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Abstract

We report in this work on the variation of the optical bandgap and structural prop-
erties of epitaxial BigFeCrOg films grown by pulsed laser deposition on SrTiOz(001)
substrates. It is shown that the bandgap can be tuned by varying the laser repeti-
tion rate during deposition which has a strong impact on the Fe/Cr order inside the
BisFeCrOg double perovskite structure. Ab initio band structure calculations unam-
biguously show that the presence of antisite defects lead to an increase of the gap with
about 0.25 eV with respect to the one calculated in the ideal structure. It is also shown
that with increasing Fe/Cr disorder the saturation magnetization is strongly reduced
along with the difference between the Fe and Cr valences. These results suggest that the
bandgap of BioFeCrOg can effectively be engineered by modulating the deposition con-
ditions, thus paving the way for applications such as photovoltaic conversion, memory

writing and direct CMOS integration.

Introduction

Although silicon is by far the most used semiconductor in nowadays electronic devices, oxide
materials are becoming more and more appealing because of their wide variety of properties
such as transparency, chemical stability, abundance, low price, reduced toxicity or versatil-
ity of the fabrication techniques. Most of the limitations originate from their relative large
bandgap, and therefore, doping is systematically required to address different functions. Ox-
ides can thus be used as transparent conductive materials (Sn-doped In,O3'?), magnetic
semiconductors (transition metal doped ZnO3? or TiO,®), half metallic materials for spin-
tronic applications (Lag/3SrisMnOs3,%" SroFeMoOg®?), multiferroic materials (BiFeO3'?),
photon management materials (rare earth doped ZnO,1% SnO,3 or CeOy'%)... More
recently, oxides were found to have a potential interest for photovoltaic solar cells.'®'” The
main issue related to these oxide materials is their high bandgap which, in order to fit the

AM 1.5G solar spectrum, should be lowered to approach that of an ideal absorber in a single



junction solar cell (around 1.1-1.3 eV).'® One of the most popular oxide absorber is Cu,O,
which has a bandgap of 2.1 eV and a maximum efficiency when integrated in solar cells of
8.1%.1% More recently, ferroelectric oxides such as BisFeCrOg with a bandgap of about 2 eV, 2°
BiFe; ,Mn,03,2! Ho-doped BisTizFeO15,%2 BiXOs3 (with X = Fe, Mg, Zn, Cd, Ca, Sr)#?
or KBiFe,O5 (gap of 1.6 €V)?® were also reported to be suited for photovoltaic devices. Al-
though less studied because of stability issues, non-oxide ferroelectrics are also reported to
be potentially interesting for photovoltaic applications.?%2” Due to the ferroelectric character
of these materials, no p-n junction is needed to separate the charge carriers?® and photovolt-
age values much larger than the bandgap are expected.??3? Another advantage is that the
bandgap (along with other physical properties) can be tuned either by varying the dopant
concentration or by changing the concentration of defects.?*2 As a matter of fact, Nechache
et al®® have recently demonstrated the growth of BisFeCrOg with variable bandgaps which
exhibited conversion efficiencies of 3.3% and 8.1% in single junction and tandem solar cells,
respectively. A good understanding of the relationship between the growth conditions, the
Fe/Cr ordering in BisFeCrOg and the bandgap is therefore mandatory.

In this paper we show a simple method to obtain thin films of BisFeCrOg by pulsed
laser deposition showing a modulated bandgap between 1.9 and 2.6 eV. This modulation can
be easily obtained by varying the laser repetition rate from 1 to 10 Hz during deposition.
In order to better understand the effect of structural defects on the bandgap variation, ab
initio calculations were carried out. While the defected structures (including antisite defects)
result in larger bandgap values ranging between 2.50 and 2.55 eV, the bandgap of "perfect"
BisFeCrOg is found about 2.3 eV. Although this change does not seem important, it is
expected to have an essential role on the open circuit voltage of a PV solar cell and therefore

on its conversion efficiency.



Experimental details

Epitaxial BiosFeCrQOg films were grown by pulsed laser deposition on SrTiO3(001) substrates
starting from in-house sintered targets and using a KrF excimer laser (248 nm). All samples
were grown at 750°C under 1072 mbar O, atmosphere. The films were cooled down after
deposition at a rate of 5°C/min in the same atmosphere. The laser power was kept at 26
mJ while its repetition rate was varied from 1 to 10 Hz. This is expected to modulate the
concentration of defects, notably antisite defects, in the sample. The film thicknesses of the
samples deposited between 2 and 10 Hz range between 60 and 98 nm, as determined from
the X-ray reflectivity measurements, although the same number of laser pulses were used in
each case. The film thickness of the sample deposited at 1 Hz is about 34 nm as the number
of the laser pulses was four times smaller than for the rest of the series.

The crystalline structure of the samples was analyzed by X-ray diffraction using a Rigaku
SmartLab diffractometer equipped with a monochromatic source delivering a CuKea; incident
beam (45 kV, 200 mA, 0.154056 nm). X-ray 6-20, reflectivity, rocking curves, and ¢-scans
analyzes were performed in order to confirm the epitaxy of the films, check the presence of
spurious phases, determine the film thickness, calculate the in- and out-of-plane correlation
lengths and estimate the atomic ordering degree.

The magnetic properties were analyzed at room temperature using a MPMS SQUID-
VSM (Quantum Design) magnetometer allowing a maximum field of 7 T. The magnetic field
was always applied in the film plane along the [100]|SrTiO3(001) direction.

The optical bandgap of the films was determined from spectroscopic ellipsometry mea-
surements performed on a Horiba Uvisel. The dispersion model used was the Adachi new

Fourouhi model.3* The figure of merit related to y-squared values was always around 0.05.



Structural and optical properties

BisFeCrOg presents a double perovskite structure that can be described in the R3 symmetry
(a,, = 0.547 nm and «,, = 60.09°). However, this structure can be be fairly approximated
with a pseudo-cubic one.?® The equivalence of the two symmetries can be evidenced in fig. 1a
where both the hexagonal and the pseudo-cubic lattices are clearly visible. This pseudo-cubic
symmetry explains why the BisFeCrOg growth can be performed on four-fold structures such
as the one of SrTiOs;.

Fig. 1b shows the X-ray diffraction patterns obtained for BisFeCrQOg films deposited at
different laser frequencies. Except the (001) peaks of the STO substrate, only the (00) peaks
of the BisFeCrOg4 phase are observed. Their close position at the left side of the STO peaks is
in agreement with the very close lattice parameters of pseudo-cubic BisFeCrOg (0.3930 nm)
and STO (0.3906 nm). These patterns also suggests that the films are grown epitaxially with
out-of-plane (OP) lattice parameter ¢ of the BisFeCrOg pseudo-cubic phase oriented along
the normal to the surface of the STO substrate. No secondary phases could be observed in
the resolution limit of the X-ray diffraction technique.3

The epitaxial growth of BisFeCrOg on STO is clearly shown by the ¢ scan measurements
recorded on the STO(111) and BFCO(111) peaks (fig. 1c) of a film grown at 2 Hz. The four
peaks observed upon rotation of the sample indicates a four-fold symmetry of the Bi;FeCrOg
and a cube-on-cube epitaxial relation of BFCO on STO.

In order to have information on the atomic order between Fe and Cr ions inside the
BiyFeCrOg structure, -20 measurements were carried out along the pseudo-cubic [111]BFCO
direction (the sample was tilted by 54.7°). Fig. 1d shows the presence of superstructure peaks
(SP) at about 19.6° and 61.2° showing a chemical order in BFCO, i.e. an alternate stacking
of Fe and Cr planes along the [111] direction. Note however that, although it is widely
accepted that ordered double perovskite structures give raise to superstructure peaks,3? it
is also suggested that such peaks can have different origins such as structural modulations

(i.e. periodic cationic displacements) that can be found in ferroelectric oxides.37
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Figure 1: (a) Sketch of the crystalline structure of Bi;FeCrOg (BFCO) showing the equiv-
alency of the pseudo-cubic and hexagonal notations. The hexagonal unit cell and the cor-
responding axis referential are emphasized with black lines. (b) X-ray diffraction patterns
of BFCO thin films deposited on SrTiO3(001) at different laser repetition rates. (c¢) ¢ scan
measurements recorded on the STO(111) and superstructure BFCO(111) peaks showing a
four-fold symmetry of the BFCO structure. The diffractogramm recorded on the BFCO
peak was shifted along the vertical axis for visibility reasons. (d) X-ray diffraction pat-
terns measured along the pseudo-cubic [111] direction of the BisFeCrOg films deposited on
SrTiO3(001). (e) Zoom on the superstructure (SP) and BFCO(444) peaks reported in fig.
(d). For all figures, the crystalline planes of BisFeCrOg have been indexed in the pseudo-cubic
structure notation.



The films thickness and the vertical and lateral coherence lengths were obtained from
reflectivity (not shown here), 6-20 (fig. 1b) and rocking curve (not shown here) measure-
ments. Their variation as a function of the laser frequency is reported in fig. 2. Although
the same number of laser shots was used for the samples grown from 2 to 10 Hz while the
other deposition conditions were identical for all samples, the thickness of the films decreases
while increasing the laser frequency. It is also interesting to note that the vertical correlation
length (usually known as the crystallite size as calculated using the Debye-Scherrer formula)
is much smaller than the thickness and is decreasing while the thickness decreases. This
suggests that although epitaxied on the substrate, the BisFeCrOg films do not present a
columnar growth mode and that a larger concentration of defects is present in the films
grown at large laser frequency. This can be easily understood if we keep in mind that the de-
position rate of these films is larger. It is also interesting to note that the lateral correlation
length is larger on the thinner films. This seems very probably due to the strains induced
by the substrate and the progressive relaxation of the BFCO lattice as the film thickness
increases. The large correlation values are compatible with the low lattice mismatch between

BisFeCrOg and the substrate and with the epitaxial character of the films.
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Figure 2: Variation of the films thickness, vertical and lateral correlation lengths as extracted
from reflectivity, 6-20 and rocking curve X-ray diffraction measurements, respectively.

The bandgap for each sample has been extracted by ellipsometry simulations and the

results are shown in fig. 3. It is clearly shown that the BisFeCrOg film bandgap increases



significantly from 1.9 to 2.6 eV when the deposition rate increases from 1 to 10 Hz, while the
crystallite size slightly decreases. One way that possibly explains the bandgap variation is
to consider a modification of the bond between the transition metal and the oxygen, altering
in this way the hybridization energy and the Coulomb repulsion. It was recently shown
that a d°-d® system with both cations in 3+ state (such as Fe and Cr in BFCO?%), due to
homogeneous distribution in the degenerated d orbitals between the two cations, can make

d3%3% and less sensitive to strains.®® Thus, only limited rotation and tilts

a system more rigi
are possible, which will lead to little changes in the bandgap.’® Another way to influence
the bandgap is to consider the defects existing in the material. One type of defects that is
common to double perovskite structures and that can be usually quantified from the XRD
data is the antisite defects. Their concentration is proportional to the ratio of the intensities
of the superstructure peak (Isp) and of the main peak (L(229) or I(444)) of the double perovskite.
As in our case the BFCO(222) peak is very close to the SrTiO3(111) one, the BECO(444)
peak was used for a more precise cation ordering estimate. Fig. 3 shows the variation of
the Igp/T(444) calculated from fig. le (which should be proportional to the Fe/Cr order) as
a function of the laser repetition rate. Surprisingly, no clear evolution of the Igp/I(444) Tatio
is observed with the laser frequency (since the diffractogramms in fig. le are very similar).
This can be explained on the basis of the work of Shabadi et al*” suggesting that, given
the low scattering contrast (close atomic form factors) between the Fe and Cr cations, the
presence of the superstructure peak (SP, i.e. BFCO(111)) is not a reliable indicator of the
Fe/Cr ordering. This is also supported by the fact that ordering should be very difficult to
obtain in BisFeCrOg. According to different authors, the similar formal valence and ionic
radii of Cr3* (0.615 A) and Fe3* (0.645 A) ions hampers the chemical order in Bi;FeCrOg 333
contrary to what is observed in other double perovkistes such as SroFe3*Mo®tOg*!*2 where
the valences are different and the order can be more easily achieved. It can be therefore
reasonable to conclude that chemical order in BisFeCrOg should be also accompanied by a

valence change of Fe and Cr towards a +2 and +4 state, respectively.



T T T T T 4.0
—e— Bandgap

26 - —A—|(SP) / [(444) i/ - 35
2:4 : /% I l\l - 3.0
2o} %% // I

I R I R I R I R I 15
0 2 4 6 8 10

Laser repetition rate (Hz)

I1(SP) / 1(444) (%)

Optical bandgap (eV)

Figure 3: Variation of the films bandgap and order parameter with the laser repetition rate.
The bandgap values were extracted from ellipsometry measurements. The order parameter
is defined as the intensity ratio of the superstructure (SP) and BFCO(444) peaks reported
in fig. le.

As X-ray diffraction measurements did not allow to extract information on the Fe/Cr
order, it is interesting to look into the magnetic properties of this material. Indeed, the lack
of cationic order in BisFeCrOg is reported to strongly reduce the saturation magnetization
because of antiferromagnetic interactions (Fe-O-Fe and Cr-O-Cr) appearing in the system.37
Figure 4 shows the room-temperature magnetization loops recorded for BisFeCrOg films
deposited at a laser repetition rate of 2, 6 and 10 Hz. As observed, the saturation magne-
tization is small (below 10 emu/cm?® ~ 0.12 pp), much smaller than the values reported in
more ordered films (about 150 emu/cm?).** This indicates a strong disorder in our samples
that increases with the laser repetition rate.

Our results clearly indicate that a correlation exists between bandgap and atomic disor-
der, and gives thus the opportunity to engineer the bandgap by controlling the deposition
conditions. These variations are also probably correlated to the Fe and Cr valences. In order
to have further insight on the correlation between the defect concentration, the bandgap, the

saturation magnetization, and the valence of the transition metal ions, ab initio calculations

have been carried out.
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Figure 4: Room-temperature magnetization loops recorded for BisFeCrOg films deposited
at a laser repetition rate of 2, 6 and 10 Hz.

ADb initio calculations

3544 we adopted the R3 symmetry, corresponding to

According to previous investigations,
the space group 146, for the BisFeCrOg unit cell. The primitive cell, corresponding to the
trigonal representation, contains one BisFeCrOg formula unit and is used for full relaxation
calculations. The hexagonal representation allows to build a cell containing three BisFeCrOg
formula units with 3 Fe and 3 Cr sites: this cell is used for simulating chemical configurations
with exchanged Fe and Cr atoms and allows to build three new "disordered" configurations.

All calculations were performed using the Vienna Ab initio Simulation Package (VASP5.4) 4546
allowing to determine accurately the electronic structure and to investigate the magnetic
properties of the considered system. It uses so-called Augmented Plane Waves and is based
on the Projector Augmented Wave (PAW)4” method using pseudopotentials to determine
the wave function outside the augmentation region. The HSE06 functional?®% is used in
order to extract the bandgap from the calculation without having to play with empirical
parameters like in the GGA+U approach.®®5! Moreover, we have checked that the bandgap
obtained with the HSEO6 functional is recovered with the GGA+U method with so large

Uess values (around 7 eV) that the electronic structure is strongly distorted. All calculations

are performed with a cutoff energy of 400 eV and a k-points sampling of 4x4x4 for the

10



trigonal cell and of 5x5x2 for the hexagonal cell.

After full relaxation, the lattice parameters and the internal structural position of all
atoms were obtained and reported in table 1.

The different hexagonal cells are built keeping these atomic positions unchanged re-
gardless if the Fe or Cr site is occupied by an Fe or a Cr atom. The "perfectly ordered"
configuration, where Fe atoms are situated on Fe sites and Cr atoms are situated on Cr sites,
presents alternating pure Fe and Cr (0001) planes: we used the notation FCFCFC for this
case where the F and C letter corresponds to the Fe and Cr (0001) planes into the stacking.
The three different other cases, approximating Fe-Cr chemical disordered configurations,
that can be built into the hexagonal cell are then CFFCFC, FFCCFC and FFFCCC. All

these structures, with their respective Fe-Cr configurations, are presented in fig. 5.
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Figure 5: Ideal (a) and disordered (b-d) crystalline structures used for the ab initio calcula-
tions. The F and C letters accounts for Fe and Cr atomic planes. The black lines represent
the hexagonal unit cell.

The total, Fe atoms projected and Cr atoms projected densities of states (DOS) are

Table 1: Structural data (reduced coordinates) of the R3 symmetry Bi,FeCrOg
trigonal unit cell with a = 0.55135 nm and a = 59.821° obtained from the full
relaxation calculation.

Atom Coordinate Value
Bil (x=y=2) 0

Bi2 (x—y—2) 0.4966
Fe (x=y=2) 0.2253
Cr (x=y=2) 0.7194

X z
01 (x,y,2) (z,x,y) (y,2,x) (0.4010, 0.5367, 0.9395)
02 (x,y,2) (z,x,y) (y,2,x) (0.0353, 0.8938, 0.4419)
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displayed in figs. 6 and 7. These DOS present several common features: (i) the occupied Fe
states range mainly from -8 to -6.5 eV as a consequence of the strong localisation resulting
from the use of the HSE06 functional, (ii) the unoccupied Fe states present a sharp structure
around 2.5 eV which determines the bottom of the conduction band, (iii) the Cr occupied
states range mainly from -1.5 to 0 eV and are weakly hybridized with the Fe states, (iv)
the minority spin energy bandgap is included into the majority spin bandgap. For the
"perfectly ordered" configuration, which has the lowest total energy between all four cases,
all Fe (respectively Cr) sites being occupied by Fe (Cr) atoms, they carry a positive (negative)
magnetic moment of 4.21 up (-2.76 ug) giving a total magnetic moment per cell of 6 g (table
2). For the "disordered" configurations, the Fe atom on a Cr site carries a negative magnetic
moment and, reciprocally, the Cr atom on a Fe site carries a positive magnetic moment,
so that the the total magnetic moment per cell is reduced to 2 pup (table 2). The sign of
the magnetic moment changes from one magnetic atomic layer to the next one whatever
the nature of the magnetic atom is, i.e. only anti-parallel aligned magnetic moments are
obtained for neighboring Fe/Fe, Cr/Cr and Fe/Cr atoms. These results strongly support
the reduced saturation magnetization observed in our disordered samples. Considering the
DOS (figs. 6 and 7), the minority spin band gap E} is entirely included into the majority
spin band gap Eg so that the band gap for the total DOS is equal to the minority spin
band gap. Consequently, the band gap is found equal to 2.30 eV for the "perfectly ordered"
configuration whereas it increases to 2.50-2.55 eV (table 2) for the "disordered" configurations
in qualitative agreement with the experimental observation. However, the variation of the
bandgap remains weak as compared to experiments as a consequence of the weak Fe-Cr
hybridization evidenced by the calculations.

This investigation shows also that the used hexagonal cell, which only allows to alter
the ordering along the ¢ direction, does not allow considering really different "disordered"
configurations and larger cells are required in order to model the "disorder" into planes

perpendicular to the ¢ direction. Nevertheless, it is worth noting that these calculations are
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Figure 6: Densities of states (DOS) - total, Fe and Cr atoms projected - for the "per-
fectly ordered" configuration (FCFCFC) into the hexagonal cell. Positive and negative DOS
correspond respectively to majority and minority spins states.
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of good support to the experimental results.
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Figure 7: Densities of states (DOS) - total, Fe and Cr atoms projected - for the three
"disordered" configurations into the hexagonal cell. Positive and negative DOS correspond

respectively to majority and minority spins states.

In order to discuss from a theoretical point of view the relation between the valence of the
Fe and Cr atoms and the degree of disorder into the Fe-Cr sequence, we have investigated
the charge carried by each atom. First, we have done the so-called Bader charge analysis®?
on the charge densities determined previously using the code developed by Henkelman et

al.>>7%® We have found that the Bader charges for Fe and Cr are nearly equal (equal to +1.9

Table 2: Local magnetic moments on the 3 Fe and the 3 Cr sites and spin

dependent bandgaps for the four configurations considered in this work.

configuration local magnetic moment (pgp) El/E;

FCFCFC  4.212 / 2.760 / 4.212 / -2.760 / 4.212 / 2.760 4.15 / 2.30
FFCCFC  4.212 /-4.168 / 2.807 / -2.762 / 4.175 / -2.804 3.12 / 2.52
CFFCFC  2.864 /-4.126 / 4.164 / -2.805 / 4.176 / -2.808 3.13 / 2.55
FFFCCC  4.212 /-4.167 / 4.163 / -2.807 / 2.823 / -2.762 3.08 / 2.50

14



le]) and that they do not change when the Fe-Cr sequence is changed. According to a recent

similar investigation on FesO4 and CaFeQOs systems,?

we conclude that the Bader charge
analysis is not very helpful for investigating theoretically the charge ordering in such oxide.

In their work, Wang et al®® demonstrate that charge ordering can be quantitatively
investigated by analyzing the Born effective charge (BEC) carried by each atom. Moreover,
the BEC determination results from the calculation of the variation of the polarization, which
is a global quantity given by integration over the whole cell, and is consequently not sensitive
to a defined volume (like a sphere or the Bader analysis volume) around the considered atom.
The calculation of the BEC using the HSE(06 functional being too much computer time
consuming, we have determined the electronic structure with the GGA+U approximation
taking U.sy — 4 eV. We have checked that, by comparing to the results obtained with the
HSEO06 functional, the GGA+U with U.s; — 4 ¢V method describes accurately the occupied
states, and consequently the charge density, even if the bandgap is found around 0.7 eV
smaller (i.e. about 1.6 eV). This is motivated by the fact that the polarization and the Born
effective charges are obtained by summing over the occupied states. The BEC are obtained
using the linear-response approach as implemented into VASP®" and the polarization is

calculated into the framework of the modern theory of polarization.?®

Table 3: Born effective charges (), on the Fe and Cr atoms for the four cases
considered in this work; the variation AQ?, being calculated relative to the same
atom into the "perfectly ordered" FCFCFC configuration. All quantities are
given in absolute value of the electron charge |e|.

FCEFCEC Fe Cr Fe Cr Fe Cr

z. +3.86 +3.06 +3.86 +3.06 +3.86 +3.06
FFCCFEC Fe Fe Cr Cr Fe Cr

z. +3.67 +3.66 +3.49 +3.21 +43.81 +3.07
AQ%, -0.19 -0.20 +40.43 +0.15 -0.05 +40.01
CFFCEC Cr Fe Fe Cr Fe Cr
Q. +3.32 +3.77 +3.64 +3.10 +3.84 +43.31
AQz, +0.26 -0.09 -0.22 +0.04 -0.02 +0.25
FFFCCC Fe Fe Fe Cr Cr Cr
Q. +3.68 +3.53 +3.69 +3.31 +3.46 +3.20
AQE, -0.18  -0.33 -0.17 +0.25 +0.40 +0.14
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Table 3 gives the BEC obtained on each Fe and Cr atom for the four cases considered in
the present work. For the "perfectly ordered" configuration, the Fe BEC are found 0.80 ||
larger than the Cr ones in clear contrast to the result obtained by the Bader charge analysis.
For the three "disordered" configurations, depending on the Fe-Cr sequence, the BEC show
significant variations AQ%, :

1. for Fe atoms into a Cr-Fe-Cr stacking, AQ?, are found equal to -0.05 and -0.02 |e| and
for Cr atoms into a Fe-Cr-Fe stacking they are found equal to +0.01 and +0.04 |e],

2. for Fe atoms into a Fe-Fe-Cr or Cr-Fe-Fe stacking, AQ7}, are found equal to -0.19, -0.20,
-0.09, -0.22, -0.18 and -0.17 |e| and for Cr atoms into a Cr-Cr-Fe or Cr-Cr-Fe stacking they
are found equal to +0.43, +0.15, +0.25, +0.26, +0.25 and +0.14 |e],

3. finally, for the Fe atom into a Fe-Fe-Fe stacking, AQ%, = -0.33 |e| and for the Cr atom
into a Cr-Cr-Cr stacking, AQ*, = +0.40 |e].

This shows clearly that the BEC difference between the Fe and Cr ions is directly related to
the level of local Fe-Cr "disorder" varying from 0.57 |e| to 0.15 |e| for a limited "disorder"
and being equal to 0.07 |e| for the extreme FFFCCC case. These BEC variations have no
impact on the polarization found equal to 57 uC/cm? for all considered cases. It can be
therefore concluded that, for this system, the higher the Fe-Cr "disorder" is, the smaller
the difference between the Fe and Cr BEC is and the lower the energetical stability of the
structure is. This result clearly shows a correlation between the chemical order in BisFeCrOg

and the valence difference between the Fe and Cr ions.

Conclusion

In this work, the structural and optical properties of epitaxial single phase Bi;FeCrQOyg films of
different thickness grown by pulsed laser deposition on SrTiO3(001) substrates are reported.
The main result is that the bandgap and the Fe/Cr order of the films can be tuned by varying

the laser repetition rate. It is shown that chemically ordered BisFeCrQOg films have a low
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bandgap of about 1.9 eV while in a disordered film this value can reach 2.6 eV. Ab initio
band structure calculations confirmed indeed the increase of the bandgap in the disordered
state, accompanied by a reduction of the saturation magnetization. It is also shown that
the existence of the ordered state in BisFeCrOg is correlated to the existence of a large
valence difference between Fe and Cr. These experimental and theoretical results finally
suggest that the BioFeCrOg double perovskite films can effectively be engineered to obtain
a desired bandgap by controlling the deposition conditions, which can open the path to
several applications including photovoltaic conversion, memory writing and direct CMOS

integration.
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