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Unveiling the Unexpected in SrTiOs3:
Polar Metal States as a Superconductivity Enhancer

Yasuhide Tomioka!, Naoki Shirakawa®, and Isao H. Inoue!

INational Institute of Advanced Industrial Science and Technology (AIST), Tsukuba 305-8565, Japan

Nb:(Sr,Ba)TiO3, achieved by substituting Ti* with
Nb®* in the ferroelectric (Sr,Ba)TiO3 matrix, exhibits
metallic behaviour. Remarkably, the broken spatial in-
version symmetry characteristic of ferroelectrics persists
up to an electron concentration of n < n*, defining the
so-called “polar metal” state. In this regime, electrical
resistance increases below a characteristic temperature
Tk [1]. The fact that Tk and the resistivity upturn re-
main unaffected under an applied magnetic field rules
out the influence of magnetic impurities. The value of
Tk rises monotonically as n decreases, converging with
the Curie temperature of the ferroelectric matrix when
n approaches zero [2].

The superconducting transition temperature 7. of
Nb:(Sr,Ba)TiO3 exhibits a dome-shaped dependence
on carrier concentration, mirroring that of Nb:SrTiO3
(Fig. 1, bottom). Intriguingly, despite substantial shifts
in n* with varying Ba concentrations, the peak of the
superconducting dome consistently resides around 10%°
cm~3 (Fig.1, middle). While increasing Ba content
significantly enhances the peak T, the difference AT,
—defined as the Tt of Nb:(Sr,Ba)TiO3 minus that of
Nb:SrTiO3— remains minimal (below 0.1K) near n*
(Fig.1, top). However, AT, dramatically increases in
the low carrier density regime (n<n*), where screening
effects are weak.

These results suggest the broken spatial inversion
symmetry not only fails to suppress superconductivity
but actively enhances it in n<n*. Notably, even at an
ultralow carrier density of 3.8 x 1017 cm ™3 with 7.5 % Ba
substitution, superconductivity emerges at 0.4 K, yield-
ing an unusually large T¢/TF ratio of approximately 0.04.
This discovery challenges conventional understanding
and calls for a re-evaluation of the microscopic models
describing superconductivity in SrTiOs3.
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Figure 1: Density plots of AT, (top) and
T. (middle) as functions of carrier concentra-
tion n at 5K and Ba substitution. The white
hexagon marks n*, while the white dashed
line delineates the boundary between polar and
non-polar metallic regions. Experimental data
points are indicated by black circles. In the su-
perconducting dome (bottom panel), the error
bars represent the onset and completion tem-
peratures of the superconducting transition.
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