is about 90 nm which is much larger than the
average hopping distance in this structure.

If the electric field is applied perpendicularly to the
chain direction, another conductivity mechanism, dif-
ferent from the hopping one, is realized. In the con-
cerned temperature interval 77–150 K, the temperature
dependence of DC demonstrates the activation character
(Fig. 3). The curve shape is governed by the processes of
thermal emission, taking into account the temperature-
induced variations of the charge carrier concentration in
the states of InGaAs QDs,

IDC ∼ T y exp
(
− Ea

kBT

)
, (4)

where Ea is the activation energy of charge carriers. In
Fig. 3 (inset B), the temperature dependence of the dark
current plotted in the coordinates ln(IDC/T

0.5) versus
(kBT )−1 is exhibited. In those coordinates, the straight

line with y = 0.5 and Ea = 70 ± 10 meV was obtained.
In our case, the obtained value y = 0.5 corresponds to a
dependence typical of the quantum well. The obtained
value for Ea is the activation energy of majority carriers
in the heterosystem.

As the temperature grows from 150 to 290 K, the dark
current curves for both specimens change their shapes.
Such a behavior can be explained by the fact that the
capture of charge carriers onto localized states is less
probable at high temperatures, so that only the scatter-
ing of charge carriers by QDs takes place. In addition,
the temperature growth results in an acceleration of the
rate of charge carrier thermal generation in the inter-
mediate GaAs layers and the WL, which makes their
conductivity higher and, using the QDs, shunts the cur-
rent.

3.2. Photocurrent and photoluminescence
measurements

The LPC spectral dependences for the
In0.4Ga0.6As/GaAs heterostructure measured at
room temperature and at 77 K are depicted in Fig. 4.
The minimal energy of quanta that stimulated the pho-
tocurrent was 1.17 ± 0.01 eV at room temperature and
1.22 ± 0.01 eV at 77 K. In the spectral interval, where
crystalline GaAs is transparent (hν < 1.43 eV at 290 K
and hν < 1.51 eV at 77 K), the nonequilibrium charge
carriers are generated as a result of interband optical
transitions with the assistance of states in nano-sized
InGaAs QDs or in the wetting layer. Depending on
the dimensions of InGaAs QDs and the In content in
them, the number and the arrangement of levels in the
quantum well are changed [4]. According to the results
of our calculations, the examined structure had one
level of quantization for electrons in the QD conduction
band (Ee1) and two levels of quantization for heavy
holes (hh) in the QD valence band (Ehh1 and Ehh2).

The energy of transitions, which is observed in the
LPC spectra and corresponds to transitions, in which
the ground states of QDs participate, amounts to 1.22±
0.01 eV at 77 K (Fig. 4). The growth of a LPC signal
starting from an energy of 1.30 ± 0.01 eV corresponds
to transitions in QDs, in which the excited states are
engaged. In the energy interval from 1.22 to 1.51 eV, we
observe two maxima which correspond to the transitions
from the levels of heavy and light holes into the WL
[22]. The positions of the maxima correspond to EWL

hh =
1.46 ± 0.01 eV and EWL

lh = 1.50 ± 0.01 eV, so that the
splitting of the WL level into heavy- and light-hole (lh)
levels amounts to 40 meV.
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Fig. 5. Energy diagram of the In0.4Ga0.6As/GaAs heterostructure

The shape of the LPC spectrum obtained at 290 K dif-
fers from that obtained at 77 K (Fig. 4). At room tem-
perature, a sharp growth of the photosensitivity was ob-
served at 1.17± 0.01 eV, which corresponds to the inter-
band transition energy with the participation of ground
QD states. The energy of the basic transition Ehh−e1
is known to diminish as the temperature increases [1].
The difference between the energies of the basic tran-
sition Ehh−e1 in the QD at 77 and 290 K is equal to
50 meV. A further increase of the photocurrent signal
at energies higher than 1.28 ± 0.01 eV corresponds to
interband transitions in QDs with the participation of
excited states. The LPC spectrum also allows one to
obtain the energy of transition from the heavy-hole level
in the WL, EWL

hh = 1.37 ± 0.01 eV, which corresponds
to the LPC maximum. The contribution given by the
light-hole levels in the WL cannot be separated.

Figure 4 (the inset) demonstrates the PL spectrum
of the In0.4Ga0.6As/GaAs heterostructure with QDs ob-
tained at 77 K. The PL researches revealed a radia-
tive recombination transition only with the participa-
tion of ground QD states Ehh1 and Ee1. The max-
imum of the PL peak corresponds to an energy of
1.235 ± 0.01 eV. This value is the energy of the tran-
sition from the QD ground state and, within the mea-
surement error, coincides with the corresponding values
obtained from LPC spectra. Transitions with the as-
sistance of excited states were not observed, because
low intensities of exciting radiation were used in our
experiment. In order to observe the transitions with
the participation of states with n = 2 and the tran-
sitions into the wetting layer, high intensities of exci-
tation (> 50 W/cm2) have to be used [7]. However,
the interpretation of electron spectra obtained at high
intensities within the PL spectroscopy method is not

Fig. 6. Temperature dependences of integrated PL (dashed curve)
and LPC measured perpendicularly (solid curve) and in parallel
(dotted curve) to QD chains for transitions from the QD ground
state

correct, because the electron spectra undergo substan-
tial distortions at such deviations from the equilibrium
state.

3.3. Temperature dependences of
photoconductivity and photoluminescence

Electrons and holes generated owing to the interband
transitions in QDs are localized at first in the QDs
and cannot take participation in charge transfer pro-
cesses. Those carriers can contribute to the photocur-
rent, if they are in delocalized states of barrier layers.
The carriers can transit there owing to the processes
of thermal emission, after having overcome the poten-
tial barrier, Ee

a in height for electrons and Ehh
a for holes

(Fig. 5) [10]. In works [22–24], the influence of thermal
emission processes on the transverse transport and PL
in InGaAs/GaAs heterostructures was studied. It was
shown that thermal emission occurs mainly into the WL
states, and that interface states and dislocations at inter-
faces between QDs, the WL, and GaAs are dominating
channels of radiationless recombination of electron-hole
pairs.

In order to study the thermal emission processes and
determine the activation energies Ee

a and Ehh
a , we mea-

sured the temperature dependences of the integrated
LPC for specimens with the parallel and perpendicular
geometry of contacts and PL (Fig. 6) in the temperature
range from 77 to 290 K.

In the temperature measurements, the signal of in-
tegrated LPC (Fig. 6) corresponded to transitions
with the participation of the QD ground state in the
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In0.4Ga0.6As/GaAs heterostructure. In the tempera-
ture range 77–135 K, the exponential growth of the
photocurrent corresponding to the basic transition was
observed. A further temperature elevation to 240 K
was accompanied by a photocurrent reduction. Bas-
ing on the relation ΔEc/ΔEv = 0.6 for the ampli-
tudes of the conduction and valence band mismatches
in heterostructures with such a composition [1], the as-
sumption was made that the activation energy for an
electron in the heterostructure concerned is lower than
that for a hole, Eea < Ehh

a . The shape of the tem-
perature dependence can be explained from the follow-
ing speculations. If the temperature grows within the
interval from 77 to 135 K, it is predominantly elec-
trons that are thermally activated to the WL conduc-
tion band (Fig. 5). The increase of the LPC signal
at a temperature elevation is explained by the growth
of the concentration n of thermally activated free elec-
trons on the barrier levels, which did not recombine
through the radiationless channels into the WL and gave
a contribution to the photocurrent. The rate of electron
generation for such a process depends on the tempera-
ture,

n

τesc
= A exp

(
−E

e
a

kT

)
. (5)

If the temperature continues to increase above 135 K,
the process of thermal activation of holes, for which the
barrier in the valence band is higher, starts to consid-
erably affect the longitudinal photocurrent signal. The
rate Ehh

a of hole generation to the WL valence band is
determined by the relation

p

τrec
= B exp

(
−E

hh
a

kT

)
. (6)

When the holes transit into delocalized states of
the WL valence band, they recombine nonradiatively
with the participation of interface states or dislocations
[24]. If the concentration of thermally activated holes
p increases, the rate of radiationless recombination of
electron-hole pairs grows, which results in a photocur-
rent reduction. In this case, the variation of the electron
concentration in the conduction band of barrier layers
looks like

dn

dt
= A exp

(
−E

e
a

kT

)
− n

τcap
− γnp, (7)

where n
τcap

is the QD electron capture rate, and γnp is
the rate of radiationless band-to-band recombination in

the WL. If the stationary process runs at a low tem-
perature, so that the rate of radiationless recombination
can be neglected, the expression for the concentration of
delocalized (free) electrons looks like

Δn = Aτr exp
(
−E

e
a

kT

)
. (8)

Hence, in the temperatures range from 77 to 135 K,
when it is predominantly electrons that are thermally
activated, the photocurrent density is proportional to
the conductivity variation,

IPC ∼ Δσ ∼ µeΔn = µeAτr exp
(
−E

e
a

kT

)
, (9)

where e and µe are the charge and the mobility of an
electron, respectively.

In the temperature range from 135 to 240 K, the con-
tribution of holes thermally activated from the localized
states of the QD valence band becomes appreciable. For
this case, the expression for the delocalized (free) hole
concentration is

Δp = Bτr exp
(
−E

hh
a

kT

)
. (10)

In this range, the expression for the stationary con-
centration of delocalized electrons can be approximately
calculated on the basis of expression (6)

IPC ∼ µen =
µeA exp(−Ee

a/kT )
τ−1
r + γBτr exp(−Ehh

a /kT )
. (11)

Using the obtained expressions (9) and (11) in the
corresponding temperature ranges, we approximated the
temperature dependence of LPC and obtained the fol-
lowing values of activation energies for thermal emis-
sion processes: Ee

a = 62 ± 10 meV for electrons and
Ehh

a = 112± 10 meV for heavy holes.
The described processes of thermal emissions are also

responsible for the temperature dependence of the inte-
grated PL (Fig. 6). The PL signal corresponds to radia-
tive recombination transitions with the assistance of the
QD ground state of the In0.4Ga0.6As/GaAs heterostruc-
ture. Within the whole temperature interval from 77 to
210 K, the PL quenching with the temperature increase
was observed.

The temperature dependence of the integrated PL has
a complicated profile, which testifies to the existence of
several channels for the thermal emission of nonequilib-
rium carriers from the QDs. When the heterostructure
temperature increases from 77 to 120 K, electrons from
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the QD localized states are thermally activated onto de-
localized states in the WL or the GaAs barrier. If the
temperature grows further, from 120 to 290 K, the ther-
mal activation of holes begins to give an appreciable con-
tribution. An increase in the concentration of thermally
activated holes enhances the rate of radiationless recom-
bination between electron-hole pairs, which gives rise,
in turn, to a reduction in the number of pairs that can
recombine radiatively.

The PL intensity in the case of several channels of PL
quenching is described by the following expression [22]:

IPL ∼
Imax

1 +D exp(−Ee
a/kT ) + F exp(−Ehh

a /kT )
, (12)

where D and F are constants. Having approximated ex-
perimental data for the integrated PL by dependence
(12), we obtained the values for the activation ener-
gies of electrons, Ee

a = 73 ± 10 meV, and heavy holes,
Ehh

a = 117±10 meV. The magnitudes of activation ener-
gies derived from the temperature dependences of LPC,
PL, and DC coincide with one another to within the
calculation error.

The value of activation energy, being summed up with
the value for the energy of QD ground state transition
(1.235 eV), which was obtained from PL and LPC mea-
surements, gives 1.43±0.02 eV. This energy value is close
to the energy of the transition from the heavy hole level
in the WL (1.46 eV at 77 K). Hence, it is highly proba-
ble that the transport of charge carriers in InGaAs/GaAs
structures occurs in the WL plane, where the energy gap
width is narrower than that in single-crystalline GaAs,
and, respectively, the heights of barriers for electrons
and holes are lower. Such a transfer processes can be
considerably affected by the processes of radiationless
recombination of electron-hole pairs, with the participa-
tion of interface and WL dislocation states [25].

4. Conclusions

At low temperatures, the transport of charge carriers
in In0.4Ga0.6As/GaAs heterostructures with QD chains
is substantially influenced by the processes of thermal
emission and capture of charge carriers, which the In-
GaAs potential wells are responsible for. In the low-
temperature range from 77 to 150 K and when the cur-
rent in a specimen runs in parallel to QD chains, the
mechanism of charge carrier transfer can be described
with the help of the Efros–Shklovskii law for the hopping
conductivity with a variable hopping distance. The ra-
dius of wave function localization ξ = 0.5 nm was calcu-
lated. On the other hand, in the case where the current

runs in a specimen normally to QD chains, the tempera-
ture dependence of DC can be described in terms of the
processes of temperature activation of charge carriers to
delocalized states.

Heterostructures In0.4Ga0.6As/GaAs with QDs re-
vealed the photosensitivity in the intervals of photon
energies hν > 1.22 eV at 77 K and hν > 1.17 eV at
290 K, where single-crystalline GaAs is transparent. It
was shown that nonequilibrium charge carriers are gen-
erated as a result of interband transitions in the ground
state of QD, transitions from Ehh2-levels into the con-
duction band continuum, and transitions with the par-
ticipation of the QD environment. The method of lateral
photocurrent spectroscopy was used to determine the en-
ergies of those transitions. In PL researches, only the
radiative recombination transition with the assistance
of QD ground states was observed. The corresponding
transition energy coincided with the energy determined
from the LPC spectra.

Mathematical equations for the description of the tem-
perature dependence of the photocurrent have been de-
rived. The obtained expressions were used to determine
the activation energies Ee

a and Ehh
a .
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ВПЛИВ ТЕРМIЧНОЇ АКТИВАЦIЇ НОСIЇВ
ЗАРЯДУ НА ТЕМПЕРАТУРНI ЗАЛЕЖНОСТI
ТЕМНОВОГО СТРУМУ, ФОТОПРОВIДНIСТЬ
ТА ФОТОЛЮМIНЕСЦЕНЦIЮ ГЕТЕРОСТРУКТУР
In0,4Ga0,6As/GaAs З КВАНТОВИМИ ТОЧКАМИ

О.В. Вакуленко, С.Л. Головинський, С.В. Кондратенко,
I.А. Гринь, В.В. Стрiльчук

Р е з ю м е

У данiй роботi дослiджено In0,4Ga0,6As/GaAs гетерострукту-
ру з ланцюгами квантових точок. Температурними дослiджен-
нями темнового струму встановлено iснування анiзотропiї еле-
ктричних властивостей структури у температурному дiапазонi
вiд 77 до 150 К. Обчислено значення величин локалiзацiї хви-
льової функцiї та середню довжину стрибка у гетеросистемi.
Методом спектроскопiї латерального фотоструму та фотолю-
мiнесценцiї дослiджено енергетичну структуру гетеросистеми.
Запропоновано теоретичну модель опису температурної зале-
жностi латерального фотоструму, в рамках якої з експеримен-
тальної залежностi отримано значення енергiй активацiї для
електронiв та важких дiрок.
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