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[1]Ferroelectric crystals with giant electro-optic property enabling ultracompact Q-switches

HEERBEGEEN TV SEREWS B

HARAEE: Science, 22 APR 2022, VOL 376, ISSUE 6591

fE#: XIN LIU, PENG TAN, XUE MA, DANYANG WANG, XINYU JIN, YAO LIU, et al.

B —1E& HNL: Electronic Materials Research Lab, Key Lab of Education Ministry and State Key Laboratory
for Mechanical Behavior of Materials, School of Electronic Science and Engineering, Xi’ an Jiaotong University,
Xi’ an, 710049, China.

E A AAIRIE: https:/new.qq.com/omn/20220326/20220326 A0 1N2F00.html

SEERE: https:/www.science.org/doi/10.1126/science.abn7711

Abstract: Relaxor-lead titanate (PbTiO3) crystals, which exhibit extremely high piezoelectricity, are believed

to possess high electro-optic (EO) coefficients. However, the optical transparency of relaxor-PbTiO3 crystals is
severely reduced as a result of light scattering and reflection by domain walls, limiting electro-optic applications.
Through synergistic design of a ferroelectric phase, crystal orientation, and poling technique, we successfully
removed all light-scattering domain walls and achieved an extremely high transmittance of 99.6% in antireflection
film - coated crystals, with an ultrahigh EO coefficient r33 of 900 picometers per volt (pm V—1), >30 times as
high as that of conventionally used EO crystals. Using these crystals, we fabricated ultracompact EO Q-switches
that require very low driving voltages, with superior performance to that of commercial Q-switches. Development
of these materials is important for the portability and low driving voltage of EO devices.
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[2]Organometallic-functionalized interfaces for highly efficient inverted perovskite solar cells
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{E#: ZHEN LI, BO LI, XIN WU, STEPHANIE A. SHEPPARD, SHOUFENG ZHANG, DANPENG GAO, ET AL.

F—EHHAL: Department of Chemistry, City University of Hong Kong, Kowloon 999077, Hong Kong.

S CEERE: https:/www.science.org/doi/10.1126/science.abm8566

Abstract: Further enhancing the performance and stability of inverted perovskite solar cells (PSCs) is crucial for their
commercialization. We report that the functionalization of multication and halide perovskite interfaces with an

organometallic compound, ferrocenyl-bis-thiophene-2-carboxylate (FcTc2), simultaneously enhanced the efficiency and
stability of inverted PSCs. The resultant devices achieved a power conversion efficiency of 25.0% and maintained >98% of
their initial efficiency after continuously operating at the maximum power point for 1500 hours under simulated AM1.5
illumination. Moreover, the FcTc2-functionalized devices passed the international standards for mature photovoltaics
(IEC61215:2016) and have exhibited high stability under the damp heat test (85°C and 85% relative humidity).
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[3]Volumetric additive manufacturing of silica glass with microscale computed axial lithography
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HARASB: Science, 15 APR 2022, VOL 376, ISSUE 6590

fE#: JOSEPH T. TOOMBS, MANUEL LUITZ, CAITLYN C. COOK et al.

F—EEHANL: Department of Mechanical Engineering, University of California, Berkeley, CA 94720, USA.

CEEHE: https://www.science.org/doi/10.1126/science.abm6459

Abstract: Glass is increasingly desired as a material for manufacturing complex microscopic geometries, from the
micro-optics in compact consumer products to microfluidic systems for chemical synthesis and biological analyses. As the
size, geometric, surface roughness, and mechanical strength requirements of glass evolve, conventional processing
methods are challenged. We introduce microscale computed axial lithography (micro-CAL) of fused silica components, by
tomographically illuminating a photopolymer-silica nanocomposite that is then sintered. We fabricated three-dimensional
microfluidics with internal diameters of 150 micrometers, free-form micro-optical elements with a surface roughness of 6
nanometers, and complex high-strength trusses and lattice structures with minimum feature sizes of 50 micrometers. As a
high-speed, layer-free digital light
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[4]Damp heat—stable perovskite solar cells with tailored-dimensionality 2D/3D heterojunctions
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HARMS B: Science, 1 APR 2022, VOL 376, ISSUE 6588

{E#%: RANDI AZMI, ESMA UGUR, AKMARAL SEITKHAN, FAISAL ALJAMAAN, ANAND S. SUBBIAH,
JIANG LIU, ET AL.

B —VEZ B AL: Physical Science and Engineering Division, KAUST Solar Center, King Abdullah University of
Science and Technology (KAUST), Thuwal 23955-6900, Kingdom of Saudi Arabia.

SEEHEE:  https:/www.science.org/doi/10.1126/science.abm5784

Abstract: If perovskite solar cells (PSCs) with high power conversion efficiencies (PCEs) are to be commercialized,

they must achieve long-term stability, which is usually assessed with accelerated degradation tests. One of the persistent
obstacles for PSCs has been successfully passing the damp-heat test (85°C and 85% relative humidity), which is the
standard for verifying the stability of commercial photovoltaic (PV) modules. We fabricated damp heat—stable PSCs by
tailoring the dimensional fragments of two-dimensional perovskite layers formed at room temperature with
oleylammonium iodide molecules; these layers passivate the perovskite surface at the electron-selective contact. The
resulting inverted PSCs deliver a 24.3% PCE and retain >95% of their initial value after >1000 hours at damp-heat test
conditions, thereby meeting one of the critical industrial stability standards for PV modules.
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[5]An integrated materials approach to ultrapermeable and ultraselective CO2 polymer membranes
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fE#&: MARIUS SANDRU, EUGENIA M. SANDRU, WADE F. INGRAM, JING DENG, PER M. STENSTAD,
LIYUAN DENG.

F—EHHAL: Department of Biotechnology and Nanomedicine, SINTEF Industry, 7034 Trondheim, Norway.

SEEHE:  https:/www.science.org/doi/10.1126/science.abj9351

Abstract: Advances in membrane technologies that combine greatly improved carbon dioxide (CO2) separation

efficacy with low costs, facile fabrication, feasible upscaling, and mechanical robustness are needed to help mitigate global
climate change. We introduce a hybrid-integrated membrane strategy wherein a high-permeability thin film is chemically
functionalized with a patchy CO2-philic grafted chain surface layer. A high-solubility mechanism enriches the
concentration of CO2 in the surface layer hydrated by water vapor naturally present in target gas streams, followed by fast
CO2 transport through a highly permeable (but low-selectivity) polymer substrate. Analytical methods confirm the
existence of an amine surface layer. Integrated multilayer membranes prepared in this way are not diffusion limited and
retain much of their high CO2 permeability, and their CO2 selectivity is concurrently increased in some cases by more than
~150-fold.
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[1]Uniting tensile ductility with ultrahigh strength via composition undulation
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e Heng Li, Hongxiang Zong, Suzhi Li, Shenbao Jin, Yan Chen, Matthew J. Cabral, et al.

FE—{EHBHAL: Key Laboratory of Automobile Materials (Jilin University), Ministry of Education, and College
of Materials Science and Engineering, Jilin University, Changchun, China

B AESCHRIE:  https:/news.jlu.edu.cn/info/1306/55583 .htm

. https:/www.nature.com/articles/s41586-022-04459-w

Abstract: Metals with nanocrystalline grains have ultrahigh strengths approaching two gigapascals. However,

such extreme grain-boundary strengthening results in the loss of almost all tensile ductility, even when the metal has a
face-centred-cubic structure—the most ductile of all crystal structures. Here we demonstrate that nanocrystalline nickel
- cobalt solid solutions, although still a face-centred-cubic single phase, show tensile strengths of about 2.3
gigapascals with a respectable ductility of about 16 per cent elongation to failure. This unusual combination of tensile
strength and ductility is achieved by compositional undulation in a highly concentrated solid solution. The undulation
renders the stacking fault energy and the lattice strains spatially varying over length scales in the range of one to ten
nanometres, such that the motion of dislocations is thus significantly affected. The motion of dislocations becomes
sluggish, promoting their interaction, interlocking and accumulation, despite the severely limited space inside the
nanocrystalline grains. As a result, the flow stress is increased, and the dislocation storage is promoted at the same
time, which increases the strain hardening and hence the ductility. Meanwhile, the segment detrapping along the
dislocation line entails a small activation volume and hence an increased strain-rate sensitivity, which also stabilizes
the tensile flow. As such, an undulating landscape resisting dislocation propagation provides a strengthening
mechanism that preserves tensile ductility at high flow stresses.
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[2]Perovskite — organic tandem solar cells with indium oxide interconnect
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fE#: Zhitao Zhang, Weichen Wang, Yuanwen Jiang, Yi-Xuan Wang, Yilei Wu, Jian-Cheng Lai, et al.
F—1EHHAL: Institute of Electronic Devices, University of Wuppertal, Wuppertal, Germany

Wuppertal Center for Smart Materials & Systems, University of Wuppertal, Wuppertal, Germany

A3CHEEE:  https:/www.nature.com/articles/s41586-022-04400-1

Abstract: Multijunction solar cells can overcome the fundamental efficiency limits of single-junction devices.

The bandgap tunability of metal halide perovskite solar cells renders them attractive for multijunction architectures.
Combinations with silicon and copper indium gallium selenide (CIGS), as well as all-perovskite tandem cells, have
been reported. Meanwhile, narrow-gap non-fullerene acceptors have unlocked skyrocketing efficiencies for organic
solar cells. Organic and perovskite semiconductors are an attractive combination, sharing similar processing
technologies. Currently, perovskite — organic tandems show subpar efficiencies and are limited by the low open-circuit
voltage (Voc) of wide-gap perovskite cells and losses introduced by the interconnect between the subcells. Here we
demonstrate perovskite — organic tandem cells with an efficiency of 24.0 per cent (certified 23.1 per cent) and a high
Voc of 2.15 volts. Optimized charge extraction layers afford perovskite subcells with an outstanding combination of
high Voc and fill factor. The organic subcells provide a high external quantum efficiency in the near-infrared and, in
contrast to paradigmatic concerns about limited photostability of non-fullerene cells, show an outstanding operational
stability if excitons are predominantly generated on the non-fullerene acceptor, which is the case in our tandems. The
subcells are connected by an ultrathin (approximately 1.5 nanometres) metal-like indium oxide layer with
unprecedented low optical/electrical losses. This work sets a milestone for perovskite — organic tandems, which
outperform the best p - i — n perovskite single junctions and are on a par with perovskite - CIGS and all-perovskite
multijunctions.
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[3]Charge-density-wave-driven electronic nematicity in a kagome superconductor
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F—VEH B AL: Hefei National Laboratory for Physical Sciences at the Microscale, University of Science and
Technology of China, Hefei, China

AR https:/www.nature.com/articles/s41586-022-04493-8

Abstract: Here we report evidence for the existence of electronic nematicity in CsV3Sb5, using a combination of

elastoresistance measurements, nuclear magnetic resonance (NMR) and scanning tunnelling microscopy/spectroscopy
(STM/S). The temperature-dependent elastoresistance coefficient (m11 minus m12) and NMR spectra demonstrate
that, besides a C2 structural distortion of the 2a0 X 2a0 supercell owing to out-of-plane modulation, considerable
nematic fluctuations emerge immediately below the CDW transition (approximately 94 kelvin) and finally a nematic
transition occurs below about 35 kelvin. The STM experiment directly visualizes the C2-structure-pinned long-range
nematic order below the nematic transition temperature, suggesting a novel nematicity described by a three-state Potts
model.
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[4]Ultrathin ferroic HfO2 - ZrO2 superlattice gate stack for advanced transistors
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CA, USA

A3 https://www.nature.com/articles/s41586-022-04425-6

Abstract: Here we report HfO2 - ZrO2 superlattice heterostructures as a gate stack, stabilized with mixed
ferroelectric — antiferroelectric order, directly integrated onto Si transistors, and scaled down to approximately
20 angstroms, the same gate oxide thickness required for high-performance transistors. The overall equivalent oxide
thickness in metal - oxide — semiconductor capacitors is equivalent to an effective SiO2 thickness of approximately 6.5

a ngstr 0 ms. Such a low effective oxide thickness and the resulting large capacitance cannot be achieved in
conventional HfO2-based high-dielectric-constant gate stacks without scavenging the interfacial SiO2, which has
adverse effects on the electron transport and gate leakage current. Accordingly, our gate stacks, which do not require
such scavenging, provide substantially lower leakage current and no mobility degradation.
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