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Through this study, a three-dimensional, freestanding, and porous graphene-based
loudspeaker was fabricated to realize a non-vibrating, ultra-thin thermoacoustic sound
transducer. Conventional dynamic loudspeakers are bulky, heavy, and inflexible, mostly
due to their complex mechanical structure and acoustic enclosure. Here, we employed a
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Development of planartype loudspeaker based

thermoacoustic loudspeaker based on a 3D graphene aerogel structure that directly expands
the air using the heat induced from the graphene conductor, allowing it to produce sound

on three-dimensional

without any moving parts. The proposed structure minimizes the heat loss to the substrate
while maintaining the very small thermal capacity of graphene. The conditions and

graphene aerogel

structure for generating sound with high efficiency were determined both theoretically and
experimentally. The proposed technology is expected to become a new alternative in the
development of thin and lightweight next-generation loudspeakers.
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Magnetic random access memory (MRAM) is being widely investigated for use in nextgeneration memory devices, as it enables the development of non-volatile memory devices
with high operating speeds and/or high density. A recently developed writing technique
for MRAM, the spin-orbit torque (SOT) technique allows for ultra-fast operation, but
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necessitates an external magnetic field that limits device capacity. We tackled this critical
challenge by introducing an antiferromagnetic material that generates a sizable SOT effect
as well as an exchange-bias field, allowing for successful data writing without an external
magnetic field. This result has paved the way for the development of SOT-based MRAM
featuring high-speed and high-density operation.
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The “colorful Caratheodory theorem,” from 1982, is a result of combinatorial convexity,
which has played a fundamental role in the modern development of discrete geometry.
It has been conjectured that this result admits a purely combinatorial generalization
in the setting of oriented matroids, and we have proved that this is indeed the case. In
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particular, we showed that “the colorful Caratheodory theorem” is a special case of a
matroid intersection theorem where a matroid and an oriented matroid intersect.
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