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Tech News & New Tech（技术前沿）
New nonlinear metamaterial is a million times better than traditional options
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400-nm thick nonlinear mirror that reflects frequency-doubled output using input light intensity as small as that of a laser pointer. Image: University of Texas, Austin

Nonlinear optical materials are widely used in laser systems. However, high light intensity and long propagation are required to produce strong nonlinear optical effects. Researchers at The University of Texas at Austin and the Technische Universitaet Muenchen created metamaterials with a million times stronger nonlinear optical response, compared to the traditional nonlinear materials, and demonstrated frequency conversion in films 100 times thinner than human hair using light intensity comparable to that of a laser pointer.

Lasers have a fixed place in many fields of application. Yet, there are still wavelengths for which either no systems exist, or at best only large and expensive ones. On the other hand remote sensing and medical applications call for compact laser systems, for example with wavelengths from the near infrared to the Terahertz region.

A team of researchers at the Technische Universitaet Muenchen (Germany) and the University of Texas Austin (USA) has now developed a 400 nanometer thick nonlinear mirror that reflects frequency-doubled output using input light intensity as small as that of a laser pointer. For a given input intensity and structure thickness, the new nonlinear metamaterials produce approximately one million times higher intensity of frequency-doubled output, compared to the best traditional nonlinear materials.

Furthermore, because the frequency conversion happens over subwavelength scales, the demonstrated nonlinear mirrors are free from the stringent requirement of matching the phase velocities of the input and output waves, which complicates nonlinear optical experiments with bulk nonlinear crystals.

The new structures can be tailored to work at various frequencies from near-infrared to mid-infrared to terahertz and can be designed to produce giant nonlinear response for different nonlinear optical processes, such as second harmonic, sum- and difference-frequency generation, as well a variety of four-wave mixing processes.

The super sandwich

The magical material the physicists have created comprises a sequence of thin layers made of indium, gallium and arsenic on the one hand and aluminum, indium and arsenic on the other. They stacked about 100 of these layers, each between one and twelve nanometers thick, on top of each other and sandwiched them between a layer of gold at the bottom and a pattern of asymmetrical, crossed gold nanostructures on top

Tuning the semiconductor layers thicknesses and the gold surface nanostructures geometry, the researchers have two possibilities to adjust the structure to resonate optimally with the desired wavelengths. For the initial demonstration, the material converts light with a wavelength of 8000 nanometers to 4000 nanometers. “Laser light in this frequency range can be used in gas sensors for environmental technology,” says Frederic Demmerle, project member at the Walter Schottky Institute of the TU Muenchen.

Smaller than the wavelength

The ability to double the frequency of a beam of light stems from the engineered electron states in the semiconductor material. When the semiconductor layers are only a few nanometers thick, the electrons can only occupy specific energy states and can be resonantly excited by the electromagnetic radiation.

“This kind of structure is called a coupled quantum well,” says Frederic Demmerle. “Now, when we stack a further thin layer at a precisely defined distance from the first layer, we can push these electron states closer together or pull them apart, adjusting them precisely to the desired wavelength.”

Using the semiconductor material grown at TU Muenchen, a team of researchers at the University of Texas, led by Prof. Mikhail Belkin and Prof. Andrea Alu, designed a pattern of crossed gold structures tailored to have resonances at particular input and output frequencies and fabricated then on top of the semiconductor layer. It is this specific combination of semiconductor material and gold nanostructures engineering that produces giant nonlinear response.

Although the patterns are considerably smaller than the wavelength of the incoming light, the metallic structures ensure that the light is optimally coupled to the material. Their special design also causes a strong increase in field strength at specific locations, which further amplifies the nonlinear response.

In the future, the team envisions using new materials realized along these lines for other nonlinear effects. “Alongside frequency doubling, our structures may be designed for sum- or difference-frequency generation,” says graduate student Jongwon Lee, at the University of Texas, the lead author on the paper. “These kinds of elements could be used to produce and detect terahertz radiation—which is of interest for sensing and imaging applications, e.g., in medicine, because it does not harm biological tissue.”

“This work opens a new paradigm in nonlinear optics by exploiting the unique combination of exotic wave interaction in metamaterials and of quantum engineering in semiconductors.” says Professor Andrea Alu.

“On the applications side, our work unveils a pathway towards the development of ultrathin nonlinear optical elements for efficient frequency conversion that will operate without stringent phase-matching constraints of currently-used bulk nonlinear crystals,” says Professor Mikhail Belkin.

The research was funded by the National Science Foundation of USA, the US Air Force Office of Scientific Research, and the US Office of Naval Research, as well as the German Research Foundation in the context of the Excellence Initiative (Cluster of Excellence Nanosystems Initiative Munich, NIM).

Source: Munich Technical Univ.
新型非线性材料比传统材料好百万倍 
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400 nm厚的镜子，仅仅使用与镭射光点强度相同的较小的入射光强度，就能反射出倍频。图像提供：德克萨斯大学奥斯汀分校 
非线性光学材料被广泛应用于激光系统。然而，高光强和远距离传播需要产生很强的非线性光学效应。得克萨斯大学奥斯汀分校和慕尼黑工业大学的研究人员，创造出了比传统非线性材料强一百万倍的光学响应超材料，并证实了在比头发细100倍的薄膜上使用与激光点强度相当的光强可实现频率转换。 
激光已经在许多领域有一席之地了。然而，对于有些波长，要么没有系统的存在，要么至多只是大型且昂贵的存在。另一方面，遥感和医学应用急需激光系统，如近红外波长的太赫兹波段。
慕尼黑工业大学（德国）和德克萨斯大学奥斯丁（美国）的一个研究员团队已经开发出一种400纳米厚的镜子，利用与激光点强度相同的入射光强度就能反射出非线性倍频。对于给定的入射强度和结构厚度，该新型超材料就大约可产生比最好的传统非线性材料强100万倍的的双频输出。
此外，因为频率转换发生在亚波长区间，因此展示的非线性镜子没有严格的要求，无需将入射的相速度与反射出的波进行匹配，从而无需大块儿非线性晶体，使线性光学实验更简单。 
新的结构可以在不同的频率下奏效，如从近红外到红外太赫兹，因此可通过设计产生巨大的非线性反应，用于不同的非线性光学过程，如二次谐波、差频振荡以及各种各样的四波混频过程。
超级“三明治”
物理学家们已经创造了一系列的神奇材料，包括一边是铟、镓、砷，另一边是铝、铟、砷的薄膜层。他们将这种层一层一层向上叠加了100层，每一个都在1-12纳米之间，并将它们夹在底层是金层、顶层是不对称交叉的金纳米结构的中间。
通过调谐半导体层厚度与金表面纳米结构的几何形状，研究人员称在调整结构使其与所需波长产生完美共振方面有两种可能性。初步论证，材料科可转换波长在8000纳米至4000纳米之间的光。“在这个频率范围内的激光可用于环境技术中的气体传感器，”F沃尔特肖特基TU慕尼黑院项目成员rederic Demmerle说。
小于波长

使光束的频率加倍的能力源自在半导体材料中设计的电子态。当只有几纳米厚时，电子只能占据特定能量状态，且可被电磁辐射共振激发。

“这种结构被称为耦合量子阱，”Frederic Demmerle说。“现在，当我们从第一层以精确距离对更薄的层进行堆叠时，我们就可以把这些电子态更紧密地联系在一起，或将它们分开，来调整它们至所需的波长。”
米哈伊尔·贝尔金教授和Andrea Alu教授领导的一组德克萨斯大学的研究人员，利用在慕尼黑工大培养的半导体材料，设计了一种交叉黄金结构模式，可以特定的输入和输出频率产生共振，并在半导体层顶部进行再制造。正是这种半导体材料和金纳米结构的特定组合产生了巨大的非线性响应。
虽然该模式会比入射光的波长短，但金属结构可确保光与材料进行最佳耦合。其特殊设计也导致特定位置的磁场强度剧烈增强，从而进一步放大非线性响应。
未来，团队希望利用新材料来实现其他非线性效应。“除了倍频，我们的结构还可以产生差频振荡，”论文第一作者、德克萨斯大学的Jongwon Lee说。“这些要素可以用来产生和探测太赫兹辐射——其可应用于传感和成像，例如可以用于医学领域，因为它不会伤害生物组织。”
“这项工作利用超材料中奇异的光相互作用和半导体中量子工程的独体结合，为非线性光学开辟了一个新的范式”，Andrea Alu教授说。
“在应用方面，我们的研究工作为用于高效频率转换的超薄非线性光学元件开辟了一条途径，而且进行该转换无需目前所使用的针对大块非线性晶体的严格的相位匹配限制，”米哈伊尔·贝尔金教授说。
该研究是由美国国家科学基金会、美国空军科学研究办公室、美国海军研究办公室以及德国研究基金会卓越计划（卓越纳米技术倡议慕尼黑，NIM）资助的。
来源：慕尼黑技术大学    

Uncertainty gives scientists new confidence in search for novel materials
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This image shows the results of calculations aimed at determining which of six chemical elements would make the best catalyst for promoting an ammonia synthesis reaction. Researchers at SLAC and Stanford used Density Functional Theory (DFT) to calculate the strength of the bond between nitrogen atoms and the surfaces of the catalysts. The bond strength, plotted on the horizontal axis, is a key factor in determining the reaction speed, plotted on the vertical axis. Based on thousands of these calculations, which yielded a range of results (colored dots) that reveal the uncertainty involved, researchers estimated an 80% chance that ruthenium (Ru, in red) will be a better catalyst than iron (Fe, in orange.) Image: Andrew Medford and Aleksandra Vojvodic/SUNCAT, Callie Cullum

Scientists at Stanford Univ. and the Dept. of Energy (DOE)’s SLAC National Accelerator Laboratory have found a way to estimate uncertainties in computer calculations that are widely used to speed the search for new materials for industry, electronics, energy, drug design and a host of other applications. The technique, reported in Science, should quickly be adopted in studies that produce some 30,000 scientific papers per year.
“Over the past 10 years our ability to calculate the properties of materials and chemicals, such as reactivity and mechanical strength, has increased enormously. It’s totally exploded,” said Jens Nørskov, a professor at SLAC and Stanford and director of the SUNCAT Center for Interface Science and Catalysis, who led the research.
“As more and more researchers use computer simulations to predict which materials have the interesting properties we’re looking for—part of a process called ‘materials by design’—knowing the probability for error in these calculations is essential,” he said. “It tells us exactly how much confidence we can put in our results.”
Nørskov and his colleagues have been at the forefront of developing this approach, using it to find better and cheaper catalysts to speed ammonia synthesis and generate hydrogen gas for fuel, among other things. But the technique they describe in the paper can be broadly applied to all kinds of scientific studies.
Speeding the material design cycle  

The set of calculations involved in this study is known as DFT, for Density Functional Theory. It predicts bond energies between atoms based on the principles of quantum mechanics. DFT calculations allow scientists to predict hundreds of chemical and materials properties, from the electronic structures of compounds to density, hardness, optical properties and reactivity.
Because researchers use approximations to simplify the calculations—otherwise they’d take too much computer time—each of these calculated material properties could be off by a fairly wide margin.
To estimate the size of those errors, the team applied a statistical method: They calculated each property thousands of times, each time tweaking one of the variables to produce slightly different results. That variation in results represents the possible range of error.
“Even with the estimated uncertainties included, when we compared the calculated properties of different materials we were able to see clear trends,” said Andrew J. Medford, a graduate student with SUNCAT and first author of the study. “We could predict, for instance, that ruthenium would be a better catalyst for synthesizing ammonia than cobalt or nickel, and say what the likelihood is of our prediction being right.”
An essential new tool for thousands of studies

DFT calculations are used in the materials genome initiative to search through millions of solids and compounds, and also widely used in drug design, said Kieron Burke, a professor of chemistry and physics at the Univ. of California-Irvine who was not involved in the study.
“There were roughly 30,000 papers published last year using DFT,” he said. “I believe the technique they’ve developed will become absolutely necessary for these kinds of calculations in all fields in a very short period of time.”
Thomas Bligaard, a senior staff scientist in charge of theoretical method development at SUNCAT, said the team has a lot of work ahead in implementing these ideas, especially in calculations attempting to make predictions of new phenomena or new functional materials.
Source: SLAC National Accelerator Laboratory
寻找新奇材料之路：不确定性赋予科学家们新的信心
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这张图片显示了计算的结果，旨在决定哪六种化学元素将会构成最好的催化氨合成反应的催化剂。斯坦福线性加速中心的研究员们和斯坦福的研究员们，使用了密度泛函理论来计算氮原子和催化剂的表面的结合强度。水平轴绘制为结合强度，垂直轴绘制为反应速度，结合强度是决定反应速度的关键因素。进行数以千计的计算后得出了一些列结果（被上色的圈点），显示了不确定性，研究员们估计钌（缩写为Ru，用红色标注）将会比铁（缩写为Fe，用橘色标注）是一个更好的催化剂的可能性有80%。供图： SUNCAT，Callie Cullum/安德鲁•梅德福和Aleksandra Vojvodic。 

在斯坦福大学和能源部斯坦福线性研究中心国家加速器实验室的科学家们，已经发现了一种方法，在计算机计算中估计其不确定性，这种方法广泛被用于加快为工业、电子工业、能源、药物设计和许多其他应用领域寻求新材料的速度。该技术报告刊载于《科学》杂志上，应该尽快应用于每年能产生30000篇相关科学论文的研究中。

“在过去的十年，我们计算材料和化工产品特性（比如反应和力学强度）的能力已经得到了巨大的提升。这完全是爆炸性的提高。”带领着这个研究的斯坦福线性研究中心和斯坦福大学的教授，同时也是SUNCAT界面科学与催化中心主管的Jens Nørskov说。 

“随着越来越多的研究员们用电脑模拟去预测哪一种材料有着我们所期待的最有趣的性能——部分步骤叫做'材料设计'——了解这些计算出现错误的可能性是必要的。”他说。这可以精确地告诉我们，我们可以对我们的结果抱有多大的信心。

Nørskov和他的合作者们已经走在了发展这一方法的最前列，使用这一方法在其他的材料之间去找到更好的、更便宜的催化剂，来加速氨的合成并分解氢气作为燃料使用。但是他们在论文中描述的技术可以被广泛应用到各种类别的科学研究之中。

加速了材料设计循环。 

在这一研究中涉及的运算被称为密度泛函理论（DFT）。它可以根据量子力学原理预测原子之间的结合能量。密度泛函理论计算可以使科学家们数以百计的化工产品和材料的性能，从化合物的电子结构到密度、光学性能和反应性等。

因为研究员们使用近似值去简化计算——否则他们将会花费太多的时间在电脑上——这些被计算了的材料性能中的每一个都可能因为一个相当大的误差而被淘汰。

为了估计这些误差的范围，这个团队使用了一个统计学方法。他们对每一个性能进行数以千计的计算，每一次计算都对对变量进行轻微调整，计算出稍微的不同的结果。这些结果中的不同展现出了误差的可能范围。

“甚至将那些估计的不确定性包含进去，当我们比较对不同材料计算出的性能时，我们依旧可以清晰的看到趋势，”SUNCAT的研究生、这篇研究论文的第一作者Andrew J. Medford说。“我们可以预测，例如，相比于钴或者镍，钌会是催化合成氨反应的一种更好的催化剂，并且可以说出我们的预测是正确的可能性。”

可用于数以千计的研究的一个必要的新工具

材料基因组项目可以使用密度泛函理论计算，以在数以百万计的固体和化合物之间进行搜寻，没有参加这项研究的加州大学欧文分校的化学物理系教授Kieron Burke说，这种方法还可被广泛应用于药物设计。

“去年发表的大概有30000份论文都使用了密度泛函理论，”他说。“我相信他们研发的这种技术在一个非常短的时间之内将会在含有这些计算的所有领域中变得绝对的重要。”

在SUNCAT中负责理论方法发展的高级材料科学家Thomas Bligaard说，该团队在执行这些想法时需要做出大量的工作，尤其是在尝试对一种新现象或者一种新型功能材料进行预测的计算方面。

来源：斯坦福线性加速器中心国家加速器实验室
Metal Alloy（金属合金）
Inspired by nature, researchers create tougher metal materials
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This image illustrates the gradient structure concept. Image: Yuntian Zhu
Drawing inspiration from the structure of bones and bamboo, researchers have found that by gradually changing the internal structure of metals they can make stronger, tougher materials that can be customized for a wide variety of applications—from body armor to automobile parts.

“If you looked at metal under a microscope you’d see that it is composed of millions of closely-packed grains,” says Yuntian Zhu, a professor of materials science and engineering at NC State and senior author of two papers on the new work. “The size and disposition of those grains affect the metal’s physical characteristics.”

“Having small grains on the surface makes the metal harder, but also makes it less ductile—meaning it can’t be stretched very far without breaking,” says Xiaolei Wu, a professor of materials science at the Chinese Academy of Sciences’ Institute of Mechanics, and lead author of the two papers. “But if we gradually increase the size of the grains lower down in the material, we can make the metal more ductile. You see similar variation in the size and distribution of structures in a cross-section of bone or a bamboo stalk. In short, the gradual interface of the large and small grains makes the overall material stronger and more ductile, which is a combination of characteristics that is unattainable in conventional materials.

“We call this a ‘gradient structure,’ and you can use this technique to customize a metal’s characteristics,” Wu adds.

Wu and Zhu collaborated on research that tested the gradient structure concept in a variety of metals, including copper, iron, nickel and stainless steel. The technique improved the metal’s properties in all of them.

The research team also tested the new approach in interstitial free (IF) steel, which is used in some industrial applications.

If conventional IF steel is made strong enough to withstand 450 megapascals (MPa) of stress, it has very low ductility—the steel can only be stretched to less than 5% of its length without breaking. That makes it unsafe. Low ductility means a material is susceptible to catastrophic failure, such as suddenly snapping in half. Highly ductile materials can stretch, meaning they’re more likely to give people time to respond to a problem before total failure.

By comparison, the researchers created an IF steel with a gradient structure; it was strong enough to handle 500 MPa and ductile enough to stretch to 20% of its length before failing.

The researchers are also interested in using the gradient structure approach to make materials more resistant to corrosion, wear and fatigue.

“We think this is an exciting new area for materials research because it has a host of applications and it can be easily and inexpensively incorporated into industrial processes,” Wu says.

Source: North Carolina State Univ.
受大自然激发，研究员们创造出了更牢固的金属材料
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这张图片阐明了梯度结构概念。 图像提供：朱云天（Yuntian Zhu，音译）

研究员们的灵感来自于骨骼和竹子的结构，他们发现，他们可以通过逐渐改变金属的内部结构，制造出更牢固、更结实的材料。这种材料能够被定制为从身体武装到汽车零件等范围很广的各种各样的应用材料。

“如果你在显微镜下观察金属，你将会看到它是由数以百万计的紧密排列的颗粒组成的，”北卡罗来纳州立大学材料科学与工程教授朱云天（音译）说，“这些颗粒的尺寸和布局影响着金属的物理特性。”朱教授同时也是这项新研究的两篇文论的资深作者。

“表面有小颗粒使得金属更加坚固，但也使其有更少的柔软性，这意味着在不折断它的前提下，它不能被过分的拉伸，”中国科学院力学研究所材料科学的教授、同时也是两篇论文的第一作者吴晓磊（音译）说。“但是如果我们逐步的增加颗粒的尺寸，就可以使材料变得更加柔软。骨头的横截面和竹子的茎杆在尺寸和结构分配上有相似的变化。简而言之，大颗粒和小颗粒构成的平缓的界面使得整个材料更加牢固也更加柔软，而常用材料是无法同时实现这两点的。

“我们称之为‘梯度结构’，我们可以使用这一技术去定制一个金属的特性，”吴补充道。

吴教授和朱教授合作，对各种材料的梯度结构概念进行了研究测试，包括铜、铁、镍和不锈钢。这个技术提升了包括上述所有材料的金属性能。

这个研究团队也利用无间隙原子（IF）钢对新方法进行了测试，某些工业应用有使用这种钢。

如果常用的无间隙原子钢已经被做的足够坚固，能够抵抗450MPa的压力，它会有着非常低的柔软度，这种钢在不被折断的前提下，只能被拉伸小于它长度的5%。这使它变得不够安全。低柔软度意味着这个材料易受灾难的影响，比如突然地从中间折断。高柔软度的材料可以拉伸，这意味着在材料遭遇完全的失败之前，更有可能给人们留住时间去解决问题。 

通过对比，研究员们创造了一种有阶梯结构无间隙原子钢，它足够牢固处理500MPa的压力，并且足够柔软，最大可以拉伸其长度的20%。

研究员们也对使用梯度结构方法制作出对腐蚀、磨损、疲劳更有抵抗性的材料有兴趣。

“我们认为，对于材料研究而言，这是一个令人兴奋的新领域。因为它可以用于一系列应用，并且能够容易的、便宜的用于工业生产。”吴教授说。

来源：北卡罗来纳州立大学

Silver in the washing machine
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If it contains “nano”, it doesn't primarily leak “nano”: at least that's true for silver-coated textiles, explains Bernd Nowack of the Technology and Society division at Empa. During each wash cycle a certain amount of the silver coating is washed out of the textiles and ends up in the waste water. Empa analysed this water; it turned out that nano-coated textiles release hardly any nanoparticles. That's quite the opposite to ordinary coatings, where a lot of different silver particles were found. Moreover, nano-coated silver textiles generally lose less silver during washing. This is because considerably less silver is incorporated into textile fabrics with nano-coating, and so it is released in smaller quantities for the antibacterial effect than is the case with ordinary coatings. A surprising result that has a transformative effect on future analyses and on the treatment of silver textiles.

“All silver textiles behave in a similar manner—regardless of whether they are nano-coated or conventionally-coated,” says Nowack. This is why nano-textiles should not be subjected to stricter regulation than textiles with conventional silver-coatings, and this is relevant for current discussions concerning possible special regulations for nano-silver.

But what is the significance of silver particles in waste water? Exposed silver reacts with the (small quantities of) sulphur in the air to form silver sulphite, and the same process takes place in the waste water treatment plant. The silver sulphite, which is insoluble, settles at the bottom of the sedimentation tank and is subsequently incinerated with the sewage sludge. So hardly any of the silver from the waste water remains in the environment. Silver is harmless because it is relatively non-toxic for humans. Even if silver particles are released from the textile fabric as a result of strong sweating, they are not absorbed by healthy skin.

Which detergent for which coating?

Next, Nowack's team wants to investigate how silver textiles respond to various ordinary laundry detergents. Studies have shown that some active ingredients of laundry detergents can alter the form in which silver is present. For example, before washing researchers have detected silver ions, i.e. dissolved silver (a conventional form of silver) in textile fabrics, whereas after washing they detected elemental, i.e. metallic, nano-silver or other silver compounds, such as (insoluble) silver chloride.

So silver textiles ultimately contain a number of silver compounds that constantly change and undergo chemical transformations. And they don't just do that during washing, as Nowack stresses. “Even during the manufacturing and coating processes, external influences can have an effect on the composition of the silver particles in textiles, even before the customer has got the product hanging in their wardrobe at home.”

Source: EMPA
洗涤机中的银 
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瑞士联邦材料科学与技术实验室技术分学会的贝恩•诺瓦克阐述道，如果含有纳米成份的话，那么它不会主要渗漏纳米：至少，对于镀银纺织品来说，这是事实。在每一次水洗循环周期内，镀银纺织品都会洗出一定数量的镀银涂层，最终流入到洗涤后的废水中；实验结果表明，具有纳米涂层的纺织品几乎洗不出任何纳米颗粒来。与此恰恰相反的是，就普通涂层而言，在洗涤的废水中总会发现大量的大小不同的银颗粒。此外，银纳米涂层纺织品在洗涤期间通常只会流失很少很少的银。这是因为使用纳米涂层只有相当少的银会融入到纺织纤维中，所以与普通涂层相比而言，在抗菌效果方面它（纳米银）释放的银也较少。这是一个令人兴奋和惊讶的结果，还将对未来银纺织品的分析、处理过程起到革新作用。

诺瓦克说道：“所有的银纺织品的表现方式都是相同的——无论它们是纳米涂层还是传统涂层。这就是为什么与传统的镀银纺织品相比而言，纳米涂层的纺织品不应该受到更为严格的监管和限制。这也与目前讨论的可能与纳米银有关的特殊规定是有关联的。”

但是洗涤废水中的银颗粒的重要意义在哪里呢？暴露于空气的银会与空气中存在的少量的硫发生化学反应，从而形成亚硫酸银盐，在污水处理厂进行处理的过程中同样也会发生这样的化学反应。亚硫酸银盐不溶于水，会在沉淀池的底部析出，随后，与最终的污泥污垢一并焚烧。因此，来自废水中的银几乎不会残留在大气环境中。银是无害的，因为相对来说，它对人体健康没有任何损害。即使是在人体大量出汗的时候，来自纺织纤维衣料中的银颗粒也不会被人体健康的肌肤所吸收。

什么样的涂层纺织品用什么样的洗涤剂好呢？

接下来，诺瓦克的研究团队们想要调查清楚，镀银纺织品对各种各样的普通的洗衣清洁剂有何不同反应。研究已经表明了，洗衣清洁剂中的一些活动成分能改变洗涤水中的银的存在形式。打个比方说，在洗涤之前，研究人员在纺织纤维中检测到了银离子，如溶解的银（一种银的传统存在形式）。然而，在清洗完之后，研究人员检测到的元素包括有金属特性的纳米银，或者如（不溶性）氯化银等其他的银化合物。

因此，镀银纺织品最终会含有大量的银化合物，这些化合物会不断地变化，不断地进行化学转化。诺瓦克强调说：“在纺织品清洗过程中，研究人员们不仅仅只是做了这些研究，甚至对纺织品制造和涂层过程中也进行了研究，结果表明来自外部的作用，也能影响到纺织品中银颗粒的组成，甚至是在消费者买回家挂在衣橱柜里之前。”

本文来自：瑞士联邦材料科学与技术实验室
Composite Materials（复合材料）
Mastergel Creates Business Unit Intended for the Manufacture of Moulds

Mastergel is operating in a new area: the supply of moulds for the manufacture of composite parts using the R process.

Matergel explains that; led by a team of engineers and technicians with extensive experience in the manufacture of models and moulds, as well as in composites moulding, Mastermoldes, the new business unit, will be responsible for all stages of development: from the design of the tool and selection of materials to the production of the mould itself, including tests and customer training.

"We do not make just the mould or model. In fact, we develop the production process of the part and define the parameters of the process. And, if necessary, the customers can train their employees here or with our staff at their premises. I believe we are one of the few companies in Brazil that offer all these alternatives," says Rosi Ana Peterhans, Director of Mastergel.

According to Rosi, the large number of inquiries from companies wishing to manufacture parts in R motivated the creation of Mastermoldes. "People wanted to enter this segment, but they could not find the appropriate tool in the market. In addition, the manufacture of the R mould is more complex than the manual systems, hence the difficulty of processors in making the tooling on their own."

For now, composite moulders operating in the construction sector - synthetic marble and bathtubs, mainly - and in the transportation sector are the main customers of Mastermoldes.
Mastergel公司开辟新业务制造模具 

Mastergel公司打算开辟一片新领域：提供模具，使用R-工艺制造各种复合材料零部件。

Mastergel公司阐述道，我们新业务部门是Mastermoldes，团队由经验非常丰富的工程师和专业技术人员组成的，在他们的领导下我们将开展模具和模型制造，以及利用复合材料塑模成型。新业务部门将负责所有生产阶段：从工具的设计、材料的选择，一直到模具成型并投入生产，包括产品测试以及客户培训等。

Mastergel公司的经理萝丝•安娜•彼得汉斯说道：“我们不仅仅只是制作模型和模具。事实上，我们还开发零部件的生产工艺，并定义工艺中的参数。而且，如果有需要的话，那么客户可以在我们这里培训他们的员工，或者和我们的职员一起在他们公司场地进行培训。我相信我们是巴西为数不多的公司之一，能够提供如此全面的产品和服务。” 

据萝丝透露，希望能使用R工艺制造零部件的公司非常之多，这促使我们创建了Mastermoldes部门。她还说道：“人们想要进入这个领域，但是他们在市场中却找不到合适的工具。除此以外，R模的制造比手工操作系统更难操控，因此，困难还在于制造自身工具的处理器操控上。”

目前，在建筑行业（主要是人造大理石和浴缸）以及运输行业中的复合材料铸造人员是Mastermoldes的主要消费客户。

A smashing new look at nanoribbons
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Molecular simulations and electron microscope images show what happens to a carbon nanotube when the end of it strikes a target directly at about 15,000 miles per hour. Rice University researchers found the nanotubes split into useful nanoribbons. Image: Ajayan Group/Rice University

Carbon nanotubes “unzipped” into graphene nanoribbons by a chemical process invented at Rice University are finding use in all kinds of projects, but Rice scientists have now found a chemical-free way to unzip them.

The Rice lab of materials scientist Pulickel Ajayan discovered that nanotubes that hit a target end first turn into mostly ragged clumps of atoms. But nanotubes that happen to broadside the target unzip into handy ribbons that can be used in composite materials for strength and applications that take advantage of their desirable electrical properties.

The Rice researchers led by graduate student Sehmus Ozden reported their finding in the American Chemical Society journal Nano Letters.

The result was a surprise, Ozden said. “Until now, we knew we could use mechanical forces to shorten and cut carbon nanotubes. This is the first time we have showed carbon nanotubes can be unzipped using mechanical forces.”

The researchers fired pellets of randomly oriented, multiwalled carbon nanotubes from a light gas gun built by the Rice lab of materials scientist Enrique Barrera with funding from NASA. The pellets impacted an aluminum target in a vacuum chamber at about 15,000 miles per hour. When they inspected the resulting carbon rubble, they found nanotubes that smashed into the target end first or at a sharp angle simply deformed into a crumpled nanotube. But tubes that hit lengthwise actually split into ribbons with ragged edges.

“Hypervelocity impact tests are mostly used to simulate the impact of different projectiles on shields, spacecraft and satellites,” Ozden said. “We were investigating possible applications for carbon nanotubes in space when we got this result.”

The effect was confirmed through molecular simulations. They showed that when multiwalled tubes impact the target, the outer tube flattens, hitting the inside tubes and unzipping them in turn. Single-wall nanotubes do just the opposite; when the tube flattens, the bottom wall hits the inside of the top wall, which unzips from the middle out to the edges.

Ozden explained that the even distribution of stress along the belly-flopping nanotube, which is many times longer than it is wide, breaks carbon bonds in a line nearly simultaneously.
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Carbon nanotubes can be unzipped into nanoribbons by firing them at high velocity at a target, but only the ones that land lengthwise will unzip, according to researchers at Rice University. Tests evaluated nanotubes that impacted the target at various angles to see the results. Image: Ajayan Group/Rice University

Ozden said the process eliminates the need to clean chemical residues from nanoribbons produced through current techniques. “One-step, chemical-free, clean and high-quality graphene nanoribbons can be produced using our method. They’re potential candidates for next-generation electronic materials,” he said.

Co-authors include Pedro Autreto, a postdoctoral researcher at the State University of Campinas, Brazil, who has a complimentary appointment at Rice; graduate student Chandra Sekhar Tiwary of Rice and the Indian Institute of Science, Bangalore; graduate student Suman Khatiwada of Rice; Leonardo Machado and Douglas Galvao of the State University of Campinas; and Robert Vajtai, a senior faculty fellow at Rice. Barrera is a professor of materials science and nanoengineering. Ajayan is Rice’s Benjamin M. and Mary Greenwood Anderson Professor in Mechanical Engineering and Materials Science and of chemistry, and chair of the Department of Materials Science and NanoEngineering.

The Department of Defense, U.S. Air Force Office of Scientific Research through a Multidisciplinary University Research Institute grant, and the Brazilian agencies National Council for Scientific and Technological Development, Coordination for the Improvement of Higher Education Personnel and the São Paulo Research Foundation supported the research.

Source: Rice Univ.

纳米带新视角 

[image: image11.jpg]



分子模拟和电子显微镜图像显示了，当碳纳米管尾部以小时15000英里的速度直接撞到一个目标物时会发生什么。莱斯大学的研究人员发现，纳米管分解成了有用的纳米带。供图：莱斯大学/阿杰安团队

莱斯大学利用其发明的化学过程将碳纳米管撕裂成石墨纳米带应用于各种项目中。但是莱斯大学的科学家们现在发现了一种非化学的方法来对其进行分解。 

莱斯实验室的材料科学家普利克尔•阿杰安发现，当纳米管一端被撞击时大部分会变成不规则的蔟状原子。 但是纳米管侧面却会被撕裂成丝带状，能够被用于强化合成材料，也可用于利用其超凡电子属性的领域。          

由研究生Sehmus Ozden领导的莱斯大学的研究人员，在美国化学学会杂志《纳米快报》上发表了他们的成果。

Ozden说：“结论是令人惊讶的”“直到现在，我们才知道可以利用物理力量将碳纳米管变短或进行剪切，这是我们首次发现可以用物理力量将碳纳米管撕裂。”

研究人员发射了随机方向的多壁碳纳米管颗粒，这些颗粒从由NASA资助的莱斯实验室的材料科学家恩里克•巴雷拉发明的瓦斯枪中射出。它们在真空中以约每小时15000英里的速度撞向铝制目标。当他们检查之后生成的碳废墟时，他们发现纳米管第一次砸到目标末端后其形状由锋利的角变形到了一个皱巴巴的纳米管，但是在纵向上被撞击的纳米管会分成带边缘不齐的丝带。

“超高速冲击测试主要是用来模拟不同的炮弹对盾牌、航天器和卫星的影响的，”Ozden说。“当我们得到了这个结论后，我们会调查碳纳米管可能的应用空间。”

该效果通过分子模拟得到了确认。他们发现，当多壁碳纳米管影响到目标的时候，外管变平，撞击到内管使得其最终被撕裂。而单壁碳纳米管与之恰恰相反；当管变平后，底壁会撞击到顶壁的内部使其从中部的边缘被撕开。

Ozden解释说，即使是沿着腹部着地的纳米管的均匀受力，也会几乎同时地在一条直线上中断碳键。纳米管的长度是其宽度的很多倍。
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据莱斯大学研究人员称：碳纳米管通过高速撞击一个目标可被撕裂成纳米带，但是仅仅在纵向上进行着陆时才会撕裂。测试评估了会以不同角度影响目标物的纳米管，来观察期结果。图像提供：图尔团队/莱斯大学

Ozden说，该过程使我们无需使用现有技术消除化学残余物。“利用我们的方法可以做到仅需一步就能生产出无化学残留物、高质量的干净石墨烯带，”“他们或可作为下一代电子产品的替代品，”他说。

合作者包括Pedro Autreto（巴西坎皮纳斯州立大学的博士后研究员，与莱斯大学有免费的合约），莱斯大学、班加罗尔印度科学研究所研究生Chandra Sekhar Tiwary，莱斯大学研究生Suman Khatiwada，坎皮纳斯州立大学研究生Leonardo Machado和Douglas Galvao，以及莱斯大学高级研究员Robert Vajtai。巴雷拉是材料科学和纳米工程学院的教授；阿杰安是莱斯大学机械工程和材料科学与化学学院的Benjamin M.与Mary Greenwood Anderson教授以及材料科学和纳米工程学院主席。

国防部、美国空军科学研究办公室、巴西机构国家科学技术发展委员会、协调改善高等教育人员和圣保罗研究基金会支持了该研究。美国空军科学研究办公室通过多学科大学研究所进行资助。

来源：莱斯大学

Carbodeon Enables Increase in Polymer Thermal Filler Conductivity at a Lower Cost than with Traditional Fillers

Carbodeon can now achieve a 20% increase in polymer thermal performance by using as little as 0.03 wt.% nanodiamond material at 45% thermal filler loading, enabling increased performance at a lower cost than with traditional fillers.

According to Carbodeon, last October it published its data on thermal fillers showing that the conductivity of polyamide 66 (PA66) based thermal compound could be increased by 25% by replacing 0.1 wt.% of the typically maximum effective level of boron nitride filler (45 wt.%) with the company's application fine-tuned nanodiamond material. The latest refinements in nanodiamond materials and compound manufacturing allow similar level performance improvements but with 70% less nanodiamond consumption and thus, greatly reduced cost.

The company explains the samples were manufactured at the VTT Technical Research Centre in Finland and their thermal performance was analyzed by ESK (3M) in Germany.

"The performance improvements achieved are derived from the extremely high thermal conductivity of diamond, our ability to optimise the nanodiamond filler affinity to applied polymers and other thermal fillers and finally, Carbodeon's improvements in nanodiamond filler agglomeration control," said Carbodeon CTO Vesa Myllymäki. "With the ability to control all these parameters, the nanotechnology key paradigm of 'less gives more' can truly be realised."

Carbodeon states the active surface chemistry inherent in detonation-synthesised nanodiamonds has historically presented difficulties in utilising the potential benefits of the 4-6nm particles, making them prone to agglomeration. Carbodeon optimises this surface chemistry so that the particles are driven to disperse and to become consistently integrated throughout parent materials, especially polymers. The much-promised properties of diamond can thus be imparted to other materials with very low, and hence economic, concentrations.

For more demanding requirements, it claims conductivity increases of as much as 100% can be achieved using 1.5 percent nanodiamond materials at 20% thermal filler loadings.

"This increase in thermal conductivity is achieved without affecting the electrical insulation or other mechanical properties of the material and with no or very low tool wear, making it an ideal choice for a wide range of electronics and LED applications," said Vesa Myllymäki.

"We know we have not yet uncovered all the benefits that Carbodeon nanodiamonds can deliver and continue our focused application development on both polymer thermal compounds, and on metal finishing and industrial polymer coatings," Myllymäki added. "Recently we were granted a patent on nanodiamond-containing thermoplastic thermal composites and we see great future opportunities for these materials."
Carbodeon公司增强聚合物热传导填料的传导性，且比传统填料成本更低

现在，Carbodeon公司通过在45%的热传导填料的情况下仅仅使用0.03 wt.%的纳米金刚石材料，就可以使聚合物的热传导性能提升20%，且相比传统填料，成本更低。

根据Carbodeon公司的数据，去年十月它发表了有关热传导填料的数据。数据显示，若将0.1 wt.%的最大有效水平的硼氮化物填料（45 wt.%）替换为该公司应用微调的纳米金刚石材料，则聚酰胺 66（PA66）型热传导化合物的传导性就能够提高25%。最近对纳米金刚石材料进行的提纯和化合物制造，可以使达到相似水平的性能改善所消耗的纳米金刚石降低70%，且在很大程度上减少成本。 

公司解释，样本都是在芬兰国家技术研究中心建立的，并且他们的热传导填料的性能都是经德国的ESK工业集团分析的。

“性能得以提高的原因包括，钻石有非常高的导热性，我们可以优化纳米金刚石填料对应用聚合物及其他热导性填料的密切关系，以及Carbodeon公司对纳米金刚石填料凝聚控制的改善，Carbodeon的首席技术官Vesa Myllymäki如是说，“利用能控制所有这些参数的能力，纳米技术这种“以少产多”的重要范例就可以被真正的实现。”

Carbodeon公司表示，爆发合成的纳米金刚石内固有的活跃的表面化学，已经历史性的展现出在使用4-6纳米微粒潜在优势的困难，使它们有凝聚的倾向。Carbodeon公司优化了这个表面化学，这样就能驱使微粒分散开来，并在整个母体材料保持一致，尤其是聚合物。从而使钻石的这种更具前景的性能被给予其他材料，且以非常低且具经济性的浓度。

就更高的要求而言，它声称，可以在20%热传导填料载荷时使用1.5%纳米金刚石材料，实现将传导性提高100%。

“这种热导性的提高不会影响到电流的绝缘或材料的其他力学性能，并且没有（或者很低的）工具磨损，使得对于有宽领域的电子产品和发光二极管的应用，这是一个理想的选择”，Vesa Myllymäki说。

我们知道，我们还没有透露Carbodeon公司纳米金刚石能够提供的所有益处，以及继续进行对热导性化合物、金属表面处理及工业聚合物涂层的好处”，Myllymäki补充道。“最近，我们包含纳米金刚石热塑性热导复合材料取得专利，并且我们看到了这些材料的美好的未来的机会。”
Practical Application（实际应用）
Phase-changing material could allow robots to switch between hard and soft states

In the movie “Terminator 2,” the shape-shifting T-1000 robot morphs into a liquid state to squeeze through tight spaces or to repair itself when harmed.

Now a phase-changing material built from wax and foam, and capable of switching between hard and soft states, could allow even low-cost robots to perform the same feat.

The material—developed by Anette Hosoi, a professor of mechanical engineering and applied mathematics at Massachusetts Institute of Technology (MIT), and her former graduate student Nadia Cheng, alongside researchers at the Max Planck Institute for Dynamics and Self-Organization and Stony Brook Univ.—could be used to build deformable surgical robots. The robots could move through the body to reach a particular point without damaging any of the organs or vessels along the way.

Robots built from the material, which is described in a new paper in Macromolecular Materials and Engineering, could also be used in search-and-rescue operations to squeeze through rubble looking for survivors, Hosoi says.

Follow that octopus

Working with robotics company Boston Dynamics, based in Waltham, Mass., the researchers began developing the material as part of the Chemical Robots program of the Defense Advanced Research Projects Agency (DARPA). The agency was interested in “squishy” robots capable of squeezing through tight spaces and then expanding again to move around a given area, Hosoi says—much as octopuses do.

But if a robot is going to perform meaningful tasks, it needs to be able to exert a reasonable amount of force on its surroundings, she says. “You can’t just create a bowl of Jell-O, because if the Jell-O has to manipulate an object, it would simply deform without applying significant pressure to the thing it was trying to move.”

What’s more, controlling a very soft structure is extremely difficult: It is much harder to predict how the material will move, and what shapes it will form, than it is with a rigid robot.

So the researchers decided that the only way to build a deformable robot would be to develop a material that can switch between a soft and hard state, Hosoi says. “If you’re trying to squeeze under a door, for example, you should opt for a soft state, but if you want to pick up a hammer or open a window, you need at least part of the machine to be rigid,” she says.

Compressible and self-healing

To build a material capable of shifting between squishy and rigid states, the researchers coated a foam structure in wax. They chose foam because it can be squeezed into a small fraction of its normal size, but once released will bounce back to its original shape.

The wax coating, meanwhile, can change from a hard outer shell to a soft, pliable surface with moderate heating. This could be done by running a wire along each of the coated foam struts and then applying a current to heat up and melt the surrounding wax. Turning off the current again would allow the material to cool down and return to its rigid state.

In addition to switching the material to its soft state, heating the wax in this way would also repair any damage sustained, Hosoi says. “This material is self-healing,” she says. “So if you push it too far and fracture the coating, you can heat it and then cool it, and the structure returns to its original configuration.”

To build the material, the researchers simply placed the polyurethane foam in a bath of melted wax. They then squeezed the foam to encourage it to soak up the wax, Cheng says. “A lot of materials innovation can be very expensive, but in this case you could just buy really low-cost polyurethane foam and some wax from a craft store,” she says.

In order to study the properties of the material in more detail, they then used a 3-D printer to build a second version of the foam lattice structure, to allow them to carefully control the position of each of the struts and pores.

When they tested the two materials, they found that the printed lattice was more amenable to analysis than the polyurethane foam, although the latter would still be fine for low-cost applications, Hosoi says.

The wax coating could also be replaced by a stronger material, such as solder, she adds.

Hosoi is now investigating the use of other unconventional materials for robotics, such as magnetorheological and electrorheological fluids. These materials consist of a liquid with particles suspended inside, and can be made to switch from a soft to a rigid state with the application of a magnetic or electric field.

Source: Massachusetts Institute of Technology
相变材料可使机器人在软硬状态之间进行切换
在电影《终结者2》中，变形T-1000机器人可变成液体状态穿过狭小空间或着在伤害时进行自我修复。

现在一种由蜡和泡沫组成的相变材料可以在固相与液相之间转换，甚至可以让低成本机器人执行相同的壮举。 

该材料由麻省理工学院(MIT) 机械工程和应用数学教授Anette Hosoi和她以前的研究生Nadia Cheng与位于马克斯普朗克动态与自组织研究所的研究员及石溪大学共同发明的。该材料可以用来建立可变形的手术机器人。该机器人可以在不损害任何器官或血管的情况下通过身体达到一个特定的区域。 

《高分子材料与工程》上刊载的一篇新论文中讲到，利用该材料制造的机器人也可以用于搜救行动，穿过废墟寻找幸存者，Hosoi说。 

与章鱼相似

研究人员与总部设在马萨诸塞州Waltham的机器人公司波士顿动力公司（Boston Dynamics）合作，开发这种材料，作为国防高级研究计划局(DARPA)化学机器人项目的一部分。该机构对能够挤过狭小空间，然后再次变大，围绕一个给定区域转动的柔软机器人感兴趣，Hosoi说，就和章鱼一样。

但是如果机器人要完成有意义的任务时,它需要能够针对其周围的环境施加一个合适的力，她说,你不能仅仅制造一碗果冻，因为如果是果冻来操作一个对象，它只会变形而不能对试图想要移动的对象施加一定的压力。

另外，控制一个十分柔软的物体是十分困难的。与一个刚性机器人相比，我们很难预测该物体会怎样移动以及它会变成什么形状。

因此研究人员认为，构建一个可变形机器人的唯一方法是制作可在坚硬状态与柔软状态间转化的材料，Hosoi说：“例如想从门下挤过去，就需要变成柔软的状态，但是若想捡起一个锤子或者打开一扇窗户时，则至少需要让机器的一部分需要变成坚硬的状态，”她说。

可压缩性和自愈能力 

为了制作可在坚硬状态与柔软状态间转化的材料，研究人员用蜡覆盖了泡沫结构。他们之所以选择泡沫,是因为它可以挤压变得更小，且一旦压力释放又将恢复到原来的形状。

同时，通过对柔软表面温和加热，蜡涂层外壳就可以从一个坚硬的状态变成柔软的状态。这可以通过在每一个涂层泡沫柱上缠绕电线然后通过电流加热使得其周围的蜡融化而实现。当电流关闭时，材料冷却返回坚硬的状态。

“除了将材料转化为柔软的状态，以这种方式对蜡进行加热还可以修复任何的损坏”。Hosoi说“因此当你将它放的过远且涂层发生了断裂，那么你可以将其加热然后让其冷却，它的结构就会恢复到原始的形状。”

为了制造这种材料，研究人员简单的将沐浴液中的聚氨酯泡沫塑料混合在融化的蜡中。然后他们挤压泡沫,使它吸收蜡，陈说：“许多材料改革非常昂贵，但在这种情况下，仅仅从工艺店买一些价格便宜的聚氨酯泡沫塑料和一些蜡就可以了，”她说。

为了研究该材料特性的更多细节，他们利用3D打印机构建第二个版本的泡沫晶格结构,使他们可以仔细控制了每个框架和孔隙的位置。

Hosoi说，当他们对两个材料进行测试的时候，他们发现尽管后者应用成本更低,但打印的晶格比聚氨酯泡沫更适合分析。”

蜡涂层也可以由更强的材料如焊接合金代替，她补充道。 

Hosoi 现在正在研究其它非常规材料在机器人中的应用，如磁流变和电流变液体。这些材料含有悬浮离子的液体组成，可以在应用电场或者磁场的情况下，使得这些材料在柔软状态与坚硬状态间转化。

来源：麻省理工学院
Technology illuminates colder objects in deep space

Too cool and faint, many objects in the universe are impossible to detect with visible light. Now a Northwestern Univ. team has refined a new technology that could make these colder objects more visible, paving the way for enhanced exploration of deep space.

“High-performance infrared cameras are crucial for space exploration missions,” said Manijeh Razeghi, the Walter P. Murphy Professor of electrical engineering and computer science in the McCormick School of Engineering and Applied Science. “By studying the infrared waves emitted by cool stars and planets, scientists are beginning to unlock the mysteries of these cooler objects.”

Researchers have long looked to infrared waves to probe the depths of space. Infrared has a longer wavelength than visible light, so it can penetrate dense regions of gas and dust with less scattering and absorption. Current infrared detectors are typically built with mercury cadmium telluride, which works well with mid- and long-infrared wavelengths. However, this well-established technology demonstrates low uniformity and instability for infrared waves with very long wavelengths.

Published in Applied Physics Letters, Razeghi and her collaborators describe a new technology, which uses a novel type II superlattice material called indium arsenide/indium arsenide antimonide (InAs/InAsSb). The technology shows a stable optical response in regards to very long wavelength infrared light.

By engineering the quantum properties of the type II superlattice material, the team demonstrated the world’s first InAs/InAsSb very long wavelength infrared photodiodes with high performance. The new detector can be used as an inexpensive and robust alternative to current infrared technologies.

“This material has emerged as the platform for the new generation of infrared detection and imaging,” said Razeghi who leads McCormick’s Center for Quantum Devices. “It has proved to have longer carrier lifetimes and promises a better controllability in epitaxial growth and simpler manufacturability.”

Source: Northwestern Univ.
科技照亮了外太空中低温物体  

因为太冷或者太模糊，在宇宙中的很多物体是不可能通过可见光探测到的。现在，美国西北大学的一个团队已经研究出了一种新的技术,这种技术可以使这些温度更低的物体可见度更高，这为我们增强对外太空增强的探究铺平了道路。  

“高性能红外摄像机对于太空探索任务是至关重要的，”McCormick学校工程与应用科学学院电机工程与计算机科学系沃尔特•P•莫菲教授Manijeh Razeghi说。“通过研究低温的恒星与行星放射出来的红外线波，科学家们正在开始解开这些低温物体的奥秘。”

调查者们已经长时间的观察模糊的波来探测太空的深度。红外线相比可见光有着更长的波长，所以它可以用更少的散射和吸收光谱穿透气体与灰尘之间稠密的部分。现在的红外线检测器大多数以碲镉汞化物构成，他们可以很好的探测中或者长红外线波长。然而，这种固定下来的技术对于红外线波长非常长的波有着很低的均匀性和一定的不稳定性。

在一篇发表在《应用物理快报》上的论文中，Razeghi和她的合作者们描述了一种新的技术。这种技术使用了一种叫做砷化铟/砷化铟镝化物的新型的第二代超晶格结构材料。这种技术展示了对于波长非常长的红外线光的稳定的光学回应。 

通过管理这种第二代新型的超晶格结构材料的量子性能，这个团队展示世界上第一个了砷化铟/砷化铟镝化物非常长波长的高性能红外线光敏二极管。对于当前的红外线技术而言，这个检测器可以被用来当做一个便宜的，强健的供替代的选择。

“这种材料已经出现，作为一个为新一代红外线探测器和成像的平台。”领导量子设备的McCormick中心的Razeghi说。它已经被证明拥有更长的使用寿命，并保证了在外延生长和更简单可制造性方面的更好的可控性。

来源：美国西北大学
Silicor Materials to produce solar silicon in Iceland

Solar silicon materials producer, Silicor Materials is to establish a 19,000MT plant in Iceland to convert metallurgical-grade silicon (MG-Si) feedstock to purified solar grade silicon that it claims can be produced at US$9/kg.

The small US-based company is tapping banks, ports, equipment and electricity suppliers in Iceland to support the building and operating of the planned facility that will located at the port of Grundartangi and initially employ 100 construction workers and around 400 full-time employees.

Unspecified financing requirements are being sought from Arion Bank, said to be one of the largest banks in the country, while Centra Corporate Finance is tasked with raising equity finance for the project. Location incentive packages were said to be ongoing with Iceland’s Ministry of Industries and Innovation.

Silicor also said it had has obtained heads of terms, and a letter of intent from Landsvirkjun and Orka Náttúrunnar (ON Power) respectively, two of Iceland’s largest power producers, to supply plant operations.

SMS Siemag, a machinery and plant construction expert for the steel, aluminum and metallurgical-grade silicon industries, has signed on to supply the majority of the facility’s production equipment, according to Silicor.

“When we consider the potential sites for our first commercial-scale plant, Iceland is a leading candidate for a number of reasons,” said Theresa Jester, CEO of Silicor Materials. “In addition to its world-class manufacturing and transportation infrastructure, the country provides low-cost renewable energy, enabling Silicor to produce the only truly ‘green’ silicon in the world. Further, Iceland ranks among the top aluminum producers worldwide, providing Silicor with a built-in market for its premium aluminum-based products. With the support of Arion Bank, we are well positioned to bring venture to realisation.”

Subject to final agreements, Silicor said it wanted to break ground later in 2014 and have construction and initial production in 2016.

Iceland benefits from very low electricity costs due to thermal power plants and has been touted as a location for both polysilicon and semiconductor manufacturing due to high energy consumption requirements.
Silicor Materials在冰岛生产太阳能硅

太阳能硅材料生产商Silicor Materials将在冰岛建设一家19,000MT的工厂，以将冶金级硅(MG-Si)原料转换为提纯太阳能级硅，其称能够以每千克九美元的价格生产。

该小型美国企业正在联系冰岛的银行、港口、设备和电力供应商以支持该规划设施的建设和运营，该设施将坐落于Grundartangi港，最初聘请一百名建设工人，以及约四百名全职员工。

正在从该国最大的银行之一Arion Bank寻求未指定的资金需求，而Centra Corporate Finance被赋予为该项目筹集股本融资的职责。据说地点补贴计划正在冰岛的产业和创新部进行。

Silicor还表示，其已经分别从冰岛两家最大的电力生产商Landsvirkjun和Orka Náttúrunnar (ON Power)获得条款及意向书，以供应工厂运营。

根据Silicor，钢、铝和冶金级硅行业的机械和工厂建设专家SMS Siemag日前签约并供应该工厂大部分的生产设备。

Silicor Materials首席执行官特里萨·杰斯特(Theresa Jester)表示：“当我们考虑我们首个商业规模工厂的潜在位置时，冰岛出于许多原因成为主要候选。除了其世界一流的制造及运输设施，该国提供低成本可再生能源，使得Silicor能够生产世界唯一真正的‘绿色’硅。此外，冰岛位居世界顶级铝生产商之列，为Silicor提供一个内置市场，用于其优质铝产品。鉴于Arion Bank的支持，我们良好定位使企业成为现实。”

根据最终协议，Silicor表示，其希望在2014年晚些时候破土动工，并且在2016年建成及初步生产。

由于热发电站，冰岛获益于非常低的电力成本，并且由于高能源消耗需求，该地区一直被吹捧为多晶硅和半导体制造业的所在地。

Organic & Polymer（有机高分子材料）
World’s First Carbon Fiber 3D Printer

Previously, only short fibers could be used in 3D printing, which limits strength and stiffness. However, the company MarkForged have just introduced the Mark One printer, which can print parts from continuous carbon fibers.

MarkForged was founded by MIT aerospace engineer Greg Mark. After years of designing and manufacturing high-performance composite race car wings, he found a way to use 3D printing hardware to automate the composite layup process. He assembled a team of researchers and MarkForged was born.

According to the new company, the Mark One combines the limitless potential of 3D printing with the high-strength of carbon fiber. Its patent pending Composite Filament Fabricatio process is the first ever to enable 3D printing of continuous carbon fiber. CFF parts are up to 20 times stiffer than ABS plastic, five times stronger, and have a higher strength-to-weight ratio than 6061-T6 aluminum.

“We removed the strength limitations of 3D printed plastic parts,” said founder and CEO Greg Mark. “We designed the Mark One so that your best ideas come to life with the click of a button at your desk. And not just in form, but in function.”

The novel printer enables designers to 3D print functional parts that would otherwise need to be CNC machined. The Mark One 3D-printing process, however, pledges to create finished parts, not just prototypes, that match the strength and durability of those molded or machined from high-performance composites.

“The magic is in the printhead,” continued Mark. “The Mark One uses a dual extruder system that combines traditional 3D printing and CFF printing within a single part. Designers can choose between lightweight carbon fiber, low-cost fiberglass, or the newly announced Kevlar for puncture and abrasion resistance. The printer also supports traditional 3D printing with nylon and PLA plastic.”

Until now the Mark One was only available as limited pre-sale, but for the second half of 2014 MarkForged will start shipping.

世界上首个碳纤维3D打印机

以前，只有短纤维可以被用于3D打印，这限制了（纤维的）强度及刚度。然而，MarkForged公司刚刚推出了Mark One（品牌名称）打印机，这台打印机可以打印连续碳纤维的一部分。

MarkForged是由麻省理工学院航空航天工程师格雷格•马克创立的。经过多年设计和制造高性能的复合材料竞赛用车翼，他发现可通过使用3D打印的五金，使复合材料绞和过程自动化。（因此，）他集合了一个团队的研究员，创建了MarkForged公司。

该新公司表示，Mark One打印机结合了3D打印的无限潜能和碳纤维的高强度。其获得专利的复合材料单纤维制造工艺（Composite Filament Fabricatio，CFF）是第一个能使连续碳纤维进行3D打印的技术。CFF零件比ABS塑料坚硬20倍，比6061-T6铝的强度高5倍，且强度/重量比更高。

“我们打破了3D打印的塑料零件的强度限制，”创始人和首席执行官格雷格•马克说。“我们设计Mark One旨在使最好的想法能仅仅通过点击书桌上的按钮就可变为现实。并且，不仅仅是在形式上，更是在功能上。”

这个新奇的打印机可以使设计师们对功能性零部件进行3D打印，否则这些零件将需要用数控机床（CNC）进行加工。而Mark One 3D打印技术可保证能创造出制成零件，而不仅仅是原型，使其强度和耐用性能与用高性能材料模塑或机器加工而成的零件相匹敌。

马克还表示，“魔法就在打印头里。”Mark One使用用双重的挤压机系统，这个系统在一个单独的部分里结合了传统3D打印和CFF打印。设计师们可以选择轻量级碳纤维，低成本玻璃纤维，或者新发布的Kevlar来防止刺穿和磨损。该打印机也支持对聚酰胺纤维和聚乳酸塑料进行传统3D打印。   

直到现在，Mark One还被限制为预售，但是在2014年下半年，MarkForged 公司将开始售卖。
Ultra-stiff and lightweight: Carbon-fiber epoxy honeycombs mimic material performance of balsa wood
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Left: Optical images of square, hexagonal, and triangular honeycomb structures composed of SiC-filled epoxy. Scale bars are 2 mm. Center and right: Optical images of a triangular honeycomb structure composed of SiC/C-filled epoxy, which reveal clear evidence of highly aligned carbon fibers oriented along the print direction. The scale bars are 500 μm.

Credit: Courtesy of Brett G. Compton, Harvard University

In wind farms across North America and Europe, sleek turbines equipped with state-of-the-art technology convert wind energy into electric power. But tucked inside the blades of these feats of modern engineering is a decidedly low-tech core material: balsa wood.
Like other manufactured products that use sandwich panel construction to achieve a combination of light weight and strength, turbine blades contain carefully arrayed strips of balsa wood from Ecuador, which provides 95 percent of the world's supply.

For centuries, the fast-growing balsa tree has been prized for its light weight and stiffness relative to density. But balsa wood is expensive and natural variations in the grain can be an impediment to achieving the increasingly precise performance requirements of turbine blades and other sophisticated applications.

As turbine makers produce ever-larger blades -- the longest now measure 75 meters, almost matching the wingspan of an Airbus A380 jetliner -- they must be engineered to operate virtually maintenance-free for decades. In order to meet more demanding specifications for precision, weight, and quality consistency, manufacturers are searching for new sandwich construction material options.

Now, using a cocktail of fiber-reinforced epoxy-based thermosetting resins and 3D extrusion printing techniques, materials scientists at the Harvard School of Engineering and Applied Sciences (SEAS) and the Wyss Institute for Biologically Inspired Engineering have developed cellular composite materials of unprecedented light weight and stiffness. Because of their mechanical properties and the fine-scale control of fabrication, the researchers say these new materials mimic and improve on balsa, and even the best commercial 3D-printed polymers and polymer composites available.

A paper describing their results has been published online in the journal Advanced Materials.

Until now, 3D printing has been developed for thermo plastics and UV-curable resins -- materials that are not typically considered as engineering solutions for structural applications. "By moving into new classes of materials like epoxies, we open up new avenues for using 3D printing to construct lightweight architectures," says principal investigator Jennifer A. Lewis, the Hansjörg Wyss Professor of Biologically Inspired Engineering at Harvard SEAS. "Essentially, we are broadening the materials palette for 3D printing."

"Balsa wood has a cellular architecture that minimizes its weight since most of the space is empty and only the cell walls carry the load. It therefore has a high specific stiffness and strength," explains Lewis, who in addition to her role at Harvard SEAS is also a Core Faculty Member at the Wyss Institute. "We've borrowed this design concept and mimicked it in an engineered composite."

Lewis and Brett G. Compton, a former postdoctoral fellow in her group, developed inks of epoxy resins, spiked with viscosity-enhancing nanoclay platelets and a compound called dimethyl methylphosphonate, and then added two types of fillers: tiny silicon carbide "whiskers" and discrete carbon fibers. Key to the versatility of the resulting fiber-filled inks is the ability to control the orientation of the fillers.

The direction that the fillers are deposited controls the strength of the materials (think of the ease of splitting a piece of firewood lengthwise versus the relative difficulty of chopping on the perpendicular against the grain).

Lewis and Compton have shown that their technique yields cellular composites that are as stiff as wood, 10 to 20 times stiffer than commercial 3D-printed polymers, and twice as strong as the best printed polymer composites. The ability to control the alignment of the fillers means that fabricators can digitally integrate the composition, stiffness, and toughness of an object with its design.

"This paper demonstrates, for the first time, 3D printing of honeycombs with fiber-reinforced cell walls," said Lorna Gibson, a professor of materials science and mechanical engineering at the Massachusetts Institute of Technology and one of world's leading experts in cellular composites, who was not involved in this research. "Of particular significance is the way that the fibers can be aligned, through control of the fiber aspect ratio -- the length relative to the diameter -- and the nozzle diameter. This marks an important step forward in designing engineering materials that mimic wood, long known for its remarkable mechanical properties for its weight."

"As we gain additional levels of control in filler alignment and learn how to better integrate that orientation into component design, we can further optimize component design and improve materials efficiency," adds Compton, who is now a staff scientist in additive manufacturing at Oak Ridge National Laboratory. "Eventually, we will be able to use 3D printing technology to change the degree of fiber filler alignment and local composition on the fly.

The work could have applications in many fields, including the automotive industry where lighter materials hold the key to achieving aggressive government-mandated fuel economy standards. According to one estimate, shedding 110 pounds from each of the 1 billion cars on the road worldwide could produce $40 billion in annual fuel savings.

3D printing has the potential to radically change manufacturing in other ways too. Lewis says the next step will be to test the use of thermosetting resins to create different kinds of architectures, especially by exploiting the technique of blending fillers and precisely aligning them. This could lead to advances not only in structural materials, but also in conductive composites.

Previously, Lewis has conducted groundbreaking research in the 3D printing of tissue constructs with vasculature and lithium-ion microbatteries.

Primary support for the cellular composites work came from the BASF North American Center for Research on Advanced Materials at Harvard.

Additional support was provided by the Materials Research Science and Engineering Center at Harvard, funded by the National Science Foundation (DMR 0820484).

Journal Reference:

Brett G. Compton, Jennifer A. Lewis. 3D-Printing of Lightweight Cellular Composites. Advanced Materials, 2014; DOI: 10.1002/adma.201401804
超硬且轻：碳纤维环氧蜂窝模拟巴沙木材料性能
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左图：碳化硅充填的环氧基树脂构成的正方形、六角形和三角形的蜂窝结构的光学图像，比例尺是2mm。中间和右图：碳化硅/碳充填的环氧基树脂组成的一个三角形蜂窝结构的光学图像，其揭示了高度对齐的碳纤维沿着打印方向延伸。比例尺为500 μm。

供图：哈佛大学Brett G. Compton

在北美和欧洲的风力发电厂，配备最先进技术的光滑涡轮机将风能转化为电能。但是制造这些现代工程壮举中的折叠叶片的毫无疑问是低技术核心材料：巴沙木。

与其它工业产品使用夹层板结构以实现轻量与强度的结合一样，涡轮叶片含有精心排列的巴沙木, 它来自于厄瓜多尔，该国占世界供应的上95%。 

几个世纪以来,快速发展的巴尔沙树一直由于其重量轻以及相对于密度的硬度而受到重视。但是巴沙木十分昂贵，并且自然变化的顺纹理可能是实现涡轮叶片精准化和满足其它复杂的应用性能需求的一个障碍。

随着涡轮机制造商生产叶片的规模越来越大，现在最长的有75m, 几乎与空客A380飞机的翼展相当，它们必须被设计使得其可以工作几十年并且几乎不需维护。为了满足的规格,重量和质量一致性更高精度的要求，制造商正在寻找新的夹心建筑材料。

现在，哈佛大学工程与应用科学学院 (海洋)和生物工程研究所的材料学家应用纤维增强型环氧热固性树脂和三维挤压印刷技术,已经开发了前所未有的轻而硬的蜂窝复合材料。由于它们的力学性能以及制造时的精密控制，研究人员称这些新材料模仿了巴尔沙木，并对其进行了改进,甚至产生了最好的商业化3D打印聚合物和聚合物复合材料。

他们就成果撰写了一篇论文，发表在《先进材料》杂志上。

到现在为止，已经开发3D打印技术用于热塑料和紫外光固化树脂，这种材料通常不是结构应用的工程解决方案。“通过使用环氧树脂等新型材料,我们开辟了使用3D打印技术构建轻量级架构的新途径，“哈佛大学生物工程Hansjorg Wyss教授、首席研究员 Jennifer A. Lewis说：“从本质上讲,我们正在扩大材料范围，用于3 D打印。” 

“巴沙木的细胞结构由于大多数的空间是空的,只有细胞壁承载负荷，最大限度的减少其重量，因此其具有特定的高刚度和高强度，”Lewis解释说，她还是哈佛海洋怀斯研究所的一个核心教员。“我们借用了这一设计概念并模仿其制造了工程材料。”

Lewis和博士后研究员Brett G. Compton，研发了环氧树脂油墨,即掺入了增粘性纳米黏土小板和名为二甲酯甲基膦酸酯的化合物, 然后添加两种类型的填料: 微小的碳化硅和离散碳纤维“胡须”。该纤维填充的墨的多功能性的关键是控制填料方向的能力。 

填料沉淀的方向控制了材料的强度（想象沿着一根木柴的长度方向劈要相对容易，而沿着纹理垂直的方向则相当的困难。）

刘易斯和康普顿已经证明他们的技术生产的蜂窝复合材料和木材一样坚硬,比3D打印出的商业聚合物坚硬10到20倍,强度是最佳打印聚合物复合材料的两倍。控制充填物整齐程度的能力使制造商将一目标物的成分组成、硬度以及韧性与其设计相融合。 

麻省理工学院材料科学与机械工程学院洛娜•吉布森教授说,这篇论文首次证明了用纤维增强型细胞壁进行蜂窝结构的3D打印。他同时还是蜂窝复合材料领域的世界领先专家之一，他没有参与到该次研究。“具有特殊意义的是纤维可以通过控制纤维长宽比（指长度与直径之比）及喷嘴直径而进行对齐的方式。这在模仿木头的工程材料的设计方面具有重要的里程碑的意义，长期以来该材料以其卓越的机械性能和重量而闻名。” 

“随着我们可以进一步控制填充对齐并且学习在组件设计中如何更好地整合取向,我们可以进一步优化组件的设计并提高材料的利用效率,”康普顿补充道, 他现在是在橡树岭国家实验室附属制造室的科学家“最终，我们可以联机利用3D打印技术来改变纤维填料排序程度以及其组成成分。” 

该研究成果可应用于多个领域，其中包括汽车行业。在汽车行业中，对于取得政府燃料经济标准，轻材料直观重要。据估计，若世界上每 10亿辆汽车减重110英镑，则每年可节省400亿美元的燃料。

3 D打印技术有可能在某些方面从根本上改变制造业。刘易斯说,下一步将是测试使用热固性树脂创建不同类型的架构，尤其是利用混合填料技术并对其进行精确调整。这不仅可使结构材料得以发展，还可使导电复合材料得到发展。 

之前，刘易斯在3 D打印组织结构与血管和锂离子微电池技术方面进行了开创性的研究。 

对蜂窝复合材料工作的主要支持来自于巴斯夫北美哈佛大学先进材料研究中心。

由美国国家科学基金会(DMR 0820484)资助的哈佛大学材料科学与工程研究中心对该项研究提供了支持与帮助。

参考文献：

Brett G. Compton, Jennifer A. Lewis；“3D打印轻型细胞复合物”；《先进材料》，2014年；DOI: 10.1002/adma.201401804

Biodegradable paper covers as a replacement for plastics opens up the bio-economy market for horticulture

Global vegetable production currently depends on plastics: approximately 15 million hectares of agricultural land are covered under black horticultural plastics. While alternatives to the plastic cover have been under development for several years, it is only now that a new biodegradable cover, suitable for both professional and subsistence farms, is entering the market. 

The use of plastic covers in vegetable production is not only ecologically unsustainable; removing them from a field after the growing season is over is a laborious and expensive undertaking. Based on a method jointly developed by MTT Agrifood Research Finland and Stora Enso, a new paper-based biodegradable cover offers the market a real alternative to plastic covers.

Reflecting Finland's bio-economic goals, the development of this cover and its introduction into practical farming is one of the first concrete steps towards a society based on the bio-economy. This project is underpinned by research and cross-enterprise collaboration dating back several years in which MTT has been engaged.

"We develop bio-economic solutions in collaboration with various enterprises. The innovations we develop will not be left collecting dust in cupboards. Our aim is that development and productisation will be carried out in a market-driven fashion from the very beginning. Both Stora Enso and MTT play key roles in in the development of biodegradable cover material dating back several years," says Anu Harkki, MTT's Research Director.

Wood fibres and a pyrolysis liquid are the key

This developed biodegradable cover is manufactured from renewable materials. The first paper-based cover materials, developed at Stora Enso's Research Centres in collaboration with MTT, VTT and University of Helsinki, were introduced into practical farming in the summer of 2014.

"As such, paper is not sufficiently durable a material for horticulture. However, if a paper cover is treated with a birch distillate, obtainable from dry distillation, its decomposition time will be extended and its capability of being spread will be enhanced. Now evidence is available that this underlying concept works in practice," says Kari Tiilikkala, Professor at MTT.

Using biodegradable cover material, the water economy of the soil can be managed, and the growth of weeds, including couch grass, can be prevented. Paper is also superior to plastics from the viewpoint of plant gas metabolism.

This cover has given its best performance in tunnel cultivation and when used in combination with horticultural gauze and insect nets. 

"Using this cover, domestic products can be produced for consumers using less or even no pesticides. This material is also highly suitable for organic horticulture," says Kari Tiilikkala.

High expectations in the industry

For the paper industry, the bio-cover material opens up an interesting and new field of application that goes beyond traditional paper products. It has a huge potential market with the clientele round the globe.

"From the environmental point of view, this product has significant potential, as the material is based on renewable wood fibre. This is a major step forward, with positive experiences being reported by production horticulture. However, investments in R&D will still be required. Our goal is to bring the product to the test marketing phase in the next growth season," says Raino Kauppinen, R&D Manager at Stora Enso

The horticulturist is a firm believer in the new product

Farmer and commercial horticulturist Esko Holma from Salo has participated in the development of several different bio-cover materials. He has used these materials over the past two years, and this summer his gherkins are growing on top of a cover. As a farmer, he says, he sees the importance of an environmentally friendly production method.

"A plastic cover sheet, stained with soil, cannot be recycled; it will end up in a landfill, ultimately finding its way to waterways and the nutrient circulation cycle. Plastics simply have no future. Bio-covers, by contrast, will be needed, growing in importance as pesticides are being removed from the market," he says.

"A paper cover has potential, but its development requires further investment and expertise. This product will have a huge market, as new covers need to be purchased for fields every summer," he adds.

Further development is performed across the globe

The development of biodegradable cover material will continue through tests performed on various paper types in combination with different garden plants and soils, and by modifying the degradation time of these paper sorts.

The development of cover materials for various perennial berry-producing plants and different soils continues in Finland and Egypt, where MTT has gained research experience on the management of water economy of dry soil and other similar projects. Stora Enso currently has development projects underway in Sweden, Germany and Spain.

Provided by MTT Agrifood Research Finland
可生物降解纸薄膜代替塑料，开辟园艺生物经济市场

目前全球蔬菜生产依赖于塑料：大约1500万公顷的农业土地被黑色园艺塑料覆盖。尽管塑料薄膜替代品研究已经发展了很多年了，但直到现在，一种适合专业和自给农业的可生物降解的薄膜才进入了市场。

在蔬菜生产中使用塑料薄膜不仅仅生态上不可持续，而且在收获季节把它们从一个区域移走是一项艰苦而昂贵的工作。基于芬兰和斯道拉恩索MTT农产品研究所的一种联合研究方法，一种新的以纸为基础的生物可降解薄膜向市场提供了一个真正的可替代塑料薄膜的选择。

这种薄膜的发展已经将其引入实用农业反映了芬兰的生物降解目标，是走向基于生物经济社会的第一个具体步骤。这个项目由好几年的研究及垮企业合作所支撑，其中有MTT的参与。

“我们在与各企业合作开发生物经济解决方案。我们开发的创新方案不会被束之高阁。我们的目标是，开发和生产从一开始就将以市场为导向而推出。多年以来，在可生物降解的薄膜材料的发展方面，斯道拉恩索和麻省理工扮演了关键角色。”麻省理工的研究总监Anu Harkki说

木纤维和热解液体是关键

这种研发的可降解薄膜是由可再生材料制作而成的。这种以纸为基础的薄膜材料是在斯道拉恩索与MTT 、VTT和赫尔辛基大学的合作研究中心发明的，在2014年的夏天被引入到农业实际应用中。  

“然而，纸对于园艺来说是不够耐用的材料。但是如果纸质薄膜利用干馏获得的桦木精华处理后，其分解时间将延长且其传播的能力也将会增强，现在实践已经证明这种理想概念是可以实现的，”麻省理工学院教授Tiilikkala说。

利用生物降解薄膜材料，我们就可以管理土壤的水经济，并有效控制茅草等杂草的生长速度。从植物气体代谢的角度而言，纸也优于塑料。

这种薄膜在大棚培养和结合结园艺纱布以及昆虫网使用时效果最好。

“使用这张薄膜,国内生产商可以为消费者生产使用更少甚至没有杀虫剂的产品，这种材料也非常适合有机园艺，”Kari Tiilikkala说。

在工业应用中的高期望

对于纸工业，相比较于传统纸材料，该生物薄膜材料激起了人们兴趣以及展开了新的应用领域。在全球各地客户中它都有巨大的市场潜力。

“从环保的角度来看,由于该产品基于可再生木纤维，具有很大的潜力。这是向前迈出的一大步，园艺生产在这方面有积极的体验。然而，研究与开发还需要投资（才能进行）。我们的目标是在下个收获季节将产品推向测试销售阶段。”斯道拉恩索研究与开发经理Raino Kauppinen说。

园艺家是对新产品坚定的支持者

来自于萨罗城的农民和商业园艺家Esko Holma已经参与了多种不同的生物薄膜材料的研究。他已经在过去的两年里使用了这些材料，今年夏天他的小黄瓜就长在这些薄膜之上。作为一个农民，他看到了一个环保生产方法的重要性。

“塑料薄膜往往沾着泥，很难被清理；它将最终要进入垃圾掩埋场，进入水道和养分循环周期。塑料没有未来。想反，生物薄膜，将会被需要，随着杀虫剂在市场上被禁止，它将会越来越重要，”他说。

“纸质薄膜具有潜力，但是它的发展需要更多的投入和专家意见。随着每个夏天都需要购买新的薄膜，它的生产将会有巨大的市场，”他补充到。

全球进行了更大的发展

生物可降解薄膜材料的发展将会继续结合不同园林植物和土壤，针对不同类型的纸进行测试，并优化不同类型纸的降解时间。

在芬兰和埃及针对各种常年浆果种植和不同的土壤，薄膜材料的研究还在继续，麻省理工已经获得了对干土的水经济和其它类似的项目研究的管理经验。斯道拉恩索目前的开发项目正在瑞典、德国和西班牙进行。

由麻省理工农产品研究所提供
E-Material（电子材料）
Silicon oxide memories catch manufacturers’ eye
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This illustration depicts the rewriteable crystalline filament pathway in Rice University's porous silicon oxide RRAM memory devices. Image: Tour Group/Rice University

First discovered five years ago, Rice’s silicon oxide memories are a type of two-terminal, “resistive random-access memory” (RRAM) technology. In a new paper available online in the American Chemical Society journal Nano Letters, a Rice team led by chemist James Tour compared its RRAM technology to more than a dozen competing versions.
“This memory is superior to all other two-terminal unipolar resistive memories by almost every metric,” Tour said. “And because our devices use silicon oxide—the most studied material on Earth—the underlying physics are both well-understood and easy to implement in existing fabrication facilities.” Tour is Rice’s T.T. and W.F. Chao Chair in Chemistry and professor of mechanical engineering and nanoengineering and of computer science.
Tour and colleagues began work on their breakthrough RRAM technology more than five years ago. The basic concept behind resistive memory devices is the insertion of a dielectric material—one that won’t normally conduct electricity—between two wires. When a sufficiently high voltage is applied across the wires, a narrow conduction path can be formed through the dielectric material.
The presence or absence of these conduction pathways can be used to represent the binary 1s and 0s of digital data. Research with a number of dielectric materials over the past decade has shown that such conduction pathways can be formed, broken and reformed thousands of times, which means RRAM can be used as the basis of rewritable random-access memory.
RRAM is under development worldwide and expected to supplant flash memory technology in the marketplace within a few years because it is faster than flash and can pack far more information into less space. For example, manufacturers have announced plans for RRAM prototype chips that will be capable of storing about one terabyte of data on a device the size of a postage stamp—more than 50 times the data density of current flash memory technology.
The key ingredient of Rice’s RRAM is its dielectric component, silicon oxide. Silicon is the most abundant element on Earth and the basic ingredient in conventional microchips. Microelectronics fabrication technologies based on silicon are widespread and easily understood, but until the 2010 discovery of conductive filament pathways in silicon oxide in Tour’s lab, the material wasn’t considered an option for RRAM.
Since then, Tour’s team has raced to further develop its RRAM and even used it for exotic new devices like transparent flexible memory chips. At the same time, the researchers also conducted countless tests to compare the performance of silicon oxide memories with competing dielectric RRAM technologies.
“Our technology is the only one that satisfies every market requirement, both from a production and a performance standpoint, for nonvolatile memory,” Tour said. “It can be manufactured at room temperature, has an extremely low forming voltage, high on-off ratio, low power consumption, nine-bit capacity per cell, exceptional switching speeds and excellent cycling endurance.”
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This electron microscope image shows the surface of the nanoporous silicon-oxide material used in Rice University's new RRAM memory devices. The red areas highlight gaps, or voids, in the material's amorphous silicon-oxide coating. Image: Tour Group/Rice University

In the latest study, a team headed by lead author and Rice postdoctoral researcher Gunuk Wang showed that using a porous version of silicon oxide could dramatically improve Rice’s RRAM in several ways. First, the porous material reduced the forming voltage—the power needed to form conduction pathways—to less than two volts, a 13-fold improvement over the team’s previous best and a number that stacks up against competing RRAM technologies. In addition, the porous silicon oxide also allowed Tour’s team to eliminate the need for a “device edge structure.”
“That means we can take a sheet of porous silicon oxide and just drop down electrodes without having to fabricate edges,” Tour said. “When we made our initial announcement about silicon oxide in 2010, one of the first questions I got from industry was whether we could do this without fabricating edges. At the time we could not, but the change to porous silicon oxide finally allows us to do that.”
Wang said, “We also demonstrated that the porous silicon oxide material increased the endurance cycles more than 100 times as compared with previous nonporous silicon oxide memories. Finally, the porous silicon oxide material has a capacity of up to nine bits per cell that is highest number among oxide-based memories, and the multiple capacity is unaffected by high temperatures.”
Tour said the latest developments with porous silicon oxide—reduced forming voltage, elimination of need for edge fabrication, excellent endurance cycling and multi-bit capacity—are extremely appealing to memory companies.
“This is a major accomplishment, and we’ve already been approached by companies interested in licensing this new technology,” he said.
Study co-authors—all from Rice—include postdoctoral researcher Yang Yang; research scientist Jae-Hwang Lee; graduate students Vera Abramova, Huilong Fei and Gedeng Ruan; and Edwin Thomas, the William and Stephanie Sick Dean of Rice’s George R. Brown School of Engineering, professor in mechanical engineering and materials science and in chemical and biomolecular engineering.
Publication: Nanoporous Silicon Oxide Memory
Source: Rice Univ.
二氧化硅存储器引起制造商的注意 
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这幅图描绘了莱斯大学的多孔二氧化硅RRAM内存设备：可重写的水晶丝通路。图片提供：莱斯大学图尔团队

莱斯大学的二氧化硅存储器首次发现是在五年以前，其是一项典型的双端性、电阻型随机存储器（RRAM）技术。在一份发表在美国美国学会杂志《纳米快报》的新论文中，由化学家詹姆斯•图尔主导的莱斯团队将其RRAM技术与一系列竞争版本进行了对比。

“这种存储器在任何一个方面都优于其它双端单极电阻存储器”。图尔说：“由于我们的设备是利用二氧化硅制造，其基本的物理特性既容易被很好的了解也容易被生产设备所实现。二氧化硅是球上被研究的最为广泛的材料。”图尔是莱斯大学T.T.和W.F.化学主席以及机械工程、纳米工程和计算机科学的教授。 

图尔和他的同事们在五年以前就开始致力于RRAM这项技术的突破。电阻存储设备的基本概念是在两根线之间插入一个电介质材料-这种介质往往不导电。当一个足够大的电压通过电线的时候，在不导电介质中就能形成一个窄的电流回路。

这种电流回路的产生和消失可以用二进制的0或1的数字数据来显示。多年针对于非导电材料的研究表明，这种导电回路可以形成、消失重新形成上千次，也就是说RRAM可以作为可重写的随机访问存储器的基础。

RRAM正在全球范围内发展，由于其比闪存速度更快并且在更小的空间内可以存储更多的信息，预计在市场上将取代闪存技术。例如，制造商们已经宣称开始RRAM原型芯片的计划，它可以在一个邮票大小的设备内存储1T的数据信息，这是现存闪存设备数据存储量的50倍。

莱斯大学RRAM的关键部分是其非导电部分，二氧化硅。二氧化硅是地球上最为丰富的元素，也是传统芯片的基本成分。基于硅的微电子制造技术是广泛的，也是容易被理解的，但是直到2010年在图尔实验室发现了二氧化硅的导电丝回路，该材料才被考虑应用于RRAM。.

从那以后，图尔的团队一直在致力于进一步发展其RRAM，甚至用它制作像透明灵活的存储芯片等新的设备。同时，研究人员还进行了无数的测试，比较二氧化硅存储器与具有竞争力的电介质RRAM技术的性能。

“我们的技术是唯一一个能够满足各个市场需要的，无论是从生产还是性能的角度来看,都不容易失去存储能力”，图尔说：“它可以在常温下被制造，拥有低的形成电压，高的开停时间比，低能耗，每单元九比特的能力，期望的转化速度和优秀的运行耐力。”
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电子显微镜下的这张图片显示的是莱斯大学的新RRAM设备的纳米多孔二氧化硅材料的表面。红色的区域突出显示材料非晶二氧化硅涂层的空白或者孔洞。供图：莱斯大学/图尔团队

在最近的研究中，由博士后研究生和首席作者Gunuk Wang主导的研究团队指出，应用多孔二氧化硅可以在几个方面显著提高莱斯大学RRAM的性能。首先，有孔材料的形成电压（该电压是形成环路电流所需要的）降低至不到两伏，比该研究组之前最好的RRAM和好多具有竞争力的RRAM技术要好13倍。另外，多孔二氧化硅可使图尔的团队无需再使用“设备边缘结构”。 

“这也就是说我们可以拿出一片二氧化硅，加上电极并且不用制造边缘。”图尔说，当我们在2010年初步提出二氧化硅的应用时，其在工业中得以应用的首要问题是能否不用制造边缘。在那时，我们做不到，但是通过多孔二氧化硅的改进，最终我们得以实现。

王说：“我们同样证明了，有孔二氧化硅材料与之前的无孔二氧化硅材料相比，耐力周期增加了100倍以上，”最终，有孔二氧化硅材料每个单元九晶格的数目是氧化物存储器中最高的，这种超能力可以使其免受高温影响。

图尔说，关于有孔二氧化硅的最新研究对存储器公司具有很强的吸引力，原因是其降低了形成电压，无需制造边缘，优化了耐性能力以及多晶格能力。

这是一个重大成就，并且我们已经找到了对这种新技术感兴趣的公司”他说。

论文合著者均来自莱斯大学，包括博士后研究生杨洋（音译），研究科学家Jae-Hwang Lee，研究生Vera Abramova 、Huilong Fei 和Gedeng Ruan；还有埃德温•托马斯，他是威廉和斯蒂芬妮施克院长以及莱斯乔治皇家学院化学主席以及机械工程、纳米工程和计算机科学的教授。

出版：纳米多孔氧化硅存储器

来源：莱斯大学

The new atomic age: Building smaller, greener electronics

In the drive to get small, Robert Wolkow and his lab at the University of Alberta are taking giant steps forward.

The digital age has resulted in a succession of smaller, cleaner and less power-hungry technologies since the days the personal computer fit atop a desk, replacing mainframe models that once filled entire rooms. Desktop PCs have since given way to smaller and smaller laptops, smartphones and devices that most of us carry around in our pockets.

But as Wolkow points out, this technological shrinkage can only go so far when using traditional transistor-based integrated circuits. That’s why he and his research team are aiming to build entirely new technologies at the atomic scale.

“Our ultimate goal is to make ultra-low-power electronics because that’s what is most demanded by the world right now,” said Wolkow, the iCORE Chair in Nanoscale Information and Communications Technology in the Faculty of Science. “We are approaching some fundamental limits that will stop the 30-year-long drive to make things faster, cheaper, better and smaller; this will come to an end soon.

“An entirely new method of computing will be necessary.”

Atomic-scale electronics

Wolkow and his team in the U of A’s physics department and the National Institute for Nanotechnology are working to engineer atomically precise technologies that have practical, real-world applications. His lab already made its way into the Guinness Book of World Records for inventing the world’s sharpest object—a microscope tip just one atom wide at its end.

They made an earlier breakthrough in 2009 when they created the smallest-ever quantum dots—a single atom of silicon measuring less than one nanometre wide—using a technique that will be awarded a U.S. patent later this month.

Quantum dots, Wolkow says, are vessels that confine electrons, much like pockets on a pool table. The dots can be spaced so that electrons can be in two pockets at the same time, allowing them to interact and share electrons—a level of control that makes them ideally suited for computer-like circuitry.

“It could be as important as the transistor,” says Wolkow. “It lays the groundwork for a whole new basis of electronics, and in particular, ultra-low-power electronics.”

New discoveries pave way for superior nanoelectronics

Wolkow and his team have built upon their earlier successes, modifying scanning tunnelling microscopes with their atom-wide microscope tip, which emits ions instead of light at superior resolution. Like the needle of a record player, the microscopes can trace out the topography of silicon atoms, sensing surface features on the atomic scale.

In a new paper published in Physical Review Letters, post-doctoral fellow Bruno Martins together with Wolkow and other members of the team, observed for the first time how an electrical current flows across the skin of a silicon crystal and also measured electrical resistance as the current moved over a single atomic step.

Wolkow says silicon crystals are mostly smooth except for these atomic staircases—slight imperfections with each step being one atom high. Knowing what causes electrical resistance and being able to record the magnitude of resistance paves the way to design superior nanoelectronic devices, he says.

In another first, this time led by PhD student Marco Taucer, the research team observed how single electrons jump in and out of the quantum dots, and devised a method of monitoring how many electrons fit in the pocket and measuring the dot’s charge. In the past, such observations were impossible because the very act of trying to measure something so extraordinarily small changes it, Wolkow says.

“Imagine that if you looked at something with your eyes, the act of looking at it bent it somehow,” he says. “We now can avoid that perturbation due to looking, and so can access and usefully deploy the dots in circuitry.”

The team’s findings, also published in Physical Review Letters, give scientists the ability to monitor the charge of quantum dots. They’ve also found a way to create quantum dots that function at room temperature, meaning costly cryogenics is not necessary.

“That’s exciting because, suddenly, things that were thought of as exotic, far-off ideas are near. We think we can build them.”

Taking the next generation of electronics to the market

Wolkow and his team believe so strongly in the commercial potential of atomic-scale circuitry, two years ago they launched their own spinoff company, Quantum Silicon Inc. Over the next five to six years, QSI plans to demonstrate the potential of these “extremely green” circuits that can make use of smaller, longer-lasting batteries.

It also moves them from the realm of basic to applied research and real-world scenarios, Wolkow says.

“We have this nice connection where we have a training ground for students and highly academic ambitions for progress, but those things quite naturally and immediately transfer to this practical entity.”

Much of their efforts initially will focus on creating hybrid technologies—adding atom-scale circuitry to conventional electronics such as GPS devices or satellites, like replacing one link in a chain given the time-intensiveness of making the new circuits. It could take a decade before it’s possible to mass-produce atom-scale circuitry, but the future potential is very strong, Wolkow says.

“It has the potential to totally change the world’s electronic basis. It’s a trillion-dollar prospect.”

Source: Univ. of Alberta
全新的原子时代：制造更小巧、更环保的电子产品

在小型化的推动下，Wolkow和他在亚伯达省的大学的实验室向前迈出了巨大了一步。从个人电脑可以放在一个桌子上取代了主机模型曾一度占满了整个房间开始，数码时代已经导致了一系列的更小、更清洁、更省电的科技的出现。台式电脑已经被越来越小的笔记本所取代，我们大多数人的智能手机和电子设备被放在我们的口袋里随身携带。

但是Wolkow指出，若使用传统的电晶体集成电路，这种技术性收缩也只能到此为止了。这就是为什么他和他的研究团队正在致力于在原子尺度上构建全新的技术。

“我们的最终的目标，是制造超低功耗的电子产品，因为这正是最被当今世界需要的，”理学院纳米级信息与交流技术iCORE主席Wolkow说，“我们这在接近一些基本的限制，这些限制将会阻止30多年来促使东西变得能更快运行，成本更低，质量更好，体积更小的这一动力；这都将很快结束。”

“一个全新的计算方式将是非常必要的。”

原子尺度的电子产品

Wolkow和他在亚伯达省大学的团队以及国家纳米技术研究所正致力于设计有实用性应用的自动精确的技术。他的实验室已经进入吉尼斯世界纪录，发明了世界上最小的物体——尖端只有一个原子宽的一个显微镜。

在2009年，他们曾经做过一个更早的突破，他们创造了曾经最小的量子点——一个不到一纳米宽的单原子硅，他们使用的这一技术，将在本月晚些时候获得美国专利。

Wolkow说，量子点是限制电子的容器，就像口袋台球桌一样。这些量子点可以被隔开，这样电子就可以同时被放在两个口袋里，允许量子点们交互和共享电子——一定程度的控制使他们可成为制造电脑类电路设计的理想选择。

Wolkow说：“他可能和晶体管一样重要，它为一个全新的电子产品的基础奠定了根基，尤其是超低耗能的电子产品。”

新的发现为优越的纳电子学铺平了道路

Wolkow和他的团队已经建立了他们早期的成功经历，利用原子宽的显微镜顶端修改了扫描隧道显微镜，在高分辨率下使显微镜发射出离子而不是光。就像录音机的指针一样，显微镜可以描绘出硅原子的地形，在原子尺度遥感地表特征。

一篇新发表在《物理评论快报》上的论文写到，博士后研究员布鲁诺•马丁斯和Wolkow与其他的团队成员一起，首次观察到了电流怎样流经硅晶体的物体表面，并测量了电阻作为电流在单个原子上移动的一步。

Wolkow说，硅晶体大多数是光滑的，除了这些原子楼梯——每一步的轻微缺陷是一个原子高。知道是什么引起了电阻和能够记录电阻的大小，为设计优越的纳电子设备铺平了道路，他说。

另一个第一次是这一次由博士生马尔科•陶尔带领的观察团队观察到了单个的电子是怎样在量子点中跳入和跳出的，并设计了一种方法，可监测有多少电子适合在这个口袋里并测量量子点的电荷。在过去，这样的观察室是不可能的，因为这些测量的行为如此的微小甚至会改变测量数据，Wolkow说。

“想象一下，如果你用你的眼睛看东西，这个看的行为会在一定程度上弯曲那个东西，”他说，“我们现在可以避免的是由看这个行为引起的扰乱，所以可以使用并有效的部署点电路。” 

这个团队的发现使科学家可以监测量子点的电荷。这个发现也被发表在了《物理评论快报》上。他们还发现了一种方法在室温下创造量子点，这意味着昂贵的低温学并不是必要的。

“这是令人兴奋的，因为突然之间，我们认为是外来的、遥远的想法变得离我们很近。我们认为我们可以实现他们。”

把下一代电子产品带向市场

Wolkow和他的团队强烈的相信量子电路的商业潜力，两年前，他们开办了衍生公司，量子硅公司（Quantum Silicon Inc.）。在接下来的五到六年，量子硅公司计划证明这些“非常绿色”的电路的潜力，这些电路可以由更小、更持久的电池构成。

它还使他们从基础研究移动到应用研究领域及真实世界的场景中来，Wolkow说。

“我们有这个很好的连接，在这个连接中，我们为学生和有高学术野心的人的进步准备了一个训练场地，然而这些训练场地十分自然而迅速的转换成了这个实用的实体。

他们的大多数努力首先将专注于开发混合动力技术——将量子电路添加到传统电路当中，比如GPS设备和卫星，鉴于制造这一新电路的时间强度，它就像替换掉链条之中的一个链接一样。可能需要十年才可以大量的生产量子电路，但是它未来的潜力非常强劲，Wolkow说。

“它有着完全改变世界电子产品基石的潜力。其前景价值万亿美元。”

来源：亚伯达大学

Nanoscale cooling element works in electrical insulators as well
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The sample used for the measurement. In the middle, from top to bottom, is the platinum strip. Electrons move through this strip and produce a spin current in the direction of the underlying insulator. The spins of the electrons that reach the boundary ensure that the spins in the insulator become excited. Two zigzag shaped thermometers made from platinum and constantan measure the temperature difference close to the boundary.

Researchers from the Foundation for Fundamental Research on Matter, the University of Groningen, Delft University of Technology and Tohoku University in Japan have designed a miniscule cooling element that uses spin waves to transport heat in electrical insulators. The cooling element could be used to dissipate heat in the increasingly smaller electrical components of computer chips. The researchers published their design online on 7 July 2014 in Physical Review Letters.

The functioning of the cooling element is based on the spin of the electrons. Spin is a fundamental property of an electron that corresponds with its magnetic moment (the strength and direction of its magnetic field). Although physicists have used spin for cooling purposes before, this is the first time that they have successfully done this in insulating materials.

Heat transport through a nanopillar

In previous research, the scientists let a current of electrons flow through magnetic metals. In a magnetic field, the spins of these electrons will align in the same direction, namely parallel to the magnetisation. The researchers sent the electrons through a pillar that consisted of two magnetic layers (with a non-magnetic layer in between). The pillar used was miniscule—about a thousand times smaller than the thickness of a human hair.

An electron that starts in the bottom layer aligns its spin to the direction of magnetisation in that layer. Subsequently the electron flows to the top layer. If the direction of magnetisation there is the same as in the bottom layer then the spin is still oriented parallel to the magnetisation. Electrons with a parallel spin direction transport more heat than electrons with an opposite spin direction. So in this case, the electrons ensure that a lot of heat is transported through the entire pillar. If the electrons, however, encounter a magnetisation in the opposite direction in the top layer, the heat transport is suppressed. Using this knowledge the researchers successfully caused a measurable temperature difference between the two sides of the pillar.

Spin waves

This method does not work in an electrical insulator—a material that does not easily conduct electrons. Nevertheless, the researchers have now found a cooling method that also works in insulating materials. In the new research they demonstrated that the spins on the boundary between a non-magnetic metal and a magnetic insulator cause so-called spin waves that transport heat to or from the material.

The researchers used a 200-nm thick insulator of yttrium-iron garnet (a mineral) with a 20 by 200 micrometer layer of platinum on top. Electrons can easily flow through the conducting platinum but when they reach the insulating garnet they cannot go any further. Nevertheless, the spin of the electrons is transferred: the magnetic moment of the electron influences the magnetic moment (and therefore the spin) of the electrons in the insulator that are at the boundary between the two materials. Through magnetic coupling this spin change is subsequently transferred to electrons that are situated further away from the boundary. In this manner a wave of spin changes appears to proceed through the material. The spin wave also transfers heat to or from the boundary. Dependent on the direction of both the spin and the magnetization in the mineral, the boundary will therefore cool down or heat up.

Thermometers

The researchers placed small, highly sensitive thermometers just a few micrometres away from the boundary and used these to detect the temperature differences while electrons flowed through the platinum strip. The physicists subsequently compared their measurements with the above-mentioned theory. The temperature differences, just 0.25 millicelsius in size, appear to confirm the theory.

This research was jointly funded by the FOM Foundation, NanoLab NL, JSPS, the Deutsche Forschungsgemeinschaft, EU-FET Grant InSpin 612759 and the Zernike Institute for Advanced Materials.

Source: Foundation for Fundamental Research on Matter 
纳米冷却元件对电绝缘体同样奏效
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（图中为）用于测量的样品。在中间，从上到下，是铂条。电子在这条线上移动，并正在绝缘子方向产生自旋电流。到达边界的电子自旋可确保绝缘子的自旋保持激活状态。两个锯齿形的铂、康铜温度计用以测量靠近边界的温度差。 

日本格罗宁根大学、荷兰代尔夫特科技大学和东北大学基础研究所的研究人员，设计了一个微小的冷却元件，使用自旋波在电绝缘体中进行热传输。冷却元件可用于对计算机芯片中越来越小电气元件进行消热。研究人员将他们的设计放在2014年7月7日的《物理评论快报》（Physical Review Letters）上。

冷却元件的功能原理是电子自旋。自旋是电子的一个基本特性，与其磁矩（磁场的强度和方向）相对应。虽然物理学家之前曾用旋转达到冷却的目的，但在绝缘材料中成功实现这还是第一次。  

通过纳米级支柱的热交换  

在以往的研究中，科学家让电子电流通过磁性金属。在磁场中，这些电子的自旋排列是同一方向的，也就是平行磁化。研究人员使电子通过由两个磁性层（中间有一个非磁性层）组成的一个支柱。使用的支柱非常小，大约是人类头发厚度的千分之一。 

从底层开始的电子将沿着该层的磁化方向旋转。随后电子流向顶层。如果顶层的磁化方向与底部相同，那么自旋方向仍然平行于磁化强度的方向。平行自旋方向的电子比相反自旋方向的电子可传输更多的热。所以在这种情况下，电子会确保大量的热量通过整个支柱。但是，如果电子在顶层遇到一个方向相反的磁矩，那么热传输就会被抑制。利用这一认知，研究人员成功地在纳米柱两端形成了可测量的温度差。

自旋波 

此方法不适用于绝缘材料，因为绝缘材料上不易进行电子操作。然而，现在研究人员已经发现了一种同样对绝缘材料奏效的冷却方法。在新的研究中，他们证明了在非磁性金属和磁性绝缘体之间的边缘的自旋会会引起所谓的自旋波，从而可以将热量传向材料或从材料传出。

研究人员使用一个200纳米厚的绝缘体-钇铁石榴石（矿物），并将其置于20×200微米的铂层上。电子可以很容易地流经传导性铂，但当它们到达绝缘体石榴石时，便不能再继续流动。尽管如此，电子的自旋被转移：电子的磁矩会影响两种材料边界上的绝缘体电子（进而自旋）的磁矩。通过磁耦合，该自旋变化随后被转移到位于更远离边界的电子。在这种方式下，自旋波的变化似乎会继续通过材料。自旋波还将热传自/至边界。依赖于矿物中自旋和磁化的方向，矿物会降温或升温。

温度计

研究人员把型小且高度灵敏的温度计放在离边界只有几微米的地方，并用其检测电子流过铂条带时温度的变化。物理学家们随后将测量结果与上述理论进行了比较。温度的差异（误差仅0.25‰℃）似乎证实了这一理论。

这项研究受到FOM基金会、纳米实验室NL、日本学术振兴会（JSPS）、德意志研究联合会、EU-FET Grant InSpin 612759以及泽尼克先进材料研究所共同资助。

来源：物质基础研究基金会
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