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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 2024年 5月 Nature、Science 期刊上物

理学领域的最新论文。



[1] Atomic physics on a 50-nm scale: Realization of a bilayer system of dipolar atoms
50纳米尺度上的原子物理学：实现偶极原子双层系统

出版信息：Science, 3 MAY 2024, Volume 384 Issue 6695
作者：LI DU, PIERRE BARRAL et al.
第 一 作 者 单 位 ： MIT-Harvard Center for Ultracold Atoms, Research Laboratory of
Electronics, Department of Physics, Massachusetts Institute of Technology, Cambridge, MA
02139, USA.
全文链接：https://www.science.org/doi/10.1126/science.adh3023
Abstract： In this work, we implemented a super-resolution technique that localizes and
arranges atoms on a sub–50-nm scale, without any fundamental limit in resolution. We
demonstrate this technique by creating a bilayer of dysprosium atoms and observing dipolar
interactions between two physically separated layers through interlayer sympathetic cooling
and coupled collective excitations. At 50-nm distance, dipolar interactions are 1000 times
stronger than at 500 nm. For two atoms in optical tweezers, this should enable purely
magnetic dipolar gates with kilohertz speed.
摘要翻译：在这项研究中，我们实现了一种超分辨率技术，可以在小于 50纳米的尺度

上定位和排列原子，而没有任何基本的分辨率限制。通过创建双层镝原子，并经过层间

交感冷却和耦合集体激发观察两个物理分离层之间的偶极相互作用，我们得以验证这项

技术。在 50纳米尺度上，偶极相互作用的强度是 500纳米的 1000倍。对于光镊中的两

个原子，这应该能实现具有千赫兹速度的纯磁偶极门。

文中插图：

物理学 Science 论文

（2024. 5）



[2] N-type semiconducting hydrogel
N型半导体水凝胶

出版信息：Science, 3 MAY 2024, Volume 384 Issue 6695
作者：PEIYUN LI, WENXI SUN et al.
第一作者单位：Key Laboratory of Polymer Chemistry and Physics of Ministry of Education,
School of Materials Science and Engineering, Peking University, Beijing 100871, China.
全文链接：https://www.science.org/doi/10.1126/science.adj4397
国内相关报道：http://www.mse.pku.edu.cn/info/1012/3365.htm
Abstract：We developed single- and multiple-network hydrogels based on a water-soluble
n-type semiconducting polymer, endowing conventional hydrogels with semiconducting
capabilities. These hydrogels show good electron mobilities and high on/off ratios, enabling
the fabrication of complementary logic circuits and signal amplifiers with low power
consumption and high gains. We demonstrate that hydrogel electronics with good bioadhesive
and biocompatible interface can sense and amplify electrophysiological signals with enhanced
signal-to-noise ratios.
摘要翻译：我们开发了基于水溶性 N型半导体聚合物的单网络和多网络水凝胶，赋予传

统水凝胶以半导体性能。这些水凝胶具有良好的电子迁移率和高开/关比，能够制造具

有低功耗和高增益的互补逻辑电路和信号放大器。我们证实了具有良好生物粘合剂和相

容性界面的水凝胶电子元件可以感知和放大电生理信号，并提高信噪比。

文中插图：



[3] Global band convergence design for high-performance thermoelectric power
generation in Zintls
Zintls高性能热电发电的全球波段收敛设计

出版信息：Science, Volume 384, Issue 6697, 17 May 2024
作者：XIN SHI, SHAOWEI SONG, GUANHUI GAO, AND ZHIFENG REN
第一作者单位：Department of Physics and Texas Center for Superconductivity at the
University of Houston (TcSUH), University of Houston, Houston, TX 77204, USA.
全文链接：https://www.science.org/doi/10.1126/science.adn7265
Abstract：Zintl materials can be attractive for thermoelectric applications because of their
wide range of compositions and tunable properties. Shi et al. devised a method to quickly find
which materials from four parent compounds have electronic band structures that improve
thermoelectric performance. After identifying several compositions, the authors showed that
the best of these has good long-term and high temperature stability. This compound can be
paired with another zintl material to make a device that has attractive thermoelectric
performance at midrange temperatures.
摘要翻译：Zintl材料由于其广泛的成分和可调的性质，在热电应用中具有吸引力。作者

设计了一种方法，可以快速找到四种母体化合物中哪些材料具有改善热电性能的电子能

带结构。通过对几种成分的鉴定，表明其中的最佳成分具有良好的长期和高温稳定性。

这种化合物可以与另一种锌钛材料配对，制成在中等温度下具有吸引力的热电性能的装

置。

文中插图：



[4] Diamond-lattice photonic crystals assembled from DNA origami
由 DNA折纸组装的钻石晶格光子晶体

出版信息：Science, Volume 384, Issue 6697, 17 May 2024
作者：GREGOR POSNJAK, XIN YIN, PAUL BUTLER, OLIVER BIENEK, MIHIR DASS,
SEUNGWOO LEE, IAN D. SHARP, AND TIM LIEDL
第一作者单位： Faculty of Physics and CeNS, Ludwig-Maximilian-University Munich,
München, 80539 Bayern, Germany.
全文链接：https://www.science.org/doi/10.1126/science.adl2733
Abstract：Colloidal self-assembly allows rational design of structures on the micrometer and
submicrometer scale. One architecture that can generate complete three-dimensional photonic
bandgaps is the diamond cubic lattice, which has remained difficult to realize at length scales
comparable with the wavelength of visible or ultraviolet light. In this work, we demonstrate
three-dimensional photonic crystals self-assembled from DNA origami that act as precisely
programmable patchy colloids. Our DNA-based nanoscale tetrapods crystallize into a
rod-connected diamond cubic lattice with a periodicity of 170 nanometers. This structure
serves as a scaffold for atomic-layer deposition of high–refractive index materials such as
titanium dioxide, yielding a tunable photonic bandgap in the near-ultraviolet.
摘要翻译：胶体自组装允许在微米和亚微米尺度上合理设计结构。一种可以产生完整的

三维光子带隙的结构是金刚石立方晶格，它仍然很难在与可见光或紫外光波长相当的长

度尺度上实现。研究者展示了由 DNA折纸自组装的三维光子晶体，作为精确可编程的

斑块胶体。这一基于 DNA的纳米级四足动物结晶成一个周期为 170纳米的棒状连接的

金刚石立方晶格。这种结构可以作为高折射率材料（如二氧化钛）原子层沉积的支架，

在近紫外中产生可调谐的光子带隙。

文中插图：



[1] Venus water loss is dominated by HCO+ dissociative recombination
金星失水主要是由 HCO+解离复合引起的

出版信息：Nature, 9 May 2024, Volume 629 Issue 8011
作者：M. S. Chaffin, E. M. Cangi, B. S. Gregory, R. V. Yelle, J. Deighan, R. D. Elliott & H.
Gröller
第一作者单位：Laboratory for Atmospheric and Space Physics, University of Colorado
Boulder, Boulder, CO, USA
全文链接：https://www.nature.com/articles/s41586-024-07261-y
Abstract：Despite its Earth-like size and source material, Venus is extremely dry, indicating
near-total water loss to space by means of hydrogen outflow from an ancient,
steam-dominated atmosphere. Such hydrodynamic escape likely removed most of an initial
Earth-like 3-km global equivalent layer (GEL) of water but cannot deplete the atmosphere to
the observed 3-cm GEL because it shuts down below about 10–100 m GEL. To complete
Venus water loss, and to produce the observed bulk atmospheric enrichment in deuterium of
about 120 times Earth, nonthermal H escape mechanisms still operating today are required.
Early studies identified these as resonant charge exchange, hot oxygen impact and ion outflow,
establishing a consensus view of H escape that has since received only minimal updates. Here
we show that this consensus omits the most important present-day H loss process, HCO+
dissociative recombination. This process nearly doubles the Venus H escape rate and,
consequently, doubles the amount of present-day volcanic water outgassing and/or impactor
infall required to maintain a steady-state atmospheric water abundance. These higher loss
rates resolve long-standing difficulties in simultaneously explaining the measured abundance
and isotope ratio of Venusian water and would enable faster desiccation in the wake of
speculative late ocean scenarios. Design limitations prevented past Venus missions from
measuring both HCO+ and the escaping hydrogen produced by its recombination; future
spacecraft measurements are imperative.
摘要翻译：尽管金星的大小和物质来源与地球相似，但它极其干燥，这表明几乎所有的

水都是通过氢气从古老的蒸汽为主的大气中流出而流失到太空中的。这种流体动力学逃

逸很可能移除了最初类似地球的 3公里全球等效层（GEL）的大部分水，但不能将大气

消耗到目前观测到的 3厘米的 GEL，因为它在大约 10~100米的 GEL以下关闭。为了使

金星上的水完全流失，并使观测到的大量大气中氘的富集量达到地球的 120倍，需要有

至今仍在运行的非热氢逸出机制。早期的研究将这些因素确定为共振电荷交换、热氧冲

击和离子流出，建立了氢逸出的共识观点，此后只有很少的更新。我们的研究表明这一

共识忽略了最重要的现今氢损失过程，HCO+解离重组。这一过程几乎使金星 H的逃逸

率增加了 1倍，因此，维持稳定的大气水丰度所需的火山水排放和/或撞击物的数量也

增加了 1倍。这些较高的损失率解决了在同时解释金星水的测量丰度和同位素比率方面

长期存在的困难，并将在推测的晚期海洋情景之后加速干燥。由于设计上的限制，过去

的金星任务无法同时测量 HCO+和由其重组产生的逃逸氢，未来的航天器测量是必要的。

文中插图：

物理学 Nature 论文

（2024. 5）





[2] An atomic boson sampler
原子玻色子采样器

出版信息：Nature, 9 May 2024, Volume 629 Issue 8011
作者：Aaron W. Young, Shawn Geller, William J. Eckner, Nathan Schine, Scott Glancy,
Emanuel Knill &Adam M. Kaufman
第一作者单位： JILA, University of Colorado and National Institute of Standards and
Technology and Department of Physics, University of Colorado, Boulder, CO, USA
全文链接：https://www.nature.com/articles/s41586-024-07304-4
Abstract：A boson sampler implements a restricted model of quantum computing. It is
defined by the ability to sample from the distribution resulting from the interference of
identical bosons propagating according to programmable, non-interacting dynamics. An
efficient exact classical simulation of boson sampling is not believed to exist, which has
motivated ground-breaking boson sampling experiments in photonics with increasingly many
photons. However, it is difficult to generate and reliably evolve specific numbers of photons
with low loss, and thus probabilistic techniques for postselection or marked changes to
standard boson sampling are generally used. Here, we address the above challenges by
implementing boson sampling using ultracold atoms in a two-dimensional, tunnel-coupled
optical lattice. This demonstration is enabled by a previously unrealized combination of tools
involving high-fidelity optical cooling and imaging of atoms in a lattice, as well as
programmable control of those atoms using optical tweezers. When extended to interacting
systems, our work demonstrates the core abilities required to directly assemble ground and
excited states in simulations of various Hubbard models.
摘要翻译：玻色子采样器实现了量子计算的受限模型。它是由根据可编程的、非相互作

用的动力学传播的相同玻色子的干涉所产生的分布的采样能力来定义的。有效的精确的

经典玻色子采样模拟被认为是不存在的，这激发了光子越来越多的光子学中突破性的玻

色子采样实验。然而，很难产生和可靠地进化特定数量的低损耗光子，因此通常使用概

率技术进行后选择或标记改变标准玻色子采样。我们通过在二维隧道耦合光学晶格中使

用超冷原子实现玻色子采样来解决上述挑战。这一演示是由一种以前未实现的工具组合

实现的，包括高保真光学冷却和晶格中原子的成像，以及使用光学镊子对这些原子进行

可编程控制。当扩展到相互作用系统时，我们的研究证明了在各种哈伯德模型的模拟中

直接组装基态和激发态所需的核心能力。

文中插图：



[3] Observation of Nagaoka polarons in a Fermi–Hubbard quantum simulator
费米—哈伯德量子模拟器中长冈极化子的观测

出版信息：Nature, 9 May 2024, Volume 629 Issue 8011
作者：Martin Lebrat, Muqing Xu, Lev Haldar Kendrick, Anant Kale, Youqi Gang, Pranav
Seetharaman, Ivan Morera, Ehsan Khatami, Eugene Demler, Markus Greiner
第一作者单位：Department of Physics, Harvard University, Cambridge, MA, USA
全文链接：https://www.nature.com/articles/s41586-024-07272-9
Abstract：Quantum interference can deeply alter the nature of many-body phases of matter. In
the case of the Hubbard model, Nagaoka proved that introducing a single itinerant charge can
transform a paramagnetic insulator into a ferromagnet through path interference. However, a
microscopic observation of this kinetic magnetism induced by individually imaged dopants
has been so far elusive. Here we demonstrate the emergence of Nagaoka polarons in a
Hubbard system realized with strongly interacting fermions in a triangular optical lattice.
Using quantum gas microscopy, we image these polarons as extended ferromagnetic bubbles
around particle dopants arising from the local interplay of coherent dopant motion and spin
exchange. By contrast, kinetic frustration due to the triangular geometry promotes
antiferromagnetic polarons around hole dopants. Our work augurs the exploration of exotic
quantum phases driven by charge motion in strongly correlated systems and over sizes that
are challenging for numerical simulation.
摘要翻译：量子干涉可以深刻地改变物质的多体相的性质。在哈伯德模型中，长冈证明

了引入单个流动电荷可以通过路径干扰将顺磁绝缘体转变为铁磁体。然而，由单独成像

的掺杂剂引起的这种动力学磁性的微观观察迄今为止还难以捉摸。我们证明了长冈极化

子在一个三角形光学晶格中用强相互作用费米子实现的哈伯德系统中的出现。利用量子

气体显微镜，我们将这些极化子成像为粒子掺杂剂周围的扩展铁磁气泡，这些气泡是由

相干掺杂剂运动和自旋交换的局部相互作用产生的。相比之下，由于三角形几何结构引

起的动力学挫折促进了空穴掺杂剂周围的反铁磁极化子。我们的工作预示着探索由强相

关系统和超大尺寸的电荷运动驱动的奇异量子相，这对数值模拟具有挑战性。

文中插图：



[4] Lithium tantalate photonic integrated circuits for volume manufacturing
可量产的钽酸锂光子集成电路

出版信息：Nature, 23 May 2024, VOL 629, ISSUE 8013
作者：Chengli Wang, Zihan Li, Johann Riemensberger, Grigory Lihachev, Mikhail Churaev,
Wil Kao, et al.
第一作者单位：National Key Laboratory of Materials for Integrated Circuits, Shanghai
Institute of Microsystem and Information Technology, Chinese Academy of Sciences,
Shanghai, China; Institute of Physics, Swiss Federal Institute of Technology Lausanne, EPFL,
Lausanne, Switzerland; Center of Quantum Science and Engineering, EPFL, Lausanne,
Switzerland.
全文链接：https://www.nature.com/articles/s41586-024-07369-1
国内相关报道：https://www.cas.cn/syky/202405/t20240508_5013942.shtml
Abstract ： Electro-optical photonic integrated circuits (PICs) based on lithium niobate
(LiNbO3) have demonstrated the vast capabilities of materials with a high Pockels coefficient.
They enable linear and high-speed modulators operating at complementary
metal–oxide–semiconductor voltage levels to be used in applications including data-centre
communications, high-performance computing and photonic accelerators for AI. However,
industrial use of this technology is hindered by the high cost per wafer and the limited wafer
size. The high cost results from the lack of existing high-volume applications in other
domains of the sort that accelerated the adoption of silicon-on-insulator (SOI) photonics,
which was driven by vast investment in microelectronics. Here we report low-loss PICs made
of lithium tantalate (LiTaO3), a material that has already been adopted commercially for 5G
radiofrequency filters and therefore enables scalable manufacturing at low cost, and it has
equal, and in some cases superior, properties to LiNbO3. We show that LiTaO3 can be etched
to create low-loss (5.6 dB m-1) PICs using a deep ultraviolet (DUV) stepper-based
manufacturing process. We demonstrate a LiTaO3 Mach–Zehnder modulator (MZM) with a
half-wave voltage–length product of 1.9 V cm and an electro-optic bandwidth of up to 40
GHz. In comparison with LiNbO3, LiTaO3 exhibits a much lower birefringence, enabling
high-density circuits and broadband operation over all telecommunication bands. Moreover,
the platform supports the generation of soliton microcombs. Our work paves the way for the
scalable manufacture of low-cost and large-volume next-generation electro-optical PICs.
摘要翻译：基于铌酸锂（LiNbO3）的电-光光子集成电路（PICs）已被证明具有高 Pockels
系数材料的巨大能力。这实现了互补金属-氧化物-半导体电压水平下工作的线性和高速

调制器可用于数据中心通信、高性能计算和 AI光子加速器等应用。然而，这种技术的

工业应用受到单片晶圆高成本和有限晶圆尺寸的阻碍。高成本是由于在微电子领域的巨

大投资推动了绝缘体上硅（SOI）光子学的采用，而在其他领域缺乏现有的高容量应用。

研究组报道了由钽酸锂（LiTaO3）制成的低损耗 PIC，LiTaO3已在商业上用于 5G射频

滤波器，因此可以低成本进行可扩展的制造，并且 LiTaO3具有与 LiNbO3相似甚至在

某些情况下更优的性能。结果表明，使用基于深紫外（DUV）步进的制造工艺，LiTaO3
可被蚀刻以创建低损耗（5.6 dB m-1）PIC。他们演示了一种 LiTaO3马赫-曾德尔调制器

（MZM），其半波电压-长度积为 1.9 V cm，电光带宽高达 40 GHz。与 LiNbO3相比，

LiTaO3具有极低的双折射率，可实现所有电信频段上的高密度电路和宽带操作。此外，

该平台还支持生成孤子微梳。该工作为低成本和大批量的下一代光电 PIC的可扩展制造

铺平了道路。



文中插图：



[5] Suppressed thermal transport in silicon nanoribbons by inhomogeneous strain
非均匀应变抑制硅纳米带中的热输运

出版信息：Nature, Volume 629 Issue 8014, 30 May 2024
作者：Lin Yang, Shengying Yue, Yi Tao, Shuo Qiao, Hang Li, Zhaohe Dai, Bai Song, Yunfei
Chen, Jinlong Du, Deyu Li & Peng Gao
第 一 作 者 单 位 ： Department of Advanced Manufacturing and Robotics, College of
Engineering, Peking University, Beijing, People’s Republic of China
全文链接：https://www.nature.com/articles/s41586-024-07390-4
国内相关报道：https://news.pku.edu.cn/jxky/82d72a48a1a04ee9b3abac96f9be9452.htm
Abstract： Nanoscale structures can produce extreme strain that enables unprecedented
material properties, such as tailored electronic bandgap, elevated superconducting
temperature and enhanced electrocatalytic activity. While uniform strains are known to elicit
limited effects on heat flow, the impact of inhomogeneous strains has remained elusive owing
to the coexistence of interfaces and defects. Here we address this gap by introducing
inhomogeneous strain through bending individual silicon nanoribbons on a custom-fabricated
microdevice and measuring its effect on thermal transport while characterizing the
strain-dependent vibrational spectra with sub-nanometre resolution. Our results show that a
strain gradient of 0.112% per nanometre could lead to a drastic thermal conductivity reduction
of 34?±?5%, in clear contrast to the nearly constant values measured under uniform strains.
We further map the local lattice vibrational spectra using electron energy-loss spectroscopy,
which reveals phonon peak shifts of several millielectron-volts along the strain gradient. This
unique phonon spectra broadening effect intensifies phonon scattering and substantially
impedes thermal transport, as evidenced by first-principles calculations. Our work uncovers a
crucial piece of the long-standing puzzle of lattice dynamics under inhomogeneous strain,
which is absent under uniform strain and eludes conventional understanding.
摘要翻译：纳米级结构可以产生极端应变，从而实现前所未有的材料特性，例如定制电

子带隙，提高超导温度和增强的电催化活性。虽然已知均匀应变对热流的影响有限，但

由于界面和缺陷的共存，非均匀应变的影响仍然难以捉摸。研究者通过在定制的微器件

上弯曲单个硅纳米带引入非均匀应变，并测量其对热输运的影响，同时以亚纳米分辨率

表征应变相关的振动谱，从而解决了这一空白。研究结果表明，每纳米 0.112%的应变

梯度可以导致热导率急剧下降 34±5%，与均匀应变下测量的几乎恒定值形成鲜明对比。

研究者进一步利用电子能量损失谱绘制了局部晶格振动谱，这揭示了声子沿应变梯度的

峰值位移为数百万电子伏特。第一性原理计算证明，这种独特的声子谱展宽效应增强了

声子散射，极大地阻碍了热输运。研究揭示了长期存在的非均匀应变下晶格动力学难题

的一个关键部分，这在均匀应变下是不存在的，并且超出了传统的理解。

文中插图：



[6] Self-oscillating polymeric refrigerator with high energy efficiency
高能效自振荡聚合物制冷机

出版信息：Nature, Volume 629 Issue 8014, 30 May 2024
作者：Donglin Han, Yingjing Zhang, Cenling Huang, Shanyu Zheng, Dongyuan Wu, Qiang Li,
Feihong Du, Hongxiao Duan, Weilin Chen, Junye Shi, Jiangping Chen, Gang Liu, Xin Chen
& Xiaoshi Qian
第一作者单位：State Key Laboratory of Mechanical System and Vibration, Interdisciplinary
Research Center, Institute of Refrigeration and Cryogenics, and MOE Key Laboratory for
Power Machinery and Engineering, School of Mechanical Engineering, Shanghai Jiao Tong
University, Shanghai, China
全文链接：https://www.nature.com/articles/s41586-024-07375-3
国内相关报道：https://news.sjtu.edu.cn/jdzh/20240509/197190.html
Abstract：Electrocaloric and electrostrictive effects concurrently exist in dielectric materials.
Combining these two effects could achieve the lightweight, compact localized thermal
management that is promised by electrocaloric refrigeration. Despite a handful of numerical
models and schematic presentations current electrocaloric refrigerators still rely on external
accessories to drive the working bodies and hence result in a low device-level cooling power
density and coefficient of performance (COP). Here we report an electrocaloric thin-film
device that uses the electro-thermomechanical synergy provided by polymeric ferroelectrics.
Under one-time a.c. electric stimulation, the device is thermally and mechanically cycled by
the working body itself, resulting in an external-driver-free, self-cycling, soft refrigerator. The
prototype offers a directly measured cooling power density of 6.5 W g-1 and a peak COP
exceeding 58 under a zero temperature span. Being merely a 30-μm-thick polymer film, the
device achieved a COP close to 24 under a 4 K temperature span in an open ambient
environment (32% thermodynamic efficiency). Compared with passive cooling, the thin-film
refrigerator could immediately induce an additional 17.5?K temperature drop against an
electronic chip. The soft, polymeric refrigerator can sense, actuate and pump heat to provide
automatic localized thermal management.
摘要翻译：介电材料中同时存在着电热和电致伸缩效应。结合这两种效果可以实现轻量

化，紧凑的局部热管理，这是由电热制冷所承诺的。尽管有一些数值模型和示意图，目

前的电热冰箱仍然依赖于外部附件来驱动工作体，因此导致设备级冷却功率密度和性能

系数（COP）较低。研究者报告了一种利用聚合铁电体提供的电热机械协同作用的电热

薄膜装置。在一次交流电刺激下，该装置由工作体自身进行热循环和机械循环，形成无

外部驱动、自循环的软冰箱。该原型提供了直接测量的冷却功率密度为 6.5 W g-1，在零

温度范围下的峰值 COP超过 58。该器件仅为 30微米厚的聚合物薄膜，在开放环境中，

在 4K的温度范围内实现了接近 24的 COP（32%的热力学效率）。与被动冷却相比，薄

膜冰箱可以立即对电子芯片产生 17.5 K的额外温度下降。柔软的聚合物冰箱可以感知、

驱动和泵送热量，以提供自动的局部热管理。
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Abstract ： Wireless modules that provide telecommunications and power-harvesting
capabilities enabled by radio-frequency (RF) electronics are vital components of
skin-interfaced stretchable electronics. However, recent studies on stretchable RF components
have demonstrated that substantial changes in electrical properties, such as a shift in the
antenna resonance frequency, occur even under relatively low elastic strains. Such changes
lead directly to greatly reduced wireless signal strength or power-transfer efficiency in
stretchable systems, particularly in physically dynamic environments such as the surface of
the skin. Here we present strain-invariant stretchable RF electronics capable of completely
maintaining the original RF properties under various elastic strains using a ‘dielectro-elastic’
material as the substrate. Dielectro-elastic materials have physically tunable dielectric
properties that effectively avert frequency shifts arising in interfacing RF electronics.
Compared with conventional stretchable substrate materials, our material has superior
electrical, mechanical and thermal properties that are suitable for high-performance
stretchable RF electronics. In this paper, we describe the materials, fabrication and design
strategies that serve as the foundation for enabling the strain-invariant behaviour of key RF
components based on experimental and computational studies. Finally, we present a set of
skin-interfaced wireless healthcare monitors based on strain-invariant stretchable RF
electronics with a wireless operational distance of up to 30?m under strain.
摘要翻译：无线模块通过射频（RF）电子器件提供通信和能量收集功能，是皮肤界面可

拉伸电子器件的重要组成部分。然而，最近对可拉伸射频元件的研究表明，即使在相对

较低的弹性应变下，电性能也会发生实质性变化，例如天线谐振频率的移位。这种变化

直接导致可拉伸系统中的无线信号强度或功率传输效率大大降低，特别是在诸如皮肤表

面的物理动态环境中。研究者提出了应变不变的可拉伸射频电子元件，能够在各种弹性

应变下完全保持原始射频特性，使用“介电弹性”材料作为衬底。介电弹性材料具有物理

可调谐的介电特性，可有效地避免射频电子接口中产生的频移。与传统的可拉伸基板材

料相比，这种材料具有优越的电气、机械和热性能，适用于高性能可拉伸射频电子设备。

研究者描述了材料、制造和设计策略，这些策略是基于实验和计算研究实现关键射频元

件应变不变行为的基础。最后，作者提出了一套基于应变不变可拉伸射频电子器件的皮

肤接口无线医疗监视器，其在应变下的无线操作距离可达 30米。
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