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Abstract 

We report on the metal-insulator transition that occurs as a function of film thickness in ultrathin 

La0.75Sr0.25VO3 films.  The metal-insulator transition displays a critical thickness of 5 unit cell. 

Above the critical thickness, metallic films exhibit a temperature driven metal-insulator 

transition with weak localization behavior. With decreasing film thickness, oxygen octahedron 

rotation in the films increases, causing enhanced electron-electron correlation. The electron-

electron correlations in ultrathin films induce the transition from metal to insulator in addition to 

Anderson localization. 
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The metal-insulator transition (MIT) in 3d transition metal oxides (TMO) has been attracting 

intensive attention in condense matter physics.1 According to the Mott-Hubbard model, a MIT 

can be controlled by varying the relative magnitude of the on-site Coulomb repulsion and 

bandwidth even in a system without disorder. Whereas in the absence of Coulomb repulsion, 

only coherent backscattering of non-interacting electrons from the randomly distributed 

impurities can lead to Anderson localization of electrons and can drive the MIT.2,3 Hence the 

interplay between disorder and electronic correlation leads to subtle many-body effects and 

complicate the MIT phenomenon in TMOs.4 

Lanthanum strontium vanadate (La1-xSrxVO3) is a canonical system for studying filling- 

controlled MIT. 5-7 The parent compound LaVO3 is an antiferromagnetic Mott insulator with 

strong electron-electron correlation. Upon Sr doping, the electrical transport characteristics 

gradually change from insulating to metallic with a MIT transition around x=0.178,7 while the 

end member SrVO3 exhibits a robust metallic state.  It is already established that the MIT can be 

influenced by Anderson localization due to disorder provided by the random distribution of Sr2+ 

and La3+ ions on the A site of the perovskite (ABO3) structure.3 Close to the MIT, the metallic 

state of La1-xSrxVO3 can be changed by the carrier localization effect, perhaps due to poor 

shielding of the impurity (Sr2+) potential by the low carrier density.5 Despite extensive studies on 

polycrystalline and single crystalline La1-xSrxVO3 bulks, few reports are available on thin films.5- 

7 Lekshmi et al, studied filling-controlled MIT in La1-xSrxVO3 thin films.8 The MIT was 

observed in the region 0.175<x<0.2, mirroring the results for bulk La1-xSrxVO3. In contrast, 

Yoshimatsu et al. reported bandwidth-controlled MIT in SrVO3 ultrathin films. They observed a 

dimensional crossover in the absence of any chemical fluctuation or disorder, such that MIT 

occurred at a critical thickness between 2 and 3 unit cells (uc).9 In this study, we report the MIT 
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and associated driving mechanisms in ultrathin La0.75Sr0.25VO3 (LSVO) films as a function of 

film thickness. At this nominal composition, bulk LSVO exhibits correlated metal behavior.  

However, the metallic state changed into an insulating state as the thickness of LSVO films was 

progressively reduced to 5 uc.  This behavior was attributed to electron correlation and Anderson 

localization.  

High-quality ultrathin LSVO epitaxial films with thickness ranging from 5 to 25 uc were 

deposited on atomically flat (r.m.s roughness ~1.6Å) (001) oriented LaAlO3 (LAO) substrate by 

pulsed laser deposition assisted by in-situ reflection high energy electron diffraction (RHEED).  

The unit cell thickness is defined the length of VO6 octahedron. Polycrystalline 

(La0.75Sr0.25)2V2O7 was used as the target. Following the deposition of LSVO layer, 10nm thick 

LAO capping layer was deposited to prevent the oxidation of vanadium. All samples were grown 

at 6000C in an oxygen partial pressure 1x10-6 torr with a laser energy density of 1.5 J/cm2.  

RHEED patterns confirmed two dimensional layer-by-layer growth of the LSVO films.10 The 

film thickness was precisely controlled by monitoring the intensity oscillations of RHEED patterns. 

Single phase structure was confirmed by high resolution X-ray diffraction (XRD) using beamline 

3C2 at Pohang Accelerator Light Source (PALS), Korea. Temperature dependent resistivity of 

the LSVO thin films was investigated using Van der Pauw method in a low temperature probe 

station with He-cryostat. The temperature was varied from range 4K to 400K, the bias current 

was 10 µA, and the electrical contacts were made to photolithographically buried gold contacts. 

X-ray absorption spectroscopy (XAS) was performed on LSVO films with 3 uc thick LAO 

capping layer at beamline 4.0.2. at the Advance Light Source (ALS), USA. The V2p and O1s 

edges were recorded using the total electron yield method in normal and grazing incidence 

relative to the film surface. 
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The RHEED intensity oscillations during the growth of LSVO films are shown in Fig. 1. 

The inset figure shows the AFM topography image of LSVO film with 8 uc thickness deposited 

on LAO substrate. The LSVO films maintained good step-terrace structure with a step height of 

~4 Å, indicating that the deposition was carried out in layer-by-layer growth mode and film 

thickness was precisely controlled. Figure 2(a) shows high resolution XRD patterns for the films 

with varying thickness, indicating that the films are single phase with a (001) orientation. The 

reciprocal space mapping (-103) of LSVO film with a thickness of 25 uc (Fig.2 (c)) indicates that 

the film exhibits fully coherent nature with the substrate.  This suggests that the LSVO films 

thinner than 25 uc also show the coherent nature. Due to the lattice mismatch (~3%), the LSVO 

films are expected to experience an in-plane compressive strain from the underlaying LAO 

substrate, resulting in an elongation of the out-of-plane (c-axis) lattice parameter compared to 

bulk value. However, as shown in Fig. 2(b), the c-axis lattice parameter increases as the film 

thickness increases up to 25 uc. On further increase of thickness it begins to decrease (not shown 

in the figure) and gradually approaches to the bulk value. This result clearly indicates the 25 uc 

thickness is the psuedomorphic limit or critical thickness for strain relaxation LSVO films on 

LAO substrate, above which the strain relaxation through the formation of misfit dislocations is 

expected to occur. Bulk LSVO exhibits an orthorhombic structure with GdFeO3-type distortions 

allowing for oxygen octahedron rotation.11 In perovskite thin films, BO6 oxygen octahedron 

rotation can occur to accommodate epitaxial strain.12 Therefore, in the ultrathin LSVO films 

below 25 uc thickness, VO6 octahedron rotation is a possible strain relaxation mechanism to 

accommodate the compressive strain, which is accompanied by the decrease of c-axis lattice 

parameter. The octahedron rotation gradually increases with decreasing film thickness, resulting 

in the gradual decrease in the c-axis lattice parameter with decreasing film thickness. The VO6 
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octahedron rotation gives rise to a change in the V-O-V bond angle, which can result in the 

decrease in hybridization between V and oxygen ions (i.e. V3d and O2p states) and consequently 

a narrowing of the one electron bandwidth. 

The resistivity as a function of temperature, ρ(T), for LSVO films of varying thickness 

was measured in the temperature range 4-400K (Fig. 3). Around room temperature, the films 

with thickness larger than 8 uc showed metallic behavior (dρ/dT>0). On further reduction of the 

thickness, a thickness-driven MIT occurred between 5 and 8 uc thickness such that at 5 uc 

thickness, the electrical transport behavior changed to an insulating characteristic (dρ/dT<0) for 

entire temperature range studied. The metallic films exhibited a temperature-driven MIT 

(resistivity upturn at low temperature) with a characteristic temperature (TMI).  TMI gradually 

shifted to higher temperatures with decreasing film thickness as denoted by the arrows in Fig. 

3(a). As shown in Fig. 3(b), ρ(T) of the thicker films in metallic regime above TMI can be 

expressed by a Fermi liquid model: ρ = ρ0 + AT2 where ρ0 is the residual resistivity and A is the 

temperature coefficient of resistivity representing the inelastic scattering strength between 

electrons.  The value of A was estimated to be in the order of 10-9 Ω-cmK-2, consistent with a 

strongly correlated electron system.13 On the other hand, a non-Fermi liquid description of the 

resistivity (ρ ∝T1.5) for bulk La1−xSrxVO3 was observed at the critical boundary between an AFM 

insulator and paramagnetic metal due to the AFM spin fluctuations. 5,7,8  

Below TMI (i.e., in the insulating region), the resistivity of the LSVO films was scaled 

with a Mott variable range hopping (VRH) model (i.e., lnρ ~ T-1/4), which suggests that 

Anderson localization due to disorder caused by the random distribution of Sr+2 ions on the La+3 

sites is responsible for the resistivity upturn seen at low temperatures below TMI. The shift of TMI 

to higher temperature with decreasing thickness implies that the critical disorder strength for 
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Anderson MIT gradually increases with decreasing film thickness and hence the stabilization of 

the insulating state is enhanced with decreasing film thickness.  We also evaluated the disorder 

of the films from the residual resistivity, ρ0. The randomness of a system is characterized by the 

disorder parameter kFℓ, the product of Fermi wave vector (kF) and elastic mean free path (ℓ).14 

The disorder parameter kFℓ is related to the residual sheet resistance, R0 by the relation, 1/R0 = 

(e2/R0)kFℓ, where e and h are the electronic charge and Plank’s constant, respectively. We 

obtained the values of kFℓ = 3.24, 2.42, 1.7 and 1.44 for films with 25, 13, 10 and 8 uc 

thicknesses, respectively. This result suggests that the system disorder increases and approaches 

to the Ioffe-Regel limit (kFℓ ~ 1) causing Anderson localization as the thickness is reduced, while 

the disorder parameters of the metallic films are above the Ioffe-Regel limit.  

Figure 4 demonstrates the O1s XAS spectra for the LSVO films. We have used normal 

(photon polarization parallel to film surface) and grazing incidences of the x-ray beam. The O1s-

edge XAS spectra display several features. The prominent doublet feature in the energy range of 

526 to 528 eV and 529 to 531 eV are assigned to the V3d t2g and V 3d eg bands, respectively, and 

separated by ~ 2eV due to crystal field splitting.15 The V 3d eg band overlaps with the La 5d and 

Sr 3d bands in the energy range from 529 to 536 eV. The qualitative features and positions of V 

3d t2g peaks remained unchanged with decreasing film thickness from 25 to 8 uc (metallic films) 

and were similar for grazing and normal incidences. However, further reduction of the thickness 

to 5 uc (insulating phase), the intensity of the V 3d t2g band peak decreased significantly and V 

3d t2g peaks was split into two peaks separated by ~0.8eV (see lower inset of Fig. 4(b)). The 

splitting of the V 3d t2g band peak is more prominent in normal than grazing incidence (upper 
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inset of Fig. 4). A similar signature of d band splitting across the MIT was observed by Koethe et 

al. and Croft et al. in TMOs (VO2) and sulfides (CuIr2S4).
16,17 This result indicates that the 

occupation of V3d orbitals is nearly isotropic in the metallic films and becomes anisotropic in 

insulating phase (i.e., preferential occupation in out-of-plane dyz and dxz orbitals). It is important 

to note that such changes in the d-orbital occupations across the MIT can be achieved only if the 

electron-electron correlation is strong enough to bring this narrow band system close to the Mott 

regime.18 It has been shown that electron correlation is significantly enhanced in the ultrathin 

limit (low dimension) and opens the Mott-Hubbard gap at the Fermi level to drive a correlated 

metallic system into the insulating state.9 Hence, the observed V3d t2g band splitting in the low 

dimensional LSVO films occurs only due to strong electron-electron correlation and the V 3d t2g 

band splitting gives rise to opening a gap at the Fermi level which possibly drives the formation 

of the insulating state in the 5 uc thick LSVO film. The V2p spectra (not shown here) indicates 

that  the V4+ concentrations of all films were above the nominal value (25%) of Sr doping, which 

can be attributed to surface oxidation or interface effects between the LSVO film and the LAO 

capping layer.19,20 Interestingly, the intensity of the V4+ features decreases progressively with 

decreasing film thickness. The decrease in V4+ ion concentration in the thinner films gives rise to 

the increase of disorder strength since the effective shielding of random impurity (Sr2+) potential 

is diminished by the reduced charge carrier of the V4+ ion. This behavior is consistent with the 

change in the calculated disorder parameter, kFℓ, with thickness. 

In summary, we have shown that LSVO films, which are correlated metals in a bulk, 

undergo a MIT for thicknesses between 8uc to 5uc. The observed MIT is attributed to early onset 

of electron-electron correlation, i.e., bandwidth narrowing driven by the splitting of V 3d t2g band 

in low dimensional structures as well as Anderson localization represented by the disorder 
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parameter approaching to the Ioffe-Regel limit. The metallic films also exhibit MIT (resistivity 

upturn) at a thickness-dependent characteristic temperature during cooling, which is attributed to 

the Anderson localization. 
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Figure captions 

Figure 1. Typical RHEED intensity oscillations during deposition for LSVO films with different 

thickness. The AFM topography image of LSVO films with 8 uc thickness is shown in the inset.  

Figure 2. (a) XRD patterns (2θ-ω scans) for LSVO films with different thickness, (b) the 

variation of the c-axis lattice parameter with thickness and (c) the reciprocal space mapping for 

LSVO film with 25 uc thickness. 

Figure 3. (a) Temperature-dependent electrical resistivity of LSVO films with different thickness. 

The arrows indicate a thickness dependent characteristic temperature (TMI), and (b) resistivity vs. 

T2 using the Fermi liquid model in the metallic region for films with 8-25 uc thickness.   

Figure 4. O1s edge XAS taken at normal incidence for different film thickness. Details of the V 

3d t2g band for films with 5 and 8 uc thickness taken at normal (lower inset) and grazing (upper 

inset) incidence.   
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