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Tech News & New Tech（技术前沿）
Novel superconducting undulator provides first X-ray light at ANKA

Synchrotron radiation facilities provide insights into the world of very small structures like microbes, viruses or nanomaterials and rely on dedicated magnet technology, which is optimized to produce highest intensity beams. The ANKA synchrotron radiation facility at KIT and Babcock Noell GmbH now took a technological leap forward: They have successfully developed, installed, and tested a novel full-length superconducting undulator, for the first time providing higher peak magnetic fields for the production of x-rays than traditional permanent-magnet undulators currently in use in facilities around the world.

Synchrotron radiation is one of the most intense sources of x-rays and infrared radiation, and is a powerful tool for research in both industry and academia. It provides unique insights into the world of biology, medicine, chemistry and physics, and equips industrial researchers with non-destructive means of analysing materials or components of future devices and machines.

The ANKA synchrotron radiation facility at the Karlsruhe Institute of Technology (KIT) and its industrial partner Babcock Noell GmbH (BNG) have successfully developed, installed, and tested a novel superconducting undulator in the ANKA storage ring during the 2014/2015 winter shutdown.

The new full-length, high-performance superconducting undulator, named “SCU15,” is a 1.5 meter long device that forces electrons on an undulating path, using a periodic magnetic field with 100 periods of 15 millimeters each. "The installation and reliable operation of the SCU15 is a major milestone in a long-term research and development program devoted to next-generation insertion devices, and it is a significant breakthrough in superconducting insertion device design," states Dr. Sara Casalbuoni, head of the insertion device research group at ANKA. Cristian Boffo, head of the development department in magnet technologies at BNG, adds: "Novel technological approaches implemented in the design of SCU15 have led to a successful completion of the first milestone in our KIT-BNG collaboration, making the SCU15 a world-wide unique device." The joint development was supported through funding by the Helmholtz Association, enabling ANKA to conduct a multi-year research and development program in the area of superconducting insertion devices.

An undulator is an array of dipole magnets with alternating magnetic field direction, which forces the beam of high-energy electrons onto an "undulating" path, leading to the emission of intense and highly collimated electromagnetic radiation. In contrast to common undulators that use permanent magnets, SCU15 uses superconducting electromagnets, relying on the ability of some materials at very low temperatures to conduct extremely high electrical currents with zero resistance. The high currents allow creating high magnetic fields inside the device. Thanks to high-precision components, SCU15 fulfills stringent demands on the accuracy of the magnetic field. This makes SCU15 the first full-length superconducting device to reach higher peak magnetic fields than comparable cryogenic permanent magnet undulators.

The development of superconducting undulators started in Karlsruhe in the early 1990s and KIT holds several patents applicable to superconducting undulator technology (e.g., H. O. Moser, B. Krevet, and H. Holzapfel (1991), Patent DE 4101094 C1). As early as 2005, a first superconducting undulator demonstrator with 14 mm period length and 100 periods (developed in collaboration with Accel GmbH) was installed and operated in the ANKA storage ring. Valuable lessons were learned from this demonstrator device. In particular, it was observed that the heat load generated by the electron beam resulted in a limited peak magnetic field, smaller than the one reachable by permanent magnet undulators. Thanks to the lessons learned by ANKA and the extensive experience of BNG in designing and fabricating conduction cooled systems e.g. a solenoid system operating successfully at the Spallation Neutron Source (SNS) at the U.S. Oak Ridge National Lab, a new design was implemented in SCU15 to overcome this barrier.

As Prof. Anke-Susanne Müller, one of the three directors of ANKA and head of the accelerator research activities at KIT, points out: "With future devices on the drawing board, the encouraging results obtained with the SCU15 at ANKA paint a bright picture for the future implementation of SCU devices in current synchrotron radiation facilities and the next generation of low-emittance light sources."

SOURCE: Karlsruhe Institute of Technology
新型超导波荡器提供首个X光  

同步辐射设施提供了洞察微生物、病毒或纳米材料等很小的结构的世界的方法，依靠的是专用磁铁技术，优化了的技术可产生最高强度的光束。在KIT和巴布科克诺尔公司的ANKA同步辐射装置，现在促进了技术进步：他们已经成功开发、安装并测试了一个新型的全长超导波荡器，第一次为x光生产提供了比目前在世界各地设施中使用的传统磁铁波荡器更高的峰值磁场。

同步辐射是x射线和红外线辐射最强烈的来源之一，是工业和学术界研究的有力工具。它为生物学、医学、化学和物理世界提供了独特的见解，并给工业研究人员提供了无损检测手段，用于分析材料或未来设备与机器的部件。

在2014/2015冬季结束期间，卡尔斯鲁厄技术研究（KIT）和其工业伙伴巴布科克诺尔公司（BNG）的ANKA同步辐射装置已经成功在ANKA储存环内开发、安装并测试了一种新型超导波荡器。

这种新型的全长高性能超导波荡器名为“SCU15”，是一个1.5米长的设备，会迫使电子在波动的轨道上，使用的是一个周期的磁场，每个磁场100期，每期15毫米。“SCU15的安装和可靠运行是致力于下一代插入设备的长期研究和发展方案的一个主要里程碑，是超导插入装置设计中的一个重大突破。”ANKA插入装置研究小组的负责人Sara Casalbuoni博士说。BNG磁铁技术开发部的领导克里斯蒂安•博福补充说：“在SCU15的设计中实施的新技术方法已经成功地实现了KIT-BNG协作中的第一个里程碑，使SCU15成为全世界唯一的设备。”德国亥姆霍兹联合会为共同发展提供了资金支持，使ANKA可在超导插入设备领域进行多年研究和发展方案。

波荡器是有交变磁场方向的大量物理磁电，可使高能电子束保持在“波动的”轨道上，导致强烈的辐射和高度平行电磁辐射。相比于使用永久磁铁的普通波荡器，SCU15使用的是超导电磁铁，依托在极低温度下一些材料的能力无阻力处理极高的电流。高电流允许在装置内创建高磁场。多亏了高精度的元件，SCU15符合磁场准确性的严格要求。这使得SCU15成为第一个全长超导设备，达到比同类低温永磁波荡器更高的磁场峰值。 

超导波荡器的发展始于二十世纪九十年代代初期的卡尔斯鲁厄，KIT拥有几个适用于超导波荡器技术的专利【如H. O. Moser 、B. Krevet和H. Holzapfel （1991）、专利DE 4101094 C1】。早在2005年，有着14毫米周期长度和100期（与Accel GmbH合作开发）的第一个超导波荡器示教器在ANKA储存环中安装并运转。人们在这个演示设备中学到了宝贵的教训。特别是，观察到了产生于电子束的热负荷导致了有限磁场峰值，要小于永磁波荡器可以达到的峰值。由于ANKA学到的教训以及BNG在设计和制造传导冷却系统的广泛经验，如在美国橡树岭国家实验室电磁系统散裂中子源（SNS）中成功运行的电磁系统，SCU15执行了一项新的设计来克服这一障碍。

ANKA的三个董事之一、KIT加速器研究活动的领导Anke-Susanne Müller教授指出：“有了绘图板上的未来设备，在ANKA与SCU15一起获得的令人鼓舞的结果，为当前同步辐射设施的SCU设备的未来执行以及下一代低辐射光源描绘了一个光明的前景。” 

来源：卡尔斯鲁厄技术研究所

Desirable defects: A new meta-material based on colloids and liquid crystals
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A simulation of colloids in liquid crystals

"Generally, flaws are the last thing you'd want in a liquid crystal," explains Giuseppe D'Adamo, postdoctoral fellow at SISSA. "However, this new method allows us to exploit the defects in the material to our advantage." D'Adamo is first author of a paper just published in Physical Review Letters. The study made computer models of colloidal suspensions in liquid crystals subjected to electrical fields modulated over time. Colloids are particles in suspension (i.e., a condition halfway between dispersion and solution) in a liquid.

These composite materials have been receiving plenty of attention for their optical properties for some time now, but the use of electrical fields to modify them at will is an absolute novelty. "Our simulations demonstrate that by switching on or off an electrical field of appropriate intensity we can re-order the colloids by arranging them into columns or planes," comments Cristian Micheletti of SISSA, co-author of the paper. "This easy-to-control plasticity could make the material suitable for optical-electronic devices such as e-readers, for example."

Liquid crystals are particular types of liquids. In a normal liquid, molecules have no systematic arrangement and, viewed from any angle, they always appear the same. The molecules forming liquid crystals, by contrast, are arranged in precise patterns often dictated by their shape. To get an idea of what happens in a liquid crystal, imagine a fluid made up of tiny needles which, instead of being arranged chaotically, all point in the same direction. This also means that if we look at the liquid from different viewpoints it will change in appearance, for example it might appear lighter or darker (have you ever seen this happen in LCD monitors, especially the older models?).

"The useful natural tendency of liquid crystal molecules to spontaneously arrange themselves in a certain pattern can be counteracted by introducing colloids in the fluid. In our case, we used microscopic spherical particles, which 'force' the molecules coming into contact with their surface to adapt and rotate in a different direction" explains D'Adamo. "This creates 'defect lines' in the material, i.e., circumscribed variations in the orientation of molecules which result in a local change in the optical properties of the medium".

These defect lines have an important effect: they enable remote interactions among colloidal particles, by holding them together as if they were thin strings. "Liquid crystal molecules tend to align along the electrical field. By switching the field on and off we create competition between the spontaneous order of the liquid crystal, the order dictated by the surface of the colloidal particles and, finally, the order created by the electrical potential," says Micheletti. "This competition produces many defect lines that act on the colloids by moving them or clustering them".

"It's a bit like pulling the invisible strings of a puppet: by carefully modulating the electrical fields we can, in principle, make all the particles move and arrange them as we like, by creating defect lines with the shape we want" continues D'Adamo. "An important detail is that the colloidal configurations are metastable, which means that once the electrical field has been switched off the colloids remain in their last position for a very long time."

In brief, this implies that the system only requires energy when it changes configuration, a major saving. "In this respect, the method works like the electronic ink used in digital readers, and it would be interesting to explore its applicability in this sense," concludes Micheletti. The study, carried out with the collaboration of SISSA, the University of Edinburgh and the University of Padova, has been included as an Editors' Suggestion among the Highlights of the journal Physical Review Letters.

SOURCE: International School of Advanced Studies (SISSA)
理想缺陷：基于胶体和液晶材料的新型超材料 
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对液晶材料中胶体的模拟

“一般来说，缺陷是我们最不希望在液晶材料中看到的。” SISSA的博士后研究员Giuseppe D'Adamo解释说，“然而，这种新方法使我们能够使材料中的缺陷对我们有利。” D'Adamo是刚刚发表在《物理评论快报》（Physical Review Letters）的一篇论文的第一作者。该研究制作了计算机模型，模拟了随着时间的推移受到电场调制的液晶材料中的胶态悬浮液。胶体是悬浮液（即介于分散液和溶液的状态）中的颗粒。 

一段时间以来，这些复合材料的光学性质受到很多关注，但是使用电场随意修改其特性绝对是史无前例。“我们的仿真结果表明，通过打开或关闭适当强度的电场，我们可以将它们安排在纵列或平面中，重新排序胶体。”文章的合著者、SISSA的克里斯蒂安•麦克莱蒂评论说，“例如，这种容易控制的可塑性可以使材料适合电子阅读器等光电子器件。”

液晶材料是特定形式的液体。在正常的液体中，分子为无规则排列，且从任何角度观察，它们似乎总是相同的。相比之下，微粒形成液晶，被安排在通常由它们的形状规定的精确的模式中。要了解在液晶材料中发生了什么，可以想象一个由微小的针组成的流体，指向同一个方向，而不是被混乱地安排。这也意味着，如果我们从不同的角度看液体，其外观将会改变，例如，它可能会出现浅色或深色（你以前有没有在液晶显示器中见类似的现象发生，特别是旧型号的？）

“液晶分子在某种模式中自行排列这种有用的自然趋势，可以通过将胶体引入液体中来抵消。在我们的研究试验中，我们使用了微小的球形颗粒，‘强制’分子接触其表面以适应并轮换不同方向。” D'Adamo解释说，“从而产生材料中的‘缺陷线路’，即分子取向的限定变化，导致介质的光学性质发生局部变化。”

这些缺陷线有着重要的影响：通过将它们像纤细的琴弦一样连在一起，可使胶体颗粒之间的远程交互成为可能。“液晶分子趋向于沿电场对齐。通过开启和关闭该电场，我们可以创建液晶自发秩序之间的竞争，序列由胶体粒子表面决定，最后，电势创建出序列。”麦克莱蒂说，“这场竞争产生了许多会移动或聚类在胶体的缺陷线。”

“这有点像拉扯木偶上身上无数条无形的线：原则上，我们可以通过仔细调制电场，让所有粒子移动，并通过创造我们想要的形状的缺陷线来如我们所愿地安排它们。” D'Adamo继续说，“一个重要的细节是，胶体配置是亚稳态的，这意味着，一旦电场关闭，胶体在很长一段时间内都会留在最后一个位置上。”

简而言之，这意味着，当系统改变配置时，它需要的只是能量，这是主要的节省。“在这方面，该方法就像数字读者使用的电子墨水那样工作，而在探讨其在方面的适用性也将是很有趣的。”麦克莱蒂总结说。这项研究在SISSA、爱丁堡大学和帕多瓦大学的协作下进行，已作为编辑建议被列为《物理评论快报》（Physical Review Letters）杂志的亮点。

来源：国际高级研究学院(SISSA)

A new spin on plasmonics
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Magnetic nanoparticles arranged in arrays put a twist on light: depending on the distance between the nanoparticles, one frequency of light (visible to the human eye by its colour) resonates in one direction; in the other direction, light (induced by quantum effects in the magnetic material) is enhanced at a different wavelength.
Researchers experimentally demonstrated that patterning of magnetic materials into arrays of nanoscale dots can lead to a very strong and highly controllable modification of the polarization of light when the beam reflects from the array. This discovery could increase the sensitivity of optical components for telecommunication and biosensing applications. The result was just published in Nature Communications.

The coupling between light and magnetization in ferromagnetic materials arises from quantum mechanical interactions. These interactions result in magneto-optical effects that modify the properties, such as the polarization axis or intensity of the light. Interactions between light and matter are enhanced at the nanoscale. This is a key motivation in the field of plasmonics, which studies light interacting with metal nanostructures.

A nano-sized, metallic nanoparticle behaves very much like an antenna for visible wavelengths; such antennas are familiar to us in numerous everyday devices that operate on much longer radio- and micro-waves. The researchers took advantage of a phenomenon known as surface lattice resonances in which all the nanoparticles, the little antennas, radiate in unison in an array. The key to this is to assemble the magnetic nanoantennas on a length scale that matches the wavelength of the incoming light.

In periodic arrays, nanoparticles interact strongly with each other, giving rise to collective oscillations. Such behavior has been previously reported in noble metal nanoparticles and researched extensively at Aalto Univ. in the Quantum Dynamics (QD) research group.

Now, a collaborative effort between QD and the Nanomagnetism and Spintronics (NanoSpin) Group shows that such collective oscillations can also be observed in magnetic materials. The surface lattice resonances enhance the light polarization change in ferromagnetic materials, the so-called magneto-optical Kerr effect.

"A key finding of our research was that the frequency, that is the color of light, for which this happens can be made different from the frequency where the purely optical effect is strongest. The separation of magneto-optical and optical signals was achieved by choosing a different distance between the nanoparticles in the two directions of the array," explains Prof. Päivi Törmä.

Using magnetic materials was not an obvious choice. So far, optical activity in ferromagnetic materials has been limited by their high resistance, which makes it impossible to observe the impressive plasmon resonances seen in noble metals.

"However, by ordering the nanoparticles in arrays and taking advantage of collective resonances, this problem was mitigated. Or result opens an important new direction in the research field that focuses on the coupling of light and magnetization at the nanoscale," says Prof. Sebastiaan van Dijken.

The benefits of collaboration between research groups—those working in different fields—was essential for the success of the project. The authors stress that this kind of project would not have been possible to achieve without extensive knowledge in both optics and magnetism at the nanoscale. Their innovative work has created the groundwork for further explorations and has the potential to advance applications beyond fundamental physics. The joint team used the nanofabrication facilities in the Micronova cleanroom as well as the electron microscopy tools available in the Nanomicroscopy Center.

Source: Aalto Univ.
新型电浆子光学旋转
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排列成阵列的磁性纳米粒子使光产生了扭曲： 根据纳米粒子之间的距离，一种光频（其颜色肉眼可见）在一个方向共振；在另一个方向，一种不同的波长使光 （在磁性材料中被量子效应引诱）得到增强。

研究人员实验证明，当光线从阵列中反射出来时，纳米点阵列中的磁性材料图案可以导致光偏振发生很强、的高度可控性修改。这一发现可使为电信和生物传感应用的光学元件的灵敏度得以提高。研究结果刚刚刊载于《自然通讯》杂志。 

光与磁化在铁磁材料中的耦合，源自量子交互作用。这些交互作用导致会修改属性的磁光效应，例如偏振轴或光的强度。光与物质之间的相互作用在纳米尺度上得到加强。这是电浆子光学领域的关键动力，该领域研究的是金属纳米结构与光之间的相互作用。 

对于可见光长来说，纳米级金属纳米粒子表现得很像天线；这种天线就是我们所熟悉的在更长的无线电和微波上操作的众多日常设备中使用的。研究人员利用了一种被称为表面晶格共振的现象，在其中，所有的纳米颗粒、小天线在一个阵列中一致辐射。其关键在于，在与传入光的波长长度匹配的尺度上聚集磁纳米天线。   

在周期阵列中，纳米粒子互相强烈作用，引起集体振荡。这种行为先前在贵金属纳米粒子中已经被报道过，并已由阿尔托大学量子动力学 （QD） 研究组进行了广泛的研究。 

现在，QD和纳米磁学与自旋电子学 （NanoSpin）小组之间的协作努力显示，在磁性材料中也可以观察到这种集体的振荡。表面晶格共振增强了铁磁材料中光的偏振变化，也就是所谓的磁光克尔效应。 

“我们的研究中一个重要发现是，该现象发生的频率（即光的颜色）可以与纯粹光学作用最强的地方的频率不同。磁光和光信号的分离，可以通过选择在该阵列中两个方向纳米颗粒间的不同距离来实现。"Päivi Törmä解释说。 

使用磁性材料不是一个显而易见的选择。到目前为止，铁磁材料中的光学活性一直受其高电阻的限制，使我们无法在其中观察到可在贵金属中看到的令人印象深刻的等离子体激元共振现象。 

然而，通过排序阵列中的纳米颗粒，并利用集体的共振，可以缓解这一问题。这一结果在研究领域打开了一个重要的新方向，把重点是放在纳米尺度上磁化与光耦合。"Sebastiaan van Dijken 教授说。 

不同研究领域的研究组之间进行合作的好处，是项目成功的基础。作者强调，没有关于纳米尺度下光学和磁学的广泛知识，此类项目是不能达到目的的。他们的创新工作创造了进一步探索的基础，并有潜力推进基本物理学以外的应用程序。联合小组使用了Micronova 洁净室的纳米制造设施，以及早在纳米显微中心可用的电镜观察工具。 

来源：阿尔托大学
Metal Alloy（金属合金）
Generating eco-friendly power with metal rotor blades

Wind turbines deliver environmentally friendly electricity. Yet the fiber-reinforced plastics often used in very large rotor blades are almost impossible to recycle. Not so with steel blades: since these are composed of steel, their recyclability exceeds 90 percent. Plus they cost significantly less than comparable plastic blades.

Wind turbines feed eco-friendly power into the grid. To keep their weight down, the majority of larger rotor blades are made from fiber-reinforced plastics. These materials are rarely recycled at present, in part because it is very complicated to do so. Researchers at the Fraunhofer Institute for Machine Tools and Forming Technology IWU in Chemnitz are therefore focusing on metal, and especially steel, as a blade material. In smaller installations, the greater weight of the steel blades is inconsequential; as installations get larger, light alloys can be used to keep blade weight down. Collaborating with colleagues from the Free University Brussels (VUB) in the HyBlade project, Fraunhofer IWU is developing the required aerodynamics as well as the necessary manufacturing process chains. Manufacturing steel blades offers numerous advantages. "First, it makes turbines significantly more ecological, since more than 90 percent of the steel can be recycled – so using metal rotor blades makes wind power truly environmentally friendly," explains Marco Pröhl, a researcher at the IWU. "What's more, compared to similar blades made of fiber-reinforced plastic, the cost of rotor blade mass production drops by as much as 90 percent – and the blades can be manufactured more accurately."

Metal blades can also be produced more quickly. Provided that processes are run in parallel – for instance, that a new metal sheet is fed into the production line as soon as the first blade has completed the first process step – then a completed rotor blade rolls off the conveyor belt roughly every 30 seconds. With fiber-reinforced plastics, the same process usually takes several hours.

Suitable for large-scale and automated manufacturing processes

The primary cause of these differences lies in the manufacturing process. Fiber-reinforced plastic blades often require significant manual processing: first, a suitable mold has to be made for the blades. Depending on the production variant, workers layer fiber mats in this mold, inject resin, and leave the component to harden for several hours in an oven. This produces two half shells; once their edges have been trimmed, the halves can be glued together. These steps can be performed simultaneously, as in sheet metal blade manufacturing – but that doesn't make them any quicker. It would take dozens of installations running in parallel to produce plastic blades at the same rate as metal ones. 

In contrast, it is easy to automate the manufacturing metal rotors: the processes are similar to those in the auto industry, which means they are suitable for series production. The researchers start with a flat sheet of metal, which they fold using a bending die to give it a typical blade shape. Next, they laser weld the edges to form a closed profile. After placing the preformed piece in a tool with the desired final shape, the researchers then pump a reusable water-oil mixture into the interior of the blade and put it under several thousand bars of pressure. This is equivalent to the pressure experienced underwater at a depth of many thousands of meters. This effectively inflates the blade, giving it its final form. "The fact that we're shaping the blade from the inside out lets us compensate for any inaccuracies in previous steps," explains Pröhl. "The geometry ends up perfect after the first production step, with the blades matching the flow profile milled into the tool to within 0.1 millimeters."

The researchers have already produced a blade 15 centimeters wide and 30 centimeters long, using it to optimize the individual processing steps. Their next step will be to produce an entire rotor for a vertical axis turbine with 2.8-meter-long blades and a diameter of two meters. Once it is installed at a test site for small wind turbines on the Belgian coast, it will be put through its paces.

Provided by Fraunhofer-Gesellschaft  

金属旋翼桨叶环保发电
风力涡轮机提供了环境友好型的电力。常用于非常大的旋翼桨叶的纤维增强塑料却几乎不可能回收。但钢刀片却不是这样： 因为这些都由铁组成，其可循环性超过 90%。此外，它们成本还大大低于同类塑料叶片。

风力涡轮机对电网进行生态友好型供电。为了减重，较大的转子叶片绝大多数是由纤维增强塑料制成。这些材料目前很少回收利用，部分原因是，这样做非常复杂。位于开姆尼斯的弗劳恩霍夫研究所机床及成型技术IWU方面的研究人员，因此专注研究于将金属，作为一种叶片材料，特别是钢。在较小的安装中，较重的钢刀片是无关紧要的；随着设施的扩大，可用轻合金减轻叶片重量。弗劳恩霍夫IWU与布鲁塞尔自由大学(VUB）的同事合作进行了HyBlade项目，发展了所需的空气动力学，以及必要的制造工艺链。制造钢叶片由许多优势。“首先，它使涡轮机的生态更加显著，因为90%以上的钢可以回收利用——所以，使用金属旋翼叶片使风力发电实现真正环保。”IWU的研究员Marco Pröhl解释说，“更重要的是，与纤维增强塑料制成的类似叶片相比，转子叶片大规模生产的成本下降了90%——可以更准确地制作叶片。”

此外，金属刀片的生产更快。假如可以并行加工――比如，第一个叶片一经完成加工过程第一步，新的金属板就被送入生产线，那么，一个完整的旋翼桨叶大约每隔30秒就能滚落传送带。使用纤维增强塑料，相同的过程通常需要几个小时。

适用于大型自动化制造工艺

这些差异的主要原因在于制造过程。纤维增强塑料叶片通常需要大量的手动处理：首先，必须为叶片制造一个合适的模具。根据生产变形，工人将分层纤维编制在这个模具中，注入树脂，并将该组件在烤箱里硬化好几个小时。这就产生了两个半壳；一旦它们的边缘得到修整，半片可以粘在一起。在金属片叶片制造中这些步骤可以同时执行——但是这并不会让它们更快。它将采取平行运行的很多设施以生产金属叶片的相同速度生产塑料叶片。

相反，它很容易金属转子的生产自动化：过程类似于汽车行业，这意味着它们适合批量生产。研究人员从一个平整的金属开始，使用一个弯曲模具将其折叠成一个典型的叶片形状。接下来，他们用激光焊缝边缘形成一个封闭的轮廓。在将预制块以所需的最终形状放在一个工具中，然后研究者们将可重用的油水混合物泵入叶片内部，并把它放在几千个压力之下。这相当于在成千上万米的水下深度的压力。这实际上让叶片膨胀，形成其最终形式。“事实上，我们正在从内到外塑造叶片，让我们弥补在前面的步骤中的任何错误。”Pröhl解释说，“生产的第一步后几何形状完美结束，有着匹配碾磨成0.1毫米内工具流型的叶片。”

研究人员已经生产出了宽 15 厘米、长30 厘米的叶片，可用它来优化个体加工步骤。他们下一步将为垂直涡轮机生产整个旋翼，有2.8 米长的叶片，直径为两米。一旦它安装在比利时海岸上为小型风力涡轮机建立的测试站点上，就算是完成了。

由Fraunhofer-Gesellschaft提供

Ames Laboratory scientists create new lower cost magnetic alloy 

Karl A Gschneidner and fellow scientists at the US Department of Energy’s Ames Laboratory, Iowa, USA, have created a new magnetic alloy that is an alternative to traditional rare-earth permanent magnets.

The new alloy, a potential replacement for high-performance permanent magnets found in automobile engines and wind turbines, eliminates the use of one of the scarcest and costliest rare earth elements, dysprosium, and instead uses cerium, the most abundant rare earth.

The result, an alloy of neodymium, iron and boron co-doped with cerium and cobalt, is a less expensive material with properties that are competitive with traditional sintered magnets containing dysprosium.
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Experiments performed at Ames Laboratory by post-doctoral researcher Arjun Pathak and Mahmud Khan (now at Miami University) demonstrated that the cerium-containing alloy’s intrinsic coercivity - the ability of a magnetic material to resist demagnetisation - far exceeds that of dysprosium-containing magnets at high temperatures. The materials are at least 20 to 40% cheaper than the dysprosium-containing magnets.

“This is quite exciting result. We found that this material works better than anything out there at temperatures above 150° C,” stated Gschneidner. “It’s an important consideration for high-temperature applications.”

Previous attempts to use cerium in rare-earth magnets failed because it reduces the Curie temperature, the temperature above which an alloy loses its permanent magnet properties. The research team discovered, however, that co-doping with cobalt allowed them to substitute cerium for dysprosium without losing desired magnetic properties.

Finding a comparable substitute material is key to reducing manufacturing reliance on dysprosium as the current demand for it far outpaces mining and recycling sources for it.

The paper, “Cerium: An Unlikely Replacement of Dysprosium in High Performance Nd-Fe-B Permanent Magnets” was published in Advanced Materials, and co-authored by Arjun K. Pathak, Mahmud Khan, Karl. A. Gschneidner, Ralph W. McCallum, Lin Zhou, Kewei Sun, Kevin W. Dennis, Matthew J. Kramer and Vitalij Pecharsky of the Ames Laboratory; Chen Zhou of MEDA Engineering and Technical Services LLC; and Frederik E. Pinkerton of General Motors R&D Center.

The research was supported by the US Department of Energy’s ARPA-E REACT program (Advanced Research Projects Agency-Energy–Rare Earth Alternatives in Critical Technologies) which develops cost-effective alternatives to rare earths, the naturally occurring minerals with unique magnetic properties that are used in electric vehicle (EV) motors and wind generators. The REACT projects identify low-cost and abundant replacement materials for rare earths while encouraging existing technologies to use them more efficiently.
埃姆斯实验室科学家发明一种成本较低的新型磁性合金

Karl A Gschneidner等人是位于美国爱荷华州的能源部埃姆斯实验室的科学家，他们发明了一种新型的磁性合金，可以代替传统的稀土永磁体。

这种新型合金是在汽车发电机与风力机中发现的，可以替代高性能的永磁体。它的运用可以减少稀有昂贵的稀土资源镝的消耗，转而使用丰富的稀土资源-铈元素。

 钕，铁，硼与铈和钴掺杂一起造出的合金，其价格较低，性能也可以与含有镝的传统烧结磁铁相媲美。
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博士后研究人员Arjun Pathak 和Mahmud Khan（现就职于迈阿密大学）在埃姆斯实验室进行了一系列实验。该实验证明，含铈合金固有的矫顽磁性----一种磁性材料的抗消磁性能力——远比含镝高温磁体的强得多。该种材料至少要比含镝磁体的价格便宜20%到40%。

Gschneidner说：“该结果实在是太令人兴奋了。我们发现，这种材料在150° C温度的情况下，比其他各种材料的的性能都好。可以考虑将其运用到高温环境情况下。”

之前很多次都尝试把铈用到稀土磁体中，但都失败了，因为它降低了居里点。居里点是指，在温度高于居里温度时，合金就失去其永久磁体的性能。然而，研究团队还发现，掺杂钴元素后，他们就能用铈代替镝，同时也不会失去需要的磁性。

若想减少对镝的依赖性，关键在于找到一种可替代的材料。因为目前对于镝的需求量远远大于开采和循环使用该元素的速度。

《高级材料》刊登了一篇名为 “铈：无法代替在高性能的钕铁硼永磁体中的镝”(Cerium: An Unlikely Replacement of Dysprosium in High Performance Nd-Fe-B Permanent Magnets)的文章。其作者包括：埃姆斯实验室的人员Arjun K. Pathak, Mahmud Khan, Karl. A. Gschneidner, Ralph W. McCallum, Lin Zhou, Kewei Sun, Kevin W. Dennis, Matthew J. Kramer and Vitalij Pecharsky；MEDA Engineering and Technical Services LLC的Chen Zhou；通用汽车研发中心的人员Frederik E. Pinkerton.

该研究是由美国能源部门的高等研究计划局-能源-关键技术中稀土替代品项目支持的。该高等研究计划局主要发展成本效益好的稀土资源替代品，即用于电动车和风力发电机的具独特磁性的天然矿物质。该关键技术中稀土替代品项目主要发展能够替代稀土资源的，成本低又丰富的资源，同时还要推动现有技术进步，从而更高效地利用资源。
Composite Materials（复合材料）
Zoltek to increase carbon fiber capacity in Mexico

Beginning in April 2016, Zoltek (St. Louis, MI, US) will double production capacity at its Zoltek de Mexico facility (Guadalajara, Jalisco, MX) to 5,000 tons per year.
In anticipation of a tremendous increase in demand for large tow carbon fiber, Zoltek has a plan to double its current global production by 2020 from the current capacity of 13,000 tons per year. To support this growth, Zoltek will begin phased enhancements to the Mexican plant.
Zoltek acquired a textile acrylic fiber plant in Mexico in 2007 and had made an investment to convert the plant to carbon fiber production. Zoltek de Mexico is a critical facility for Zoltek’s carbon fiber operations. The facility has the existing infrastructure needed for expansion and will prove vital for fulfilling the demand of carbon fiber, including future supply to the growing Mexican automobile industry, the company stated.
Currently, Zoltek is producing its large tow carbon fiber at its plants in both Hungary and Mexico. This fiber is ideal for large scale commercial applications such as those in the growing wind energy and automotive industries.
Zoltek reported on March 10 that Hungary’s Minister of Foreign Affairs and Trade, Péter Szijjártó, and Zoltek CEO Mark Kawamura, have signed a formal strategic cooperation agreement. The agreement outlines a plan to expand production capacity and employment by an unspecified amount at Zoltek’s carbon fiber production plant in Nyergesújfalu in northern Hungary.
美国卓尔泰克公司计划增加在墨西哥的碳纤维产能

美国卓尔泰克公司（在美国密苏里州圣・路易斯）计划自2016年4月起，将会增加卓尔泰克墨西哥工厂（在墨西哥哈利斯科，瓜达拉哈拉）的产量，每年产量可达5000吨。
预料大丝束碳纤维需求量的剧增，卓尔泰克公司计划到2020年前，将目前每年13000吨的全球碳纤维产量翻一倍。为实现此目标，该公司将开始分阶段提高墨西哥工厂的产量。

卓尔泰克公司于2007年收购了墨西哥的一家纺织丙烯酸纤维工厂，还投入大量资金改造此工厂，生产碳纤维产品。该公司称，对于卓尔泰克公司的碳纤维运营活动而言，卓尔泰克墨西哥工厂至关重要。该工厂拥有增产所必需的现有设备，对满足碳纤维需求量，包括对不断发展的汽车产业的未来供给，都非常重要。

目前，卓尔泰克公司在匈牙利和墨西哥开设的工厂里都在生产大丝束碳纤维。这种纤维是大规模商业应用的理想材料，如正在不断发展的风能和汽车产业。

3月10日，卓尔泰克公司报道，匈牙利外交与贸易部长彼得•西亚托先生与卓尔泰克的执行总裁Mark Kawamura已经签署了战略性的合作协议。该协议计划，在匈牙利北部涅尔盖什新村的碳纤维工厂，扩大碳纤维的产量和就业，但具体数据还不确定。

Wood-polymer composite furniture with low flammability 
Wood is a popular material in interior design, but its water absorbency limits its use in bathrooms, where natural wood easily becomes discolored or moldy. Fraunhofer scientists and partners have developed a wood-polymer composite material for furniture that is resistant to humidity and has low flammability.

Resource-saving wood-polymer composites (WPCs) are the latest trend in materials for garden furniture and other outdoor applications, especially for terrace decking and also for weatherboarding and fencing panels. As part of the EU-sponsored LIMOWOOD project, researchers at the Fraunhofer Institute for Wood Research, Wilhelm-Klauditz-Institut WKI in Braunschweig are now collaborating with industrial partners in Belgium, Spain, France and Germany on the development of materials suitable for pressing into moisture-resistant WPC boards for indoor furniture manufacturing.

These boards are composed of around 60 percent wood particles and 40 percent thermoplastic material, generally polypropylene or polyethylene. Both wood and plastic components can be sourced from recycling streams. The wood component in WPC boards can be replaced by other lignocellulose products derived from the fibrous part of plants such as hemp or cotton, or the husks of rice grains and sunflower seeds. All of these materials are 100-percent recyclable. Moreover, the pressed WPC boards produced by the WKI researchers are formaldehyde-free. "The controversial question of formaldehyde emissions due to the binder used in conventional pressed wood products is therefore not an issue in this case," says WKI research scientist Dr. Arne Schirp.

Tests prove low flammability of WPC boards

By choosing appropriate additives, the researchers were able to enhance the fire-retardant properties of their WPC boards. They initially developed their formula on a laboratory scale, using commercially available, halogen-free fire retardants which were added to the wood-polymer mixture during the melt phase. The first step involved determining the limiting oxygen index of the item under test: this parameter defines the behavior of plastics or wood-filled plastic compounds when exposed to flames. It represents the minimum concentration of oxygen at which the material will continue to burn after catching fire. The higher this value, the lower the material's flammability. Schirp and his colleagues obtained the best results with a combination of fire retardants such as red phosphorus and expanded graphite. The limiting oxygen index of WPC boards treated in this way extends up to 38 percent, provided the wood particles they contained were also flame-proofed. By comparison, the limiting oxygen index of a standard wood particle board is 27 percent, and that of an untreated WPC board is 19 percent. Even in a single-flame source test, in which a Bunsen burner is held against the test sample, the treated WPC boards demonstrated a high fire resistance. Even after 300 seconds' exposure, the boards didn't catch fire. By contrast, the reference samples – of a standard wood particle board and an untreated WPC board – caught fire and continued to burn. 

Another particular feature of the new WPC material is that it absorbs very little water and is thus highly suitable for use in bathrooms and kitchens. Even after being immersed in boiling water for five hours, the material emerges intact, whereas conventional wood particle board was completely destroyed by this test. The only limiting factor on applications of WPC is its inability to support high static loads. But even here, it has been possible to increase its bending strength to a level that far exceeds that of conventional particle board by utilizing a judicious mix of component materials.

Wood-polymer composites can be produced in many ways. The most commonly used processes are injection molding and extrusion, in which the various components – wood fibers, thermoplastic materials, and additives – are melted under high pressure at a high temperature and formed in a continuous mold. Arne Schirp's team has placed its focus on press technology, because it is the best way to produce boards for use in furniture construction. "The resulting boards have the same visual appeal as all-wood products and can be glued or screwed together to produce attractive furniture. They're suitable for all decorative, non-loadbearing elements." But there are many other applications for wood-polymer composites, including exterior weatherboarding of buildings, the construction of trade-show booths, and interior fittings for houses and ships. Through their development work, the partners in the LIMOWOOD project aim to fill the gap between the high and low ends of the furniture market, which ranges between expensive and not necessarily ecologically sound materials and cheap products made of particle or fiber board, which at present are mainly produced using formaldehyde-based binders. The WKI researchers will be presenting prototypes of their flame-resistant WPC boards at the Interzum trade show in Cologne from May 5 to 8 (Boulevard, B077).
低可燃性木塑复合材料家具

木材是室内设计常用材料，但其吸水性能限制了其在浴室的使用，因为天然的木材很容易褪色或发霉。弗劳恩霍夫科学家及合作伙伴开发出一种木材复合材料能使制造的家具具有防水性且不易燃。

资源节约型木塑复合材料(WPCs)是花园家具和其他户外应用材料，特别是阳台装饰、护墙板和围墙板，发展的最新趋势。作为欧盟资助的LIMOWOOD项目一部分，布伦瑞克Wilhelm-Klauditz学院弗劳恩霍夫研究所木材研究的研究人员与比利时、西班牙、法国和德国的工业合作伙伴正在研发适合压进防潮的木塑复合板制造室内家具的材料。

这些木板是由60%左右的小木块和40%的热塑性材料，通常称为聚丙烯或聚乙烯，组合而成。木头和塑料成分都来源于废气可再利用物品。木塑复合板中的木材成分可以被其它来源于植物如麻或棉花或稻壳谷物和葵花籽纤维部分的木质纤维素产品所替代。所有这些材料都是100%可回收利用。此外，WKI研究员研制的这种压制木塑复合板不含甲醛。“因此用于传统压木材产品中的粘结剂甲醛排放问题也就不存在了 ” WKI研究科学家Arne Schirp博士说道。

测试证明木塑复合板低易燃性

通过选择适当的添加剂，研究人员能够提高此木塑复合板材料的阻燃性能。他们最初试验是在实验室范围内，使用商用、无卤阻燃剂在融化阶段添加到木材和聚合物混合物。第一步是确定测试项的极限氧指数:这个参数决定了塑料或木浆塑料化合物暴露在火焰中的反应。它代表了材料着火后将继续燃烧的最低氧气浓度。这个值越高,，材料的可燃性约低。Schirp和他的同事们将阻燃剂如赤磷和膨胀石墨结合后得到了不错的试验效果。假设所有小木块都有防火性，以这种方式处理的木塑复合板的极限氧指数提高了38%。相比之下，普通小木板的极限氧指数是27%，而未经处理的木塑复合板为19%。即使是本生灯作为测试样本的单一火源测试，处理过的木塑复合板展示了极高的耐火性。即使暴露300秒之后，该复合板也没有着火。相比之下，标准的参考样本，木材刨花板和未经处理的木塑复合板会着火燃烧。

这种新型木塑复合材料的另一个特性是，它吸收很少的水，因此非常适合在浴室和厨房使用。甚至在沸水中浸泡5个小时，该材料也完好无损，但传统的木材刨花板就完全毁坏了。该材料应用上的唯一限制因素是无法支持高静载荷。但即使这样，巧妙混合组成的材料弯曲强度也远远超过传统的刨花板。

木塑复合材料制造方式很多。最常用的流程是注塑和挤压。将各成分，木纤维、热塑性材料和添加剂——在高温和高压下融化形成一个连续模具。 Arne Schirp的团队已经把重点放在挤压技术，因为这是生产用于家具建设木板最好的方法。“结果制成的木板和全木浆产品有相同的视觉吸引力，可以粘合或用螺丝拧紧而产生有吸引力的家具。它们适合所有装饰性、非承重元素。”但木塑复合材料有许多其他方面的应用，包括建筑外观护墙板、平面建筑和房屋船只内部装修。通过此次研发工作，参与LIMOWOOD项目的合作伙伴旨在填补高低端家具市场之间的缺口。高端家具市场为价格昂贵、不一定生态环保的材料；低端家具为廉价的小木板或纤维板，通常用甲醛粘合剂制成。WKI研究者将于5月5日到8日在科隆室内装饰贸易展展示此耐火性木塑复合木板(大马路，B077)。 
A new way to manufacture nanofibers

Researchers at the Univ. of Georgia have developed an inexpensive way to manufacture extraordinarily thin polymer strings commonly known as nanofibers. These polymers can be made from natural materials like proteins or from human-made substances to make plastic, rubber or fiber, including biodegradable materials.

The new method, dubbed "magnetospinning" by the researchers, provides a very simple, scalable and safe means for producing very large quantities of nanofibers that can be embedded with a multitude of materials, including live cells and drugs.

Many thousands of times thinner than the average human hair, nanofibers are used by medical researchers to create advanced wound dressings—and for tissue regeneration, drug testing, stem cell therapies and the delivery of drugs directly to the site of infection. They are also used in other industries to manufacture fuel cells, batteries, filters and light-emitting screens.

"The process we have developed makes it possible for almost anyone to manufacture high-quality nanofibers without the need for expensive equipment," said Sergiy Minko, study co-author and the Georgia Power Professor of Polymers, Fibers and Textiles in UGA's College of Family and Consumer Sciences. "This not only reduces costs, but it also makes it possible for more businesses and researchers to experiment with nanofibers without worrying too much about their budget."

Currently, the most common nanofiber manufacturing technique—electrospinning—uses high-voltage electricity and specially designed equipment to produce the polymer strings. Equipment operators must have extensive training to use the equipment safely.

"In contrast to other nanofiber spinning devices, most of the equipment used in our device is very simple," Minko said. "Essentially, all you need is a magnet, a syringe and a small motor."

At laboratory scale, a very simple handcrafted setup is capable of producing spools containing hundreds of yards of nanofibers in a matter of seconds. Polymer that has been melted or liquefied in a solution is mixed with biocompatible iron oxide or another magnetic material and placed inside a hypodermic needle. This needle is then positioned near a magnet that is fixed atop a spinning circular platter. As the magnet passes by the tip of the needle, a droplet of the polymer fluid stretches out and attaches to the magnet, forming a nanofiber string that winds around the platter as it continues to spin.

The device can spin at more than 1,000 revolutions per minute, enough time to create more than 50 km—or about 31 miles—of ultra-thin nanofiber.

It's a relatively simple process, but it produces a very high-quality product, said Alexander Tokarev, paper co-author and postdoctoral research associate in Minko's lab.

"The product we can make is just as thin and just as strong as nanofibers created through other methods," he said. "Plus, users don't have to worry about the safety issues of using high voltages or the complexity of other machines."

The researchers can use this method to create a variety of nanofibers simply by changing the polymer placed in the syringe. They can, for example, create specially designed nanofibers that will promote the growth of stem cells. Fibers like these are currently used to create scaffolding for lab-grown tissues and organs.

Nanofibers can also be loaded with proteins, nanotubes, fluorescent materials and therapeutic agents.

"We can use almost any kind of polymer with this platform, and we can tailor make the nanofibers for different applications," Minko said. "It's like cooking. We just change the ingredients a bit, and the kind of fiber we get is very different."

Source: Univ. of Georgia
生产纳米纤维的新方法

乔治亚大学的研究人员已发现一种新的廉价的方式来制造超薄聚合物纤维，即纳米纤维。蛋白类等天然材料或者人工制造的物质材料都能制造出该种聚合物。这种聚合物用来生产塑料，橡胶或者纤维，包括生物分解材料。

这种新方法被研究人员称为“磁旋转”。该方法简便，灵活，安全，可大量生产嵌入活细胞和药物等众多物质的纳米纤维。

纳米纤维比人类头发要细千万倍。医学人员将其用于先进创伤敷料的制造，组织再生，药物检测，干细胞疗法以及药物到感染处的直接运输等方面。纳米纤维还用于其他领域，比如生产燃料电池，电池，滤器以及发光屏。

研究人员Sergiy Minko是乔治亚大学家庭与消费科学学院聚合物，纤维与纺织类专业的教授。他表示，“该过程无需昂贵的设备，几乎任何人都有可能生产出高质量的纳米纤维。这不仅降低了生产成本，还利于公司和研究人员在进行纳米纤维实验的同时无需担心预算成本。”

目前，最普遍的纳米纤维制造技术即电纺丝法，利用高压电和专门设计的设备进行聚合纤维的生产。设备运营商必须经过严密培训以安全使用该技术。

Minko说，“与其他纳米纤维纺织设备相比，我们使用的大部分设备非常简便。基本上只需要一块磁铁，喷水器和一台小型发动机。”

在实验室条件下，一个非常简单的手工设置在数秒内就能生产出包含上百码纳米纤维的线轴。经过熔化或者液化的聚合物与具有生物相容性的铁氧化物或者另一种磁性材料混合在一起，并置于一个注射针中。之后该注射针被安置在固定于旋转的圆形盘上的磁铁附近。当磁铁经过针尖时，一滴聚合物溶液向外延伸并附着于该磁铁，从而形成纳米纤维绳。在圆盘旋转时该绳会缠绕着圆盘。

该装置每分钟可旋转1000转以上，在规定时间内可生产出超过50千米或者31英里长的超薄纳米纤维。

Alexander Tokarev是合著者之一，也是Minko实验室博士后研究助理，他表示，过程虽然相对简单，但是它可以生产出高质量的产品。

他还说：“我们生产出的产品与采用其他方法生产的纳米纤维同样薄，同样坚韧。此外，使用者无需担心使用高压的安全问题或者其他机器的复杂性问题。”

研究人员采用此方法，只需要更换放置在喷水器中的聚合物，就生产出各种各样的纳米纤维。比如，他们生产出特殊设计的纳米纤维，这种纳米纤维可以促进干细胞的生长。目前类似的纤维用于生产实验室培养的组织和器官的支架。

纳米纤维也可以装载着蛋白类，纳米管，荧光材料和治疗剂。

Minko说：“我们几乎可以利用此方法来加工任何种类的聚合物，也可以将纳米纤维用于任何用途。就像是烹饪，我们只需要稍微改变配料，就可以生产出不同种类的纤维。”

信息来源：乔治亚大学  
Practical Application（实际应用）
Tiny silicone spheres appear from the mist
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Illinois chemists developed a method to make tiny silicone microspheres using misting technology found in household humidifiers. The spheres could have applications in targeted medicine and imaging. Image: Kenneth Suslick
Technology in common household humidifiers could enable the next wave of high-tech medical imaging and targeted medicine, thanks to a new method for making tiny silicone microspheres developed by chemists at the Univ. of Illinois.

Led by chemistry professor Kenneth Suslick, the researchers published their results in Advanced Science.

Microspheres, tiny spheres as small as a red blood cell, have shown promise as agents for targeted drug delivery to tissues, as contrast agents for medical imaging and in industrial applications. One prime contender as a material for microspheres is silicone, the rubbery plastic found in everything from bathtub caulk to kitchenware to medical implants, but a method of making silicone into microspheres has eluded scientists.

Silicone owes its versatility to its unique combination of properties: It is biocompatible, heat resistant, chemically stable, waterproof and environmentally benign. Yet some of those same qualities have frustrated researchers attempting to make silicone microspheres. The traditional microsphere-making method of suspending tiny droplets of material in another liquid does not work with silicone.

“For silicone, creating a stable emulsion of small droplets is very difficult,” Suslick said. “Even if a stable emulsion is achieved, you run into even bigger problems when it is heated, which is necessary to polymerize into solid spheres. Upon heating, small droplets of silicone starting material will coalesce with other droplets and produce only bigger spheres.”

The Illinois team uses a technique called ultrasonic spray pyrolysis, which employs technology found in household humidifiers to create a mist of ultra-fine droplets. Suslick’s group has pioneered the technique for a variety of materials, and teamed up with U. of I. chemistry professor Catherine Murphy to tackle the problem of silicone. The researchers send a mist containing all the ingredients of silicone through a heated tube, which solidifies the mist into tiny spheres of silicone. Because the droplets are all separate within the mist, they don’t stick together like they do in an emulsion, so the resulting microspheres are roughly 100 times smaller than any previously reported.

The researchers made silicone microspheres with a variety of properties for different applications, including colored, fluorescent and magnetic spheres. Because the spheres are bio-inert—they do not react with chemicals in the body—and the researchers believe they would be excellent vessels for extended-release pharmaceuticals. They are also exploring potential applications of solid, hollow and magnetic microspheres.

“The applications for silicone microspheres, to date, have been almost entirely speculative, simply because no one has been able to actually make them,” said Jacqueline Rankin, the lead graduate student on this project. “With this new method, silicone microspheres can be easily and readily synthesized, facilitating the exploration of technologies that have only been speculated upon and creating novel technologies and new science in a number of scientific disciplines.”

Source: Univ. of Illinois, Urbana-Champaign
微小的硅球体迷雾中出现
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伊利诺伊州化学家发明了一种方法，使用家用加湿器中的喷雾技术制造微小的硅微球。球体可以应用于靶向药物和成像等。供图：肯尼斯•萨司利克

伊利诺伊州大学化学家开发出一种制造微小硅微球的新方法；该方法利用了普通家用加湿器的技术，可使下一波高科技医疗成像和靶向药物成为可能。

在肯尼斯•萨司利克化学教授率领下，研究人员在《先进科学》杂志上发表了他们的研究成果。

微球是像红细胞一样小的微小的球体，有希望成为将靶向药物传送到特定组织的药剂，以及医学成像和工业应用中的造影剂。微球材料的一个主要的竞争者是硅，即，从浴缸填塞到厨房用具再到医疗植入物中都使用的橡塑，但把硅变成微球的方法使科学家感到迷惑。

硅胶的多功能性归因于其独特的属性的组合：生物相容性、耐热性、化学稳定性、防水以及环保。然而，一些同样的性质让试图制造硅微球的研究人员感到失望。将材料的微小液滴悬浮于另一种液体的传统微球制造方法并不适用于硅。

“对于硅，创造一个小水滴的稳定乳液是非常困难的。”萨司利克说，“即使实现了一个稳定的乳液，当被加热时，会遇到更大的问题，而这对聚合成固体球体很重要。加热时，硅原料小水滴将联合其他水滴产生更大的球体。”

伊利诺伊研究小组使用了一种技术，即超声喷雾热解法，可以将在家用加湿器使用的技术应用于创造超微细的水滴形成的薄雾。萨司利克集团开创了这一技术用于各种材料，并与美国伊利诺伊大学有机硅化学教授凯瑟琳•墨菲合作解决了硅的问题。研究人员通过加热管传输了包含所有硅的原料的雾，使雾固化形成微小的硅球体。由于水滴在雾中是单独的，它们不像在乳液中那样粘在一起，因此，产生的微球比任何以前报告的大约小100倍。

研究人员针对不同应用制造了具备各种属性的硅微球，包括彩色、荧光和磁球体。由于球体是生物惰性的——它们不与人体内的化学物质反应——研究人员相信，它们将成为缓释药物的优秀的容器。他们也在探索固体、中空和磁性微球的潜在应用。

“到目前为止，硅微球的应用几乎完全是投机的，只是因为没有人能够确切制造它们，”项目的领导研究生杰奎琳•兰金说，“用这种新方法就可以很轻松、容易地合成硅微球，促进了对只靠推测技术的探索，并创造了新技术和若干学科的新科学。”

来源：美国伊利诺伊大学香槟校区

Practical gel that simply “clicks” for biomedical applications
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From left to right, these fluorescent images show cell adhesion, growth and spread within the novel click alginate hydrogel over the course of three days. The hydrogel, synthesized using "click chemistry", is biocompatible and is non–damaging to the cells and molecules that can be inserted into it for drug delivery and therapeutic purposes. Image: Wyss Institute at Harvard Univ.

If you opt to wear soft contact lenses, chances are you are using hydrogels on a daily basis. Made up of polymer chains that are able to absorb water, hydrogels used in contacts are flexible and allow oxygen to pass through the lenses, keeping eyes healthy.

Hydrogels can be up to 99% water and as a result are similar in composition to human tissues. They can take on a variety of forms and functions beyond that of contact lenses. By tuning their shape, physical properties and chemical composition and infusing them with cells, biomedical engineers have successfully used hydrogels as 3-D molecular scaffolds that can be filled with cells or molecules for bodily injection or application in order to release drugs or stimulate tissue regeneration.

Alginate hydrogels—which are made up of the polysaccharide naturally occurring in brown seaweed—are just such materials. The rate at which the 3-D, internal molecular structure of alginates will degrade over time can be precisely tuned, which enables engineers to rationally design and control the release of drug molecules encapsulated in the gel. Wyss Core Faculty member David Mooney, PhD, who is also the Robert P. Pinkas Family Professor of Bioengineering at Harvard’s School of Engineering and Applied Sciences (SEAS), has pioneered the development of alginate hydrogels for applications such as small chemical drug delivery, tissue regeneration, stimulation of blood vessel formation, and bone and cartilage repair, among others.

But the reagents often used to make these alginate hydrogels are not chemoselective enough to be truly biocompatible. As a result, cells and molecules encapsulated in the hydrogel can become damaged during the encapsulation process or through unintended reactions with the chemical reagents in the hydrogel, making therapeutic design and delivery in the clinic very difficult.

Now, Wyss Core Faculty member Neel Joshi, PhD, has developed a novel, truly biocompatible alginate hydrogel in collaboration with Mooney that can be synthesized using "click chemistry", which is a methodology for the quick and practical synthesis of substances using just a few reliable, chemoselective reagents. Joshi, who is also associate professor of chemical and biological engineering at SEAS, leads a team at the Wyss Institute developing new synthetic biomaterials that mimic naturally–occurring materials. Joshi and Mooney's new "click alginate" is reported in Biomaterials.

The biocompatible click alginate gels are formed using chemical crosslinking strategies that allow engineers to entrap cells or molecules inside the gel without damaging them or rendering them inactive. As such, it presents a practical platform for long–term, stable encapsulation of bioactive materials. And, it is robust enough to be used in a variety of ways, which is exciting due to the variety of therapeutic drugs that are made from chemical and protein molecules.

"It's injectable, so it can be used to deliver cells or drugs to specific places in the body such as a location that has suffered a wound or has been invaded by a tumor," said Joshi. "And we are already using it for lots of different things in the laboratory due to how easy it is to synthesize."

Other types of hydrogels are much more cumbersome to synthesize, according to the study's first author, Rajiv Desai, who is a researcher at the Wyss Institute pursuing his PhD from SEAS. In contrast, the click alginate hydrogel can be created by a simple and fast combination of two simple solutions—similar to an epoxy. And once the gel is formed, the click chemistry reactions are irreversible, resulting in a chemoselective hydrogel primed for use as a therapeutic scaffold.

Furthermore, the click alginate hydrogel is easily customized and modified. "One of the many things people like to do with hydrogels is to modify them for different purposes," said Desai. "With our new method, if you wanted to add a fluorescent dye, peptide, or protein to the new click alginate, you could do so within one minute—a truly unprecedented rate."

At the Wyss, the novel hydrogel is already being used to encapsulate cells in culture and to conduct experiments in a tissue–like environment. "It's a great material for studying how cells sense the mechanical environments around them," said Desai.

Source: Harvard Univ.
实用凝胶，轻松“点击”即可应用于生物医学

[image: image8.jpg]



从左到右，这些荧光标记影像显示的是在三天的时间里，细胞在新型点击藻酸盐凝胶中黏合、增长、分布的状态。这种凝胶，利用“点击化学”技术合成，具有生物兼容性，不会对细胞造成任何伤害，而且分子可以穿过，达到输送药物和治疗的目的。

图片鸣谢：哈佛大学Wyss研究所。

如果你佩戴软性隐形眼镜的话，那么你每天都是在使用这种凝胶。这种凝胶由多聚物链构成，能够吸收水分，柔韧透气，保持眼部健康。

凝胶的含水量可高达99%，与人类的组织结构具有相似性。除了隐形眼镜，凝胶可以呈现各种不同的形态，发挥不同的作用。通过改变凝胶的形状、物理性能、化学构成，并将其注入细胞，生物医学家们成功实现将凝胶用作三维分子支架，可以用来填充细胞或分子，以进行肢体注射；或用来释放药物；或用来激发组织再生功能。

由提取自褐海藻的多聚糖合成的藻酸盐凝胶就是这样的物质。藻酸盐内部三维分子结构随着时间的推移而分解，分解速率可精确调整。因此科学家们可以合理地设计和控制覆裹在凝胶中的药物分子的释放。Wyss研究所核心教员David Mooney博士，同时任职哈佛大学工程和应用科学学院生物工程专业Rober P. Pinkas家庭教授，他首先研发出藻酸盐凝胶在生物医学的一些应用方式，如小分子化学药物输送，组织再生，激发血管生成，骨骼、软骨修复等。

但是通常使用的反应物影响藻酸盐凝胶的化学选择性，并非能够完全实现生物兼容性。因此，覆裹在凝胶中的细胞和分子有可能再覆裹的过程中或与凝胶中的化学反应物发生意料之外的反应而遭到破坏，使得临床治疗方案设计和药物输送非常困难。

如今，Wyss核心教员Neel Joshi博士与Mooney博士合作，利用“点击化学”技术合成开发出一种新型的真正可以实现生物兼容的藻酸盐凝胶。“点击化学”技术是一种快捷实用的物质合成方法，这种技术手段仅仅使用一些可靠的、具有化学选择性的反应物。Joshi也是工程和应用科学院化学生物工程副教授，他带领Wyss研究所的一支团队研究开发模仿天然材料的生物合成材料。Joshi和Mooney博士研发的“点击藻酸盐”发布于《生物材料》杂志。

工程师们采用化学交联策略制备具有生物兼容性的点击藻酸盐凝胶，这种方法保证工程师能够接触到凝胶中的细胞或者分子，而不会破坏他们或者降低他们的活性。因此，这意味着点击藻酸盐凝胶能够实现长期稳定覆裹生物活性材料。振奋人心的是点击藻酸盐凝胶足以应用在很多医疗手段中，因为很多治疗药物都是由化学分子和蛋白质分子制成。

“这种藻酸盐凝胶可以注射，所以可以用来输送细胞或者药物到身体的特定部分，如受伤的部位或者癌症病灶处。”Joshi博士说“因为这种藻酸盐凝胶的合成如此简易，我们已经在实验室将其应用到很多地方。”

该项研究的第一作者Rajiv Desai，是Wyss研究所的一名研究人员，正在攻读工程和应用科学院博士学位，他认为其他类型凝胶的合成过程则要繁琐的多。相比之下，点击藻酸盐凝胶则可以通过两种简单的溶液简捷溶合而成，类似于环氧树脂。一旦凝胶制成，点击化学的反应无法逆转，形成具有化学选择性的凝胶，主要用作医疗支架。

此外，定制和修饰点击藻酸盐凝胶可以轻松实现。“人们喜欢做的事情之一是修饰点击藻酸盐凝胶，以实现各种不同的目的，”Desai谈到。“利用我们发现的这种新方法，要将荧光标记染料、肽或蛋白质加入到点击藻酸盐，只需要一分钟，真正是史无前例的快速。”

在Wyss研究所，这种新型点击藻酸盐凝胶已经被用来覆裹培养的细胞，在模拟环境的组织中进行试验。Desai说“在研究细胞如何感应周围机械环境变化的过程中，点击藻酸盐凝胶是非常棒的材料。”

源自：哈佛大学
Organic & Polymer（有机高分子材料）
Metal-organic framework with a fixed composition despite initial concentration of components

[image: image9.png]



MOF-2000 is a periodic framework harboring controlled component heterogeneity. Chemical structures of organic struts H2Lr and H2Lb4+ incorporated in MOF-2000 (Methods Summary), and the MOF-2000 crystal structure [key: carbon, black; oxygen, red; Zn4O(CO2)6 polyhedra, blue; all hydrogen atoms have been omitted for clarity]. Credit: (c) 2015 PNAS, 10.1073/pnas.1416417112 

Metal-organic framework (MOF) chemistry is a multi-disciplinary field that connects organic and inorganic chemistry with materials science and nanotechnology. A key feature of MOFs is the self-assembly of organic molecules around metal ions or metal clusters. The composition of the MOFs is often dependent on the initial conditions in which the components are combined.

The goals of MOF design are to make a compound whose characteristics, such as pore size, can be tuned using a variety of building blocks, has well-defined, predictable connectivities, and is robust enough to form under different environmental conditions. In other words, the goal is to obtain the versatility of biological compounds with the regularity of covalent molecules. Andrew C.-H. Sue, Ranjan V. Mannige, along with a team from the Departments of Chemistry at The University of California in Berkeley, the Molecular Foundry at Lawrence Berkeley National Laboratory, and Northwestern University report a new MOF that is environmentally robust, maintaining a 2:1 ratio of components, despite their initial solution concentration. Their work is reported in Proceedings of the National Academy of Sciences.

Sue, Mannige, et al. have designated their new framework as MOF-2000. It is comprised of organic struts with the same backbone and but with side chains that are either a crown ether or a catenane. Both crown ether and catenane are well-known classes of structural motifs, and the backbone described has aromatic components. The struts are coordinated with Zn4O(CO2)6. The structure is isotropic, or the same in all directions, and nonperiodic.

Experimental results showed that the MOF-2000 displays a 2:1 ratio of crown ether-to-catenane, even when the ratios of these components in the parent solution are varied by an order of magnitude. This pattern is unprecedented in MOF chemistry. Usually the organic struts combine in ratios based on initial concentrations in the parent solution, but this one does not. In this study, the authors investigated why the MOF-2000 maintained this "magic number" ratio in hopes of finding general characteristics that can be applied to other system designs.

The authors subjected MOF-2000 to theoretical modeling, Monte Carlo simulations, and crystal studies to determine the mechanism behind this ratio. Modeling indicated that the 2:1 ratio is not due to thermodynamic effects, as the thermodynamic product would likely have components in a 1:1 ratio. Monte Carlo simulations indicate that this ratio appears in energetically minimal pockets in a non-equilibrium state. Additionally, the consistent ratio does not seem to be due to charge complementarity or from thermodynamically favorable close-packing.

Simulations indicate that this framework is a kinetic product, and the lower energy state may be due to noncovalent interactions. Crystal studies in which 1:1 ordered domains and grain boundaries were investigated show that this ratio may also be a function of the framework topology. The thermodynamic product is a 1:1, antiferromagnetic structure and growth simulations indicate that a 2:1 structure arises when the thermodynamically stable 1:1 catenane/crown ether pattern is interrupted by crown ether-crown ether "mistakes." This 2:1 structure preference may arise from kinetic trapping that occurs during the attempted formation of the thermodynamic product, and suggests that there is a hierarchy of noncovalent interactions.

Overall, these intriguing findings indicate that this magic number ratio, which produced a concentration-independent MOF, occurs in systems where certain noncovalent interactions are energetically favorable compared to other noncovalent interactions in an assymetric fashion. This was seen in the favorable crown ether-catenane interaction in the MOF-2000 system. Also, the system must allow for reversible interactions of assembly "mistakes" during the crystallization process.

More information: "Heterogeneity of functional groups in a metal-organic framework displays magic number ratios" PNAS, 10.1073/pnas.1416417112

Abstract

Multiple organic functionalities can now be apportioned into nanoscale domains within a metal-coordinated framework, posing the following question: how do we control the resulting combination of "heterogeneity and order"? Here, we report the creation of a metal–organic framework, MOF-2000, whose two component types are incorporated in a 2:1 ratio, even when the ratio of component types in the starting solution is varied by an order of magnitude. Statistical mechanical modeling suggests that this robust 2:1 ratio has a nonequilibrium origin, resulting from kinetic trapping of component types during framework growth. Our simulations show how other "magic number" ratios of components can be obtained by modulating the topology of a framework and the noncovalent interactions between component types, a finding that may aid the rational design of functional multicomponent materials.

Journal reference: Proceedings of the National Academy of Sciences 

金属有机骨架成分与浓度无关

[image: image10.png]



上图为MOF-2000是一种隐匿受控部件不均匀性的定期骨架。并入MOF-2000 (方法摘要)的有机框架H2Lr 和 H2Lb4+化学结构及MOF-2000晶体结构（核心：黑色表示炭、红色代表氧，蓝色为醋酸锌多面体；为了简明，所有氢原子均已忽略） 来源：(c) 2015 PNAS, 10.1073/pnas.1416417112

金属有机框架(MOF)化学是一个跨学科领域，与有机和无机化学、材料科学和纳米技术都有关系。MOF的一个关键特性是环绕金属离子或金属集群的有机分子是自行分配组成的。MOF的结构通常依赖于各组成成分结合的初始条件。

MOF的设计目标是制造一种复合物，其特征，如孔隙大小，可以使用各种各样的构建块进行调整，并拥有界限明晰且可预测的连通性，还能在不同的环境条件下都能形成。换句话说，我们的目标是获得生物化合物的多功能性与共价分子的规律性。安德鲁方•苏•兰詹V. Mannige及由加州大学伯克利分校化学部、劳伦斯伯克利国家实验室分子铸造部和西北大学共同组成的研究团队发现了一种环境适应性强、保持成分组成2:1比例、与初始溶液浓度无关的新型MOF。他们的工作发表在《美国国家科学院院刊》上。

苏Mannige等人将他们新发现的框架定义为MOF - 2000。它由主架相同、侧链（冠醚或索烃）相异的有机框架构成。冠醚和索烃都是著名的结构图案类，而骨干主架含有芳香成分。该框架和醋酸锌Zn4O(CO2)6结构是一致的。其结构为各向同性，即各方向都相同，而非周期性。

实验结果表明，MOF-2000结构呈冠醚、索烃2:1分配，即使这些成分的比率在初始溶液中由于一个数量级不同而有所差异。这种构建模式在MOF化学界是前所未有的。通常有机框架结合比率都依照初始溶液的浓度，但是这一次没有。在这项研究中，作者调查了为什么MOF-2000拥有如此神奇的比例，希望借此发现可以应用到其他系统设计的共性。

研究者将MOF-2000进行理论建模、蒙特卡罗模拟和晶体研究来确定隐藏在这个比例背后的机制。建模表明，2:1的比率不是由于热力学效应，因为通常热力产品成分一般都是1:1的比例。蒙特卡洛模拟表明，这一比率常出现在处于非平衡状态的小物体里。此外，这种始终一致的比例似乎并不是由于电荷互补或热力学有关的紧密堆积。

这些模拟表明，该框架是一个动力产品，而低能量状态可能是由于共价相互作用。晶体研究调查了1:1有序域和晶界，结果表明，这一比率可能也是一个功能框架的拓扑结构。热力学产品通常是1:1比例，而反铁磁性的结构和增长模拟表明，2:1结构出现是由于热力学上稳定的1:1索烃/冠醚模式变换成了“错误”搭配的冠醚-冠醚模式。这种2:1结构偏好可能出现于热力学产品尝试形成过程中的动能捕获，而且有可能存在共价相互作用的层次结构。

总的来说，这些有趣的发现表明这个神奇的数字比例，产生了一种与浓度无关的MOF，而此体系中某些非共价相互作用相对于其他不对称模型而言十分明显。在MOF-2000体系中我们可以观察到这种明显的索烃/冠醚相互作用。同时，这个体系必须允许结晶过程中出现可逆的“错误”相互作用。

更多信息，"Heterogeneity of functional groups in a metal-organic framework displays magic number ratios" PNAS, 10.1073/pnas.1416417112
摘要

现在很多有机功能可以被分配到金属框架纳米域内，但有一个问题：我们如何控制“异质性和顺序”混合？在这里，我们将讲述有关有机框架MOF- 2000的构造，其中的两种成分永远呈2:1的比例，即使初始溶液中的成分比例数量级相差很大。统计力学建模表明，这种2:1比例起源于非平衡态，产生于框架形成过程中的成分动能捕获。我们的模拟表明了如何通过调制拓扑框架和组不同成分之间的共价相互作用获得其他奇幻比率。这一发现可能有助于功能多元材料的合理设计。

参考文献：美国科学院论文集

Bendable glass devices

A special class of glass materials known as chalcogenide glasses holds promise for speeding integration of photonic and electronic devices with functions as diverse as data transfer and chemical sensing. Juejun "JJ" Hu, the Merton C. Flemings Assistant Professor in Materials Science and Engineering, is finding new ways to deploy these glasses with surprising flexibility.

Like regular glass, chalcogenide glasses are brittle, but Hu and colleagues developed a way to embed very thin glass photonic devices such as flexible microdisk resonators and waveguides in alternating layers of soft and stiff polymers. Their flexible plastic device sustained being bent thousands of times in a fatigue test without failing. And it demonstrated record optical performance, according to their 2014 paper in Nature Photonics. 

"The structures that we made can be folded in half with an effective bending radius as small as 0.3 millimeter," explains Hu, who joined the Department of Materials Science and Engineering at MIT as assistant professor in January. "You can bend them by thousands of times without breaking and without seeing performance degradation as well."

Sandwich-cookie structure

Hu suggests one way to think of the device arrangement is to imagine a sandwich cookie with alternating hard and soft layers. "Instead of having one slab of material that has the same mechanical properties, we make a three-layer structure, with a very soft layer sandwiched between two relatively stiff layers. Now when you bend it, what you are imagining is that we have a very soft layer in between the two stiff layers, so it's going to deform first and it's actually going to absorb almost all of the mechanical deformation," Hu explains.

The "multi-neutral axis design" lays out the device so there is no place where the threshold pressure needed to crack the glass is exceeded. "While the entire structure is mechanically deformed, you can always put the glass in a location where it's getting little stress, you have no force exerted on the glass. That's how we actually make an entire structure very flexible out of something that's brittle. So it's about engineering the layout of the device," Hu says.

While the glass is on the order of 1 micron or less in thickness, the polymers on which it is fabricated measure in tens of microns. "So you can easily handle it, and that substrate serves as what I talk about, the agent, to relieve the stress or the forces on the glasses," Hu explains. "The glass sits on the stiff layer, and then when it deforms, despite the large geometric deformation, there is actually very little stress exerted on the glass," he says.

Multi-neutral axis design can also be applied to other brittle materials, such as ceramics or metals. "Anything's that stiff, we can always make it very compliant that way," Hu says. He published the work while still at the University of Delaware, where he served as a tenure-track assistant professor for four years.

Hu has research collaborations with colleagues at MIT, the University of Delaware, the University of Central Florida, the University of Minnesota, the University of Texas at Austin, the University of Southampton, and Orlando-based IRradiance Glass Inc. Besides flexible photonic devices, their work has demonstrated on-chip optical isolators using magnetic oxides, mid-infrared spectroscopic sensors on infrared-transparent substrates, and low symmetry gratings for enhanced solar cell performance.

"My dream is to see some of the things I develop at MIT have an impact in the real world and benefit the society as a whole. That's why I am interested in entrepreneurship, to push them to application; that's what I think MIT is great at," Hu says.

Substrate-blind photonic integration

In earlier work with MIT professors Caroline Ross and Lionel Kimerling and Microphotonics Center Principal Research Scientist Anu Agarwal, Hu used high-temperature processing and multi-layer build up, etching, and cleansing using masks and optical lithography to produce on-chip resonators and glass-on-silicon resonators in the same way computer chips are fabricated.

But Hu's more recent work in flexible photonic devices developed new methods for solution-processing of chalcogenide glasses at much lower temperatures. This approach, which enables inorganic-organic hybrid photonic devices, can be used for multiple host compositions leading Hu to brand it "substrate blind photonic integration" in an October 2014 SPIE report.

A 2014 Advanced Optical Materials paper demonstrated optical waveguides, microring resonators, and optical gratings that were fabricated using solution processing. The researchers used a single-step nanoimprinting method to directly mold chalcogenide glass films into device shapes. The process eliminates extra pattern-transfer steps.

"We dissolve the glasses in organic solvents, then dip your substrate into the solution, so they get coated with a uniform layer of solution, and then you vaporize and dry out all the residual solvent," he explains. It's a process that would be difficult with silica, he says.

Solution processing opens new possibilities for integrating glass photonic devices, which are inorganic, with organic-based polymer substrates versus traditional silicon substrates. The hybrids combine the superior optical properties of inorganic materials with the processing versatility of organic polymers. "Silica is one of the basic constituents of window-pane glasses. If you want to deposit silica, it has to be high temperature. At high temperature, you either cook the polymers or you destroy the underlying device you have on your substrate. Our glasses don't have that concern. You can put them on any substrate and will still maintain the integrity of the structure you have," Hu says. "It means that you can deposit the glasses on any substrate and make functional devices out of them without having to worry about whether your next layer is going to destroy what you already have on the substrate."

What makes chalcogenide glasses so different is that they replace the oxygen in familiar window pane glasses with "chalcogen" elements from the periodic table, principally sulfur, selenium, and tellurium. Their chemical compositions can vary substantially, yielding differing properties, but chalcogenide glasses share an affinity for transmitting infrared light, potentially enabling a host of commercial applications.

"By changing composition, you can tune the optical properties, so they are transparent to different wavelengths. You have freedom to tune the optical properties by adjusting the composition and without compromising the glass stability," Hu says.

"We also work on the fundamental materials science that allows us to develop new glass materials, for example," Hu explains. "Some of the new material we developed, we can actually hybridize the glasses with polymer materials." Hybridization enables new materials that both transmit light very well and confine light very well. "On the polymer side, they are extremely versatile in terms of how you actually process them or structure them into functional shapes," he says.

Hu has a long relationship with Irradiance Glass Inc. as a supplier for chalcogenide glasses, and Irradiance collaborators include Kathleen Richardson and J. David Musgraves. "They custom-make the special composition glasses, and we actually make them into the devices and test them. So they give [us] the raw materials; we developed the process to make them into devices and look at applications," Hu explains.

A bit of serendipity

When Hu's team began solution-processing chalcogenide glass materials, they found that the glasses could be processed at the same time with polymers, without degrading the polymer properties. "So that's where we came up with the idea, well we may as well use it to actually bring in the flexibility of polymers to make flexible devices," he explains.

"What initially happened was we had a project to process these glass materials from solutions instead of using conventional vapor-based deposition methods. One interesting characteristic that we found in the process is this entire process is very low-temperature. You can do it below 150 degrees Celsius, for example. At that time we started thinking about, well, this low temperature processing may have some benefits when you apply to different substrate materials, for example, polymers. And that's where we decided, it's an interesting direction, we should proceed," he says.

Mid-infrared sensing

Hu collaborated with University of Minnesota Assistant Professor Mo Li to develop a mid-infrared spectroscopic sensor that can detect chemicals with high performance. Reported in a 2014 ACS Nano paper, the device captures the position and resonant intensity of a special absorption light to identify chemical species such as ethanol and toluene.

"Ultimately we want to replace the benchtop spectrometer with something that can be integrated on a small silicon chip," Hu explains. "It's smaller, consumes much less power, and is actually a lot more sensitive, because we can pack in some new optical designs that allow us to enhance interaction between the molecules and the light." The sensor is a silicon photonic device on a substrate of crystalline calcium fluoride (CaF2). The researchers say calcium fluoride is highly transparent from visible light up to the mid-infrared wavelength of 8 microns. "Compared with other mid-IR photonics platforms including silicon-on-sapphire and germanium-on-silicon, silicon-on-CaF2 offers both a broad transparency window and the highest index contrast," they report. The researchers have several patents using the glass materials for mid-infrared platforms, which include infrared sensors.

Hu was a co-author on a 2011 Nature Photonics letter that demonstrated on-chip optical isolation featuring a magneto-optical garnet film coated onto a patterned silicon resonator. The researchers, including lead author Lei Bi and senior authors Ross and Kimerling, said the monolithically integrated device demonstrated an "ultracompact footprint, high isolation ratio, homogeneous magnetic field operation and controllable magneto optical dispersion."

Improving optical isolators

Hu says he and Ross have students working to improve performance of their optical isolator, a device that lets light travel in only one direction. "Dr. Ross developed new magneto-optical materials, and I work with new device designs. So together, we are hoping that we can improve the device so it achieves commercial-grade performance," he says.

"A lot of the projects are still in the research stage, but I'm interested in commercialization of the technologies once we have sufficient performance that will be able to compete with sustaining technologies."

Hu, 32, received his doctorate at MIT under Kimerling and completed his undergraduate work at Tsinghua University in Beijing, China. He is married and his wife also works in the Boston area. Hu's hobbies include reading science fiction, surfing the Internet, playing soccer with friends and watching soccer games. "It's really exciting to come back home. MIT is kind of like my home," he says

After joining MIT in January, Hu is in the process of relocating his Photonic Materials Group from the University of Delaware to MIT. There are eight students in the group, three who are MIT students and five who will complete their research at MIT but receive their PhDs from the University of Delaware.

SOURCE: MIT
可弯曲的玻璃器件

一种被称为硫系玻璃的特殊玻璃材料，有希望促进光子和电子器件集成，这些器件具有诸如数据传输和化学传感的功能。Juejun "JJ" Hu是材料科学与工程系Merton C. Flemings的助理教授，他正在寻找新的方法为这些玻璃配备惊人的柔韧性。

硫系玻璃像普通玻璃一样脆弱，但是Hu和他的同事们研究出一种方法，能使非常薄的玻璃光子器件诸如有柔韧性的微盘谐振腔和波导嵌入软、硬聚合物互层。他们的柔性塑料器件在一次疲劳试验中持续弯曲了数千次而没有折断。根据2014年他们发表在《自然光子学》杂志上的论文，这证明了创纪录的光学性能。

Hu 解释说：“我们构建的结构可以对折，其有效的弯曲半径小至0.3毫米。你可以将他们弯曲数千次而不会折断，也看不到性能退化。”1月份，他作为助理教授进入了美国麻省理工学院材料科学和工程系。

三明治甜饼干结构

Hu建议，有一种思考器件布置的方法是想象成一个有软硬互层的三明治甜饼干。Hu 解释说：“取代了具有同样机械性能的一块材料，我们构建了一种三层结构，使得较软的软质层夹在两个相对硬的硬质层中间。现在当我们弯曲它的时候，你可以想象一层软质层在两层硬质层中间，因此先会变形，实际上之后将吸收了几乎所有的机械变形。”

该器件采用“多中性轴设计”布局，它的任何部位的压力都无法超过玻璃破裂需要的启动压力。Hu 说：“当整体结构发生机械变形的时候，你总是会把玻璃放在一个压力较小的位置，你不会给玻璃施加压力。这就是我们怎样使一个整体结构变得柔韧性非常好，而不是脆性材料。因此这是关于器件布局的设计。”

当玻璃厚度约1微米或更小时，装配玻璃的聚合物就以几十微米来测量。Hu 解释说：“因此你可以容易地解决这个问题，那种基板充当我说的媒介来减轻对玻璃的压力或力量。玻璃压在硬质层上面，于是当发生变形时，尽管是较大的几何变形，真正施加于玻璃的压力很小。”

多中性轴设计也可应用于其他的脆性材料，例如陶瓷或金属。Hu说“任何坚硬的东西，我们总是可以用这种方法使其顺从。”他仍在美国特拉华大学时就发表了这项研究成果，在那里他作为预聘制助理教授达4年。

Hu与麻省理工学院、特拉华大学、中部佛罗里达州大学、明尼苏达大学、得克萨斯大学奥斯汀分校、英国南安普顿大学、总部位于奥兰多的IRradiance Glass Inc公司的同行们合作开展研究。除了有柔韧性的光子器件，他们的研究成果还展示了采用磁性氧化物的芯片上的光隔离器、透红外线基板上的中红外光谱传感器以及用于增强的太阳能电池性能的低对称光栅。

Hu 说：“我的梦想是看到我在麻省理工学院的一些研究成果对现实世界产生影响，造福整个社会。这就是为什么我对创业感兴趣，因为它可以将成果推向应用；我觉得这是麻省理工学院最擅长的。”

盲基板光子集成

在早期与麻省理工学院教授Caroline Ross和Lionel Kimerling、微光子技术中心首席研究科学家Anu Agarwal的合作研究中，Hu采用高温处理和多层次构造、刻画、用掩模及光学光刻技术清洗的方法，来制造芯片上的谐振器和硅上玻璃谐振器，这与计算机芯片的制造方法相同。

但最近Hu在柔性光子器件方面的研究发现了新方法，用于更低温度下硫系玻璃溶液的制备。该方法对无机有机杂化光子器件有效，可用于多主组成成分，由此Hu在2014年10月国际光学工程学会的报告中称其为“盲基板光子集成”。

一篇2014年高级光学材料的论文展示了光波导、微环谐振器、采用溶液法制造的光栅。研究人员采用一种单步式纳米压印方法，直接将硫系玻璃薄膜塑造成器件形状。该工艺减少了额外的图案转印步骤。

他解释说：“我们将玻璃溶解于有机溶液，之后将基板浸入溶液，这样基板被涂上均匀的溶液层，然后使残余溶剂蒸发变干。”他说，用二氧化硅进行这个过程将很困难。

溶液法为集成无机玻璃光子器件开辟了新的可能性，这些器件与传统硅晶基板相比采用了以有机原料为主的聚合物基板。杂化物将无机材料出众的光学特性与有机聚合物加工多样性结合起来。Hu 说：“二氧化硅是窗玻璃的基本成分之一。如果你想沉积二氧化硅，必须高温。高温条件下，你得煮制聚合物或者破坏基板上的底层器件。而我们的玻璃没有这方面的顾虑。你可以将他们放在任何基板上，仍然能够维持结构完整。这意味着你可以沉积任何基板上的玻璃，使得功能性器件脱离基板，而不用担心下一层是否会破坏基板上的器件。”

使得硫系玻璃如此不同的是，他们将熟悉的窗玻璃中的氧用元素周期表中的硫族元素代替，主要是硫、硒和碲。他们的化学组成可以大幅度变化，产生不同的性能，但是硫系玻璃的一个共同点是，可透过红外光，这可能带来很多商业应用。

Hu 说：“你可以通过改变组成成分调整光学特性，使其透过不同波长的光。你可以通过调节组成成分自由地调整光学特性，而不用牺牲玻璃的稳定性。”

他解释说：“我们也从事基础材料科学研究，这允许我们开发新的玻璃材料，例如我们开发的一些新材料，实际上是将玻璃和聚合物材料进行杂化。”杂化使新材料不但能很好地透光，也能很好地阻止光透过。他说：“在如何加工聚合物或如何将聚合物构成功能性形状方面，聚合物相当多样化。”

Hu与Irradiance Glass Inc.公司有长久的合作关系，该公司是一家硫系玻璃的供应商，它的合作者包括Kathleen Richardson 和 J. David Musgraves。Hu 解释说：“他们定制了这种特殊成分的玻璃，我们将其制成器件并进行了测试。因此，他们给了[我们]原材料；我们研发工艺将其制成器件并研究其应用。”

一点意外收获

当Hu的团队开始用溶液法处理硫系玻璃材料时，他们发现同时处理玻璃与聚合物不会降低聚合物的性能。“由此我们想到这个主意，那么我们不妨用它来增加聚合物的柔韧性，从而制造柔韧性器件。”

他说：“最初我们有一个项目，需要处理这些来自溶液的玻璃材料，不能采用传统的气相沉积法。处理过程中我们发现一个有趣的特点，整个过程温度极低。例如，可以低至零下150摄氏度。那时，我们开始思考，当你应用于不同的基板材料时，该低温处理可能有利，如聚合物。就此我们决定，这是个有趣的方向，我们应该深入研究下去。”

中红外传感

Hu与明尼苏达大学助理教授Mo Li合作研发了一种中红外光谱传感器，它可以高效地检测化学物质。跟据2014年《ACS Nano》杂志的一篇论文，该器件可以捕获一种特殊吸收光的位置和谐振强度，从而鉴定化学物质的种类，例如乙醇和甲苯。

Hu解释说：“最终，我们想用可被集成在一个小硅芯片的器件取代台式光谱仪。该器件较小，消耗较少的能量，但灵敏度要高得多，因为我们可以装入一些新的光学设计，这些设计加强了分子和光之间的相互作用。”这种传感器是一种氟化钙晶体(CaF2)基板上的硅光子器件。研究人员说，氟化钙对于可见光直到8微米的中红外波长透明度都很高。他们报道称：“与其他中红外线光子平台包括硅—¬¬蓝宝石技术和锗—硅技术相比，硅—氟化钙技术提供一个宽阔的透明窗和高折射率对比。”研究人员有几个将玻璃材料用于红外平台的专利，该平台包括红外线传感器。
Hu是2011年《自然光子学》杂志的一篇letter文章的共同作者，这篇文章展示了芯片上的光学隔离，它以涂覆于模式硅谐振器上的磁光石榴石膜为特点。包括主要作者Lei Bi及通讯作者Ross和Kimerling在内的研究人员说，单片集成器件展现出“超紧凑的足迹，高隔离率，均匀磁场操作和可控的磁光色散。”

改进光隔离器

Hu说他和Ross有学生在做提高光隔离器性能的工作，这种器件让光只向一个方向传播。他说：“Ross博士研发新的磁光材料，我设计新的器件。这样我们共同合作，希望可以改进这个器件，使其达到商业级性能。”

 “许多项目仍处在研究阶段，然而一旦我们有足够的性能与持续性技术竞争，我还是对技术的商业化感兴趣。”

Hu，32岁，在麻省理工学院Kimerling教授指导下获得博士学位，在清华大学完成了本科学业。他已婚，他的妻子也在美国波士顿地区工作。Hu的爱好包括阅读科幻小说、网上冲浪、跟朋友们踢足球以及看足球赛。他说：“回家真是令人兴奋。麻省理工学院有一种家的感觉。”

1月份进入麻省理工学院后，Hu正在将他的光子材料课题组从特拉华大学迁到麻省理工学院。该课题组有8名学生，其中3名是麻省理工学院的学生，另外5名将在麻省理工学院完成他们的研究，但是会获得特拉华大学的博士学位。

来源：麻省理工学院

From brittle to plastic in one breath
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Calculations by Rice Univ. scientists show that a 2-D layer of molybdenum disulfide can become superplastic by changing its environmental conditions. In an atmosphere with sulfur and under the right temperature and pressure, the energy barrier is lowered, allowing dislocations along the grain boundaries to shift and changing the material’s properties. S2 refers to a disulfur molecule; VS2 is a two-sulfur-atom vacancy. Image: Xiaolong Zou/Rice Univ.
What if peanut brittle, under certain conditions, behaved like taffy? Something like that happens to a 2-D dichalcogenide analyzed by scientists at Rice Univ.
Rice researchers calculated that atomically thin layers of molybdenum disulfide can take on the qualities of plastic through exposure to a sulfur-infused gas at the right temperature and pressure.
That means one can deform it without breaking it—a property many materials scientists who study 2-D materials should find interesting, according to Rice theoretical physicist Boris Yakobson and postdoctoral researcher Xiaolong Zou; they led the study that appeared in Nano Letters.
Molybdenum disulfide, the object of study in many labs for its semiconducting properties, interested the Rice lab because of the characteristics of its grain boundaries. 2-D materials like graphene are actually flat, atom-thick sheets. But 2-D molybdenum disulfide is a sandwich, with layers of sulfur above and below the molybdenum atoms.
When two sheets join at different angles during growth in a furnace, atoms at the boundaries have to compensate by improvising “defective” arrangements, called dislocations, where they come together.
The researchers determined it may be possible to promote the movement of those dislocations through environmental control of the gas medium. This would change the material’s properties to give it superplasticity, which allows it to be deformed beyond its usual breaking point.
Plastic materials can be rearranged and will hold their new shape. For example, a plumber can bend a metal pipe; that bendable quality is plasticity. Yakobson noted such materials can become brittle again with further changes in the environment.
“Generally, the coupling of chemistry and mechanics is quite rare and scientifically difficult to understand,” said Yakobson, whose group at Rice analyzes materials by calculating the energies that bind their atoms. “Corrosion is the best example of how chemistry affects mechanical behavior, and the science of corrosion is still in development.”
For molybdenum disulfide, they found two mechanisms by which boundaries could overcome activation energy barriers and lead to superplasticity. In the first, called direct rebonding, only one molybdenum atom in a dislocation would shift in response to external forces. In the second, bond rotation, several atoms would shift in opposite directions.
They calculated that the barrier for direct rebonding, while less dramatic, is much lower than for bond rotation. “Through the rebonding path, the mobility of this defect changes by several orders of magnitude,” Yakobson said. “We know from the mechanics of materials that brittle or ductile qualities are defined by the mobility of these dislocations. What we show is that we can affect the tangible property, the stretchability, of the material.”
Yakobson suggested it may be possible to tune the plasticity of dichalcogenides in general and that it may also be possible to eliminate the defects from a 2-D dichalcogenide sheet by treating the dislocations “to allow them to rapidly diffuse away and vanish or to form interesting aggregated states.” That would likely open the way to the easier manufacture of dichalcogenides that need particular electrical or mechanical properties for applications, he said.
“We think of these 2-D materials as an open canvas, theoretically speaking,” he said. “You can very quickly read and write changes to them. Bulk materials don’t have this openness, but here, every atom is in immediate proximity to the environment.”
Source: Rice Univ.
转眼间脆性变塑料
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赖斯大学科学家的计算表明，二硫化钼的2-D层可以通过改变环境条件成为超塑料。在含硫的大气中，并在适当的温度和压力之下，能量势垒降低，允许沿晶界的位错以转变和改变材料的属性。S2指的是一个二硫分子；VS2是一个两个硫原子的空缺。图片：Xiaolong Zou/赖斯大学

如果在一定条件下，花生糖表现得像太妃糖会怎么样？在经过赖斯大学的科学家们分析之后，这样的事情发生在了2-D双硫属化合物上。

赖斯大学研究人员计算，通过在正确的温度和压力下暴露在含硫气体下，二硫化钼原子薄层可以呈现塑料的性质。

根据赖斯大学理论物理学家Boris Yakobson和博士后研究员Xiaolong Zou，这意味着一个人不需要打破它就可以使其变形——许多研究2-D材料的材料科学家们应该会觉得这种特性很有趣。他们在《纳米快报》（Nano Letters）上发布了该研究。

二硫化钼，因其半导体性能成为许多实验室的研究对象，其晶粒边界的特点引起了赖斯实验室的兴趣。2-D材料如石墨烯实际上是平的，原子厚度的片状物。但是2-D二硫化钼是一种三明治，在钼原子上方和下方都有硫层。

当两个片状物在熔炉增长时以不同的角度加入，在边界的原子不得不以在聚集的地方进行即兴“有缺陷的”安排(被称为混乱)来弥补。

研究人员认为，通过气体介质的环境控制，有可能会促进这些混乱的运动。这将改变材料的性质以给它超塑性，这使得它能够在超出其通常的突破点下变形。

塑料材料可以被重新排列并具有新的形状。例如，一个水管工可以弯曲一个金属管，弯曲的性质是可塑性。Yakobson指出随着环境的进一步变化这种材料可以再次具有脆性。

“一般来说，化学与力学耦合是很罕见的，在科学上让人难以理解。” Yakobson说，其在赖斯的小组通过计算绑定原子的能量分析了材料。“腐蚀是最好的例子，可以说明化学如何影响力学性能，腐蚀的科学仍然在发展。”

对二硫化钼，他们发现两种机制，借此可以克服边界的活化能障碍，并产生超塑性。首先，被称为直接负离子烫，只有一个钼原子错位会转变以响应外部势力。第二，键旋转，几个原子会在相反的方向转变。

他们计算出，直接负离子烫的障碍远远低于键旋转，尽管不那么明显。“通过负离子烫路径，此缺陷的流动性有多个数量级的变化。”Yakobson说，“从材料力学中我们知道脆性或韧性性质是由这些混乱的流动性定义的。我们所展示的是，我们可以影响材料的有形性能、拉伸性。”

Yakobson建议，总体上调整双硫属化合物的可塑性是可能的，它还可以处理混乱消除2-D双硫属化合物片状物的缺陷，“让它们迅速扩散，消失或形成有趣的聚合状态”。他说，这可能会为更容易制造应用程序需要特定电子或机械性质的双硫属化合物开路。

“从理论上讲，我们觉得这些2-D材料就像开放画布一样。”他说，“你可以很快地读和写对它们所做的更改。散装材料没有这个开放性，但在这里，每一个原子在环境中都是近性的。”

来源：赖斯大学
E-Material（电子材料）
Detecting effects of 3-D shapes in nanoscale chip features
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A three-dimensional reconstruction of chip features from measurements using the NIST model-library method.

As microchip feature dimensions approach atomic scale, it becomes formidably difficult to measure their size and shape. According to the International Technology Roadmap for Semiconductors, within the next couple of years the typical length of a transistor’s “gate”—its on-off switch—will be less than 20 nanometers (nm, billionths of a meter).

Meeting production tolerances for devices with those dimensions will require measurements with a minimum uncertainty around 0.3 nm. And the task is poised to get harder: By 2020, gate lengths are expected to shrink to around 12.5 nm, demanding uncertainties in the range of 0.2 nm—about the width of one silicon atom.

That places extraordinary pressure on chip makers to improve process control. In general, fabricators gauge the critical dimensions of a gate (or any feature) by detecting its edges, using an instrument called a scanning electron microscope (SEM). SEMs measure the number of low-energy electrons ejected from a sample when it is hit with a beam of high-energy electrons; those amounts are highest at edges. Typical SEM imaging uses approximation algorithms that define the edge position within a possible range of one or two nanometers.

Now, NIST researchers have determined that one important component of that uncertainty is that, at the ultra-small scale of the latest chip features, SEM measurements are strongly affected by variations in the gate’s three-dimensional shape that can occur in the course of fabrication, including the line width and center position, the angle formed by a raised feature’s sidewalls, the curvature radius of the top edge area, and the effect of adjacent structures. Differences in each parameter alter the paths of electrons ejected from the sample, which in turn makes it difficult to precisely locate edges and thus determine the actual width and shape.

At present, those effects are not generally taken into account in the course of process control. Fabricators typically compare one production run with another, assuming that any variations between the two are the result of a combination of real differences in the relevant dimension and random measurement errors. But in fact, NIST scientists say, those variations may actually be the result of differences in the three-dimensional shape (some of which are not the relevant dimension) of the same features from one run to another.

“The semiconductor industry clearly needs something that can handle arbitrary three-dimensional shapes,” says NIST’s John Villarrubia, lead author on the report. “The problem is that if the critical dimension number you’re coming up with is sensitive not only to the width of your line but also to the shape of your line, then you’re measuring both in some poorly defined way.”

To reduce the uncertainty, NIST scientists devised a way to model how the paths of electrons ejected from the gate during SEM scanning are affected by shape variations and instrument parameters such as beam tilt, brightness, offset, beam size, and other factors. They combined the physics of electron transit with detailed databases of electron transmission and scattering and used random numbers to simulate the probabilistic nature of electron scattering. They then repeated the process for each of 27,000 different combinations of parameters. The result is a library of SEM signatures corresponding to different shape combinations. Measured SEM signatures can be compared to the library to accurately infer the sample parameters.

The NIST scientists partnered with Intel Corporation to test the method on special samples fabricated by the company to next-generation dimensions of 10 nm to 12 nm. In a recent publication the collaborators report that when they compared the results of width and shape measurements using the model-library system against measurements of the same gates by two completely different high-accuracy technologies, the NIST model agreed with the independent methods to better than 1 nm.

“No integrated circuit manufacturers are using this kind of model-based metrology at present,” Villarrubia says. “But they might adopt the technique if SEM manufacturers began to incorporate that capability into their instruments. That could significantly increase the accuracy of current measurements.

“However, meeting the measurement demands of even smaller feature size, with sub-nanometer uncertainties, will require more accurate models, development of which will require measurement capabilities that we don't presently possess in our research lab—for example, the ability to measure absolute yield (how many electrons out of the sample for each electron the SEM sends in) instead of merely relative yields (how much intensity from a detector). This will likely require custom instrumentation, at a time when budget to maintain existing instrumentation is already a problem.”

SOURCE: NIST
探测纳米芯片特征中三维形状的影响 
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使用美国国家标准技术研究所的模型库方法，形成的芯片特征的三维重构。

由于微芯片特征尺寸逐渐接近原子尺度，因此，它们的大小和形状越来越难以测量。根据国际半导体技术路线图，在未来二十年内，半导体管的门户开关的长度将会小于20纳米（纳米，一米的十亿分之一）

满足这种尺寸的设备的生产公差，要求测量时最小不确定度为0.3纳米。因此任务将会变得更加困难：到2020年，栅极长度有望缩减到约12.5纳米，这便要求不确定度在0.2纳米以内，大约为一个硅原子的宽度。

此要求给芯片生产商带来不小的压力，迫使他们改善过程控制。总的来说，生产商采用扫描式电子显微镜检测了门户的各个边缘，从而测出其关键尺寸。使样品被一束高能量电子撞击，发射出低能量电子，此时用扫描式电子显微镜法测量出这些低能量电子的数量；尤其在边缘，其数量是最多的。典型的扫描式电子显微镜成像利用近似算法将边缘位置定义在一到两纳米的范围内。  

目前，美国国家标准技术研究所的研究人员已经确定造成这种不确定性的一个重要原因就是，对于最新超小型的芯片，扫描式电子显微镜测量法会受到门户的三维结构的各种变量的影响。这些变量在制造过程中经常出现，包括线宽，中心位置，增高的侧壁所形成的角度，顶边区域的曲率半径，相邻结构的影响。每一变量中的差异都会改变样本逐出电子的路径，并且还会使得精确定位边缘与确定实际宽度和形状变得十分困难。

目前，过程控制还未将这些影响因素全部考虑在内。生产商将一种生产运行与另一种相比较，假定了这两种生产方式之间的差异是由于相关和随机测量误差中的众多实际差异的结合所导致的。但实际上，美国国家标准技术研究所表示，这些变量可能是由这两种生产方式在同种特征的三维模型（其中有些不是关联维度）方面的差异造成的。 

“半导体工业需要某种东西来处理随机的三维模型，”该报道的主要作者、美国国家标准技术研究所的研究人员John Villarrubia表示。“其主要问题是，如果你提出的临界尺寸数字对你的线宽与形状都很敏感，那么你就是在以某种非明确的方式同时测量两者。”  

为降低不确定性，美国国家标准技术研究所科学家改善了方法，模仿在扫描式电子显微镜扫描过程中电子被逐出门户的路径是如何受到包括波束倾斜、亮度、偏移、光束尺寸等因素在内的形态变量和仪器变量的影响的。他们将电子渡越的物理现象与详细的电子传输和散射数据库相结合，并利用随机数字模仿了电子散射的概率特性。之后，他们针对27000种不同的参数组合，重复了该过程。其结果是形成了与不同形状结合相对应的扫描式电子显微镜特征径迹数据库。经过测量的扫描式电子显微镜特征径迹能够与文库相比，精确地推测样本变量。  

美国国家标准技术研究所科学家与英特尔公司合作，测验用于公司制造的新一代10纳米到12纳米的特殊样品的方法。在最近的一项刊文中，合作者表示，他们采用完全不同的高精确度技术，将利用模型库系统测量宽度和形状的结果与同门户的测量结果相比较，发现美国国家标准技术研究模型与独立方法相符，大于1纳米。 

“目前，没有集成电路制造商使用此种模型计量法，”Villarrubia说。“但是，如果扫描式电子显微镜制造商开始将此种性能融入仪器，集成电路制造商可能会考虑采用这种技术。这样可能会大大提高目前测量的精确度。”  

“然而，由于亚纳米的不确定性，满足更小的特征尺寸的测量需求就要求更加精确的模型，而发展这种模型需要的测量技术水平是我们研究实验室目前并不具备的——比如，测量绝对产额（扫描式电子显微镜发射的每一个电子样本中包含的电子数量）的能力，而不仅仅是相对产额（探测器显示的强度大小）的能力。同时当维修现有仪器的预算已经成为一个问题时，就将需要定制的仪器。” 

信息来源：美国国家标准技术研究所

Chemists cook up three-atom-thick electronic sheets

Making thin films out of semiconducting materials is analogous to how ice grows on a windowpane: When the conditions are just right, the semiconductor grows in flat crystals that slowly fuse together, eventually forming a continuous film.

This process of film deposition is common for traditional semiconductors like silicon or gallium arsenide—the basis of modern electronics—but Cornell Univ. scientists are pushing the limits for how thin they can go. They have demonstrated a way to create a new kind of semiconductor thin film that retains its electrical properties even when it is just atoms thick.

Three-atom-thick layers of molybdenum disulfide were cooked up in the lab of Jiwoong Park, associate professor of chemistry and chemical biology and member of the Kavli Institute at Cornell for Nanoscale Science. The films were designed and grown by postdoctoral associate Kibum Kang and graduate student Saien Xie. Their work is published online in Nature.

“The electrical performance of our materials was comparable to that of reported results from single crystals of molybdenum disulfide, but instead of a tiny crystal, here we have a 4-inch wafer,” Park said.

Molybdenum disulfide, which is garnering worldwide interest for its excellent electrical properties, has previously been grown only in disjointed, “archipelago”-like single crystal formations, Park said. But making smooth, flat, ultrathin sheets, like paper, is the ultimate goal, and the bridge to actual devices.

The researchers pulled off the feat by tuning the growth conditions of their films using a technique called metal organic chemical vapor deposition (MOCVD). Already used widely in industry, but with different materials, it starts with a powdery precursor, forms a gas and sprinkles single atoms onto a substrate, one layer at a time.

Park’s group systematically optimized the technique to make the films, tweaking conditions and temperatures not unlike experimenting in the kitchen. They found that their crystals grew perfectly stitched together, but only with a little bit of hydrogen and in completely dry conditions, for example. In addition to advanced optical imaging techniques, researchers led by co-author David Muller, professor of applied and engineering physics and director of Cornell’s Kavli Institute, contributed advanced transmission electron microscopy to test and characterize the quality of the films as they went along.

The team also demonstrated their films’ efficacy when stacked layer by layer alternating with silicon dioxide and employing standard photolithography. This effectively proved that these three-atom-thick semiconducting films can be made into multi-level electronic devices of unsurpassed thinness.

The MOCVD method for thin film generation is seemingly generic. The researchers showed the ability to simply change the precursor to make other films; for example, they also grew a tungsten disulfide film with different electrical properties and color. They envision perfecting the process to make atomically thin films of all varieties, like a packet of colored paper, from which new, exciting electronic and optoelectronic devices can be derived.

“These were only the first two materials, but we want to make a whole palette of materials,” Park said.

Source: Cornell Univ.
化学家制造出三原子厚度的电子薄片

用半导体材料制造出薄膜就像是窗玻璃上结了冰：当所有条件都恰到好处，半导体就会在片状晶体产生并缓慢融合，最终形成连续膜。  

对于作为现代电子学的硅或砷化镓这样传统的半导体来说，这种薄膜沉积的过程很普遍。但是康奈尔大学科学家正在努力研究它们能够运行时的薄度的极限。他们已经证明了一种方法，可用来创造新的半导体薄膜，能使其即使只有原子厚度时也能保持其电子特性。  

Jiwoong Park是化学和化学生物系的副教授，还是康奈尔大学Kavli纳米科学研究院的一员。他在实验室中研制出二硫化钼的三原子厚度层。薄膜是由Kibum Kang 和研究生Saien Xie设计并研发出的，其研究成果刊载于《自然》的网站上。

“我们这种材料的电气性能，与之前报道的二硫化钼的单晶的性能类似，但是这种不是一般微小的晶体，而是大约4英寸的薄片。”Park说。

二硫化钼因为其突出的电子性能而获得世界的广泛兴趣与关注。因为在其生成时杂乱无章，如“群岛”式的单结晶，Park说。但制造出光滑的，扁平的和超薄的如纸一样的薄片，这才是最终目标，也是获得实际装置的桥梁。

研究人员采用金属有机化学气相沉积技术，调整薄膜的生长环境以努力取得成效。其已广泛用于工业，但是使用的是不同的材料，开始时为粉状前体，之后形成一种气体，将单个原子撒在基底上，一次一层。

Park研究组系统地优化了制作薄膜的技术，调整了条件与温度使其与厨房试验时不同。他们发现，晶体完全连接在一起，但是只能在有少量氧气且完全干燥的条件下实现。David Muller是康奈尔大学Kavli研究院的主任，应用与工程物理学教授，他还是该研究小组的联合作者，在他领着该小组进行研究的过程中，除了先进的光学成像技术，他们还发展了先进的透射电子显微镜法来测试和塑造薄膜的特性。

研究小组将薄膜层层堆放，利用二氧化硅作为替代品，并使用标准的光刻法，由此证明了薄膜的功效，实际上也证明了三原子厚度的半导体薄膜可以被制作成多级超薄的电子设备。

用于生产薄膜的金属有机化学气相沉积法基本上是通用的。研究人员可以改变前体制造出其他薄膜；比如，他们还生成了一种具有不同电子性能与颜色的二硫化钨薄膜。他们设想完善原子级的各种薄膜的制造过程，比如一包彩纸；新型、激活的电子设备和光电子设备就由此产生。 

“这些只是计划中的前两种原料，但我们是想制作出一整套材料，”Park说。

来源：康奈尔大学

Improving organic transistors that drive flexible, comfortable electronics
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Schematic of wrinkled rubrene single-crystal field-effect transistor. Wrinkles are obtained when in-plane compressive strain is applied on the elastomeric substrate. Electric current between gold (Au) electrodes is modulated by the deformation imposed by the wrinkles. Image: UMass Amherst
A revolution is coming in flexible electronic technologies as cheaper, more flexible, organic transistors come on the scene to replace expensive, rigid, silicone-based semiconductors, but not enough is known about how bending in these new thin-film electronic devices will affect their performance, say materials scientists at the Univ. of Massachusetts Amherst.

Writing in Nature Communications, polymer scientists Alejandro Briseño and Alfred Crosby at UMass Amherst, with their doctoral student Marcos Reyes-Martinez, now a postdoctoral researcher at Princeton, report results of their recent investigation of how micro-scale wrinkling affects electrical performance in carbon-based, single-crystal semiconductors.

They are the first to apply inhomogeneous deformations, that is strain, to the conducting channel of an organic transistor and to understand the observed effects, says Reyes-Martinez, who conducted the series of experiments as part of his doctoral work.

As he explains, “This is relevant to today’s tech industry because transistors drive the logic of all the consumer electronics we use. In the screen on your smart phone, for example, every little pixel that makes up the image is turned on and off by hundreds of thousands or even millions of miniaturized transistors.”

“Traditionally, the transistors are rigid, made of an inorganic material such as silicon,” he adds. “We’re working with a crystalline semiconductor called rubrene, which is an organic, carbon-based material that has performance factors, such as charge-carrier mobility, surpassing those measured in amorphous silicon. Organic semiconductors are an interesting alternative to silicon because their properties can be tuned to make them easily processed, allowing them to coat a variety of surfaces, including soft substrates at relatively low temperatures. As a result, devices based on organic semiconductors are projected to be cheaper since they do not require high temperatures, clean rooms and expensive processing steps like silicon does.”

Until now, Reyes-Martinez notes, most researchers have focused on controlling the detrimental effects of mechanical deformation to a transistor’s electrical properties. But in their series of systematic experiments, the UMass Amherst team discovered that mechanical deformations only decrease performance under certain conditions, and actually can enhance or have no effect in other instances.

“Our goal was not only to show these effects, but to explain and understand them. What we’ve done is take advantage of the ordered structure of ultra-thin organic single crystals of rubrene to fabricate high-perfomance, thin-film transistors,” he says. “This is the first time that anyone has carried out detailed fundamental work at these length scales with a single crystal.”

Though single crystals were once thought to be too fragile for flexible applications, the UMass Amherst team found that crystals ranging in thickness from about 150 nm to 1 um were thin enough to be wrinkled and applied to any elastomer substrate. Reyes-Martinez also notes, “Our experiments are especially important because they help scientists working on flexible electronic devices to determine performance limitations of new materials under extreme mechanical deformations, such as when electronic devices conform to skin.”

They developed an analytical model based on plate bending theory to quantify the different local strains imposed on the transistor structure by the wrinkle deformations. Using their model they are able to predict how different deformations modulate charge mobility, which no one had quantified before, Reyes-Martinez notes.

These contributions “represent a significant step forward in structure-function relationships in organic semiconductors, critical for the development of the next generation of flexible electronic devices,” the authors point out.

Source: Univ. of Massachusetts, Amherst
改善有机晶体管，驱动灵活、自在的电子
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以上为褶皱红荧烯单晶体场效应晶体管的示意图。当平面压缩应变应用在弹性基质上时，可以得到褶皱。黄金电极之间的电流通过褶皱所施加的变形被调制。图片提供：马萨诸塞州大学阿默斯特分校

因为更廉价的、更灵活的、有机晶体管替换了昂贵的、僵化的以硅为基剂的半导体，柔性电子技术正在发生变革，但还不够了解如何弯曲这些新的薄膜电子设备会影响他们的表现，马萨诸塞大学的材料科学家说。

《自然通讯》刊文中，聚合物科学家Alejandro Briseño和马萨诸塞州大学阿默斯特分校的阿尔弗雷德•克罗斯比，以及他们的博士生Marcos Reyes-Martinez，现在普林斯顿大学的博士后研究员，报告了他们最近的调查结果，调查的是，中微尺度褶皱是如何影响以碳为基础的单晶半导体的电子性能的。

Reyes-Martinez说，他们是第一个将非均匀变形，即应变，应用于有机晶体管的传导通道以及理解观察的效果。他进行了一系列实验，作为博士工作的一部分。

他解释说：“由于晶体管驱动着我们使用的所有消费电子产品的逻辑，这有关今天的高科技产业。例如，在你的智能手机的屏幕中，组成图像的像素很少通过成千上万甚至上百万的微型晶体管来打开和关闭。”

“传统上，晶体管是刚性的，由硅等无机材料制成。”他补充道，“我们正在研究一个叫红荧烯的晶体半导体，它是一个有机的碳基材料，具有如电荷载流子迁移率的性能因素，超过了非晶硅的测定。因为它们的属性可以调整以使它们很容易处理，有机半导体是一个有趣的硅的替代品，让它们可以为各种不同的表面加涂层，包括在相对低温度下的软质基材。因此，基于有机半导体的设备预计要更便宜，因为它们不需要像硅那样高温、干净的房间和昂贵的处理步骤。”

直到现在，Reyes-Martinez指出，大多数研究人员将重点放在控制机械变形对晶体管的电学性质的有害影响。但在他们的系统实验的系列中，马萨诸塞州大学阿默斯特分校研究小组发现，机械变形只有在一定条件下才会降低性能，实际上在其他情况下可以提高或没有影响。

“我们的目标不仅是要显示这些效果，还要解释和理解它们。我们所做的就是利用红荧烯的超薄有机单晶的有序结构制备高性能薄膜晶体管。”他说，“这是第一次在这些单个晶体尺度下进行了详细的基本工作。”

虽然单晶被认为对灵活的应用来说太脆弱了，马萨诸塞州大学阿默斯特分校的研究小组发现，晶体范围在150纳米到1微米之间，薄厚足以产生褶皱并应用到任何弹性体基体。Reyes-Martinez还注意到：“我们的实验尤其重要，因为它们有助于科学家们致力于柔性电子设备，以确定新材料极端的机械变形下的性能限制，如电子设备何时可以符合皮肤。”

他们开发了一个基于平板弯曲理论的分析模型以量化褶皱变形强加于晶体管结构的不同局部的张力。使用他们的模型能够预测不同变形如何调制电荷迁移性，之前还没有人量化过，Reyes-Martinez注意到。

作者指出，这些贡献“代表了（我们）向有机半导体中的结构-功能关系方面前进的重要一步，对新一代的柔性电子设备的发展至关重要”。

来源：马萨诸塞州大学阿默斯特分校
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