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Electron mobilities in SrTiO3 and KTaO3: Role of phonon anharmonicity,
mass renormalization, and disorder
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Accurately predicting carrier mobility in strongly anharmonic solids necessitates a precise characterization of
lattice dynamics as a function of temperature. We achieve consistency with experimental electron mobility data
for bulk KTaO3 and SrTiO3 above 150 K by refining the Boltzmann transport equations. This refinement includes
incorporating temperature-dependent anharmonic phonon eigenfrequencies and eigenmodes into the electron-
phonon interaction tensor, while maintaining the derivatives of the Kohn-Sham potential as computed in density
functional perturbation theory. Using efficient machine-learned force fields and the stochastic self-consistent
harmonic approximation, we accurately compute the dynamical matrices. At room temperature, the calculated
mobility for SrTiO3 exceeds experimental values by an order of magnitude, whereas the overestimation for
KTaO3 is much less pronounced. This discrepancy is explained through the more significant electron mass
renormalization near the conduction-band bottom due to anharmonic electron-phonon coupling and the presence
of local disorder in SrTiO3.
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I. INTRODUCTION

Transition-metal oxide perovskites are a widely studied
class of materials due to their broad spectrum of intriguing
physical and chemical properties such as high-temperature
superconductivity [1,2], magnetoresistance [3], ferroelectric-
ity [4], multiferroicity [5,6], and piezoelectricity [7], arising
from their structural and chemical versatility and from the
intermingled coupling of orbital, spin, lattice, and charge de-
grees of freedom [8–12]. These properties allow for novel
applications in nonvolatile memory devices, spintronics, na-
noelectronics, and energy technologies, like solid oxide fuel
cells and metal-air batteries [13–17].

Understanding charge transport in these materials is of
utmost importance for virtually all applications, as it can
shed light on the underlying mechanisms behind experimental
measurements and aid in optimizing carrier mobility. From
a computational perspective, solving the Boltzmann transport
equation (BTE) for charge carriers with ab initio predicted
parameters is a powerful strategy that is gaining increasing
popularity due to its accuracy and to the recent availability
of efficient implementations [18–22]. Despite the abundant
literature on standard semiconductors [23–43], the calculation
of carrier mobility in transition-metal perovskites is compara-
tively limited [44–48].

*Contact author: luigi.ranalli@univie.ac.at

As discussed in previous works [18,31], moderate devia-
tions of the BTE prediction from the experimental mobility
point at an incomplete treatment of the electronic correlation,
dielectric screening, and/or carrier effective masses. Semiem-
pirical rescaling techniques or more accurate many-body
calculations can be shown to mitigate these discrepancies.
A persisting deviation from experimental measurements, in-
stead, could indicate either the inadequacy of the harmonic
electron-phonon coupling approximation, or the breakdown of
the quasiparticle (QP) approximation on which the BTE relies,
in favor of more complex transport mechanisms. For exam-
ple, strong electron-phonon coupling may lead to electronic
satellites near the conduction-band bottom and significant
broadening of the electronic bands, which both break the
QP picture. Such features have been found in angle-resolved
photoemission spectroscopy (ARPES) spectra of SrTiO3 sur-
faces [49], and the presence of polaronic satellites has been
proposed as an explanation of both optical conductivity sub-
bands [50,51] in bulk SrTiO3 and mobility reduction in
the 150–300 K temperature range [45] using the Kubo for-
mula. Despite the similar conduction-band orbital character,
ARPES spectra of KTaO3 surfaces do not show any polaronic
peak [52], even though significant QP broadening in bulk
KTaO3 cannot be excluded at room temperature.

In the electron-phonon scattering regime the experimen-
tal mobility in bulk KTaO3 [53,54] is almost one order of
magnitude greater than in SrTiO3 [55–58]. To elucidate the
origin of this rather surprising observation, we perform BTE
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calculations to compute the electron mobilities in both materi-
als in the range between 150 and 300 K. In order to account for
the strong temperature dependence of the phonon dispersions,
we renormalize the electron-phonon matrix elements by intro-
ducing accurate anharmonic dynamical matrices calculated by
using the stochastic self-consistent harmonic approximation
(SSCHA) method [59–64]. Leveraging accurate machine-
learned force fields (MLFFs), we are able to access large
supercells in SSCHA, employing the scheme recently pro-
posed for these two compounds [65,66]. Such an approach is
strictly necessary for computing the mobility in SrTiO3, since
its phonon dispersions present imaginary modes at the har-
monic level. The inclusion of temperature-dependent SSCHA
dynamical matrices is shown to better recover the temperature
dependence of the mobility in both materials.

Interestingly, the computed mobilities are comparable on
the whole temperature range, and largely overestimate the
experimental ones, especially in the case of SrTiO3. After ex-
amining dielectric screening corrections, spin-orbit-coupling
effects, the role of anharmonic phonons, and the effect of
electronic correlation on the effective masses, we propose
the greater electron-phonon renormalization of the effective
masses at the conduction-band bottom in SrTiO3 as com-
pared to KTaO3 as the reason for the massive mobility
overestimation. This effect is not considered in standard BTE
calculations, where the electronic bands are generally com-
puted using density functional theory (DFT) with the nuclei
clamped to their equilibrium positions. The discrepancy is fur-
ther mitigated by the additional mass renormalization brought
by the presence of local disorder in SrTiO3 [67], which we
predict to be absent in KTaO3. Finally, we propose the QP
broadening and the potential insufficiency of the harmonic
electron-phonon coupling approximation as possible explana-
tions for the residual overestimation of experimental mobility,
which remains higher than what is typically found in other
semiconductors [31].

II. COMPUTATIONAL METHODS

The strategy adopted for the renormalization of the
electron-phonon matrix elements with the inclusion of
temperature-dependent anharmonic phonon effects is de-
scribed in Sec. II A; the training of MLFFs [68,69] used for
capturing the correct phonon dispersions through the SSCHA
is explained in Sec. II B; and the inclusion of local disorder in
the carrier mobility calculations is described in Sec. II C.

A. Renormalization of the electron-phonon matrix
elements and mobility calculations

The calculations of the electron mobilities via the BTE are
performed using the EPW code [70–73], based on the formal-
ism summarized in Supplemental Material (SM) Sec. I [74].
For this purpose, we need to calculate the electron-phonon
matrix elements on coarse k and q Brillouin-zone (BZ) grids:

gmnν (k, q) = 〈umk+q|�qνv
KS|unk〉uc, (1)

where unk is the Bloch-periodic component of the Kohn-Sham
(KS) electron wavefunction and the integral is performed
over the unit cell. The unk are computed within DFT using

QUANTUM ESPRESSO (QE) [75,76]. The �qνv
KS operator is

the variation of the KS potential with respect to the collective
displacement associated to a phonon mode ν with wavevector
q, and it is in turn expressed as

�qνv
KS = lqν

∑

κα

(M0/Mκ )1/2eκα,ν (q)∂κα,qv
KS, (2)

where lqν = [h̄/(2M0ωqν )]1/2 is the zero-point displacement
amplitude, M0 a reference mass [that cancels out in Eq. (2)],
Mκ the mass of atom κ , ωqν the phonon eigenfrequency for
branch ν, and eκα,ν the eigenvector in the Cartesian direc-
tion α. In the presence of imaginary ωqν , as is the case
of SrTiO3, �qνv

KS is not well defined. As a consequence,
the electron-phonon matrix elements and the corresponding
computed mobilities show spurious behaviors. Furthermore,
in the standard harmonic approximation the temperature de-
pendence of the phonon frequencies is neglected, thus leading
to an incomplete estimate of �qνv

KS in strongly anharmonic
materials, as is the case for both KTaO3 and SrTiO3. In order
to overcome these problems, we calculate ∂κα,qv

KS within
standard density functional perturbation theory (DFPT) using
QE on a 4 × 4 × 4 reciprocal q grid, but we substitute eκα,ν (q)
and ωqν as obtained by diagonalization of the anharmonic dy-
namical matrices calculated on the same 4 × 4 × 4 reciprocal
q grid (see Sec. II B). We thus proceed with the calculation
of gmnν (k, q) for each temperature of interest by introducing
the associated temperature-dependent anharmonic eκα,ν (q)
and ωqν . The comparison of the electron-phonon matrix el-
ements obtained in this way and from harmonic phonons is
shown in SM Fig. S2 [74] for both compounds (for more
details, see SM Sec. II [74]). Lastly, the standard Wannier
rotations are performed in order to interpolate the electron
Hamiltonian, phonon dynamical matrix, and electron-phonon
matrix elements from the coarse k and q grids to the fine
reciprocal-space grids required for the convergence of the
mobility calculations [77] (equations shown in detail in SM,
Sec. I [74]). For this purpose, EPW employs the WANNIER90
package [78] for obtaining maximally localized Wannier func-
tions in real space [79,80].

The electron mobility in KTaO3 and SrTiO3 is computed
with and without spin-orbit coupling (SOC) using the relax-
ation time approximation (RTA) and iterative BTE (IBTE)
approximations to the standard BTE. For both materials, a
100 × 100 × 100 k and q grid is employed for the fine-
grid interpolation of the electron-phonon matrix elements to
compute the mobilities (convergence tests are shown in SM
Fig. S1 [74]). Doping concentrations of n = 0.8 × 1017 cm−3

for SrTiO3 and n = 2.4 × 1018 cm−3 for KTaO3 are em-
ployed, in order to match the doping concentration of the
experimental samples [53,55]. Nevertheless, in the 150–300 K
temperature range, the experimental mobility is independent
of doping concentration [53,55]. Furthermore, in this temper-
ature range an abundance of shallow donors is accompanied
only by a slight change in the carrier concentration in both
KTaO3 [54] and SrTiO3 [56]. The Hall mobility is also evalu-
ated in a 10−10 T magnetic field.

The mobility calculations for the disordered supercell
structure (shown in SM Fig. S3 [74]) are executed by fur-
ther substituting in the BTE equations the new electron
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bands extracted from the disordered supercell (shown in SM
Fig. S4 [74]). More details can be found in Sec. II C and SM
Sec. III [74].

The DFT and DFPT calculations are performed on the
cubic phase of KTaO3 and SrTiO3 at the experimental lat-
tice constants of, respectively, 3.9842 and 3.900 Å, thus
neglecting lattice expansion with temperature. We use the
Perdew-Burke-Ernzerhof (PBE) [81] functional and fully
relativistic norm-conserving pseudopotentials from Pseu-
doDojo [82], adopting a 8 × 8 × 8 Monkhorst-Pack k-point
mesh and a plane-wave cutoff of 140 Ry. The PBE func-
tional is chosen for both KTaO3 and SrTiO3 since the DFPT
formalism is not yet implemented at the more accurate
meta generalized gradient approximation (meta-GGA) and
random-phase approximation (RPA) levels. Meta-GGA and
RPA calculations are instead used in order to obtain accurate
anharmonic dynamical matrices (see Sec. II B).

B. Training of MLFFs for SSCHA anharmonic
phonon calculations

We obtain the anharmonic dynamical matrices as a func-
tion of temperature via SSCHA, aided by the MLFF method
implemented in the Vienna Ab initio Simulation Package
(VASP) [83–86]. Using this method, accurate kernel-based
machine-learning models of the potential energy surface of
a material, as well as its derivatives (forces, stress tensor), can
be constructed.

The MLFF for KTaO3 is built through on-the-fly ab initio
molecular dynamics (MD). The MD runs are performed at
fixed volume and temperature (N-V-T ensemble) at 100, 200,
300, and 400 K with a time step of 2 fs and using the final
structure at each temperature as the starting configuration for
the higher ones. A Langevin thermostat is employed [87],
with a friction coefficient of 10 ps−1 for each atomic species.
The cutoff radius for both the two- and three-body atomic
density distribution descriptors is set to 13 Å, and the Gaus-
sian broadening to 0.3 Å. We gathered 421 ab initio training
configurations over a total of 50 000 MD steps. The ab ini-
tio calculations are performed at the meta-GGA level using
the strongly constrained and appropriately normed (SCAN)
functional [88] and projector augmented wave (PAW) poten-
tials [89], with a plane-wave cutoff of 800 eV. We adopt a
hard pseudopotential for the O atoms and include semicore s
states for K and p states for Ta, thus keeping the same number
of electrons treated as valence as in the QE pseudopotentials.
A cubic 4 × 4 × 4 supercell and a 2 × 2 × 2 Monkhorst-Pack
k-point mesh are employed.

The training data for SrTiO3 are available from Ref. [65].
Generating the data set at the RPA level was shown to be
necessary in order to correctly reproduce the experimental
phonon dispersions as a function of temperature via SSCHA.
In the present work, the MLFF is refitted using the same
training data set and methodology and employing a larger
13-Å cutoff radius for the atomic density distributions, as
done for KTaO3 [66]. This ensures that the optical phonon
dispersions near the � point are correctly reproduced after the
inclusion of the nonanalytical term correction [90] (see SM
Fig. S5(a) [74]).

The trade-off between enhanced cutoff radii and error on
the ground-state energies is investigated in SM Sec. IV [74],
and the validation tests for SrTiO3 and KTaO3 are reported,
respectively, in SM Figs. S5(b) and S6 [74]. Additional de-
tails on the MLFF + SSCHA calculations are reported in SM
Sec. V [74].

C. Mass enhancement and inclusion of local disorder

Local disorder or polymorphism significantly influences
the electronic structure of many perovskite materials [67,91],
which in turn is expected to impact their mobilities. To ac-
count for the effect of local disorder in our calculations, we
employ the methodology described in Refs. [67,92] imple-
mented in the ZG special displacement package of the EPW
code [73]. We consider 2 × 2 × 2 supercells of SrTiO3 and
KTaO3 and displace the atoms along the soft modes starting
from the respective high-symmetry cubic structures. The am-
plitude of these displacements is set equal to the zero-point
displacement by setting the associated ωqν equal to its ab-
solute value. We then perform a geometry optimization by
allowing the nuclei to relax, keeping the lattice constants
fixed. In the 2 × 2 × 2 supercell, we find locally disordered
networks yielding an energy lowering of 9 meV per unit
cell for SrTiO3, while no energetically favorable disordered
ground-state structure is found for KTaO3. This result high-
lights the presence of an evident degree of local disorder in
SrTiO3. To demonstrate how local disorder affects the elec-
tronic structure of SrTiO3 in the first BZ, we compute the
electron spectral function using a band structure unfolding
technique for plane waves [93,94] and the ZG package [73].

To calculate the band-gap renormalization and effective
mass enhancements at finite temperatures, we employ the spe-
cial displacement method (SDM) [94] in 6 × 6 × 6 supercells
relying on the anharmonic dynamical matrices computed in
SSCHA (see Sec. II B). We calculate the mobility effective
mass within the SDM as the harmonic mean [31]:

m = 3mxmymz

mxmy + mxmz + mymz
, (3)

where mx,y,z are obtained by finite differences of the energy
at the � point considering the average of the three lowest
eigenvalues at the conduction-band minimum (CBM). The
effective masses reported in Table I are calculated via Eq. (3).

III. RESULTS AND DISCUSSION

A. SrTiO3

The anharmonic phonon dispersion near room temperature
as calculated through MLFF + SSCHA shown in Fig. 1
is in excellent agreement with the experimental dispersion
measured at 296 K [95,96]. At the harmonic level, SrTiO3

exhibits imaginary frequencies for the ferroelectric (FE) and
antiferrodistortive (AFD) lowest energy modes, which lead to
spurious divergences of the electron-phonon matrix elements
(see SM Fig. S2(a) [74]). In order to obtain reasonable
mobility calculations within the harmonic approximation,
we introduce a phonon cutoff frequency ωcut, and thus set
gmnν (k, q) to zero for ν and q such that ωqν � ωcut. A cutoff
of 10 meV is thus chosen, since the mobility converges to
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TABLE I. Band-gap renormalization (�Egap), electron effective
mass enhancement (m∗/m0), and mobility overestimation at 300 K
with respect to the experimental value, after dielectric rescaling.
m0 is the electron effective mass obtained in the unit cell (sym).
The other calculations correspond to the inclusion of local disorder
(dis), electron-phonon coupling (el-ph), and the combination of both
effects (dis+el-ph).

�Egap (meV) m∗/m0 μ∗/μexpt.

sym 1 838%
dis 310 1.22 686%

SrTiO3 el-ph −165 2.21 378%
dis+el-ph 74 2.89 290%

sym 1 345%
KTaO3 el-ph −193 1.39 248%

stable values in its vicinity. With this setup, we observe an
overestimation of the electron mobility in the lower end of
the 150–300 K temperature range, where these modes have
a non-negligible interaction with the charge carriers (see
SM Fig. S8 [74]). Apart from the rather small interaction
with the FE and AFD modes, the less temperature-sensitive
longitudinal optical (LO)-1, LO-2, and LO-3 modes are the
main scattering channels, with LO-1 interacting over the
whole BZ and the LO-3 mode being strongly interacting
only around the � point, as shown in SM Figs. S1(a) and
S1(b) [74].

At low temperatures, charge carriers scatter mainly by lat-
tice impurities, while at higher temperatures electron-phonon
scattering dominates the dynamics and the Hall mobility is
expected to follow a power law:

μH = A × T −γ . (4)

FIG. 1. Temperature-dependent anharmonic phonon dispersion
(solid lines) and the harmonic phonon dispersion (dashed lines) in
SrTiO3. Experimental data at 296 K are also shown (circles) [95,96].

FIG. 2. Electron mobility calculations in SrTiO3 using SSCHA
temperature-dependent dynamical matrices substitution. The BTE
is solved via RTA (solid orange circles) and IBTE (solid green
triangles). Local disorder is included by further substitution of
the high-symmetry unit cell electronic eigenvalues with those of
the disordered supercell at RTA (open orange triangles) and IBTE
(open green triangles) level. Both the calculated and the experimental
mobilities [55] are fitted using Eq. (4). All the computed mobilities
are rescaled by Eq. (5).

A fit to the experimental data reproduced in Fig. 2 yields
γ = 3.08. Adopting the harmonic approximation results in
a clear deviation from this power law, as shown in SM
Fig. S8 [74]. By employing the anharmonic SSCHA matrices
instead, the expected trend is recovered, as shown in Fig. 2.
The IBTE calculations yield γ = 3.07, in very close agree-
ment with the experimental value, while the RTA yields a
slightly overestimated γ = 3.34. SrTiO3 thus broadly follows
the universal scaling law μ ∝ T −3.3 for halide perovskites
obtained by considering the LO-1 mode as the only scattering
channel [97]. These results are in close agreement with pre-
vious calculations [44]. Note that including the temperature
dependence of the anharmonic dynamical matrices is impor-
tant. Neglecting their temperature evolution by fixing them to
the ones calculated at 150 K leads to an underestimation of the
computed mobility (see SM Fig. S9 [74]), since the hardening
of the FE and AFD modes with increasing temperature is
not taken into account and the scattering is overestimated as
predicted by Eq. (2).

The overestimation of the calculated electron mobility for
SrTiO3 compared to experimental values is substantially more
pronounced than that observed in previous BTE calculations
for standard semiconductors [18]. To address this issue, we
explore various effects that may be responsible for such over-
estimation. The inclusion of SOC leads to a 28 meV splitting
of the conduction bands near the CBM and slight changes in
the electronic effective masses (see SM Fig. S10 and Table SI
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FIG. 3. (a) Electron spectral function (color map) of SrTiO3 resulting from unfolding the bands of the 2 × 2 × 2 disordered supercell onto
the high-symmetry path of the cubic unit cell. The band structure for the symmetric unit cell is shown as dashed blue lines. Both CBMs have
been shifted to zero. (b) Zoom on the 0.5M-�-0.5R path, where only energies close to the CBM are shown.

[74]). Hence, SOC has little to no effect on the mobility ac-
cording to a simplified transport model [98] and as confirmed
by our calculations (see SM Fig. S11 [74]). Employing a more
accurate account of electronic correlation effects through the
HSE06 hybrid functional brings little to no change in the
effective masses [99]. Our computed electronic dielectric con-
stant of 6.17, though, overestimates the experimental value of
5.62 [100], a common issue in DFT calculations. By rescaling
the mobility as [31]

μscreen = μ × (εDFT/εexpt )2, (5)

a decrease of 17% is achieved, but still not enough to correct
the overestimation of more than 800% with respect to the
experimental value at 300 K.

An important phenomenon so far neglected is the presence
of local disorder, which changes the equilibrium position of
the atoms in each unit cell without affecting the global lattice
symmetry. By relaxing a 2 × 2 × 2 supercell of SrTiO3 with
broken symmetry as detailed in Sec. II C, a new ground state
is found with an energy lowering of 9 meV per unit cell
(see SM Fig. S2 [74]), in agreement with the recent work of
Ref. [67]. The associated unfolded band structure in Fig. 3
shows a decrease in the curvature of the conduction-band bot-
tom, which translates to an average electronic effective mass
of m∗

dis = 0.58me, a factor 1.22 greater than m0 = 0.49me

obtained for the symmetric unit cell. The resulting mobility
decrease estimated through [31]

μ∗ = μ × (m∗/m0)−1 (6)

is thus 22%. The electronic band gap is also strongly affected,
with an increase of 0.31 eV with respect to the 1.92 eV of
the symmetric unit cell. In Table I we summarize the overall
mobility overestimation with respect to the experimental value
at 300 K for the aforementioned and subsequent levels of
approximation, along with band-gap corrections. A splitting
of 62 meV near the CBM is also observed, twice the one
caused by the inclusion of SOC.

In order to compare the approximate rescaling of the
mobility via Eq. (6) with a full mobility calculation on
the disordered structure, we substitute the new electronic

eigenvalues obtained for the disordered structure in the BTE
(SM Eq. (S5) [74]), together with the previously computed
SSCHA matrices. We obtain mobility decreases of 28% and
43% at 150 and 300 K, respectively, as compared to the
previous estimate on the symmetric unit cell, as shown in
Fig. 2. The trend still follows Eq. (4) with γ = 3.71. The
decrease in the computed mobility is higher than the one
obtained through Eq. (5), pointing to sizable effects on carrier
transport due to local disorder which exceed the mere mass
rescaling.

Lastly, an important correction comes from taking into
consideration the effect of electron-phonon coupling on the
carrier effective masses. We have calculated the band gap and
mass renormalization at 300 K through the SDM [94], by
employing the ZG configuration with its antithetic pair [67] in
a 6 × 6 × 6 supercell of the symmetric unit cell. The ZG dis-
placements have been generated by employing, accordingly,
the 300 K SSCHA dynamical matrix. This yields a band-gap
decrease of 165 meV compared to the clamped-ion value in
the primitive cell. This value is in excellent agreement with
the renormalization reported in Ref. [67]. We obtain m∗

el-ph =
2.21m0, in agreement with the QP curvature computed by a
cumulant Green’s function approach [45].

Accounting now for the 300 K ZG displacements starting
from the locally disordered structure allows to combine the
effects of both disorder and electron-phonon coupling. The
renormalization of the electronic structure is even more pro-
nounced, with a band-gap closing of 236 meV with respect to
the disordered structure and an overall increase of 74 meV
with respect to the symmetric unit cell. The mass renor-
malization amounts to m∗

dis+el-ph = 2.89m0, that is 1.38me, in
agreement with the experimental data [49,50]. The electron-
phonon renormalization of both the band gap and effective
mass are thus stronger on the disordered structure rather than
the symmetric one. Importantly, by taking into account the
combined effect of both local disorder and electron-phonon
coupling on the effective mass, as well as the dielectric rescal-
ing, we obtain a more reasonable mobility overestimation of
290% in SrTiO3 with respect to the experimental value at
300 K.
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FIG. 4. Stable harmonic phonon dispersion of KTaO3 obtained
using PBE (dashed black lines), unstable harmonic dispersion
through the SCAN-based MLFF (solid green lines), and the
temperature-dependent anharmonic dispersion using the SCAN-
based MLFF in SSCHA (solid orange and red lines). Experimental
data at 296 K are also shown [101].

B. KTaO3

We start by presenting the calculated temperature-
dependent anharmonic phonon dispersions of KTaO3 in
Fig. 4, in excellent agreement with inelastic neutron scattering
data [101]. The incipient ferroelectric instability is highly de-
pendent on the exchange-correlation functional adopted. The
harmonic phonon dispersion in Fig. 4 calculated by employ-
ing the PBE functional predicts a stable �-point FE mode.
The one obtained using the SCAN functional on a 4 × 4 × 4
supercell (commensurate with the q grid employed for PBE),
instead, is strongly unstable for the FE distortion, but stability
is recovered by including the zero-point quantum energy and
the anharmonic phonon effects through the MLFF + SSCHA
scheme, as shown in Fig. 4. The temperature evolution of
the soft FE mode, shown in SM Fig. S7 [74], is in excellent
agreement with the experimental data.

As in SrTiO3, the temperature-insensitive LO-1, LO-2,
and LO-3 modes are the main scattering channels, and a
temperature-dependent contribution comes from the FE mode
(see SM Figs. 1(c) and 1(d) [74]). By fitting the experimental
data [53] in Fig. 5 with the power law of Eq. (4), we find
γ = 2.96, similar to the temperature behavior of SrTiO3. The
mobility calculated using the IBTE is in agreement with γ =
2.97, while the RTA follows instead γ = 3.17. As in SrTiO3,
fixing the 150 K dynamical matrices leads to an underestima-
tion of the electron mobility at room temperature, since the
hardening of the FE mode is neglected (see SM Fig. S9 [74]).

As for SrTiO3 we analyze possible reasons for the
mobility overestimation with respect to the experimental
data. The SOC-induced splitting of 314 meV near the CBM
introduces only slight changes in the electron effective

FIG. 5. Electron mobility calculations in KTaO3 using SSCHA
temperature-dependent dynamical matrices at RTA (solid orange cir-
cles) and IBTE (solid green triangles) level. The same calculations
are repeated including SOC (open symbols). Both the IBTE and
the experimental mobilities [53] are fitted using Eq. (4). All the
computed mobilities are rescaled by Eq. (5).

masses, as reported in SM Table SI [74]. Nonetheless, the
mobility is enhanced quite dramatically in comparison to the
nonrelativistic calculations in Fig. 5, while the power-law
dependence changes to γ = 3.36 for IBTE and γ = 3.48 for
RTA. This mobility enhancement induced by SOC is thus to
be attributed to band splitting in the 5d manifold of the heavier
Ta ion.

The computed dielectric constant of 5.07 slightly over-
estimates the experimental value of 4.6 [102]. Through the
dielectric rescaling in Eq. (5) the mobility is reduced by 18%,
in analogy with SrTiO3. Thus, at 300 K the mobility is overes-
timated by 345% with respect to the experiment, a much lower
value than in the case of SrTiO3 (see the results summarized
in Table I).

We note that no local disorder has been found for the
ground state of KTaO3 using DFT-PBE in a 2 × 2 × 2 su-
percell. As for SrTiO3, we have computed the band-gap
renormalization and electron effective mass enhancement
due to the electron-phonon interaction using the SDM. Our
calculations at 300 K yield a band-gap renormalization of
−0.193 meV, which is similar to the one obtained for SrTiO3.
Importantly, and at variance with this result, we obtain
m∗

el-ph = 0.57me, a factor 1.4 greater than m0 = 0.41me at
clamped nuclei. Hence, the total mass renormalization in
KTaO3 is much smaller than the one obtained for the locally
disordered SrTiO3. After accounting for dielectric screening
and mobility rescaling due to effective mass renormalization,
we obtain a mobility overestimation of 248% with respect to
the experimental value at 300 K, in line with the analogous
estimate of 290% for SrTiO3.
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In conclusion, by comparing Figs. 2 and 5, we note that
the BTE predicts similar mobilities for KTaO3 and SrTiO3,
when we neglect the presence of SOC. The higher mobil-
ity measured in KTaO3 is then to be attributed to the band
splitting generated by the SOC, the milder electron-phonon
renormalization of the conduction bands, and the absence (or
realistically the lower presence) of local disorder, as discussed
previously. Factoring in all these contributions, we recover the
ratio between the experimental mobility of KTaO3 and the one
of SrTiO3.

C. Other possible scattering mechanisms

In our calculations, we did not account for additional phe-
nomena that are expected to have a negligible impact on the
computed mobility in SrTiO3 and KTaO3. As regards the
experimental sample integrity, we compare our results with
measurements performed on single crystals of SrTiO3 (grown
by hybrid molecular beam epitaxy) [55] and KTaO3 (grown by
the modified Kyropoulos method) [53]. Consequently, we do
not expect any carrier scattering due to the presence of grain
boundaries.

Furthermore, the experimental samples at varying im-
purity density, and thus doping concentrations, show the
same mobility values in the 150–300 K temperature range.
This implies that impurity scattering is negligible, and that
electron-electron scattering, in principle not negligible in
heavily doped semiconductors [103], is of minor importance
in this case.

Our computed Hall mobility is only less than 3% higher
than the computed drift mobility for the whole temperature
range, at both the RTA and IBTE levels. This result justifies
the use of the drift mobility in our analysis, and rules out the
case of a different carrier transport behavior under an applied
magnetic field in SrTiO3 and KTaO3.

The interpolation scheme adopted includes only the dipole-
dipole correction to the electron-phonon matrix elements [72].
Recently, the quadrupole-quadrupole correction has been
shown to substantially affect the mobility [41,43,104], mostly
in the regime of strong acoustic mode scattering [31]
rather than LO-dominated scattering. In the case of cubic
SrTiO3 and KTaO3, the quadrupole tensor is null due to
the Pm3m space-group symmetry, but could have an im-
pact for the locally disordered structure of global Pm3m
symmetry of SrTiO3.

Lastly, the steeper slope in our computed mobility for
the locally disordered SrTiO3 with respect to the exper-
iment may also indicate the presence of AFD and FE
scattering channels beyond the one-electron–one-phonon in-
teraction. Scattering with these modes may be stronger at
lower temperatures and close to the AFD phase transition
at 105 K in SrTiO3.

IV. CONCLUSION

The temperature dependence of the electron mobility in
SrTiO3 and KTaO3 in the phonon-limited regime has been re-
covered by the inclusion of the temperature-dependent anhar-
monic phonon dispersion in the Boltzmann transport equation.
The discrepancy with respect to the experiments is mitigated
by (i) dielectric screening rescaling of the electron-phonon
matrix elements, (ii) the inclusion of the electron eigenval-
ues associated to the supercell locally disordered structure
in SrTiO3, and (iii) accounting for temperature-dependent
effective mass enhancements due to the electron-phonon in-
teraction. These contributions provide additional mechanisms
to the previous explanation that considered the renormaliza-
tion of the electron quasiparticle peaks and the presence of
satellites due to the electron-phonon interaction [45]. The
calculated mobilities in KTaO3 are less overestimated as com-
pared to the experiment due to the negligible presence of local
disorder and lower electron-phonon effective mass enhance-
ment. Including the complete electronic dispersion in the BTE
calculations shows that local disorder decreases the mobility
substantially more than a simple mass rescaling. Moreover,
the sharper decline in mobility relative to experimental obser-
vations may hint at an electron-phonon scattering of higher
order mediated by the AFD and FE modes.

We hope this work will inspire further explorations into the
impact of lattice anharmonicity, local disorder, and electron-
phonon renormalization on the mobility and effective mass
of charge carriers in systems with complex lattice dynamics,
such as halide perovskites.
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