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Abstract—Reflection spectra of a heterostructure with a GaAs/AlGaAs quantum well (QW) of 30 nm wide
have been studied under additional optical excitation in an external electric field. The influence of the electric
field on all parameters of light-hole and heavy-hole exciton resonances, was studied upon selective excitation
of various optical transitions. The effect of compensating for the Stark shift upon excitation to the ground
exciton state of the QW is found. A sharp increase in the Stark shift of excitons in QW was found upon optical
creation of charge carriers in the GaAs buffer layer. A microscopic calculation of exciton states in various
electric fields has been performed. A comparison of the calculated and measured Stark shift of the heavy-hole
exciton is used to obtain the dependence of the electric field strength in the QW on the applied voltage.
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1. INTRODUCTION

Optical methods of information processing are
considered as a promising way for further development
of computing systems. Materials with high optical
nonlinearity are needed to implement such methods.
These include semiconductor nanostructures with
exciton resonances, the optical susceptibility of which
can be controlled using an external electric field. In
sufficiently wide quantum wells polarized excitons can
interact as dipoles, so the electric field allows one to
control the interaction of excitons and thereby the res-
onant optical nonlinearity [1]. On the other hand, the
electric field reduces the exciton-light interaction due
to a decrease of the overlap of electron and hole wave
functions. This can lead to a significant increase in the
exciton lifetime, in particular, in coupled quantum
wells (QWs), where various nonlinear effects are
observed, including Bose condensation of exciton
polaritons [2—6]. Thus, it is relevant to search for the
optimal range of electric field strengths at which
the exciton-exciton interaction has significantly
increased, and the exciton-light interaction has not yet
been strongly suppressed.

In addition to these effects, the electric field can
lead to other effects unrelated to the exciton-exciton
interaction. The polarization of the exciton in small
fields leads to a decrease in the Coulomb interaction
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between the electron and the hole in the exciton,
which reduces the exciton binding energy [7, 8]. An
electric field applied along the growth axis of the het-
erostructure shifts the electron to one potential bar-
rier, and the hole to another. This leads to the forma-
tion of the exciton dipole moment and, with the
growth of the field, to a shift in the energy of exciton
transitions to the red region of the spectrum, the so-
called Stark shift of exciton energy [7—10]. Moreover,
in sufficiently strong electric fields, the potential bar-
riers for the electron and the hole in the exciton
decrease. The electron and the hole can tunnel
through these barriers, which leads to exciton ioniza-
tion. In other words, in addition to radiation recombi-
nation, the exciton can decay into free electron and
hole, that leads to a reduction in the exciton lifetime in
sufficiently strong fields and wide QWs. This is
observed in the experiment as an additional homoge-
neous broadening of exciton transitions [11]. In addi-
tion to the above described processes, other effects of
the electric field are possible, such as mixing of the
states of light and heavy holes [12], the appearance of
forbidden transitions [13], suppression of inhomoge-
neous broadening of exciton states caused by the built-
in fluctuating fields [14], localization and Bose con-
densation of excitons in electrostatic traps [15—17].
Free charges may also be present in the heterostruc-
ture, for example, due to background doping of the
heterostructure or optical excitation with high photon
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energy. In this case, the application of an electric field
can lead to the movement of free charges, which
causes partial or complete screening of the field in the
QW under study. The variety of phenomena caused by
electric fields greatly complicates the interpretation of
the effects observed in the experiment.

Additional optical excitation into various exciton
states of QW, as well as the states of the GaAs buffer
layer, was used in this paper to study the exciton-exci-
ton interaction in a QW when an electric voltage is
applied to the heterostructure. Additional excitation of
the buffer layer made it possible to detect an indirect
effect of charge carriers generated in it on the behavior
of exciton resonances in the QW. Resonant excitation
into the ground state of the heavy-hole exciton made
it possible to detect the effect of dipole-dipole interac-
tion compensating for the Stark effect. A strong
impact of the electric field on the second quantum
confined state of the heavy-hole exciton, which is
practically not observed in the absence of the field,
was also found. The main results were obtained by
experimental investigation of reflection spectra and
their modeling, which allows quantitative analysis of
all parameters of exciton resonances [18—21]. A
microscopic calculation of exciton states in the QW in
various electric fields was performed to interpret the
effects observed in the electric field.

2. EXPERIMENT TECHNIQUE

The studied sample is a high-quality heterostruc-
ture with a 30-nm GaAs/AlGaAs QW grown by
molecular beam epitaxy on a n-doped GaAs:Si sub-
strate. The structural diagram of the sample is shown
in Fig. 1.

The barrier layers are short-period AlAs/GaAs
superlattices with an average aluminum concentration
of 15%. The substrate is separated from the barriers by
a GaAs buffer layer with a thickness of 900 nm. The
total thickness of all undoped epitaxial layers is
1310 nm. An electric field was applied along the
growth axis of the structure. One of the contacts was
the doped substrate, and the top contact is the indium
and tin oxide (ITO). The electronic band structure is
shown in Fig. 1. Additional optical pumping was used
in various spectral regions, in particular, in the exciton
transition of the GaAs buffer layer (hw, = 1.516 eV)
and in the ground state of a heavy-hole exciton (h®, =

1.521 eV) to study the exciton-exciton interaction in
the QW layer.

The reflection spectra were measured using a low-
power continuous-wave light source (a halogen incan-
descent lamp) at the almost normal light incidence.
The short-wave radiation of the lamp was cut off by a
broadband optical filter to exclude undesirable exci-
tation of states above the spectral region under study.
As an additional source of excitation, the radiation of
a tunable titanium-sapphire laser focused into a spot
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Fig. 1. The block diagram of the studied sample (above)
and the electronic band structure (below) when a negative
potential is applied to the surface of the sample.

with a diameter of 120 um was used. The sample was
cooled in a closed-cycle cryostat to a temperature of
10 K. The spectra were recorded using a spectrometer
with a diffraction grating of 1200 gr/mm and a focal
length of 550 mm, equipped with a matrix photode-
tector (CCD) cooled with liquid nitrogen.

3. EXPERIMENTAL RESULTS

Figure 2 shows the reflection spectra of the investi-
gated heterostructure with additional optical exci-
tation below the exciton resonances of the QW, mea-
sured at several values of the applied voltage.

The experiment showed that, in the absence of
voltage, the reflection spectrum is insensitive to weak
optical excitation (P = 30 uW). Three exciton reso-
nances are observed, which corresponds to the ground
quantum confined states of the heavy-hole (X#41) and
light-hole (X/hl) exciton and the second quantum
confined state of the heavy-hole exciton (XAhAh2). The
shape of the reflection contours of exciton resonances
is due to the interference of light reflected from the
sample surface and from the QW layer. It depends on
the phase difference between these light waves, which
is determined by the distance between the QW layer
and the sample surface [18, 22]. The thicknesses of the
epitaxial layers were chosen in such a way that the res-
onances of the ground exciton states appear in the
reflection spectra in the form of peaks.
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The application of an electric field leads to a broad-
ening of the resonances and their shift towards lower
energies. In addition, an increase in voltage leads to
the appearance of a resonance corresponding to the
excited exciton state Xhh2, as well as to the broadening
and shift of this resonance to the low energy region
with a noticeable phase change. The reflection spectra
were studied in this paper when a negative potential
was applied to the sample surface.

We modeled the reflection spectra for a detailed
study of the effect of the electric field on exciton reso-
nances. The reflection spectrum can be described
within the framework of the dielectric response model
for high-quality structures in which there is no notice-
able contribution of inhomogeneous broadening of
exciton resonances [21, 23]:

2

+
R(w) = T T low | , (1)
L+ rrow
where row =X jqeizq’-f, and
Do, @

’j/, = N .
(030/' - - l(roj' + Fj)

Here, R(w) is the total reflection coefficient from the
heterostructure, r, is the amplitude reflection coeffi-
cient from the sample surface, r; is the reflection coef-
ficient of a separate exciton resonance, rqw is the
reflection coefficient from the QW, taking into
account all exciton resonances. The above formulas
contain a number of modeling parameters, namely,
the spectral position of the resonance , radiation

broadening 7T, non-radiation broadening 2T';, and
the phase of the light wave ¢;. They are used as free fit-
ting parameters and are determined from the experi-
ment.

The red dotted line in Fig. 2 shows the result of fit-
ting the reflection spectrum according to the formulas
(1) and (2). As it can be seen from the figure, the shape
of the main features in the reflection spectra R(®)
determined by exciton resonances is well described by
theoretical formulas, which makes it possible to deter-
mine the main parameters of the resonances. In par-
ticular, the radiation broadening of exciton resonances
hT, in the zero field turns out to be equal to 27 peV for
Xhhl and 10 peV for X/hl. The nonradiative broadening
of the resonances is of about 100 peV. Phase ¢ =
0.06 rad for X4h1 and ¢ = 0.08 rad for X/A1. The error
of determining the phase is £0.02.

The obtained results allow us to study the effect of
the electric field for all resonances. However, the
appearance of the resonance X442 and its mixing with
the resonance X/i1 in large fields gives rise to a large
error in determining the parameters of these reso-
nances. Additional features corresponding to excited
quantum confined exciton states are also observed in
reflection spectra, in particular, X#h3 and Xlh2. These

SEMICONDUCTORS Vol. 58

No.5 2024

395
Xnhl —— 0V
0.20 | — — Fit
I —— 095V
o 0.18 | “1LI0V
§0.16_ — _121V
S XA
20141
0.12
0.10F " N ’
1.518 1.520 1.522 1.524  1.526
Energy, eV

Fig. 2. Exciton reflection spectra with additional excitation
below exciton resonances of QW with pumping power P =
30 uW and various electrical voltages. Exciton resonance
energies in the absence of voltage: Eyy;,; = 1.5209 eV,

Exip1 = 1.5233 eV, Exyn = 1.5248 eV. The dashed red

curve shows the fitting of the reflection spectra within the
framework of the dielectric response model [21]. (A color
version of the figure is provided in the online version of the

paper.)

features, as well as the behavior of the resonance X#hh2,
are not analyzed in this paper. As a result of modeling
the reflection spectra, the dependences of all parame-
ters of exciton resonances in the studied heterostruc-
ture on the applied voltage were determined. However,
we consider in this paper to discussing only the energy
shift of the exciton resonance Xhahl.

Figure 3 shows the energy shifts of the exciton res-
onance Xhhl when the sample is excited to different
spectral points. It can be seen that, in the absence of
the excitation, the position of the resonance practi-
cally does not depend on the voltage. Additional opti-
cal excitation leads to a shift of the exciton resonance
at a voltage of |U| > 0.7 V.

In the case of weak excitation (P = 30 uW, see
Fig. 3a), the shift magnitude depends on the spectral
region of the excitation. In particular, the excitation in
to the XAl or Xih1 state causes to much smaller shifts
than in the case of the excitation in to the buffer GaAs
layer Moreover, the shift practically does not change at
the voltage |Ul > 1.1 V and it is equal to AE =
—0.65 meV for the excitation to resonance XhAi1 and
AE = —0.44 meV for the excitation to resonance X/A1.

Excitation into the spectral region of the buffer
layer causes a significantly larger shift of the exciton
resonance Xhh1, and at a voltage |U] = 1.15 V it is equal
to AE = —1.2 meV. An increase in the laser pumping
power (P = 160 uW) leads to a qualitatively different
result (Fig. 3b). Namely, the resonance shift with
additional excitation into exciton resonances and into
the buffer layer causes the same effect. The obtained
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Fig. 3. Dependence of the XAA1 exciton resonance energy
shift on the magnitude of the applied voltage at the pump
power of additional excitation P = 30 uW (a), P = 160 uW
(b). Orange squares show the shift of X441 resonance with-
out additional excitation, red diamonds with excitation to
the buffer layer, blue dots with excitation to the X4A1 reso-
nance, green triangles with excitation to the X/A1 reso-
nance. The red curves show phenomenological fits by the
formula (3). (A color version of the figure is provided in the
online version of the paper.)

dependencies for U < —0.7V = Uy are well adjusted
by the phenomenological formula:

AE = aU - Uqyy)". (3)

The fit gives the following parameter values: a =
—7meV V™ and b = 2.2 for P = 30 uW; a =
—14 meV V=2 and b = 2.2 for P = 160 uW.

4. DISCUSSION OF RESULTS

4.1. Stark Effect

First of all, we will discuss the shift of exciton reso-
nance due to the Stark effect. The exciton resonance
Xhh1l practically does not shift without additional
optical excitation when a voltage is applied (Fig. 3). At
the same time, the field strength that can be created by
the applied voltage and the potential of the Schottky
barrier (Us,) at the ITO/GaAs heterointerface is quite
large. It is defined by the expression

=USh+|U|
el

The maximum value of the applied voltage is |Ul,. =
1.2 Vfor the experimental data presented in Fig. 3. The
Schottky potential value, U, = 0.6 V, was determined
from the current-voltage characteristic of the sample
measured at positive bias on the ITO-electrode. The
value of static dielectric constant at low temperatures

F 4)
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is taken from [24], € = 12.53. The total thickness of the
undoped epitaxial layer in the investigated hetero-
structure is L = 1.3 um. The maximum field strength
is F,,, = 1.1 kV/cm in such conditions. The calcula-
tions described in the next section show that, at such a
field strength, the exciton resonance should be shifted
by the value AE'= —0.1 meV. This value is greater than
the experimental error of the exciton resonance energy
(0E <0.01 meV).

The absence of any noticeable shift in the exciton
resonance can be explained by partial screening of the
electric field by free charge carriers, which are inevita-
bly present due to background doping of the hetero-
structure. We can estimate the charge density required
for such screening using the model of flat capacitor.
The surface density of charge careers required for
screening of field F'= 1.1 kV/cm is equal to:

6 =¢geF =0.12 C/um’, (5)

where €, = 8.85 x 10~ C/(V c¢cm). Hence, the bulk
density of free charge carriers can be expressed by the
formula

ey = 6/(q.L). (6)
As a result, the bulk density of free charge carriers
turns out to be n,, = 60 um=— =6 x 103 cm~3. Here,
g, ~ 1.6 x 107" C is the electron charge.

The resulting charge carrier density is small and, in
principle, can be provided by background doping.
However, the investigated heterostructure has a pecu-
liar feature, due to which the concentration of free car-
riers in the GaAs buffer layer is significantly lower
than that required to compensate for the electric field.
As the photoluminescence spectra show, the grown
heterostructure contains an excess of acceptor levels
created by carbon impurities. Since the buffer layer is
in the contact with the n-doped GaAs substrate, these
levels are partially populated with electrons, which
reduce the concentration of free hole states. There-
fore, we assume that the electric field is not completely
screened in the buffer layer. Experiments with optical
excitation of the buffer layer confirm this assumption.

The electric field can be screened by background
charge carriers in a QW, since it is separated from the
substrate by a barrier layer. Moreover, the concentra-
tion of free carriers in the QW may be even greater than
in the other layers of the heterostructure, since some
of the free carriers can be captured in the QW from the
barrier layers. Therefore, we assume that the absence
of a noticeable energy shift of the exciton state is
explained by the compensation of the external electric
field by the internal field arising due to the movement
of free charge carriers in the QW layer, and not in the
entire heterostructure.

Additional optical excitation into the absorption
region of the buffer layer leads to a shift of the exciton
resonance (Fig. 3). Photoexcited charge carriers,
unlike the background charge carriers, are very
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mobile, therefore they are easily separated by the
applied voltage in the buffer layer. This leads to two
important effects. Firstly, the radiative lifetime
increases dramatically, as the overlap of the wave func-
tions of electrons and holes decreases. Secondly, in the
extreme case, it is limited only by the nonradiative life-
time of carriers, which in the studied structures is tens
of nanoseconds [23, 25, 26]. This results in the accu-
mulation of photoexcited charge carriers in the buffer
layer. We have evaluated their concentration for the
case of a relatively weak optical excitation power,
P=30uW, and a surface area of S = 10~* cm?, with the
energy of exciting photons, E, = 2.4 X 107 J, using
the formula
Pt

o -3
our E . .Sd 0

phot
Here, o0 = (1 — Ry1o)(1 — e7*9) is the light absorption
coefficient in the buffer layer. Here, we took into

account the partial reflection of the exciting light from
the surface of the ITO electrode (R;ro = 0.09) and the

absorption index, k = 1.1 x 10* cm™!, on the wave-
length of optical excitation [27]. We also assumed that
in the case of an external electric field, the lifetime of
electron-hole pairs is limited by their nonradiative
time, T = 10~ s. The resulting value of the density of
photoexcited charge carriers given by equation (7)
exceeds the required value (see equation (6)), so the
electric field in the buffer layer can be completely
screened.

In this case, the voltage is applied to the epitaxial
layer, which includes only the barriers and the QW,
with the total thickness of L. = 0.41 pum. The field
strength increases strongly, which causes a significant
shift in the exciton resonance. This is the second
important effect of additional excitation to the buffer
layer. Experiments show that the used pumping power
P =30 uWis close to the minimum value at which this
effect is observed. With the increase of pumping
power, the magnitude of the Xhhl exciton shift
increases slightly, however its behavior remains similar
(Fig. 3).

4.2. Compensation for the Stark Effect

Selective excitation into exciton resonances causes
the compensation for the Stark shift of excitons. One
of the mechanisms explaining this behavior of exciton
resonances may be the dipole-dipole interaction of
polarized excitons [4] at a sufficiently high two-
dimensional density in QW. Such interaction should
lead to the repulsion of excitons and, accordingly, to
the blue shift of exciton resonances. Moreover, the
laser excitation into resonance Xhhl results in the
accumulation of excitons in the QW, namely, in a non-
radiative exciton reservoir due to their long lifetime
[25]. Their interaction with bright excitons should lead
to the increase of the repulsion of excitons and,
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accordingly, the increase of the blue shift of exciton
resonances. Thus, the partial compensation for the
Stark shift observed in Fig. 3a for |Ul > 1.1 V can be
caused by the dipole-dipole repulsion of excitons.

We can make a simple estimate of the exciton con-
centration in the QW and the energy of their dipole-
dipole interaction to verify this assumption. A formula
similar to formula (7) is used to estimate the two-
dimensional exciton density:

_ Proy
EphotS

Assuming that the exciton lifetime in a non-emitting
reservoir T = 30 ns and the light absorption coefficient
at the exciton resonance, oy = 2I')/I" = 0.2, we obtain
for the excitation power P = 30 uW the following value
of two-dimensional density: ngy = 75 um=2 This cor-
responds to the average distance between excitons,

a4y =1/\Ngw = 0.12 um.

We have calculated the dipole moment of the XAhh1
exciton at the field strength F'= 4 kV/cm to estimate the
energy of the dipole-dipole interaction of excitons, using
the results of microscopic calculation of exciton states. It
turned out that, at such a field strength, the static dipole
moment of the exciton Py = g,d = 107! C um. Here,
d = 6 nm is the average distance between an electron
and a hole in an exciton in such an electric field.

For a rough estimate of the interaction, let us con-
sider a square lattice of excitons in a QW layer with a
lattice constant a,;. The dipole-dipole interaction of
one exciton with the other excitons in the lattice is
described by the formula

Aow 8)

(©))

Here, the multiplier s = 9 is obtained by summing over
the lattice. We obtain the following estimate for the
exciton repulsion energy from this formula: E, =
0.05 meV. The experimentally observed value of the
Stark shift compensation is an order of magnitude
greater (Fig. 3a). Thus, dipole-dipole repulsion is not
enough to describe the observed compensation effect,
and we must look for other mechanisms of this effect.

A possible mechanism for compensating the Stark
shift of an exciton may be its ionization in an electric
field. Such a process is actively discussed in the litera-
ture (see, for example, the article [28] and the refer-
ences therein). As a result of ionization, free charge
carriers are formed, which can partially screen the
external electric field. Quantification of the exciton
ionization rate in a QW requires separate theoretical
modeling, which is beyond the scope of this work.

As the pumping power increases, the compensa-
tion of the Stark shift due to the dipole-dipole repul-
sion of excitons becomes unobservable (see Fig. 3b).
This behavior can be explained by the following
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effects. On the one hand, the light absorption coeffi-
cient at the XAkl transition decreases with an increase
in the pumping power due to the broadening of the
resonance. As a result, the concentration of excitons
generated in the QW, as a function of the pumping
power, increases according to the square root law [29].
At the same time, intense laser radiation generates a
lot of free charge carriers in the buffer layer, effectively
screening the electric field in this layer. Consequently
there is a strong increase of the electric field strength
in the QW. As a result, the concentration of photo-
generated excitons turns out to be insufficient to com-
pensate for the Stark effect.

5. COMPARISON WITH THEORETICAL
CALCULATION

Exciton can serve as a sensitive probe of various
characteristics of the heterostructure as it was shown
in [22], in particular exciton located in a QW can give
information about the profile of the potential well
[30]. Here we use the Stark shift of the exciton as a
probe to estimate the electric field strength in the QW.
For this purpose, we performed a microscopic calcu-
lation of the exciton energy in an electric field. The
calculation is model-accurate and does not contain
fitting parameters. The values of the material parame-
ters of the heterostructure used in the calculation are
well tested in other studies [22, 30—33].

The three-dimensional Schrodinger equation [33]
was solved numerically for the theoretical description
of the exciton in QW in an external electric field:

n (82 19 1j n 9
- ot
2thy ap p ap p 2me aze
oo
_2 + Vj X(p’ Zef Zh) = ExX(pa Ze: Zh)a
2mhz azh

(10)

where

V =V(z) +Vi(z) + eF(z, — z4)
¢’ (1)

dmege\p’ +(z, - 2,)°
The first term of the Hamiltonian (10) is the kinetic
energy operator of the relative motion of an electron
and a hole in an exciton in the QW plane (along the
coordinates x and y), where p is the distance between
the electron and the hole, and W,,, = mm,,,/(m, +
my,) is reduced exciton mass. The second and third
terms are operators of the kinetic energy of the elec-
tron and hole motion across the QW, where m, is the
effective mass of the electron, m,,_is the effective mass
of the hole along the axis z. The calculation takes into
account that the mass of the hole is anisotropic, m,, #
my,, and it is described using the Luttinger parameters
[33]. The last term of the Hamiltonian is the potential
energy described by the expression (11). The rectangu-
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lar potential of QW is described by the terms V, and V),
for electrons and holes, respectively. The following
term describes the influence of an external electric
field, where e is the elementary charge of the electron,
Z, and g, are the coordinates of the electron and the
hole along the axis z, respectively. The last term
describes the energy of the Coulomb interaction
between an electron and a hole, where € is the dielec-
tric constant of the medium. Function y(p, 2., z;) =
pW(p, Z., z4), Where y(p, z,, z;) is exciton wave func-
tion. The multiplier p was introduced to implement
zero boundary conditions at the same coordinates of
the electron and the hole.

The numerical implementation is based on the
finite difference method, in which the Schrodinger
equation is represented in the matrix form [33]. The
lowest eigenvalues and eigenvectors of the matrix were
computed to determine the exciton energy and the
wave function. The error of approximation of the dif-
ferential equation by finite differences decreases with
a decrease in the size of the grid used. The calculation
areas for the coordinates p, z, and z;, were 200 nm. The
grid size was successively reduced from 2 to ~0.9 nm,
and then the result was extrapolated to the grid step
equal to zero.

The results of calculation of the Xhhl exciton
energy shift for several values of the electric field
strength are shown in Fig. 4. The obtained depen-
dence is approximated using the phenomenological
formula:

AE = oF". (12)

As a result of the approximation the following param-
eter values are obtained: oo = —73 peV (kV/cm)~B,

B=—2.

Comparison of the experimentally measured X#h1
resonance shift depending on the applied voltage U
with the calculated shift depending on the field
strength F makes it possible to estimate the field
strength in the experiment. The F(U) dependence
obtained for weak (P = 30 uW) and strong (P =
160 W) optical excitation is shown in the insert of
Fig. 4.

It can be seen that the field strength in QW is small
for the voltage of |U| < |Uy| ~ 0.7 V and practically does
not depend on the applied voltage. As described
above, this may be due to the compensation of the
external electric field by free background charge carri-
ers in the layers of barriers and QW. There is no com-
pensation in the region |U] > 0.7. This is due to the fact
that the carriers are already localized near the poten-
tial walls of the QW and they can not compensate the
electric field further. Therefore the field strength
increases with the increase of the applied voltage.
According to formula (4), the obtained dependence of
the field strength in the QW on voltage allows us to
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Fig. 4. Dependence of the exciton XA41 resonance shift on
the electric field strength obtained in microscopic calcula-
tion. The blue curve shows the phenomenological fit with
the formula (12). The inset shows the dependence of the
electric field strength in the QW layer on the applied volt-
age at weak (P = 30 uW, hollow squares) and stronger (P =
160 uW, red diamonds) optical excitation into the buffer
layer. The black and red straight lines show the fit with the
formula F = k(U — U,) for weak and strong excitations,

respectively. (A color version of the figure is provided in
the online version of the paper.)

estimate the thickness of the effective layer L. to
which the voltage is applied.

The following estimate for the effective thickness is
obtained from the data given in the insert of Fig. 4 for
the case of weak excitation into the buffer layer (P =
30 uW): L.t = 320 nm. The resulting estimate of L is
slightly less than the total thickness of the barriers and
the QW, L.+ = 410 nm. A possible reason for this may
be the partial compensation of the electric field in the
barrier layers due to their uncontrolled background
doping.

6. CONCLUSION

We have conducted an experimental study of exci-
tons in the GaAs/AlGaAs QW in an electric field. The
analysis of the reflection spectra in the framework of
the dielectric response model shows that the applica-
tion of the electric field to the investigated hetero-
structure with the QW leads to a significant shift of
exciton resonances only in the presence of additional
laser excitation. The shift of the X441 resonance in the
case of excitation into the GaAs buffer layer is well
described by the phenomenological formula (3) with
the values of the parameters given below this formula.
Such a shift of the exciton resonance is due to the Stark
effect, which is confirmed by microscopic calculation
without use of fitting parameters. Additional exci-
tation in to the states X4l and X/Al made it possible to
detect compensation for the Stark shift of exciton res-
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onances. The theoretical calculation of the exciton
level energy made it possible to determine the magni-
tude of the electric field strength in the QW layer and
to estimate the magnitude of the effective layer of the
heterostructure to which the voltage is applied.
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