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Tech News & New Tech（技术前沿）
Building invisible materials with light
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An efficient route to manufacturing nanomaterials with light through plasmon-induced laser-threading of gold nanoparticle strings. Image: Ventsislav Valev 
A new method of building materials using light, developed by researchers at the Univ. of Cambridge, could one day enable technologies that are often considered the realm of science fiction, such as invisibility cloaks and cloaking devices.
Although cloaked starships won’t be a reality for quite some time, the technique which researchers have developed for constructing materials with building blocks a few billionths of a meter across can be used to control the way that light flies through them, and works on large chunks all at once. Details are published in Nature Communications.
The key to any sort of “invisibility” effect lies in the way light interacts with a material. When light hits a surface, it is either absorbed or reflected, which is what enables us to see objects. However, by engineering materials at the nanoscale, it is possible to produce metamaterials: materials which can control the way in which light interacts with them. Light reflected by a metamaterial is refracted in the wrong way, potentially rendering objects invisible, or making them appear as something else.
Metamaterials have a wide range of potential applications, including sensing and improving military stealth technology. However, before cloaking devices can become reality on a larger scale, researchers must determine how to make the right materials at the nanoscale, and using light is now shown to be an enormous help in such nanoconstruction.
The technique developed by the Cambridge team involves using unfocused laser light as billions of needles, stitching gold nanoparticles together into long strings, directly in water for the first time. These strings can then be stacked into layers one on top of the other, similar to Lego bricks. The method makes it possible to produce materials in much higher quantities than can be made through current techniques.
In order to make the strings, the researchers first used barrel-shaped molecules called cucurbiturils (CBs). The CBs act like miniature spacers, enabling a very high degree of control over the spacing between the nanoparticles, locking them in place.
In order to connect them electrically, the researchers needed to build a bridge between the nanoparticles. Conventional welding techniques would not be effective, as they cause the particles to melt. “It’s about finding a way to control that bridge between the nanoparticles,” said Dr Ventsislav Valev of the Univ.’s Cavendish Laboratory, one of the authors of the paper. “Joining a few nanoparticles together is fine, but scaling that up is challenging.”
The key to controlling the bridges lies in the cucurbiturils: The precise spacing between the nanoparticles allows much more control over the process. When the laser is focused on the strings of particles in their CB scaffolds, it produces plasmons: ripples of electrons at the surfaces of conducting metals. These skipping electrons concentrate the light energy on atoms at the surface and join them to form bridges between the nanoparticles. Using ultrafast lasers results in billions of these bridges forming in rapid succession, threading the nanoparticles into long strings, which can be monitored in real time.
“We have controlled the dimensions in a way that hasn’t been possible before,” said Dr Valev, who worked with researchers from the Dept. of Chemistry and the Dept. of Materials Science & Metallurgy on the project. “This level of control opens up a wide range of potential practical applications.”
Source: University of Cambridge
利用光制造隐形材料
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通过金纳米粒子等离子体激元诱导激光穿引技术，利用激光制造纳米材料的一种有效途径。图片提供：

剑桥大学的研究人员研发了一种使用激光来制造材料的新方法，该方法可能使经常在科幻电影中出现的技术在某一天成为现实，比如隐形斗篷和隐形装置。

尽管隐形星际飞船在相当长的时间内还无法实现，但是研究人员开发的这种利用几亿分之一米的构造块来制造材料的技术可用来控制光线穿过这些材料的方式，并可立即应用于大型设备。详细内容刊登在《自然通讯》杂志上。

任何类型的“隐身”效果的关键在于光与材料互相作用的方式。当光线照射到物体表面时，部分被物体吸收，部分被反射，因此我们能看到物体。然而，通过在纳米水平设计材料，便有可能制造出这种材料：它可以控制光线与其的相互作用。经过超颖材料反射后的光线会以错误的方式折射，因此可能会使物体看上去隐形，或者改变其外观。

超颖材料的应用范围很广，包括传感及提高军事隐身技术。然而，在隐形装置于更大范围内变成现实之前，研究人员必须确定如何制造合适的纳米级材料，并且现在证明在这种纳米结构材料中使用激光非常有用。

剑桥大学的研究团队研发的这种技术，第一次直接在水中，用未聚焦的激光束作为千上万根针，将金纳米粒子缝合成一条长线。然后，这些线则可以堆成像乐高积木那样上下重叠的层。使用该方法进行生产的数量，远高于现有技术水平。

为了制作这些线，研究人员首先使用了筒状分子瓜环（cucurbiturils, CBs）。这些瓜环就像微型垫片，可以对纳米粒子间的间距进行非常精确的控制，固定在原位。

为了进行电力连接，研究人员需要在纳米粒子间搭建桥梁。传统的焊接方式会造成粒子融化，所以并不可行。论文的作者之一、剑桥大学卡文迪许实验室的VentsislavValev博士说，“关键是找到一种可以控制粒子间桥梁的方法。把几个纳米粒子连接在一起是容易实现的，但是规模化扩展则非常具有挑战性。”

控制桥梁的关键在于那些瓜环：粒子之间精确的间距可以允许在制作过程中进行更多的控制。当激光聚焦在由粒子构成的线中的瓜环支架时，会产生等离子体激元：在金属导体表面发生的电子的波纹振动。这些跳跃的电子会将光能聚焦在表面的原子上，并使它们连接形成纳米粒子之间的桥梁。使用超快激光可以使成千上万的桥梁快速地接连形成，将这些纳米粒子穿成长线，这个过程可以实时监控。

Valev博士说，“我们以一种之前从未可行的方式对维度进行了控制，这种程度的控制会开启广阔的潜在实际应用。” 一同研究这个项目的还有化学系以及冶金和材料科学系的研究人员。

来源：剑桥大学。
New material structures bend like microscopic hair
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The new material designed by MIT researchers is a flexible polymer "skin" coated with microhairs (white lines) that tilt in response to a magnetic field. Image: Video screenshot by the researchers

MIT engineers have fabricated a new elastic material coated with microscopic, hairlike structures that tilt in response to a magnetic field. Depending on the field’s orientation, the microhairs can tilt to form a path through which fluid can flow; the material can even direct water upward, against gravity.

Each microhair, made of nickel, is about 70 microns high and 25 microns wide—about one-fourth the diameter of a human hair. The researchers fabricated an array of the microhairs onto an elastic, transparent layer of silicone.

In experiments, the magnetically activated material directed not just the flow of fluid, but also light—much as window blinds tilt to filter the sun. Researchers say the work could lead to waterproofing and anti-glare applications, such as “smart windows” for buildings and cars.

“You could coat this on your car windshield to manipulate rain or sunlight,” says Yangying Zhu, a graduate student in MIT’s Department of Mechanical Engineering. “So you could filter how much solar radiation you want coming in, and also shed raindrops. This is an opportunity for the future.”

In the near term, the material could also be embedded in lab-on-a-chip devices to magnetically direct the flow of cells and other biological material through a diagnostic chip’s microchannels.

Zhu reports the details of the material this month in the journal Advanced Materials. The paper’s co-authors are Evelyn Wang, an associate professor of mechanical engineering, former graduate student Rong Xiao, and postdoc Dion Antao.

Nature’s dynamics

The inspiration for the microhair array comes partly from nature, Zhu says. For example, human nasal passages are lined with cilia—small hairs that sway back and forth to remove dust and other foreign particles. Zhu sought to engineer a dynamic, responsive material that mimics the motion of cilia.

“We see these dynamic structures a lot in nature,” Zhu says. “So we thought, ‘What if we could engineer microstructures, and make them dynamic?’ This would expand the functionality of surfaces.”

Zhu chose to work with materials that move in response to a magnetic field. Others have designed such magnetically actuated materials by infusing polymers with magnetic particles. However, Wang says it’s difficult to control the distribution—and therefore the movement—of particles through a polymer.

Instead, she and Zhu chose to manufacture an array of microscopic pillars that uniformly tilt in response to a magnetic field. To do so, they first created molds, which they electroplated with nickel. They then stripped the molds away, and bonded the nickel pillars to a soft, transparent layer of silicone. The researchers exposed the material to an external magnetic field, placing it between two large magnets, and found they were able to control the angle and direction of the pillars, which tilted toward the angle of the magnetic field.

“We can apply the field in any direction, and the pillars will follow the field, in real time,” Zhu says.

Tilting toward a field

In experiments, the team piped a water solution through a syringe and onto the microhair array. Under a magnetic field, the liquid only flowed in the direction in which the pillars tilted, while being highly “pinned,” or fixed, in all other directions—an effect that was even seen when the researchers stood the array against a wall: Through a combination of surface tension and tilting pillars, water climbed up the array, following the direction of the pillars.

Since the material’s underlying silicone layer is transparent, the group also explored the array’s effect on light. Zhu shone a laser through the material while tilting the pillars at various angles, and found she could control how much light passed through, based on the angle at which the pillars bent.

In principle, she says, more complex magnetic fields could be designed to create intricate tilting patterns throughout an array. Such patterns may be useful in directing cells through a microchip’s channels, or wicking moisture from a windshield. Since the material is flexible, Wang says that it may even be woven into fabric to create rain-resistant clothing.

“A nice thing about this substrate is that you can attach it to something with interesting contours,” Wang says. “Or, depending on how you design the magnetic field, you could get the pillars to close in like a flower. You could do a lot of things with the same platform.”

This research was supported by funding from the Air Force Office of Scientific Research.

Source: Massachusetts Institute of Technology
新的材料结构能够像微小的毛发一样弯曲
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由麻省理工学院的研究人员所设计的新型材料是一种“皮肤”表面由根据磁场而有所倾斜的双胞微毛（白线）所覆盖的柔性聚合物。图片：研究人员所截取的视频

麻省理工学院的工程师们制造出一种新型的弹性材料，其表面涂覆着能够根据磁场而有所倾斜的微小毛状结构。根据磁场的定向，双胞微毛可以倾斜以形成一个能够使液体流径的通道；该材料甚至可以直接令水向上流，从而对抗了地心引力。

每个由镍制成的双胞微毛大约有70微米高、25微米宽——相当于人类头发直径的四分之一。研究人员将一列双胞微毛建造在硅的一个弹性透明层上。

在实验中，磁性激活的材料不仅能够为液体的流动指向，对光同样有指向作用——就好像用来过滤阳光的窗帘一样。研究人员称，这项工作可能会通向防水性和抗眩光应用，例如用于建筑物和汽车的“智能窗”。

“你可以将这种材料涂抹在你的汽车挡风玻璃上以操纵雨水或阳光，”麻省理工学院机械工程系的研究生朱阳营表示。“因此，你可以根据你的需求过滤出有多少的太阳辐射照射进来，同样也可以过滤流下的雨滴。这在未来是一种可能。”

在短期内，该材料也有可能会被嵌入到实验室的单芯片仪器中，从而对细胞和其他生物材料进行磁性引导，以使它们通过诊断芯片的微通道。

朱于本月在《先进材料》杂志上报道了该材料的细节。该论文的合著者有机械工程的副教授伊夫林•王，前任研究生肖容以及博士后迪恩•安滔。

大自然的动态

朱表示，双胞微毛陈列的灵感部分来自于大自然。例如，人类的鼻腔两旁布满了纤毛——来回晃动以去除灰尘或其他异物的小毛发。朱试图设计出一种能够模仿纤毛运动的动态响应材料。

“我们在自然界中看到了很多这样的动态结构，”朱表示。“所以我们就想，‘我们是否能够设计出微观结构并且使它们成为动态的呢？’这将会扩大表面的功能。”

朱选择了研究会对磁场进行反应而有所活动的材料。其他人则通过向聚合物注入磁性粒子来设计磁力驱动材料。然而，王表示，很难控制粒子在整个聚合物上的分布——因此很难控制粒子的活动。

相反，她和朱选择制造能够根据磁场均匀倾斜的一组微观柱。为了做到这一点，他们首先创建了模具，该模具是他们用镍电镀制造的。然后他们剥去模具，并且将镍柱与硅的一个柔软的透明层黏合在一起。研究人员将该材料暴露于外部磁场中，放置于两个大的磁体之间，然后发现，他们能够控制柱的角度和方向，而柱是根据磁场的角度来进行倾斜的。

“我们可以将该磁场应用于任何方向，并且该柱会实时追随该磁场，”朱表示。

向一个磁场倾斜

在实验中，该研究小组通过一个注射器来输送水溶液，并且将其输送到双胞微毛陈列上。在一个磁场中，液体只根据柱倾斜的方向进行流动，而在其他方向则高度“钉扎”或固定——该效果甚至是在研究人员将该陈列与墙面垂直时也存在：通过表面张力和倾斜柱子的结合，水爬上陈列，追随柱子的方向。

由于材料底层的硅层是透明的，该研究小组还探索了该陈列对光造成的影响。朱向该材料照射一束激光，并且使柱子以不同的角度倾斜，然后她发现，她能够根据柱子弯曲的角度来控制光的通过量。

原则上，她表示，可以设计出更复杂的磁场在整个陈列中创建复杂的倾斜图案。这样的模式可能在引导细胞通过微芯片的通道或在挡风玻璃中排汗吸湿方面是有用的。由于该材料是柔性的，王表示它甚至可以强盛面料来营造防雨服装。

“上述基板的一个好处是你可以将它附加到一些具有有趣轮廓的东西上，”王说。“或者，根据你设计磁场的方式，你能够使往柱子像花一样关闭。通过使用相同的平台你能够做许多的事情。”

这项研究受到了科学研究空军办公室的资金支持。

资料来源：麻省理工学院

Database accelerates the development of new materials
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This image is a network graph—called a 'minimum spanning tree'—showing the 7,410 predicted stable compounds from the Open Quantum Materials Database. Since this image was completed, the number of compounds predicted has increased.

When researchers want to create better batteries, solar cells, and medical devices, they often look for answers in new materials. Materials with optimal properties can improve existing technologies and spark ideas for new ones. But finding materials that have just the right properties can take many years of trial and error.

“Suppose you want to find a material that would make a good solar cell, but you don’t have a design strategy,” said Christopher Wolverton, professor of materials science and engineering. “You would have to explore in the dark.”

Wolverton’s group in Northwestern’s McCormick School of Engineering and Applied Science has created a database that takes some of the guesswork out of designing new materials. The team performed systematic analyses of both known and imagined chemical compounds to find their key properties and established a database of the results. Called the Open Quantum Materials Database (OQMD), it launched in November and is the largest database in the world of its kind.

So far, the OQMD contains analyses of 285,780 compounds and continues to grow. Northwestern’s high-performance computer cluster, Quest, was used to construct most of the database, which is available and can be downloaded online. The original paper about the project, “Materials Design and Discovery with High-Throughput Density Functional Theory: The Open Quantum Materials Database,” was featured in the November 2013 issue of the journal JOM.

The purpose of the OQMD is to identify candidate materials for specific applications by screening them for various properties before they are tested in the lab. This dramatically accelerates the search, narrowing down candidates for possible materials to a mere handful that require further experimentation.

“The calculations are faster and easier with less cost than conducting experiments,” Wolverton said. “And it’s all on computers, so users can explore things—like toxic elements and radioactive elements—that they probably wouldn’t want to do in their labs.
The OQMD allows users to search for materials by composition, create phase diagrams, determine ground state compositions, and visualize crystal structures. Wolverton said his group has also implemented machine-learning models, trained on the database, that can learn chemistry and predict the possible existence of new compounds that have not yet been synthesized.

“Using sophisticated data mining, we could turn materials science into a big data problem,” he said. “We could use algorithms to make recommendations for materials the same way Netflix recommends movies you might like.”

Unlike other similar databases, the OQMD is completely open to the public. Wolverton said closed databases can only be used the way its creators intended. By keeping the database open, more people can use it, adding their own compounds and growing its potential.

“People will use the database in ways that we couldn’t possibly imagine right now,” he said. “People will improve it, change it, and use it in different ways. They will search for applications of materials that my group isn’t interested in, and that’s great. They will get value out of it that we never would have.”

Source: Northwestern Univ.
数据库加速新材料发展
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这张图片是一个网络图片-所谓的“最小生成树”-展示了公开量子材料数据库7410种稳定化合物。从这张照片完成后,预测化合物的数量增加了。

当研究者想创造更好的电池,太阳能电池,和医疗设备,他们经常在新材料中寻找答案。具有最优性能的材料可以改进现有的技术。但是寻找材料,只有正确的属性可能需要多年的试验和错误。

“假设你想找到一个材料,将制作太阳能电池,但是你没有一个设计策略,” 材料科学与工程教授Christopher Wolverton说。“你将不得不在黑暗中探索。”

Wolverton集团在西北的麦考密克工程与应用科学学院创建了一个数据库,提出设计新材料的一些猜测。团队对于已知和想象中的化合物进行了系统的分析发现的关键属性,建立了一个数据库的结果。被称为开放量子材料数据库(OQMD), 是世界上最大的数据库，11月推出。

到目前为止,OQMD包含285780种化合物的分析和持续增长。西北大学的高性能计算机集群是用于构造大部分的数据库,这是可用的,可以网上下载。关于项目的原始论文,“材料设计与高通量密度泛函理论和发现:开放量子材料数据库,”刊载于2013年11月期的《金属杂志》（JOM）。

OQMD的目的是在实验室之前通过筛选不同属性的测试，为特定的应用程序识别候选材料。这极大地加快了搜索、缩小可能的候选材料,进行进一步的实验。

“试验中更小的成本来实现计算更容易，更快,”沃尔弗顿说。“都是在电脑上,所以用户可以探索多有毒元素和放射性元素，他们可能不会想在实验室做这种实验。

OQMD允许用户搜索材料组成、创建相图,确定基态成分、晶体结构并将其可视化。Wolverton说他的小组还实现机器学习模型,训练有素的数据库,可以学习化学和预测可能存在的尚未合成的新化合物。

“利用先进的数据挖掘,我们可以把材料科学变成大数据问题,”他说。“我们可以利用算法提出建议材料，就像Netflix电影推荐你可能会喜欢的方式一样。”

与其他类似的数据库,OQMD完全对公众开放。Wolverton说关闭数据库只能使用其创作者意图的方式。通过保持数据库的开放,越来越多的人可以使用它,添加自己的化合物和其潜在的增长。

“人们会用现在我们不可能想象的方式使用数据库,”他说。“人们将会改善它,改变它,以不同的方式使用它。他们将搜索的应用材料,这是伟大的。他们会从中获得价值,而这是我们之前办不到的。”

资料来源：美国西北大学。
Metal Alloy（金属合金）
Japan's spot aluminum alloy import trade soars on strong yen

Japanese trading houses were buying spot secondary aluminum alloy actively from China this week on the back of the US dollar having fallen to a six-week low of Yen 101-101.50, market sources said Tuesday.

"The US dollar touching Yen 100 is unlikely, I think the rate at around Yen 101.40 is the best level," said a Japanese trader, who has bought over 500 mt of ADC12 alloy ingot this week.

Another Japanese trader said he has bought around 1,000 mt of ADC12 from several Chinese producers this week, double his usual volume, driven by the strong yen.

Some Japanese diecasters were booking alloy for late October loading or December deliveries this week, two months in advance. Most Japanese diecasters were seeking October deliveries this week.

Active Japanese buyers said they were expecting Chinese ADC12 alloy prices to rise. "Offers were up $20-30/mt in the last few weeks," said a Japanese trader.

Chinese ADC12 offers were reported in the range of $2,100-2,200/mt CFR Japan this week, and deals closing at $2,100-2,120/mt CFR Japan. Three weeks ago, spot deals were below $2,100/mt CFR.

The Japanese buyers cited rises in London Metal Exchange high-grade aluminum prices and primary aluminum premiums as possible reasons behind the firmer Chinese ADC12 export prices.

"I don't think prices will hit $2,200/mt but Chinese producers are not likely to lower prices on the back of higher-than-expected silicon feedstock prices," said one Japanese trader.

Another Tokyo-based trader cited tightness in the global supply of scrap aluminum feedstock as supporting Chinese ADC12 prices. Chinese producers import scrap aluminum from the US.

Japanese traders were also eyeing the possibility of domestic ADC12 prices rising and selling Chinese imports to users of local alloys.

Meanwhile, two Japanese diecasters said they were not buying this week.

"The exchange rate has more impact than the changes in the dollar-based Chinese offers," said one diecaster source.

"There is yet a possibility of the US dollar hitting Yen 100-101. I will wait for that. Also, we don't have a definite demand outlook for October-December. July-September is doing better than the initial forecast, but we are not jumping into conclusions for October-December yet," he added.

"The recent rise in the Chinese prices may stabilize soon. I will wait," said a second diecaster.
因日元走强，日本的现货铝合金进口贸易上升

市场消息源周四称，在美元对日元的汇率降到六周来的低点——1美元兑换101-101.50日元的背景下，本周，日本国际贸易商行积极购买来自中国的现货二手铝合金。

“1美元触及100日元的可能性不大，我认为汇率最多达到101.40日元左右，”一名日本交易商说，他在本周购买了超过500公吨的ADC12铝合金锭。

另一名日本交易商表示说，他受走强的日元所驱使，在本周从几家中国生产商那里购买了约1000公吨的ADC12.

一些日本压铸工厂本周预定了10月底装货或12月交货的铝合金，提前了2个月，大多数日本压铸工厂在本周寻求10月交货。

活跃的日本买家说他们预计中国的ADC12铝合金价格将上涨。“报价在过去几周内上涨了20-30美元/公吨，”一个日本交易商说。

据报道，本周中国ADC12的报价在2100-2200美元/公吨CFR日本之间，贸易成交价在2100-2120美元/公吨CFR日本之间。3周之前，现货交易低于2100美元/公吨CFR。

日本买家援引伦敦金属交易所优质铝价格和原铝保费的上升为中国ADC12出口价格上升背后的可能原因。

“我认为价格不会达到2200美元/公吨，但在超预期的硅原料价格的背景下，中国生产者不太可能降价，”一名日本交易商说。

另一名东京的交易商援引全球趋紧的废铝原料供应为支撑中国ADC12价格的原因。中国生产者从美国进口废铝原料。

日本交易商也在关注国内ADC12价格上涨的可能性，并将来自中国的进口铝合金出售给当地的铝合金使用者。

然而，2家日本压铸工厂说，他们本周没有购买。

“汇率的上涨比以中国以美元为基础的报价变化的影响更大，”一家压铸工厂消息源说。

“美元对日元的汇率仍可能达到1:100-101。我将为此等待。还有，我们在10到12月份并没有明确的需求前景。7到9月份做的比最初预计的要好，但我们还不能对10月到12月份的情况得出结论，”他说。

“中国最近的价格上涨可能会在不久稳定下来。我会等等看，”第二家压铸工厂说。

New applications for Kanthal APMT™ alloy promise more cost effective high temperature sintering 

Sandvik Heating Technology, based in Hallstahammar, Sweden, states that it is now marketing a unique alloy for furnace applications that promises superior oxidation and corrosion resistance.
Kanthal APMT is an alumina forming FeCrAlMo alloy with mechanical properties suitable for structural applications such as retorts and muffles. As such, it is suited to high temperature Powder Metallurgy sintering at temperatures of up to 1250°C (2282°F) and above, with air or combustion atmosphere on one side.

The development of this dispersion strengthened Powder Metallurgical superalloy started when researchers at Sandvik Materials Technology realised that the unique high temperature capability of the Kanthal® FeCrAl-based heating elements could be combined with the high temperature creep resistance of Ni-based alloys by using a special PM technology and micro alloying.

The Kanthal APMT product has until now been limited to seamless extruded tubes for components such as tube-based Kanthal heating systems and for furnace rollers capable of handling the extreme temperatures required for heat treatment of, for example, special stainless steels.
The product program has now been expanded into a wider range of wide hot rolled plate, bar, rod and forgings that opens up the possibilities of using the material in applications such as hot wall sintering retorts, muffles and transport systems.
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Kanthal APMT is an alumina forming FeCrAlMo alloy with mechanical properties suitable for structural applications such as retorts and muffles
对Kanthal APMT™合金的新应用实现了更具成本效益的高温烧结

山特维克制热技术公司（Sandvik Heating Technology），总部设在瑞典的哈尔斯塔哈马市，宣布称，其正在经营一种用于火炉的独特合金Kanthal APMT，有优越的氧化作用和较强的耐腐蚀性。

Kanthal APMT是一种氧化铝成形的FeCrAlMo合金，具有适合结构应用的机械性能，例如蒸馏器和隔焰窖。因此，它适合用于温度在1250℃（2282°F）以及以上的高温粉末冶金烧结，空气或燃烧环境在一侧。

山特维克材料技术公司的研究人员认识到，Kanthal ® FeCrAl系发热元件的超高温性能能够与Ni基合金的高温抗蠕变性，通独特的PM技术和微合金化，结合到一起。然后，就开始了该弥散强化的粉末冶金超耐热合金的研发。

该Kanthal APMT产品到现在为止还限制在无缝挤压管的部件，例如管系Kanthal加热系统，以及能够应对热处理所需的极端温度的炉辊，比如，特殊的不锈钢。

该产品计划现在已经扩展到更广泛的应用，如热轧板，棒，杆和锻件，开创了使用应用材料的可能性，如热壁烧结驳道，隔焰窖和运输系统。
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Kanthal APMT是一种氧化铝成形的FeCrAlMo合金，具有适合结构应用的机械性能，例如蒸馏器和隔焰窖

“Wetting” a battery’s appetite for renewable energy storage

Sun, wind and other renewable energy sources could make up a larger portion of the electricity America consumes if better batteries could be built to store the intermittent energy for cloudy, windless days. Now a new material could allow more utilities to store large amounts of renewable energy and make the nation's power system more reliable and resilient.

A paper published in Nature Communications describes an electrode made of a liquid metal alloy that enables sodium-beta batteries to operate at significantly lower temperatures. The new electrode enables sodium-beta batteries to last longer, helps streamline their manufacturing process and reduces the risk of accidental fire.

"Running at lower temperatures can make a big difference for sodium-beta batteries and may enable batteries to store more renewable energy and strengthen the power grid," said material scientist Xiaochuan Lu of the Dept. of Energy (DOE)'s Pacific Northwest National Laboratory.

Need for energy storage, but challenges remain

More than 300 MW of large, cargo container-sized sodium-beta batteries are running in the U.S., Japan and Europe, according to Dupont Energy Consulting. They often store electricity generated by rows of solar panels and wind turbines.

But their broader use has been limited because of their high operating temperature, which reaches up to 350 C, or more than three times the boiling point of water. Such high operating temperatures requires sodium-beta batteries to use more expensive materials and shortens their operating lifespans. PNNL researchers set out to reduce the battery's operating temperature, knowing that could make the battery more efficient and last longer.

The traditional design of sodium-beta batteries consists of two electrodes separated by a solid membrane made of the ceramic material beta alumina. There are two main types of sodium-beta batteries, based on the materials used for the positive electrode: those that use sulfur are called sodium-sulfur batteries, while those that use nickel chloride are known as ZEBRA batteries. Electricity is generated when electrons flow between the battery's electrodes.

Lowering the battery's operating temperature creates several other technical challenges. Key among them is getting the negative sodium electrode to fully coat, or "wet," the ceramic electrolyte. Molten sodium resists covering beta alumina's surface when it's below 400 C, causing sodium to curl up like a drop of oil in water and making the battery less efficient.

New electrode offers different take

Lu and his PNNL colleagues took an entirely different approach to the wettability problem: modifying the negative electrode. Instead of using pure sodium, they experimented with sodium alloys, or sodium blended with other metals. The team determined a liquid sodium-cesium alloy spreads out well on the beta alumina membrane.

PNNL's new electrode material enables the battery to operate at lower temperatures. Instead of the 350 C at which traditional sodium-beta batteries operate, a test battery with the new electrode worked well at 150 C—with a power capacity of 420 milliampere-hours per gram, matching the capacity of the traditional design.

Batteries with the new alloy electrode also retain more of their original energy storage capacity. After 100 charge and discharge cycles, a test battery with PNNL's electrode maintained about 97% of its initial storage capacity, while a battery with the traditional, sodium-only electrode maintained 70% after 60 cycles.

A battery with a lower operating temperature can also use less expensive materials such as polymers—which would melt at 350 C—for its external casing instead of steel. Using less expensive and sensitive materials would also help streamline the battery's manufacturing process. This offsets some of the increased cost associated with using cesium, which is more expensive than sodium.

The PNNL research team is now building a larger electrode to test with a larger battery to bring the technology closer to the scale needed to store renewable energy.

Source: Pacific Northwest National Laboratory
满足可再生能源储存的电池

如果能造出更好的电池用于在阴天或者无风的日子里存储间歇能源，那么太阳能、风能以及其他可再生能源就能在美国电力消耗中占很大比重。现在，出现了一种新的材料，能够允许更多的公共工程存储大量的可再生能源，使国家的电力系统更加的可靠，也更加灵活。

一篇发表在《自然通信》上的论文描述了一种液态金属合金电极，能使钠-β电池在远远低于往常的温度下工作。新的电极能让钠-β电池的寿命变得更长，并且有助于简化其制造工艺以及减少发生火灾事故的风险。

“能在较低温度下工作对钠-β电池来说会有很大的不同，可使电池储存更多的可再生能源，并增强电网能量，”能源的部能源部（DOE）的西北太平洋国家实验室的材料科学家Xiaochuan Lu说道。

需要储能，但挑战依然存在

据杜邦能源咨询提供的信息显示，美国、日本和欧洲现在使用的都是超过300 MW的集装箱大小的大型钠-β电池。它们往往储存由成排的太阳能板和风力涡轮机产生的电力。

由于电池超高的工作温度，高达350℃，也就是三倍以上于水的沸点温度，限制了它们的广泛应用。超高的工作温度就要求钠-β电池使用更昂贵的材料，而且缩短了电池寿命。西北太平洋国家实验室（PNNL）的研究人员开始着手降低电池的工作温度，如此一来就可以使电池更高效，使用寿命更长。

钠-β电池传统的设计是由两个电极组成，它们由一个陶瓷材料β氧化铝的固体膜隔开。根据用于正电极的材料，可以把钠-β电池分为两种主要类型：使用硫的被称为钠硫电池，而那些使用氯化镍被称为ZEBRA电池。电子在电池的两极之间流动产生电流。

降低电池的工作温度引发了一些其他技术上的挑战。其中最关键的是使钠负电极得到陶瓷电解质的完全覆盖，或者得到陶瓷电解质的“湿润”。在低于400℃时，融化的钠不会附着在β氧化铝的表面，导致钠蜷缩起来，就像水中的一滴油，这样就会降低电池的效率。

新的电极提供了不同的解决办法

Lu和他的PNNL的同事们采取了一种完全不同的方法来解决润湿性问题：修改负电极。放弃使用纯钠，它们尝试使用一种钠合金，或者说是在钠中混合其他金属。该小组确定，液态的钠铯合金在β氧化铝膜上能够良好地伸展开。

PNNL的新电极材料能够允许电池在较低的温度下工作。不像传统的钠-β电池在350℃工作，最近一个对新型电极工作情况的测试显示，它在150℃运作良好，能达到每克420毫安时的电容量，能够达到电池传统设计的水平。

使用新合金电极的电池还能保持更高的原始能量存储容量。经过100次充放电循环后，带PNNL电极的测试电池仍维持在其初始储存容量的约97％，而传统的钠电极的电池在60个循环后只能保持最初的70％。

较低的工作温度的电池还可以使用较便宜的材料，如聚合物——它会在350℃融化。可以将聚合物用于电池的外壳，代替钢材。使用较便宜的和较不敏感的材料还有助于简化电池的制造工艺。这就抵消了一些使用铯的成本，铯比钠更贵。

现在PNNL的研究团队正在建设一个更大的电极，跟更大的电池一起进行测试，以使该技术更接近储存可再生能源所需的规模。

来源：太平洋西北国家实验室
Composite Materials（复合材料）
Composites Europe 2014 Highlights New Themes and Special Areas

From 7 - 9 October 2014, the trade fair will showcase a range of lectures, forums and events regarding fibre-reinforced plastics in Düsseldorf, Germany.

The event organisers explain the trade fair will provide an outlook on the future of composites through a number of forums and new special areas such as the "Bio-based Pavilion" and "Industry meets Science."

More than 400 exhibitors from 25 nations are expected to present new lightweight construction concepts, materials, and the latest production and automation solutions at the ninth edition of Composites Europe. Organisers claim a total of 10,000 lightweight construction experts representing automotive engineering, aviation and boat-building as well as the wind energy and construction sectors are expected at the Düsseldorf Exhibition Centre, a third of them from outside Germany.

The event and its forums will focus on high-volume manufacturing processes. The organisers state the industry will present suitable production and processing methods, innovative materials and current lightweight construction projects. Additionally, the trade fair highlights new ideas at the composites forum and in special areas, including the Product Demonstration Area, the new "Industry meets Science" area and the "Bio-based Pavilion".

According to its organisers, part of the trade fair will be a lecture programme, the international Composites Forum, which will be filled by the VDMA Forum Composite Technology, the Institute of Plastics Processing (IKV) and Composites Europe exhibitors. Presentations will center on production technology in composite manufacturing. Among other topics, lectures by VDMA member companies will focus on automation of logistics processes, production of preforms, economically viable manufacturing of thermoplastic structural components and joining technologies for high-volume production.

The trade shows new area "Industry meets Science" enables visitors to grasp the latest developments and highlights from process engineering, dimensioning and quality assurance. The Institute of Plastics Processing (IKV) at RWTH Aachen University and additional partner institutes will be responsible for implementing this special area, which focusses heavily not just on traditional thermoset materials and thermoplastic composites but also on innovative matrices such as polyurethane and thermoplastics polymerising in situ. Numerous demonstration components and tours of selected highlights complete the range of offerings at "Industry meets Science", which is intended as an enhancement of the Product Demonstration Area (PDA).

The "Bio-based Pavilion", made possible in collaboration with the nova-Institute in Hürth, will showcase the advantages and potential of biofibres. In addition to companies from the WPC and NFC segments, enterprises associated with bio-based thermoset plastics and thermoplastics will also be represented at the trade fair.

Composites Europe will kick off with the International AVK Conference, which will bring together leading composites experts from across Europe. On 6-7 October, international presenters will lecture on material innovations, production processes, the interplay between various materials, and the right mix of materials. The conference will put a special emphasis on recycling and standardisation, both highly relevant topics for the entire composites industry.
2014欧洲复合材料交易会强调了了新的主题和特殊领域

2014欧洲复合材料交易会将于2014年10月7 - 9日在德国杜塞尔多夫召开，将就纤维增强塑料展示一系列的讲座、论坛和活动。

交易会组织者解释，交易会将通过一些论坛提供一个对未来复合材料的展望，还有新的特殊领域如“生物馆”和“符合科学的行业”。

25个国家超过400家参展商预计将出席，展示新的轻型结构概念材料，以及第九版的欧洲复合材料中有最新的生产和自动化解决方案。组织者声称，10000名代表汽车工程、航空和船舶制造以及风能和建筑行业的轻型结构专家预计出现在杜塞尔多夫展览中心,其中三分之一来自德国以外的国家。

该事件及其论坛将侧重于大批量生产流程。组织者表示行业将展示合适的生产和处理方法,创新材料和当前的轻量级的建设项目。此外,贸易公平强调复合材料论坛的新思想和在特殊领域,包括产品展示区域,新的“工业与科学”区域和“生物材料展示馆”。

根据其组织者安排,讲座是交易会的一部分计划,国际复合材料论坛,包括论坛VDMA复合技术,塑料加工(IKV)和复合材料研究所的欧洲参展商。演讲将集中在复合材料制造生产技术。其他话题, VDMA成员公司将演讲专注于物流过程的自动化,预先形成的生产,经济上可行的制造热塑性结构组件和连接技术大批量生产。

贸易显示新领域“行业符合科学”使访问者能够掌握的最新发展和突出过程工程、尺寸和质量保证。亚琛工业大学塑料加工协会(IKV)和其他合作伙伴机构将负责实施这一特殊区域,不仅在传统热固性材料和热塑性复合材料，还创新矩阵如聚氨酯和热塑性塑料聚合原位。众多示范组件和游客选择强调完整的产品的范围在“工业与科学”,这是一个增强的产品展示区域(PDA)。

“生物材料展示馆”使与Hurth nova-Institute合作成为可能，将展示生物纤维的优势和潜力。另外来自WPC和NFC部分与生物相关的热固性塑料和热塑性塑料的企业也将派代表出席交易会。

欧洲复合材料将与国际AVK会议一起开始,将汇集欧洲领先的复合材料专家。10月6日至7日,国际发言人将集中讲解材料创新,生产流程,各种材料之间的相互作用,和正确的混合材料。会议将特别强调回收和标准化,为整个复合材料行业两个高度相关的主题。

Greene, Tweed and Aerolia Validate Thermoplastic Composite Replacement for Complex-Shape Metallic Parts

Greene, Tweed and Aerolia have successfully advanced the use of thermoplastic composite materials for Aerospace structural metal replacement in complex-shape applications previously not suited for composites.

The companies state the development project was performed under the R&D umbrella of CORAC (Council for Civil Aeronautics Research), which it says supports research and development efforts in the aviation sector focused on preservation of the environment and sustainable development.

According to Greene the project included material characterisation of Xycomp DLF, a Greene, Tweed discontinuous long fiber thermoplastic material, part sizing and part testing by Aerolia under various conditions to achieve desired Technology Readiness Levels (TRL) for production applications.

Vincent Labatut, R&T and Stress Engineer states that new composite-intensive aircraft continue to include a substantial number of machined metallic components due to a lack of cost-effective complex-shape composites solutions. The company explains currently Xycomp DLF is able to provide complex-shaped composite parts with part count and weight reduction advantages over simple loaded metal parts, bridging the gap between complex machined metal components and cost-intensive continuous fiber composites layup technologies.

Gereon Schenk, Senior Business Manager at Greene, Tweed explains that the Xycomp DLF manufacturing technology is robust and has demonstrated the capability to produce parts with predictable and repeatable performance with high quality. Weight reduction from Xycomp DLF supports goals of reducing the environmental footprint by reducing fuel use and associated emissions. In addition, the thermoplastic matrix used for Xycomp DLF material permits recycling and remolding use in other aerospace parts.

Production applications for major aircraft platforms are currently under investigation as a direct result of the successful collaboration in this development project.
Greene, Tweed公司和Aerolia公司验证热塑性复合材料替代较薄的金属零件

Greene, Tweed公司和Aerolia公司已经成功地推动了在复杂领域使用热塑性复合材料制造航空航天结构的金属替代物，而之前复合材料并不适合用于这些领域。

这两家公司称，开发项目在CORAC(民用航空委员会研究)的支持下进行研发，并表示支持在航空领域研究和开发工作集中在保护环境和可持续发展。

根据Greene公司，项目包括对Xycomp DLF的材料描述。Xycomp DLF是Greene, Tweed公司的一种不连续长纤维热塑性材料,由Aerolia公司在各种条件下进行了部分调整和部分检测，实现了生产应用所需的技术成熟度(TRL)。

R&T和应力工程师Vincent Labatut指出, 由于缺乏成本效益较复合材料解决方案，新加强复合飞机继续包括大量的加工金属组件。公司解释说，相对于加载金属零件，目前Xycomp DLF的组合能够提供复杂形状的部分计数和减重的复合物,同样也带来复杂的加工金属部件和强化材料成本连续纤维复合材料叠层技术之间的鸿沟。 

Greene, Tweed公司高级业务经理Gereon Schenk解释说，Xycomp DLF制造技术具有稳定性,并演示了其生产零部件的能力与高质量的可预见的和可重复的性能。从Xycomp DLF支持的目标减重，通过减少燃料的使用和相关的排放减少环境足迹。此外,用于Xycomp DLF的热塑性基体材料允许回收和改造其他航空航天部件使用。

主要飞机平台生产应用，目前正在接受调查，是这个开发项目合作成功的直接结果。
Practical Application（实际应用）
A new way to make microstructured surfaces
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New process developed by MIT’s John Hart and others can produce arrays of 3-D shapes, based on carbon nanotubes growing from a surface. In this example, all the nanotubes are aligned to curve in the same direction. Image courtesy of the researchers

A team of researchers has created a new way of manufacturing microstructured surfaces that have novel 3-D textures. These surfaces, made by self-assembly of carbon nanotubes, could exhibit a variety of useful properties—including controllable mechanical stiffness and strength, or the ability to repel water in a certain direction.

“We have demonstrated that mechanical forces can be used to direct nanostructures to form complex three-dimensional microstructures, and that we can independently control … the mechanical properties of the microstructures,” says A. John Hart, the Mitsui Career Development Associate Professor of Mechanical Engineering at Massachusetts Institute of Technology (MIT) and senior author of a paper describing the new technique in Nature Communications.

The technique works by inducing carbon nanotubes to bend as they grow. The mechanism is analogous to the bending of a bimetallic strip, used as the control in old thermostats, as it warms: One material expands faster than another bonded to it.  But in this new process, the material bends as it is produced by a chemical reaction. 

The process begins by printing two patterns onto a substrate: One is a catalyst of carbon nanotubes; the second material modifies the growth rate of the nanotubes. By offsetting the two patterns, the researchers showed that the nanotubes bend into predictable shapes as they extend.

“We can specify these simple 2-D instructions, and cause the nanotubes to form complex shapes in three dimensions,” says Hart. Where nanotubes growing at different rates are adjacent, “they push and pull on each other,” producing more complex forms, Hart explains. “It’s a new principle of using mechanics to control the growth of a nanostructured material,” he says.

Few high-throughput manufacturing processes can achieve such flexibility in creating 3-D structures, Hart says. This technique, he adds, is attractive because it can be used to create large expanses of the structures simultaneously; the shape of each structure can be specified by designing the starting pattern. Hart says the technique could also enable control of other properties, such as electrical and thermal conductivity and chemical reactivity, by attaching various coatings to the carbon nanotubes after they grow.

“If you coat the structures after the growth process, you can exquisitely modify their properties,” says Hart. For example, coating the nanotubes with ceramic, using a method called atomic layer deposition, allows the mechanical properties of the structures to be controlled. “When a thick coating is deposited, we have a surface with exceptional stiffness, strength, and toughness relative to [its] density,” Hart explains. “When a thin coating is deposited, the structures are very flexible and resilient.”   

This approach may also enable “high-fidelity replication of the intricate structures found on the skins of certain plants and animals,” Hart says, and could make it possible to mass-produce surfaces with specialized characteristics, such as the water-repellent and adhesive ability of some insects. “We’re interested in controlling these fundamental properties using scalable manufacturing techniques,” Hart says.   

Hart says the surfaces have the durability of carbon nanotubes, which could allow them to survive in harsh environments, and could be connected to electronics and function as sensors of mechanical or chemical signals. 

Source: Massachusetts Institute of Technology
一种制造微结构表面的新方法
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由麻省理工学院的约翰•哈特等人开发的新工艺可以生产出3-D图形陈列，该陈列主要基于在一个表面生长的碳纳米管。在这个例子中，所有的纳米管都以相同的方向定向弯曲。图片由研究人员提供

一个研究小组已经创造出了一种新的方法以制造出具有新的3-D纹理的微结构表面。这些由碳纳米管自我组装而制成的表面能够表现出各种有用的性能——包括可控制的机械刚度和强度，或者在一定方向上排水的能力。

“我们已经证明出，机械力可以直接用于纳米结构以形成复杂的三维微观结构，并且我们可以独立地控制……微结构的力学性能，”麻省理工学院（MIT）机械工程三井事业发展的副教授兼在《自然通讯》中说明这项新技术的资深作者A•约翰•哈特表示。

该技术的工作原理是在碳纳米管成长期间诱导其发生弯曲。该机制类似于双金属条带的弯曲，在旧恒温中作为在其发热时的控制：一个材料膨胀的速度要比另一个与其连接的材料要快。但是在这个新的过程中，材料发生了弯曲，这是由于它是由一个化学反应生产的。

该过程开始于在一个基质上印刷两种模式：一个是碳纳米管的催化剂；第二个材料改变了碳纳米管的生长速率。通过抵消这两种模式，研究人员发现，纳米管在它们延伸时弯曲成了可预见的形状。

“我们可以指定这些简单的2-D指令，并且使纳米管在三维空间中形成复杂的形状，”哈特表示。相邻的纳米管以不同的速度生长，“它们彼此相互推拉，”产生出更复杂的形式，哈特解释称。“这是利用力学来控制纳米结构材料生长的一个新的原理，”他表示。

很少有高能量的制造工艺能够在创建3-D结构中实现这样的柔韧性，哈特表示。该技术，他补充道，是具有吸引力的，因为它可以被用来同步创建结构中的大部分面积；各个结构的形状可以通过设计初始图案来进行指定。哈特说该技术也有可能会控制其他特性，例如电和热传导性以及化学反应性，可以通过在纳米管成长后将各种涂料涂覆在碳纳米管上。

“如果你在成长过程结束后给该结构涂上涂层，你就可以完美地修改它们的属性，”哈特表示。例如，利用一种称为原子层沉积法给纳米管涂上陶瓷就能够使该结构的机械特性得到控制。“当沉积了一个厚的涂层时，相对于（其）密度，我们就拥有了一个具有出色刚度、强度和韧性的表面，”哈特解释称。“当沉积了一个薄的涂层时，该结构就会非常灵活，并且具有弹性。”

这种方法还有可能使“在某些植物和动物表皮发现的复杂结构得到高保真复制，”哈特表示，并且有可能大量生产具有专门特性的表面，例如一些昆虫的憎水性和粘合能够。“我们对于使用可扩展的制造技术来控制这些基本属性非常感兴趣，”哈特表示。

哈特表示，该表面具有碳纳米管的耐用性，这可以使它们在恶劣环境中生存下来，并且与电子设备以及像机械传感器或化学信号传感器这样的功能联系在一起。

资料来源：麻省理工学院

Nature inspires a greener way to make colorful plastics

Long before humans figured out how to create colors, nature had already perfected the process—think stunning, bright butterfly wings of many different hues, for example. Now scientists are tapping into those secrets to develop a more environmentally friendly way to make colored plastics. Their paper on using structure—or the shapes and architectures of materials—rather than dyes, to produce color appears in Nano Letters.

N. Asger Mortensen, Anders Kristensen and colleagues point out that currently, plastic manufacturers add pigments to their products. That gives them the range of colors customers have come to expect in everything from toys to tools. But these additional ingredients add to the growing waste stream of plastics manufacturing and make it difficult to recycle products. To come up with a more eco-friendly alternative, Mortensen’s team turned to highly advanced materials that can be made to appear in different colors—purely by designing their surface structures at the nanoscopic level.

They layered materials, including ultrathin, nano-sized aluminum disks, in a way that manipulates light and creates a new kind of colored surface. To protect it from damage, the scientists topped it off with a scratch-resistant film. Using this method, they created a wide spectrum of colors that could be added to plastics.

Source: American Chemical Society
用更环保的方法来制造彩色塑料

在人类想出如何创造颜色很久之前，自然就已经完善了这一过程——例如，想想具有许多不同色调的迷人的、明亮的蝴蝶翅膀。现在，科学家们正在利用这些秘密来为制造有色塑料开发出一种更为环保的方法。他们关于利用结构——或者是材料的形状和结构——而不是染料来创造彩色的论文发表于《纳米快报》。

N阿斯格•莫特森、安德斯•克里斯滕森以及同事们指出，目前，塑料生产商向他们的产品中添加颜料。这给他们带来了客户对所有从玩具到工具的物品所期望的色彩范围。但是这些额外的成分增加了塑料制造不断增长的废物流，并且产品很难再进行回收。为了想出一个更环保的替代物，莫滕森的研究小组转向了能够在制造过程中呈现不同颜色的非常先进的材料——纯粹是通过在纳米级水平上设计它们的表面结构来进行制造。

他们以一种操纵光以及创造一个新型的着色表面的方式来将材料层叠，包括超薄的纳米尺寸铝盘。为了保护其免受损坏，科学家们用一个防刮膜成功地完成了这一方法。使用这种方法，他们创造了一个能够被添加到塑料制品中的广泛色彩频谱。

资料来源：美国化学学会
Organic & Polymer（有机高分子材料）
Water’s reaction with metal oxides opens doors for researchers

A multi-institutional team has resolved a long-unanswered question about how two of the world’s most common substances interact.

In a paper published recently in Nature Communications, Manos Mavrikakis, professor of chemical and biological engineering at the Univ. of Wisconsin-Madison, and his collaborators report fundamental discoveries about how water reacts with metal oxides. The paper opens doors for greater understanding and control of chemical reactions in fields ranging from catalysis to geochemistry and atmospheric chemistry.

“These metal oxide materials are everywhere, and water is everywhere,” Mavrikakis says. “It would be nice to see how something so abundant as water interacts with materials that are accelerating chemical reactions.”

These reactions play a huge role in the catalysis-driven creation of common chemical platforms such as methanol, which is produced on the order of 10 million tons per year as raw material for chemicals production and for uses like fuel. “Ninety percent of all catalytic processes use metal oxides as a support,” Mavrikakis says. “Therefore, all of the reactions including water as an impurity or reactant or product would be affected by the insights developed.”

Chemists understand how water interacts with many non-oxide metals, which are very homogeneous. Metal oxides are trickier: An occasional oxygen atom is missing, causing what Mavrikakis calls “oxygen defects.” When water meets with one of those defects, it forms two adjacent hydroxyls—a stable compound comprised of one oxygen atom and one hydrogen atom.

Mavrikakis, assistant scientist Guowen Peng and graduate student Carrie Farberow, along with researchers at Aarhus Univ. in Denmark and Lund Univ. in Sweden, investigated how hydroxyls affect water molecules around them, and how that differs from water molecules contacting a pristine metal oxide surface.

The Aarhus researchers generated data on the reactions using scanning tunneling microscopy (STM). The Wisconsin researchers then subjected the STM images to quantum mechanical analysis that decoded the resulting chemical structures, defining which atom is which. “If you don’t have the component of the work that we provided, there is no way that you can tell from STM alone what the atomic-scale structure of the water is when absorbed on various surfaces” Mavrikakis says.

The project yielded two dramatically different pictures of water-metal oxide reactions.

“On a smooth surface, you form amorphous networks of water molecules, whereas on a hydroxylated surface, there are much more structured, well-ordered domains of water molecules,” Mavrikakis says.

In the latter case, the researchers realized that hydroxyl behaves as a sort of anchor, setting the template for a tidy hexameric ring of water molecules attracted to the metal’s surface.

Mavrikakis’ next step is to examine how these differing structures react with other molecules, and to use the research to improve catalysis. He sees many possibilities outside his own field.

“Maybe others might be inspired and look at the geochemistry or atmospheric chemistry implications, such as how these water cluster structures on atmospheric dust nanoparticles could affect cloud formation, rain and acid rain,” Mavrikakis says.

Other researchers might also look at whether other molecules exhibit similar behavior when they come into contact with metal oxides, he adds.

“It opens the doors to using hydrogen bonds to make surfaces hydrophilic, or attracted to water, and to (template) these surfaces for the selective absorption of other molecules possessing fundamental similarities to water,” Mavrikakis says. “Because catalysis is at the heart of engineering chemical reactions, this is also very fundamental for atomic-scale chemical reaction engineering.”

While the research fills part of the foundation of chemistry, it also owes a great deal to state-of-the-art research technology.

“The size and nature of the calculations we had to do probably were not feasible until maybe four or five years ago, and the spatial and temporal resolution of scanning tunneling microscopy was not there,” Mavrikakis says. “So it’s advances in the methods that allow for this new information to be born.”

Source: Univ. of Wisconsin, Madison
水与金属氧化物的反应打开研究之门

一个由多个研究中心组成的研究小组解决了一个长久以来悬而未决的难题，怎样让世界上最常见的两种物质之间发生反应。

最近，Manos Mavrikakis，威斯康星-麦迪逊大学化学和生物工程学教授，及其合作者在《自然通讯》上发表了一篇论文，报告了一项基本发现，关于水如何与金属氧化物发生反应。本文打开了一扇大门，让我们更好地理解并控制化学反应领域，从催化作用到地球化学以及大气化学。

“这些金属氧化物材料随处可见，水也是无处不在的，” Mavrikakis说，“能看到像水这样充足的物质和加速化学反应的物质发生相互作用，这真的很美妙。”

这些反应对普通化学平台上的催化产物有着巨大作用，比如甲醇，每年甲醇的需求是1000万吨，作为化学品生产或者燃料生产的原料。“90%的催化过程都使用金属氧化物作为固载，”Mavrikakis说。“因此，所有的反应，包括以水作为杂质或反应物或产物的的反应，都会受到这个发现的影响。”

化学家能理解水与许多非氧化的金属会发生相互作用，这种相互作用是均匀的。但金属氧化物就比较难对付了：偶尔丢失一个氧原子，就会引起Mavrikakis所说的“氧缺陷”。当水遇到其中一个缺陷时，就会形成了两个相邻的羟基——由一个氧原子和一个氢原子组成的稳定化合物。

Mavrikakis，助理研究员Guowen Peng和研究生Carrie Farberow，与丹麦奥胡斯大学和瑞典隆德大学的研究人员一起，调查研究羟基如何影响周围的水分子，以及如何将其与水分子接触质朴的金属氧化物表面区分开。

奥胡斯的研究人员使用扫描隧道显微镜（STM）生成了该反应的相关数据。威斯康星州研究人员随后对STM图像进行了量子力学的分析，解码了产生的化学结构，定义了这些原子到底是哪一个。“如果没有我们提供的该研究的各个组成部分，那么你将无法只凭借STM在原子尺度上看出吸附在不同表面的水的结构。”Mavrikakis说。

该项目产生了两个截然不同的关于水和金属氧化物相互反应的画面。

“在一个光滑的表面，你会看到一个无定形的水分子网络，而在羟基化表面，你会看到很多层次分明，秩序井然的水分子结构。”Mavrikakis说。

在后一种情况下，研究人员意识到，羟基就像一个锚，将一个整齐的水分子六聚环固定在金属表面。

Mavrikakis下一步将会检查这些不同寻常的结构如何与其它分子反应，并利用该研究改进催化过程。他看到了自己研究领域之外的许多可能性。

“也许别人会从中得到启发，看到它在地球化学和大气化学上的影响，如大气尘埃粒子上的这些水簇结构会如何影响云、雨以及酸雨的形成。”Mavrikakis说。

其他研究人员也可能会研究其他分子在接触到金属氧化物时，是否也出现类似的情况，他补充道。

“它打开了一扇大门，可以使用氢键使表面具有亲水性或吸引水，并以这些表面为模板，对其他具有与水有根本相似的分子选择性吸收，”Mavrikakis说。“因为催化是工程化学反应的核心，这也是原子尺度的化学反应工程学的基础。”

这项研究填补了基础化学的一项空白，这很大程度上归功于顶尖的研究技术。

“也许直到四五年前，像这样必要的计算才得以具备现在的规模和性质，而扫描隧道显微镜的空间和时间分辨率也才达到标准，”Mavrikakis说。“因此，是研究方法的进步让我们有了这样一个新发现。”

资料来源：威斯康星-麦迪逊大学

Porous polymer membrane can flex its muscles
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A talent for motion: thanks to its pores and chemical structure, the membrane developed by the scientists from the Max Planck Institute of Colloids and Interfaces curls faster and more vigorously than comparable actuators. Image: MPI of Colloids and Interfaces

A team of researchers from Germany and China has developed an artificial skin with unexpected properties. The group has produced a membrane that curls very quickly when it comes into contact with the vapour from organic solvents like acetone. Using this actuator membrane, they can imitate biological structures which respond to an external stimulus like the Venus flytrap or the lids of the ice plant seed capsule. Their actuator is particularly close to the biological models because the scientists applied design principles to it for the first time that had not previously been used by materials scientists for such systems: first, they designed the membrane in such a way that the top is hard and the material below it gradually becomes softer; and, second, the foil is interspersed with pores which ensure that the solvent can gain rapid access to the membrane. Hence it responds faster to the external stimulus than other actuators. Such materials can be used as artificial skin and muscle in robots and are also suitable for use as sensors.

While plants do not have muscles, many of them are nevertheless quite dynamic. For example, the lids of the ice plant seed capsules open up when they become wet; that is, when conditions that will enable the seeds to thrive prevail. As soon as the capsules dry out, the lid closes again. The plant has this ingenious capsule lid structure to thank for its prospects of successful reproduction. Unlike the top, the bottom of the capsule can absorb water and swells as a result. The wet lids then open up and fold over again if they become dry. The biomimetic actuator developed by the research team working with Jiayin Yuan, a research group leader at the Max Planck Institute of Colloids and Interfaces, functions in a very similar way.

“Our membrane reacts to the external stimulus a good ten times faster than previous polymer actuators”, says Yuan. “Moreover, its movement is bigger.” The membrane exerts a force that enables it to lift around 20 times its own weight. And it even functions almost perfectly when the scientists put it through its paces: first, they cool the material to minus 190 degrees Celsius for two hours using liquid nitrogen, then they heat it up for an entire day to plus 200 degrees Celsius and, finally, they subject it to pressures of one tonne per square centimetre. Although the membrane loses some of its reaction speed during this rigorous workout, it still works better than all comparable polymer actuators that move when they come into contact with a liquid.

Graduated cross-linking and pores make all the difference.

Materials scientists already adopt different approaches to developing biomimetic actuators that behave like biological models. However, up until now they had not succeeded in coming close to the natural model. As with the mechanical components of plants, the structure of the material is what makes the difference here. “Our membrane has a gradient, that is a slope, in its level of cross-connection and is also porous,” says Jiayin Yuan. “Thanks to these two structural features, our actuator responds quickly and with a big movement.” Up to now, such actuators consisted of two layers which absorb different amounts of liquid. This kind of material combination can only carry out relatively small movements and is also slow. Many of these systems are very complicated to produce and some of them fail when they become too hot or dry.

The researchers obtained their particularly effective membrane actuator by first generating a membrane from an ionic polymer in a corresponding solution. Voluminous pillar molecules, which have potential connection points to the ionic polymers, were incorporated into this foil. The researchers then connected the molecular pillars and chains using an ammonia solution, which activates the connection points of the pillars. The trick here is that the ammonia solution is only given access to the membrane from one side as it lies on a plate. Hence the solution only trickles slowly into the foil from above. As a result, it connects strongly with the components on the upper side but with decreasing intensity the deeper the solution penetrates the membrane. Moreover, the aqueous ammonia has an additional effect; it also leaves the pores behind in the foil.

The vapour from the solvent, for example acetone, spreads rapidly via the pores through the membrane. However, the actuator’s organic fuel does not do very much on the top, which is strongly cross-connected and hard. As it penetrates to the bottom, however, its activity increases: it swells the ionic polymer, and thereby the membrane bends.

The membrane can also distinguish between different solvents.

Such actuators can be useful in all applications in which a material must respond to an external stimulus by moving. For example, it could provide both artificial skin and muscle for robots. Its particular attraction lies in the fact that no extra energy would have to be expended for the movement. This would be provided instead by the stimulus itself.

The researchers were struck by another rather unexpected application for the membrane while they were testing different solvents for fuelling their actuator: “The membrane reacted in a very characteristic way to each solvent that we used – both in terms of the force of the movement and the reaction time,” explains Yuan. “So it is also very suitable for use as a sensor that can differentiate between different organic solvents.”

The researchers at the Max Planck institute in Potsdam now aim to develop their material further. They are working on an actuator that is activated not by a solvent but by light. Here too, Jiayin Yuan sees just one of the opportunities offered by his research object: “We want to show that polyionic liquids enable applications that are inconceivable using other materials.”

Source: Max Planck Institute of Colloids and Interfaces
多孔聚合物膜“大展拳脚”
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动作天才：鉴于孔隙和化学结构，由普朗克胶体与界面研究所科学家研究发明的薄膜，可以比制动机转的更快更有活力。

来自德国与中国的研究小组研究出了一种具有令人意想不到的特性的人造皮肤。该小组发明了一种在遇见丙酮等有机溶剂蒸气时可以迅速蠕动的薄膜。利用这种自动薄膜，他们可以模仿生物结构在遇到捕蝇草或冰雪花种子表皮入侵时的反应。他们的执行器特别的接近生物模型，因为科学家首次应用了材料学家在这类系统中之前从来没有应用过的设计原则：第一，他们设计的薄膜顶部很坚硬而往底部逐步变软，第二，薄片上有很多的孔以保证溶液可以有效的进入薄膜。因此，它比其它的制动器对外部刺激反应都要灵敏。这种类型的材料可以应用于机器人的人造皮肤以及肌肉也可以用于传感器。

尽管植物没有肌肉，但是它们中的很多都是可以动的。例如，当冰雪花种子表皮变得湿润时便会张开，那时外部条件允许种子茁壮成长。当花瓣凋谢之后，表皮又重新合上。植物有这种独特的花盖结构是由于其繁殖成功的前景。与顶部不同，底部的花盖可以吸收水分而张开。湿润的花盖然后张开，当它们变干之后又闭合。这种仿生结构由袁家胤所在的团队研发，他是普朗克胶体与界面研究所一个研究小组的领导，具有相同的工作性质。

我们的薄膜比之前的聚合物执行器对外界刺激的反应要快十倍。它可以发挥出举起其自身重量20倍的力量。当科学家们将其完成之后它会变得更加优秀：第一他们用液氮在两个小时内将材料降温到零下190摄氏度，然后用整整一天将温度上升到200度，最后对其施加1000吨/平方厘米的压力。尽管在这种严格的实验下薄膜会失去其部分反应速度，但它在接触到流体时的运动速度还是要远远高于聚合物制动器。

分等级与孔隙交叉耦合大不相同

材料学家已经采取了不同的方法来提升仿生制动器的性能，比如生物学模型。但是直到现在，他们还没有成功的接近自然模型。就像植物的结构组成一样，结构的材料是此处产生不同的原因。“我们的薄膜有一个梯度，那是个斜坡，之间有孔隙并且是相互连通的” 袁家胤说，“感谢这两个结构特点，我们的制动器可以迅速反应并且幅度很大。”到现在，这样的制动器包括两层，可以吸收不同量的液体。这种材料组合只能支持较小的运动幅度而且运动的也比较慢。很多此类系统生产起来都十分复杂，而且由于过干或过热，很多都失败了。

研究人员获得这种特殊的有效薄膜制动器是从一种对应溶液中的离子聚合物中首次生成的。大量的柱形分子，拥有与离子聚合物连接的潜在节点，构成了薄片的组成部分之一。研究人员之后将柱形分子进行连接并用氨溶液将其束缚，以此激活了柱状分子的节点。这种原理是氨溶液在量杯中只能从一边通过薄膜。因此导致只有少量的从顶部薄片通过。最终，它与顶部的组织紧密相连但是与底部的强度逐步减弱。更多的是，氨水还有别的作用；它也在薄片上留下了孔隙。

溶液蒸气，例如丙酮，通过薄膜的孔隙可以迅速的传播。然而，制动器的有机燃料在顶部不能很好的工作，它强有力的交叉耦合并且十分坚硬。然而，当它渗入到底部，它的活动性增强：它使得离子聚合物膨胀，导致薄膜弯曲。

在不同的溶剂作用下薄膜性质不同

这种制动器在所有需要对外界运动刺激响应的应用都十分有用。例如，它可以为机器人提供人造皮肤和肌肉。其特殊的吸引力在于对于必须产生消耗的运动没有额外的能量补充。它可能由刺激本身提供。

研究人员被其它意外的薄膜应用所吸引了，他们正在测试不同的溶液为制动器提供能源：“同时考虑运动的强度和反应时间-薄膜对我们使用的每种溶液都有其十分特征的响应。”袁解释道：“这什么适合于应用于传感器以区分不同的有机溶液。”

普朗克胶体与界面研究所的研究人员目前声称进一步发展其材料。他们正在致力于研究受光而不是溶液激活的制动器。同样，袁家胤看见了他的研究目标提供的机会之一：“我们想要证明多离子溶液在其它材料上可以有不可思议的应用。”

来源：普朗克胶体与界面研究所
Functionalizing microstructuring surfaces without distortion

Scientists and engineers increasingly use micro- and nano-scale devices to solve problems in medicine, engineering, and basic research.  Polymeric materials are particularly well suited to such applications because they are inexpensive, robust, and can be chemically modified to tune properties and alter their interaction with the surroundings.  But when chemistries commonly employed to modify polymeric surfaces are used, particularly those based on organic solvents, the polymeric structures can swell and becomes severely distorted, losing critical form and function. 

Now, a team at the University of Central Florida, led by Dr. Stephen M. Kuebler, has developed an alternative route for functionalizing polymers that uses water-based chemistry and large macromolecular amine.  The water-based approach minimizes swelling of the polymer and reduces transport of chemical species into the micro-structure.  Multi-functional macromolecular amines are used in place of smaller bifunctional amines, like ethylenediamine, to help further restrict the functionalization chemistry to the exterior of the polymeric structure. 

The researchers demonstrated their new approach by fabricating three-dimensional “woodpile” micro-structures in a cross-linkable epoxide called SU-8.  Woodpile micro-structures are of specific interest because they exhibit novel optical properties such as tunable photonic bandgaps.  SU-8 was chosen because this material is increasingly used for applications in micro-electronics, micro-electromechanical systems, photonics, microfluidics, and sensors.  The group functionalized the woodpile structures using both their new approach and a conventional method, measured quantitatively the degree of distortion caused by the processes, and metallized the structures with copper, to demonstrate that the surfaces had been actively functionalized.  Experiments confirm that the new functionalization method causes no measureable distortion yet is equally effective for chemically modifying polymeric micro-structures.
没有任何扭曲的功能化微观结构表面

科学家和工程师越来越多地使用微观和纳米设备，解决在医学、工程和基础研究方面的问题。高分子材料特别适合这样的应用,因为这些材料廉价、稳定，且可以进行化学改性并改变其与周围的环境相互作用。但当化学反应通常用来修改聚合物表面,特别是有机溶剂聚合物表面时，聚合物结构会膨胀,变得严重扭曲,失去关键的形式和功能。

现在,中佛罗里达大学的一个由Stephen M. Kuebler博士领导的团队，使用水性高分子化学和高分子胺，为功能型聚合物开发了一个替代路线。聚合物的水性方法可最大限度地减少肿胀,减少将运输到微观结构中的化学物种。多功能高分子胺用于较小的乙二胺等双官能胺，帮助进一步限制聚合物结构表面的功能化化学。

研究人员展示了他们的新方法，在成型的称为SU-8的环氧中制作三维微结构“柴堆”。柴堆微结构非常具有吸引力，因为它们表现出了新颖的光学性质,如可调光子带隙。SU-8被选中,是因为这种材料正越来越多地应用于微电子、微机电系统、光学、微流体、传感器。该研究团队分别使用其新方法和传统方法，功能化了柴堆结构，定量测量了过程中造成的失真程度，并用铜对该结构进行了金属化，证明了表面的功能化非常良好。实验证实,新的功能化方法没有引起任何可测量的扭曲，对于经化学改性的聚合物微结构同样有效。
E-Material（电子材料）
Nano Testing for Future Electronics
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Narrow pulses and/or low duty cycle pulses are often used rather than DC signals when characterizing nanoscale devices. Systems such as Keithley's Model 4200-SCS Parameter Analyzer paired with a Model 4225 Ultra-Fast I-V Module make it possible to study or reduce the effects of self-heating (joule heating)on these devices. Image: Keithley Instruments

The engineering of functional systems at the molecular scale, nanotechnology refers to the applied part of nanoscience which typically includes the engineering to control, manipulate and structure matter at an atomically small scale. Nanotechnology as a field is nothing less than diverse, ranging from extensions of conventional device physics to new approaches based upon molecular self-assembly, from developing new materials with dimensions on the nanoscale to direct control of matter on the atomic scale.

The global market for nanotechnology was valued at about $20.1 billion in 2011, and reached about $20.7 billion in 2012, according to data from BCC Research. Total sales of nanotechnology are expected to reach $48.9 billion in 2017, after increasing at a five-year compound annual growth rate (CAGR) of 18.7%. Nanomaterials, according to the data, had sales of about $15.9 billion in 2012, and $37.3 billion in 2017.

The amount of money involved makes it clear that nanotechnology device development is an important goal. With this growing interest in nanotechnology and transition from a passive to active field, equipment is needed to test these devices before entering the marketplace. Testing is crucial. The challenge in nano research and developing technologies at the nano level focuses around signal levels. The physical size, or lack thereof, presents a low-level measurement challenge, and researchers want low-noise, high-quality, high-sensitivity test equipment for accurate measurements.

A large segment of development in nanotechnology is the electronics industry, which is increasingly designing materials and structures that are truly nanoscale. Source measurement units (SMU) are universal tools for doing voltage current characterization measurements, which is the starting point for any new material, including semiconductor type or nanoelectronic materials. SMUs, manufactured by companies such as Keithley Instruments and Agilent Technologies, are instruments that meet the low-noise, high-quality, high-sensitivity test needs for nanotechnology research.

Testing nanoelectronics for space

Nanomaterials, including semiconductor nanowires, graphene, carbon nanotubes and fullerenes, are in the forefront of a revolution in speedy electronics and other strong, lightweight structures. At Michigan State Univ., researchers are investigating an additional benefit of nanomaterials, increased radiation resiliency. This benefit could be conferred by more widely separated quantized electronic energy levels.

Through a series of beam time grants, Virginia Ayres, assoc. prof. of electrical and computer engineering at Michigan State Univ., and her collaborators utilize beams at the National Superconducting Collider Laboratory to investigate interactions with nanomaterials and nanocircuits. These are primary beams of fully stripped relativistic heavy ions that are well calibrated in terms of their energies and particles per area. The energies accurately simulate the heavy ion component of space radiation, which is especially destructive for current state-of-the-art electronics. For its research, the team fabricates circuits using nanowires to simulate an ordinary transistor and investigates how they react in the beam environment. However, the transistor is not quite like the one that is in a computer, as it has a nano field-effect transistor design that relies on contact barrier manipulation instead of channel modulation to achieve on/off transistor functionality.

“We are the first group to run such nanocircuits under heavy ion radiation that simulates space radiation for fairly lengthy periods of time; up to a half an hour per circuit,” says Ayres. “And through our electronic performance testing, we have received information about what happens within the nanocircuit at the contact barriers and in the oxide layer as well as within the nanowire itself under bombardment conditions that simulate what electronics in space go through.”

To run such experiments, ordinary garden-variety test equipment won’t help. Because the researchers are running a field-effect transistor, they must source voltages to the circuit and the gate of the transistor. Most importantly, they must run these experiments in real time and record the currents that are coming back under conditions that can produce unexpected results, where the accuracy of every data point counts.

“Under the conditions that I work with, what I care about is low noise and steady sourcing, as well as picoamp-resolution current measurement capability,” says Ayres. “But I also need the ability to measure currents that are higher than that.”

The team studies transients and effects that could involve currents, which on the nanocircuit scale are quite large, around tens or hundreds of microamps. The team settled on Keithley’s Model 4200-SCS semiconductor parameter analyzer, a compact integrated system of multiple SMUs that both sources voltage and measures current.

As the challenge is to record everything that happens in real time, Ayres says the most challenging part in her research has been in connecting the pieces of the circuit all the way down to the nanoscale level. “Access to the laboratory’s test vault was not designed for the kind of test circuits we are doing, but we were able to design a test circuit that is embedded within what are commonly called ordinary dual in-line package—something you would plug into a breadboard,” says Ayres.

Electron beam lithography is used to “wire” the nano- field-effect transistor that uses a semiconductor nanowire less than 100 nm in diameter to micron-scale photo-lithographically fabricated contact pads. These are connected by ultrasonic wedge wire bonding to the individual pins of the dual in-line package. The package is then carefully impedance-matched and connected to the SMUs of the 4200-SCS. “Making these connections all the way to the nanoscale level requires care at every step,” says Ayres, “and Keithley SMUs help aid in this challenge by providing a low noise, high fidelity test platform.”

Developing measurement infrastructure

The development of measurement infrastructure that enables research into novel nanoelectronic devices and supports their manufacture is of great importance to the electronics industry. In the Nanoelectronics Group at NIST, research is conducted to advance the electrical and optical measurement science infrastructure necessary for innovation in future nanoelectronic and thin-film devices, and their component materials. While most researchers are trying to invent the next widget, the NIST team is inventing the measurement infrastructure that will allow the scientific community to research that widget and allow companies to manufacture it and monitor the process.

The team looks to correlate the final electrical properties of a device and the underlying physical properties of the materials and interfaces that comprise the devices. “We really want to know why the device behaves the way it does, and that will allow users to better optimize it,” says Dr. Curt Richter, group leader of NIST’s Nanoelectronics Group. “So we want to relate the intrinsic properties of the materials that comprise the device to the full device properties.”

The challenge in terms of characterizing nanoelectronics isn’t necessarily the electronic instrumentation. In fact, the biggest challenge is how to couple the electronics to a nanoscale device or nanoscale component materials. As a result, there is a great deal of effort in designing and creating specific test structures on chips that allow researchers to couple into the nanoscale structure, and also to properly extract the intrinsic properties of the materials.

“When you are talking about something that isn’t very many atoms across, it is difficult to couple this big piece of electronic equipment down to a nanometer scale device,” says Richter. “And we have the same challenge optically. It is the issue of how to couple the optics to devices that are much smaller than the wavelength of the optics and how to extract information from them.”

Noise is always an issue in nanoscale test measurements, and it is becoming more of an issue in nanoscale devices where single defects can cause large noise issues. To test nanoelectronics, researchers want low-noise equipment so they are actually looking at the intrinsic noise of the device. 

Among the principal electrical measurements the team uses are low-current, low-noise direct current (DC) measurements to parametrically characterize nanodevices. In addition to carrying out a range of low-noise, low-current electrical measurements, they are pioneering unique methods that combine both electrical and optical measurements. By working with individual SMUs, the team gets the flexibility necessary for their measurement setups.

“We typically use SMUs in our research,” says Richter. “If we have a multi-terminal device, such as a transistor, we will have a stack of SMUs, one for each terminal. We will have an SMU for the source, another for the drain, yet another for the gate, and one for the substrate, if a substrate contact is possible.”

Often researchers simply use voltage sources for selected nanoelectronics measurements (such as applying a gate bias), but in research level devices, the NIST team finds it important to have a measurement of both the applied voltage and the current from a given contact. In nanoelectronic devices, even for contacts designed not to leak, there usually is some current leakage, and researchers must measure it. The NIST team finds that SMUs are a more powerful tool than just individual voltage sources or current sources, as researchers can have both numbers at every part of their device.

“It’s more powerful and it allows us to interpret our data better,” says Richter. “And when it comes down to understanding and interpreting the results of our measurements, it is important to truly understanding whether your measurement is correct or not. Complete information allows you to more easily debug the measurement system and optimize it when you are setting it up.”

Future nanoelectronics

When working with future nanoelectronics and nanomaterials related to electronics, it is important to measure their unique properties. Using a Keithley Model 4200-SCS SMU-based test system, a team of researchers led by Dr. Kang Wang, Distinguished Professor and Raytheon Professor at Univ. of California, Los Angeles, measures source currents and voltages as low as tens of nanovolts at different temperatures, from room temperature all the way down to 50 mK. The team also performs very sensitive experiments at the National High Magnetic Field Facilities at Tallahassee, Fla., as well as with many collaborators internationally. The team measures different properties in two areas: nanoscale magnetic materials and topological insulators. It is the team’s goal to help the semiconductor industry go beyond 2020, and as such researchers need to explore new materials, nanoscale devices and how those devices work together in a system. The years of scaled CMOS technology may slowly come to an end due to the increase of energy dissipation in continuing the scaling, among others.

To measure nanoscale magnetism, the team measures spin current and sees how the electron spin can torque a magnetic moment, making a switch or a memory device no less than transfer torque memory. The team also works on electric field control of metallic magnetism. “It used to be that you would have to pass current through a magnet in order to do something with magnetic properties,” says Wang. “But now, in the last few years, one can use a low voltage to change or control the magnetic properties. This is a breakthrough as it enables the potential memory of many orders of magnitude in reduction of dissipation energy.”

When performing measurements, the team looks to minimize noise, or to achieve a high-sensitivity measurement at the smallest signal at different temperatures, as affected by other parameters. But by doing so they must be able to detect the desired signal, which is often buried in the noise. Sometimes, capacitance problems of cables are important and so the team must minimize the length of the cables and put the SMU as close to the sample as possible to alleviate the challenge.

Integration time is also very important to the team as it affects the total acquisition time. “Obviously you want to get a lot of data as fast as possible as you can’t afford to spend a whole day just on getting one data point,” says Wang. So the team needs acquisition speed, but the noise becomes a factor.  Coupled together, the team needs to understand the noise, acquisition time and how the sensitivity is related to the source temperature and resistance.

Where Wang’s research direction will eventually lead to is a million-dollar question. “It will continue to be in nanoscale electronics and nanostructure devices and materials; however, as our research continues, it may develop into a new paradigm of the brain-like devices and systems, or referred to as neuromorphic devices and nanosystems,” says Wang. As devices get smaller and smaller, the interactions of those devices and how to sort out those interactions and smaller signal effects is where Wang’s research finds its home.
未来电子产品的纳米测试
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在描述纳米设备时，经常使用的是窄脉冲和/或低占空比脉冲，而不是直流信号。美国吉时利（Keithley）的4200-SCS参数分析模型和4225超高速电流-电压模块模型等系统的结合，可以研究或减少自动加热(焦耳加热)对这些设备的影响。图片提供:吉时利仪器公司（Keithley Instruments）

在分子尺度上的功能系统设计使用的是纳米技术，该技术是指应用部分纳米科学，通常为了实现在原子规模控制、操纵并构造物质。纳米技术作为一个领域只不过是多样化,从传统设备的物理扩展到基于分子自组装的新方法, 从研发纳米新材料到直接在原子尺度上控制材料。

BCC研究数据显示，全球纳米技术市场在2011年价值约201亿美元,并在2012年达到约207亿美元。纳米技术的总销售额预计在2017年达到489亿美元,五年复合年增长率(CAGR)为18.7%。数据显示,纳米材料2012年销售额约为159亿美元,2017年将达373亿美元。

涉及的金额很清楚的告诉我们,纳米技术设备的发展是一个重要目标。这种日益增长的兴趣，以及从被动到主动领域的转变, 这些设备在进入市场之前，纳米技术和转变设备需要测试。测试是至关重要的。纳米研究和在纳米技术研发的挑战集中在信号水平。物理大小,或缺乏物理尺度,提出了一种测量低级的挑战,研究人员希望能拥有低噪声、高质量、高灵敏度、测量精准的测试设备。

纳米技术的发展很大部分是电子行业,越来越多的真正的纳米材料和结构设计出现。源测量单元(SMU)是通用工具做电压电流特性测量,这是对于任何新材料的起点,包括半导体类型或纳米电子材料。由吉时利、安捷伦科技仪器等公司生产的SMU，满足低噪声、高质量、高灵敏度测试纳米技术研究的需要。

测试纳电子学

包括半导体纳米线、石墨烯、碳纳米管和富勒烯在内的纳米材料,在快速的电子产品和其他强、轻量级的结构上处于革命的前沿。在密歇根州立大学的研究人员正在研究纳米材料的另一个好处,增加辐射弹性。这个好处可以实现更广泛分离的量子化电子能级。

通过一系列的有束时间补助,电气协会教授、密歇根州立大学电气和计算机工程教授Virginia Ayres和她的合作者,利用光束在国家超导对撞机实验室，调查研究了与纳米材料和纳米电路交互。这些是主要光束完全剥夺了相对性重离子，通过每区域能量和粒子的校准。能量准确模拟空间辐射的重离子组件,特别是对当前最先进的电子产品的破坏性。其研究团队使用纳米线编造电路来模拟一个普通晶体管，调查他们在光束环境下如何反应。然而,晶体管并不完全像一台电脑,因为它有一个依赖于接触障碍操作而不是信道调制晶体管实现开/关功能的纳米场效应晶体管的设计。

 “我们是第一批重离子辐射环境下运行这样的纳米电路，模拟空间辐射需要相当漫长的时间,每半小时电路绕一圈,”艾尔斯说。“通过我们的电子性能测试,我们会知道在纳米电路接触障碍和氧化层以及在纳米线本身轰击条件下发生什么,模拟电子在空间经历了什么。”

运行这样的实验,普通的测试设备不会有帮助。因为研究人员正在运行一个场效应晶体管,他们必须源电压电路和晶体管入口。最重要的是,他们必须实时运行这些实验，在可以产生意想不到的结果条件下并记录回来的电流,保证每一个数据点计数的准确性。

“在我工作的条件下,我关心的是噪音低、稳定的电源,以及安培分辨率当前测量能力,”艾尔斯说。“但我还需要高于测量电流的能力。”

团队研究瞬变和可能包括电流效果,纳米电路规模相当大,几十或几百个微安左右。团队在吉时利的模型4200 - SCS半导体参数分析仪,多个紧凑的集成系统都寻求源电压和测量电流。

试验过程是实时被记录的,艾尔斯说,她的研究中最具挑战性的部是连接电路到纳米级别。“访问实验室的测试库不是为我们测试电路而设计的,但我们能够设计一个测试电路嵌入通常称之为普通双列直插式,”艾尔斯说。

电子束光刻技术是用来“连线”纳米场效应晶体管，它使用半导体纳米线直径不到100纳米,微米刻度的图像印刷组合接触垫。这些是通过超声楔形丝焊接连接的个人销双列直插式组件。这个程序包建立了阻抗匹配和连接的包然后连接到SMU 4200 - SCS。“让这些连接到纳米级别需要每一步都非常仔细,”艾尔斯说,“吉时利和smu帮助援助这一挑战提供了一个低噪声、高保真测试平台”。

发展测量基础设施

测量基础架构的发展,使研究新型纳米电子设备和支持他们的生产成为电子行业的重视点。在NIST纳电子学组,研究推进电气和光学测量科学创新是未来纳米电子和薄膜设备及其组成材料所必需的基础设施。虽然大多数研究人员正在试图创造下一个小部件,NIST的团队发明测量基础架构,让科学界研究小部件,并允许公司生产和监控过程。

团队注意关联设备的最终电气性能和底层材料的物理特性和接口组成的设备。“我们真的想知道设备行为的方式,将允许用户更好地优化它,” NIST的组长科特里克特博士说。“所以我们想关联内在属性材料,包括设备完整的设备属性。”

描述纳电子学方面的挑战并不一定是电子仪器。事实上,最大的挑战是如何对连接电子纳米设备或材料纳米组件。因此, 在设计和创建特定的测试结构芯片需要非常大的努力,允许研究人员连接到纳米结构,并正确地提取材料的内在属性。

 “当你正在谈论的东西不是很多原子,连接一块大电子设备到纳米范围内设备是很困难的,”里希特说。“我们有相同的光学挑战。如何连接比波长小得多光学设备和如何提取信息的确是个问题。”

噪音一直是在测试测量纳米级中的一个问题,而且在纳米级设备出现越来越多问题,单一的缺陷可以导致大的噪音问题。为了测试纳电子学,研究人员希望低噪声设备,所以他们实际上是看设备的固有噪声。

其中最主要的电气测量团队使用电流,低噪声直流(DC)测量参数化描述纳米设备。除了开展一系列的低噪声、电流的电测量,他们结合电气和光学测量开创了独特的方法,。通过与个人SMU合作,团队获得测量设置必要的灵活性。

“我们通常使用SMU在我们的研究中,”里希特说。“如果我们有一个多端设备,如晶体管,我们将有一个SMU的堆栈,每个终端一个。我们将有一个SMU的源,另一个用于出口,另一个入口,和一个衬底,如果衬底接触是可能的。”

通常公司的研究人员只是自己简单地使用电压源选择纳电子学测量(如应用入口偏见),但在研究水平的设备,NIST团队发现测量外加电压和给定的接触电流是非常必要的。在纳米电子设备,甚至方泄露涉及接触，通常是有漏电流,研究人员必须衡量它。NIST的团队发现，SMU是更强大的工具，而不仅仅是个体电压源或电流源,研究人员可以知道每个设备部分的数值参数。

“这更强大,它可以让我们更好的解释我们的数据,”里希特说。“当它归结为理解和解释我们的测量结果,重要的是要真正理解你的测量是否正确。完整的信息可以让你更容易调试测量系统和优化你的设置”。

未来纳电子学

在处理未来纳电子学和纳米材料相关的电子产品,是很重要的衡量他们独特的属性。使用吉时利模型4200 - SCS SMU测试系统, 由加利福尼亚大学的特聘教授和雷神公司教授康王（音译）博士领导的研究小组, 在不同温度测量电流和电压源低至数万纳米级电压，从室温到50 毫开氏温标。在佛罗里达州塔拉哈西国家高磁场实验设施，团队以及与许多国际合作者也进行了非常敏感的试验。团队在两个领域测量两个不同的属性:纳米磁性材料和拓扑绝缘体。团队的目标是2020年后帮助半导体行业超越,因此研究人员需要探索新材料、纳米级设备,这些设备如何协同工作系统。比例CMOS技术可能慢慢结束由于能量耗散的增加在继续扩展,等等。

为了测量纳米级磁性,团队测量自旋电流,看到电子自旋可以转矩磁矩,如何使一个开关或一个内存设备不少于传递扭矩的内存。该小组还作用于电场控制金属磁性。”过去,你将不得不通过一个磁铁与磁性通电流处理磁属性,”王说。“但是现在,在过去的几年里,一个可以使用低电压来改变或控制磁性。这是一个突破,因为它使许多数量级的潜在内存减少能量耗散。”

当执行测量, 当受到其他参数的影响，团队在不同的温度下最小的信号寻求减少噪音,或实现高灵敏度测量。但这样做必须能够检测所需的信号,这通常是被噪音掩盖。有时,电缆的电容问题很重要,所以,团队必须减少电缆的长度,把SMU尽可能接近样本缓解所面临的挑战。

测量时间对于团队也是非常重要的,因为它影响到总采集时间。“显然你想尽快获得大量的数据，你不能花一天只是一个数据点,”王说。所以团队需要采集速度,但噪声成为一个因素。耦合在一起,团队需要理解噪音,采集时间和相关的源温度和阻力的灵敏度。

王的研究方向将最终导致一个价值百万美元的问题。“这将继续在纳米电子学和纳米结构设备和材料中存在这个问题;然而,随着研究的继续,它将可能发展成为新范式类人脑的设备和系统,或称为神经形态设备和纳米系统,”王说。作为设备变得越来越小,这些设备的交互,以及如何解决这些交互和较小的信号效应就是王的研究的目的。

Thin diamond films provide new material for micro-machines
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A false-color image of a microelectromechanical device. The diamond-based actuator is colored gold. Image: Ani Sumant, Argonne National Laboratory
Airbags, inkjet printers and video projectors may not seem to have much in common, but all three rely on the action of tiny, microscale devices in order to work properly.

These devices, known as microelectromechanical systems (MEMS), are of growing interest to researchers because of their wide range of applications, from microphones to biosensors.

Most of the current generation of MEMS are made primarily of silicon, which is due in large part to the relative ease of making silicon-based devices with current technology. However, silicon-based MEMS have a few significant drawbacks: they wear out very quickly due to friction and they are not biocompatible—preventing possible future medical applications within the human body.

Researchers at the Center for Nanoscale Materials at the U.S. Department of Energy’s Argonne National Laboratory and a handful of other institutions around the world have directed their focus to exploring MEMS made of a relatively new material known as ultrananocrystalline diamond (UNCD), which are smooth and wear-resistant diamond thin films.

“Robust and reliable MEMS are needed for sliding and rotating actions on the small scale,” Argonne nanoscientist Anirudha Sumant said. “Silicon does not have nearly as good mechanical or wear properties as diamond.”

But the relative difficulty of trying to fashion a MEMS device from UNCD complicates matters. MEMS have to be made extremely precisely, and their components cannot shift out of place.

The goal of the experiment was to make the part of a MEMS device known as the actuator, which in this case converts heat energy into mechanical displacement or motion. The actuator looks like a web of diamond wires that expands and contracts like a bellows as it is heated and cooled. This web of diamond filaments is attached to a long shaft, which can then in turn be attached to a microgear system to provide rotational motion.

Unfortunately, the diamond material is beset by stresses that scientists need to find ways to work around. The material is especially notorious for what Sumant calls “compressive stress,” a phenomenon that occurs because the diamond’s atomic network does not expand that much during the hot phase when the film is deposited on another material. “The main question we’re trying to solve is how to reduce the intrinsic stress in this film,” Sumant said.

Fortunately, several of the properties of the UNCD film help to relieve the stress. UNCD consists of tiny diamond grains connected by grain boundaries. “You can think of these grain boundaries as a badminton net; they are flexible instead of rigid, which is good for accommodating stress,” Sumant said. “There’s also uniform grain size throughout from bottom to top, which is important for keeping the stress low.”

The researchers were able to tune the intrinsic stress by optimizing the grain boundary materials and the thickness of the films.

“This really opens the door for using diamond for fabricating advanced MEMS devices,” Sumant said.
Source: Argonne National Laboratory
钻石薄膜成为制造微型机器的新材料
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（以上为）微机电设备的伪色图像。其中金色部分为钻石致动器。图片提供：阿贡国家实验室Ani Sumant

安全气囊、喷墨打印机和投影仪可能没有很多共同之处,但这三种设备皆依靠微型设备才能正常运作。

这些设备被称为微机电系统(MEMS)，研究人员对它们越来越感兴趣,因为他们应用非常广泛，包括从麦克风到生物传感器等。

大多数当前的MEMS主要是由硅制造而成,这在很大程度上是因为使用目前技术制造硅设备相对容易。然而,硅MEMS有几个明显的缺点:由于摩擦和磨损，很快他们便会不具有生物兼容性，所以，今后不可能会应用于人体医学领域。

在美国能源部的阿贡国家实验室纳米材料中心的研究人员和其他世界各地几个机构，重点探索了用一种相对较新的材料制造的MEMS，该材料被称为“超纳米晶体钻石 (UNCD) ”，是一种光滑耐磨的钻石薄膜。

“小规模的滑动和旋转操作需要稳定和可靠的MEMS,”阿贡纳米科学家Anirudha Sumant说。“硅没有像钻石那样好的机械或耐磨性。”

但试图使用由UNCD制造的MEMS设备会使问题变复杂。原因是，MEMS必须非常精确,且其组件不能对边移动。

实验的目的，是制作MEMS设备的一部分，即所谓的致动器，该装置可将热能转化为机械位移或运动。该致动器像一种金刚石线网络，在加热和冷却时可像波纹管一样进行扩张和收缩。这个金刚石线网络与一个长轴连接,而该长轴又连接了一个微齿轮系统，以提供旋转运动。

不幸的是,钻石材料存在的问题是，科学家需要找到加工方法。材料的一个不好的名声是具有Sumant所谓的“抗压应力”，出现这种现象是因为若将该钻石薄膜沉积在另一种物质上，在加热时其原子网络不会哟很大程度上的扩展。“我们试图解决的主要问题是，在如何减少这个薄膜的内在应力,”Sumant说。

幸运的是, UNCD薄膜有几个属性有助于缓解应力。UNCD由由颗粒晶界相连的微小钻石组成。“我们可以将这些颗粒晶界想象一个羽毛球；它们是灵活的,而不是死板的,这有利于适应压力,”Sumant说。“从下到上晶粒尺寸统一，这对保持低应力很重要。”

研究人员已经能够通过优化晶界的材料和厚度，调整薄膜的内在应力。

“这真的开创了使用金刚石制造先进的MEMS设备的先河,”Sumant说。

来源:阿贡国家实验室

Diamonds are a quantum computer’s best friend
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A new concept for a quantum computer has been proposed.
The quantum computer is the Holy Grail of quantum technology. Its computing power would eclipse even the fastest classical computers we have today. A team of researchers from TU Wien (Vienna) the National Institute for Informatics (Tokyo) and NTT Basic Research Labs in Japan has now proposed a new architecture for quantum computing, based on microscopic defects in diamond. A reliable quantum computer capable of solving complex problems would have to consist of billions of quantum systems, and such a device is still out of reach. But the researchers are convinced that the basic elements of their newly proposed architecture are better suited to be miniaturized, mass-produced and integrated on a chip than previously suggested quantum computing concepts. Experiments towards the new quantum computing architecture are already being undertaken at TU Wien.

Fragile quantum superpositions

For decades, scientists have been trying to use quantum systems for logical calculations. “In a classical computer, one bit can only store a number: zero or one. Quantum physics, however, allows superpositions of states. A quantum bit can be in the state zero and the state one at the same time—and this opens up unbelievable possibilities for computing,” says Jörg Schmiedmayer (TU Wien).

Such superposition states can be implemented in different kinds of quantum systems, such as ions, captured in electromagnetic traps, or in superconducting quantum bits. The architecture which has now been published in the journal Physical Review X is different: nitrogen atoms which can occupy two different spin states are injected into a small diamond. Every nitrogen defect is trapped in an optical resonator made of two mirrors. Via glass fibres, photons are coupled to the quantum system consisting of the resonator, the diamond and the nitrogen atom. This way, it is possible to read and manipulate the state of the quantum system without destroying the quantum properties of the spins in the diamond.

Realistic quantum computers need error correction

Each system—made up of mirrors, diamond and a nitrogen defect—can store one quantum bit of information: zero, one, or an arbitrary superposition of both. But usually such a quantum bit is very unstable. Error correction procedures are needed to build a quantum computer that works reliably. “If error correction is used, a quantum bit cannot be stored in one single quantum particle any more. Instead, a complex architecture of interconnected quantum systems is required,” says Michael Trupke (TU Wien).
[image: image18.jpg]



At the Vienna University of Technology (TU Wien), experiments with nitrogen atoms in diamonds are already being carried out.

The researchers calculated how the resonators, diamonds and nitrogen atoms can be assembled to create an error resistant two dimensional quantum system, a so-called “topologically protected quantum computer”. According to the calculations, about 4.5 billion such quantum systems would be sufficient to implement the algorithm “Shor-2048”, which is able to calculate prime factors of a 2048-bit-number.

This huge number of quantum elements is required in any quantum computer architecture, no matter whether ion traps, superconducting quantum bits or nitrogen spins in diamonds are used. “Our approach has the big advantage that we know how to make the elements smaller. This architecture has great potential for miniaturization and mass production,” says Trupke. “Whole industries are working with diamonds, materials science is progressing rapidly. There are still many obstacles to overcome, but connecting nitrogen spins in solid materials opens up a path that could finally lead to a functioning quantum computer.”

Only the beginning—just like the transistor

Trupke compares the current state of quantum computing with the early days of electronic computing: “When the first transistors were built, nobody could imagine placing them on a small chip by the billions. Today, we carry around such chips in our pockets. These nitrogen spins in diamond could develop just like transistors did in classical computer science.”

At TU Wien, researchers have begun to create a small-scale realization of this new architecture. “We have the great advantage of being able to collaborate with a number of internationally renowned research teams in materials research and quantum technology right here at TU Wien,” says Schmiedmayer. Friedrich Aumayr works on methods to inject the nitrogen atoms into the diamonds, Peter Mohn obtains numerical data in large-scale computer simulations. The microcavity arrays are the result of an ongoing collaboration with Ulrich Schmid at the centre for micro- and nanostructures (ZMNS) within TU Wien. Diamond chips are routinely analysed in the university’s own x-ray center.

There may still be a long way to go before algorithms like Shor-2048 run on a quantum computer. But scientists believe that it should become possible to entangle quantum building blocks, creating larger cluster cells, within the next few years. “Once this happens, the scale-up will be fast,” says Kae Nemoto of the National Institute of Informatics. “In the end,” Schmiedmayer says, “it all depends on whether we manage to enter an era of mass production and miniaturization in quantum technology. I do not see any physical laws that should keep us from doing that.”

Source: Vienna Univ. of Technology
钻石是量子计算机最好的朋友
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关于量子计算机的新概念。

量子计算机是圣杯公司的量子技术。它的计算能力将会使我们今天所拥有的最快的传统计算机黯然失色。日前，一组来自维也纳技术大学（简称，TU Wien）、国立信息学研究所（东京）和日本NTT基础研究室的研究人员提出了量子计算的一个新架构，该结构是以金则石的微观缺陷为基础的。一个能够解决复杂问题的可靠量子计算机必须是由数十亿的量子系统组成的，并且这样的一个设备仍然是遥不可及的。但是研究人员相信，他们最新提出的架构的甚远与之前提出的量子计算概念相比更适合进行小型化、大批量生产以及集成到一个芯片中。对新的量子计算体系结构进行的实验已经在TU WIEN展开。

脆弱的量子叠加态

几十年来，科学家们一直试图利用量子系统来进行逻辑运算。“在传统的计算机中，一个位只能存储一个数字：0或1。然而，量子物理学允许状态叠加。量子位可以在同一时间牌零的状态和1的状态——而这为计算开启了令人难以置信的可能性，” Jörg Schmiedmayer（TU Wien）表示。

这种叠加状态可以在不同类型的量子系统中得以实现，例如离子，在电磁陷阱中捕获，或者在超导量子位中。目前在《物理评论X》杂志中发现的结构是不同的：可以占据两个不同自旋态的氮原子被注入到了一个小的钻石中。每一个氮气缺陷都被截留在了一个由两个反射镜制成的光学谐振器中。通过玻璃纤维，光子被耦合到由谐振器、钻石和氮原子组成的量子系统中。这样一来就有可能读取和操作量子系统的状态，而不会破坏在钻石中自旋的量子特性。

现实量子计算机需要纠错

每个系统——由镜子、钻石和一个氮缺陷组成——都可以存储一个信息的量子位：零、一、或两者的任意叠加。但通常这样的量子位是非常不稳定的。需要用纠错程序来构建一个能够可靠工作的量子计算机。“如果纠错得到了使用，一个量子位就不能再存储于一个单量子粒子中了。相反，相互连接的量子系统的复杂结构是必需的，”迈克尔•特鲁皮克（TU Wien）表示。
[image: image20.jpg]



在维也纳技术大学（TU Wien），关于钻石中的氮原子的审美观已经展开了。

研究人员计算了谐振器、钻石和氮原子如何组装能够创建出抵御错误的二维量子系统，一个所谓的“拓扑保护量子计算机”。根据计算，大约45亿这样的量子系统足以实现“肖尔-2048”这样的算法，该算法能够计算2048位数的素因子。

在任何量子计算机架构中都需要大量的量子元件，无论是所使用的离子陷阱、超导量子位或钻石中的氮旋转。“我们的方法具有一个大优势，那就是我们知道如何将元件制造得更小。这种架构具有小型化和大批量生产的巨大潜力，”特鲁皮克表示。“整个行业都在与钻石进行合作，材料科学正在迅猛进展。仍然存在着许多障碍需要去克服，但是在固体材料中连接氮旋转开辟了一条路径，该路径最终可能会产生一个正常动作的量子计算机。”

仅仅是个开始——就像是晶体管

特鲁皮克将量子计算目前的状态与电子计算的初期进行比较：“当第一个晶体管建成时，没有人能够想象通过数十亿美元将它们放置在一个小的芯片上。现在，我们在口袋中随身携带这种芯片。这些在钻石中的氮旋转可以就像晶体管在经典计算机科学中所做得那样得到开发。”

在TU WIEN，研究人员已经开始建立这一新架构的一个规模实现。“能够与多家在材料研究和量子技术方面国际知名的研究团队在TU WIEN进行合作是我们所获得的巨大优势，”Schmiedmayer表示。弗里德里希•奥梅尔专注于将氮原子注入钻石的方法，而彼得•莫恩在大规模计算机模拟中获得了大量的数据。该微陈列是与TU Wien微型和纳米结构（ZMNS）中心的乌尔里希•施密德进行的持续合作所带来的结果。钻石芯片在大学自有的X射线中心得到了常规分析。

在像肖尔-2048这样的算法在量子计算机上运行之前可能还有很长的路要走。但科学家认为，有可能在未来的几年之内能够纠集量子来创建积块，从而创造出更大的簇细胞。“一旦现出这种情况，那么规模化将会非常迅速，”信息学研究所的恺•纳莫托表示。“最后，”Schmiedmayer表示，“这一切都取决于我们是否设法进入了量子技术批量生产和小型化的时代。我看不到任何应该阻止我们这样做的物理定律。”

资料来源：维也纳技术大学
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