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The resistance of SrlrO3 films on SrTiO3 versus temperature shows non-trivial behavior.
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Figure S1. Resistance versus temperature of thin SrlrO3 film on SrTiO3 substrate in the extended
temperature range from 1.86 to 300 K. The data in the low-temperature region below 30 K is the
object of the present study.
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Figure S2. Comparison of the 2D and 3D quantum contributions of dow. at different
temperatures.
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The quantum contribution theory is valid for a degenerate electron gas in the case of a metal-like
conductance for a weak disordered system. In accordance to the loffe-Regel criterion [1] the
electron mean free path (l) is larger than electron wave length (1/kg), i.e. kel > 1. For the 50 nm
thick SrirO; film (close to our case) [2] the electron concentration (ne) was 3x10% cm™, the
impulse relaxation time (t) was 50 fs and the Fermi velocity (vg) was estimated to be (1.2 — 5.0)
10° m/s [3,4]. Thus, the Fermi wave number (ke = (3n°ne)?) is 2.07x10° m™, and the electron
free pass length (I = vgxt) is 5 — 25 nm, i.e. the minimal value of kgl is 10.4 indicating that the
loffe-Regel criterion is fulfilled.

The estimated Hartree factor value (F), defined by the ratio of the exchange term to
Hartree contribution one, clearly indicates the presence of the exchange interaction. At the same
time, the ratio of the Thomas—Fermi scattering parameter (xr¢) to the Fermi wave number (kg) is
decreased with the temperature raise, which, in its turn, within the Thomas—Fermi Theory of
Screening for a free electron gas (T << Tg), leads to an increase in the Coulomb scattering
contribution to the conductivity (the screening radius is decreased). However, that does not
correlate with the raise in the diffusion coefficient and conductivity in our case. On the other
hand, the ratio of the Kleinman—Langreth scattering parameter (xs), which in contrast to the xrr
parameter accounts for the exchange contribution to the Coulomb repulsion as well, to the Fermi
wave number (ki) is increased with the temperature. So, the latter fact along with the Hartree
parameter decrease indicates that the Coulomb scattering contribution to the conductivity also
drops, which correlates well with the obtained experimental data. Thus, such the ke/kre and xs/ke
ratio values are an indirect proof of the SrirO3 electron system to be a non-Fermi liquid.

As seen from the Table, the dephasing or inelastic scattering time (t;) does not change
with temperature, whereas the subsequent length (L;) is increased with temperature due to the
raise in the diffusion coefficient. On the whole, the inelastic scattering length for the electron
transport under weak localization [5] either does not change or decreases as Li ~1/T P [6] with
the temperature raise. However, in our case these tendencies do not hold due to the anti-
localization effects. Also note, the Equivalent fields of inelastic scattering B; are reduced from
1.373 (2 K) to 1.030 (10 K) mT.

The spin-orbit scattering is most significant (Fig. 7) when the weak localization is
dominated over the weak anti-localization (i.e. at 6o,,<0) at the fields lower than 0.605 (2 K)
and 2.26 (10 K) T in our case. The spin-orbit scattering time (ts,) IS considerably reduced (about
3.4 times) with temperature raise, and the Equivalent fields of the spin-orbit scattering
(Bso=h/(4eDr),) are increased from 92 (2 K) to 234 (10 K) mT. The appropriate Rashba spin-

orbit coupling coefficient (a=(g/°Bso)**/me) (q to be the electron charge, me to be the electron
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effective mass, and B to be the magnetic field induction) is increased 1.6 times, and this result
correlates well with the Bso measured experimental data in the low-temperature region [7,8]. The
Bso and Rashba coefficient raise was explained to the Lande factor drop with temperature raise
[7,8] because of the strong spin-orbit coupling. This effect can be affected by the lattice thermal
expansion in addition to the Coulomb interaction energy decrease with temperature raise that
leads, in its turn, to the SrlrO3; band gap shrinkage [8]. The appearance of the band gap in SrirO;
has been theoretically observed under some conditions [9]. The other possible model based on
the scattering by paramagnetic impurities was also proposed [10]. The effect of spin-orbit
scattering time reduction can be connected with anisotropy of spin-orbit scattering on magnetic
moments [11] and leads to the anomalous Hall effect [11-14] due to the spin-orbit scattering of
conductive electrons by magnetic moment fluctuations of inner-shell electrons when the
interaction of electrons with “magnetic” atoms plays a dominant role.

The weak localization is caused by an interference of wave functions of electrons passed
the same way in direct and reverse directions. Such the interference depends on the total spin (S)
of these two electron waves, which can interfere in a constructive or destructive way. The spin-
orbit interaction by the spin relaxation mechanism significantly modifies quantum contributions
to the conductivity defined by the localization [15], as well as the electron-electron interaction
[16,17] in disordered electron systems. Upon the spin-orbit scattering the single electron spin is
no longer a “good” quantum number, but unlike the spin-flip scattering the time reverse
symmetry is preserved. In the weak localization theory (defined by the mechanism of the
interference of electron waves scattered on impurities) the sign of the contribution to the
conductivity depends on the relation between the inelastic scattering time (t;) and the spin-orbit
scattering time (tso). The spin relaxation is negligible at ts, > 1, and the temperature dependence
of the conductivity is defined by carrier weak localization. However, if 15, < i, the quantum
contribution to the conductivity can be either a negative (weak localization) or positive (anti-
localization) non negligible value [15,18-21].

In the case of spin-orbit scattering, the weak localization effect (conductivity decrease) is
defined only by the interference of waves of triplet states with |S|=1, whereas the interference of
waves of singlet states with S=0 leads to the anti-localization (conductivity increase). The
interaction of particles with opposite spin (S=0) is only essential for the Cooper’s channel. The
channel existence is determined not only by the preservation of a number of particles with a
defined energy, but also by the time reverse invariance. At the same time, the spin-orbit electron
scattering does not affect the contribution caused by the Coulomb interaction, as far as the time
invariance is preserved in the presence of the scattering. Note, such behavior is observed only at

the absence of an external magnetic field. The ¢3(B) function increases with the magnetic field
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as In(2gBD/nkgT) at 2qBD/nkgT >> 1. The behavior of the g(T,B) constant interaction function
(obtained for the F, parameter, the diffusion coefficient D from the Table and the Debye
temperature of 326 K [22]) with respect to the magnetic field, as, is shown in Fig. S3.
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Figure S3. The g(T,B) constant interaction function versus the magnetic field induction at
different temperatures.
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