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ABSTRACT

SrIrO3 (SIO) thin films were epitaxially grown on (001)-oriented 0.7Pb(Mg1/3Nb2/3)O3-0.3PbTiO3 (PMN-PT) single-crystal substrates.
Upon applying electric fields to the piezoelectric PMN-PT along the thickness direction, the electronic transport properties of SIO films can
be in situ tuned and modulated by non-180° ferroelectric domain rotation-induced strain, piezoelectric strain, and rhombohedral-to-tetrago-
nal structural phase transition-induced strain in the PMN-PT layer, respectively. Moreover, the weak negative magnetoresistance (MR) of
the 60-nm SIO films could be modified by applying an electric field to the PMN-PT layer. At T = 2 K, upon the application of E = 4 kV/cm
to the PMN-PT, MR at H = 9 T is reduced by 14.2% as compared to that under zero electric field, indicating in-plane compressive strain-
induced suppression of the influence of quantum corrections to the conductivity in the SIO film. These results demonstrate that the elec-
tric-field controllable lattice strain is a simple approach to get insight into the strain-property relationships of 5d iridate thin films.

Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0125516

I. INTRODUCTION

Recently, 5d transition-metal compounds with strong spin–
orbit coupling have received an increasing amount of attention
because of the experimental findings and theoretical prediction of a
range of fascinating phenomena such as the quantum
metal-insulator transition,1 Fermi-arc surface states,2 anisotropic
magnetoresistance (MR),3 weak antilocalization,4 chiral magneto-
transport,5 quantum spin Hall effect,6 and type-II Weyl fermions.7

One of the interesting 5d transition-metal compounds is the
Ruddlesden–Popper phase of strontium iridates with the general
formula Srn+1IrnO3n+1 (n = 1, 2, and ∞).8–15 The Sr2IrO4 (n = 1)
compound was demonstrated to be a Jeff = 1/2 antiferromagnetic
Mott insulator with weak ferromagnetism below TN= 240 K.11 The
Sr3Ir2O7 (n = 2), however, is barely an insulator and displays a

ferromagnetic state with a Curie temperature TC= 285 K.12 With
the increasing number of IrO2 planes to ∞, perovskite SrIrO3

(SIO) (n =∞) possesses a larger bandwidth of 1.01 eV and a three-
dimensional spin–orbital correlated metallic state with a large effec-
tive mass.16 Yoo et al.17 observed a proximity-induced magnetism
in a SrIrO3 film using a La0.7Sr0.3MnO3 manganite film as a neigh-
boring layer, which yields an anomalous Hall conductivity and Hall
angle as high as those observed in bulk transition-metal ferromag-
nets. Very recently, Jaiswal et al.18 also observed a
proximity-induced ferromagnetic state in a SrIrO3 film via interfa-
cial charge transfer using a LaCoO3 ferromagnetic insulator film as
a neighboring layer, which yields an anomalous Hall effect, fourfold
symmetric anisotropic magnetoresistance, and strong magnetocrys-
talline. Hao et al.19 found that the interlayer exchange coupling

Journal of
Applied Physics ARTICLE scitation.org/journal/jap

J. Appl. Phys. 133, 014104 (2023); doi: 10.1063/5.0125516 133, 014104-1

Published under an exclusive license by AIP Publishing

 06 January 2025 06:51:21

https://doi.org/10.1063/5.0125516
https://doi.org/10.1063/5.0125516
https://www.scitation.org/action/showCitFormats?type=show&doi=10.1063/5.0125516
http://crossmark.crossref.org/dialog/?doi=10.1063/5.0125516&domain=pdf&date_stamp=2023-01-05
http://orcid.org/0000-0001-6970-0329
http://orcid.org/0000-0001-8007-7603
http://orcid.org/0000-0002-2467-630X
http://orcid.org/0000-0001-8340-5107
http://orcid.org/0000-0002-8897-703X
mailto:zrk@ustc.edu
mailto:yem001@gzhu.edu.cn
https://doi.org/10.1063/5.0125516
https://aip.scitation.org/journal/jap


strength and sign can be artificially modulated by varying the layer
number of the SrTiO3 block in [(SrIrO3)1/SrTiO3]m] (m = 1, 2, and
3) superlattices. These results demonstrate that SIO films and
superlattices are interesting material systems to study the coupling
effects among spin, charge, and lattice degrees of freedom.

As of now, a variety of experimental and theoretical tech-
niques including electronic transport,10 angle-resolved photoemis-
sion spectroscopy,14 hydrostatic pressure effect,20 and
first-principles calculations21 demonstrated that subtle structural
changes (e.g., IrO6 rotation22) could lead to significant changes in
the band structure and electronic properties of SIO films. It is,
thus, expected that the substrate-induced lattice strain is a useful
tool to tune the electronic properties of SIO films. Until now, the
lattice strain effects of SIO films grown on several single-crystal
substrates [e.g., DyScO3,

13,20 SrTiO3,
14 GdScO3,

23 LaAlO3,
24

NdGaO3,
24 and (La,Sr)(Al,Ti)O3,

24] with in-plane compressive and
tensile strains have been studied by several groups. Gruenewald
et al.25 and Biswas et al.13 found that the substrate-induced
in-plane compressive stain gives rise to a metal-insulator transition
in SIO films and the insulating state is always observed in thinner
films with larger compressive strain. In contrast, the effects of
lattice strain on the electronic properties of SIO films in the
in-plane tensile strain region are rarely reported and still not well
understood.

Besides the epitaxial strain, the electronic properties of SIO
films are also sensitive to thin-film growth parameters. For
example, either a metallic or insulating ground state has been
obtained by controlling the growth temperatures.23 Moreover, the
electronic properties of SIO films are sensitive to slight chemical
composition deviation from the ideal film stoichiometry and litho-
graphic processing and are subject to degradation over time in
ambient conditions,26 which highlights that particular care is
required during film growth, characterization, and processing. All
these complications make it difficult to obtain intrinsic lattice
strain effects since unfavorable factors (e.g., inhomogeneous distri-
bution of Ir element,23 compositional non-stoichiometry,26 disor-
der,27 defects,28 etc.) that considerably affect the electronic
properties of SIO films may vary from a sample to a sample. To
obtain a more in-depth understanding of the lattice strain effects in
SIO films, it is necessary to in situ solely tune and modulate the
lattice strain of the same SIO thin-film sample in a reversible
manner so that certain effects due to the above-mentioned unfavor-
able factors could be kept fixed.

In this context, we note that perovskite (1− x)Pb(Mg1/3Nb2/3)
O3-xPbTiO3 single crystals (a ≈ b≈ c≈ 4.02 Å) possess superior
ferroelectric (2Pr∼ 60–80 pC/N29) and piezoelectric (d33∼ 1500–
4500 pC/N30) properties that could be exploited for this purpose.
Therefore, in this paper, we grew SIO epitaxial thin films with
thicknesses ranging from 7.5 to 90 nm on 0.7Pb(Mg1/3Nb2/3)O3–
0.3PbTiO3 (PMN-PT) single-crystal substrates and in situ tune and
modulate the lattice strain of SIO films through
electric-field-controllable ferroelectric domain rotation, converse
piezoelectric effect, and rhombohedral-to-tetragonal structural
phase transition of PMN-PT. Using these approaches, we are able
to in situ reversibly modify the electronic properties of SIO films,
providing another way to probe into the intrinsic charge-lattice
coupling effects of perovskite 5d iridate compounds.

II. EXPERIMENT

The SIO ceramic target was synthesized using the solid-state
reaction method. The starting materials of SrCO3 (99.7%) and IrO2

(99.9%) were weighed in stoichiometric amounts and ball milled in
ethanol for 24h. The mixtures were dried and calcinated at 1000 °C
for 24h. The calcinated mixtures were ball milled again in ethanol for
24h as well as dried, pelletized, and sintered at 1100 °C for 24h. The
powder x-ray diffraction (XRD) pattern of the SIO target shows that
all diffraction peaks can be indexed based on the monoclinic SrIrO3

phase (PDF#72-0855) (Fig. S1 in the supplementary material).
SIO films were grown on one-side polished PMN-PT (001)

substrates by pulsed laser deposition using a KrF excimer laser
(λ = 248 nm). Film deposition was carried out at a substrate tem-
perature of 750 °C and an oxygen pressure of 25 Pa. The laser
energy density and repetition rate are 1.5 J/cm2 and 3 Hz, respec-
tively. After deposition, SIO films were in situ annealed in 1 atm
oxygen atmosphere for 30 min before cooling down to room tem-
perature at a rate of 5 °C/min.

Crystallographic properties of the SIO films were measured by
x-ray diffraction (XRD) θ–2θ and w scans using a high-resolution
PANalytical X’Pert PRO x-ray diffractometer with Cu Kα1 radiation
(λ = 1.5406 Å). High-angle annular dark-field scanning transmission
electron microscopy (HAADF-STEM) images were measured using
a FEI titan themis 200 transmission electron microscope. The speci-
men for HAADF-STEM measurements was prepared using a FEI
Helios 450S dual beam focused ion beam (FIB).

The resistance of SIO films was measured through the
four-probe technique using a physical property measurement
system (PPMS) (Quantum Design). Silver (Ag) films with a thick-
ness of 100 nm were deposited onto the SIO films to form four
ohmic contact electrodes. Using the conducting SIO film and the
silver film as top and bottom electrodes, respectively, initial poling
and the following polarization direction switching as well as the
converse piezoelectric effect were achieved by applying electric volt-
ages to the PMN-PT substrates along the thickness direction, as
schematically illustrated in the insets of Figs. 2(a) and 2(b).

III. RESULTS AND DISCUSSION

Figure 1 summarizes the structural properties of a 60-nm SIO
film grown on a PMN-PT (001) substrate. From the x-ray diffraction
(XRD) θ–2θ scan pattern, one can find that the (00l) (l = 1 and 2) dif-
fraction peaks from the PMN-PT substrate and (ll0) (l = 1 and 2) dif-
fraction peaks from the SIO film appear similar to the situation of
SIO films grown on SrTiO3 substrates.

31,32 No additional diffraction
peaks from the SIO film could be detected within the resolution limit
of the diffractometer. The XRD w scan patterns taken from the SIO
(020) and PMN-PT (101) diffraction peaks [left insets of Fig. 1(a)]
suggest that the SIO film has the same fourfold symmetry as that of
the PMN-PT substrate, indicating that the SIO film has been epitaxi-
ally grown on the PMN-PT substrate and the in-plane epitaxial rela-
tionship can be written as [110]SIO//[001]PMN-PT and [001]SIO//
[010]PMN-PT.31,32 The XRD ω-scan measurement taken on the SIO
(220) diffraction peak yields a rocking curve with a full width at half
maximum (FWHM) of 1.2°, indicating relatively good crystallinity of
the film. The XRD reciprocal space mapping (RSM) pattern in the
vicinity of the SIO (420) and PMN-PT (103) diffraction peaks, as
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shown in Fig. 1(b), gives evidence that the SIO film is coherently
grown on the PMN-PT substrate. Based on (420) reflection, the
in-plane and out-of-plane lattice constants of the SIO film are calcu-
lated to be ∼3.996 and 3.964 Å, respectively. The in-plane lattice
constant is larger than that of the SIO bulk (pseudocubic lattice
parameter apc∼ 3.959 Å33) and is close to that of the PMN-PT (apc-
∼ 4.02 Å) substrate, which suggests that the SIO film is subjected to a
slight in-plane tensile strain of ∼0.93%. Correspondingly, the
out-of-plane lattice constant should be smaller than that of the SIO
bulk according to Poisson’s effect. Actually, the out-of-plane lattice
constant is slightly (∼0.13%) larger than that of the SIO bulk, which
could be caused by oxygen deficiency in the film. Note that RSM
measurements reveal that SIO films with other thicknesses (7.5, 15,
30, and 90 nm) were also coherently grown on PMN-PT substrates
(Figs. S2–S5 in the supplementary material). We further investigated
the atomic and interface structures of the 60-nm SIO/PMN-PT struc-
ture via HAADF STEM. Figure 1(c) shows a STEM image taken near
the interface region. The image displays coherent growth of the SIO
film on the PMN-PT substrate and shows clear lattice fringes. There
is a darker layer with a thickness of ∼4 nm between the upper SIO
layer and the PMN-PT substrate, which is probably caused by the
rough surface due to ferroelectric domains of PMN-PT. The corre-
sponding selected-area electron diffraction (SAED) pattern is shown

in Fig. 1(d), where sharp diffraction spots from PMN-PT can be
clearly identified. The (0-3-1) diffraction spot of the SIO film can be
resolved, as indicated in the SAED pattern. These structural charac-
terizations suggest that (110)-oriented SIO thin films have been epi-
taxially grown on PMN-PT (001) substrates.

Figure 2(a) shows the relative resistance change (ΔR/R) of the
60-nm SIO film as a function of the electric field (E) applied to the
PMN-PT substrate, as measured using the schematic illustration
shown in the inset of Fig. 2(a). Here, we define the electric-field
induced ΔR/R = [R(E)−R(0)]/R(0) × 100%, where R(E) and R(0) are
resistances of the SIO film in the presence of an electric field
and zero electric field, respectively. ΔR/R decreases gently with
increasing electric field from zero electric field to ∼3 kV/cm and
shows a rapid decrease near the coercive field of the PMN-PT
(∼3−4 kV/cm). For E≥ 5 kV/cm, ΔR/R decreases approximately
linearly with the applied electric field. The overall resistance behav-
iors are similar to our previously reported results on perovskite
manganite film/PMN-PT structures34–36 where a rapid decrease in
the resistance near the near coercive field is caused by the
electric-field-induced in-plane compressive strain in the PMN-PT,
which is achieved through the rotation of ferroelectric domains
toward the electric-field direction. To demonstrate the correlation
between the lattice strain and ΔR/R, the electric-field-induced

FIG. 1. (a) XRD θ–2θ scan pattern of
the 60-nm SIO/PMN-PT structure.
Insets (I) and (II): XRD w-scan patterns
of the SIO film and PMN-PT substrate,
respectively. Inset (III): XRD rocking
curve of the SIO film. (b) RSM pattern
of the SIO film and the PMN-PT sub-
strate. (c) A cross-sectional
HAADF-STEM image of the SIO/
PMN-PT structure. (d) A SAED pattern
taken near the interface of the SIO/
PMN-PT structure. Inset: a cross-
sectional TEM image of the SIO/
PMN-PT structure.
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in-plane strain of the PMN-PT [εxx(PMN-PT)] was measured using a
strain gauge that is attached to the top surface of a PMN-PT sub-
strate, as schematically shown in the inset of Fig. 2(b). As also
shown in Fig. 2(a), the variation trend of εxx(PMN-PT) with the elec-
tric field is very similar to that of ΔR/R, directly indicating that the
variation of the resistance (ΔR/R) is associated with εxx(PMN-PT),
which would be partially transferred to the neighboring SIO film
via the epitaxial strain and thus modify the in-phase and antiphase
tilt of the IrO6 octahedra20 and shorten the Ir–O bond distance
with increasing in-plane compressive strain from the PMN-PT sub-
strate. Figure 2(b) shows the temperature dependence of the resis-
tance of the 60-nm SIO film under a zero electric field and an
electric field of 4 kV/cm. Note that the electric field was applied to
the PMN-PT substrate during the measurements of the resistance
as a function of temperature. The resistance increases with decreas-
ing temperature and shows semiconducting behaviors (dR/dT < 0),
which is similar to that of SrIrO3 and CaIrO3 films under tensile
strain20,33,37 and is probably caused by the static in-plane tensile
strain, oxygen deficiency, disorder, and ferroelectric-domain-caused
deterioration in the crystalline quality over the whole SIO thin-film
sample. Upon the application of E = 4 kV/cm to the PMN-PT sub-
strate, the resistance of the SIO film decreases appreciably in the
whole temperature region (2–300 K). These electric-field-induced
strain effects are similar to the hydrostatic-pressure-induced strain
effects in the SIO/DyScO3 structure where the resistivity of the SIO
film is reduced by ∼7.2% through applying a 2.65 GPa pressure.20

To further understand the lattice strain effect in the SIO/
PMN-PT structure, we measured ΔR/R of the 60-nm SIO film at
various temperatures by applying bipolar electric fields to the
PMN-PT substrate using the schematic of the experimental setup
shown in Fig. 2(a). Note that the R vs E curve for the 60-nm SIO
film and ΔR/R vs E curves for SIO films with other thicknesses
(7.5, 15, 30, and 90 nm) are shown in Figs. S6–S10 in the supple-
mentary material, respectively. For T = 300 K, the ΔR/R vs E curve
displays a butterfly-like shape [Fig. 2(c)], which is also similar to
those observed in perovskite manganites film/PMN-PT
structures,34–36 and is due to the piezoelectric strain [εxx(PMN-PT)]
in the PMN-PT.34 We measured εxx(PMN-PT) as a function of
bipolar electric fields applied to the PMN-PT substrate using the
schematic of the experimental setup shown in Fig. 2(b). As shown
in Fig. 2(d), εxx(PMN-PT) vs E curves also show a butterfly-like
shape. Therefore, it is concluded that the piezoelectric strain is the
origin of the butterfly-like resistance behaviors of the SIO film.

We further studied the effects of piezoelectric strain on the
resistance of the 60-nm SIO film by applying positive electric fields
to the SIO/PMN-PT structure where the PMN-PT is already posi-
tively polarized and the polarization direction points to the SIO
film. As shown in the inset of Fig. 3(a), for 120 K≤ T≤ 320 K,
ΔR/R decreases linearly with increasing electric fields. According
to εxx(PMN-PT) =−d31E, where d31 is the transverse piezoelectric
coefficient, the applied electric fields induce linear compressive
εxx(PMN-PT), which would be simultaneously transferred to the SIO

FIG. 2. (a) The relative resistance
changes of the 60-nm SIO thin film
(ΔR/R) and the in-plane strain of the
PMN-PT substrate (εxx(PMN-PT)) as a
function of positive electric fields
applied to the 60-nm SIO/PMN-PT
structure, where the PMN-PT is initially
in the unpolarized state. Inset: a sche-
matic of the experimental setup for the
measurements of the resistance of SIO
films by applying electric fields to
PMN-PT substrates. (b) Temperature
dependence of the resistance of the
60-nm SrIrO3 film under zero electric
field and an electric field of 4 kV/cm.
Inset: a schematic of the experimental
setup for the measurements of the
electric-field-induced εxx(PMN-PT). (c)
ΔR/R of the 60-nm SIO film as a func-
tion of the electric fields applied to the
PMN-PT substrate. (d) εxx(PMN-PT) as a
function of electric fields applied to the
PMN-PT substrate.
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film and thus modify the lattice strain and Ir–O–Ir bond angle
and/or Ir–O distance. For T = 340 K, ΔR/R decreases linearly in the
low field region and slightly deviates from linearity in the high field
region (E > 6 kV/cm). For T = 360 K, ΔR/R decreases rapidly in the
electric field region of 2.3 kV/cm≤ E≤ 3.5 kV/cm, where the
electric-field-induced rhombohedral-to-tetragonal structural phase
transition occurs.38 We extracted the ΔR/R data at E = 10 kV/cm
for each temperature and plotted them as a function of temperature
in Fig. 3(a). ΔR/R increases with increasing temperature and
reaches a maximum value of −1.6% at T = 360 K. To better under-
stand the relationship between ΔR/R and the piezoelectric strain,
εxx(PMN-PT) was measured at the same temperatures as ΔR/R was
measured. As shown in the inset of Fig. 3(b), εxx(PMN-PT) shows a
similar variation trend as that of ΔR/R. Particularly,

εxx(PMN-PT) shows a rapid decrease in the same electric-field region
as that of ΔR/R at T = 360 K. εxx(PMN-PT) at E = 10 kV/cm is also
extracted to plot against temperature in Fig. 3(b). εxx(PMN-PT) also
increases with increasing temperature and shows the maximum
value at T = 360 K, showing a similar variation trend as ΔR/R. All
these results demonstrate that the piezoelectric strain controls the
changes of the resistance of the SIO film by applying electric fields
to PMN-PT.

From Figs. 4(a)–4(f), one can find that with decreasing
temperature, the R vs E curves change from a symmetrical
butterfly-like shape to a slender shape. To clarify the origin of the
asymmetric butterfly-like R vs E curves at low temperatures, the
electric-field-induced in-plane strain of a PMN-PT substrate
[εxx(PMN-PT)] was measured as a function of bipolar E at the same
temperatures as ΔR/R was measured. The εxx(PMN-PT) vs E curves
also change from a butterfly-like shape to a slender shape with
decreasing temperature [Figs. 5(a)–5(f)], and their variation trend
is similar to that of R vs E curves, demonstrating that the piezoelec-
tric strain-driven nature of the resistance changes at low tempera-
tures. For a lower temperature (120 K), the R vs E curve [Fig. 4(f )]
is almost linear, which is similar to the nearly linear εxx(PMN-PT) vs

FIG. 3. (a) Temperature dependence of ΔR/R at 10 kV/cm for the 60-nm SrIrO3

film. Here, ΔR/R is derived from the data shown in the inset in (a). Inset: the
resistance of the 60-nm SrIrO3 film as a function of the positive electric fields
applied to the positively polarized PMN-PT substrate at various fixed tempera-
tures. (b) Temperature dependence of the in-plane strain of PMN-PT
(εxx(PMN-PT)) at 10 kV/cm. Here, εxx(PMN-PT) is derived from the data shown in
the inset in (b). Inset: εxx(PMN-PT) as a function of positive electric fields applied
to the positively polarized PMN-PT substrate at various fixed temperatures.

FIG. 4. The resistance of the 60-nm SIO film as a function of the bipolar elec-
tric fields applied to the PMN-PT substrate at fixed temperatures of (a) 300, (b)
270, (c) 240, (d) 210, (e) 180, and (f ) 120 K.
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E curve, as shown in Fig. 5(f ). Such a linear εxx(PMN-PT) vs E curve
is due to the increase in the coercive field of PMN-PT at a lower
temperature,39 making the electric field of 6 kV/cm unable to
reverse the polarization direction of PMN-PT. It is known that the
static lattice strain achieved through the growth of SIO films on dif-
ferent types of substrates can modify the in-plane Ir–O–Ir bond
and/or Ir–O distance and, thus, tune the electronic transport prop-
erties. Our approach of using the ferroelectric domain rotation and
piezoelectric strain enables in situ tuning of the electronic transport
properties of 5d iridates, which provides a supplementary approach
to understand the interactions between the lattice and the charge
degrees of freedom of 5d iridates.

Next, we studied the effects of structural phase transition of
PMN-PT on the electronic properties of the 60-nm SIO film. We
measured the resistance of the SIO film in the temperature region
of 300–390 K. From Fig. 6(a), one can observe that the resistance of
the SIO film decreases with increasing temperature and shows an
appreciable drop near 377 K under zero electric field, where the
PMN-PT substrate undergoes a spontaneous rhombohedral-
to-tetragonal structural phase transition, as revealed by the dielec-
tric peak at T = 378 K (Fig. S11 in the supplementary material).
According to the temperature dependence of the dielectric constant
of the present PMN-PT and other PMN-PT single crystals with

similar composition,40 the structural phase transition temperature
decreases with an increasing electric field applied to PMN-PT,
which causes a decrease in the temperatures where the resistance
drops significantly, as shown in Fig. 6(b). Thus, it is concluded that
the significant drop in the resistance is associated to the structural
phase transition of the PMN-PT substrate. We note that a similar
effect of structural phase transition on the electronic transport
properties has been observed in La0.5Ca0.5MnO3/Pb(In1/2Nb1/2)
O3-Pb(Mg1/3Nb2/3)O3-PbTiO3

39 and La0.7Sr0.3MnO3/PMN-PT
structures.41 For the strong spin–orbital coupled 5d iridates, the Ir–
O–Ir bond angle can be tuned by static lattice strain,14 which, as a
result, affects the electronic transport properties of iridates. Our
results demonstrate that the electronic properties of SIO films can
be in situ tuned by the electric-field-controllable structural phase
transition of the PMN-PT substrate.

Finally, we investigate the effects of the electric-field-induced
piezoelectric strain on the magnetotransport properties of the
60-nm SIO film and show the results in Fig. 7. Under zero electric
field, the SIO film shows a negative MR at T = 2 K. Here, MR is

FIG. 5. The in-plane strain of the PMN-PT substrate as a function of bipolar
electric fields applied to the PMN-PT substrate at fixed temperatures of (a) 300,
(b) 270, (c) 240, (d) 210, (e) 180, and (f ) 120 K.

FIG. 6. (a) Temperature dependence of the resistance of the 60-nm SIO film
under the application of zero electric field and electric fields to the PMN-PT in
the high-temperature region. Inset: the temperature where the resistance of the
60-nm SIO film changes abruptly as a function of the electric fields. (b)
Temperature dependence of ΔR/R of the 60-nm SIO film under the application
of electric fields to the PMN-PT substrate.
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defined as MR = [R(H)− R(0)]/R(0) × 100%, where R(H) and R(0)
are the resistances of the SIO film under magnetic fields and zero
magnetic fields, respectively. The negative MR at lower tempera-
tures is similar to the previous reports and is caused by the mag-
netic field suppressing the localization interference of
back-scattered waves.13 With increasing temperature from 2 to
30 K, MR decreases and almost vanishes at T = 10 K. However,
when the temperature is raised to T = 20 K, the sign of MR changes
to positive, which is similar to the one found in normal metallic
systems and may be attributed to the Lorentz contribution.13,42

With an applied electric field of 4 kV/cm to the PMN-PT substrate
at 2 K, MR becomes slightly smaller than that under zero electric
field, for example, MR at H = 9 T is reduced by 14.2% upon the
application of E = 4 kV/cm to the PMN-PT substrate, which sug-
gests that the electric-field-induced in-plane compressive strain
reduces the influence of quantum corrections to conductivity.

IV. CONCLUSIONS

In summary, SrIrO3 thin films with various thicknesses were
epitaxially grown on piezoelectric PMN-PT single-crystal substrates
using the pulse laser deposition method. The lattice strain, resis-
tance, and magnetoresistance of SrIrO3 films could be in situ tuned
and modulated by the ferroelectric domain rotation-induced strain
near the coercive field, piezoelectric strain, and rhombohedral-
to-tetragonal structural phase transition of the PMN-PT substrate.
With decreasing temperature, the shape of the resistance vs electric
field curves evolves from a symmetrical butterflylike to titled and,
finally, to an almost linear shape because of the increase in the

coercive field of the PMN-PT with decreasing temperature. At
T = 2 K, upon application of E = 4 kV/cm to the PMN-PT layer, the
negative MR of the SrIrO3 film is reduced by approximately 14.2%,
indicating an in-plane compressive strain-induced suppression of
the influence of quantum corrections to conductivity. Our work
demonstrates that the combination of 5d iridates with piezoelectric
PMN-PT could provide an alternative approach to probe into the
lattice strain effects of 5d iridates.

SUPPLEMENTARY MATERIAL

See the supplementary material for more detailed characteriza-
tion and transport results.
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