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Fig. 1. Magnetization as a 
function of temperature with H = 
2000 Oe for a Sr3OsO6 film. 
Spontaneous magnetization as a 
function of temperature is also 
shown.

Magnetic oxides are typically 3d transition metal oxides where 
spin-orbit coupling (SOC) is tiny, while an enhancement of the SOC 
in 4d and 5d systems may enrich variety of fascinating magnetic 
materials. Recently, we have developed a novel 5d perovskite 
Sr3OsO6 (FM insulator) and improved the material quality of a 4d
perovskite SrRuO3 (FM metal) by using a unique molecular beam 
epitaxy (MBE) technique.

First, we show that the highly B-site ordered cubic double-
perovskite Sr3OsO6 has the highest Curie temperature (TC) of
~1060 K among all insulators and oxides1) (Fig. 1). Resistivity and
optical measurements revealed that Sr3OsO6 is an insulator with
the band gap of 2.65 eV. Density-functional-theory calculations also
elucidated the ferromagnetic ground state of Sr3OsO6, where the
large SOC of the Os6+ 5d2 orbitals drives the system toward an
insulating state with Jeff = 3/2. Sr3OsO6 is expected to be readily
implemented in high-performance magnetic devices that work
above room temperature.

Second, we demonstrate a machine-learning-assisted MBE growth of SrRuO3
2,3). To simplify 

the intricate search space of entangled growth conditions, we ran the Bayesian optimization (BO) 
for a single growth condition while keeping the other growth conditions fixed. As a result, a high-
crystalline-quality SrRuO3 film exhibiting a high residual resistivity ratio (RRR) of over 50 as well 
as strong perpendicular magnetic anisotropy was developed in only 24 MBE growth runs. Our 
BO-based search method provides an efficient experimental design that is not as dependent on 
the experience and skills of individual researchers, and it reduces experimental time and cost, 
which will accelerate materials research.
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