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We present a scheme of adjusting the mid-infrared absorption properties to desired energy transitions in
quantum dot-based photodetectors by combining band gap engineering with the self-organized growth of
quantum dots. Embedding the self-organized InAs quantum dots into an AlAs/GaAs superlattice enables us to
tune the optical transition energy by changing the superlattice period as well as by changing the growth
conditions of the dots. Using a one-band envelope function framework, we are able, in a three-dimensional
calculation, to predict the absorption spectra of these devices as well as their polarization properties. These
calculations further predict a strong impact of the dots on the superlattice minibands. By comparing aligned,

periodic dot stacks with nonperiodic dot arrangements within the superlattice, we can experimentally confirm

this prediction.
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I. INTRODUCTION

Self-assembled quantum dots gain more and more impor-
tance as functional elements within semiconductor devices.
Especially GaAs/AlAs superlattice (SL) systems with em-
bedded InAs quantum dots (QD) initiated considerable re-
search activities'~'# in recent years. Due to their electronic
structure in the conduction band, InAs QDs are sensitive to
optical fields and cover energetically the important spectral
region between 30 and 400 meV.!">!>1¢ Thus, dot devices
are predestined to be used as mid- and far-infrared (MIR/
FIR) photodetectors. In contrast to purely quantum well-
(QW-) based detectors with their vanishing sensitivity under
normal incidence geometries, QD devices offer more prom-
ising polarization selection rules!'’~!® for detector applica-
tions. Furthermore, one would expect better noise properties
from QD devices because of their discrete energetic struc-
ture, which drastically reduces unwanted electron scattering
mechanisms. 2!

However, it cannot be ignored that SL structures offer a
very convenient way of designing transition energies by band
structure engineering. For QDs, the optical transitions can
rather be tuned than designed: For example, a careful choice
of the growth conditions influences the dot size!® and thus
the intradot energy scheme. Further, changes of the QD en-
vironment like inserting an AlAs layer close to the dot'! or
the replacement of the surrounding GaAs matrix by
Al,Ga;_,As influence the conduction band offset between the
dot and this matrix.'??? Although these procedures allow ob-
taining dot ensembles with transitions in the desired energy
range between 30 and 400 meV, they cannot overcome inho-
mogeneous broadening effects resulting from size distribu-
tion in the self-assembly of the QDs.

PACS number(s): 85.35.Be, 85.60.Gz, 73.21.Cd, 78.67.Hc

model that allows predicting the absorption and polarization
properties of these QD infrared photodetectors (QDIP) for
given dot sizes and SL periods. Comparing the model and
experiment, we can show that the small ratio between dot
height and lateral dot size and the SL-induced conduction
band quantization are the dominant parameters that influence
the MIR and FIR photoresponse associated with the photon
absorption from the bound QD ground state to the QD con-
tinuum states.

II. DEVICES

All investigated samples are grown by molecular beam
epitaxy (MBE) on smoothed semi-insulating (001) GaAs
substrates. The 650 nm thick, Si-doped GaAs back-contact
layer, grown at 600 °C, is followed by the SL/QD structure,
whereby the dots are grown in the Stranski-Krastanov mode
by depositing two monolayers of InAs. All layers above the
back-contact are grown at 485 °C to avoid intermixing be-
tween barriers, wells, and dots. The parameters are chosen to
obtain a lateral dot density of about 5X 10'° dots/cm? per
layer, controlled by atomic force  microscopy
measurements.”® For the application as photodetectors, the
dots are modulation doped with one electron per QD. The
samples differ in the number of QD layers, their vertical
layer spacing or their SL period. Table I gives an overview
over the investigated samples, which are sketched in Fig. 1.

The samples can be divided into two subsets: The first set
contains the so-called multiple dot (MD) structures, i.e., the

TABLE 1. Devices.

. . . Device MD-A MD-B MD-C DD SD
In this paper we will show that embedding of InAs QDs
into AlAs/GaAs SL structures can overcome most of the SL period L (nm) 10 11 14 11 11
deficiencies of each system alone and combine the advan- Number of QD layers 30 20 20 20 20
tages of both structures. In addition to the experimental in- Number of AlAs barriers _ 20 20 40 60
vestigation of different QD-SL combinations, we develop a
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FIG. 1. (Color online) Interband photoluminescence spectra of
the investigated devices. On the right: Sketches of the different
device layouts. The arrow denotes z, the growth direction.

vertical spacing between subsequent dot layers is chosen
small enough to guarantee vertical alignment (stacking) of
the QDs due to strain minimization.’ The second set contains
vertical single dot (SD) and vertical double dot (DD) de-
vices. They are used as control samples for the MD devices
to study the influence of the vertical periodicity of the QDs
on the AlAs/GaAs SL. Depending on their performance as
QDIPs, they will further allow us to estimate experimentally
how far QDs and a surrounding SL can be regarded as inde-
pendent systems.

We use photoluminescence (PL) spectroscopy with exci-
tation at 632.8 nm to characterize the samples as shown in
Fig. 1 at a temperature of 5 K. The PL spectra show a similar
behavior within each subset with ground state transitions at
about 1100 and 1200 meV, respectively. In order to perform
photocurrent (PC) and current-voltage (IV) measurements,
the samples are processed by photolithography, wet chemical
etching, and several polishing steps into QDIPs.% Their elec-
trical contacts consist of thermally alloyed Ni/Ge/Au layers.
All experiments are carried out at 5 K in optical helium flow
cryostats. The IV characteristics are recorded with a HP
4155A SC parameter analyzer while the spectral and polar-
ization dependence of the photoresponse of the QDIPs is
measured with a FTIR spectrometer and a thermal infrared
source. The PC signal is read out by a Lock-In amplifier
while the excitation is modulated with a mechanical chopper.

III. MODEL

Very detailed predictions about the energetic structure of
InAs QDs have been made by Stier ef al.,”* in the framework
of multiband kp theory or by Williamson and Zunger,?
Zunger et al.?® and Lee et al.”’ by using accurate atomistic
approaches. While their approaches mostly focus on the un-
derstanding of the properties of bound states within the QD,
we choose a simpler one-band envelope function framework
in order to investigate the extended continuum states of the
dots and their converse influence on a surrounding SL. Es-
pecially, we focus on the optical properties of the bound-to-
bound transitions within the QD and the bound-to-continuum
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FIG. 2. Schematic representation of the supercell including the
dot and its WL. L;=10 nm (MD-A, MD-B) or 13 nm (MD-C) and
Laias=0 (MD-A) or 1 nm (MD-B, MD-C).

transitions from the QD into the surrounding GaAs matrix or
the AlAs/GaAs SL.

Because overgrown InAs QDs within a GaAs matrix ex-
hibit a flat, lenslike shape?® with a typical aspect ratio (height
to base radius) 2/R of 2—3 nm/10 nm we can use a geomet-
ric simplification of the QD by modeling them as truncated
cones.?*3! Despite this simplification our method has been
proven to be successful in quantitatively predicting anticross-
ings associated with polarons in bound-to-bound magneto-
optical transitions of InAs/GaAs QDs.33!

In our model the effective Hamiltonian is2

2
H=Hy+ 8V ="+ V(p,2) + V(r), (1)
2m

where m" is the (constant) effective electron mass (here
0.07 my)*°, V(p,z) is the isotropic part of the potential en-
ergy, 6V(r) is that part of the potential energy, which does
not display cylindrical symmetry (as, e.g., caused by a shape
anisotropy>? like an elliptical basis instead of a circular one’
or as arising from piezoelectric fields>*). The eigenstates of
H, are eigenfunctions of the angular momentum L, with ei-
genvalues [; i.e., the states will be denoted as S,P.,P_,....
With a conduction band (CB) discontinuity between InAs
and GaAs of 0.4 eV? and the truncated cone approximation
of the dot with a lower (upper) radius of 10.2 nm (6.7 nm)
and a height of 2 nm on an InAs wetting layer (WL) of
thickness d=0.565 nm, as depicted in Fig. 2 we obtain a
value of about 50 meV for the lowest bound-to-bound
(S— P,) transition and 160 meV from the lowest bound state
to the onset of the GaAs continuum. The latter value is
mostly determined by the vertical dot dimension, while the
former is governed by the lateral QD size.

As explained above, most of the investigated QDIPs use
vertically stacked dot planes with a short period L to increase
the infrared absorption. This offers the possibility to search
for Bloch-like solutions of H:

i (xy.z+ L) = ey (x,y,2). (2)

Thus, the stacking of dots and the insertion of AlAs barriers
effectively structures the QD’s continuum and the eigenener-
gies of H become periodic functions of k.. We have to men-
tion here that we exclude with this ansatz the SD and DD
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devices from our model since these structures do not allow
solutions of the form shown in Eq. (2), because the vertical
periodicity is missing.

In the following we calculate the transition energies and
polarizations for infrared absorption of a QD within a cylin-
drical supercell with 200 nm radius and a length of
L=L+Ly 5, along the growth direction z as sketched in Fig.
2, with band offsets of 1.08 eV for AlAs/GaAs** and 0.4 eV
for InAs/GaAs.? This Bloch-like ansatz requires the wave
functions to vanish at the lateral boundaries and to be peri-
odic at the vertical boundaries; i.e., the vertical periodicity
mimics the QD stack and the SL automatically. Thus, the
length L of the supercell becomes the SL period. Numeri-
cally we perform a block diagonalization of the dot Hamil-
tonian on a large basis of 10 000 functions® with an elemen-
tary cubic cell size of d=0.565 nm. It is a Bessel basis for
the radial motion:

2
Ying(P) = Cpy - explil6) -J(Mé) -exp(z‘ Zqz), (3)

where Cj,,, is a normalization constant, / the angular quantum
number, ¢ an integer, and N, are zeros of the first kind Bessel
function J;. The first 200 eigenstates are evaluated by exactly
diagonalizing H with the Lanczos algorithm,?® while taking
into account contributions from the first Brillouin zone
k.e]-m/L,w/L] as well.

At first, we calculate the density of states (DOS), using a
symmetrized plane wave basis, at k,=0 for different devices
with and without dots or AlAs barriers, as depicted in Fig. 3.
Without loss of generality we show for better clarity only the
DOS of even-even symmetry, i.e., even wave functions in the
x and y directions. The energy origin in this figure is taken at
the conduction band edge of GaAs. In case of the pure
AlAs/GaAs SL (upper curve) we observe a blueshift of the
“continuum’” onset 16 meV above the bulk GaAs CB, which
corresponds to the first miniband of a SL in typical one-
dimensional SL calculations.’” In the following we denote
the continuum region of the AIAs/GaAs SLs as a quasicon-
tinuum in order to underline the presence of minibands. The
shape of the DOS in the quasicontinuum region resembles
roughly the well-known step function for the DOS of a QW

04

SL (k, is fixed). The sharp peaks in the quasicontinuum re-
gion are caused by the discrete nature of the eigenfunctions
and the limitation to the first 200 eigenfunctions. This limi-
tation causes additionally the unphysical, high-energy cutoffs
in Fig. 3. For the case of a QD stack in a GaAs matrix (lower
curve), we see three sharply peaked bound states below the
GaAs CB and a redshifted onset of the continuum at
—15 meV. The three lowest peaks correspond to the QD’s
S-like ground state and its excited S- and D-like states. The
onset of the quasicontinuum can be identified with the wet-
ting layer (WL) of the dot. Note that in this periodic arrange-
ment the WL forms a SL by itself (also with period L) and
thus differs from a WL for diluted dots in GaAs. In the
second case (middle curve) the dots are combined with the
AlAs/GaAs SL. This results in a redshift for the minibands
as compared to the first case and into a blueshift for the QDs
as compared to the third case (lower curve). Thus, the QD
represents a deep attractive perturbation for the carriers in
AlAs/GaAs/InAs SL, and vice versa the energy scheme of
the InAs QD’s continuum is considerably restructured by the
SL.

In our next step, we calculate the absorption coefficient
a(w) of the devices denoted as MD-A, MD-B, and MD-C,
according to

a(w) o« 2 |(s|E - r|n)|25(8,1 —g,—w), (4)

where n labels the discrete continuum states, g, the corre-
sponding energies, and E the light polarization. Comparing
a(w) for different polarizations of the light (Figs. 4-6), a
pronounced anisotropy of the optical absorption becomes
visible: For in-plane (E L z) polarizations, the so-called nor-
mal incidence, TE or s polarization, the strongest absorption
in Fig. 4 is caused by the bound-to-bound transitions while
the bound-to-continuum absorption is nearly three orders of
magnitude smaller. The bound-to-bound transition (S— P,)
exhausts almost all the oscillator strength (OS) for transitions
within these devices and nearly saturates the Thomas-Kuhn-
Reich sum rule. This implies already a weakened absorption
for all other transitions and polarizations since the OS sums
up to one in a given polarization for all transitions. Taking
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FIG. 4. Absorption coefficient for in-plane polarization with
L;=10 nm (MD-A and MD-B). The inset shows a zoom of the
bound-to-continuum absorption.

into account a slight ellipticity of the dot (R,/R,=0.9), the
main absorption under normal incidence further splits into a
strongly x- or y-polarized doublet, as depicted in Fig. 5.
Thus, the shape anisotropy causes additionally an energy dif-
ference between the x and y transition, which might even be
visible in the PC signal, as we will see later in the experi-
mental part of this publication.

Absorption spectra for polarizations parallel to the growth
axis z (TM or p polarization) are shown in Fig. 6 for all MD
devices: Strikingly, there is no absorption corresponding to a
bound-to-bound transition of the QD, but the absorption for
bound-to-continuum transitions is quite strong. Both effects
can be understood by regarding the localization of the wave
functions within the supercell more closely: Because of the
small dot height in the growth direction, the virtual bound
states (or resonances) for the z motion will be found ener-
getically high above the InAs edge. Simultaneously, the pe-
riodicity of the whole structure in z gives rise to an energy
spectrum periodic in k., with eigenfunctions fulfilling [Eq.
(2)] and localized roughly in the same region where the vir-
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FIG. 5. Absorption coefficients for x- and y-oriented polariza-
tions with L;=10 nm (MD-B), AlAs barrier, and a slightly elliptical
dot (R,/R,=0.9).

PHYSICAL REVIEW B 72, 155310 (2005)

MD-B

MD-A

Absorption coefficient (arb. units)
(=]
(=]
]

150 200 250 300 350 400 450 500
Photon energy (meV)

FIG. 6. Absorption coefficient for a z-oriented polarization. Full
line: L=10 nm (MD-A). Dashed line: L=11 nm (MD-B). Dotted
line: L=14 nm (MD-C). The same scale for the vertical axis is used
for the three samples (the same arb. units as in the inset of Fig. 4).

tual bound states of the dot are situated. A comparison to a
separable model*?® then evidences that the QD ground state
couples preferentially with continuum states that have nearly
the same lateral extension, i.e., all other continuum states as
well as the excited QD bound states, have no significant
overlap with the ground state for p polarization. Note that it
is the vertical periodic arrangement of the QDs that intro-
duces this polarization selection rule for bound-to-continuum
transitions, not the AlAs/GaAs SL.

Further, it should be noted that the absorption spectra in
Fig. 6 reflect the presence of minibands with corresponding
widths of AE,=E,(k,=0)—E,(k,=/L)~25 (40) meV and
AE;=~50 (80) meV for the device MD-C (MD-B). The
sawtooth structure on the absorption peaks is a numerical
artifact resulting from the summation over a limited number
(about 50) of k, values within the first Brillouin zone and has
no physical meaning.

In summary, we emphasize that the QD continuum states
inserted into a SL cannot be considered as the result of a
small perturbation of one system (e.g., the SL) by the other
(the QDs and its WL). In this periodic arrangement the pres-
ence of the QDs changes the position of the SL minibands
significantly and imposes a polarization dependence of the
bound-to-continuum transition while the SL restructures the
QD continuum and shifts the QD bound states to slightly
higher energies. Thus, the combination of both systems, dots
and QWs, does not allow an independent design of each
subsystem.

For the application as photodetectors, the stacking of the
QDs causes a disadvantageous polarization dependence
(p-pol.) for bound-to-continuum transitions, which are nor-
mally preferred for MIR detectors. However, the strong OS
for the bound-to-bound transitions suggests a combination of
both systems in a way that the bound excited states of the
dots are energetically pushed into the dot/SL continuum, e.g.,
by reducing the dot size or by rapid thermal annealing.'
Such a device should exhibit a strong absorption under nor-
mal incidence related to a strong photocurrent extracted via
the SL minibands. On the other hand, we can guess from the
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FIG. 7. Current-voltage (IV) characteristics of devices MD-A,
MD-B, and MD-C (inset: MD-B, DD, SD). All devices show an
asymmetric diodelike behavior. The IV shape changes drastically
between MD, DD, and SD devices.

periodic model a possible behavior of our SD and DD de-
vices. In these detectors, we still have the periodicity of the
AlAs/GaAs SL, but the dots represent now a large perturba-
tion of the minibands within some of the SL periods. This
perturbation should disturb the electron transport through the
SL and a strong decrease of the photocurrents is expected.

IV. EXPERIMENTAL RESULTS

As mentioned above, the PL ground state emission of the
investigated samples in Fig. 1 amounts to 1100 meV for the
MBD devices and to about 1200 meV for SD and DD. Since
both subsets are grown under the same conditions, we sup-
pose that the difference of the PL onset is caused by different
strain conditions for the dots due to their vertical alignment:
The vertical alignment of the QDs is driven by the minimi-
zation of the free energy of the dots and the corresponding
WL. Thus, the free energy, expressed mainly by the strain of
the dots,3® will be lower for QDs in MD devices than in the
SD and DD case. Consequently, the ground state emission of
the MD devices is redshifted toward the SD/DD devices. The
slight energetic deviation of MD-A compared to the other,
blueshifted MD devices can either be caused by a small de-
viation in the MBE growth parameters or it can be inter-
preted as the mutual influence of the SL onto the bound QD
states, as discussed in Sec. III and Fig. 3. In all samples, the
QD size distribution causes a spectral broadening of the
peaks of at least 40 meV and a spectral overlap between
ground and excited states.

Figure 7 shows the IV characteristics of the QDIPs at a
temperature of 4.2 K. As expected, all devices exhibit an
asymmetric diodelike behavior. Adding AlAs barriers into
the structure the dark current decreases by more than one
order of magnitude in descending order of MD-A, MD-B,
and MD-C. In contrast to MD-A the electrons in MD-B have
to tunnel additionally through the AlAs barriers of the
AlAs/GaAs/InAs SL. Further, the width of the minibands as
well as their energetic positions decrease in the order of
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FIG. 8. (a) Photocurrent spectra in the mid-infrared region. (b)
Far-infrared spectra: The double peak structure is attributed to the
shape asymmetry of the QDs. For a comparison, the calculated
spectra are plotted as dotted lines.

MD-A, MD-B, and MD-C, i.e., electrons in MD-C have to
tunnel through a higher barrier than in MD-B.

In case of the SD and DD devices (the inset of Fig. 7), the
dark currents drop drastically by several orders of magni-
tude. We attribute this to the strong influence of the dots on
the electronic transport within the SL. If we break the strict
periodicity of the combined QD-SL system, we obtain a sys-
tem in which a rather normal one-dimensional SL with its
typical energetic properties is directly attached to a very
short QD-SL system. Thus, we will have a vertical misalign-
ment of the quasicontinuum states, i.e., the minibands. As we
will see below this reduces not only the unwanted dark cur-
rents, but also the desired photocurrents drastically.

The unpolarized and unbiased PC spectra of the MD de-
vices shown in Fig. 8(a) are characterized by a single,
roughly 40 meV broad main peak around 225 meV for
MD-A and MD-C and around 247 meV for MD-B. These
values are in good agreement with the calculated spectra
from Fig. 6 (plotted as dotted lines in Fig. 8 for a better
comparison). Thus the recorded PC spectrum can be inter-
preted as ionization of the electrons from the bound QD
ground states into the quasicontinuum of the combined
QD-SL structure. In this context, the broadening of the PC
peaks is caused by the size distribution of the QDs and their
corresponding bound states, as well as by the width of the
minibands. The latter effect is also in very good agreement
with our model, where the width of the first absorption peak
decreases in the order of MD-A, MD-B, and MD-C. The
smoothness and the high signal to noise ratio (SNR) of the
main absorption peaks of the MD devices can be attributed
to the decreased dark currents due to the insertion of AlAs
QWs and to a homogenization of the QD size distribution
within each QD stack due to the vertical alignment of the
dots and the corresponding strain minimization.

Without periodic, vertical alignment of the QDs, the PC
spectrum becomes more complex for the SD and DD detec-
tors: Several PC peaks in the energy range between 170 and
320 meV with a comparatively small SNR can be observed.
Despite that we cannot calculate the spectra for the SD and
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DD devices, because their broken symmetry violates the
Bloch theorem [Egs. (1) and (2)], and thus the basic assump-
tion of our model, the comparison of the complicated spectra
of the SD and DD detectors with the MD QDIPs underlines
the supposition we already expressed in III: The vertical
electron transport is heavily disturbed for the SD and DD
devices due to a complete misalignment of the corresponding
energy bands within the SL. Consequently, the photocurrent
decreases by more than two orders of magnitude compared
to the MD QDIPs.

Further, the model directly suggests that the strongest ab-
sorption for all devices should be found for the bound-to-
bound (S — P,) transition. Therefore we performed PC mea-
surements for MD-B, SD, and DD in the corresponding
region around 60 meV as depicted in Fig. 8(b), together with
the calculated absorption spectrum. In this case we have
nearly perfect agreement between experiment and calcula-
tion. The observed photocurrent results from the optical ex-
citation of electrons from the QD ground state into their first
excited state. For the extraction of these electrons from the
excited state into the SL miniband we suggest thermal ion-
ization via highly excited QD or WL states. If further an
unpolarized normal incidence geometry is chosen for the ex-
citation, the shape anisotropy of the dots leaves its trace in
the split-up of the main photocurrent peak. The PC measure-
ment exhibits an energy separation of approximately 7 meV
and a peak broadening of only 5 meV in all three devices, as
predicted by our model for MD-B with slightly elliptic QDs.
This means that despite the differences in the interband tran-
sitions and the PL linewidths of above 40 meV the intersub-
level transition can be found at the same spectral position
with a narrow linewidth for all three devices.

The double peak structure could also be confirmed by
transmission experiments on a sample similar to the SD
device.*® However, it has to be noted that the currents in
these PC experiments are very close to the lower detection
limit of the measurement system, especially for the SD and
DD devices. Only the strong decrease of the dark currents
due to the AlAs barriers allows this small signal detection.

Because our model predicts a polarization dependence of
the MIR absorption for the MD structures, we recorded the
photocurrent of the ionization transition around 250 meV
[see Fig. 8(a)] in dependence of the orientation of the incom-
ing light field. Figure 9 shows the results for the QDIPs
MD-B and MD-C for TM and TE polarizations. As sketched
in this figure, TM corresponds in the chosen waveguide ge-
ometry mostly to a polarization parallel to z while TE can be
regarded as normal incidence polarization. As expected from
the model, the maximum signal is obtained for incoming
light polarized parallel to the growth direction. Since a small
part of the OS is left for the TE absorption (see the inset of
Fig. 4), the PC signal does not drop to zero for this polariza-
tion. While the normalized photocurrent of MD-B agrees
well with the model, device MD-C exhibits a much higher
PC signal than expected for the polarization angle of 90°
(i.e., TE-pol.). We attribute this deviation from the model to
experimental problems like the smoothness of the backside
of the waveguide, which leads to light scattering and the
incoupling via parabolic mirrors that can cause deviations
from the polarization angle set on the linear polarizer.
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FIG. 9. Polarization dependence of the photocurrent peak maxi-
mum. The inset shows the waveguide structure of the device with
corresponding polarization axes.

Summarizing our experimental results, we state that the
combination of QD stacks and an AlAs/GaAs SL allows the
design of very promising infrared detectors for the mid-
infrared region. A comparison of our model with the experi-
ments proves the suitability of our model for the design of
QD-based photodetectors combined with AlAs/GaAs SLs:
The energetic position of the absorption as well as the ab-
sorption peak widths were predicted correctly for all strictly
periodic QD/SL devices. Further, we could deduce from the
model the polarization properties of the detectors. QD stacks
together with a SL structure strongly improve the SNR of our
devices, but prefer clearly light polarizations along the
growth axis of the detectors. A possibility to overcome this
deficiency is given by our model: the S— P, transition is a
promising candidate for a new type of QDIP, where the ex-
cited states of the QDs will be energetically pushed into the
quasicontinuum of the surrounding SL. First, measurements
on this transition under normal incidence show a compara-
tively small photocurrent signal around 55 meV with a nar-
row linewidth. Due to the high absorption coefficient for
these bound states and the strongly suppressed dark currents
in the QD/SL devices, photoelectrons can be detected despite
the fact that these structures were designed for the spectral
region around 250 meV and do not allow a direct ionization
with radiation around 55 meV. This shows the high potential
of the periodic QD/SL detectors.

V. CONCLUSION

We investigated the suitability of combined QD/SL sys-
tems for the use as mid-infrared quantum dot photodetectors.
Despite the fact that all devices are able to detect light in a
normal incidence geometry, polarizations parallel to the
growth direction cause the highest photocurrents for the cho-
sen ionization transition. Our calculations show that this
property cannot only be attributed to the SL, but also to the
periodic arrangement of the QDs themselves. Comparing pe-
riodic QD/SL structures with nonperiodic QD arrangements
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we could show that QDs together with their WL perturb the
energetic structure of an AlAs/GaAs SL so heavily that both
subsystems cannot be designed independently from each
other. The model we developed for the periodic devices pre-
dicts not only the spectral response of the detectors, but also
their polarization properties. Hence, our model allows de-
signing the growth scheme for MIR QDIPs, and it further
predicts a strong photocurrent under normal incidence, if
QDs with bound ground states but excited states in the SL
quasicontinuum are chosen. Further, we could show that ver-
tical QD stacks within these SL structures should be pre-
ferred for the use as infrared photodetectors due to their
higher spectral homogeneity, their high photocurrents, and

PHYSICAL REVIEW B 72, 155310 (2005)

low dark currents, as well as their possibility to design their
spectral response by the surrounding SL.
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