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Fig. 1. Perovskite structure of SmNiOj; crystal: (a) Polyhedron form of structure; (b) the stick form of structure.
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Fig. 2. XRD patterns and (114) RSM diagram of SmNiO; films grown on different substrates: (a) SrTiO; (XRD); (b) LaAlOg

(XRD); (c) SrTiOy (RSM); (d) LaAlO; (RSM).
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Fig. 3. Resistivity temperature curves of SNO thin films on
different substrates: (a) SrTiOs; (b) LaAlOs.
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Fig. 4. Fitting results of transmittance of SmNiOj3 thin films on different substrates: (a) LaAlOj, (b) SrTiOs; the relation curve of
the real part of the optical conductivity and wave number of SmNiOj film: (c) LaAlOj3, (d) SrTiO;.

F 1 AFEEEER ER SmNIO, MBS ) Lorentz 524

Table 1.  Lorentz fitted parameters of transmittance of SmNiOj thin films on different substrates.

LaAlO; (weo = 3.36)

# Wo Wp v (wp/wo )? ¥/ wo

1 —1.57 x 10* 1.94 x 10! —6.05 x 104 1.53 x 106 3.86

2 6.73 x 10% 1.27 x 10% 9.41 x 1098 5.82 x 10~10 —4.15 x 10%
3 1.09 x 10° 4.23 x 10? 8.11 x 102 1.52 x 10! 7.46 x 107!
4 1.72 x 10° 3.97 x 102 1.47 x 10° 5.34 x 102 8.52 x 10!
5 9.55 x 10 7.07 x 10™ 7.09 x 10% 1.51 x 10! —2.46 x 108
6 5.39 x 10 9.37 x 10 9.02 x 10% 3.38 x 102 3.70 x 108

SITIO; (wee = 3.07)

# Wo Wp i (wp/wo ) v/wo

1 7.04 x 10 9.99 x 10! 9.95 2.02 1.41 x 107!
2 1.50 x 102 9.98 x 10! 9.73 4.43 x 10! 6.49 x 102
3 3.64 x 10% 1.80 x 10%7 —1.00 x 107 3.38 x 1012 —2.97 x 10%
4 1.18 x 10! 2.80 x 10? 4.63 5.61 x 10? 3.91 x 10!
5 4.27 x 102 2.56 x 102 3.50 x 10! 3.61 x 10! 8.20 x 102
6 3.75 x 102 2.55 x 10% 4.06 x 10! 4.63 x 10~! 1.08 x 107!
7 4.29 x 107 3.99 x 10° 8.32 x 1012 3.54 x 102 9.20 x 10?

8 2.68 x 108 2.88 x 107 1.00 x 10 1.81 x 10! 9.91 x 103

9 3.28 x 10° 3.11 x 10° 2.30 x 1010 4.29 x 102 3.36 x 10°

10 4.70 x 10° 2.85 x 107 9.42 x 1013 8.26 x 102 6.58 x 103
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Fig. 5. The Ni—O—Ni bond angle and the rotation of NiOg when the SmNiO; film on different substrates transform from insulating
state to metal state: (a) LaAlOs; (b) SrTiOs; (¢) SmNiOj; film electron band transition diagram.
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element; (b) L-edge absorption spectrum of Ni element.
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Abstract

The metal-to-insulator transitions achieved in rare-earth nickelate (RNiOj) receive considerable attentions
owning to their potential applications in areas such as temperature sensors, non-volatile memory devices,
electronic switches, etc. In contrast to conventional semiconductors, the RNiOj is a typical electron correlation
system, in which the electronic band structure is dominant by the Coulomb energy relating to the d-band and
its hybridized orbitals. It was previously pointed out that lattice distortion can largely influence the electronic
band structures and further significantly affect the electronic transportation properties, such as the resistivity
and metal-to-insulator transition properties. Apart from directly measuring the transportation performance, the
variations in the origin of carrier conduction and orbital transitions relating to the strain distortion of RNiOg
can also be reflected via their optical properties. In this work, we investigate the optical properties of samarium
nickel (SmNiOj) thin films when lattice distortions are induced by interfacial strains. To introduce the
interfacial strain, the SmNiOs thin films are epitaxially grown on the strontium titanate (SrTiO;) and
lanthanum aluminate (LaAlOs) single crystal substrates by using the pulsed laser deposition. A bi-axial tensile
distortion happens when the SmNiO; thin films are grown on SrTiO; due to the smaller lattice constant of
SmNiO; than that of SrTiOs;, while the one grown on LaAlOj is strain-relaxed. We measure the infrared
radiation (IR) transmission spectra of the SmNiOj thin films grown on various substrates. The obtained IR
transmission spectra are fitted by a Drude-Lorentz model and further converted into the curves of
photoconductivity versus IR frequency. Comparing the difference in photoconductance between low frequency
and high frequency reflects the two different origins of the conduction, which are related to intraband transition
and band-to-band transition, respectively. The smaller photoconductance is observed for SmNiO;/SrTiO5 than
for SmNiO;/LaAlO; at low frequency, and this is expected to be caused by the suppression of free carriers as
reported previously for tensile distorted SmNiOs;. The consistence is obtained when further measuring the
electronic transportation such as temperature-dependent electrical resistivity, as a higher resistivity is observed
for SmNiO3/SrTiO; than for SmNiO3/LaAlO5. The combination of the investigation of electrical transport with
that of infrared transmission indicates that the tensile distortion in structure stabilizes the insulating phase to
eliminate a pronounced metal-to-insulator transition and elevates the transition temperature. This is related to
the respective twisting of the NiOg octahedron when tensile distortion regulates the valance state of the
transition metal and further opens the band gap, which is further confirmed by results of the X-ray absorption
spectrum.

Keywords: SmNiO; thin films, metal to insulator transitions, interfacial strain, infrared radiation
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