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A B S T R A C T   

This work focuses on LaTiO3 (LTO) thin films synthesized by the polymeric precursor method and deposited onto 
SrTiO3 (STO) substrates via spin coating. The results show interesting coexisting ferromagnetic (Mr≈2.85 emu/g) 
- ferroelectric (Pr≈18.5 μC/cm2) responses at room temperature. Magnetoelectric coupling can be observed 
under DC bias magnetic field (14 V/cm.Oe), and its dielectric constant is affected by the coupling between 
magnetic and electric dipoles at room temperature as well as oxygen octahedra distortion along direction a. Little 
film-substrate mismatch significantly influences the system dielectric properties. Our results suggest the possi
bility to induce ferromagnetic/ferroelectric phases in the LTO/STO heterojunctions using an electric/magnetic 
field, respectively, due to the magnetoelectric coupling. This study also helps comprehend oxygen vacancy dy
namics when applying a tensile strain or an external electric field, which is fundamental for actuators, switches, 
magnetic field sensors, and new types of electronic memory devices.   

1. Introduction 

Metal oxide heterostructures (MOH) have been extensively studied 
over the last couple of decades due to their potential application as 
ferroelectric nonvolatile memories (FeRAM) and conventional volatile 
DRAM storage, consistently with the trend towards optoelectronics 
miniaturization [1–3]. ABO3 perovskite heterojunctions composed of 
ABO3 perovskites enabled the possibility of tuning electrical properties 
based on some unique interfacial effects (e.g., interfacial metallic con
ductivity, superconductivity, etc.) [4–9]. Technological applications 
arise from their physicochemical properties/stability. Ohtomo et al. [9] 
used atomic-resolution electron-energy loss spectroscopy to study one to 
two layers of the Mott insulator lanthanum titanate (LaTiO3, or LTO) 
embedded in the band insulator strontium titanate (SrTiO3, or STO). The 
authors verified that instead of being confined within the LTO layer, Ti 
3d electrons are spread over STO layers (~2.5 atomic layers), and no 
evidence of room-temperature magnetoelectric (ME) coupling was 

reported. 
Ferroelectricity and ferromagnetism are antagonistic properties 

determined by D-state configuration in titanates (e.g., Ti4+) [10]. A 
single-phase, room-temperature ferromagnet with a ferroelectric 
response is yet to be found. Thus, scientists have explored alternatives to 
promote simultaneous room-temperature ferroelectric-ferromagnetic 
responses, such as heterostructures/heterojunctions, to produce the 
so-called ME coupling. LTO exhibits a d1 electronic configuration, 
generating an antiferromagnetic response below TN≈140 K [11]. STO, 
on the other hand, displays d◦ configuration (i.e., empty d0 band) [12]. 
Ferro/magnetoelectric coupling in multiferroic materials generates 
electric field-controlled ferromagnetism, reduces energy consumption, 
and optimizes storage velocity [13]. Shao et al. [14] used the sol-gel 
route to grow (001)-oriented LTO thin films with a monoclinic perov
skite structure over conducting (110)-oriented STO: Nb substrates. The 
authors reported ferroelectric response at the nanoscale for the films. 

Researchers have long been intrigued by the possibility of obtaining 
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50:50 ratio (ferroelectric/ferromagnetic) metal oxide heterostructures 
[15]. Our group has worked with synthetic routes (i.e., chemical solu
tion deposition method) [16] to synthesize multiferroic composites. 
Deus et al. [16] synthesized polycrystalline LaFeO3-BiFeO3 (LFO-BFO) 
films. The authors obtained LFO-BFO multilayered microstructure and 
magnetic response: Pr≈53 µC/cm2, Mr≈4.6 emu/g, 2Hc≈250 G. LFO 
produced significant leakage current density decrease (~10− 6 A/cm2), 
which may be associated with large grain boundary/low oxygen va
cancy densities, and the presence of cationic-related defects. However, 
no signal of room-temperature ME coupling was detected, which sug
gests that, for ABO3-based materials, layer stoichiometry/structure, and 
interface are key aspects of developing nanoelectronic devices. 

LaTiO3 is a perovskite-structure material whose phase diagram has 
been widely investigated as a function of oxygen doping (LaTiO3+x, 
0<x<0.5) [17]. Depending on oxygen content (x), LTO may present 
different behavior at room temperature, such as metallic, semi
conductor, or ferroelectric. SrTiO3, on the other hand, is a typical 
perovskite-like structure with cubic symmetry. STO-based hetero
structures/heterojunctions exhibit extraordinary properties, which arise 
from their specific charge-carrier density, spin, orbital, and lattice de
grees of freedom. Interactions (or coupling) between various degrees of 
freedom and oxygen vacancies lead to substantial changes in structural, 
electronic, and magnetic properties in the presence of external stimuli 
[18]. Researchers have employed different synthesis routes as a strategy 
to obtain specific heterojunction-related properties, such as spray py
rolysis [19], metal-organic deposition combined with spin coating [20], 
pulsed laser ablation [9], sol-gel [21], and polymeric precursor [22], etc. 
The polymeric precursor is a cost-effective, low-temperature method 
that allows using water-based solutions and enables fine stoichiometric 
control over the system [23]. 

In this work, LTO films synthesized via the polymeric precursor 
method were deposited onto (100)-STO substrates using spin coating to 
produce LTO/STO heterojunctions. (Micro)structure and ferroelectric- 
magnetic coupling of the heterojunctions were evaluated and inter
preted in terms of point defects (e.g., oxygen vacancies and cationic 
defects). Our results show the possibility of producing ferromagnetic/ 
ferroelectric phases heterojunctions induced by an external electric/ 
magnetic field, respectively, which is a result of the magnetoelectric 
coupling effect. This phenomenon helps us comprehend the oxygen 
vacancy density role when applying a tensile strain or an external 
electric field, which is fundamental for magnetic field sensors, switches, 
actuators, and new types of electronic memory devices. 

2. Experimental procedure 

2.1. LTO/STO film preparation 

In order to carry out electrical measurements at the substrate/film 
interface, LTO/STO films were built, as reported in previous works [24]. 
Then, the LaTiO3 (LTO) precursor solution was prepared mixing 
lanthanum (III) nitrate hexahydrate (Sigma-Aldrich, 99.9%), titanium 
(IV) isopropoxide (Sigma-Aldrich, 99.9%), citric acid (Sigma-Aldrich, 
99.0%), and ethylene glycol (Sigma-Aldrich, 99.9%) at a 1: 4: 16 M 
proportion of metal to citric acid to ethylene glycol. Later, LTO films 
synthesized via the polymeric precursor method were deposited onto 
(100)-STO substrates using spin coating to produce LTO/STO hetero
junctions. To do so, the LTO precursor solution was spread over a 
standard size (width = 0.5 cm, length = 1.0 cm, thickness = 0.5 mm) 
(100)-SrTiO3 monocrystalline substrate (speed = 5000 rpm; time = 30 
s). The LTO films were obtained after the coated substrate was 
heat-treated at 400 ◦C for 2 h to eliminate the organic material. This 
process was repeated 2 times to obtain 50 nm thick films. Finally, con
ventional electrodes were used to generate 10 μm-wide Ti/Au alloy 
parallel bars as active regions. Then, a focused ion beam (FIB) micro
scope was used to expose these active regions accordingly. Pt injected 
was used as electrodes [24]. 

Three films were prepared for the test devices. The polar properties 
of the heterojunction were measured in the center film to guarantee 
reproducibility and repeatability of the obtained properties. Three 
samples were prepared: sample 1 was used for XRD, AFM, and STEM 
analyses, while samples 2 and 3 were reserved for electrical measure
ments. The P-E, I-V, and magnetoelectric coefficient vs. DC bias mag
netic field curves were measured at room temperature (sample 2) while 
the M-H and dielectric curves were recorded as a function of the tem
perature (sample 3). Based on thermal analysis data (not shown here) 
the films were heated to 800 ◦C for 2 min in a rapid thermal annealing 
(RTA) furnace (~150 ◦C/s) under nitrogen (1 mL/min) atmosphere. 
This temperature guarantees all organic material is decomposed and the 
crystalline film could be obtained [25]. Thermal treatment under ni
trogen atmosphere was conducted to avoid pyrochlore structure 
formation. 

2.2. Characterization 

2.2.1. (Micro)structural characterization 
X-ray diffraction (XRD) was carried out on a Rigaku diffractometer 

(Rint 2000) using Cu-Kα radiation over the 20◦≤2θ≤60◦ range. Quan
titative phase analysis of the films was performed using the Rietveld 
method [26] on Topas V5 [27]. The surface morphology of the films was 
evaluated using an atomic force microscope (Digital Instruments, 
Nanoscope IV controller) operating under tapping mode. Piezoelectric 
micrograph images were also acquired on an atomic force microscope 
(Digital Instruments, Multimode Scanning Probe Microscope with 
Nanoscope IV controller). Micrograph images were collected over 5×5 
μm and 3×3 μm areas applying − 12 V/+12 V, respectively, using a 
conductive PFM tip. Transmission Electron Microscopy (TEM) was 
performed on a Phillips (CM 200 Microscope) at a 200 kV accelerating 
voltage to investigate LTO/STO heterojunction local 
composition/structure. 

2.2.2. Electrical and ferroelectric response 
Film hysteresis behavior was evaluated at 60 Hz using a magne

tometer (Radiant Technology, RT6000HVS). Impedance spectroscopy 
measurements were performed using a frequency response analyzer (HP 
4192) with an amplitude of 100 mV. Finally, a four-probe technique 
(PC-controlled four-probe direct current (DC)) was used to carry out 
resistivity measurements over the 0.01 Hz≤f≤10 MHz. 

2.2.3. Magnetic and multiferroic response 
Magnetoelectric signals were measured using a lock-in amplifier 

(EG&G model 5210) set up with low capacitance (25 pF) and high 
resistance (100 MΩ), and AC-magnetic field (B) up to 10 Oe (f=7 kHz) 
superimposed to the DC-field. A Helmholtz-type coil (180 turns; 50 mm 
in diameter) was used to produce the AC-field, driven by an AC-current 
generated by a function generator (Philips PM5192). The AC-field 
amplitude was calculated based on the driving current, measured 
using a multimeter (Keithley 196, System DMM). Longitudinal and 
transverse magnetic field measurements were carried out on an elec
tromagnet Cenco Instruments (J type), used to produce the DC-magnetic 
bias field. Time-varying DC-field was obtained by a programmable DC 
power supply (Phillips PM2810 60 V/5 A/60 W). DC-magnetic field was 
measured using a Hall probe. Finally, magnetization measurements 
were performed using a Quantum Design™ vibrating-sample magne
tometer (VSM). 

3. Results and discussion 

3.1. (Micro)structural characterization 

Fig. 1 exhibits diffractograms of 50 nm thick (2 layers) LTO thin films 
crystallized under an nitrogen atmosphere in an RTA furnace. It reveals 
diffraction peaks at 2θ≈32.75, 34.88, and 39.10◦ associated with an 
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orthorhombic LaTiO3 structure (mp-#22,013) Pbnm space group). 
(100)-STO substrate exhibits a cubic structure (mp-#5229) (P1) with a 
characteristic peak at 2θ≈42◦. No traces of pyrochlore La2Ti2O7 peaks 
were identified, which indicates nitrogen promotes ordering of the ox
ygen planes leading to Pbnm-orthorhombic phase formation [28]. The 
peak associated with the (200) plane in the SrTiO3 substrate slightly 
shifts towards lower 2θ angles, suggesting LTO/STO formation may lead 
to a structural mismatch. 

Fig. 2(a) presents LTO/STO heterojunction surface analysis using 
atomic force microscopy (AFM), which exhibits Rms≈0.584 nm. Addi
tionally, the mean grain size (~25 nm) was measured, and the grain size 
distribution curve was determined, indicating the presence of small 
grains with distinguishable grain boundaries, implying a pseudo-2D 
growth mode (Stranski–Krastanov) [29]. Released literature relates low 
roughness films (Rms < 1.0 nm) to atomically smooth surfaces grown by 
a layer-by-layer mechanism [30]. Fig. 2(b) displays a micrograph image 
of the LTO/STO interfaces obtained using scanning transmission elec
tron microscopy (STEM). The TEM micrograph shows the disposition of 
both the LTO (≈4 nm) domain walls, which appear prominent above the 
STO substrate, and approximately 60◦ rotated counterclockwise from 
the STO domain walls, as highlighted in Fig. 2(b). While this is not very 
close to the polar axis, there should still be a measurable polarization 
(though lower than along the polar axis) normal to the surface. This 
result may be related to the lower roughness (Rms) and to the absence of 
defined grain boundaries. 

3.2. Electrical response 

Fig. 3(a) shows current vs. voltage (I-V) measurements performed 
between − 12 V and +12 V. The results show a typical behavior char
acteristic of polar interfaces. Hysteresis loop shape suggests resistance 
state shifts from high to low caused by a sudden current change from +5 
V to − 5 V, followed by a low-high resistance state shift when voltage 
increases from − 4 V to +4 V, with an on/off ratio under +1 V (105). 
Additionally, hysteresis loop symmetry confirms that oxygen vacancies 
do not contribute to piezoelectric response under an applied electric 
field. This result is corroborated by on/off state stability with time by 
retention data. Time-dependent current (Fig. 3b) reveals no low/high 
conducting state decay after half a day. Fig. 3(b) inserts exhibit out-of- 
plane piezoelectric force microscopy (PFM) micrograph images, which 
indicate that polarization on LTO films can be switched between high 
and low domains by an external electric field of opposite signs. Both high 
and low domains are stable after half a day, consistently with resistance 
states. Fig. 3(c) displays the ferroelectric hysteresis nature at 60 Hz. 

Analysis indicates high remnant polarization (Pr≈18.2 µC/cm2) and 
drive voltage close to 1.45 V to which a low ferroelectric loss can be 
associated with low applied frequency. The remnant polarization was 
increased compared with bulk ceramics, polycrystalline films, and c- 
axis-oriented single crystals. This result may be explained by the for
mation of LTO/STO heterojunctions in relation to an orthorhombic LTO 
structure over the cubic LTO substrate, as shown by XRD and TEM 
micrograph images. Furthermore, ferroelectric polarization direction 
along additional oxygen planes (along direction a) may be caused by 
oxygen octahedra distortion. Hence, high polarization may be a result of 
(500) polar axis contributions, close to the surface normal to the film. 
The heterojunctions are a-axis oriented due to an uneven oxygen ion 
distribution along the exposed (100)-TiO2 planes on the STO substrates. 
Ferroelectric hysteresis loop shape (Fig. 3c) also confirms the observed 
oriented growth of ordered a-axis in the LTO film, indicating that oxygen 
ordering within planes parallel to the surface leads to lattice relaxation 
at interface and implying small lattice mismatch. Consequently, the 
symmetric loop observed reveals no traces of grain boundary/interfacial 
complex defect dipoles, which suggests a film free from imprinting 
phenomena. 

Fig. 4(a–c) exhibits the impedance spectroscopy (IS) curves obtained 
over a 10− 2–106 Hz frequency range, at 423 and 473 K. Results in Fig. 4 
(a) indicate a smaller circumference for higher temperatures, suggesting 
grain boundary resistance (Rgb) decreases with temperature, which is 
expected since temperature facilitates current transport mechanisms 
[31,32]. Film shape does not enable simple representation of the 
observed electrical response in the form of RC-circuits, indicating the 
need for a more refined electrical circuit model [33]. In previous work, it 
was shown that simple circuits may not always be adequate to practi
cally represent impedance vs. frequency responses [34]. Fig. 4(b-c) 
display the parallel electrical capacitance (Cp) and resistance (Rp), 
respectively, as a function of frequency at 423 K and 473 K. Cp increases 
at low frequencies as a result of the LTO/STO interface and, possibly, 
due to deep bulk traps at higher temperature (473 K). It has been pre
viously proposed that the electrical behavior of a film at low frequencies 
can be better described by an electrical model such as the one shown in 
Fig. 4(b), which for simplicity neglects bulk resistance (Rb). In this cir
cuit, resistance Rt and capacitance Ct mimic deep trap effects [35]. 

Fig. 4(d) shows equivalent circuits considering: (I) overall LTO/STO 
system impedance contributions; and (II) the equivalent elements in the 
LTO/STO heterojunction – interface electrode, grain boundary, and 
bulk. An Rt element has also been included to account for deep bulk traps 
in the system, which are connected to constant phase elements (CPEs) in 
series but do not necessarily appear in the overall equivalent circuit 
model. Regularly, in a semiconductor polycrystal, the impedance is 
dominated by grain boundary and can be described as an RC-circuit. 
Thus, impedance (Zgb) can be calculated based on grain boundary 
resistance (Rgb) and capacitance (Cgb) values in parallel, as given in Eq. 
(1). 

Zgb =
Rgb

1
jωC

Rgb +
1

jωC
(1)  

that can also be expressed in the form of Eq. (2) 

Zgb =
Rgb − jωR2

gb

1 + ω2 + R2
gbC2 (2) 

Eq. (3) represents Eq. (2) considering its real and imaginary parts, 

Z ′2
gb + Z ′ ′2

gb = RgbZ ′

gb (3)  

where Z′

gb and Z′′
gb correspond to grain boundary impedance, real and 

imaginary parts, respectively. Then, rewriting Eq. (3) in the form of a 
circumference function of radius Rgb/2 centered at Rgb/2, we obtain Eq. 
(4): 

Fig. 1. (a) X-ray diffraction of the LTO/STO film crystallized at RTA at 800 ◦C 
for 2 min followed by thermal treatment at N2 atmosphere. 
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(
Z ′

gb − Rgb

2

)2

+ Z′′ 2
gb =

(
Rgb

2

)2

(4) 

Adding bulk resistance, Rb, the impedance semicircle is shifted to the 
right. Thus, both Rb and Rgb can be determined from low- and high- 
frequency resistances, while Cgb is related to the maximum reactance 
values. Fig. 4 (d-I) represents an equivalent electrical circuit [36]. To 
represent the actual electrical behavior of the LTO/STO – interface 
system, we must include the following parameters related with the 

different components: (1) RLTO: LTO electrical resistance; (2) CLTO: LTO 
electrical capacitance; (3) RINT: LTO/STO interface electrical resistance; 
(4) CINT: LTO/STO interface electrical capacitance; and (5) RSTO: STO 
electrical resistance. Considering that wCLTO<<1/RINT and 
1/RSTO>>wCINT, the equivalent circuit can be simplified to the circuit 
shown in Fig. 4(d-II) for the frequency range. The STO dielectric 
permittivity can reach values as high as 1.8 × 104 [37–39], while LTO 
intrinsic dielectric constant (ε∞≈20 ± 2 for E ⊥ a; ε∞≈44 ± 2 for E || a at 
lower temperatures) [40]. From IS results and considering Eq. (5-7) we 

Fig. 2. (a) Atomic force microscopy image of the LTO/STO film and (b) Scanning transmission electron microscopy (STEM) image of the LTO/STO heterojunction 
crystallized at RTA at 800 ◦C for 2 min followed by thermal treatment at N2 atmosphere. 
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deduce the capacitance of the LTO film is much smaller (6.6 × 10− 3 pF) 
than the measured value (12 pF) [37]. 

D
e
= 200≫1 →C(LTO) ≅

ε0εrZ
D

e(LTO)
+ 0.8825

(5)  

CLTO ≅ εrx2.2x10− 16F (6)  

For εr ≅ 30→CLTO ≅ 6.6x10− 16F = 0.0066pF (7) 

Hence, film (LTO) capacitance becomes negligible compared to 
substrate (STO) in the heterojunction due to its thickness, and we esti
mated the capacitance based on the STO substrate alone (Fig. 4e), 
considering Eq. (8), 

CSTO =
ε0εrZ

π

[

sin− 1
(

2e(STO)

D

)

+ 0.234
]

(8)  

where 2e
D = 100, CSTO = εrx7.8x10− 14 F for a measured capacitance of 

about 12 pF, and εrsubstrate ≈ 154. 
STO intrinsic dielectric constant was found to be εr≈154, which can 

be considered high compared to conventional semiconductors. In our 
frequency region, electrodes effects, dipoles and charge transport no 
longer contribute to ε and its value can be determined by the ionic and 
electronic effects [41]. The dielectric permittivity value may be related 
to structural distortions in TiO6 octahedra along the a-axis leading to 
ferrodistortive orbital order as a result of higher polarizability in the 
basal plane. Thus, a higher polarization of the deformed octahedra along 
the a-axis is expected. X-value on partially filled D-shell compounds (e.g., 
LaTiO3+x), in which Ti3+: d1 may behave as metals, semiconductors, or 
ferroelectrics at room temperature. Furthermore, for low oxygen con
tents (0.0<x<0.2) crystal structure consists of three-dimensional [TiO6] 
octahedra networks [42] in which partially filled d-orbitals hamper 

strong static/dynamic ionic polarization effects drive polar order. 
Hence, in LaTiO3 structures, orbital occupancy/order must be consid
ered due to their strong correlation to anisotropy and polarization ef
fects. Therefore, our results suggest that the band configuration within 
the film is strongly influenced by lattice relaxation at the interface, 
leading to the dielectric properties of the Mott insulator LaTiO3. In this 
context, it appears that the LTO/STO interface behaves as an indepen
dent system with unique physicochemical properties. 

3.3. Magnetic response 

Fig. 5(a) shows magnetization curves as a function of the applied 
magnetic field and temperature. Results indicate weak ferromagnetic 
behavior of the heterojunctions at all considered temperatures investi
gated, in agreement with Sun et al. [43], who reported weak ferro
magnetic behavior of La2Ti2O7 perovskite nanocrystals at room 
temperature due to the presence of superficial oxygen vacancies. 
Ferromagnetic response decreases with structural defect concentration 
(e.g., oxygen vacancies, etc.) at the grain surface. Thus, the weak 
ferromagnetism of our heterojunction may also originate from oxygen 
non-stoichiometry, leading to Ti electrons occupying the eg orbital, 
which become spin-polarized. Fig 5(a) insert reveals significant remnant 
magnetization (Mr) increase during cooling along with coercive field 
(Hc) decrease during heating. The lack of magnetic saturation may be 
explained by intrinsic magnetic states located at the interface (Ti3+

moments). Simultaneously, charge carriers (i.e., electrons and holes) 
move through these interfaces, whose defects contribute to charge 
trapping among clusters. Fig. 5(b) exhibits the magnetoelectric coeffi
cient vs. DC bias magnetic field curves, which enables the evaluation of 
the ferroelectric-magnetic coupling behavior in the longitudinal direc
tion. The obtained heterojunctions are formed by individual layers in 
which ferroelectric-magnetic properties are retained while originating a 

Fig. 3. (a) Current versus voltage (b) Current versus time (c) Ferroelectric loop of the LTO/STO heterojunction.  
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magnetoelectric coupling response. Structural match allows coherent 
growth with atomically flat interfaces (Fig. 2b), which is a prerequisite 
for studying magnetoelectric coupling and other interface-related ef
fects. However, special attention must be given to prevent interdiffusion 
at interfaces, such as cation intermixing. The magnetoelectric coefficient 
measured in the longitudinal direction was found to be ≈14 V/cm.Oe, 
which can unveil similar crystal structure distortion between LTO and 
STO forming the heterojunction, which is compatible with coupling of 
lattice modes. Compared to other perovskite materials based on heter
ostructured thin films of lanthanum ferrite (LaFeO3) and bismuth ferrite 
(BiFeO3) the magnetoelectric coefficient as a function of the polarization 

magnetic field in longitudinal and transversal directions reveals hys
teretic behavior for the 6-LFO/4-BFO heterostructured film with 
observed magnetoelectric coefficient of 12 V/cmOe in the longitudinal 
direction and 3 V/cmOe in the transversal direction. The authors 
mentioned that the higher values of the magnetoelectric coefficient 
compared to pure BFO thin films in the longitudinal direction is a 
consequence of the antiferromagnetic axis of the artificial hetero
structure which under stress can suppress the spiral spin structure [22]. 

The electromagnetic properties of the heterojunction might be due to 
hopping conduction mechanisms, which can be influenced by MO6 
octahedra distortions within its structure. On crystalline films, lower 

Fig. 4. (a) Cole-Cole plot of the complex-impedance diagram in the temperature range 423 K and 473 K (b) Total electrical capacitance, (c) Total parallel resistance 
dependence with frequency and (d) equivalent circuit of the LTO/STO heterojunction at different temperatures and (e) Geometrical configuration of coplanar band 
electrodes of the LTO/STO heterojunction crystallized at RTA at 800 ◦C for 2 min followed by thermal treatment at N2 atmosphere and Geometrical configuration of 
the SrTiO3 substrate. 
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oxygen vacancy density may be associated with the surface of a semi
conductor with high surface-to-volume ratio. Hence, the presence of two 
different Ti clusters ([TiO6] and [TiO5. V⋅

O]) leads to lower film con
ductivity since oxygen vacancies induce new energy levels within the 
bandgap region. Positively charged oxygen vacancies induce electron- 
hole polaron (Jahn-Teller bipolarons) formation around them, estab
lishing charge transfer from [TiO6] and [TiO5. V⋅

O] clusters [44]. A 
possible source for the magnetocoupling effect is Ti-O-Ti bond 
length/angle changes as a result of tilting/rotation in oxygen octahedra, 
which influences ferroelectric and magnetic responses. The distorted 
[TiO6] octahedral sites are defined by their rotations towards cubic 
[LaO8] clusters within the LaTiO3 lattice, described by their tilt angle. 
Lattice distortions created by the nitrogen atmosphere and [TiO6] tilt
ing, produce a local electric field, generating ferroelectric ordering in 
the Mott insulator LTO. Moreover, oxygen rotation at both sites is typical 
of antiferromagnetic distorted perovskites and coupling between anti
ferromagnetic order and tilt angle (also known as rotomagnetic 
coupling) is essential to explain its properties. 

To deeply understand such phenomenon, the co-exposed surfaces at 
the interfaces formed by LTO/STO heterojunction should be studied 
using an explicit atomistic interface model via density functional theory 
(DFT). The interface nature can be tailored by looking at the structure, 
electronic properties, and band edges of the separate units, allowing 
them to get a deep insight into the polar behavior of such interfaces. 

4. Conclusions 

In this work, LaTiO3 (LTO) thin films synthesized via the polymeric 
precursor method were spread over SrTiO3 (STO) using spin coating to 
obtain LTO/STO heterojunctions. (Micro)structural, electronic, ferro
electric, and magnetic properties of the LTO/STO heterojunction and its 
interface were evaluated considering the following aspects: oxygen va
cancies; structural deformations (including cationic disorder); and 
electronic interface. This research reveals the importance of oxygen 
defects at the interface and surface of LTO/STO heterojunctions. The 
obtained heterojunctions exhibited room-temperature coexisting ferro
magnetic (Mr≈2.85 emu/g) and ferroelectric (Pr≈18.5 μC/cm2) 
response, owing to its ferromagnetic coupling behaviors under DC bias 
magnetic field 14 V/cm.Oe. Magnetoelectric coupling at LTO/STO 
heterojunctions might be a result of the influence of the magnetic field 
over the ferroelectric domains due to coupling between ferroelectric and 
ferromagnetic domains. The little mismatch between film and substrate 
significantly influences LTO/STO heterojunctions dielectric properties. 
From complex IS data, we proposed that the capacitance is governed by 
the STO substrate, and the resistance is controlled by the LTO film. LTO 
intrinsic dielectric constant (εr≈30) can be mostly associated with ionic 
and electronic polarization. Our results show the possibility of inducing 

ferromagnetic/ferroelectric phases in LTO/STO heterojunctions by 
applying an electric/magnetic field, respectively, due to its ME coupling. 
Also, our study helps comprehend oxygen vacancy dynamics under 
tensile strain/external electric field, which is fundamental for actuators, 
switches, magnetic field sensors and new types of electronic memory 
devices. 
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