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Properties of the lateral photocurrent in In;Gaj_;As/GaAs het-
erostructures with quantum dot (QD) chains at various indium
concentrations x are investigated. At the interband excitation of
QDs by quanta with hv = 1.2 eV, the structures have revealed
a long-term rise and the relaxation kinetics of the photocurrent
as well as the effect of residual conductivity after the exciting ra-
diation is turned off. Analyzing the data on thermostimulated
conduction (TSC) after the excitation by optical radiation in the
region of QD absorption, the following energy levels of defect states
with respect to the GaAs conduction band were found: 0.11 eV,
0.16 eV, 0.21 €V, 0.24 €V, and 0.35 eV. Investigations of the lat-
eral photoconduction (LPC) made it possible to discover transi-
tions involving the levels of electron traps of EL2 and EB3 GaAs
intrinsic defects. In the simplest case of a nanostructured pho-
toconductor with one trapping center, we obtained an analytical
expression for the photocurrent kinetics of conduction electrons
that was confirmed by experiments with Ing.4Gag.eAs/GaAs sam-
ples. The kinetics of Ing.5Gag.5As/GaAs photoconductors is more
complex and described only qualitatively.

1. Introduction

Heterostructures with self-organized quantum dots at-
tract attention from the viewpoint of fundamental
physics and their practical application in optoelectron-
ics. The electron structure and the optical properties
of such systems are determined by the QD shape and
size, their composition profile, mechanical stress distri-
bution, and so on [1]. In,Ga;_,As QDs surrounded by
GaAs belong to structures, in which the motion of charge
carriers of both signs (electrons in the conduction band
and holes in the valence band) is somewhat restricted.
These structures are particularly characterized by inter-
band and intraband transitions with the participation of
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quantum-sized states successfully used in infrared pho-
todetectors, light-emitting diodes, and lasers [2, 3].

Investigations of photoelectric properties of two-
dimensional heterostructures based on A Byi and
ABy compounds, silicon, and so on, have revealed a
complex conduction mechanism. These structures man-
ifest the long-term relaxation kinetics of the photocur-
rent and the effect of residual conductivity resulting in
the registration of thermally stimulated current bands
[4, 5]. Such defects are caused in general by struc-
tural defects that can spatially separate charge carri-
ers due to their localization at defect trapping centers.
In,Ga;_,As/GaAs heterostructures with QDs are not
an exclusion. The mismatching of the lattice constants
of In, Ga;_,As QDs and their GaAs surrounding (~ 7%)
results in considerable mechanical stresses in the QD
vicinity, which causes, in turn, the formation of inter-
face defects. The latter can significantly influence the
properties of systems with QDs and, thus, the operation
of electronic and optoelectronic devices on their basis.

One of the effective methods in deep-level spec-
troscopy of crystal and amorphous semiconductors is
thermostimulated conduction (TSC) [6-8]. In con-
trast to the standard and more widespread Deep-Level
Transient Spectroscopy (DLTS), the TSC method is
preferable when analyzing traps in low-conductivity het-
erostructures, where charge carriers are transferred along
barrier layers.

In this work, we analyze the effect of deep levels on the
conductivity and the photoconductivity of heterostruc-
tures with In,Ga;_,As QDs at various relative concen-
trations of In/Ga. It is shown that, at temperatures of
< 200 K, the deep levels in a QD vicinity accumulate the
negative charge, which causes the residual conductivity
and TSC. The photoelectric properties of samples with
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Fig. 1. AFM images of the upper layer of the Ing.4Gag.gAs/GaAs (a) and Ing.5Gag.5As/GaAs (b) heterostructures

different In concentrations (and thus different amounts
of defects in the structure) are compared.

2. Experiment

The multilayer In,Gaj_,As/GaAs heterostructures un-
der study were grown by the molecular beam epitaxy
technique on a semiinsulating GaAs substrate with (100)
crystal orientation of the cut surface. After remov-
ing an oxide layer from the surface, a buffer 0.5-nm
thick GaAs layer was grown on it at the temperature
Ts = 600 °C. After that, the substrate temperature was
reduced to 540 °C, and N periods of In, Ga;_, As/GaAs
were grown. The nominal indium concentration z in
two types of the studied multilayer In,Gai_,As/GaAs
structures was equal 0.4 or 0.5. The growth rate of GaAs
and In,Ga;_,As amounted to 0.4 and 0.8 ML/s, respec-
tively. The sample was grown at a constant pressure
of As vapors equal to 1 x 107° Torr. The transition
from the pseudomorphic two-dimensional (2D) growth
mode to the formation of nanoislands was controlled, by
observing the diffraction of high-energy electrons. The
structures were grown so that QDs had a chain-like ar-
rangement. The sample surface morphology was studied

Table 1. Parameters of In,Ga;_,As/GaAs het-
erostructures with QDs
x ‘ N ‘ p, pm=2 ‘ w, nm ‘ h, nm ‘ DC (77 K), A
0.4 7 200 40 5 0,6 x 1078
0.5 17 290 40 5 <1011
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with the help of a scanning atomic force microscope Nte-
gra (NT-MDT) (Fig. 1). The data on the surface density
p, average width w, and height h of QDs obtained in this
way are collected in Table 1.

As one can see from Table 1, samples with a larger In
content are characterized by the much smaller conductiv-
ity. To our mind, it is due to the increase of the difference
between the lattice constants of Ing 5Gag 5As and GaAs
in the heterotransition region as compared to the system
with 2 = 0.4. Thus, in the case of Ing 5Gag 5As/GaAs,
it is worth expecting larger mechanical stresses in the
interface and antistructural defects with attributes of
E L2 electron traps — with levels close to the middle of
the forbidden band, which provides a high resistivity of
the given material. A result (or a proving argument) of
the higher defectness of the structure with z = 0.5 is a
lower space order in QD chains, whereas a consequence
of larger mechanical stresses in this structure can be a
higher QD density (Fig. 1).

To study the longitudinal photocurrent, dark current,
and TSC, rectangular contacts 1 x 6 mm? in size based
on the Au-Ge eutectic alloy were formed on the sam-
ple surface with epitaxial layers at a distance of 5 mm
from each other and alloyed into all epitaxial layers (in-
set in Fig. 2,b). The LPC spectral dependences were
measured using an infrared spectrometer in the photon
energy range from 0.2 eV to 1.6 eV under normal inci-
dence of the exciting radiation. The voltage applied to
the sample was U = 16 V. The dark current and the
photocurrent were registered in the temperature range
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Fig. 2. LPC spectra at 77 K (solid curve) and 290 K (dotted curve) and PL spectra at 77 K (thick solid curve) for the Ing.4Gag.cAs/GaAs
(a) and Ing.5Gag.5As/GaAs (b) structures. In the inset -— structure of the studied samples with In;Gai—,As QDs and the geometry

of eutectic Ge—Au contacts

from 77 to 290 K with the use of a current amplifier
and a standard equipment to register the constant pho-
tocurrent. The photoluminescence (PL) spectra were
measured according to the standard technique using an
infrared spectrometer in the energy interval 0.8-1.6 eV
under excitation by a laser with a wavelength of 404 nm
and a power density of 5 W/ecm?. The spectral width
of the gap in this range of measurements amounted to
17 meV. The sample temperature was 77 K, and a cooled
Ge photoreceiver was used as a detector.

The rise and relaxation kinetics of the photocur-
rent were investigated at 77 K. The samples were ex-
cited with monochromatic light with the photon energy
hv = 1.23 eV during the time interval tg. After the exci-
tation is turned off, we registered the relaxation kinetics
of the photocurrent until it reached a plateau. To mea-
sure TSC, a sample was first cooled to a temperature
of 77 K, then illuminated during the time tg, kept in
darkness for 5 min, and after that heated at a constant
velocity of 0.16 °C/s.

3. Results and Discussion

3.1. Photoconduction and photoluminescence
spectra

Different locations of the Fermi level in the studied struc-
tures result in different shapes of the LPC spectrum in
the infrared region, because electrons from filled levels
can be activated by optical excitation and contribute to
the photocurrent.
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In the spectral region, where crystal GaAs is trans-
parent (hv < 1.43 eV at 290 K and hv < 1.51 eV at
77 K), nonequilibrium charge carriers are generated due
to optical transitions involving QD states, deep interface
levels, and defect GaAs.

The number and the arrangement of levels in a quan-
tum well change depending on the dimensions of In-
GaAs QDs and the In content. According to the per-
formed calculations, the studied structures had one
quantizing level for electrons in the QD conduction
band (E.1) and two quantizing levels for heavy holes
in the QD valence band (FEjp1 and Eppz). The en-
ergy of transitions involving ground and excited QD
states observed for LPC spectra amounts to hv 1.20—
1.46 eV at 77 K and 1.14-1.36 eV at room tempera-
ture for the structure with = 0.4 (Fig. 2,a) and 1.07-
1.46 eV at 77 K and 1.00-1.35 €V at room tempera-
ture for the structure with x = 0.5 (Fig. 2,b). In this
region, the form of the photoconduction spectrum re-
flects, first of all, qualitatively the features of the op-
tical absorption spectrum of QDs with various sizes,
which is confirmed by the nonuniform widening of the
PL bands [9].

For hv lower than the energy of interband transitions,
a component of the photocurrent of different nature was
observed in QDs, namely transitions involving deep lev-
els. Depending on their filling in the equilibrium state,
different types of electron transitions are possible. For
the Ing 4Gag gAs structure with one trapping level, the
minimal quantum energy resulting in the photocurrent
amounted to 0.24 £ 0.01 eV at 77 K and 0.74 £ 0.01 eV
at room temperature (Fig. 2,a). Thus, the optical ion-

ISSN 2071-0194. Ukr. J. Phys. 2011. Vol. 56, No. 9



EFFECT OF INTERFACE DEFECT STATES

—~
Q
~

(&)
1

Current (10° A)

0 . .
80 90

100 110

T (K)

ization energy of a defect, that localizes electrons at
T = 77 K, is equal to 0.24 €V.

Judging by data on the energy spectrum of intrinsic
defects in GaAs at the InGaAs/GaAs interface, the pho-
tocurrent of the Ing 4Gag ¢As/GaAs structure in the re-
gions hv > 0.58 eV at 77 K and hv > 0.74 €V at 290 K
is related to electron traps belonging to the EL2 fam-
ily (0.6 eV and 0.75-0.85 ¢V) and EB3 family (0.9 eV)
studied by the DLTS technique in [10-13]. In the LFC
spectra of the structure with = 0.5 in the region
hv < 0.74 eV (Fig. 2,b), there is no photocurrent caused
by electron transitions from energy levels of electron
traps less deep than EFL2 (0.75-0.85 eV).

3.2. Temperature dependence of
thermostimulated conduction

The energy level spectrum of charge carriers in
In,Ga;_,As/GaAs heterostructures with QDs in the
temperature range between 77 and 290 K (Table 2) was
obtained from TSC investigations. Figure 3 shows TSC
graphs of the structures excited by light quanta with the
energy hv = 1.23 eV during various time intervals t g and
subsequently kept in darkness.

The number of the observed TSC peaks depended on
the location of the Fermi level. In structures with a
larger amount of electron traps Ing 5Gag 5 As/GaAs with
states located close to the middle of the forbidden band,
the Fermi level is located lower, which allows one to ob-
serve a wider spectrum of deep levels with the help of
the TSC method.
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Fig. 3. Temperature dependences of TSC (solid curve) and dark current (dotted curve) of the Ing.4Gag.6As/GaAs structure (a) and
TSC of the Ing.5Gag.5 As/GaAs structure after various times of excitation (I —tgp =350s, 2 —tg = 650s, 3 —tg = 900 s) (b)

In Fig. 3,a, one can see the TSC graph of the
Ing 4GaggAs/GaAs structure. The TSC peak with a
maximum close to T,, 88 K testifies to the presence of a
deep electron state localized in intermediate GaAs lay-
ers near QDs. With regard for the absence of retrapping
(capture by other trapping centers), the activation en-
ergy of the low-temperature peak can be correctly deter-
mined if analyzing the slope of the initial region of the
rise curve based on the expression [8, 14]

E.—F
Itsc ~ exp <_kBTt) . (1)

Here, FE; stands for the energy position of the trap-
ping center (e; = E. — E; is the activation energy of
an electron from a trap to the GaAs conduction band),
and kg is the Boltzmann constant. The analysis of the
curve yields the thermal activation energy of conduction
eB = 0.165 4 0.01 eV. The obtained value of activation
energy agrees with DLTS studies that have revealed an
electron trap in InAs/GaAs structures with QDs. This
trap is caused by defects near a QD, and its depth rela-
tive to the GaAs conduction band is equal to 160 meV.
The electron trapping cross section o,, = 9 x 1076 cm?
[10].

Unlike the structure with = 0.4, where only one
state with e = 0.165 eV was empty under equilib-
rium conditions, the time of keeping a sample in light
for the Ing 5Gag 5 As/GaAs structure considerably influ-
enced the general form of TSC curves, though had no
effect on the positions of separate maxima (see Fig. 3,b).
This fact testifies to the complex process of charging of
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local trapping centers, as well as to their different nature.
After the completion of photoexcitation (tg = 350 s),
one registers the least number of peaks at the very be-
ginning of the kinetic dependence. Thus, the centers
charged in the first place are impurity centers with max-
ima of TSC peaks close to 91 K and 187 K. This can be
due to their larger electron trapping cross section, as well
as to peculiarities of a spatial localization of these lev-
els. In the case of several trapping centers, there exists
the retrapping between them, that is why the activation
energy can be correctly determined from expression (1)
only for the low-temperature peak. Using Eq.(1) and an-
alyzing the initial region of the curve with a peak close
to 91 K, one can determine the depth of the level with
respect of the conduction band: &P = 0.16 & 0.01 eV.
This value coincides with that obtained for a trap in the
Ing 4Gag gAs/GaAs structure, which testifies to the same
nature of this localization level for the both samples.

A longer photoexcitation (tg = 650 s) results in the
widening of the low-temperature slope of the curve T,
91 K due to the charging of a less deep localization level.
Because of the close energy positions of two levels, we
could not resolve their TSC curves. Analyzing the initial
region by the previous method, one still can estimate
the thermal activation energy of conduction of this level
et =0.11 £ 0.01 eV.

After the photoexcitation with ¢t > 900 s, at which a
plateau is observed at the kinetic curve (Fig. 2,b), there
appears an additional TSC maximum close to 107 K.
With regard for the above explanation of the nature of
the “burst” and its relaxation, a conclusion can be made
that the TSC peak with T;,, = 107 K is related to electron
traps remote from QDs and other traps located in their
vicinity. The energy depth of this level £ with respect
to the conduction band can be approximately estimated
using the expression [8]

g = 23k T, (2)

where T,, is the temperature of the maximum of the
TSC peak. This formula yields the following estimate:
e¢ = 0.21 £ 0.02 eV.

In view of the fact that the optical ionization en-
ergy practically always exceeds the thermal one, one
can conclude that it was the electron trap with E, —
0.21 eV that made a contribution to the photocurrent
in the Ing 4Gag 4As/GaAs heterostructure starting from
0.24 eV. For the Ing 4Gag g As/GaAs structure, this trap-
ping level was not registered by the TSC method, which
confirms the fact that this energy level is filled in the
equilibrium state, i.e. the Fermi level in the heterostruc-
ture lies above the level of this electron trap.
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For all TSC curves of the Ing5Gag5As/GaAs struc-
ture, we registered a peak close to T, 187 K, whose
form remained invariable under various conditions of the
experiment. Substituting the position of the maximum
into (2), one can find the depth of this electron localiza-
tion level: 0.35 £ 0.02 eV. The obtained value of the ac-
tivation energy agrees with DLTS studies of InAs/GaAs
structures with QDs, that have revealed an electron trap
with the 0.35-eV depth relative to the GaAs conduction
band referred to EL6 traps in GaAs [10].

It is also worth noting the presence of a weak peak
with T, 119 K shown in the inset of Fig. 3,b. Us-
ing expression (2), one can estimate the depth of
this localization level: ¢P = 0.24 £ 0.02 eV. Such
a depth corresponds to the FB2 trap discovered in
Alp 33Gag g7As/GaAs structures of n-type [15] grown on
a semiinsulating GaAs (311) substrate. It is associated
with the F4 defect of complex nature that includes va-
cancies of type III (interstitial or antistructured Asyr)
and arsenide vacancies (interstitial element of group III
or ITlxg).

3.3. Photocurrent kinetics

The time step of the photocurrent of the
In,Ga;_,As/GaAs heterostructures with QDs ex-
cited with hr = 1.235 eV from the beginning of
photoexcitation to saturation has revealed a long-term
rise kinetics at 77 K (Fig. 4). The energy of exciting
light quanta corresponded to the maximum of the PL
band (Fig. 2), i.e. the interband transition involving the
ground states of the conduction band and the QD va-
lence band. At this excitation energy, one also observed
a photoconduction component caused by the interband
excitation of QDs (Fig. 2). For the Ing4Gag cAs/GaAs
structure, one first registers the relatively fast kinetics
of the signal, at which the photocurrent considerably
grows, after which it rises much slower and reaches a
plateau (Fig. 4,a). In the case of photoexcitation of the
Ing 5Gag 5As/GaAs structure, the photocurrent does
not immediately increase: first, it grows rather slowly,
then sharply rises, which is followed by an abrupt fall
and the transition to a plateau (Fig. 4,b).

Electrons and holes generated due to interband transi-
tions in QDs are localized in QDs and cannot participate
in charge transfer processes. These carriers can make

T able 2. Results of the analysis of TSC curves

Parameters ‘ trap A ‘ trap B ‘ trap C ‘ trap D trap E
Peak, T;, ~80K ~90K ~107TK ~119K ~ 187K
E.— FE; 0.11eV 0.16eV 0,21eV  0.24eV  0.35 eV
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Fig. 4. Rise and relaxation kinetics of the photocurrent of the Ing.4Gag.6As/GaAs (a) and Ing.5sGag.5As/GaAs (b) structures at 77 K.
The star marks the moment, at which excitation is turned off. Insets present dependences of Ist/I on ¢

a contribution to the photocurrent if excited electron-
hole pairs appear spatially separated, for example due
to the thermofield electron transition to intermediate
GaAs layers and/or WL. Transitions of such a kind are
considered as spatially indirect, similarly to tunnel tran-
sitions under the conditions of the Franz—Keldysh effect
or transitions at the thermofield ionization of impurities
(Poole-Frenkel effect). Works [16-18] are particularly
devoted to the study of the effect of processes of ther-
mal emission on the transverse transport and the pho-
toluminescence in In,Gaj_,As/GaAs heterostructures.
It is shown that the thermal emission dominantly oc-
curs into GaAs states and /or WL, whereas the channels
of radiationless recombination of electron-hole pairs are
mainly presented by interface states and dislocations at
QD, WL, and GaAs interfaces.

In the both heterostructures, the photocurrent did not
completely relax during the observation time after the
completion of the photoexcitation (Fig. 4). One can as-
sume the following model of “frozen” photoconduction.
Spatially indirect electron transitions result in the fill-
ing of trapping centers and cause an increase of the dark
(nonequilibrium) conduction. Trapping centers can be
local levels of the surrounding of QDs unoccupied at
this temperature. Local levels can be formed in the close
surrounding of QDs due to dislocations and other lattice
defects at the interface of QDs with WL or GaAs (QD
interface) [11,19-21].

Thus, the phenomenon of residual conductivity can be
explained by the residual spatial separation of nonequi-
librium charge carriers between the QD levels localizing
holes and the trapping centers in the QD surrounding
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localizing electrons. Electrons localized at levels of in-
terface states participate in the conduction due to their
thermal transition to the conduction band of interme-
diate GaAs layers and/or WL. In the case of existence
of several electron traps in the interface, the photoex-
citaion process can be accompanied not only by spatial
separation of charges of an electron-hole pair but also by
the optical recharging of electron traps [22,23].

The theory of photoconduction kinetics in the simplest
case of one trapping level is as follows.

Light absorption in a quantum medium (or QD) takes
place at the quantum energies hv > €1, where ¢, is the
width of the QD forbidden band. In the process of ab-
sorption, electron-hole pairs — excitons -— are generated.
After that, they either recombine (mainly with radia-
tion in a spectral band with the maximum hv ~ €) or
dissociate due to the tunneling of an electron of the ex-
cited pair in the conduction band of the QD surrounding
— GaAs, “enriched” with interface defects. If there are
empty trapping centers, then nonequilibrium electrons
rapidly fill them. In the model of spatially indirect op-
tical transitions, the ionization of quantum media with
the formation of localized holes is considered as a single
process without specification of separate stages. In the
case of one trapping level, the photoconduction kinetics
is described by the following system of equations:

dpy

W = Bnpr,, (3)
dn

CTtt = y(Ny — ng)n — wny, (4)
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pr, = ng +n. (5)

Here, g is the hole generation rate in QD, i.e. the number
of photoionization acts per unit time, n is the electron
concentration in the GaAs conduction band, py, is the
hole concentration in the QD valence band, NV; is the
trap concentration, n; is the concentration of electrons
localized in traps, N; — n; is the concentration of free
traps, v is the electron trapping coeflicient, § is the co-
efficient of recombination of a free electron with a QD
hole, and w is the probability of thermal activation of
an electron — transition from a trap to the conduction
band.

The system of equations (3)—(5) is similar to those
describing kinetic processes under the impurity-involved
excitation of phosphorus with one type of trapping cen-
ters [24].

The rise kinetics of the signal is described by the equa-
tion:

d
—5~ g = Bn(Ni+n). (6)

Here, it is taken into account that traps are filled when
the photocurrent just starts increasing, i.e. it is negligi-
bly small while electrons are effectively trapped by im-
purity centers. That is why n; ~ N;. The solution of
Eq.(6) has the following form:

lg N7 N2\ N,
n(t) = g+4tth<t\ﬁ g—|—ﬂ4t>—2. (7)

In the stationary case, we have

N2 N
ngy =n(t — oo for g #0) = %—&-Tt—?t. (8)

If the excitation is very strong, nst > Ny, then ng =~
Vg/B. We now describe the fall kinetics of the signal
under the same conditions, if traps are filled, i.e. py =
Nt + n:

dn

We obtain a nonlinear differential Bernoulli equation
that is reduced to a linear differential equation by the
substitution n = 1/z. Its solution is presented as

1
" T e - %
At BN; < 1, one obtains
1
(N% + ﬁ)ﬁNtt + n%t’

(10)

n(t) = (1)

which corresponds to a first-order hyperbola.
Under the condition SN, > 1, we derive an exponen-
tial attenuation law:

1

1
n(t) ~ <]Vt + nlt) exp(—0BN¢t),

(12)
It is worth noting that n(t) is the concentration of con-
duction electrons, which is an additive to the residual
concentration existing at large observation times. In
other words, it is an additive to n(t — oo) after the
excitation is switched off.

The derived relations are proved experimentally. For
example, the photocurrent presented as a time function
of I /I is described by a straight line at low ¢ (Fig. 4,
insets), as is predicted by formula (11).

We did not manage to thoroughly describe the pho-
toconduction kinetics of the Ing 5Gag 5 As/GaAs samples
shown in Fig. 4,b. However, it can be qualitatively ex-
plained in the following way.

At the beginning, an illuminated sample does not dis-
play a photoconduction signal due to the process of fill-
ing of the most effective traps. Particularly, the electron
trap with F, — 165 meV has a huge capture cross section
~6.5x 107 c¢m? [25]. After the electron saturation, the
S-like increase of the photocurrent is observed, which is
characteristic of photoconductors with trapping centers
[26]. Close to t = 700 s, one registers a “burst” of the sig-
nal — an abrupt increase followed by a relatively flat fall
passing into a plateau. Such an anomaly is not specific
of classic semiconductors. To our mind, such a behavior
can be explained in the following way.

An abrupt growth of the photoconduction takes place
after the filling of all interface traps, which results in
a fast increase of the free electron concentration. The
following fall is a consequence of the drift of free electrons
deep into GaAs, where they find new traps, which gives
rise to a decrease of the carrier concentration.

4. Conclusions

In,Ga;_,As/GaAs heterostructures with QDs at a tem-
perature of 77 K manifest the long-term photocurrent
kinetics and the effect of residual conductivity in the ab-
sence of exciting radiation. TSC investigations at tem-
peratures lower than 200 K prove the existence of deep
local levels in the surrounding of QDs that have prop-
erties of electron traps. Analyzing the form of the TSC
curve, we obtained the depths of these local trapping lev-
els: e, = 0.11 eV, 0.16 €V, 0.21 €V, 0.24 eV, and 0.35 €V.
The number of the observed peaks of the TSC curve in
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the considered structures depended on the location of
the Fermi level. In semiinsulating Ing;Gag 5As/GaAs
structures, the Fermi level is located close to the mid-
dle of the forbidden band, which allows one to register
a wide spectrum of deep states. Using the LPC spec-
troscopy technique, we have shown that the defect levels
lying below the Fermi level are not photoactive. Instead,
the electrons from filled levels in the stationary state
can be activated under the action of optical excitation
and make a contribution to the photocurrent. The LPC
spectra also made it possible to reveal the transitions in-
volving levels of electron traps of GaAs intrinsic defects
at the InGaAs/GaAs interface, particularly FL2 (0.6 eV
and 0.75-0.85 eV) and EB3 (0.9 €V) ones.
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BILJIUB JEPEKTHUX CTAHIB IHTEP®ENCY
HA ®OTOEJIEKTPUYHI BJIACTBOCTI
TETEPOCTPYKTVP In;Gai—_,As/GaAs

3 KBAHTOBUMUI TOYKAMU

O.B. Bakyaenxo, C.JI. T'onosuncoruti, C.B. Kondpamenxo,
IO.I. Masyp, 2K.M. Bawe, I.J[. Caramo

Pesmowme

V rerepocrpykrypax Ingz Gaj —;As/GaAs 3 naHIroraMu KBAHTOBUX
TouoK (KT) 3 pi3HOIO KOHIIEHTPAIIEIO  IH/IIIO0 JOCIIIPKEHO BJIACTH-
BOCTi J1aTepajbHOro dporocTpymy. Ilpu 30Ha-30HHOMY 30y/zKEHHL
KT kBantamu hv = 1,2 eB crpykrypu BusiBUIN JOBrOTPUBAJLY
MUHAMIKY HapOCTaHHS Ta peJiakcalil poTOCTPyMy, a TaKOXK edeKT
3a/IMIIKOBOI IIPOBIAHOCTI miC/Isi BEMKHEHHSI 30yIKyBaJIbHOIO BH-
NpOMiHIOBaHHs. AHaJi3 JaHUX i3 TEPMOCTUMYJILOBAHOI IIPOBiIHO-
cri (TCII) micsst 36y JPKEHHST ONTUYHUM BHIIPOMIHIOBAHHSIM B 00J1a-
cri norvimnanasa KT 3acBiguuB Taki 3HAYEHHSI €HEPreTUYHUX PiB-
HiB JedeKTHUX CTaHiB BiiHOCHO 30HU npoBigHOocTi GaAs: 0,11 eB,
0,16 eB, 0,21 eB, 0,24 eB Ta 0,35 eB. Ha nociigax narepanabHOl
doronposinnocti (JIPII) BusaBIeHO Hepexoay 3a YdYacTIO DIiBHIB
€JIEKTPOHHUX IacTOK BiacHux nedekriB y GaAs FL2 ta EB3. YV
HAUMPOCTIIOMY BHIaJKy HAHOCTPYKTYPHOTO (DOTOIPOBIIHUKA 3
OJIHUM IIEHTPOM MPUJIMIIAHHS I €JIEKTPOHIB MPOBIAHOCTI OTpHU-
MaHO aHAJITUYHUN BUIVISAM KiHETUKHU (POTOCTPYMY, SIKUA IiATBED-
JIPKEHO Ha mociifiax 3i spaskamu Ing 4GageAs/GaAs. Kineruka
doromposiguukis Ing 5Gag,5As/GaAs memo ckiiaguinma i onucana
JaIe sIKiCHO.
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