
HAL Id: hal-03417725
https://hal.science/hal-03417725

Submitted on 5 Nov 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Electrical detection of light helicity using a
quantum-dot-based hybrid device at zero magnetic field
F Cadiz, D Lagarde, B Tao, J Frougier, B Xu, X Devaux, S Migot, Z G Wang,

X F Han, J-M George, et al.

To cite this version:
F Cadiz, D Lagarde, B Tao, J Frougier, B Xu, et al.. Electrical detection of light helicity using
a quantum-dot-based hybrid device at zero magnetic field. Physical Review Materials, 2020, 4,
�10.1103/physrevmaterials.4.124603�. �hal-03417725�

https://hal.science/hal-03417725
https://hal.archives-ouvertes.fr


PHYSICAL REVIEW MATERIALS 4, 124603 (2020)
Editors’ Suggestion

Electrical detection of light helicity using a quantum-dot-based hybrid device at zero magnetic field

F. Cadiz,1 D. Lagarde,1 B. Tao,2 J. Frougier ,3 B. Xu,4 X. Devaux,2 S. Migot,2 Z. G. Wang,4 X. F. Han,5 J.-M. George,3

H. Carrere ,1 A. Balocchi,1 T. Amand,1 X. Marie,1 B. Urbaszek,1 H. Jaffrès ,3 Y. Lu ,2,* and P. Renucci1,†

1Université de Toulouse, INSA-CNRS-UPS, LPCNO, 135 Av. Rangueil, 31077 Toulouse, France
2Institut Jean Lamour, Université de Lorraine, CNRS UMR7198, Campus ARTEM, 2 Allée André Guinier, BP 50840, 54011 Nancy, France

3Unité Mixte de Physique, CNRS, Thales, Université Paris-Saclay, 91767 Palaiseau, France
4Key Laboratory of Semiconductor Materials Science, Institute of Semiconductors, Chinese Academy of Sciences,

P. O. Box 912, Beijing 100083, China
5Beijing National Laboratory of Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China

(Received 23 July 2020; revised 13 October 2020; accepted 30 October 2020; published 21 December 2020)

Photon helicity-dependent photocurrent is measured at zero magnefic field thanks to a device based on
an ensemble of (In,Ga)As/GaAs quantum dots that are embedded into a GaAs-based p-i-n diode. Our main
goal is to take advantage of the long electron spin-relaxation time expected in these nano-objects. In these
experiments, no external magnetic field is required thanks to the use of an ultrathin magnetic CoFeB/MgO
electrode, presenting perpendicular magnetic anisotropy. We observe a clear asymmetry of the photocurrent
measured under respective right and left polarized light that follows the hysteresis of the magnetic layer. The
amplitude of this asymmetry at zero magnetic field decreases with increasing temperatures and can be controlled
with the bias. Polarization-resolved photoluminescence is detected in parallel while the device is operated as a
photodetector. This demonstrates the multifunctional capabilities of the device and gives valuable insights into
the spin relaxation of the electrons in the quantum dots.
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I. INTRODUCTION

Intense investigations have been led on spin injection
and spin properties in semiconductors in the last 20 years,
in view of developing optospintronics devices [1–3] offer-
ing new functionalities based on the electron-spin degree
of freedom. In particular, spin light-emitting diodes (spin-
LED) containing ensembles of quantum dots [4–11], where
spin-polarized electrons are electrically injected, could be
of particular importance for quantum information processing
[12] (an electron spin confined in a semiconductor quantum
dot can be used as a quantum bit) and quantum cryptography
[13]. An efficient way to realize electrical spin injection into
the dots consists of injecting spin-polarized electrons from a
ferromagnetic injector via a tunnel barrier [14,15] (e.g., an
oxide barrier like MgO [16–20]). This allows one to overcome
the problem of conductivity mismatch between the metal and
the semiconductor [21,22]. Recently, results of spin-injection
processes, with electron spin aligned along the growth axis Oz

of the device, were reported in quantum wells and quantum
dots without any external magnetic field (that was previously
required to rotate the magnetization of the electrode along Oz)
[23–25]. This breakthrough was realized thanks to the use of
an ultrathin CoFeB/MgO injector characterized by a strong
perpendicular magnetic anisotropy (PMA) [10,23,25].
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Conversely, spin-optronic detectors or spin photodiodes,
for which the amplitude of the photocurrent depends on
the helicity of the detected photon and on the direction
of the magnetization of the ferromagnetic (FM) electrode,
may be of interest for optical telecommunications based
on photon polarization [26]. This new generation of de-
vices could be also very useful for memory-based devices
with an optical reading of information stored in the ferro-
magnetic layer. Several works have been published dealing
with such helicity-sensitive detectors based on metal-oxide-
semiconductor junctions [27–30] or spin-LEDs [31–33].
There are three key issues to obtain an efficient helicity
detector. Firstly, an electron spin-relaxation time in the semi-
conductor part is long enough such that the spin is maintained
until the carrier crosses the tunnel barrier before to be col-
lected by the ferromagnetic electrode. Secondly, the realistic
device should has the ability to work at zero magnetic field.
Up to now, most of the studies have been performed using
external magnetic fields on the order of 1 T [28,29,31] to align
the magnetization of the electrode along the growth direction
of the structure in order to obey the condition imposed by
the optical selection rules in the semiconductor [34]. Among
these studies, a few of them were realized at zero external
magnetic field using PMA detectors [30,33,35] or in-plane
detectors [32,36] under oblique incidence angle. Thirdly, it
is also important to have a carrier recombination channel
[31,37] that is competitive with the extraction channel from
the semiconductor to the ferromagnetic electrode, in order to
get an helicity asymmetry of the photocurrent under circularly
polarized light in continuous-wave (cw) experiments.
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FIG. 1. Schematics of measurement setup. Spin light-emitting-
diode device that can be operated either in LED mode when supplied
by a voltage generator or in the photocurrent mode when excited by
a circularly polarized laser. Polarization-resolved photoluminescence
is detected in parallel while the device is operated in the photocurrent
mode.

In this paper we propose to use p-doped quantum dots
embedded in the active region of the spin-photodiode in or-
der to take benefit from the long electron spin-relaxation
time expected in such nano-objects [38], coupled with an
ultrathin CoFeB magnetic electrode presenting PMA [39] to
fulfill the three requirements mentioned above. Using such
a hybrid system, we observe an asymmetry of photocurrent
under right and left circularly polarized light (of about 0.4%
at low temperature) that follows the hysteresis cycle of the
magnetic layer. This is a report of a spin detector based on
semiconductor quantum dots. The photocurrent asymmetry
amplitude decreases with increasing temperatures and can
be controlled by the bias. Moreover, as emphasized in this
paper, polarization-resolved photoluminescence is detected
in parallel while the device is operated as a photodetector.
This simultaneous measurement of both polarized photocur-
rent and photoluminescence gives insights into electron-spin
relaxation inside the dots when the bias is varied.

II. SAMPLE AND EXPERIMENTAL SETUP

The schematics of the spin-LED structure is displayed in
Fig. 1. The p-i-n LED device grown by molecular-beam epi-
taxy (MBE) contains three planes of (In,Ga)As quantum dots
(QDs) embedded in the intrinsic region. The full sequence
of the semiconductor structure is as following: p+-GaAs:Zn
(001) substrate (p = 3 × 1018 cm−3)/300 nm p-GaAs:Be
(p = 5 × 1018 cm−3)/400 nm p-Al0.3Ga0.7As : Be (p = 5 ×

1017 − 5 × 1018 cm−3)/3 × [30-nm undoped GaAs (Be δ

doping in the middle)/7 monolayers (In,Ga)As QD]/30-nm
undoped GaAs/50-nm n-GaAs:Si (n = 1016 cm−3). The Be
δ-doping concentration has been calibrated to yield approx-
imatively one hole per dot. The LED surface is passivated
with arsenic in the semiconductor (SC) MBE chamber and
then transferred through air into a second MBE-sputtering
interconnected system to grow the spin detector structure. The
As capping layer is firstly desorbed at 300 °C in the MBE
chamber and then the sample was transferred through ultra-
high vacuum to a sputtering chamber to grow 2.5-nm MgO
layer followed by 1.1-nm Co0.4Fe0.4B0.2 ferromagnetic layer
and 5-nm Ta protection layer. Concerning the device fabri-
cation, 300-μm-diameter circular mesas were then processed
using standard UV photolithography and etching techniques.
Finally, the processed sample was cut into small pieces to
perform rapid temperature annealing at 300 °C for 3 min.
Detailed growth conditions can be found elsewhere [23]. High
resolution scanning transmission electron microscopy (HR-
STEM) was performed to characterize the sample structure
using a JEOL ARM200 equipped with a cold field-emission
gun and a Gatan GIF Quantum Electron Energy-Loss Spec-
trometer (EELS). The images were recorded at 200 KV
whereas chemical maps were drawn from STEM-EELS spec-
trum images.

The sample was kept in a vibration-free closed-cycle He
cryostat equipped with a superconducting coil enabling us to
apply magnetic fields up to ±2 T normal to the sample plane.
The photocurrent measurements were performed under cw ex-
citation with 850- and 910-nm wavelengths provided by laser
diodes focused onto the sample with a typical spot diameter of
3 μm. The helicity of the laser diode is modulated by a pho-
toelastic modulator at 50 kHz. The difference between the two
photocurrents under circularly right and left polarized light is
labeled �Iph. �Iph is measured thanks to a transimpedance
amplifier (gain 105) followed by a lock-in amplifier. The bias
applied to the structure is provided by a source meter that also
measures the average photocurrent Iph. The positive (forward)
bias corresponds to inject electrons from the metal part to
the SC part, while the negative (reverse) bias corresponds to
extract electrons from the SC part to the metal part. The laser
power is kept below 20 μW to stay in the linear regime. An
original point of our setup is that the photoluminescence (PL)
can be detected at the same time as the photocurrent (see
Fig. 1). The PL was detected in the Faraday geometry with
an aspheric lens ( f = 8 mm, numerical aperture = 0.5). The
collected light was dispersed by a spectrometer and recorded
by a cooled charge-coupled-device camera. For electrolumi-
nescence (EL) experiments, the light collection system is the
same as for PL, as well as the spectral and polarization-
resolved setup. The EL(PL) circular polarization degree Pc

was analyzed through a λ/4 wave plate and a linear analyzer.
Pc is defined as Pc = (Iσ+ − Iσ−)/(Iσ+ + Iσ−) where Iσ+ and
Iσ− are the intensities of the right and left circularly polarized
components of the EL/PL, respectively.

III. STRUCTURE CHARACTERIZATION

An atomic force microscopy (AFM) image of a freestand-
ing (In,Ga)As QDs sample on GaAs substrate without capping
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FIG. 2. (a) AFM image of the (In,Ga)As QD layer without capping with GaAs layer. The (In,Ga)As QDs have a density of 1.6 × 1010 cm−2.
The QDs have an average diameter of about 30 nm and height of about 9 nm. (b) STEM large-scale annular dark-field (ADF) image showing
three planes of QDs and homogeneous FM/SC interface. (c) STEM bright-field (BF) image showing the stack structure of spin detector.
(d) EELS map showing the chemical component variation in three QD planes.

of GaAs layer is shown in Fig. 2(a). The (In,Ga)As QDs have
a density of 1.6 × 1010 cm−2. The average lateral dot diameter
is about 30 nm and the height is about 9 nm. It is important
to note that the AFM image provides only an estimation of
the QD morphology and density in the final device. In fact,
in the device structure, the QDs are capped by the GaAs
layer, which can modify the morphology and the size of QDs
[40]. To clarify the QDs structure in the final device, we have
performed STEM analysis combined with EELS mapping.
Figure 2(b) shows the large-scale annular dark-field (ADF)
STEM image of the device. Three planes of QDs can be well
distinguished. Figure 2(d) displays the EELS maps for Ga,
As, and In elements. It is interesting to find that the top of
(In,Ga)As QD is flat with a much reduced height of about
5 nm, as indicated by the white dashed lines. In fact, the
growth of QD is performed at low temperature of 500 °C,
while the growth of capping layer and top n-GaAs layer is
carried out at high temperature of 600 °C. These results indi-
cate that the capping layer and top-layer growth condition can
lead to QD shape modification via lateral migration of indium
from the top of QD, which also increases the lateral diameter
of QD [40].

In Fig. 2(b), the spin-detector structure deposited by
sputtering appears very homogeneous on the semiconductor
surface. Figure 2(c) displays the enlarged interface structure

of MgO/CoFeB/Ta stacks. We can find a thin amorphous
GaAs layer appearing at the GaAs/MgO interface, which
could be due to the large kinetic energy of the atoms reaching
the surface during the sputtering growth process. The MgO
layer shows a textured structure while CoFeB and Ta layers
are almost amorphous. The top of the Ta layer is partially ox-
idized. The homogeneous structure ensures a high efficiency
for spin injection and detection, which will be presented be-
low.

IV. ELECTROLUMINESCENCE CHARACTERIZATION
AT ZERO MAGNETIC FIELD

The inset of Fig. 3 shows a typical polarization-resolved
EL spectrum at 15 K and at zero magnetic field after the
CoFeB electrode has been magnetized up to saturation along
the Oz growth axis. Remarkably, the ensemble of quantum-dot
emission shows a significant circular polarization of Pc =
18% when a DC current of magnitude 160 μA is applied.
Thanks to the p doping of the dots (one hole per dot on
average), the emitting quasiparticles are positively charged
excitons (trions X +), constituted by two valence holes and
one conduction electron, which are circularly polarized, con-
trary to neutral excitons that are linearly polarized (due to
the shape anisotropy of the quantum dots) [38,41,42]. The
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FIG. 3. EL circular polarization as a function of external
magnetic field. T = 15 K. I = 80 μA. Inset. Left axis: electrolumi-
nescence spectra of the ensemble of quantum dots. σ+ and σ – are the
right and left components (respectively). B = 0 T. T = 15 K. Right
axis: Corresponding circular polarization Pc.

resulting optical selection rules are quite straightforward: Pc

is equal in the first approximation to the electron’s spin po-
larization Ps[Ps = (n− − n+)/(n− + n+)], where n− and n+
are, respectively, the number of electrons with spin down
and -up in the ensemble of quantum dots, provided that the
electron spin-relaxation time within the trion is longer than
the electron lifetime (which is already validated for InGaAs
p-doped quantum dots [38]). Long electron spin-relaxation
time (a few ns) in p-doped quantum dots is due to the fact
that the exchange interactions between the electron and the
two holes with opposite spins cancel each other within the
trion quasiparticle [38]. Figure 3 displays the EL circular po-
larization at 15 K as a function of the external magnetic field
at a fixed bias of V = 2.2 V (I = 80 μA). The EL polarization
follows the CoFeB magnetic hysteresis cycle. Remarkably we
find Pc ∼ 20% at B = 0 T. The ultrathin CoFeB layer presents
a perpendicular magnetic anisotropy due to the interfacial
anisotropy at the CoFeB/MgO interface [39] that is respon-
sible for this PMA hysteresis. Note that the magnetic circular
dichroism (MCD) is below 1% for this type of injector [23].

In Fig. 3, small circular polarization dips are observed
when magnetic field is closed to B = 0 T. In the 0–100 mT
range, this may be due to the electron spin-relaxation induced
by the hyperfine interaction between the nuclear spins and
the spin-polarized electron in the dot [43]. In this picture,
this spin-relaxation mechanism is quenched when the external
magnetic field is applied from 0 to about 100 mT [38], leading
to an increase of Pc. For magnetic fields larger than 100 mT,
we still observe a slight increase of Pc. This can result from
the possible circularization of the neutral exciton eigenstates
[42] [the broad luminescence may include a (small) fraction
of neutral excitons X recombination, in addition to the X +
trions component]. Magnetic domain alignment in the mag-
netic layer close to the interface may also play a role in the
slight Pc increase measured in the 0.2–1 T range. The precise

physical origin of the shape of the polarization hysteresis loop
will require further investigations. However the observation
of an EL circular polarization of about 20% at B = 0 T is a
clear manifestation of a very efficient electrical spin injection
without external magnetic field, and proves the high quality of
the CoFeB/MgO/GaAs interface.

V. HELICITY-DEPENDENT PHOTOCURRENT

We then turn to photocurrent experiments under circularly
polarized light. The ensemble of quantum dots is excited
by a laser diode at 910 nm (corresponding to high-energy
InGaAs dots emission/absorption) and 850 nm (close to the
wetting layer states energy) with comparable results. Figure
4(a) shows I-V characteristics of the devices in dark condition
at different temperatures. Due to the p-i-n junction structure,
the device shows a rectified character with current injection
in positive (forward) bias condition. With increasing temper-
ature up to 132 K, the threshold bias decreases in forward
bias condition while the dark current almost keeps unchanged
in reverse bias condition. Thanks to our specific setup, it is
possible to detect the photocurrent and the photoluminescence
signals at the same time. Figure 4(b) displays both the pho-
tocurrent and PL signals as a function of the applied bias on
the device. As expected, the two signals are complementary.
When a positive bias is applied to the structure (just below
the bias threshold required for the appearance of EL signal),
the photocurrent intensity is decreasing while by correlation
the PL signal is increasing. To understand this phenomenon,
we have performed a simulation of the band structure of
the spin-photodiode device by using a self-consistent “1D

POISSON” program [44,45]. The nominal layer thicknesses
and the dopant concentrations are input parameters for the
simulation. For simplification, the In0.3Ga0.7As QD layer
has been modeled by a 9-nm-thick In0.3Ga0.7As QW layer.
Figure 5 displays the simulation of band structures. In the for-
ward bias condition, the bands are getting flatter when the bias
increases. On the contrary, for reverse bias condition, the
bending of the bands increases in the depletion region of the
structure, and the extraction of carriers out of the active region
by tunnel effect is more efficient due to the strong electric
field, leading to an increase of the photocurrent signal. At the
same time, the PL signal decreases due to this escape of car-
riers out of the dots that constitutes an efficient nonradiative
channel.

We define an asymmetry factor A = �Iph/Iph (where Iph is
the average photocurrent) to quantify the helicity-dependent
photocurrent. In Fig. 4(d), at V = +0.4 V, one can observe
that the asymmetry factor A is about 0.4% at zero magnetic
field and T = 30 K after the CoFeB layer has been magne-
tized at saturation along the Oz growth axis. Moreover, the
factor A follows the hysteresis cycle of the ultrathin CoFeB
magnetic layer. The observed coercive field of about 100 mT
is comparable to the one measured by EL in Fig. 3. Remark-
ably, the helicity-dependent photocurrent can be modified by
applying an external bias [Fig. 4(e)]. Note that this bias de-
pendence of A allows us to rule out a possible artifact due
to magnetic circular dichroism (a flat background indepen-
dent of the applied bias that may be due to a small MCD
has been properly subtracted). It appears that A increases
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FIG. 4. (a) I-V characteristics of the device at different temperatures. (b) Photocurrent (black squares, left axis) and photoluminescence
signals (open red circles, right axis) as a function of bias. λlaser = 850 nm. The gray zone indicates the bias window for which the photocurrent
asymmetry A displayed in (e) is maximal. (c) Circular polarization of the photoluminescence as a function of the bias. λlaser = 850 nm.
T = 10 K. B = 0 T. Inset: σ+ (black line) and σ− (red line) components of the luminescence for V = +1 V and −0.7 V. (d) Photocurrent
helicity asymmetry A as a function of the external magnetic field. λlaser = 910 nm, V = +0.4 V, T = 30 K. (e) Photocurrent helicity asymmetry
A as a function of applied bias at zero external magnetic field. λlaser = 850 nm. T = 30 K. (f) Photocurrent helicity asymmetry A (black
squares, left axis) as a function of temperature at fixed bias. λlaser = 850 nm, V = +0.4 V, B = 0 T. PL circular polarization (red triangles, right
axis). λlaser = 850 nm, V = 0 V, B = 0 T. EL circular polarization (open blue squares, right axis) as a function of temperature. V = +2.0 V,
I = 54 μA, B = 0 T.

with the applied bias, in the forward regime for the p-i-n
junction (in the flat-band regime slightly before EL emission
starts). We can see in Fig. 4(b) that the bias range (marked
by gray zone) for which A is maximum corresponds to a
relatively weak photocurrent amplitude and a large PL inten-

FIG. 5. Energy band diagram simulations using a
one-dimensional Poisson-Schrödinger solver for the forward
and reverse bias conditions at 10 K.

sity. In this regime, radiative recombination in the quantum
dots constitutes a strongly competing channel to photocurrent
extraction.

Two main reasons could explain the large increase of A
under forward bias. First, a channel competing with respect to
the extraction of carriers from the dots (or localized states in
the wetting layer) towards the magnetic electrode is required
to obtain a sizable photocurrent asymmetry [31,37]. Indeed, in
the absence of any competing channel (PL, interface recom-
bination, …), cw excitation would lead to helicity-dependent
spin accumulation at the interface with the MgO barrier
but, however, zero photocurrent asymmetry. In our case, the
radiative recombination channel in the dots could consti-
tute a competing channel that becomes more efficient under
forward bias, and would lead to a larger value of the pho-
tocurrent asymmetry. The second possible reason is that the
trion/exciton population rate in the QDs could depend on
the applied bias. Some insight about this dependence can
be obtained by polarization-resolved PL experiments under
bias [Fig. 4(c)]. As expected, the spectrum at −0.7 V is red-
shifted compared to the one at +1 V, due to quantum-confined
Stark effect [46]. This can be also seen from the simulated
band structure (Fig. 5) that the negative bias can change the
band structure in the active region. The spectrum observed at
−0.7 V is less broad at high energy, because of the easiest es-
cape out of the dots of electrons with high energy by tunneling
effect from quantum dots under reverse bias. The PL circular
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polarization of the ensemble of dots (integrated on the whole
spectrum) increases strongly from about 4% to about 18%
when the bias varies from −0.6 to +0.6 V. We believe that this
can be explained by the bias-induced change of trion/exciton
population ratio within the ensemble of dots. Indeed, a
positive bias favors the presence of one resident hole in
the dot, and thus the photogeneration of trions (which are
circularly polarized) instead of neutral excitons (whose eigen-
states are linearly-polarized). The corresponding change in
the trion/exciton population ratio yields an increase of the
PL circular polarization. This polarization increase will also
contribute to the larger value of the photocurrent asymmetry
obtained at positive bias [Fig. 4(e)].

Finally, we have also studied the dependence of the
photocurrent asymmetry A = �Iph/Iph as a function of tem-
perature [Fig. 4(f)]. A clear drop is observed when the
temperature varies from 30 to 90 K. Above 90 K, the signal
disappears. The trend is the same for the EL circular polariza-
tion and the PL circular polarization [Fig. 4(f)]. Note that this
temperature dependence also allows us to rule out artificial
effect coming from MCD. Two possibilities could explain the
temperature variation of photocurrent asymmetry. Firstly, this
behavior is probably due to a phonon-induced spin-relaxation
mechanism, as clearly evidenced in InAs/GaAs quantum dots
[47,48]. The second possibility is linked to the average doping
per quantum dot, which varies significantly when the tem-
perature increases. This variation of QD doping was clearly
identified in the temperature-dependence measurements of in-
tersublevel absorption [49]. It has also strong consequences on
the amplitude of the measured EL circular polarization since
the QD eigenstates change with the doping [Fig. 4(f)] [11]. It
is well known that the exciton eigenstates of undoped InGaAs
quantum dots are linearly polarized as a consequence of the
anisotropic exchange interaction [50]. As a consequence, the
spin polarization of photocurrent excited by circular polarized
light will be much reduced when the temperature increases,

as well as the photocurrent asymmetry detected by the spin
detector.

VI. CONCLUSION

Thanks to the use of an ultrathin magnetic layer of CoFeB
that presents perpendicular magnetic anisotropy, and p-doped
(In,Ga)As quantum dots, we have evidenced at zero external
magnetic field an asymmetry of photocurrent under right and
left polarized light that follows the hysteresis cycle of the
magnetic electrode. The amplitude of this asymmetry at zero
magnetic field is about 0.4% at low temperature, and can
be controlled by the bias. It paves the way for versatile de-
vices operating at zero magnetic field with two functionalities
(helicity-dependent photodetector and circularly polarized
light source). Note that the use of an ultrathin CoFeB electrode
of a few atomic layers is a strong advantage compared to
thicker stacks [35,48,51] which provide the required perpen-
dicular magnetic anisotropy, because it minimizes the light
absorption in the magnetic layer. This is a crucial point for
the realization of sensitive photodetectors.
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