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[1]Ferroelectricity in untwisted heterobilayers of transition metal dichalcogenides

IR — IR DR R XU o Bk R

HARMEE: Science,27 MAY 2022, Volume 376 Issue 6596

{E#: LUKAS ROGEE, LVJIN WANG, YI ZHANG, SONGHUA CAI et al.

FE—1EHEHBAL: Department of Applied Physics, Hong Kong Polytechnic University, Hung Hom, Kowloon,
Hong Kong, P. R. China.

S CEERE: https:/www.science.org/doi/10.1126/science.abm5734

Abstract: Two-dimensional materials with out-of-plane (OOP) ferroelectric and piezoelectric properties are

highly desirable for the realization of ultrathin ferro- and piezoelectronic devices. We demonstrate unexpected
OOP ferroelectricity and piezoelectricity in untwisted, commensurate, and epitaxial MoS2/WS2 heterobilayers
synthesized by scalable one-step chemical vapor deposition. We show d33 piezoelectric constants of 1.95 to 2.09
picometers per volt that are larger than the natural OOP piezoelectric constant of monolayer In2Se3 by a factor of
~6. We demonstrate the modulation of tunneling current by about three orders of magnitude in ferroelectric tunnel
junction devices by changing the polarization state of MoS2/WS2 heterobilayers. Our results are consistent with
density functional theory, which shows that both symmetry breaking and interlayer sliding give rise to the
unexpected properties without the need for invoking twist angles or moiré domains.
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[2]Highly enhanced ferroelectricity in HfO2-based ferroelectric thin film by light ion bombardment
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F—VEHHAL: School of Advanced Materials Science and Engineering, Sungkyunkwan University (SKKU), Suwon
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Abstract: Continuous advancement in nonvolatile and morphotropic beyond-Moore electronic devices requires

integration of ferroelectric and semiconductor materials. The emergence of hafnium oxide (HfO2)-based ferroelectrics that
are compatible with atomic-layer deposition has opened interesting and promising avenues of research. However, the
origins of ferroelectricity and pathways to controlling it in HfO2 are still mysterious. We demonstrate that local helium
(He) implantation can activate ferroelectricity in these materials. The possible competing mechanisms, including He
ion—induced molar volume changes, vacancy redistribution, vacancy generation, and activation of vacancy mobility, are
analyzed. These findings both reveal the origins of ferroelectricity in this system and open pathways for nanoengineered
binary ferroelectrics.
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[3]Ultrafast water permeation through nanochannels with a densely fluorous interior surface
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F—1EZ B L Department of Chemistry and Biotechnology, School of Engineering, The University of Tokyo, 7-3-1
Hongo, Bunkyo-ku, Tokyo 113-8656, Japan. Japan Science and Technology Agency (JST), Precursory Research for
Embryonic Science and Technology (PRESTO), 4-1-8 Honcho, Kawaguchi, Saitama 332-0012, Japan.
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Abstract: Ultrafast water permeation in aquaporins is promoted by their hydrophobic interior surface.

Polytetrafluoroethylene has a dense fluorine surface, leading to its strong water repellence. We report a series of fluorous
oligoamide nanorings with interior diameters ranging from 0.9 to 1.9 nanometers. These nanorings undergo supramolecular
polymerization in phospholipid bilayer membranes to form fluorous nanochannels, the interior walls of which are densely
covered with fluorine atoms. The nanochannel with the smallest diameter exhibits a water permeation flux that is two
orders of magnitude greater than those of aquaporins and carbon nanotubes. The proposed nanochannel exhibits negligible
chloride ion (Cl-) permeability caused by a powerful electrostatic barrier provided by the electrostatically negative fluorous
interior surface. Thus, this nanochannel is expected to show nearly perfect salt reflectance for desalination.
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[4]Emergent ferroelectricity in subnanometer binary oxide films on silicon
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{E#: SURAJ S. CHEEMA, NIRMAAN SHANKER, HANG-LIN HSU et al.

F—VEEHAL: Department of Materials Science and Engineering, University of California, Berkeley, CA, USA.

Department of Electrical Engineering and Computer Sciences, University of California, Berkeley, CA, USA.
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Abstract: The critical size limit of voltage-switchable electric dipoles has extensive implications for energy-efficient
electronics, underlying the importance of ferroelectric order stabilized at reduced dimensionality. We report on the

thickness-dependent antiferroelectric-to-ferroelectric phase transition in zirconium dioxide (ZrO2) thin films on silicon.
The emergent ferroelectricity and hysteretic polarization switching in ultrathin ZrO2, conventionally a paraelectric
material, notably persists down to a film thickness of 5 angstroms, the fluorite-structure unit-cell size. This approach to
exploit three-dimensional centrosymmetric materials deposited down to the two-dimensional thickness limit, particularly
within this model fluorite-structure system that possesses unconventional ferroelectric size effects, offers substantial
promise for electronics, demonstrated by proof-of-principle atomic-scale nonvolatile ferroelectric memory on silicon.
Additionally, it is also indicative of hidden electronic phenomena that are achievable across a wide class of simple binary
materials.
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[1]Cilia metasurfaces for electronically programmable microfluidic manipulation
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HARSE B: Nature,26 May 2022, VOL 605, ISSUE 7911
& : Wei Wang, Qingkun Liu, Ivan Tanasijevic, Michael F. Reynolds, Alejandro J. Cortese, Marc Z. Miskin, et

al.

FE—{EHBAL: Sibley School of Mechanical and Aerospace Engineering, Cornell University, Ithaca, NY, USA
AR https:/www.nature.com/articles/s41586-022-04459-w
Abstract: Cilial pumping is a powerful strategy used by biological organisms to control and manipulate fluids at

the microscale. However, despite numerous recent advances in optically, magnetically and electrically driven
actuation, development of an engineered cilial platform with the potential for applications has remained difficult to
realize. Here we report on active metasurfaces of electronically actuated artificial cilia that can create arbitrary flow
patterns in liquids near a surface. We first create voltage-actuated cilia that generate non-reciprocal motions to drive
surface flows at tens of microns per second at actuation voltages of 1 volt. We then show that a cilia unit cell can
locally create a range of elemental flow geometries. By combining these unit cells, we create an active cilia
metasurface that can generate and switch between any desired surface flow pattern. Finally, we integrate the cilia with
a light-powered complementary metal - oxide - semiconductor (CMOS) clock circuit to demonstrate wireless
operation. As a proof of concept, we use this circuit to output voltage pulses with various phase delays to demonstrate
improved pumping efficiency using metachronal waves. These powerful results, demonstrated experimentally and
confirmed using theoretical computations, illustrate a pathway towards fine-scale microfluidic manipulation, with
applications from microfluidic pumping to microrobotic locomotion.
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[2]Observation of chiral and slow plasmons in twisted bilayer graphene
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fE#: Tianye Huang, Xuecou Tu, Changging Shen, Binjie Zheng, Junzhuan Wang, Hao Wang, et al.
F—1EHBAL: School of Electronic Science and Engineering, Nanjing University, Nanjing, China
AR https:/www.nature.com/articles/s41586-022-04520-8

Abstract: Moiré superlattices have led to observations of exotic emergent electronic properties such as

superconductivity and strong correlated states in small-rotation-angle twisted bilayer graphene (tBLG). Recently, these
findings have inspired the search for new properties in moiré¢ plasmons. Although plasmon propagation in the tBLG basal
plane has been studied by near-field nano-imaging techniques, the general electromagnetic character and properties of
these plasmons remain elusive. Here we report the direct observation of two new plasmon modes in macroscopic tBLG
with a highly ordered moiré superlattice. Using spiral structured nanoribbons of tBLG, we identify signatures of chiral
plasmons that arise owing to the uncompensated Berry flux of the electron gas under optical pumping. The salient
features of these chiral plasmons are shown through their dependence on optical pumping intensity and electron fillings,
in conjunction with distinct resonance splitting and Faraday rotation coinciding with the spectral window of maximal
Berry flux. Moreover, we also identify a slow plasmonic mode around 0.4 electronvolts, which stems from the interband
transitions between the nested subbands in lattice-relaxed AB-stacked domains. This mode may open up opportunities for
strong light — matter interactions within the highly sought after mid-wave infrared spectral window. Our results unveil the
new electromagnetic dynamics of small-angle tBLG and exemplify it as a unique quantum optical platform.
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[3]Self-regulated non-reciprocal motions in single-material microstructures
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$F—1EHBAL: Department of Chemistry and Chemical Biology, Harvard University, Cambridge, MA, USA
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Abstract: Living cilia stir, sweep and steer via swirling strokes of complex bending and twisting, paired with

distinct reverse arcs. Efforts to mimic such dynamics synthetically rely on multimaterial designs but face limits to
programming arbitrary motions or diverse behaviours in one structure. Here we show how diverse, complex,
non-reciprocal, stroke-like trajectories emerge in a single-material system through self-regulation. When a micropost
composed of photoresponsive liquid crystal elastomer with mesogens aligned oblique to the structure axis is exposed to
a static light source, dynamic dances evolve as light initiates a travelling order-to-disorder transition front, transiently
turning the structure into a complex evolving bimorph that twists and bends via multilevel opto-chemo-mechanical
feedback. As captured by our theoretical model, the travelling front continuously reorients the molecular, geometric
and illumination axes relative to each other, yielding pathways composed from series of twisting, bending,
photophobic and phototropic motions. Guided by the model, here we choreograph a wide range of trajectories by
tailoring parameters, including illumination angle, light intensity, molecular anisotropy, microstructure geometry,
temperature and irradiation intervals and duration. We further show how this opto-chemo-mechanical self-regulation
serves as a foundation for creating self-organizing deformation patterns in closely spaced microstructure arrays via
light-mediated interpost communication, as well as complex motions of jointed microstructures, with broad
implications for autonomous multimodal actuators in areas such as soft robotics, biomedical devices and energy
transduction materials, and for fundamental understanding of self-regulated systems.
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