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美国 Science (《科学》)、英国 Nature (《自然》)

及美国 Cell (《细胞》)是国际公认的三大享有最高学

术声誉的科技期刊，发表在这三大期刊上的论文简称

CNS 论文。

本期梳理 2023年 1月 Science和 Nature期刊上物

理学领域的最新论文。



[1] Lithium niobate photonics: Unlocking the electromagnetic spectrum
铌酸锂光子学：解锁电磁波谱

出版信息：Science, 6 JAN 2023, VOL 379, ISSUE 6627
作者：ANDREAS BOES, LIN CHANG, CARSTEN LANGROCK, MENGJIE YU, MIAN
ZHANG, QIANG LIN, ET AL.
第 一 作 者 单 位 ： Integrated Photonics and Applications Centre (InPAC), School of
Engineering, RMIT University, Melbourne, VIC 3000, Australia; Institute for Photonics and
Advanced Sensing (IPAS), University of Adelaide, Adelaide, SA 5005, Australia; School of
Electrical and Electronic Engineering, University of Adelaide, Adelaide, SA 5005, Australia.
全文链接：https://www.science.org/doi/10.1126/science.abj4396
Abstract：Lithium niobate (LN), first synthesized 70 years ago, has been widely used in
diverse applications ranging from communications to quantum optics. These high-volume
commercial applications have provided the economic means to establish a mature
manufacturing and processing industry for high-quality LN crystals and wafers. Breakthrough
science demonstrations to commercial products have been achieved owing to the ability of
LN to generate and manipulate electromagnetic waves across a broad spectrum, from
microwave to ultraviolet frequencies. Here, we provide a high-level Review of the history of
LN as an optical material, its different photonic platforms, engineering concepts, spectral
coverage, and essential applications before providing an outlook for the future of LN.
摘要翻译：铌酸锂（LN）于 70年前首次合成，已广泛应用于从通信到量子光学的各种

领域。这些大量商业应用为建立高质量 LN晶体和晶片的成熟制造和加工行业提供了经

济手段。由于 LN能够产生和操纵从微波到紫外频率的广谱电磁波，其商业产品的突破

性科学演示已经实现。研究组对 LN作为一种光学材料的历史、其不同的光子平台、工

程概念、光谱范围和基本应用进行了高层次回顾，并对 LN的未来进行了展望。

文中插图：
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https://www.science.org/doi/10.1126/science.abj4396


[2]Why optics needs thickness
为什么光学器件需要厚度

出版信息：Science, 6 JAN 2023, VOL 379, ISSUE 6627
作者：DAVID A. B. MILLER
第一作者单位：Ginzton Laboratory, Stanford University, Stanford, CA 94305, USA.
全文链接：https://www.science.org/doi/10.1126/science.ade3395
Abstract：This study shows why and when optical systems need thickness as well as width or
area. Wave diffraction explains the fundamental need for area or diameter of a lens or
aperture to achieve some resolution or number of pixels in microscopes and cameras. This
work demonstrates that if we know what the optics is to do, even before design, we can also
deduce the minimum required thickness. This limit comes from diffraction combined with a
concept called overlapping nonlocality C that can be deduced rigorously from just the
mathematical description of what the device is to do. C expresses how much the input regions
for different output regions overlap. This limit applies broadly to optics, from cameras to
metasurfaces, and to wave systems generally.
摘要翻译：这项研究表明了光学系统需要厚度以及宽度或面积的原因与时机。波衍射解

释了在显微镜和照相机中，为了达到一定的分辨率或像素数，对透镜或光圈的面积或直

径的基本需求。这项工作表明，如果人们知道光学器件的用途，甚至在设计之前，就可

以推导出所需的最小厚度。该极限来自于衍射和一个称为重叠非定域性 C概念的结合，

这个概念可严格从器件用途的数学描述中推导出来。C表示不同输出区域的输入区域有

多少重叠。这一限制广泛适用于光学器件，从相机到超构表面，以及一般的波系统。

文中插图：

https://www.science.org/doi/10.1126/science.ade3395


[3] Ductile 2-GPa steels with hierarchical substructure
具有分层子结构的 2吉帕韧性钢

出版信息：SCIENCE, January 2023, Volume 379 Issue 6628
作者：YUNJIE LI, GUO YUAN, LINLIN LI, JIAN KANG, FENGKAI YAN, PENGJU DU,
DIERK RAABE, AND GUODONGWANGAuthors Info & Affiliations
第一作者单位：State Key Laboratory of Rolling and Automation, Northeastern University,
Shenyang 110819, People's Republic of China.
国内相关报道：http://www.ral.neu.edu.cn/2023/0113/c4800a225758/page.htm
全文链接：https://www.science.org/doi/10.1126/science.add7857
Abstract：Mechanically strong and ductile load–carrying materials are needed in all sectors,
from transportation to lightweight design to safe infrastructure. Yet, a grand challenge is to
unify both features in one material. We show that a plain medium-manganese steel can be
processed to have a tensile strength >2.2 gigapascals at a uniform elongation >20%. This
requires a combination of multiple transversal forging, cryogenic treatment, and tempering
steps. A hierarchical microstructure that consists of laminated and twofold topologically
aligned martensite with finely dispersed retained austenite simultaneously activates multiple
micromechanisms to strengthen and ductilize the material. The dislocation slip in the
well-organized martensite and the gradual deformation-stimulated phase transformation
synergistically produce the high ductility. Our nanostructure design strategy produces 2
gigapascal–strength and yet ductile steels that have attractive composition and the potential to
be produced at large industrial scales.
摘要翻译：从交通运输到轻量化设计再到安全的基础设施，很多领域都需要机械强度和

延展性的承重材料。但其中一大挑战是在一种材料中统一这两种功能。作者研究表明，

在均匀伸长率>20%的情况下，普通中锰钢可以加工成抗拉强度>2.2吉帕。这需要多个

横向锻造、深冷处理和回火步骤的结合。由层状和双重拓扑排列的马氏体与精细分散的

保留奥氏体组成的分层微结构，同时激活多种微观机制来增强和延展性材料。组织良好

的马氏体中的位错滑移和渐进变形刺激相变协同作用产生了较高的延性。研究者表示，

该纳米结构设计策略可以生产出强度为 2吉帕且具有延展性的钢，具有大规模工业生产

的潜力。

文中插图：

http://www.ral.neu.edu.cn/2023/0113/c4800a225758/page.htm
https://www.science.org/doi/10.1126/science.add7857


[4]Unveiling facet-dependent degradation and facet engineering for stable perovskite
solar cells
稳定钙钛矿太阳能电池的面依赖性降解和面工程

出版信息：SCIENCE, January 2023, Volume 379 Issue 6628
作者：CHUNQING MA, FELIX T. EICKEMEYER, SUN-HO LEE, DONG-HOKANG,
SEOK JOON KWON, MICHAEL GRÄTZEL , AND NAM-GYU PARK
第一作者单位：School of Chemical Engineering and Center for Antibonding Regulated
Crystals, Sungkyunkwan University, Suwon 16419, Republic of Korea.
全文链接：https://www.science.org/doi/10.1126/science.adf3349
Abstract：A myriad of studies and strategies have already been devoted to improving the
stability of perovskite films; however, the role of the different perovskite crystal facets in
stability is still unknown. Here, we reveal the underlying mechanisms of facet-dependent
degradation of formamidinium lead iodide (FAPbI3) films. We show that the (100) facet is
substantially more vulnerable to moisture-induced degradation than the (111) facet. With
combined experimental and theoretical studies, the degradation mechanisms are revealed; a
strong water adhesion following an elongated lead-iodine (Pb-I) bond distance is observed,
which leads to a δ-phase transition on the (100) facet. Through engineering, a higher surface
fraction of the (111) facet can be achieved, and the (111)-dominated crystalline FAPbI3 films
show exceptional stability against moisture. Our findings elucidate unknown facet-dependent
degradation mechanisms and kinetics.
摘要翻译：有大量研究和策略致力于提高钙钛矿薄膜的稳定性；然而，不同钙钛矿晶面

在稳定性中的作用仍然未知。作者揭示了甲胺碘化铅（FAPbI3）薄膜的面依赖性降解

的潜在机制。研究明，（100）面基本上比（111）面更容易受到水分诱导的降解。

通过实验和理论研究相结合，研究揭示了降解机理；随着铅-碘键长距离的延长，观察

到强烈的水黏附，这导致（100）面上的δ相变。通过工程设计，可以获得更高的（111）
面表面分数，（111）为主的晶体 FAPbI3 薄膜表现出优异的抗潮气稳定性。该发现阐明

了未知的面相关降解机制和动力学。

文中插图：

https://www.science.org/doi/10.1126/science.adf3349


[5] A superconducting quantum simulator based on a photonic-bandgap metamaterial
一种基于光子带隙超材料的超导量子模拟器

出版信息：SCIENCE, 20 JAN 2023, Volume 379 Issue 6629
作者：XUEYUE ZHANG, EUNJONG KIM, DANIEL K. MARK et al.
第 一 作 者 单 位 ： Thomas J. Watson, Sr., Laboratory of Applied Physics and Kavli
Nanoscience Institute, California Institute of Technology, Pasadena, CA 91125, USA;
Institute for Quantum Information and Matter, California Institute of Technology, Pasadena,
CA 91125, USA.
全文链接：https://www.science.org/doi/10.1126/science.ade7651
Abstract： Here, we present a superconducting quantum simulator in which qubits are
connected through an extensible photonic-bandgap metamaterial, thus realizing a
one-dimensional Bose-Hubbard model with tunable hopping range and on-site interaction.
Using individual site control and readout, we characterize the statistics of measurement
outcomes from many-body quench dynamics, which enables in situ Hamiltonian learning.
Further, the outcome statistics reveal the effect of increased hopping range, showing the
predicted crossover from integrability to ergodicity. Our work enables the study of emergent
randomness from chaotic many-body evolution and, more broadly, expands the accessible
Hamiltonians for quantum simulation using superconducting circuits.
摘要翻译：在此，我们提出了一个超导量子模拟器，其中量子比特通过可扩展的光子带

隙超材料连接，从而实现具有可调跳距和同位作用的一维玻色-哈伯德模型。通过使用

单个站点控制和读出，我们了解了多体淬灭动力学测量结果的统计特征，从而使原位哈

密顿量学习成为可能。此外，结果统计数据揭示了跳变范围增加的影响，显示了从可积

性到遍历性已被预测的交叉情况。我们的工作能够研究混沌多体进化中的突发随机性，

同时进一步扩展了可使用超导电路进行量子模拟的哈密顿量。

文中插图：

https://www.science.org/doi/10.1126/science.ade7651


[6] Breaking the limitation of polarization multiplexing in optical metasurfaces with
engineered noise
利用噪声调控突破光学超构表面偏振复用的极限

出版信息：SCIENCE, 20 JAN 2023, Volume 379 Issue 6629
作者：BO XIONG, YU LIU, YIHAO XU et al.
第一作者单位：National Laboratory of Solid State Microstructures, School of Physics, and
Collaborative Innovation Center of Advanced Microstructures, Nanjing University, Nanjing,
210093, China.
国内相关报道：https://physics.nju.edu.cn/kxyj/cgsd/20230120/i237882.html
全文链接：https://www.science.org/doi/10.1126/science.ade5140
Abstract：Noise is usually undesired yet inevitable in science and engineering. However, by
introducing the engineered noise to the precise solution of Jones matrix elements, we break
the fundamental limit of polarization multiplexing capacity of metasurfaces that roots from
the dimension constraints of the Jones matrix. We experimentally demonstrate up to 11
independent holographic images using a single metasurface illuminated by visible light with
different polarizations. To the best of our knowledge, it is the highest capacity reported for
polarization multiplexing. Combining the position multiplexing scheme, the metasurface can
generate 36 distinct images, forming a holographic keyboard pattern. This discovery implies a
new paradigm for high-capacity optical display, information encryption, and data storage.
摘要翻译：在科学和工程领域中，噪声通常是不被需要、却不可避免的。然而，通过将

调控后的噪声引入到琼斯矩阵方案中，我们打破了源于琼斯矩阵维数约束的、超构表面

偏振复用容量的基本限制。通过使用不同偏振的单色可见光照射，我们的实验展示了多

达 11种独立的全息图像。据我们所知，这是极化多路复用的最高容量。结合位置复用

方案，这种超表面可生成 36个不同的图像，形成全息键盘图案。这一发现为高容量光

学显示、信息加密和数据存储提供了新的思路。

文中插图：

https://physics.nju.edu.cn/kxyj/cgsd/20230120/i237882.html
https://www.science.org/doi/10.1126/science.ade5140


[7] Collective super- and subradiant dynamics between distant optical quantum
emitters
远距离光量子发射器之间的集体超、亚辐射动力学

出版信息：SCIENCE, 27 JAN 2023, VOL 379, ISSUE 6630
作者：ALEXEY TIRANOV, VASILIKI ANGELOPOULOU, CORNELIS JACOBUS VAN
DIEPEN, BJÖRN SCHRINSKI, OLIVER AUGUST DALL’ALBA SANDBERG, YING
WANG, ETAL.
第一作者单位：Center for Hybrid Quantum Networks (Hy-Q), The Niels Bohr Institute
University of Copenhagen, DK-2100 Copenhagen Ø, Denmark.
全文链接：https://www.science.org/doi/10.1126/science.ade9324
Abstract：Photon emission is the hallmark of light-matter interaction and the foundation of
photonic quantum science, enabling advanced sources for quantum communication and
computing. Although single-emitter radiation can be tailored by the photonic environment, the
introduction of multiple emitters extends this picture. A fundamental challenge, however, is
that the radiative dipole-dipole coupling rapidly decays with spatial separation, typically
within a fraction of the optical wavelength. We realize distant dipole-dipole radiative coupling
with pairs of solid-state optical quantum emitters embedded in a nanophotonic waveguide. We
dynamically probe the collective response and identify both super- and subradiant emission as
well as means to control the dynamics by proper excitation techniques. Our work constitutes a
foundational step toward multiemitter applications for scalable quantum-information
processing.
摘要翻译：光子发射是光-物质相互作用的标志，也是光子量子科学的基础，为量子通

信和计算提供了先进的光源。虽然单发射器辐射可根据光子环境调整，但多发射器的引

入扩展了这一前景。然而，一个基本挑战是辐射偶极子-偶极子耦合随着空间分离而迅

速衰减，这通常在光学波长的一小部分内。研究组利用嵌入在纳米光子波导中的成对固

态光量子发射器，实现了远距离偶极子-偶极子辐射耦合。他们动态地探测集体响应，

识别超辐射和亚辐射发射，并确定通过适当激发技术控制动力学的策略。该工作是迈向

可扩展量子信息处理的多发射极应用的基础性一步。

文中插图：

https://www.science.org/doi/10.1126/science.ade9324


[1] Intracluster light is already abundant at redshift beyond unity
超过统一的红移时星团内光已很充足

出版信息：Nature, 5 January 2023, Volume 613 Issue 7942
作者：Hyungjin Joo & M. James Jee
第一作者单位：Department of Astronomy, Yonsei University, Seoul, Republic of Korea
全文链接：https://www.nature.com/articles/s41586-022-05396-4
Abstract：Intracluster light (ICL) is diffuse light from stars that are gravitationally bound not
to individual member galaxies, but to the halo of galaxy clusters. Here we report an ICL study
of ten galaxy clusters at 1 ≲ z ≲ 2 based on deep infrared imaging data. Contrary to the leading
theories, our study finds that ICL is already abundant at z ≳  1, with a mean ICL fraction of
approximately 17%. Moreover, no significant correlation between cluster mass and ICL
fraction or between ICL colour and cluster-centric radius is observed. Our findings suggest
that gradual stripping can no longer be the dominant mechanism of ICL formation. Instead,
our study supports the scenario wherein the dominant ICL production occurs in tandem with
the formation and growth of the brightest cluster galaxies and/or through the accretion of
preprocessed stray stars.
摘要翻译：星团内光（ICL）是来自恒星的漫射光，这些恒星的引力并非束缚在单个成

员星系上，而是束缚在星团的光晕上。作者报道了基于深红外成像数据对 1≲z≲2的 10
个星系团的 ICL研究。与主流理论相反，该研究发现 ICL在 z≳1已经很丰富，平均 ICL
分数约为 17%。此外，团簇质量与 ICL 分数以及 ICL 颜色与团簇中心半径之间均无显

著相关性。研究结果表明，逐渐剥离不再是 ICL形成的主要机制。相反，研究支持这样

一种情况，即主要的 ICL的产生与最亮的星系团的形成和增长和/或通过预处理过的杂

散恒星的吸积发生。

文中插图：

物理学 Nature 论文
（2023. 1）

https://www.nature.com/articles/s41586-022-05396-4


[2] Photonic flatband resonances for free-electron radiation
自由电子辐射的光子平带共振

出版信息：Nature, 5 January 2023, Volume 613 Issue 7942
作者：Yi Yang, Charles Roques-Carmes, Steven E. Kooi, Haoning Tang, Justin Beroz, Eric
Mazur, Ido Kaminer, John D. Joannopoulos & Marin Soljačić
第 一 作 者 单 位 ： Department of Physics and Research Laboratory of Electronics,
Massachusetts Institute of Technology, Cambridge, MA, USA； Department of Physics,
University of Hong Kong, Hong Kong, China
全文链接：https://www.nature.com/articles/s41586-022-05387-5
摘要翻译：平带已成为当代凝聚态物理学和光子学的基石。在电子学中，平带具有相当

的能量带宽和库仑相互作用，导致了诸如分数量子霍尔效应和最近在魔角系统中的现象。

在光子学中，它们可以实现包括慢光和激光在内的特性。值得注意的是，平带在两个系

统中都支持超准直——无衍射波包传播。尽管如此，平带从未被证明会影响自由电子和

光子之间的核心相互作用。它们之间的相互作用对自由电子激光、显微镜和光谱学以及

粒子加速器至关重要，但事实上，其相互作用受到了局域电子和扩展光子之间维度不匹

配的限制。作者从理论上揭示了光子平带可以克服这种不匹配，从而显著地促进它们的

相互作用。研究者在硅光子晶体板中的绝缘体上设计了平带共振，通过调整其轨迹和速

度控制和增强相关的自由电子辐射。他们观察到平带增强的特征，从传统的衍射使史密

斯-珀塞尔辐射记录了一个二级增加。这种增强使自由电子辐射的极化成形和通过电子

束测量的光子带的表征成为可能。作者表示，该研究结果支持使用平板带作为强光-电
子相互作用的试验台，特别是与高效和紧凑的自由电子光源和加速器相关。

Abstract：Flatbands have become a cornerstone of contemporary condensed-matter physics
and photonics. In electronics, flatbands entail comparable energy bandwidth and Coulomb
interaction, leading to correlated phenomena such as the fractional quantum Hall effect and
recently those in magic-angle systems. In photonics, they enable properties including slow
light and lasing. Notably, flatbands support supercollimation—diffractionless wavepacket
propagation—in both systems. Despite these intense parallel efforts, flatbands have never
been shown to affect the core interaction between free electrons and photons. Their
interaction, pivotal for free-electron lasers, microscopy and spectroscopy, and particle
accelerators, is, in fact, limited by a dimensionality mismatch between localized electrons and
extended photons. Here we reveal theoretically that photonic flatbands can overcome this
mismatch and thus remarkably boost their interaction. We design flatband resonances in a
silicon-on-insulator photonic crystal slab to control and enhance the associated free-electron
radiation by tuning their trajectory and velocity. We observe sig 出版信息：Natures of
flatband enhancement, recording a two-order increase from the conventional
diffraction-enabled Smith–Purcell radiation. The enhancement enables polarization shaping of
free-electron radiation and characterization of photonic bands through electron-beam
measurements. Our results support the use of flatbands as test beds for strong light–electron
interaction, particularly relevant for efficient and compact free-electron light sources and
accelerators.

https://www.nature.com/articles/s41586-022-05387-5


文中插图：



[3] Observation of intrinsic chiral bound states in the continuum
连续域中内禀手性束缚态的观测

出版信息：Nature, 19 January 2023, VOL 613, ISSUE 7944
作者：Yang Chen, Huachun Deng, Xinbo Sha, Weijin Chen, Ruize Wang, Yu-Hang Chen, et
al.
第一作者单位：Chinese Academy of Sciences Key Laboratory of Mechanical Behavior and
Design of Materials, Department of Precision Machinery and Precision Instrumentation,
University of Science and Technology of China, Hefei, China; Department of Electrical and
Computer Engineering, National University of Singapore, Singapore, Singapore
国内相关报道：http://mane.ustc.edu.cn/2023/0208/c33505a591949/page.htm
全文链接：https://www.nature.com/articles/s41586-022-05467-6
Abstract：Photons with spin angular momentum possess intrinsic chirality, which underpins
many phenomena including nonlinear optics, quantum optics, topological photonics and
chiroptics. Intrinsic chirality is weak in natural materials, and recent theoretical proposals
aimed to enlarge circular dichroism by resonant metasurfaces supporting bound states in the
continuum that enhance substantially chiral light–matter interactions. Those insightful works
resort to three-dimensional sophisticated geometries, which are too challenging to be realized
for optical frequencies. Therefore, most of the experimental attempts showing strong circular
dichroism rely on false/extrinsic chirality by using either oblique incidence or structural
anisotropy. Here we report on the experimental realization of true/intrinsic chiral response
with resonant metasurfaces in which the engineered slant geometry breaks both in-plane and
out-of-plane symmetries. Our result marks, to our knowledge, the first observation of intrinsic
chiral bound states in the continuum with near-unity circular dichroism of 0.93 and a high
quality factor exceeding 2,663 for visible frequencies. Our chiral metasurfaces may lead to a
plethora of applications in chiral light sources and detectors, chiral sensing, valleytronics and
asymmetric photocatalysis.
摘要翻译：自旋角动量的光子具有内禀手性，这是非线性光学、量子光学、拓扑光子学

和手性光子学等许多现象的基础。自然材料中的内禀手性很弱，最近的理论建议旨在通

过支持连续域中束缚态的共振超表面来扩大圆二色性，从而增强手性光-物质相互作用。

这些颇有见地的研究诉诸于三维复杂的几何结构，这对于光学频率来说极具挑战性。因

此，大多数显示强圆二色性的实验尝试都依赖于使用斜入射或结构各向异性的伪/非内

禀的手性。研究组报道了利用共振超表面实现真实/内禀手性响应的实验，其中设计的

倾斜几何结构破坏了面内和面外对称性。该研究结果标志着在连续域中首次观测到内禀

手性束缚态，其近单位圆二色性为 0.93，可见频率的高质量因子超过 2663。该手性超表

面有望在手性光源和探测器、手性传感、能谷电子学和不对称光催化等领域得到广泛应

用。

http://mane.ustc.edu.cn/2023/0208/c33505a591949/page.htm
https://www.nature.com/articles/s41586-022-05467-6


文中插图：

[4] Down-conversion of a single photon as a probe of many-body localization
单光子下转换作为多体定位探针

出版信息：Nature, 26 January 2023, Volume 613 Issue 7945
作者：Nitish Mehta, Roman Kuzmin, Cristiano Ciuti & Vladimir E. Manucharyan
第一作者单位：Department of Physics, University of Maryland, College Park, MD, USA
全文链接：https://www.nature.com/articles/s41586-022-05615-y
Abstract：Decay of a particle into more particles is a ubiquitous phenomenon to interacting
quantum systems, taking place in colliders, nuclear reactors or solids. In a nonlinear medium,
even a single photon would decay by down-converting (splitting) into lower-frequency
photons with the same total energy, at a rate given by Fermi’s golden rule. However, the
energy-conservation condition cannot be matched precisely if the medium is finite and only
supports quantized modes. Here we implement such an experiment using a superconducting
multimode cavity, the nonlinearity of which was tailored to strongly violate the
photon-number conservation. The resulting interaction attempts to convert a single photon
excitation into a shower of low-energy photons but fails owing to the many-body localization
mechanism, which manifests as a striking spectral fine structure of multiparticle resonances at
the standing-wave-mode frequencies of the cavity. Each resonance was identified as a
many-body state of radiation composed of photons from a broad frequency range and not
obeying Fermi’s golden rule theory. Our result introduces a new platform to explore the
fundamentals of many-body localization without having to control many atoms or qubits.
摘要翻译：一个粒子衰变成更多粒子是相互作用的量子系统中普遍存在的现象，会发生

在对撞机、核反应堆或固体中。在非线性介质中，即使是单个光子也会以费米黄金法则

给出的速率，通过下转换（分裂）成具有相同总能量的低频光子而衰减。但如果介质是

有限的且只支持量子化模式，则不能精确地匹配能量守恒条件。作者使用超导多模腔实

现了这一实验，其非线性被适应于强烈违反光子数守恒。由此产生的相互作用试图将单

光子激发转化为低能量光子簇，但由于多体局部化机制而失败，这表现为在空腔驻波模

式频率下的多粒子共振的惊人光谱精细结构。每个共振都被确定为由宽频率范围的光子

组成的多体辐射状态，不遵守费米的黄金法则理论。研究结果引入了一个新的平台来探

索多体定位的基本原理，而不必控制许多原子或量子位。

文中插图：

https://www.nature.com/articles/s41586-022-05615-y


[5] In-plane charged domain walls with memristive behaviour in a ferroelectric film
铁电薄膜中具有记忆行为的平面内带电畴壁

出版信息：Nature, 26 January 2023, Volume 613 Issue 7945
作者：Zhongran Liu, Han Wang, Ming Li, Lingling Tao, Tula R. Paudel, Hongyang Yu,
Yuxuan Wang, Siyuan Hong, Meng Zhang, Zhaohui Ren, Yanwu Xie, Evgeny Y. Tsymbal,
Jingsheng Chen, Ze Zhang & He Tian
第一作者单位：Center of Electron Microscopy, School of Materials Science and Engineering,
Zhejiang University, Hangzhou, China
国内相关报道：https://mse.zju.edu.cn/2023/0119/c50924a2711490/page.htm
全文链接：https://www.nature.com/articles/s41586-022-05503-5
Abstract：Domain-wall nanoelectronics is considered to be a new paradigm for non-volatile
memory and logic technologies in which domain walls, rather than domains, serve as an
active element. Especially interesting are charged domain walls in ferroelectric structures,
which have subnanometre thicknesses and exhibit non-trivial electronic and transport
properties that are useful for various nanoelectronics applications. Here we report a strategy
for the controllable creation and manipulation of in-plane charged domain walls
in BiFeO3 ferroelectric films a few nanometres thick. By using an in situ biasing technique
within a scanning transmission electron microscope, an unconventional layer-by-layer
switching mechanism is detected in which ferroelectric domain growth occurs in the direction
parallel to an applied electric field. Based on atomically resolved electron energy-loss
spectroscopy, in situ charge mapping by in-line electron holography and theoretical
calculations, we show that oxygen vacancies accumulating at the charged domain walls are
responsible for the domain-wall stability and motion. Voltage control of the in-plane
domain-wall position within a BiFeO3 film gives rise to multiple non-volatile resistance states,
thus demonstrating the key functional property of being a memristor a few unit cells thick.
These results promote a better understanding of ferroelectric switching behaviour and provide
a new strategy for creating unit-cell-scale devices.
摘要翻译：畴壁纳米电子学被认为是非易失性存储器和逻辑技术的一种新范式，在这种

技术中，作为有源元件的是畴壁而非域。特别有趣的是铁电结构中的带电畴壁，它具有

亚纳米厚度，并表现出非平凡的电子和输运特性，这对于各种纳电子学应用非常有用。

作者报道了一种在几纳米厚的 BiFeO3铁电薄膜中可控地生成和操纵面内带电畴壁的方

法。通过在扫描透射电子显微镜中使用原位偏压技术，研究者检测到一种非常规的逐层

切换机制，其中铁电畴生长发生在平行于外加电场的方向上。基于原子分辨电子能量损

失谱、在线电子全息图的原位电荷映射和理论计算，他们证明了在带电畴壁积聚的氧空

位是畴壁稳定和运动的原因。BiFeO3薄膜平面内畴壁位置的电压控制产生了多个非挥发

性电阻状态，从而证明了作为几个单位单元厚的忆阻器的关键功能特性。这些结果促进

了对铁电开关行为的更好理解，并为制造单位电池级器件提供了新的策略。

https://mse.zju.edu.cn/2023/0119/c50924a2711490/page.htm
https://www.nature.com/articles/s41586-022-05503-5
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