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This study systematically investigated the electronic, structural, and optical properties of 

MgTiO3 (MTO), LaNiO3 (LNO), and MgTiO3/LaNiO3 (MTO/LNO) nanostructured films 

grown on Si (100) substrates by the pulsed laser deposition (PLD) method. The structural 

characterizations obtained by X-ray diffraction revealed a preferred (003) orientation for the 

MTO film, while the LNO film was polycrystalline. The diffraction peaks corresponded to a 

rhombohedral structure, which was confirmed by micro-Raman (MR) spectroscopy for both 

nanostructured films. The MTO/LNO heterostructure was polycrystalline and exhibited the 

diffraction peaks of both the MTO and the LNO phases. Additionally, the results revealed that 

the LNO films did not have a significant photoluminescence (PL) emission, while an intense 

broad infrared luminescence centered at 724 nm appeared for the MTO nanostructured film. 

Surprisingly, for the MTO/LNO heterostructure, the PL emission profile exhibited a dual-

color emission with an intense broad luminescence in the blue region (maximum centered at 

454 nm) and an intense near-infrared emission (maximum centered at 754 nm), respectively, 
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mainly because of the effect of interface defects, which induced a significant change in the PL 

behavior. Therefore, our experimental results correlated with the theoretical simulations based 

on the periodic density functional theory formalism and contributed to a deeper understanding 

of the charge/energy transfer processes occurring in the MTO/LNO/Si interfaces, and toward 

the exploitation of the close relationship between the structure and properties of these new 

functional materials.

Keywords: Perovskites; thin films, pulsed laser deposition method, optical properties, DFT 

calculations

1. Introduction

In practice, the development of broadband communications, the increasing demand for 

light-emitting devices for displays and communication systems operating at microwave 

frequencies, electroluminescence, and the continuing miniaturization of circuitry systems, 

have motivated the rapid development of highly dielectric materials with active optical 

properties. Moreover, it has been shown that controlling the growth of high-quality thin films 

allows for not only the fabrication of the most complex functional materials on scale but also 

provides a form that is compatible with a wide variety of electronic and optical devices, which 

could give rise to new and fascinating behaviors at the nanoscale [1-3]. 

In this context, significant advances in the pulsed laser deposition (PLD) method, and 

particularly over the last decades, provided a more versatile and innovative way toward 

developing high-quality thin films with entirely new physical properties [3-6]. This technique 

has been widely applied to thin film growth based on perovskite oxide materials [7-9], mainly 

because of the sizeable technological interest in these materials, and their remarkable record 

of developing widespread applications for these novel functional materials. With rapid 

Page 2 of 26

ACS Paragon Plus Environment

ACS Applied Nano Materials

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



breakthroughs in the deposition techniques, many recent studies have focused on the 

development of heterojunctions from two types of perovskite oxides to build artificial 

superlattices for highly innovative technological applications [10-12]. 

Among perovskite oxides, magnesium titanate (MgTiO3) (MTO) and lanthanum 

nickelate (LaNiO3) (LNO), respectively, have attracted large technological interest over the 

last years, mainly because of their extraordinary physical and chemical properties that make 

them promising candidates for a wide range of technological applications such as 

optoelectronic devices [13-16]. Thus, there is continuous technological interest in using MTO 

and LNO materials in the form of nanostructured films for easier integration into 

microelectronic devices [17]. Considering recent research trends in the field of thin films, 

beyond their role in fundamental research, these novel functional materials and their well-

designed heterostructures can, in principle, offer an exciting platform to develop perovskite 

oxide-based devices, and thus lead to the development of advance applications in the future. 

However, to establish their contributions toward a fundamental understanding of the 

mechanism responsible for modulating the optical and electronic properties of these films at 

the nanoscale, it is still necessary to understand how complex interface defects behave under 

excitation.

In this paper, we report a combined experimental-computational investigation on the 

electronic, structural, and optical properties of LNO, MTO, and MTO/LNO nanostructured 

films grown on a Si(100) substrate using the PLD method for the first time, as illustrated in 

Figure 1. All these thin films were characterized by X-ray diffraction (XRD), micro-Raman 

(MR) spectroscopy, field emission scanning electron microscopy (FE-SEM), and 

photoluminescence (PL) measurements. Our study revealed that the LNO layer contributed to 

the enhancement of the optical properties exhibited by the MTO film; that is, it led to 

unexpected behavior. Hence, computational simulation was performed by using the density 

functional theory (DFT) to gain a better understanding of the composition-structure-property 
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relationships and reveal changes in the electronic structure properties of these thin films. 

These changes occurred mainly at the interface between the LNO/Si, MTO/Si, and 

MTO/LNO/Si structures, and were in good agreement with our experimental findings. Thus, 

we found that the PL properties of the nanostructured films were strongly dependent on their 

interface features.

Figure 1.

2. Results and discussion

Figure 2 shows the XRD patterns of the as-prepared MTO/Si, LNO/Si, and 

MTO/LNO/Si nanostructured films. All samples were crystallized, and a long-range structural 

organization was revealed. The XRD patterns of the LNO/Si film (Figure 2(a)) revealed 

polycrystalline growth (without a preferred orientation) and the corresponding diffraction 

peaks were indexed in the rhombohedral structure with the R c space group by the n° 00-033-

0711 card of the Joint Committee on Powder Diffraction Standards (JCPDS). For the MTO/Si 

film (Figure 2(b)), the corresponding diffraction peaks were also indexed in the rhombohedral 

structure with the R  space group by the n° 01-079-0831 card of the JCPDS. It was observed 

that the MTO/Si film exhibited a preferential orientation along the (003) direction. These 

results are consistent with previous works reported in the literature [18]. The MTO/LNO/Si 

heterostructure (Figure 2(c)) had a polycrystalline nature and exhibited well-defined 

diffraction peaks for both the MTO and LNO phases. This is in good agreement with the n° 

01-079-0831 and 00-033-0711 cards of the JCPDS. Figure 1 (a,b) contains a schematic 

representation of the crystallographic unit cell of both MTO and LNO materials and its metal-

oxygen polyhedra. The MTO structure exhibited unique face-shared and edge-shared 

configurations for both the octahedral [MgO6] and [TiO6] clusters with a local symmetry (C1). 
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In the LNO corundum structure, the octahedral [NiO6] clusters had a C1 local symmetry, and 

the coordination polyhedra [NiO6]-[NiO6] were linked at the corner and shared the face with 

the coordination complex [LaO12] clusters (C2 point group). Additionally, due to the 

interfacial changes, the XRD patterns also reveal a shift to higher angles, indicate a significant 

increase in the lattice parameters. Therefore, most-likely strain formation during the lattice 

expansion. From a practical standpoint, chemical insights from defect-engineering may 

provide essential clues for improving synthetic methods and understanding fundamental 

nanoscale properties, driving innovation in the field of crystalline materials. Moreover, 

characteristic impurity peaks were not observed for any sample.

Figure 2.

In this case, the MR measurements were employed to gain insights into the short-range 

structural order of these nanostructured films. Figure 3(a) shows the room temperature MR 

spectra of the MTO/Si, LNO/Si, and MTO/LNO/Si thin films. The Raman-active mode was 

found in all samples at approximately 520 cm−1 and originated from the Si(100) substrate. 

According to group theory, the LNO phase with a rhombohedral structure belongs to the R c 

space group and has 27 optical modes, but only five are Raman-active modes (e.g., A1g + 4Eg) 

[19,20]. We experimentally observed four Raman-active modes for the LNO thin film at 

approximately 148 (Eg), 203 (A1g), 397 (Eg), and 443(Eg) cm−1, respectively, as can be seen in 

Figure 3(a). According to Chaban et al. [20],  the A1g mode is a soft mode driving the 

structural distortion in the R c perovskites. The Raman-active mode located at 148 cm-1 can 

be described as pure La vibrations along the a- and b-axis of the structure in the hexagonal 

{001} plane [19]. Moreover, the Raman-active modes located at 397 and 443 cm-1 were 

caused by the vibrational modes of the oxygen cage [20].  
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Figure 3.

However, it can be seen from Figure 3(a) that the MTO thin film had ten Raman-

active modes (e.g., 5Ag + 5Eg), as predicted in the literature [21-27]. This was attributed to 

high crystallization at short-range. The Ag modes situated at 227 and 300 cm−1are mainly 

attributed to the vibrations of Mg and Ti atoms along the z-axis [25]. The other Ag modes 

observed at approximately 390, 500, and 708 cm−1, respectively, are related to the breathing-

like vibrations of the six O atoms. However, by comparing the modes, it can be seen that they 

had different vibration directions in the octahedral configuration [25,26]. The Eg mode 

typically observed at 275 cm−1 is attributed to the anti-symmetric breathing vibration of the O 

octahedron [25-27]. As shown in Figure 3(a), the Eg modes located at 320, 344, and 480 cm−1 

can be described as the anti-symmetric breathing and twisting vibrations of the O octahedron 

with the cationic vibrations of both the Mg and Ti atoms parallel to the XY-plane [22,26], 

while the mode observed at approximately 620 cm−1 is likely associated with the Ti-O stretch 

[22]. Moreover, the MR spectrum of the polycrystalline MTO/LNO/Si heterostructure (Figure 

3(a)) exhibited all modes of both the MTO and LNO rhombohedral structures, which 

indicates that this sample prepared by the PLD method was structurally ordered at the short-

range. From these results, it is also noted that MR spectra have two asymmetric bands with 

the maximum centered at approximately 215 and 395 cm−1, respectively. Hence, the MR 

spectra were deconvoluted (after using the Bose–Einstein correction) from using multiple 

Lorentz functions, as shown in Figures 3(b) and (c) [28,29]. These bands are probably formed 

from an overlap of the vibrational modes of both MTO (214 and 390 cm-1) and LNO (203 and 

397 cm-1) materials. As can be observed by the deconvolution, the vibrational mode Ag 

referring to the pure MTO is shifted to smaller Raman-active mode lengths (from 227 to 214 

cm−1) in the multilayer film, indicating that the interaction with the LNO causes a short-range 

lattice ordering [19-27].
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Figure 4 shows the FE-SEM micrographs of the surface microstructure and cross-

section of the LNO/Si, MTO/Si, and MTO/LNO/Si thin films. As can be seen, the average 

thicknesses were 190, 200, and 390 nm for the LNO/Si, MTO/Si, and LNO/MTO/Si films, 

respectively. These values were deduced from the cross-section views and are in agreement 

with the deposition conditions used in this study. However, the FE-SEM micrographs 

revealed different grain microstructures for these thin films, i.e., suggesting a possible effect 

of the different crystalline orientations for these polycrystalline materials due to interfacial 

changes previously discussed. In this case, the LNO/Si thin film is composed of more or less 

spherical grains, while the grains of the MTO/Si film are hexagon-shaped grains (i.e., related 

to the c-plane arrangement of the rhombohedral crystal structure) [18]. Moreover, all of the 

deposited films had a dense microstructure with excellent contact interfaces (see cross-section 

views in Figure 4 (a-c)), which is promising for developing various interesting technological 

applications. 

Figure 4.

It is important to note that a deeper understanding of the interface features is crucial 

when designing novel functional materials with tuned properties [30-34]. In this context, PL 

emission measurements combined with high-level DFT calculations are often employed to 

probe the effect of small changes in a crystalline structure. Hence, they can be easily used to 

reveal the critical role of these nanostructured films interface features and provide essential 

clues for an in-depth understanding of their physical and chemical properties at the nanoscale 

[2,33-37].

First, we investigated the PL emission spectra of the Si substrate, LNO/Si, MTO/Si, 

and MTO/LNO/Si nanostructured films, respectively, as shown in Figure 5 (b). These 

nanostructured films have a characteristic broadband PL emission. In this regard, it is well-
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known that the symmetry-breaking process can induce a robust structural polarization that 

leads to a non-homogeneous charge distribution in these materials. This fact is closely 

associated with the structural order-disorder effects generated during the fabrication process 

[34], which leads to a broadband PL emission for these systems (Figure 5(b)). A magnified 

view of the broadband PL emission profile of the Si substrate and LNO/Si suggests that these 

materials are structurally ordered at the medium-range (see Supporing Information Figure S1). 

Figure 5.

The PL emission profile clearly indicates a weak broad luminescence for the Si 

substrate and LNO/Si, while much higher PL emissions were observed for MTO/Si and 

MTO/LNO/Si. This result revealed that the Si substrate had a low defect density at the 

medium-range, in addition to revealing its “non-innocent” behavior; that is, the fact that the 

substrate plays a key role in the structural modification processes at the film/substrate 

interface. Hence, the Si substrate enables the formation control of the films’ complex interface 

defects. This is extremely important to better understand the impact and synergistic effects of 

the complex interface defects responsible for modulating the optical properties of these novel 

functional materials.

The LNO/Si film indicated that the complex interface defects, which are a necessary 

condition to exhibit an intense PL emission, virtually cancel out the PL emission of these two 

materials. Thus, we concluded that LNO/Si had a low defect density at the film/substrate 

interface at medium-range, and that the behavior exhibited by these materials was mainly 

caused by structural defects (i.e., shallow defects). In contrast, for the MTO/Si film, we 

observed the most intense broad luminescence centered at 724 nm, in the near-infrared region. 

Also, the strong PL emission (in the near-infrared region) may also be related to the crystal 

orientation for these MTO/Si films as-prepared [18]. As a consequence, these findings are 
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commonly consistent with our XRD results for MTO/Si films. Generally, this can attributed 

to the chemical nature of the reactive species involved, and itis also strongly dependent on the 

experimental conditions used during the growth of such films [34-37]. Therefore, these results 

suggest that the structural changes promoted particularly at the LNO/Si interface, in principle, 

reduce the polarization, which is capable of populating stable excited electronic states [38,39]. 

This interface phenomenon occurs at the short- and medium-range.

Interestingly, there was a visible change in the PL emission behavior for the 

MTO/LNO/Si interfaces. In particular, the PL emission profile of the MTO/LNO/Si exhibited, 

for the first time, two intense broadband PL emissions with the maximum value centered at 

454 nm (blue region) and 754 nm (near-infrared region), respectively. Therefore, based on 

these results, it can be concluded that the interfacial change leads to the formation of new 

defect states and is the most probable cause for the appearance of PL peak at approximately 

454 nm. Hence, the results provide evidence for the emergence of the first PL band emission, 

which can easily be attributed to the significantly high concentration of shallow defect states 

formed in the LNO layer, and particularly in the vicinity of the contact interface with the 

MTO layer, during the deposition of this one. Moreover, it should also be noted that the PL 

band emission observed at approximately 754 nm was significantly modified in comparison 

with the PL data for the MTO/Si (Figure 5(b)), mainly owing to the effects of the LNO layer, 

which in turn altered the structural characteristics of the MTO layer at the medium-range. 

These findings provide solid evidence that the growth orientation of this MTO layer on the 

LNO leads to an increase of complex defects formed, especially at the interface region of this 

polycrystalline material, resulting in the emergence of entirely new properties. It is well-

known that during the excitation process of such nanostructured films, the trapping of the 

electron-hole pairs occurs in the structural defects. In other words, the process is characterized 

by the involvement of numerous states within the band gap of the system as a result of the 

relaxation, and an intense emission of the photon also occurs [26,33-38]. Our results revealed 
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that the PL emission behavior of these novel high-quality functional materials is, in turn, 

actively controlled by their interface features. Also, the multi-peak fitting of PL spectra was 

performed using the Voigt function, and are presented in the Supporting Information Figure 

S2.

Clearly, the abovementioned important underlying physical behavior can be easily 

explained from a structural perspective. Thus, the different intrinsic (hence the bulk-surface) 

and extrinsic (hence the contact interface) defect distributions play a crucial role in 

streamlining the behavior of the PL emissions at the nanoscale [33-35,38]. To clarify the 

small structural changes that occur mainly at the contact interface of these nanostructured 

films, we elucidate the cluster-to-cluster charge transfer processes (CCCT) based on the 

cluster complex notation of such systems [36], as follows:

[TiO6]x + [TiO5Vo
x]   [TiO6]´+ [TiO5Vo

]                          (1)

[TiO6]x + [TiO5Vo
]   [TiO6]´ + [TiO5Vo

]                        (2)

[NiO6]x + [NiO5Vo
x]   [NiO6]´+ [NiO5Vo

]                          (3)

[NiO6]x + [NiO5Vo
]   [NiO6]´ + [NiO5Vo

]                        (4)

where both the [TiO6]´ and [NiO6]´ clusters are donors, the and clusters are ][ 5

OVTiO ][ 5


OVNiO

donors-acceptors, and the  and clusters are acceptors. According to the ][ 5


OVTiO ][ 5


OVNiO

structural analysis, the effect of the surface and/or interface properties on the PL performance 

should be considered in terms of  and  clusters, and [ ]d and [ ]d x
oTiO ][ 6

x
oNiO ][ 6

x
OVTiO .5

x
OVNiO .5

clusters, where o = order and d = disorder. By following the above logic, an effective charge 

separation (i.e., electron-hole) requires the presence of a CCCT process [26,33], which occurs 

particularly in the interface region of such thin films. Hence, the CCCT process likely 

involves the formation and recombination of all complex clusters from /[ ]d,x
oTiO ][ 6

x
OVTiO .5

x
oNiO ][ 6

/[ ]d, [ ]d/[ ]d, and /[ ]d. Additionally, this model can, in x
OVNiO .5

x
OVNiO .5

x
OVTiO .5

x
oNiO ][ 6

x
OVTiO .5

principle, be extended for the lattice modifiers. In this case, the charge will transfer from 
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[TiO6]´ to [MgO6]xor from [NiO6]´ to[LaO9]x, and from [MgO5Vo
z] to [MgO6]x or from 

[LaO11Vo
z] to [LaO12]x, as expressed by the following equations:

[MgO6]x + [MgO5Vo
x]   [MgO6]´+ [MgO5Vo

]                   (5)

[MgO6]x + [MgO5Vo
]   [MgO6]´ + [MgO5Vo

]                 (6)

[LaO12]x + [LaO11Vo
x]   [LaO12]´+ [LaO11Vo

]                         (7)

[LaO12]x + [LaO11Vo
]   [LaO12]´ + [LaO11Vo

]                       (8)

In short, we have provided a full structural description to clarify the optical behavior 

of these nanostructured films. Moreover, this description will allow us to quickly identify two 

effects that are generally responsible for modulating the PL emission of such materials. 

Remarkably, the first effect can be attributed to the intrinsic defects in the Si, LNO, or MTO 

materials, i.e., the defects derived from the material constituted by the oxygen vacancies in 

three different charge states (Vo
z = Vo

x, Vo
, or Vo

), which allow for the excited [SiO3Vo
z], 

[LaO11Vo
z], [NiO5Vo

z], [MgO5Vo
z], and [TiO5Vo

z] clusters. The second effect typically results 

from the interface features between these complex clusters, which produce extrinsic defects 

by combining and interacting, which in turn decrease or increase the band gap, and hence can 

either allow the PL emission or not. Moreover, before the photon arrival, the short- and 

medium-range structural defects, in particular, generate localized states within the band gap 

and a non-homogeneous charge distribution in the unit cell [26,34-38]. After the photon 

arrival, the lattice configuration changes. Additionally, distorted excited clusters are formed 

and allow electrons to become trapped [36,37]. In the latter, it is well-known that the photons 

decay by radiative or non-radiative relaxations. 

Additionally, the effect of band alignment on the optical behavior of these 

nanostructured films was investigated. When the band structures of the Si, MTO, and LNO 

surfaces are placed side by side, the Fermi level of MTO has a lower value (Figure 5 (a)). 

Generally, the distortion on the surfaces and around the interfaces should modify the complex 

Page 11 of 26

ACS Paragon Plus Environment

ACS Applied Nano Materials

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



clusters and their effective coordination number that originate mainly from the spin 

reorientation in these clusters and lead to electron clustering and hole formation. Moreover, 

the band alignment of the novel MTO/LNO/Si nanostructured films revealed the decisive role 

of the interface complex defects in the control of their remarkable properties: the electrons 

transferred from the MTO to Si, while the holes transferred from Si to MTO (Figure 5 (a)). 

Notably, the modulation of the strain during the growth of thin films on diverse 

substrates has a tremendous impact on their fundamental properties and is extremely 

interesting from the technological standpoint [40-42]. Overall, it is well-known that the 

substrate has a considerable influence on the structural quality of the prepared thin film [40]. 

These results, however, reveal that, despite the similar thickness, the crystalline structure 

qualities of the MTO film grown on Si substrate and that on the LNO layer are very different 

in terms of the distribution of complex defects. This indicates that some parts of the interface 

can, in principle, exhibit different crystalline orientations, which are fundamental to 

understand this phenomenon. Hence, as a consequence, this region is more likely to exhibit a 

greater density of defects, as well as having a significant influence on the kind of surface 

grown, and still can have a descending role in phase control [40-42]. To gain further insights, 

we calculated the total and atom-resolved DOS projected for both the bulk and (003) surfaces, 

as shown in Figure 5. 

Figure 5. 

Silicon bulk is a well know semiconductor with a low band gap [39]. However, its 

(003) surface is a conductor because of the outermost Si with low coordination (see in 

Supporting Information Figure S3). Additionally, LNO is the conductor in both models, 

mainly because of the partial filled Ni 3d states. In particular, the LNO (003) surface is 

ferromagnetic, as shown in the DOS and spin density map (Figure 6). Its Fermi level is higher 
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than that of Si (003). However, the electronic structure of MTO is entirely different. The 

MTO bulk is a semiconductor with a band gap of approximately 5.7 eV, where the edges of 

the valence and conduction bands (denoted as VB and CB, respectively) are composed mostly 

of O 2p and Ti 3d states, respectively. The MTO (003) surface exhibits occupied and empty 

mid-gap states located on the low coordinated oxygen at the outmost layers of the surface. 

Overall, these results provide two spin configuration solutions for the (003) MTO thin film, as 

shown in Figure 5: a ground singlet state (S0) and the most stable (~0.7 eV) triplet (T1) 

configuration. The spin density of that intermediary level is shown in Figure 6. Consequently, 

the main difference between them is the Ti 3d empty midgap state located 1.2 eV above the 

VB, as shown in Figure 6. This state is absent in the singlet MTO film and may be a channel 

for electronic excitation and recombination of photogenerated excitons [43,44]. This midgap 

state is 3.4 eV below the next CB, also composed by empty Ti 3d and O 2p states. Hence, the 

effect of isolated Ni on MTO bulk, at approximately 4% of Ni to Ti substitution, introduced 

an empty midgap state of Ni 3d, 1.6 eV below the CB. Compared with the pristine MTO bulk, 

the bandgap was significantly reduced from 5.7 to 5.0 eV within the doping model used in 

this study. Despite the high value of the theoretical bandgap, in general, it is necessary to 

focus only on the difference (or relative values) of bandgaps, because of the errors and 

limitations well-known for the exchange-correlation functionals. The presented model was 

taken as a limiting situation. Because it is more probable that there is a high concentration of 

defects in the interface of the polycrystalline films, this could lead to a possible reduction in 

the diffusion of isolated cations. In fact, this is consistent with the experimental measurements 

and conditions used in the PLD deposition. However, even so, one still cannot wholly exclude 

this possibility. Based on this premise, two situations of Ni doping on (003) MTO thin films 

were checked: (i) Ni sharing the first and second metal layers with Ti on MTO thin films and 

(ii) Ni occupying the first two metal layers. In the first case, the system is a conductor, 

whereas, in the second, the filled and empty Ni 3d and Ti 3d states are separated by 1.0 eV. 
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Figure 6 shown the density charge maps for these models. In this case, the oxygens 

coordinated with those metals can display a pivotal role in the interpretation of this physical 

phenomenon. Therefore, these results can be easily elucidated from a modern structural 

perspective based on complex cluster modeling. This revealed the structural order-disorder 

effects (i.e., at the short-, medium-, and long-range) on the physical and chemical properties 

of the novel MTO/LNO/Si nanostructured films and their interface features at the nanoscale. 

It is widely known that these cluster complexes are strongly dependent on the synthesis 

methods and conditions [33,38].

3. Conclusion

In summary, MTO/Si, LNO/Si, and MTO/LNO/Si thin films with a rhombohedral 

crystalline structure were successfully obtained by the PLD method and structurally ordered 

at the short- and long-range. The MTO/Si thin film exhibited a (003) orientation, whereas the 

LNO/Si thin film was polycrystalline. Both polycrystalline LNO and MTO phases were 

obtained in the MTO/LNO/Si multilayer film. The FE-SEM micrographs revealed an 

excellent contact interface for such densely structured thin films. However, the PL emission 

behavior is probably related to a structural disorder at the medium-range. Hence, the PL 

mechanism for these thin films can be easily explained from a structural perspective. Our 

theoretical and experimental findings clarified the role of small structural changes occurring 

mainly in the interface region of these thin films and leading to the control of unexpected PL 

emission behavior. These results also revealed a complex relationship between the structure 

and the properties at nanoscale, which opens up novel application opportunities for these 

films in a variety of emerging optoelectronic technologies. 
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Figure 1. Representation of (a) MTO and (b) LNO unit cells oriented in the same direction, 

and its metal-oxygen polyhedra. (c) Schemes illustration of the PLD process of the LNO/Si 

MTO/Si and MTO/LNO/Si thin films prepared by PLD technique.
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Figure 2. XRD patterns of (a) LNO/Si, MTO/Si and MTO/LNO/Si thin films; (b) Si(100) 
substrate and (c) zoom of the θ-2θ degree.

Figure 3. MR spectra of (a) LNO/Si, (b) MTO/Si and (c) MTO/LNO/Si thin films.
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Figure 4. FE-SEM micrographs of the surface microstructure and cross-section of (a) LNO/Si, 
(b) MTO/Si and (c) MTO/LNO/Si thin films.
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Figure 5. (a) Band diagram of Si, LNO, and MTO in both bulk and surface structures. The 
Ni-doped bulk and Ni-doped MTO (003) thin films band diagram shown midgap states related 
to Ni 3d filled and/or empty states. The horizontal dotted black line point-out the Fermi level. 
The star on the midgap state of undoped MTO film is related to the triplet state (more stable 
than singlet one) and is absent on the singlet spin state. (b) PL spectra of LNO/Si, MTO/Si 
and MTO/LNO/Si nanostructured films, excited with a 350.7 nm line of krypton ion laser.
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Figure 6. Total and Projected DOS of (a) MTO and LNO in bulk phases, (b) MTO and LNO 
in the (003) thin films, and (c) Ni-doped MTO bulk and (003) thin film.
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