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Magnetoresistance scaling in BaRuO3
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Abstract
We present measurements of electrical resistivity ðrÞ and magnetoresistance ðDr=rÞ in epitaxial thin ﬁlms of BaRuO3
with a hexagonal four-layer structure. The low-temperature resistivity ð3 KoTo20 KÞ shows a quadratic temperature
dependence r ¼ r0 þ aT 2 : Measurements of magnetoresistance in the temperature range of 5 KoTo50 K and ﬁelds
up to 8 T reveal a failure of the conventional Kohler’s rule. On the other hand, we ﬁnd that the magnetoresistance data
can be scaled if one assumes that the resistivity r is related to the scattering time t as rp1=ta with aC0:25: r 2002
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Ternary ruthenates have attracted much attention due
to their intriguing electronic properties which give rise,
among others, to exotic p-wave superconductivity
ðSr2 RuO4 Þ [1], itinerant ferromagnetism with intriguing
characteristics ðSrRuO3 Þ [2], and itinerant antiferromagnetism ðCa3 Ru2 O7 Þ [3]. While many of the Ruddlesden–
Popper series of Srnþ1 Run O3nþ1 and Canþ1 Run O3nþ1
(n ¼ 1; 2; 3; and inﬁnity) have been extensively studied,
very little is known about the transport properties of
BaRuO3 whose structure belongs to the family of
hexagonal perovskites. Here, we present transport and
magnetotransport measurements of epitaxial thin ﬁlms
of c-axis oriented four-layered hexagonal BaRuO3 and
discuss possible interpretations of our results.
BaRuO3 ﬁlms in the four-layer hexagonal structure
were grown on ð1 1 1Þ SrTiO3 by a 901 off-axis RFsputtering technique [4]. The ﬁlm whose measurements
are presented here has a resistivity ratio of
rð300 KÞ=rð3 KÞB5; which is similar to values obtained
for single crystals [5].
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The resistivity r as a function of temperature is shown
in the inset of Fig. 1. At low temperatures
ð3 KoTo20 KÞ a quadratic behavior is observed: r ¼
r0 þ aT 2 ; as shown in Fig. 1. This form of the resistivity,
which was also reported previously [5,6], is typical of
Fermi-liquid metals. In the following, we examine
whether the magnetoresistance of BaRuO3 is consistent
with Fermi-liquid behavior.
We measured the magnetoresistance between 5 and
50 K; in ﬁelds up to 8 T: The ﬁeld was applied
perpendicularly to the plane of the ﬁlm. The magnetoresistance of BaRuO3 ; reported here for the ﬁrst time,
is small and positive. In the low-temperature limit and a
ﬁeld of 8 T Dr=rB0:2%; and it decreases as a function
of temperature, which made it difﬁcult to obtain
accurate data above 50 K:
An ubiquitous behavior in Fermi-liquid metals is the
scaling of the magnetoresistance by Kohler’s rule [7]
which states that the magnetoresistance Dr=r is a
function of Ht alone (where Dr ¼ rðHÞ  rð0Þ; H is
the magnetic ﬁeld and t is the scattering time). In
conventional metals rp1=t; which results in a scaling
law of the form Dr=r ¼ f ðH=rÞ: Fig. 2a shows our data
as Dr=r vs H=r: Clearly, the data do not fall on a single
curve, indicating a violation of Kohler’s rule.
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Fig. 1. Plot of r vs T 2 at low temperatures, where r is the
resistivity normalized to its value at T ¼ 300 K: Inset: r vs T up
to room temperature.

The failure of Kohler’s rule may imply that charge
carriers from different parts of the Fermi surface have
different scattering times. On the other hand, it may also
be a result of an unusual relation between the
conductivity and the scattering time. For instance,
optical measurements of SrRuO3 [8] suggest that its
electrical resistivity might not be inversely proportional
to t as expected for Fermi-liquid metals, but instead
rp1=ta with aC0:4: If a similar fractional power-law
relation exists here, then instead of Kohler’s rule we
might expect: Dr=r ¼ f ðH=r1=a Þ with aa1: In order to
examine this possibility we plotted Dr=r as a function of
H=r1=a for various trial values of a; and obtained the
best data collapse with a ¼ 0:25: As shown in Fig. 2b,
data-points obtained at different temperatures and ﬁelds
fall on a single curve. It should be noted that when a is
changed by more than 0.03 from this value, the scaling
becomes signiﬁcantly worse.
The failure of the conventional Kohler’s rule might be
a sign of non-Fermi-liquid behavior in BaRuO3 : Various
signs of non-Fermi-liquid behavior have been reported
before for similar compounds SrRuO3 [2,8,9] and
CaRuO3 [10]. The possibility of a non-trivial relation
between the scattering time and the resistivity in
BaRuO3 can be directly tested by measurements
of optical conductivity similar to those performed in
Ref. [8] for SrRuO3 :
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Fig. 2. Scaling of the magnetoresistance data (Dr=r in
percent) obtained with ﬁelds up to 8 T at temperatures
T ¼ 5; 10; 20; 30; 40 and 50 K: (a) Scaling assuming Kohler’s
rule; namely, Dr=r ¼ f ðH=rÞ: The wide spread of the data
points clearly indicates the failure of the scaling; (b) Scaling
assuming Dr=r ¼ f ðH=r1=a Þ with a ¼ 0:25: In both plots, the
ﬁeld H is in teslas and the resistivity is normalized to its value at
T ¼ 300 K:
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