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Abstract—The crystallographic and electrophysical properties of epitaxial SrIrO3 films, in which the crystal
lattice is deformed due to the mismatch between the lattice parameters of strontium iridate and the substrate,
have been studied. Substrates (001) SrTiO3, (001) LaAlO3 + Sr2AlTaO6 (LSAT), (110) NdGaO3, and (001)
LaAlO3 have been used. As a result of the deformation of the crystal lattice, the electrical resistivities of the
films deposited on substrates with different lattice parameters differ by several times. The SrIrO3 films with
thickness d = 90 nm, grown on SrTiO3 and LSAT substrates, have a nonmonotonic temperature dependence
of the conductivity: type of the temperature dependence of the conductivity changes from metallic to dielectric at TL = 200–250 K. The electrical resistance of the films with thicknesses less than 20 nm on all the substrates decreases exponentially with increasing temperature.
DOI: 10.1134/S1063783415120173

1. INTRODUCTION
In recent years, transition metal oxides with 5d
orbitals have attracted considerable interest due to
unique phase states formed because of the existence of
strong spin–orbit and electron–electron interactions
[1–3]. Such materials, among them iridates, were
considered as paramagnetic metals with correlated
states that are due to the existence of 5d states and a
partially filled conduction band. Recently, it was theoretically shown that these materials can exhibit the
properties of topological insulators, superconductors
with an unusual superconducting state, systems with
the quantum spin Hall effect, etc. [4–7]. Significant
interest has been expressed by researchers in a series of
iridates with the Ruddlesden–Popper structure
Srn + 1IrOnO3n + 1 that consists of compounds with substantially different electronic states, from threedimensional metal SrIrO3 (n = ∞) to two-dimensional Mott insulator Sr2IrO4 (n = 1) with band splitting with Jeff = 1/2, and an insulator with a dielectric
gap Sr4IrO6. Such iridates become insulators when the
crystal field of the octahedron [8] splits degenerate
states of 5d electrons into eg and t2g bands, and the partially filled t2g band is split into the bands with Jeff = 3/2
and 1/2 due to the strong spin–orbit interaction. In
this case, the formation of the Mott gap induced by the

Coulomb interaction in the band with Jeff = 1/2 is
energetically preferable. In the SrIrO3 unit cell, six
oxygen atoms are neighbors of an iridium atom, and
only four oxygen atoms are neighbors of an iridium
atom in the Sr2IrO4 unit cell. The decrease in the number of 5d orbitals of Ir decreases the band width and
brings about the formation of a gap in the partially
filled band with Jeff = 1/2 in Sr2IrO4. The gap of Ir 5d
orbitals increases with the number of IrO2 planes; as a
result, perovskite SrIrO3 becomes a metal with correlated electronic states [1].
The metal–insulator transition in SrIrO3 was studied in [9–11]. Although it is known that the Ir–O bond
length is almost unchanged, the angle of the Ir–O–Ir
chain is prone to the influence of stresses in a SrIrO3
film induced by a substrate [12, 13]. This can decrease
the hopping-coupling energy between 5d orbitals and
strongly influence the electron transport characteristics. This work presents the structural and transport
studies of SrIrO3 films grown on four single-crystal
substrates, namely: (001) SrTiO3, (001) LaAlO3 +
Sr2AlTaO6, (110) NdGaO3, and (001) LaAlO3, the
crystal parameters of which determine the deformation of the film crystal lattice.
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Fig. 1. (a) Schematic image of the orthorhombic phase of SrIrO3 film. The orthorhombic unit cell has lattice parameters a =
0.55617 nm, b = 0.55909 nm, and c = 0.78821 nm. Using the simplified pseudocubic consideration of this phase, two unit cells
can be represented as a = b = c = 0.397 nm. (b) Pole figure for the SrIrO3/NdGaO3 film measured at 2θ = 31.9° for reflection
(110) SrIrO3.
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surement of direct pole figures at various angles 2θ.
Figure 1b shows the pole figure measured at 2θ = 31.9°
for reflections from the (110) SIO grown on an NGO
substrate. Four (110) SIO peaks were detected at
angles ϕ = 0°, 90°, 180°, and 270° at angle ψ = 45°. It
is seen that the arrangement of the peaks corresponds
to the standard gnomostereographic projection of the
cubic lattice with the center for plane (001), which

Intensity, counts

2. EXPERIMENTAL SAMPLES
Among Srn + 1IrnO3n + 1 iridates, we choose SrIrO3
(n = ∞), the electronic properties of which are close to
the properties of a three-dimensional metal. The stable modification of the SrIrO3 compound (SIO) has a
monoclinic structure (space group C2/c) with lattice
parameters a = 0.5604 nm, b = 0.9618 nm, c =
1.4170 nm, and angle β = 93.26°); the structure can be
represented as a monoclinic distortion of hexagonal
structure of the 6H-BaTiO3 type [8, 14, 15]. Under
high external pressure, the orthorhombic structure of
SIO can form with lattice parameters a = 0.55617 nm,
b = 0.55909 nm, and c = 0.78821 nm in the Pbnm symmetry [14, 15]; this structure can be considered as a
pseudocube with lattice parameter a = 0.398 nm [11,
16]. A metastable orthorhombic structure of SIO can
also form upon epitaxial growth of the film on a perovskite-like substrate [11, 16–18].
Epitaxial SIO films 10–90 nm in thickness were
produced by laser ablation on single-crystal substrates
of (001) SrTiO3 (STO), (001) LaAlO3 + Sr2AlTaO6
(LSAT), (110) NdGaO3 (NGO), and (001) LaAlO3
(LAO) at a temperature of 770°C and an oxygen pressure of 0.3 mbar. In the pseudocubic representation,
the STO, LSAT, NGO, and LAO substrates have the
crystal lattice parameters 0.390, 0.388, 0.386, and
0.378 nm, respectively.
The film structure on the (110) NGO substrate can
be described as a perovskite with the lattice periods
af = bf = cf = 0.397 nm (Fig. 1a). The existence of the
pseudocubic crystal lattice (Fig. 1 shows two unit cells
limited by iridium atoms) was determined by the mea-
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Fig. 2. X-ray diffraction patterns of SrIrO3 films grown on
substrates (001) STO, (001) LSAT, and (110) NGO. The
inset shows the rocking curve for the film deposited on the
STO substrate. The minimum width of the rocking curve
at the maximum half-height is 0.05°.
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Fig. 3. Dependence of the interplanar distance cf for SIO
films on interplanar placing cs of substrates LAO, NGO,
LSAT, and STO. The measurement error of the interplanar
distance of the substrates is less than values of the symbols.

3. ELECTRON TRANSPORT
Figure 4 shows the temperature dependences of the
electrical resistivity of the films deposited on the four
substrates. It is seen that the SIO/STO films having
the largest lattice parameter cf exhibit the lowest resistivity. The resistance of the films increases as parameter cf decreases (Fig. 4). The change in the conductivity of the SIO films with increasing cs for substrates
(001) MgO and (110) GdScO3 was observed in [10].
Resistivity ρ of the SIO/LAO films at room temperature coincides in order of magnitude with the resistivity of polycrystalline samples obtained at high pressure
(2–3 mΩ cm) [14], and the resistivity of the SIO/STO
films is an order lower. The resistivity of the SIO/STO
Vol. 57
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Fig. 4. Temperature dependences of the resistivity of epitaxial SIO films with thickness d = 90 nm grown on STO,
LSAT, NGO, and LAO substrates.

confirms that the film grows on the substrate by the
“cube-on-cube” mechanism.
Figure 2 shows the θ–2θ X-ray diffraction patterns
in the vicinity of the second-order reflections from
planes perpendicular the substrate plane measured for
the SIO films grown on STO, LSAT, and NGO.
The θ–2θ X-ray diffraction patterns (Fig. 2) make
it possible to measure the interplanar distances in the
film cf and the substrate in the direction perpendicular
to the substrate plane cs. The dependence of cf on cs is
shown in Fig. 3.The rocking curve of the film grown
on STO has the smallest width (less than 0.05°) (the
inset in Fig. 2). It is seen that the interplanar distance
of the SIO films is dependent on the size of the substrate unit cell. With increasing the lattice parameters
of the pseudocubic substrates from LAO to STO,
interplanar distance cf of the SIO films increases
(Fig. 3). The STO substrate has the best mismatch
with the metastable perovskite-like phase of SIO.
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films (about 0.4 mΩ cm) is lower than the limiting
value ρ ~3 mΩ cm determined using the Ioffe–Regel–
Mott criterion for the metal–insulator transition [19,
20] in the case the lattice parameter of 0.4 nm at the
charge carrier concentration of 1021 cm–3 measured
using the Hall effect.
The resistivity of the films increases with decreasing temperature in the case of substrates NGO and
LAO, and the SIO/LSAT and SIO/STO films demonstrate a minimum in dependences ρ(T) at temperature
TL. The SIO/STO film demonstrates the minimum in
the temperature dependence of the resistivity at TL ≈
210 K, and this dependence has a metallic character at
T > TL. The films deposited on the LSAT substrates
have TL ≈ 250 K.
It was shown in [17] that SIO films deposited on
CdScO3 substrates with large lattice parameters (in the
pseudocubic representation, cf = 0.396 nm) demonstrate a metallic character of the temperature dependence of the resistivity, while similar dependence of
SIO/NGO films on the substrates with a smaller
parameter cf = 0.386 nm has a dielectric character.
Dependence ρ(T) exhibits a power character in the
temperature range, in which the resistivity increases. The
temperature dependence of the resistivity of the SrIrO3
films was described using an approximation [9, 10]

ρ = ρ 0 − α T 3/4 + β T 3/2,

(1)

where ρ0 is the residual resistivity, α is the parameter of
three-dimensional weak localization for systems with
strong electron–electron interaction [21]; β is the
parameter characterizing an inelastic scattering
because of the interaction between electrons and spin
subsystem [9, 22]. Figure 5 shows the temperature
dependences of the resistivity for the SIO/STO and
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Fig. 5. Temperature dependences of the resistivity of the
SIO/STO and SIO/NGO films presented in an enlarged
scale. Solid lines are the approximation of the dependences using Eq. (1). The inset shows the dependence of
the resistivity of the films at 300 K from tabulated c parameters of the substrates.

Fig. 6. Temperature dependences of the resistivity of epitaxial SIO films with thicknesses 50 and 12 nm grown on
the NGO substrate. The inset shows the film conductivity
(d = 12 nm) in a logarithmic scale as a function of T –1/4.

SIO/NGO films and the approximations of these
dependences using Eq. (1). The coefficient characterizing a weak localization in the SIO/NGO films α/ρ =
0.003 is two times lower than that for the SIO/STO
film (α/ρ0 = 0.006). A possible mechanism that determines the localization can be a dislocation shear
induced by the film stress; however, the influence of
oxygen vacancies should not be excluded as well.
Unusual electrical transport properties of SIO can be
explained by a distortion of the IrO6 octahedron that,
in turn, leads to the decrease in the orbital overlapping
and the formation of a gap in the conduction band. As
the mismatch between the film and the substrate
increases, the influence of the interaction of electrons
with spin subsystem decreases: β/ρ0 = 5 × 10–5 for
SIO/STO and β/ρ0 = 1 × 10–4 for SIO/NGO. Similar
transition from the metallic character of the temperature dependences of the resistivity to the dielectric
character in BaRuO3 with decreasing temperature was
noted in [23].
The resistivity of the SIO films on the NGO substrates increases as temperature decreases. The resistivity of the films with thicknesses 50 and 25 nm
increases almost twice as temperature varies from 300
to 4.2 K. The resistivity of the film with the smallest
thickness d = 12 nm increases by a factor of 40, as
shown in Fig. 6. According to the model of conduction
with variable hopping length [24], at low temperatures, the mean hopping length is larger than the film
thickness d, and the conduction is two-dimensional
D = 2 [24]. In this case, the temperature dependences
of the conductivity σ = 1/ρ has the form

σ = σ 0 exp[−(T0 / T )1/(D +1)],
where σ0 and T0 are the asymptotic parameters found
from the experiment. As temperature increases, the

hopping length decreases and becomes less than thickness d, and the temperature dependence of the conductivity in the three-dimensional case D = 3 takes the
form

σ = σ 0 exp[−(T0 / T )1/4 ].
Using the approach proposed in [25] for determination of the localization radius a and the density of electronic states at the Fermi level based on the measurements of R(T), we obtain the estimated value a = 1.8–
2.4 nm for the SIO film with thickness d = 12 nm. For
this purpose, we found parameters σ0 and T0 from
experimental dependences σ(T) separately for the
two- and three-dimensional cases. The two-dimensional character of the hopping conductivity is
observed at T < 8 K and the three-dimensional character, at T > 12 K; the values of T0 were 1600 ± 10 K
and 160 ± 2 K for the cases D = 3 and D = 2, respectively. Using the obtained value of the localization
radius, we can estimate an order of the density of states
at the Fermi level NF ~ (T0a3)–1 = 1.5 × 1022 eV–1 cm–3
that is slightly higher than the theoretical estimation [1].
For the 50-nm-thick SIO/NGO film for which
dependence ρ(T) is shown in Fig. 6, the approximation in the lnσ vs. T–1/4 coordinates gives value T0 ~
0.1 K. At such thicknesses, the increase in the film
resistance with decreasing temperature can be
explained as by a weak localization [21], so a model of
disordered metal with the temperature dependence of
conductivity σ = σ0 + cT1/2, where σ0 and c are experimental constants.
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4. CONCLUSIONS
Using laser ablation, we have grown epitaxial films
of the SrIrO3 compound with strong spin–orbit interaction on four types of single-crystal substrates. The
best quality of the crystal structure (small width of the
rocking curve) and the lowest resistivity were obtained
for the films deposited on strontium titanate substrate,
the lattice parameter of which is nearest to the
pseudocubic lattice parameter of the metastable orthorhombic structure of strontium iridate SrIrO3.
These films demonstrate the transition of the temperature dependence of conductivity from the metallic
to dielectric type at T = 210 K. As a whole, the temperature dependences of the film resistivity can be
described by the weak localization and the interaction
between the electronic and spin subsystems. The weak
localization arises due to the appearance of inhomogeneities, which arise, in turn, as a result of dislocation
shear in stressed films. As the film thickness decreases
to 12 nm, the hopping conduction is observed.
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