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Emergent quantum transport due to quenched magnetic impurity scattering
by antiferromagnetic proximity in SrCuO2/SrIrO3
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Through an antiferromagnetic proximity effect, we demonstrate the evidence for quenched magnetic impurity
scattering in a spin-orbit-coupled semimetal SrIrO3 proximitized with an antiferromagnetic SrCuO2 layer
from quantum interference originated magnetoconductance study. Two distinct observations, i.e., (i) enhanced
effective phase coherence length (lφ) and (ii) emergence of chiral-anomaly-induced topological response in
longitudinal magnetoconductance ( �B|| �E ), signify that the magnetic impurity scattering is suppressed in the
SrCuO2/SrIrO3 bilayer. The quenching of magnetic impurity scattering is discussed in the framework of the
antiferromagnetic proximity effect, which is originated from spin Andreev reflection at the SrCuO2/SrIrO3

interface. This work unfolds a practical means to circumvent the detrimental effect of unintended magnetic
impurity scattering and preserve quantum phenomena in complex materials.

DOI: 10.1103/PhysRevB.107.134415

Interface effects in thin-film heterostructures provide
opportunities to harness technologically relevant func-
tionality and explore a wide range of remarkable phe-
nomena which is not attainable in the constituent bulk
counterparts. Striking examples include exchange bias
at the ferromagnet/antiferromagnet interface [1–3], two-
dimensional (2D) electron gas at an interface between two
complex oxide band insulators [4], and various proximity
effects (superconducting [5–7], magnetic [8–10], and topo-
logical [11–13]) through which a given material acquires
properties of its adjacent layers across the interface.

In recent days, layered 5d transition-metal oxides such as
iridates with their large spin-orbit coupling have emerged to
host several spin-orbit-coupled quantum states [14–17] and
open the possibility to explore novel proximity and dimen-
sional effects in the iridate-based heterostructures [18–23].
Among iridates, orthorhombic perovskite SrIrO3 (SIO) has
gained significant attention because of its nontrivial band
structure and semimetallic ground state, where the pro-
tected 3D Dirac node emerges from the combination of
crystalline symmetry and spin-orbit interaction [24–27]. An
angle-resolved photoemission spectroscopy (ARPES) study
on SIO thin films revealed a steep linear electronic dispersion
in the vicinity of Fermi energy, indicating the possibility to
have Dirac fermions [28]. However, the evidence for the Dirac
semimetallic response still remains elusive from the magneto-
transport study.

The manifestation of quantum phenomena in electronic
transport is influenced by different types of microscopic scat-
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tering processes. In particular, magnetic impurity scattering
suppresses the quantum effects, e.g., weakens conventional
superconductivity [29,30], drives the system from a quan-
tum interference dominated effect [weak localization (WL)
or weak antilocalization (WAL)] to a Drude-like scenario
[31], and transforms a topological insulator to a topological
trivial dilute magnetic semiconductor [32]. In real materials,
magnetic impurity can arise due to the presence of unintended
magnetic elements or from nonbonded defect atoms such as
oxygen and, in most cases, it is unavoidable [33–35]. How-
ever, it was possible to suppress the unintended magnetic
impurity scattering in Cu thin film through the proximity
effect between a normal metal (Cu) and antiferromagnetic
(AF) insulator (CuO) [36]. The theoretical work on the ba-
sis of spin Andreev reflection predicted that the proximity
effect of antiferromagnetism in metal is ubiquitous at the
metal/antiferromagnetic insulator interface [37], and, as a
result, the spin-flip scattering of itinerant electrons by mag-
netic impurity becomes energetically unfavorable [36]. Taking
advantage of the AF proximity effect that suppresses the un-
desired magnetic impurity scattering, we unravel the Dirac
semimetallic topological response in SIO from a magnetocon-
ductance study.

In this paper, we report the antiferromagnetic (infinite
layer SrCuO2 (SCO) [38–40]) proximity effect on the electron
transport properties of SrIrO3 in a SrCuO2/SrIrO3 bilayer.
From the analysis of the low-temperature magnetoconduc-
tance data based on the theory of weak antilocalization, we
find an enhanced effective phase coherence length (lφ ) in the
SCO/SIO bilayer as compared to bare SIO film and this effect
is attributed to the quenching of magnetic impurity scattering
by a proximity effect of antiferromagnetism in the SIO layer.
Remarkably, the SCO/SIO bilayer manifests positive longitu-
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FIG. 1. θ -2θ x-ray diffraction pattern of the SrCuO2/SrIrO3

(∼14 nm/∼16 nm) bilayer film on a SrTiO3 (0 0 1) substrate. The Y
axis is in logarithmic scale.

dinal magnetoconductance (LMC) in the ( �B|| �E ) configuration,
in contrast to a bare SIO film. Positive LMC is one of the
fingerprints of the Dirac/Weyl semimetallic response and it
arises from a chiral-anomaly-induced axial charge current.
The results indicate that the axial current is preserved in the
SCO/SIO bilayer due to quenched magnetic impurity scat-
tering, which otherwise is susceptible to random magnetic
scattering.

SIO and SCO/SIO bilayer thin films are fabricated on
(001)-oriented SrTiO3 substrates by pulsed laser (Excimer
laser KrF with (λ) = 248 nm) deposition (using a commer-
cial polycrystalline SIO target having traces of Cr and Fe
impurities [41]). A laser fluence 2 J/cm2 and pulse rate of
1 Hz were used to ablate polycrystalline SrIrO3 and SrCuO2

targets to prepare the desired thin films. The substrate tem-
perature was set at 650 ◦C for the growth of both SrIrO3 and
SrCuO2 thin films. The oxygen partial pressure (PO2 ) of 0.2
mbar was maintained during deposition.

The structural characterization of the films are charac-
terized by using x-ray diffraction with Cu-Kα radiation.
Figure 1 shows the x-ray diffraction θ -2θ pattern for a
SrCuO2/SrIrO3 bilayer that reveals only the characteristic
(00l ) Bragg’s reflection of SrIrO3 and SrCuO2 indicating
c-axis oriented growth. The electronic transport properties
of orthorhombic SrIrO3 thin films are sensitive to its struc-
tural distortion. Therefore, it was necessary to examine the
crystal structure of the SrIrO3 layer when directly grown
on SrTiO3 (SrTiO3/SrIrO3) and on the SrCuO2 underlayer
(SrTiO3/SrCuO2/SrIrO3). In this regard, we have performed
reciprocal space mapping (RSM) about the four equally
spaced (103) planes of SrTiO3 on both SrTiO3/SrIrO3 and
SrTiO3/SrCuO2/SrIrO3 thin films (shown in the Supplemen-
tal Material [42]). From RSM, we observe similar (Qx, Qy)
values for the {103} set of planes corresponding to SrIrO3

grown on SrTiO3/SrCuO2. This suggests an absence of dis-
tortion to the pseudocubic lattice structure of SrIrO3 when
grown on a nonperovskite SrCuO2 layer. Similar observa-
tions are also made on SrIrO3 thin film grown on SrTiO3,
indicating that SrIrO3 has the same crystal structure, ir-
respective of its growth either on the SrCuO2 underlayer
(SrTiO3/SrCuO2/SrIrO3) or directly on the SrTiO3 substrate
(SrTiO3/SrIrO3).
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FIG. 2. Resistivity ρ(T ) vs T plot for SrIrO3 (16 nm) (blue
color) and SrCuO2/SrIrO3 (14/16 nm) (violet color) films. Inset:
Quantum interference and e-e correlation originated sheet conduc-
tance σ (T ) ∝ ln(T ) with Td = 1 K [44] (solid red lines represent
fitting).

Figure 2 shows the temperature-dependent resistivity of
SIO and SCO/SIO bilayer films. The thickness of the SIO
layer in both cases is ∼16 nm, whereas the SCO thickness
in the bilayer is ∼14 nm. The small resistivity variation
(0.035 m� cm) over the measured temperature range (2–
80 K) indicates the semimetallic ground state of SIO in overall
agreement with the literature [19,43]. In the low-temperature
regime, the resistivity shows an upturn below ∼15 K for both
films, which can be attributed to quantum interference and
electron-electron correlation effects. This is apparent from the
linear ln(T ) dependence on sheet conductance [σ (T )] below
8 K, as shown in the insets of Fig. 2.

To examine the effect of AF proximity on the micro-
scopic electron scattering process in SIO, we have exploited
a detailed analysis on the magnetotransport study based on
quantum interference effects. Quantum interference origi-
nated correction to sheet conductance 	σ (B⊥) in the presence
of a perpendicular magnetic field can be expressed by the
Hikami-Larkin-Nagoka (HLN) equation [31,45,46] as

	σ (B⊥) = − e2

2π2h̄

[
{ψ (1/2 + Be/B⊥) + ln(B⊥/Be)}

+ 1

2
{ψ (1/2 + Bφ/B⊥) + ln(B⊥/Bφ )}

− 3

2

{
ψ

(
1/2+Bφ+Bso

B⊥

)
+ ln

(
B⊥

Bφ + Bso

)}]
,

(1)

where ψ (x) is the digamma function, B⊥ is the external
magnetic field applied perpendicular to the film surface, and
Be, Bφ , and Bso are related with le, lφ , and lso as Bi = h̄/4el2

i ,
where le, lφ and lso denote elastic, phase coherence, and
spin-orbit scattering lengths, respectively ( Be is determined
using the semiclassical approximation utilizing conductivity
and charge carrier density). Details are given in the Supple-
mental Material [42].

Figure 3(a) shows negative variation of the sheet conduc-
tance 	σ (B⊥) for SIO film at different temperatures. For
the low magnetic field regime B⊥ < Bmax (Bmax = h̄/4et2 ∼
0.64 T , t is the thickness of the SrIrO3 layer), a sharp
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FIG. 3. Sheet conductance 	σ (B⊥) vs B⊥ plot for (a) SrIrO3 and
(c) SrCuO2/SrIrO3 (vertical shift is given to data points for better
clarity). Solid gray lines denote HLN fitting. The temperature depen-
dence of Bφ, Bso are shown in (b),(d) for SrIrO3 and SrCuO2/SrIrO3

films respectively. The solid gray line represents the fitting using
generalized Elliott-Yafet type spin-relaxation (Eq. 2) and considering
marginal Fermi-liquid behavior.

cusplike behavior is seen at low temperature (2–4 K), which is
attributed to the WAL effect originating from strong spin-orbit
interaction in SIO (Ir, Z = 77). As shown in Fig. 3(a), 	σ (B⊥)
fits well with the HLN equation [Eq. (1)] in the low-field
regime, and in the higher magnetic field regime B⊥ > Bmax,
the HLN equation is not strictly valid.

The characteristic magnetic fields Bφ, Bso extracted from
the fitting are shown in Fig. 3(b). It is found that Bφ (∝ l−2

φ )
rises upon increment of temperature and this is expected
as lφ gets reduced by random thermal agitation. Bso also
exhibits a weakly temperature-dependent nonmonotonic be-
havior [Fig. 3(b)] and is unlike the usual cases where the
characteristic spin-orbit magnetic field Bso is practically in-
dependent of temperature [36,47–49].

Considering the Elliott-Yafet (EY) type of spin-orbit scat-
tering to be dominant in SIO because of the presence of bulk
inversion symmetry [50], the expression for τso is given as [51]

1

τso
= λ2

so

h̄2

τe(
1 + 	ω2

effτ
2
e

) , (2)

where, λso and ωeff represent the effective atomic spin-orbit-
coupling strength and equivalent frequency (	E = h̄	ωeff )
of energy separation (	E ) between the valence and conduc-
tion bands in the vicinity of Fermi energy (EF ), respectively.
At low temperature, the charge dynamics in SIO exhibits
marginal Fermi-liquid behavior and the quasiparticle relax-
ation time (τe) follows τe ∝ ( T/ ln ω

T )−1, where ω is the
cutoff frequency related to the bandwidth [52]. Substituting
the expression for τe in the generalized EY equation [Eq. (2)],
it is possible to account for the observed anomalous feature of
Bso vs T [fitting shown in Fig. 3(b)].
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FIG. 4. 	σ (B⊥) vs B⊥ plots for (a) SrCuO2/SrIrO3 and
(b) SrIrO3 films. At low temperature (2–5 K) and high magnetic field,
MC increases linearly with B for the SrCuO2/SrIrO3 bilayer (linear
fittings are denoted by solid gray line).

For the SCO/SIO bilayer, 	σ (B⊥) vs B⊥ plots are illus-
trated in Fig. 3(c) and it reveals that WAL sustains up to
a relatively higher temperature (∼15 K). Furthermore, the
extracted Bφ for SCO/SIO is less than that of SIO and does
not saturate even up to 15 K. In the presence of weak mag-
netic impurity scattering (unintentional Fe, Cr elements and
possible oxygen vacancy at the interface), the effective lφ is
determined by l−2

φ = l−2
φ ideal + l−2

m , where lm is the magnetic
impurity scattering length [53]. The observation of a relatively
small (large) value of Bφ (lφ) indicates that the effective mag-
netic impurity scattering is weaker in SCO/SIO. This effect is
attributed to the quenching of magnetic impurity scattering by
the AF proximity effect resulting from spin Andreev reflection
[37]. The induced AF spin polarization of itinerant electrons
in the metallic side makes the spin-flip scattering by magnetic
impurity energetically unfavorable, i.e., magnetic impurity
scattering is effectively quenched [36]. Usually magnetic im-
purity breaks time-reversal symmetry and drives the system
to a classical limit from the WL/WAL limit [31,54–57]. Since
magnetic impurity scattering is suppressed in SCO/SIO, WAL
manifests up to a higher temperature.

Particularly in SCO/SIO, Bso vs T exhibits a prominent
variation and is fitted [Fig. 3(d)] by considering EY-type spin-
orbit scattering [Eq. (2)]. The prominent variation in Bso can
be assimilated by invoking a stronger marginal Fermi-liquid
behavior in SIO when it is proximitized with AF. It is consis-
tent with the theoretical predication that the antiferromagnet
tends to drive a correlated system from conventional Fermi
liquid to marginal Fermi liquid [58].

Figure 4 shows the variation of 	σ (B⊥) for SCO/SIO
and SIO films up to an extended field range of 5 T. In
the presence of strong spin-orbit scattering, quantum inter-
ference originated correction to conductance [	σ (B⊥)] is
negative in the low magnetic field (WAL effect). However, the
quantum correction to magnetoconductance (MC) can be pos-
itive at a higher magnetic field when eBτe/m∗ > 1/h̄EF τso,
where τe, τso, m∗, and EF are the momentum scattering time,
spin-orbit scattering time, effective mass, and Fermi energy,
respectively [59]. If this happens to be the case, then both sys-
tems (SCO/SIO, SIO) should have shown positive 	σ (B⊥)
at a higher magnetic field. But, we observe positive 	σ (B⊥)
for SCO/SIO, which is intriguing. In the quantum diffusive
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regime, conductivity in a weakly disordered system is related
to the current-current correlation (Kubo formula). Based on
this formalism, the conductance at low temperature for a Dirac
semimetal with an applied transverse magnetic field is given
by [60]

σ ∝ γ�2

v4
F

+ ©
(

γ 2�3

v4
F

)
, (3)

where γ is a randomly distributed scattering potential cor-
relator, � = vF

√
2eB, and © denotes higher order. For the

pointlike neutral scattering potential, γ is independent of B,
and hence σ ∝ B [neglecting the higher-order term in Eq. (3)
as γ << 1 for weak disorder]. On the contrary, the long-
range screening potential [U (k) ∝ 1/(kn + λ), where λ is the
inverse screening length] leads to explicit magnetic field de-
pendent γ (γ ∝ B−n) and, as a result, σ ∝ B−n+1 [61]. We
therefore hypothesize that the observed positive linear MC is
an indication of Dirac electronic behavior in SCO/SIO, where
the quenched magnetic impurity effectively acts as a pointlike
neutral scattering potential. This is unlike the case for a bare
SIO film that experiences a long-range screening magnetic
potential and exhibits negative MC.

To further augment the finding of a Dirac-like electronic re-
sponse, we have performed longitudinal magnetoconductance
(LMC) in parallel magnetic and electric fields ( �B|| �E ). It is
found that SCO/SIO exhibits positive LMC at a higher mag-
netic field [Fig. 5(a)], whereas the same for SIO is negative
[Fig. 5(b)] across the measured magnetic field range. The ob-
served positive LMC in SCO/SIO with the �B|| �E configuration
is quite nontrivial and inconsistent with the classical origin.
However, it can be a consequence of Adler-Bell-Jackiw chiral
anomaly.

In a topological Dirac semimetal, the external magnetic
field ( �B) can split each Dirac node into two Weyl nodes
with opposite chirality in momentum space along the applied
field. The current driving external electric field ( �E ) in parallel
�B pumps more electrons around one Weyl node compared
to another with opposite chirality [illustrated in Fig. 5(c)]
[62–66]. This gives rise to chiral charge imbalance result-
ing in an axial current; as a consequence, 	σ (B||) increases
with B|| and follows a quadratic functional dependence. The
variation of 	σ (B||) at different temperatures is fitted with
CwB2

|| + a ln(B||) [Fig. 5(a)] at a higher magnetic field regime,
where Cw stands for the chiral anomaly originated correction
(the a ln B|| term accounts for quantum interference correction
to conductance in a parallel magnetic field configuration). The
temperature dependence of chiral anomaly originated conduc-
tance 	σchiral(B||, T ) can be expressed as

	σchiral(B||, T ) = 3e4v3
F

8π4h̄2c

τa

T 2 + (μ/π )2
B2

||

= CwB2
||, (4)

where μ is the chemical potential [67,68]. The quadratic
dependence of Cw on T is reflected in the fitting [inset of
Fig. 5(a)].

The observed contrasting trend of LMC in SIO and
SCO/SIO [Figs. 5(a) and 5(b)] can be elucidated as follows.
In the presence of considerable magnetic impurity scatter-
ing in SIO, the characteristic chiral relaxation time (τa) gets
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FIG. 5. (a) 	σ (B||) vs B|| plot for SrCuO2/SrIrO3. 	σ is fit-
ted well with CwB2

|| + a ln(B||) and shown with a gray line. Inset:
Temperature variation of Cw (T ) ∝ T −2 [Eq. (4)]. (b) The SrIrO3

film exhibits negative longitudinal magnetoconductance. (c) The
schematic illustration of axial current (light-blue arrow) due to chiral
charge imbalance (∝ E τa) in SrCuO2/SrIrO3. The filled (empty)
circles represent occupied (empty) states. Blue and red indicate op-
posite chirality.

reduced (as magnetic impurity breaks chirality [69]), and
hence the chirality originated conductance is suppressed. In
such scenario, the classical contribution to negative 	σ (B)
dominates and the system can exhibit negative longitudi-
nal MC [70,71]. On the contrary, the reverse effect occurs
in SCO/SIO, where quenched magnetic impurity scattering
leads to increased τa. With the application of an electric field,
the chiral charge imbalance increases as it is proportional to
τa E , and generates chiral current.
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Importantly, chiral anomaly is not the only effect that
gives rise to the positive LMC [72,73]. It may also orig-
inate from nonchiral effects which are not associated with
the intrinsic material property. Here, we have discussed the
other possibilities and their relevance to our study. Positive
LMC may originate through the current jetting effect [74,75].
Had that been the case, both SIO and SCO/SIO should have
similarly shown positive LMC (note that the lead connec-
tion to the samples was made by the wire bonder and these
were almost identical in both cases). However, we observe
a complete trend reversal. Second, since current jetting is a
geometrical effect, the induced positive LMC cannot disap-
pear sharply with increment of temperature as we observe in
the case of SCO/SIO film [76]. It is also possible to observe
positive LMC in a quasi-two-dimensional metal possessing
a corrugated single-sheet Fermi surface (such as PdCoO2)
[77], but this is not relevant in the context of perovskite
SIO.

We have presented an extensive magnetotransport study
of spin-orbit-coupled semimetallic SrIrO3 thin film and a
bilayer system in which SrIrO3 is proximitized with a
SrCuO2 antiferromagnet Mott insulator. From the analysis
of low-temperature magnetoconductance data based on the

quantum interference effect, we find an enhanced effective
phase coherence length (lφ) in the SrCuO2/SrIrO3 bilayer
as compared to SrIrO3. This is ascribed to quenched mag-
netic impurity scattering in SrIrO3 by the antiferromagnetic
proximity effect. Further, in the �B|| �E configuration, longitudi-
nal magnetoconductance measurements reveal a topological
Dirac semimetallic response in SrCuO2/SrIrO3, which is ab-
sent in SrIrO3. The antiferromagnetic proximity effect thus
paves an avenue to preserve the nontrivial quantum phe-
nomena in real complex materials by circumventing the
detrimental effect of unintended magnetic impurity scattering.
From a spintronics technological point of view, it will also be
useful as an effective way to control undesired spin relaxation
by magnetic impurity scattering.
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