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Tech News & New Tech（技术前沿）
Researchers show commonalities in how different glassy materials fail

[image: image1.png]



A microscope image of a micropillar failing after the formation of a shear band.
Glass is mysterious. It is a broad class of materials that extends well beyond the everyday window pane, but one thing that these disparate glasses seem to have in common is that they have nothing in common when it comes to their internal structures, especially in contrast with highly ordered and patterned crystals. Glassy systems can also range in scale: from things like metallic glasses, composed of atoms, to sandcastles, composed of grains of sand.

Researchers at the University of Pennsylvania have now shown an important commonality that seems to extend through the range of glassy materials. They have demonstrated that the scaling between a glassy material’s stiffness and strength remains unchanged, implying a constant critical strain that these materials can withstand before catastrophic failure, despite the extreme variation found among this class of material’s physical properties.

This constant critical strain provides insight into the fundamental “seed” out of which failure in glasses grow: a small group of the glass’s constituent particles or atoms that change shape in a collective way. Despite the disorder that epitomizes glass, this coordinated activity appears to be universal among many glassy systems, such as certain metals, polymers and colloids, and is an important starting point for designing more durable materials.

The study was conducted by graduate student Daniel Strickland and assistant professor Daniel Gianola of the Department of Materials Science and Engineering in Penn’s School of Engineering and Applied Science, along with then graduate student Yun-Ru Huang and associate professor Daeyeon Lee of Engineering’s Department of Chemical and Biomolecular Engineering.

It was published in the Proceedings of the National Academy of Sciences.

Glasses are amorphous, meaning that their constituent particles, whether they are atoms, colloids or grains, are arranged in a way that has no overarching pattern. The lack of internal consistency makes their behavior tricky to predict, especially when it comes to how they break or fall apart. Crystalline materials, which have atoms neatly lined up in repeating patterns, tend to fail starting at defects, or places where the pattern is disrupted.   

The periodicity of these patterns also allows researchers to visualize the atomic structure of crystalline materials. No such ability is available for their glassy counterparts.      

“There are lots of ways to map out the position of atoms and defects in a crystal,” Gianola said, “but we have no way of doing that for glasses. That’s why we need to build larger scale models if we’re going to understand how their atomic structure influences their behavior.”      

The model the researchers used in their study, developed by Daeyeon Lee’s lab, were tiny pillars made out of microscopic plastic beads. Like wet sand, these beads were able to hold a shape due to capillary bridges, which acted as a stand-in for atomic bonds.    

“We measure the stress at which the pillars deform permanently,” Strickland said, “and we found a surprisingly similar relationship between the way they behave and the way atomic disordered solids behave. In addition, the morphology of the failed pillars showed striking resemblance to atomic disordered solids.”

Among these resemblances are shear bands, thin regions of particles that slide by their neighbors in the bulk of the material in response to stress. Though they do not occur in brittle, oxide glasses like the kind used in window panes, this phenomenon is seen in a variety of glassy materials, from atomic scales in metallic glasses all the way up to geological scales in earthquakes. Despite its ubiquity, however, the mechanism behind shear banding, as well as the critical value of strain needed to drive the phenomenon, is still poorly understood.

“We want to better understand this kind of failure because we want to mitigate it if possible,” Gianola said. “If you’re engineering a good material, you don’t want that kind of failure to happen. It’s catastrophic and localized, when we’d rather it be graceful and uniform. You’d rather have a dent in your car bumper, rather than having the whole thing shear off.“

The researchers compressed their micropillars with a miniature piston, measuring the force transmitted through them while watching them under magnification.

By running this test with pillars tamped down into different densities, the researchers found that the failure points of materials with different stiffnesses fall on a neat line that runs through glasses at a variety of length scales.    

“At some level of applied stress,” Strickland said, “this fundamental event that leads to shear-banding becomes very favorable. We’ve shown that this point is roughly the same in atomic systems, polymer glasses, and in our micropillars.”

The findings suggest that these model systems are an effective tool for studying the “building blocks” of failure in glassy systems.

“The slope of that line tells us about the fundamental unit of deformation in these glasses,” Gianola said. “It looks like it is associated with shape change in something like 10 to 100 particles, but ultimately leads to a system-spanning event, and it seems to be universal for all of these materials.” 

“This is particularly surprising and interesting because it implies that plastic deformation is built on cooperative motion of the particles, in the case of our pillars, and atoms in atomic glasses,” he said. “So, despite the atomic randomness, there is some level of communication beyond single particles in a glass. This is in contrast to crystals, where any cooperative motion is trumped by individual defects.”

Building up this big-picture view of such a disparate group of materials epitomizes the interdisciplinary nature of materials research at Penn. Lee’s group works with colloids and soft matter, whereas the Gianola lab specializes in more in atomic solids and hard materials. Combining their perspectives allowed for new insights that span a wide range of systems.

“Our research areas do not necessarily overlap on a first look,” Lee said, “but we were able to come up with a unique project through the support of Penn’s Materials Research Science and Engineering Center, which brings together groups with very different expertise. This project is a nice culmination of two seemingly disparate fields of research.”

Ongoing work by the researchers entails using in situ 3D confocal microscopy to track individual particles through the deformation process.

Source: University of Pennsylvania
研究表明不同玻璃材料的破碎存在共性
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一个微柱剪切带形成后破碎的显微图像。

玻璃是神秘的。这是一个广泛应用的材料，远远超出了日常玻璃窗的范围，但这些不同的玻璃似乎有一个共同点，就是他们的内部结构没有什么共同点，尤其是与高度有序和成图案排列的晶体相比。玻璃系统也可以不等规模：从由原子组成的金属玻璃，到沙粒组成的沙堡。

现在，宾夕法尼亚大学的研究人员已经表明，广泛的玻璃材料似乎有一个重要的共性。他们已经证明，玻璃状材料的刚度和强度之间的比例是保持不变的，这意味着这些材料在灾难性故障之前经可以受一个恒定临界应变，尽管这类材料的物理性能会有极端变化。

这种持续的临界应变使我们了解了玻璃发生破碎的根本“种子”：一小群玻璃的构成粒子或以集体方式改变形状的原子群体。尽管玻璃结构无序，但该协调的行为似乎是许多玻璃状系统所共有的，如某些金属、聚合物和胶体，并且这是设计更耐用材料的重要出发点。

这项研究是由宾夕法尼亚大学材料科学与工程学院的研究生丹尼尔•斯特里克兰和工程与应用科学学院的助理教授Daniel Gianola，与化学与生物分子工程学院当时的研究生黄运茹（音）及副教授Daeyeon Lee合作完成的。

该论文发表在《美国国家科学院院刊》（the Proceedings of the National Academy of Sciences）上。

玻璃是无定形的，这意味着他们的构成粒子，无论是原子、胶质或纹理，是以一个没有总体模式的方式排列的。内部一致性的缺乏使得他们的行为很难预测，尤其是当涉及到其如何打破或破碎。结晶材料的原子以重复模式整齐列队，这种材料往往会在有缺陷的地方，或在图案被破坏的地方开始出现瓦解。 

这些模式的周期性还使研究人员能够直观结晶材料的原子结构。而玻璃没有这样的特性可供他们研究。 

 “绘制出原子的位置和晶体的缺陷，有很多方法”，Gianola说，“但我们没有办法对玻璃这么做。这就是我们要了解它们的原子结构会如何影响其行为的原因就必需建立更大规模的模型的原因。”    

研究人员在研究中使用的由Daeyeon Lee的实验室开发的模型，是由微小塑料珠做出来的微小的支柱。像湿沙一样，这些珠子因具备毛状桥梁能够保持形状，而毛状桥梁替代的是原子键的功能。    

“我们测量了使支柱永久变形的应力的大小，”斯特里克兰说，“我们发现，他们的行为方式和原子无序的固体行为之间存在惊人的相似关系。此外，破裂的支柱的形态与原子无序的固体显示出惊人的相似之处。”

这些相似之处是剪切带，这是在应激反应时大部分材料中由相邻颗粒华东产生的区域。虽然他们没有出现在窗户上使用的那类脆化、氧化玻璃上出现，但这种现象常见于各种玻璃材料，从在金属玻璃中出现的原子尺度的剪切带到地震中出现的地质尺度剪切带等。尽管分布广泛，但是，对于剪切带背后的机制，以及驱动该现象需要的应变临界值，我们仍然知之甚少。

“我们希望更好地理解这种破碎，因为我们希望如果可能的话，能够缓解其程度，”Gianola说。“如果你正在设计一种好材料，你不会希望发生这种破裂的情况。这是灾难性的，局部性的，我们希望它能良好而均匀。我们宁愿汽车保险杠有一个凹痕，而不是希望整个保险杠都折断。”

研究人员通过微型活塞压缩了微型柱，然后在显微镜下观察他们，并测量他们传递的力。

通过运行这个测试与支柱夯实分解成不同的密度，研究人员发现，材料不同刚度的故障点落在一个整齐一致，以不同的长度穿过玻璃。    

“当施加的压力达到一定程度时，”斯特里克兰说，“会导致剪切带变得非常有利。我们已经表明，这点在原子系统、聚合物玻璃以及我们的微型柱中大致都是如此。”

研究结果表明，对于玻璃系统发生故障的“构建块”，这些模型系统是一种有效的工具。

“这条线的斜率告诉我们关于这些玻璃变形的基本单位，”Gianola说。“它看起来就像是类似10到100个颗粒形状的改变有关，但最终导致了整个系统的事件，这似乎是所有这些材料的普遍情况。”

“这是特别令人惊讶的和有趣的，因为这意味着塑性变形建立在颗粒的协同动作，对于我们的支柱而言，是原子玻璃的原子（的协同动作）”，他说。“所以，尽管原子具有随机性，但在玻璃中存在超出单一粒子之外的一定水平的交流。这与结晶体形成了对比，结晶体中的所有合作运动都是由单个缺陷造成的。”

建立这种迥然不同群体材料的全局视图，集中体现了宾夕法尼亚大学材料研究的跨学科性质。Lee领导的研究组研究了胶质和软物质，而Gianola实验室专门研究更多的原子固体和硬质材料。将他们的观点相结合就能产生跨越各种系统的新见解。

“我们的研究领域并不一定就会重叠，”李说，“但我们能够协同过宾夕法尼亚大学的材料研究科学与工程中心，该中心汇集了具有非常不同的专业团体的支持一个独特的项目。该项目是研究两个看似不同的领域的一个很好的集中点。“

研究人员正在进行的研究工作涉及到，利用现场3D共聚焦显微镜跟踪整个变形过程中的单个粒子。

资料来源：美国宾夕法尼亚大学

Stacking 2-D materials may lower cost of semiconductor devices
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Schematic illustration of monolayer MoS2 and WS2 stacked vertically. Image: Linyou Cao.

A team of researchers led by North Carolina State University has found that  stacking materials that are only one atom thick  can create semiconductor junctions that transfer charge efficiently, regardless of whether the crystalline structure of the materials is mismatched – lowering the manufacturing cost for a wide variety of semiconductor devices such as solar cells, lasers and LEDs.

“This work demonstrates that by stacking multiple two-dimensional (2-D) materials in random ways we can create semiconductor junctions that are as functional as those with perfect alignment” says Dr. Linyou Cao, senior author of a paper on the work and an assistant professor of materials science and engineering at NC State.

“This could make the manufacture of semiconductor devices an order of magnitude less expensive.”

For most semiconductor electronic or photonic devices to work, they need to have a junction, which is where two semiconductor materials are bound together. For example, in photonic devices like solar cells, lasers and LEDs, the junction is where photons are converted into electrons, or vice versa.

All semiconductor junctions rely on efficient charge transfer between materials, to ensure that current flows smoothly and that a minimum of energy is lost during the transfer. To do that in conventional semiconductor junctions, the crystalline structures of both materials need to match. However, that limits the materials that can be used, because you need to make sure the crystalline structures are compatible. And that limited number of material matches restricts the complexity and range of possible functions for semiconductor junctions.

“But we found that the crystalline structure doesn’t matter if you use atomically thin, 2-D materials,” Cao says. “We used molybdenum sulfide and tungsten sulfide for this experiment, but this is a fundamental discovery that we think applies to any 2-D semiconductor material. That means you can use any combination of two or more semiconductor materials, and you can stack them randomly but still get efficient charge transfer between the materials.”

Currently, creating semiconductor junctions means perfectly matching crystalline structures between materials– which requires expensive equipment, sophisticated processing methods and user expertise. This manufacturing cost is a major reason why semiconductor devices such as solar cells, lasers and LEDs remain very expensive. But stacking 2-D materials doesn’t require the crystalline structures to match.

“It’s as simple as stacking pieces of paper on top of each other – it doesn’t even matter if the edges of the paper line up,” Cao says.

The paper, “Equally Efficient Interlayer Exciton Relaxation and Improved Absorption in Epitaxial and Non-epitaxial MoS2/WS2 Heterostructures,” was published as a “just-accepted” manuscript in Nano Letters.
二维材料堆积可以降低半导体器件的成本
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单层二硫化钼（MoS2）和二硫化钨（WS2）垂直堆积的原理示意图。图片提供：Linyou Cao
北卡罗莱纳州立大学的一组研究人员发现，将只有一个原子厚度的材料进行堆积可以用来制造半导体结，它可以进行有效的电荷传输，无论材料的晶体结构是否匹配。这项研究可以降低一系列半导体器件的制造成本，如太阳能电池、激光器和LED器件。

北卡罗莱纳州立大学材料科学与工程学院助理教授，该项研究论文的资深作者Linyou Cao博士说：“这项工作表明，通过对多种二维材料以随机的方式进行堆积，我们可以制造出与那些完美队列具有相同功能的半导体结。这可以使半导体器件的制造成本降低一个数量级。”

对于大多数半导体电子器件和光子器件来说，它们都需要有一个结点才可以工作，也就是两个半导体材料结合在一起的部位。例如，在光子器件如太阳能电池、激光器和LED中，结点就是光子转变成电子的位置，反之亦然。

所有的半导体结都需要依靠材料之间有效的电荷转移来确保电流的顺利流通，以及在转移过程中能量损失最小。为了达到这一目的，在传统的半导体结中，两个材料的晶体结构需要匹配。然而，这样就限制了材料的使用，因为你需要确保它们的晶体结构是兼容的。这种有限数量的匹配材料会限制半导体结潜在功能的复杂度和范围。

Cao说：“但是我们发现，如果你使用原子厚度的二维材料，晶体结构就变得无关紧要。我们在这项实验中使用了二硫化钼和二硫化钨，但我们认为这是一项可以适用于任何二维半导体材料的基本发现。这意味着你可以使用任何两个或多个半导体材料的组合，你可以任意将它们堆积在一起，材料之间仍然可以进行有效的电荷转移。”

目前，制造半导体结意味着材料之间晶体结构的完美匹配，这需要昂贵的设备、精密的加工方法和操作者的专业技术。这种制造成本是半导体器件如太阳能电池、激光器和LED依然十分昂贵的一个主要原因。但是二维材料的堆积并不需要晶体结构的匹配。

Cao说：“它就像把几张纸相互堆积在一起那样简单，纸的边缘有没有对齐甚至都没有关系。”

该论文“MoS2/WS2异质结夹层激子的有效弛豫和外延与非外延有效吸收”（Equally Efficient Interlayer Exciton Relaxation and Improved Absorption in Epitaxial and Non-epitaxial MoS2/WS2 Heterostructures）作为“仅接收”（just-accepted）稿件发表在了《纳米快报》（Nano Letters）上。

Study shows way to design 'digital' metamaterials
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Metamaterials, precisely designed composite materials that have properties not found in natural ones, could be used to make light-bending invisibility cloaks, flat lenses and other otherwise impossible devices.
Figuring out the necessary composition and internal structure to create these unusual effects is a challenge but new research from the University of Pennsylvania presents a way of simplifying things. It shows that a metamaterial with a given permittivity can be designed out of any two materials, called "metamaterial bits," so long as the permittivity of one of the materials is positive and the other is negative.

Borrowing terms from binary computing, these "digital" metamaterials are composed of metamaterial "bits," which are combined into "bytes." These bytes can take different shapes, such as nanoscale cylinders consisting of one of the metamaterial bits wrapped in a shell of the other. In the case of the cylinders, by altering the radii of the cores and shells, as well as which of the two bits is on the inside or outside, the researchers were able to mathematically demonstrate that a bulk metamaterial of nearly any permittivity is achievable.

Furthermore, they have shown that by carefully arranging these bytes into more complicated overarching patterns, flat lenses, hyperlenses, and waveguides can be produced.

The study was conducted by Nader Engheta, the H. Nedwill Ramsey professor of Electrical and Systems Engineering in Penn's School of Engineering and Applied Science, and Cristian Della Giovampaola, a postdoctoral researcher in his research group.

The study is featured on the cover of the December issue of Nature Materials.

"The inspiration came from digital electronics," Engheta said. "With binary systems, we can take an analog signal—a wave—and sample it, discretize it and ultimately express it as a sequence of 0's and 1's. We wanted to see if we could break down a material's electromagnetic properties in the same way.
"When you digitize a signal, you look at its magnitude in each point in time and give it value. We're applying the same process to materials, looking at the permittivity it would need to have in each point in space in order for it to perform the function we want."

Permittivity is the property of a material that describes its reaction to an electric field inside it. As such, it's a key quality to consider when designing optical devices, such as lenses and waveguides. Materials with the desired permittivity may not always exist in nature, however.
"We can't just combine two materials and get the average of their permittivity values," Engheta said. "You might not even get a value that is between the two; combining a material with a permittivity of 2 and one of -4 might give you a material with a permittivity of 30. The geometry of how they are arranged with respect to one another is very important to getting to the value you want."

This phenomenon is critical to the design principles behind digital metamaterials bytes. For a certain set of metamaterial bits, when the material with positive permittivity (typically a dielectric) is on the inside, the permittivity of the byte ranges between the values of two the materials. When the material with negative permittivity (typically a metal) is on the inside, however, the overall value varies widely outside that range. Fine-tuning the ultimate permittivity of a byte then entails altering the thickness of each of the materials.

For simplicity's sake, the researchers simulated metamaterial bytes made out of silver and glass in their study, but stressed that any pair of materials that followed the negative/positive rule would work.

"If I want a metamaterial with permittivity of 14, I can pick any two materials, as long as one is positive and one is negative, and select them based on the other properties I need for my application," Engheta said. "Silver and glass, for example, might not have the right mechanical or thermal properties for what I want to do, so I can select other materials and get to the permittivity I need by altering the radii and order of them in the metamaterial byte."
"This gives us a lot of flexibility," he said. "It's just like how I can select the voltage I want to represent a '1' in an electronic circuit. If it's a regular circuit in the lab, a '1' might be 5 volts, but if it's a nanoscale device, I might want to have a '1' be 5 microvolts."

The researchers selected the core-shell geometry of the bytes because it is a structure that materials scientists are already adept at constructing. Alternate byte geometries, such as ones constructed out of alternating layers of the two materials, are possible.

Once bytes are constructed, the way they are arranged in proximity to each other enables various optical applications.

"If we wanted to make a lens with a permittivity of 4, but didn't have a single material with that value, we could take any two materials with the positive/negative rule and design bytes such that they each have a permittivity of 4," Engheta said. "If we arrange them together in the shape of the lens, the whole thing looks like it has a permittivity of 4 from the perspective of a light wave, even though none of the materials in it have that value."

"We can take it a step farther, and make a flat lens that focuses light in the same way," he said. "We could arrange bytes in a layers, but instead of their height changing, we change their permittivity so that it bends the wave in a manner expected from the lens."

With the ability to spatially vary the permittivity of a metamaterial in such a discrete way, other optical applications are just a matter of the proper arrangement. The researchers demonstrated the feasibility of digital metamaterial hyperlenses, which can image things smaller than the wavelength of light, as well as waveguides that channel light around curves and corners. Carefully arranged such that they channel light around an object, such waveguides would create the illusion of light passing through the object unimpeded, effectively rendering it invisible.
Source: Univ. of Pennsylvania
设计数字超材料的新方法 
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超材料是指精确设计的复合材料，具有未在自然物质中发现的属性，可以被用来制造使光弯曲的隐形斗篷，平光眼镜和其他被认为不可能制造出的设备。

弄清楚创造这些不同效果所需的必要组成部分和内部结构是一个挑战，但是美国宾夕法尼亚大学的新研究提出了一种简化方法。它表明一个有着特定介电常数的超材料，可以由任意两种材料来构造，这被称作“超材料位，”只要这两种材料的一种介电常数正极另一种是负极就行。

这些数字超材料从二进制理论得到灵感，组成“超材料位”，合并为“字节”。这些字节可以组成不同形状，例如一个被另一个超材料位包裹的超材料位组成的纳米级圆柱体。在这个圆柱体的例子中，通过改变核和壳的半径，以及位于里面和外面的超材料位，研究者们能够从数学上证明大量或者几乎是任何介电常数的超材料都是可以获得的。

此外，他们发现将这些字节重组成更复杂的各种模式，能够制造出平光眼镜、超透镜和波导。

宾夕法尼亚大学工程与应用科学学院的教授 Nader Engheta和 Cristian Della Giovampaola，他的研究小组的一位博士后研究人员开展了这项研究。

这一发现刊载于《自然材料学》上。

“灵感来自数字电子学，”Engheta说：“依据二进制系统，我们可以制造一个模拟信号——一种光波——可以将它比喻为或者最终将它阐释为“0”和“1”。我们想要知道是否可以以同样的方式打破一种材料的电磁特性。

“当你将信号数字化时，你在每一个关键时刻及时的查看它的光度并且赋予其数值。我们将这一过程应用到材料中，查看它在每一个关键点在空间中介电常数，使得它能够执行我们想要的功能。”

介电常数是一种用来描述其内部的电场反应的物质属性。因此，它是设计光学设备如透镜和波导时要考虑的一种关键属性。然而，具有所需的介电常数的材料可能不总是存在于自然界。

“我们不能将两种材料合成然后取其介电常数的平均值，”Engheta 说：“甚至可能得不到这两者之间的一个数值；将一个介电常数为2的材料和一个介电常数为-4的材料组合可能得到一个介电常数为30的材料。几何形状相对于其他排列方式来说，对你得到你想要的那个值非常重要。”

这一现象是数字超材料字节背后的设计原则的关键。对于一些特定的超材料位，当其内部的材料是正极的介电常数（通常是电介质的），该字节的介电常数就会排列在这两种材料之间。当具有负的介电常数（通常是金属）在其内部时，整体的数值就远远超出那范围。最终调整的字节的介电常数需要改变每一种材料的厚度。

为简单起见，研究人员在他们的研究中使用了银和玻璃作为重组所需要的超材料位，但是他们强调任何一对正负级材料都会起作用。  

“如果我想要介电常数为14的超材料，我可以挑选任何两种材料，只要一个是正极一个是负极，并且可以依据我应用的需要基于其他属性来挑选材料。”Engheta 说：“例如，银器和玻璃器皿可能没有我想要的准确的机械属性或热属性，所以我可以挑选其他材料并且通过改变超材料字节中的半径和顺序得到我需要的介电常数。”

他说：“这给我们带来了极大的灵活性。它就像如何在电子电路中选择我想要的一个代表“1”的电压。如果它是在实验室中的常规电路，“1”可能是5伏特的电压，但是如果它是一个纳米级设备，我可能想将“1”改为5微伏。”

研究人员选择字节的核-壳几何形状，因为它是材料科学家已经擅长构建的一个结构。备用字节的几何形状，例如一些构造出两种交替材料层是有可能的。

一旦字节被建立，他们相互接近的排列方式使得各种光学应用程序成为可能。

Engheta说：“如果我们想要制造一个介电常数为4的晶状体，但是没有一个单一的具有这个介电常数的材料，我们可以用任何两种正负材料来设计字节使得它们每一个的介电常数为4。如果我们将它们排列成晶状体的形状，从光波的角度看它整体就像是介电常数为4，尽管没有材料的介电常数的这个数值。”

“我们可以将研究更进一步，并且用同样的方法制造一个平透镜来聚光。”他说：“我们可以在一个图层面板中排列字节，但是改变的不是高度，我们改变的是他们的介电常数使得它能够从镜头里一定程度的弯曲光波。”

由于具备以这样一种离散的方式在空间中改变材料的介电常数的能力，其他的光学应用就只是正确排列的问题了。研究者证明数字超材料介质透镜的可行性可以以小于波长的光想象事物，波导也可以在曲线和角落周围反射传导光。这样精心的排列，使得它们在物体周围反射传导光，这种波导将创建毫无阻碍地穿过物体，有效地呈现不可见的光的图像。

消息来源：宾夕法尼亚大学
Metal Alloy（金属合金）
Tungsten prices and market trends

The recently published Argus Tungsten Monthly Outlook from Metal Pages reports that prices for tungsten have continued their downward drift in the latter period of 2014 after rallying briefly in March. Chinese export prices for ammonium paratungstate (APT) were said to be down $10 mtu in October to a range of $325-335/mtu, and tungsten carbide powder was reported to be unchanged with the export price standing at $41-43/kg.

The World Trade Organisation (WTO) recently ruled that China, the world’s largest producer of the metal and the country with the largest reserves, should remove export quotas and taxes for tungsten. The relaxation of exports of tungsten from China is expected to lead to increased downward pressure on prices for APT, ferro-tungsten, tungsten oxides and tungsten carbide powder.
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Demand for tungsten by region (Courtesy Argus Tungsten Monthly Outlook) 

The report also reviewed markets and applications for tungsten. It states that global primary tungsten demand is expected to remain almost unchanged in 2014 compared with the previous year at around 80,000 tonnes. Consumption of tungsten in China continues to grow above the world average with official estimates putting the figure at just over 38,000 t in 2013. This figure is expected to increase by 4 to 5% in 2014 to between 40,000 and 44,000 t.

The USA showed little growth in demand for tungsten in 2014, whilst Europe showed consumption of tungsten to be well ahead in the first half of 2014 compared with the same period in 2013. Total demand for tungsten in Europe is expected to be over 19,000 t for the full year in 2014 with primary tungsten making up around half this total and recycled W making up the balance. In fact recycled tungsten has become an important global source of W supply with as much as 30% coming from secondary sources. The level of recycling varies from region to region with China as low as 10-15% to around 50% in Europe.

By far the largest application area for tungsten is tungsten carbide used to produce cemented carbide cutting tools and wear parts. In Europe cemented carbides consume around 65% of tungsten followed by steels/alloys at 12%, tungsten mill products at 10%, and chemicals 8%. In China cemented carbides accounted for 48% of the total in 2013 followed by mill products at 20%, and chemicals and other applications 7%.

The outlook according to the Tungsten Monthly Outlook is a narrowing of the supply/demand balance in 2015 and a slow improvement in tungsten prices.
钨价格与市场趋势

最近Metal Pages公布的阿格斯“钨前景每月预测”（Tungsten Monthly Outlook）报告说，钨价在10月份要下滑10美元每吨，到325-335美元每吨，而据报道，碳化钨粉的出口价格水平将维持41-43美元每千克的价格不变。

世界贸易组织（WTO）最近裁定，世界最大的金属产地和有最多外汇储备的国家中国，应该取消钨出口的配额并对钨收税。中国对于钨出口的放松，预计将导致APT、铁钨、钨氧化物和碳化钨粉的降价压力增加。
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各地区对钨的需求（出自Argus Tungsten Monthly Outlook）

该报告还回顾了钨的市场和应用。它指出，全球对钨的主要需求在2014年与前一年相比几乎保持不变，在8万吨左右。中国的钨消费根据官方估计将超过世界平均水平，而且这个数字在2013年刚好超过3.8万吨。而在2014年，这个数字预计将增加4%到5%，达到4万至4.4万吨之间。

美国在2014年显示的钨需求增长不大，而欧洲在2014年前半年与2013年同期相比明显处于领先地位。在2014年全年，欧洲对钨的总需求预计将超过1.9万吨，初级钨占总量的一半，回收钨与之保持平衡。实际上，回收钨已经成为全球钨供应的重要源头，多达30%的钨来自于二手来源。各地区的循环水平不同，中国低至10%-15%，而欧洲在50%左右。

迄今为止，钨的最大应用领域是用于生产硬质合金刀具和磨损部件的碳化钨。在欧洲，硬质合金的消耗约占65%，其次是钢/合金占12%，钨粉碎产品占10%，而化学产品占8%。在中国，2013年，硬质合金占总数的48%，粉碎传品占20%，化学和其他应用占7%。

根据“钨前景每月预测”（Tungsten Monthly Outlook），在2015年钨的供求平衡将缩短，钨的价格也会缓慢提高。

‘High-entropy’ alloy is as light as aluminum, as strong as titanium alloys

Researchers from North Carolina State University and Qatar University have developed a new “high-entropy” metal alloy that has a higher strength-to-weight ratio than any other existing metal material.

High-entropy alloys are materials that consist of five or more metals in approximately equal amounts. These alloys are currently the focus of significant attention in materials science and engineering because they can have desirable properties.

The NC State research team combined lithium, magnesium, titanium, aluminum and scandium to make a nanocrystalline high-entropy alloy that has low density, but very high strength.

“The density is comparable to aluminum, but it is stronger than titanium alloys,” says Dr. Carl Koch, Kobe Steel Distinguished Professor of Materials Science and Engineering at NC State and senior author of a paper on the work. “It has a combination of high strength and low density that is, as far as we can tell, unmatched by any other metallic material. The strength-to-weight ratio is comparable to some ceramics, but we think it’s tougher – less brittle – than ceramics.”

There are a wide range of uses for strong, lightweight materials, such as in vehicles or prosthetic devices.

“We still have a lot of research to do to fully characterize this material and explore the best processing methods for it,” Koch says.

At this point, the primary problem with the alloy is that it is made of 20 percent scandium, which is extremely expensive.

“One thing we’ll be looking at is whether scandium can be replaced or eliminated from the alloy,” Koch says.

The paper “A Novel Low Density, High Hardness, High-Entropy Alloy with Close-packed Single-phase Nanocrystalline Structures,” is published online in the open-access journal Materials Research Letters. Lead author of the paper is Dr. Khaled Youssef of Qatar University. Co-authors include Alexander Zaddach and Changning Niu, Ph.D. students at NC State; and Douglas Irving, an associate professor of material science and engineering at NC State. The work was supported in part by the National Science Foundation under grant number DMR-1104930.

Source: NC State
高熵合金轻如铝，强如钛

北卡罗来纳州立大学和卡塔尔大学的研究员们最近研制了一种新的“高熵”合金，比其他现存金属材料拥有更高的强度重量比。

高熵合金含有至少5种金属元素，他们的比重几乎是一样的。目前这种材料由于具有一些期望属性，是材料科学与工程学的关注重点。

北卡罗来纳州立大学的研究团队融合了锂、镁、钛、铝和钪，研制出了具有低密度高强度的纳米晶体高熵合金。

“它的密度跟铝差不多，但强度又高于钛合金，”此研究报告资深作者、北卡罗来纳州立大学材料科学与工程学Kobe Steel特聘教授卡尔•科赫这样说道。“它拥有的高强度和低密度，据我所知，没有哪种金属能与之相比。其强度密度比跟某种陶瓷差不多，但是我们认为它比陶瓷更强硬，更不易碎。”

高强度的轻质材料有很大用途，如可以用于车辆或假肢制造。

“要完全掌握此材料特性，探寻最好的加工处理方法，我们还需要做大量研究。”科赫说道。

现在首要问题就是，这种合金中钪的含量占了20%，而钪的价格极其昂贵。

“我们将要解决的就是，看看用别的金属替代钪，或完全不用这种金属是否可行。”科赫说。

一篇名为《单向密集纳米晶体结构的低密度高硬度高熵合金》（A Novel Low Density, High Hardness, High-Entropy Alloy with Close-packed Single-phase Nanocrystalline Structures）的研究报告在开放阅览的《材料研究快报》（Materials Research Letters）电子版上发表。报告主编是卡塔尔大学的卡勒德•约瑟夫博士。合著者还有亚历山大•匝得赫（Alexander Zaddach），北卡罗来纳州立大学攻读哲学博士学位的牛长宁以及北卡罗来纳州立大学材料科学与工程学副教授道格拉斯•欧文。该研究部分资金由国家科学基金会提供，拨款编码为DMR-1104930

来源：北卡罗来纳州立大学
Composite Materials（复合材料）
Broadwater Mouldings Creates New EAL Level 3 NVQ Apprenticeship Program for FRP Composites Production

According to Broadwater, the first group of four apprentices in the program are all on track to gain an EAL verified Level 3 NVQ Diploma in 'Composite Engineering' (QCF) upon the successful completion of all the theory and practical modules of the program in July 2016. This bespoke training program is equipping the apprentices with both the academic knowledge about composites, as well as vital production skills needed to work in any of the diverse FRP parts fabrication operation areas in the Broadwater Mouldings main factory in Suffolk, UK.

Broadwater Mouldings explains that, being a design engineering and composites manufacturing SME, having a highly flexible, multi-skilled workforce is vital to them. Ideally, individual shop floor operators and supervisors should all have the knowledge and fabrication skills needed for the wide range of FRP composites moulding processes carried out in its factory, from hand lay-up, to cold press moulding and full resin transfer moulding (RTM), as well as tool making and machining; this custom designed Broadwater apprenticeship scheme has this objective in mind, as well as to train, develop and retain younger talent within the business.

Due to a lack of a suitable national scheme available locally in East Anglia, after taking independent advice, the MD of Broadwater Mouldings, Matt Herbert, took the initiative to engage Consuta Training to work with Broadwater to build its own composites production processing apprenticeship scheme. It says, the new in-house training program had to not only to meet the specific needs of the business, but also to comply with nationally recognised standards. Guidance with the content of this new apprenticeship program to attain NVQ level 3 diploma level standards, along with the final verification of the qualification, was provided by EAL, with additional program development support from the College of West Anglia and Solutions 4 Polymers Ltd; EAL is the specialist, employer-recognised awarding organisation in the UK for the engineering, manufacturing, building services and related sectors.

Chris Little of Consuta worked closely with Broadwater's Training Officer, Louise Coulson, to develop a range of practical modules that suited their production requirements, balanced by the academic leaning that needed to be included in order to satisfy EAL to award the level 3 NVQ diploma validation to this new three year apprenticeship program; the diploma is broadly split 60/40 between practical and theory.

Matt Herbert commented, "We are really delighted with the progress being made by our apprentices and the positive feedback about the program, which seems to have a good balance between lecture room theory and hands on application on the shop floor. The Broadwater management team recognised that we needed to avoid any future skills gaps in five to ten years' time due to our highly skilled, yet aging workforce. To avoid this, we realised that we needed to be proactive to secure these key skills for the future. Our apprenticeship program initiative not only serves to strengthen the skills base within the business, but it also provides much needed opportunities for young people in the area to enter the exciting and diverse industry that is composites manufacturing. We will almost certainly be running this apprenticeship program again after the current apprentices finish in July 2016".

沃特模具公司为玻璃钢复合材料生产创造新的EAL3级国家职业资格学徒计划

据布罗德沃特，程序中四个学徒的第一小组都有希望在2016年7月成功完成本程序的所有理论和实践模块之后获得经过EAL验证的“复合材料工程”（QCF）的3级国家职业资格证书。这种定制的培训计划是用关于复合材料的学术知识和在英国萨福克郡的布罗德沃特模具厂的主要工厂的任何不同的玻璃钢零件加工作业区工作所需的重要生产技能来教育学徒。

沃特模具解释说，作为一个工程设计和复合材料的制造企业，具有高度灵活性、多技能的员工对他们而言是至关重要的。理想情况下，单独车间经营者和监管者都应该具备工厂生产的所有玻璃钢复合材料成型工艺应有的知识和制作技能，从手工制造，到冷压成型和树脂传递模塑（RTM），还有工具的制造与加工；布罗德沃特的学徒计划以此为目的，开展在业务中训练、培养并留住年轻人才。

由于在东英吉利亚缺乏适用的国家计划，在接受了独立的意见后，布罗德沃特模具的博士，马特•赫伯特，主动参与了从业训练来与布罗德沃特合作建立自己的复合材料生产加工的学徒训练计划。它说，新的内部培训计划必须不仅能满足具体的业务要求，同时也符合国家认定的标准。因为这一新的学徒计划的指导内容达到国家职业资格3级证书水平标准，随着EAL提供的资格的最终验证，来自于西安吉利亚大学和方案4聚合物公司也提供了额外的程序开发支持；EAL是在英国为工程、制造、建筑服务和相关部门为专家、和雇主颁发认可的机构。

康素达的克里斯•利特布罗德沃特的培训员路易斯•库尔森密切合作，开发出了一系列符合它们生产要求的实用模块，这需要通过理论学习平衡包括为了满足EAL为这个新的三年学徒计划而授予3级证书文凭的学术学习；文凭实践与理论之间按照60/40划分。

马特•赫伯特评论说，“我们很高兴我们的学徒的进步和对程序的正面反馈，这看起来在演讲室理论和车间实践应用之间达到了一个很好的平衡。布罗德沃特的管理团队认识到我们需要避免未来5到10年内由于我们高度熟练的劳动力老龄化而造成的任何技能缺口。为了避免这种情况，我们意识到我们需要采取主动措施来确保未来可以使用这些关键技能。我们的学徒计划乘以不仅可以加强基于业务的技能，也为这一地区进入这个令人兴奋的不同的复合材料制造这一行业的年轻人提供了许多必要的机会。我们几乎可以肯定会在2016年7月份当前的学徒计划完成后再次运行这一学徒计划。”

Composite materials can be designed in a supercomputer 'virtual lab'
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This image shows sheets of the clay particle with polymers sliding in. (Image courtesy James L. Suter, UCL)
UCL scientists have shown how advanced computer simulations can be used to design new composite materials. Nanocomposites, which are widely used in industry, are revolutionary materials in which microscopic particles are dispersed through plastics. But their development until now has been largely by trial and error.

The "virtual lab" developed using supercomputer simulations greatly improves scientists' understanding of how composite materials are built on a molecular level. They allow the properties of a new material to be predicted based simply on its structure and the way it is manufactured, which the team behind the project say is a holy grail of materials science.

"Developing composite materials has been a bit of a trial-and-error process until now," says Dr. James Suter (UCL Chemistry), the first author of the study. "It typically involves grinding and mixing the ingredients and hoping for the best. Of course we test the properties of the resulting materials, but our understanding of how they are structured and why they have the properties they have, is quite limited. Our work means we can now predict how a new nanocomposite will perform, based only on their chemical composition and processing conditions."

The team led by Professor Peter Coveney and based at the UCL Centre for Computational Science, looked at a specific type of composite material, where particles of the clay called montmorillonite are mixed with a synthetic polymer. It is impossible to study these with microscopes- the processes are smaller than the wavelength of light, and therefore can't be observed directly. Moreover, the structure of the clay particles makes them tricky to study through less direct methods. The clay particles resemble stacked packs of playing cards, made up of tightly packed sheets (the cards) that may separate out and sometimes cleave off entirely as the long chain-like polymer molecules slide between them. This means much of the interaction between the polymer and the clay is hidden from view.

"Our study developed computer simulations that describe precisely how the layered particles and the polymer chains interact," says co-author Dr. Derek Groen (UCL Chemistry). "The challenge is getting enough precision without the computer simulation being unmanageable. Certain processes need a highly detailed simulation which describes everything on a quantum level- but if we simulated the entire sample at that level, we'd literally need several decades of supercomputer time."

The team showed that certain interactions, such as when the edge of a sheet of clay comes into contact with a polymer chain, require a quantum simulation; some require only an atomic-level simulation (where each atom in a molecule is represented as a ball on a spring); while others can have an even lower level of fidelity, bundling atoms together to give the approximate shape and properties of a molecule. These multiple ways of representing the same system constitute a multiscale approach to modelling materials, where the most appropriate level of detail can be adopted for different parts of the simulation.

"When you make approximations like this, it's important to test that they are accurate," says Suter. "A lot of our work involved comparing the different types of simulation and ensuring that they gave results that were consistent with each other. The quantum mechanical model starts from first principles and is derived from the most basic laws of physics, so we know it's right. But there are quite a few assumptions involved in a molecular model, and we had to ensure those assumptions were correct."

The resulting simulations show for the first time exactly how the polymers and clay particles interact. The long, chain-like polymer molecules (which typically come in a tangled bundle) unwind themselves, slip between the sheets of the clay particles, and with certain types of polymer, gently coax them apart. On longer length and timescales, which the multiscale simulations permitted the team to study, they were able to see the aggregation of the polymer-entangled clay sheets into organized arrays of stacks, with very different properties. These predictions are already being used to see how to improve construction of composite materials.

The simulations required extensive and closely coordinated use of multiple high-performance computing facilities, including ARCHER (a UK supercomputer in Edinburgh) and STFC's BlueJooule and BlueWonder (supercomputing facilities at the Daresbury Laboratory). The massive computing power and choreography required to carry out this type of simulation means it would have been impossible a decade ago, and very difficult even five years ago.
超级计算机“模拟实验室”可设计复合材料

[image: image10.jpg]



这张图片显示高分子聚合物滑过粘土颗粒片材。（图片由伦敦大学学院的James L. Suter提供）

伦敦大学学院（UCL）的科学家已经证明,先进的计算机模拟可用于设计新型复合材料。被广泛应用于工业上的纳米复合材料是一种革命性的材料，其中的微观颗粒通过塑料进行分散。但是，迄今为止，它们的研发大部分已经经过了反复的试验。

利用超级计算机模拟研发的“模拟实验室”大大提高了科学家们的认识，帮助他们理解如何在分子水平上制造复合材料。他们可以仅根据一种新型材料的结构和制造方法就能预测其性能，该项目背后的团队认为，这是材料科学的“圣杯”。

“开发复合材料目前已经成为一个反复试验的过程”，这项研究的第一作者、伦敦大学学院化学系的James Suter博士说道。“这通常涉及研磨和混合原料并希望能有好的结果。当然，我们测试了产出材料的性能。但是，对于他们如何构成以及为什么会有这样的性能，我们的理解也是相当有限的。我们的工作意味着我们现在可以仅根据它们的化学成分和加工条件就能预测这种新型纳米复合材料将如何运行。”

该团队由Peter Coveney教授领导，设立于伦敦大学学院计算科学中心，找到了特定类型的符合材料， 其中称为“蒙脱土”的粘土颗粒里混合了一种合成聚合物。用显微镜来研究这些是不可能的，因为这一过程比光波长小很多，因此不能直接观测到。此外，粘土颗粒的结构使得通过非直接的方法来进行研究变得非常困难。粘土颗粒就像堆叠起来的扑克牌，由致密排列的片材（牌）组成，可以单独分开，有时也能完全切开，就像长链状的聚合物分子在它们之间滑动。这意味着聚合物和粘土之间的相互作用被隐藏起来了。

“我们研发的计算机模拟能够精确描述分层粒子与聚合物链之间的相互作用”，该研究的合著者、伦敦大学学院化学系的Derek Groen博士说道。“如果计算机模拟不那么难操控的话，这一挑战将能获得足够的精确度。某些过程需要一个非常详细的的模拟，它能够量子水平上描述一切事物。但是，如果我们在该水平上模拟出整个样品，我们确实需要几十年的超级计算机时间。”

该团队发现，有些相互作用需要量子模拟，比如当粘土片材的边缘接触到聚合物链的时候；一些只需要原子级模拟，其中分子的每个原子都被描绘为弹簧上的一个球；而另一些则可以有更低的保真度，与原子绑在一起产生近似的形状和分子性能。这些表示同一系统的多种方式构成了建立材料模型的一个多量程方法，其中细节的最适度水平可以应用于模拟的不同部分。

“当你得到类似的近似值时，重要的是要测试他们是否准确。” Suter说：“我们的很多工作都涉及比较不同类型的模拟并确保它们能得到相互一致的结果。量子力学模型从第一性原理开始，并衍生于物理学的最基本规律，所以我们知道它是正确的。但是，对于分子模型还有相当多的假设，而我们必须要确保这些假设都是正确的。”

所得到的模拟第一次精确显示了聚合物和粘土颗粒的相互作用过程。长链条状聚合物分子自我分开（通常是复杂地捆在一起的），在粘土颗粒的片材之间滑过，并和某类聚合物一起将他们慢慢地、轻轻地分开。他们能研究多尺度模型，而在更长的长度和时间尺度上，他们能看到聚合物络合粘土片材聚集在有序排列、具有不同性能的数组上。这些预测已经被用来了解如何改善复合材料的结构。

这些模拟需要广泛而密切协调地使用多种高性能的计算设备，包括ARCHER（在爱丁堡大学一台英国超级计算机），STFC的BlueJooule和BlueWonder（在达斯伯里实验室的超级计算机设备）。进行这类模拟需要巨大的计算能力和复杂设计，而这在十年之前是不可能完成的，甚至在五年前也是非常困难的。
Practical Application（实际应用）
Lowering Resistance

Recent advances in circuit design have allowed the latest magnetoresistive sensors to outperform some well-established competitors.

Magnetic sensing devices are an inextricable part of the global marketplace for electronic products. Nearly 6 billion units are shipped each year, and that number is rapidly growing along with electronics in general. Magnetic sensors have thousands of uses, and product designers can choose from three main types—reed, Hall-effect and magnetoresistive—to provide low-power, high-precision position sensing capability. Each sensor type has a list of pros and cons, but Honeywell International, Morristown, N.J., believes its 2014 introduction of a new line of magnetoresistive (MR) sensors, called Nanopower, could shake the established order.

In the past, MR sensors have faced strong competition from reed-type and Hall-effect devices, which are often chosen over MR sensors for reasons of sensitivity and power usage. The new Nanopower Anisotropic Magnetoresistive Sensor ICs have an edge, providing sensitivity that comfortably exceeds Hall-effect devices and power that finally competes with reed switches.

A new playing field

The Hall-effect switch is the most common proximity sensor and operates by measuring the voltage difference, or Hall voltage, across a conductor. High-gain integrated circuit (IC) amplifiers packaged with the sensor makes modern Hall-effect devices relatively compact and useful in most environments. Drawbacks of Hall-effect sensors include the need for an amplifier and susceptibility to magnetic flux.

Reed switches are contained in hermetically sealed glass enclosures. Metal reeds close contacts in the presence of a magnetic field or coil. Today, they are often selected for applications where a current leakage-prone solid-state device, such as a Hall-effect sensors, can’t be used. Reed switches offer much lower resistance than Hall-effect sensors; and because they are sealed, they can operate in any environment.

Like Hall-effect devices, MR sensors are solid-state switches and have no mechanical parts. Omnipolar, they actuate when the magnetic field of either the north or south pole of a magnet is in the sensing range. The sensing direction for a MR device is in the parallel plane of the IC, which differs from Hall-effect sensors that sense a magnetic field perpendicular to the IC. The switch turns off when the magnetic field is removed from the sensor. MR sensors are much more sensitive to magnetic fields than Hall-effect, which can increase flexibility and permit the use of lower-cost magnets. These sensors are also highly reliable and operate in a wide variety of environmental conditions.

Microamp supply current has been the norm for MR sensor designs until the introduction of Honeywell’s Nanopower Series, which includes two sensors, the SM351LT and SM353LT. They draw only 360 nA and 310 nA, respectively, at 1.8 VDC, just one-sixteenth the power of the best Hall-effect devices. To meet stringent power demands, many applications today utilize a design which power cycles the magnetic sensor by utilizing an external clock and circuitry to turn the system on and off in order to bring average current through the system down to less than 500 nA. The new Nanopower instead uses a clock to internally cycle the power, simplifying application design.

Magnetic considerations

The discrete IC components needed in Hall-effect transistors to filter electrical noise, such as that produced by chopper circuits, aren’t required, allowing a MR sensor to occupy a small footprint. For magnetic fields between 7 and 14 Gauss, the new sensors can sense the same magnet target at up to two times the distance or more when compared to Hall-effect sensors on the market today. This pays dividends for product design, allowing larger air gaps between the magnetic target and sensor, and allows the sensor to be further than a few millimeters from the target. This sensitivity can also directly translate to system cost by allowing designers to use smaller magnets, or even magnets made of different materials in their system.

“Due to the significant price increases for rare earth magnets, design engineers using Hall-effect sensors have been looking for ways to decrease the total cost of design by using less magnetic material, or moving to a more common magnet in their applications,” says Josh Edberg, senior product marketing manager for Honeywell Sensing and Control. “Design engineers are also looking for an alternative to reed switches to reduce size and increase quality and durability, while maximizing battery life.”

One other major advantage of the MR sensor is omnipolarity. Unipole Hall-effect sensors must actuate with a specific pole of the magnet, meaning steps to determine the proper pole of the magnetic target must be taken prior to installation. MR sensors dispense with this step, potentially shortening manufacturing time and improving quality. Another improvement to quality, according to Edberg, is reduced variations to magnetic sensitivity. This exists with all magnetic sensors, and Hall-effect devices typically show ± 15 Gauss. The SM353LT shows a variation at typical operation of 14 G, and the SM351LT is just 7 G.

Edberg says the Nanopower Series should also be considered for battery-powered applications where only reed switches have been commonly used due to low-power or high-sensitivity needs. Reed switches require no power and offer the equivalent of 10-Gauss sensitivity, allowing excellent operation in battery-powered devices. But they are susceptible to damage from vibration or shock, and can suffer damage during installation. Plus, these mechanical switches have a defined lifetime.

Finally, the industry standard SOT-23 plastic molding package, which is compatible with automated pick-and-place component fabrication methods, is smaller and more durable than the glass packaging found in reed switches, potentially creating an opportunity to design less-bulky products.

Based on these improvements, Honeywell has identified several industrial applications where MR sensors’ advantages could be most beneficial: including anti-tamper switches for gas, water and electric meters; counting devices for gas and water meters; door and window position for security sensors and a wide variety of battery-operated medical equipment. Consumer-grade applications include white goods and smartphones.

Advanced circuitry designs are rapidly changing the sensor market, and magnetic sensors are among the prime beneficiaries. With average current draw measured below 500 nA, Honeywell’s new Nanopower sensors should enable designers to create new classes of battery-powered products previously not practical with other position sensing technologies.
降低电阻

电路设计的最新进展使最新的磁阻传感器超过了一些已经成熟的竞争对手。

磁敏器件是电子产品全球市场不可分割的一部分。每年要船运将近60亿个，而且总体上随着电子的发展这个数目还在增长。磁传感器有上千种用法，设计师可以在三个主要方面进行选择——簧片、霍尔效应（Hall-effect）和磁阻——来提供低能耗、高精确度感知能力。每个类型都有一系列的利弊，但是新泽西州莫里森的霍尼韦尔国际认为其在2014年引进的一种新的名为粉体的磁阻（MR）传感器生产线可以动摇原有的秩序。

在过去，MR传感器面临着来自簧片、霍尔效应器件的强烈竞争，这也往往是因为灵敏度和功率而选择MR传感器的原因。新的粉体各向异性磁阻传感器集成电路有一个优势，它所提供的灵敏度轻松超过了霍尔效应器件并在电力上与簧片开关进行竞争。

一个新的领域

霍尔效应开关是最常见的接近传感器，通过测量导体的电压差或霍尔电压进行操作。高增益放大器集成电路（IC）放大器与传感器包装在一起使现代的霍尔效应器件相对紧凑，并且可以在大多数环境中发挥效用。霍尔效应传感器的缺点包括：需要放大器和对磁通量敏感。

簧片开关装在密封的玻璃外壳里。金属簧片密切接触存在的磁场或线圈。如今，他们往往被选择使用在容易漏电的固态器件中，例如霍尔效应传感器不能使用的情况。簧片开关提供的电阻通常比霍尔效应传感器低很多；而且由于他们是密封的，所以可以在任何环境中运行。

像霍尔效应器械这样的MR传感器是固态开关，没有机械部件。当一块磁铁的北极或南极在它们的感应范围内时，他们开动时具有全极性。MR装置的传感方向是在IC的平行平面，与霍尔效应传感器的感知磁场与IC垂直不同。当磁场从传感器的感应范围内移除时，开关关闭。MR传感器比霍尔效应的磁领域更为敏感，而且可以增强灵活性并且允许使用较低成本的磁铁。这些传感器可靠性较高，可以在各种各样的环境条件下操作。

在霍尼韦尔粉体系列面世之前，微安的电流一直是MR传感器的设计标准。前者包括两个传感器，SM351LT和SM353LT。他们发现在仅为360毫安和310毫安的情况下分别在1.8伏时，功率仅仅是最好的霍尔效应器件的十六分之一。为了满足严格的功率要求，如今许多应用程序使用了一个设计，在动力循环的磁传感器中通过利用一个外部时钟和电路来控制电路的打开和关闭，使通过该系统的平均电流下降到500毫安以下。

磁性的考虑

离散的IC原件需要在霍尔效应晶体管中过滤电噪声，例如由斩波电路生产的那些不被需要的，允许MR传感器在其中占一个小位置。对于强度在7到14高斯之间的磁场，与如今市场上的霍尔效应传感器相比，新的传感器可以感应到两倍甚至更大的距离。这种产品设计的估计具体允许磁场与传感器之间有更大的空气具体，并且允许传感器与目标的间距不止于几毫米。这种敏感性也可以通过允许设计者使用更小的磁体或者甚至在他们的系统中使用不同材料制造的磁体来直接转化成系统成本。

“由于稀土磁铁的价格明显上涨，使用霍尔效应传感器的设计工程师一直在寻找用较少的磁材料来境地总成本的方法，或者转为寻找在他们的应用程序中更为常见的磁铁，”乔希•埃德伯格说，它是霍尼韦尔传感与控制产品的市场营销经理。“设计工程师也在寻找一种簧片开关的替代品来减小尺寸并提高质量及耐久性，同时最大限度地延长电池寿命。”

MR传感器的另一大优势是单极性。单极霍尔效应传感器必须通过一个特定磁极的磁铁棋童，这意味着确定磁性目标的适当极点步骤必须在安装之前完成。MR传感器可以省掉这一步骤，因此可以缩短制造时间并提高质量。另外一个提高质量的地方，据埃德伯格所言，是降低磁场灵敏度的变化。所有的磁传感器都能做到这一点，而霍尔效应的期间通常显示要±15高斯。SM353LT显示在典型操作中的变化范围是14高斯，而SM351LT仅仅是7高斯。

伯格说，如果只有簧片开关通常应用在低能高、高灵敏度的需求中，粉体系列也应该考虑使用电池供电。簧片开关不需要能源，而且提供相当于10高斯的灵敏度，可以在电池供电设备中良好运行。但是它们很容易因为振动或冲击造成损坏，也可能在安装过程中被损坏。此外，这些机械开关有固定的寿命。

最后，该行业的标准SOT-23塑料成型包装，与自动拾取和放置原件的制造方法兼容，比簧片开关中的玻璃包装更小更耐用，这可能为设计较小的产品提供一个机会。

在这些改进的基础上，霍尼韦尔已经确定了几个可以最大限度发挥MR传感器优势的工业应用：包括气、水和电表的防篡改开关；气和水表的计算装置；门窗安全传感器的位置和各种各样的电池驱动的医疗设备。消费级的应用包括白色家电和智能手机。

先进的电路设计使传感器市场快速变化，而磁传感器是主要的受益者之一。平均电流测量低于500毫安的霍尼韦尔新型粉体传感器，可以使设计师创造出在之前因其他传感技术而无法实现的新型电池供电产品。

Nanoshaping method points to future manufacturing technology

A new method that creates large-area patterns of three-dimensional nanoshapes from metal sheets represents a potential manufacturing system to inexpensively mass produce innovations such as "plasmonic metamaterials" for advanced technologies.

The metamaterials have engineered surfaces that contain features, patterns or elements on the scale of nanometers that enable unprecedented control of light and could bring innovations such as high-speed electronics, advanced sensors and solar cells.

The new method, called laser shock imprinting, creates shapes out of the crystalline forms of metals, potentially giving them ideal mechanical and optical properties using a bench-top system capable of mass producing the shapes inexpensively

Findings are detailed in a research paper appearing Friday (Dec. 12) in the journal Science. The paper is authored by researchers from Purdue University, Harvard University, Madrid Institute for Advanced Studies, and the University of California, San Diego. The research is led by Gary Cheng, an associate professor of industrial engineering at Purdue.

The shapes, which include nanopyramids, gears, bars, grooves and a fishnet pattern, are too small to be seen without specialized imaging instruments and are thousands of times thinner than the width of a human hair. The researchers used their technique to stamp nanoshapes out of titanium, aluminum, copper, gold and silver.

A key benefit of the shock-induced forming is sharply defined corners and vertical features, or high-fidelity structures.

"These nanoshapes also have extremely smooth surfaces, which is potentially very advantageous for commercial applications," Cheng said. "Traditionally it has been really difficult to deform a crystalline material into a nanomold much smaller than the grain size of starting materials, and due to the size effects the materials are super-strong when grain size has to be reduced to very small sizes. Therefore, it is very challenging to generate metal flow into nanomolds with high-fidelity 3-D shaping."

The researchers also created hybrid structures that combine metal with graphene, an ultrathin sheet of carbon promising for various technologies. Such a hybrid material could enhance the plasmonic effect and bring "metamaterial perfect absorbers," or MPAs, which have potential applications in optoelectronics and wireless communications.

"We can generate nanopatterns on metal-graphene hybrid materials, which opens new ways to pattern 2-D crystals," Cheng said.

The technique works by using a pulsed laser to generate "high strain rate" imprinting of metals into the nanomold.

"We start with a metal thin film, and we can deform it into 3-D nanoshapes patterned over large areas," Cheng said. "What is more interesting is that the resulting 3-D nanostructures are still crystalline after the imprinting process, which provides good electromagnetic and optical properties."

Whereas other researchers have created nanoshapes out of relatively soft or amorphous materials, the new research shows how to create nanoshapes out of hard and crystalline metals.

The silicon nanomolds were fabricated at the Birck Nanotechnology Center in Purdue's Discovery Park by a research group led by Minghao Qi, an associate professor of electrical and computer engineering.

"It is counter-intuitive to use silicon for molds because it is a pretty brittle material compared to metals," Qi said. "However, after we deposit an ultrathin layer of aluminum oxide on the nanomolds, it performs extremely well for this purpose. The nanomolds could be reused many times without obvious damage. Part of the reason is that although the strain rate is very high, the shock pressure applied is only about 1-2 gigapascals."

The shapes were shown to have an "aspect ratio" as high as 5, meaning the height is five times greater than the width, an important feature for the performance of plasmonic metamaterials.

"It is a very challenging task from a fabrication point of view to create ultra-smooth, high-fidelity nanostructures," Qi says. "Normally when metals recrystallize they form grains and that makes them more or less rough. Previous trials to form metal nanostructures have had to resort to very high pressure imprinting of crystalline metals or imprinting amorphous metal, which either yields high roughness in crystalline metals or smooth surfaces in amorphous metals but very high electrical resistance. For potential applications in nanoelectronics, optoelectronics and plasmonics you want properties such as high precision, low electromagnetic loss, high electrical and thermal conductivity. You also want it to be very high fidelity in terms of the pattern, sharp corners, vertical sidewalls, and those are very difficult to obtain. Before Gary's breakthrough, I thought it unlikely to achieve all of the good qualities together."

The paper was authored by Purdue doctoral students Huang Gao, Yaowu Hu, Ji Li, and Yingling Yang; researcher Ramses V. Martinez  from Harvard and Madrid Institute for Advanced Studies; Purdue research assistant professor Yi Xuan, Purdue research associate Chunyu Li; Jian Luo, a professor at the University of California, San Diego; Qi and Cheng.

Future research may focus on using the technique to create a roll-to-roll manufacturing system, which is used in many industries including paper and sheet-metal production and may be important for new applications such as flexible electronics and solar cells.

The work was supported by the National Science Foundation, National Institutes of Health, Defense Threat Reduction Agency, Office of Naval Research and the National Research Council. 

Source: Purdue University
未来制造技术：纳米成形法

一种用于在金属板上创建大面积三维纳米造型的新方法，代表着一种可能的制造系统的出现。该方法可用于廉价大规模生产创新性高科技产品，例如“等离子体激元超材料”等。

该超材料具备工程化表面，包含纳米规模的功能、模式或元素，具备史无前例的控制光的能力，并且能够带来创新的产品，例如：高速电子、先进的传感器和太阳能电池等。

被称为激光冲击印记的这种新方法，能用晶体形态的金属创造出各种形状，利用这种能够大规模低廉生产造型的桌上型系统，可能给他们带来理想的机械和光学性能。

这项发现的详细研究论文刊登在本周五（12月12日）发布的《科学》杂志上。撰写这篇报告的研究人员来自普渡大学、哈弗大学、马德里高级研究所、加州大学圣地亚哥分校等。这项研究的发起人是普渡大学工业工程学院的副教授Gary Cheng。

这些形状包括纳米金字塔、齿轮、酒吧、沟槽和鱼网模式，尺寸小到没有专门的成像仪器根本看不见，比人类发丝的宽度要细几千倍。研究人员用他们的技术在钛、铝、铜、金和银等金属上面刻出纳米形状。

这种冲击导致的造型关键之处，在于它锐利精准的角和垂直特性，或者高精度的结构。

“这些纳米造型也具有非常光滑的表面，对商业应用来说可能是非常有利的，”Gary Cheng说。“传统情况下，要把晶体材料改造成纳米模型是非常困难的，纳米模型比原始材料的晶体尺寸小得多，而且由于规模效应，当晶体尺寸不得不被缩减成非常小的时候，材料会变得超级坚硬。因此，要用高仿真3D造型把金属塑造成纳米模型是非常有挑战性的。”

研究人员还将石墨烯和金属结合创造了混合结构，石墨烯是一种有望应用于多种技术的超薄碳材料。这种混合材料可以提高等离子体激元的效果，带来“超颖材料完美吸收，”或者MPA，这种混合材料在光电子学和无线通信方面都有潜在的应用。

“我们可以在金属石墨烯混合材料上造出纳米图案，这为在二维晶体上绘制图案开发了新的方法，”Cheng说。

这项技术的原理是，使用脉冲激光产生“应变率”将金属印刻成纳米模型。

“我们从金属薄膜开始试验，可以将它大面积的变形为3 D纳米模型的图案，”Cheng说。“更有趣的是，印刻之后生成的三维纳米结构仍保留晶体特性，可以提供良好的电磁和光学性质。”

虽然其他研究人员已经用相对较软的或非晶态材料创建了纳米造型，但是新的研究显示如何用较硬晶体状的金属创建纳米造型。

电气和计算机工程的副教授Minghao Qi，带领它的研究小组在普渡发现公园的Birck纳米技术中心，建造出硅材料的纳米模型。

“使用硅做模型是与理论不符的，因为相比金属，它是一种相当脆的材料，”Qi说。“然而，我们在纳米模型上镀上一层超薄的氧化铝后，它的塑形效果变得非常好。纳米模型可以重复使用很多次，且没有明显的损伤。部分原因是由于尽管应变率非常高，而冲击压力却只有1 - 2帕。”

所示的形状有高达5的“纵横比”，即高度大于宽度5倍，这是等离子体激元超材料性能的一个重要特征。

“从制造的角度来看，创造完全光滑、高保真的纳米结构，是一项非常具有挑战性的任务，”Qi说。“通常情况下，金属再结晶的时候会形成颗粒，这使他们或多或少会变得粗糙。以前形成金属纳米结构的试验，不得不采取高压来印刻晶态金属，或印刻非晶态金属，这不光使晶态金属变得非常粗糙，还使非晶态金属表面变得光滑，但产生很高的电阻。对于纳米电子、光电子、和等离子潜在的应用来说，高精度、低电磁损耗、高电气和热导率是你想要的属性。你也希望它在图案、尖角、垂直壁上具有非常高的精度，而这是很难获得的。在Gary获得突破之前，我一直认为不可能实现所有的这些优点。”

普渡大学的博士生Huang Gao，Yaowu Hu，Ji Li，和Yingling Yang；哈佛大学马德里高级研究所研究员Ramses V. Martinez；普渡大学研究助理教授Yi Xuan，普渡大学研究副教授Chunyu Li；加利福尼亚大学圣地亚哥分校的教授Jian Luo；还有Gary Cheng和Minghao Qi撰写了此篇论文。

未来的研究可能会专注于使用这一技术来创建一个卷装进出的制造系统，可用于许多行业，包括造纸和钣金件生产，且此系统可能对于一些新的应用非常重要，如灵活的电子产品和太阳能电池。

支持该研究工作的部门有美国国家科学基金会、国家卫生研究院、国防威胁压制局、海军研究办公室和国家研究委员会等。

来源:普渡大学
Organic & Polymer（有机高分子材料）
RTP Company Offers Thermoplastic Compounds Solutions to Global Shortage of PEI Polymer

RTP Company is helping to address the global shortage of Polyetherimide (PEI) by offering a number of thermoplastic compounds that serve as viable alternatives.

According to RTP, these compounds include amorphous materials based on sulfone or semicrystalline materials that have been modified, alloyed, and/or reinforced to achieve very similar physical properties to PEI. Engineers from RTP Company can customise and fine-tune these compounds to meet specific application requirements including offering compounds in custom colours.

RTP Company is hosting a webinar entitled "Alternatives to PEI and PEI Compounds" on Thursday, December 11, 2014 at 10:00am CST to discuss these options; a recorded version will be available after the live session.

"Since the supply of PEI has tightened, moulders and OEMs have been forced to manage risks such as long lead times and supply disruptions," explains Matt Torosian, RTP Company Product Manager of High Temperature Materials. "RTP Company has created a range of compounds with similar characteristics to PEI that are not dependent on a single supplier of base resin. By doing so, our customers have benefitted from a larger selection of material options, greater design flexibility, and far fewer interruptions in material supply."

RTP explains, because PEI has excellent dimensional stability, chemical resistance, strength, stiffness, inherent flame retardancy and creep resistance, selecting a replacement requires a thorough understanding of the application requirements. Once these requirements have been identified, RTP Company engineers can recommend compounds that fit the requirements, along with added benefits such as colour. To support transition to a new material RTP Company provides on-site technical service and CAE support including mould flow analysis, FEA and fibre orientation analysis.

RTP公司提供热塑性化合物解决PEI聚合物全球短缺问题

RTP公司正在通过提供可行的替代材料热塑性化合物，来解决聚醚酰亚胺（PEI）的全球性短缺问题。

RTP说，这些化合物包括基于砜或半结晶材料的非晶态材料，它们已被加工、熔合和/或加强以达到与PEI非常相似的物理性质。RTP公司的工程师可以定制和微调这些化合物，以满足特定的应用需求，包括供给自定义颜色的化合物。

上周四（美国时间2014年12月11日上午10:00），RTP公司举办了题为“PEI和PEI化合物的替代材料”的网络研讨会，讨论了这些选项研；直播会议结束后会有会议的录制版本。

“由于PEI的供应收紧，铸工和原始设备制造商们被迫应对长周期和供应中断的风险。” RTP公司的耐高温材料产品经理马特•托罗西安解释说，“RTP公司创造了一系列与PEI具有相似特性的复合材料，它们不依赖于基体树脂的单一供应商。这样做，我们的客户选择材料的范围更大，有更大的设计灵活性，更少遇到材料的供应中断问题。” 

RTP解释，因为PEI具有优良的尺寸稳定性、耐化学性、强度、刚度、固有的阻燃性和抗蠕变性，选择替代材料时需要透彻理解应用需求。一旦这些要求被确定，RTP公司的工程师就可以推荐适合要求的材料，同时还有定制化合物颜色的好处。为支持向一种新材料的过渡，RTP公司提供了现场技术服务和CAE支持，其中包括模流分析、有限元分析和纤维取向分析。

Squid supplies blueprint for printable thermoplastics

Squid, what is it good for? You can eat it and you can make ink or dye from it, and now a Penn State Univ. team of researchers is using it to make a thermoplastic that can be used in 3-D printing.

"Most of the companies looking into this type of material have focused on synthetic plastics," said Melik C. Demirel, professor of engineering science and mechanics. "Synthetic plastics are not rapidly deployable for field applications, and more importantly, they are not eco-friendly."

Demirel and his team looked at the protein complex that exists in the squid ring teeth (SRT). The naturally made material is a thermoplastic, but obtaining it requires a large amount of effort and many squid.

"We have the genetic sequence for six squid collected around the world, but we started with the European common squid," said Demirel, who with his team collected the cephalopods.

The researchers looked at the genetic sequence for the protein complex molecule and tried synthesizing a variety of proteins from the complex. Some were not thermoplastics, but others show stable thermal response, for example, the smallest known molecular weight SRT protein was a thermoplastic. The results of their work were published in Advanced Functional Materials.

Most plastics are currently manufactured from fossil fuel sources like crude oil. Some high-end plastics are made from synthetic oils. Thermoplastics are polymer materials that can melt, be formed and then solidify as the same material without degrading materials properties.

This particular thermoplastic can be fabricated either as a thermoplastic, heated and extruded or molded, or the plastic can be dissolved in a simple solvent like acetic acid and used in film casting. The material can also be used in 3-D printing machines as the source material to create complicated geometric structures.

To manufacture this small, synthetic SRT molecule, the researchers used recombinant techniques. They inserted SRT protein genes into E. coli, so that this common, harmless bacteria could produce the plastic molecules as part of their normal activity and the thermoplastic was then removed from the media where the E. coli lived. Wayne Curtis, professor of chemical engineering and Demirel collaborating on this project together with their students worked on this aspect of the project.

"The next generation of materials will be governed by molecular composition—sequence, structure and properties," said Demirel.

The thermoplastic the researchers created is semi-crystalline and can be rigid or soft. It has a very high tensile strength and is a wet adhesive; it will stick to things even if it is wet.

This thermoplastic protein has a variety of tunable properties, which can be adjusted to individual requirements of manufacturing. Because it is a protein, it can be used for medical or cosmetic applications.

"Direct extraction or recombinant expression of protein based thermoplastics opens up new avenues for materials fabrication and synthesis, which will eventually be competitive with the high-end synthetic oil based plastics," the researchers report.

Source: Penn State Univ.
用鱿鱼制造可打印的热塑性塑料

鱿鱼可以用来干什么呢？你可以吃掉它，也可以用它制作油墨或者染料，而现在宾夕法尼亚州立大学的一个研究团队用它制作可以用于3D打印的热塑性塑料。

“大多数寻在这类材料（热塑性塑料）的企业都聚焦于合成塑料，” 工程科学与力学的教授梅里克C•德米雷尔说，“合成塑料不能在现场应用中快速部署，而且更重要的是，它们不环保。”

德米雷尔和他的团队查看了存在于鱿鱼圈齿（SRT）内的蛋白复合物。这种天然的材料是热塑性塑料，但是想要获得它需要大量的努力以及很多鱿鱼。

“我们有全世界6种鱿鱼的基因序列，但我们从欧洲常见的鱿鱼开始，”德米雷尔说，他和他的团队收集了这些头族类。

研究者查看了复杂蛋白质分子的基因序列，并试图合格各种复杂蛋白质。其中的有些不是热塑性塑料，但有些显示出稳定的热反应，例如，已知的最小重量分子SRT蛋白质是一种热塑性塑料。他们的研究成果发表在《先进功能材料》（Advanced Functional Materials）上。

目前大部分的塑料是从像原油这样的化石燃料中制造出来的。一些高端塑料是从合成油中制造出来的。热塑性塑料是聚合物材料，可以融化、塑形并凝固成相同的材料而不降解材料的性能。

这种特殊的热塑性材料可以像热塑性材料那样加热、挤压，并挤出或模塑，或者塑料可以溶解在像醋酸那样的简单溶剂中，并用于铸膜。这种材料还可以作为原材料来创建复杂的几何结构，应用于3D印刷机。

为了制造这些小的SRT分子，研究人员使用了基因重组技术。它们将SRT蛋白质基因插入到大肠杆菌中，这些普通而无害的细菌可以在日常活动中产生塑性分子的一部分，而且热塑性塑料就会从大肠杆菌生活的地方远离。化学工程教授维恩•柯蒂斯和德米雷尔在他们学生的帮助下合作了这个项目。

“下一代材料将取决于分子组成——序列、结构和性能，”德米雷尔说。

研究人员制造的热塑性塑料是半结晶状的，可以使刚性的或柔性的。它具有很高的抗拉能力是一种湿润的粘合剂；即使它是湿的依然很牢固。

这种热塑性蛋白质有许多可以调整的特性，可以根据个人需求调整制造要求。因为它是一种蛋白质，所以可以应用于医学或者美容。

“直接提取或以蛋白质为基础的热塑性塑料的重组，为材料的制备与合成开启了新的途径，这些以高档合成油为基础的塑胶会很有竞争力，”研究人员报告说。

来源：宾夕法尼亚州立大学

Defects are perfect in laser-induced graphene
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A Rice University lab is using a laser to write graphene microsupercapacitors in a common polymer material. The laser removes nearly everything but carbon from a 20-micron layer, leaving behind porous graphene foam that may be suitable for electronics or energy storage. Credit: Tour Group/Rice University

Researchers at Rice University have created flexible, patterned sheets of multilayer graphene from a cheap polymer by burning it with a computer-controlled laser. The process works in air at room temperature and eliminates the need for hot furnaces and controlled environments, and it makes graphene that may be suitable for electronics or energy storage.

Under a microscope, what the researchers call laser-induced graphene (LIG) doesn't look like a perfect chicken wire-like grid of atoms. Instead, it's a jumble of interconnected graphene flakes with five-, six- and seven-atom rings. The paired five- and seven-atom rings are considered defects - but in this case, they're not. They're features.

The material can be made in detailed patterns. For show-and-tell, the Rice team patterned millimeter-sized LIG Owls (the school's mascot), and for practical testing they fabricated microscale supercapacitors with LIG electrodes in one-step scribing.

The labs of Rice chemist James Tour and theoretical physicist Boris Yakobson published their research online today in Nature Communications.

The one-step process is scalable, said Tour, who suggested it could allow for rapid roll-to-roll manufacture of nanoscale electronics.

"This will be good for items people can relate to: clothing and wearable electronics like smartwatches that configure to your smartphone," he said.

This top-down approach to making graphene is quite different from previous works by Tour's lab, which pioneered the small-scale manufacture of the atom-thick material from common carbon sources, even Girl Scout cookies, and learned to split multiwalled nanotubes into useful graphene nanoribbons.

But as in the previous work, the base material for LIG is inexpensive. "You buy polyimide flexible plastic sheets in huge rolls, called Kapton, and the process is done entirely in air with a rapid writing process. That sets it up for a very scalable, industrial process," Tour said.

The product is not a two-dimensional slice of graphene but a porous foam of interconnected flakes about 20 microns thick. The laser doesn't cut all the way through, so the foam remains attached to a manageable, insulating, flexible plastic base.

The process only works with a particular polymer. The researchers led by Jian Lin, a former postdoctoral research in the Tour Group and now an assistant professor at the University of Missouri, tried 15 different polymers and found only two could be converted to LIG. Of those, polyimide was clearly the best.

Tour said the resulting graphene isn't as conductive as copper, but it doesn't need to be. "It's conductive enough for many applications," he said.

He said LIG can easily be turned into a supercapacitor, which combines the fast-charging, power-storing capacity of a capacitor with the higher energy-delivering capability, though not yet as high as in a battery. The defects could be the key, Tour said.

"A normal sheet of graphene is full of six-member rings," he said. "Once in a while you see a meandering line of 5-7s, but this new material is filled with 5-7s. It's a very unusual structure, and these are the domains that trap electrons. Had it just been normal (highly conductive) graphene, it couldn't store a charge."

Calculations by Yakobson's group showed that these balancing five-and-seven formations make the material more metallic and enhance its ability to store charges.

"Theoretical methods and density functional computations allowed us to look inside the electronic energy states' organization," Yakobson said. "What we discovered is that the very low density of available states -- which is crucial for the layer capacitance -- increases dramatically, due to various topological defects, mainly pentagonal and heptagonal rings.

"The fact that highly defective graphene performs so well is a freebie, a gift from nature," he said.

Miguel José Yacaman, chairman of the Department of Physics at the University of Texas at San Antonio, contributed his expertise in transmission electron microscope imaging to confirm the existence of so many defects.

"We have what is called aberration-corrected microscopy, which allows us to see the defects," Yacaman said. "The resolution is below 1 angstrom, basically 70 picometers (trillionths of a meter), and that's what you need to really look at single atoms."

Tour's lab used the machine shop lasers at Rice's Oshman Engineering Design Kitchen to create their robust microsupercapacitors. The best results showed capacitance of more than 4 millifarads per square centimeter and power density of about 9 milliwatts per square centimeter, comparable to other carbon-based microsupercapacitors, and negligible degradation after as many as 9,000 charge/discharge cycles. This capacitance is sufficient for inexpensive wearable electronic devices, and Tour said his group continues to make improvements.

He said the lab didn't start out looking for LIG. "Everything converged. Nature can be a hard taskmaster, but once in a while, she gives you something much better than what you had asked for. Or expected."

Source: Rice University
激光感应的石墨烯瑕不掩瑜

[image: image12.jpg]



莱斯大学实验室正尝试利用激光在一种普通聚合物材料中“创作”微型石墨烯超级电容。激光将这个20微米的薄膜含有的一切元素都燃烧掉了，仅保留了碳元素，剩下的多孔石墨烯泡沫可能会适用于电子工业和能量存储。图片提供：莱斯大学图尔团队

莱斯大学的研究员通过计算机控制激光，燃烧了一种廉价的聚合物，从而得到了柔韧的多层次石墨烯。这一过程在室温下即可进行，不必使用熔炉和受控环境，而且得到的石墨烯可能会适用于电子工业和能源存储。

在显微镜下，被研究员们称为激光感应的石墨烯看起来并不像一个载满原子的铁丝网格，相反，它是载有5、6个或7个原子环且相互连接的石墨烯薄片，呈混乱排列状态。这种成对的5和7原子环被看作是瑕疵，但在这里，它们是有用的。

用某种特定的模式就可以制造这种材料。莱斯大学的研究团队边讲述边展示了其毫米大小用激光感应石墨烯做的猫头鹰（此校的吉祥物），为了实际检测，他们使用激光感应石墨烯电极，仅用一步式划线就制造好了微型超级电容。

莱斯实验室的化学家詹姆士•图尔和理论物理学家鲍里斯•雅克布逊今日在《自然通讯》电子期刊上发表了他们的研究成果。

图尔说，这种一步式过程是可以拓展的，可以用其进行纳米级电子产品的快速滚动式制造。

他说：“这对于经常使用可以和智能手机匹配的智能手表等佩带式电子产品的人们来说，这是一件好事。”

这种自上而下式制造石墨烯的方法，与图尔实验室之前的工作有很大差别。他们开创了从普通碳源，甚至从女童子军饼干中提取制造小规模原子厚薄材料的先例，同时也学会了分离多层牛皮纸状的纳米管研制出石墨烯纳米带。

但是跟之前的工作一样，制造激光感应的石墨烯使用的基础材料价格也很低廉。“只需购买一块叫做聚酰亚胺软板的大卷状聚酰亚胺塑料板材，然后在空气中使用快速写入过程就行了。这是一种可扩展的工业生产方法，”图尔说道。

得到的产品不是一个二维的石墨烯薄片，而是一个20微米薄相互连通的多孔泡沫。由于激光并没有完全切断通路，这个泡沫始终和一个易控制、隔热的软塑料相连。

该过程只对某种特定的聚合物有效。由图尔团队的前博士后，如今密苏里大学助理教授林建（音）带领的研究团队尝试了15种聚合物，发现只有两种可以转化生成激光感应的石墨烯。当然，聚酰亚胺是最好的选择。

图尔说，这种石墨烯导电能力不如铜，但也没有必要跟铜一样。“对于许多应用而言，它的导电性已经够用了，”他说道。

他说激光感应石墨烯很容易被转化成超级电容，既可以像电容一样快速充电、存储电能，还可以传送能量，不过没有电池那么高效。那些缺陷应该是问题关键，图尔这样解释道。

“普通的石墨烯薄层包含了众多六原子环，”他说“偶尔可能会有几个5和7环的，但是这种新材料全部都是5和7环的。这种结构很不常见，也是阻碍电子流的主要原因。如果这仅仅是普通的高导电石墨烯，就不可能进行充电了。

雅克布逊团队的研究结果表明，这种平衡的5环、7环结构让这种材料更具金属性，提升了其充电储能的能力。

“理论方法和密度泛函计算可以让我们了解电子能量状态的内部组成，”雅克布逊说道。“我们发现对于阴极界面间电容至关重要的低密度有效能态在大量增加，由于不同的拓扑缺陷，主要是5边和7边圆环。

“高缺陷的石墨烯却能如此有用，真是大自然赐予我们的礼物。”他说。

圣安东尼奥市德克萨斯大学物理系主任米格尔•荷西•雅卡曼利用其擅长的透射式电子显微镜成像技术证实了这些缺陷的存在。

“通过所谓的失常校正显微镜检查，我们发现了这些缺陷，”雅卡曼说。“分辨率低于1埃，差不多70微微米（百万兆分之一米），这正是看清单个原子所需要的。”

莱斯试验团队在奥斯曼工程设计厨房用激光研制出了强大的微型超级电容。结果显示，和其他碳基微型超级电容相比，此电容最大时可达4毫法每平方厘米，电力密度可达每平方厘米9毫瓦特，而在多达9000次充放电后，几乎无损耗。对于携带式电子产品，此电容已足够使用，图尔说，他的团队还在做进一步改进。

他说，他们最开始并没打算研制激光感应的石墨烯。“物以类聚，大自然就是个严厉的工头，但有时她也会赐予你比想要的更好的东西。”

来源：莱斯大学
E-Material（电子材料）
Unusual electronic state found in new class of superconductors
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Top: Ripples extending down the chain of atoms breaks translational symmetry (like a checkerboard with black and white squares), which would cause extra spots in the diffraction pattern (shown as red dots in the underlying diffraction pattern). Bottom: Stretching along one direction breaks rotational symmetry but not translational symmetry (like a checkerboard with identical squares but stretched in one of the directions), causing no additional diffraction spots. The experiments proved these new superconductors have the second type of electron density distribution, called a nematic. Image: Ben Frandsen

A team of scientists from the U.S. Dept. of Energy (DOE)'s Brookhaven National Laboratory, Columbia Engineering, Columbia Physics and Kyoto Univ. has discovered an unusual form of electronic order in a new family of unconventional superconductors. The finding, described in Nature Communications, establishes an unexpected connection between this new group of titanium-oxypnictide superconductors and the more familiar cuprates and iron-pnictides, providing scientists with a whole new family of materials from which they can gain deeper insights into the mysteries of high-temperature superconductivity.

"Finding this new material is a bit like an archeologist finding a new Egyptian pharaoh's tomb," said Simon Billinge, a physicist at Brookhaven Lab and Columbia Univ.'s School of Engineering and Applied Science, who led the research team. "As we try and solve the mysteries behind unconventional superconductivity, we need to discover different but related systems to give us a more complete picture of what is going on—just as a new tomb will turn up treasures not found before, giving a more complete picture of ancient Egyptian society."

Harnessing the power of superconductivity, or the ability of certain materials to conduct electricity with zero energy loss, is one of the most exciting possibilities for creating a more energy-efficient future. But because most superconductors only work at very low temperatures—just a few degrees above absolute zero, or -273 C—they are not yet useful for everyday life. The discovery in the 1980s of "high-temperature" superconductors that work at warmer temperatures (though still not room temperature) was a giant step forward, offering scientists the hope that a complete understanding of what enables these materials to carry loss-free current would help them design new materials for everyday applications. Each new discovery of a common theme among these materials is helping scientists unlock pieces of the puzzle.

One of the greatest mysteries is seeking to understand how the electrons in high-temperature superconductors interact, sometimes trying to avoid each other and at other times pairing up—the crucial characteristic enabling them to carry current with no resistance. Scientists studying these materials at Brookhaven and elsewhere have discovered special types of electronic states, such as "charge density waves," where charges huddle to form stripes, and checkerboard patterns of charge. Both of these break the "translational symmetry" of the material—the repetition of sameness as you move across the surface (e.g., moving across a checkerboard you move from white squares to black squares).

Another pattern scientists have observed in the two most famous classes of high-temperature superconductors is broken rotational symmetry without a change in translational symmetry. In this case, called nematic order, every space on the checkerboard is white, but the shapes of the spaces are distorted from a square to a rectangle; as you turn round and round on one space, your neighboring space is nearer or farther depending on the direction you are facing. Having observed this unexpected state in the cuprates and iron-pnictides, scientists were eager to see whether this unusual electronic order would also be observed in a new class of titanium-oxypnictide high-temperature superconductors discovered in 2013.

"These titanium-oxypnictide compounds are structurally similar to the other exotic superconductor systems, and they had all the telltale signs of a broken symmetry, such as anomalies in resistivity and thermodynamic measurements. But there was no sign of any kind of charge density wave in any previous measurement. It was a mystery," said Emil Bozin, whose group at Brookhaven specializes in searching for hidden local broken symmetries. "It was a natural for us to jump on this problem."

The team searched for the broken rotational symmetry effect, a research question that had been raised by Tomo Uemura of Columbia, using samples provided by his collaborators in the group of Hiroshi Kageyama at Kyoto Univ. They conducted two kinds of diffraction studies: neutron scattering experiments at the Los Alamos Neutron Science Center (LANSCE) at DOE's Los Alamos National Laboratory, and electron diffraction experiments using a transmission electron microscope at Brookhaven Lab.

"We used these techniques to observe the pattern formed by beams of particles shot through powder samples of the superconductors under a range of temperatures and other conditions to see if there's a structural change that corresponds to the formation of this special type of nematic state," said Ben Frandsen, a graduate student in physics at Columbia and first author on the paper.

The experiments revealed a telltale symmetry breaking distortion at low temperature.  A collaborative effort among experimentalists and theorists established the particular nematic nature of the order.

"Critical in this study was the fact that we could rapidly bring to bear multiple complementary experimental methods, together with crucial theoretical insights—something made easy by having most of the expertise in residence at Brookhaven Lab and wonderfully strong collaborations with colleagues at Columbia and beyond," Billinge said.

The discovery of nematicity in titanium-oxypnictides, together with the fact that their structural and chemical properties bridge those of the cuprate and iron-pnictide high-temperature superconductors, render these materials an important new system to help understand the role of electronic symmetry breaking in superconductivity.

As Billinge noted, "This new pharaoh's tomb indeed contained a treasure: nematicity."

Source: Brookhaven National Laboratory
新型超导体中发现不寻常电子态  
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上图：沿着原子链向下延伸的波纹打破了平移对称性（就好像棋盘上黑色和白色的正方形一样，这将导致在衍射图样中出现额外的斑点（如图中在衍射图层底层用红点显示）。下图：沿着一个方向打破旋转对称，但并没有打破平移对称性（就好像是一个具有正方形的棋盘，但是是沿着一个方向进行延伸的），这不会产生额外的衍射斑。该实验证明，这些新的超导体具有第二类型的电子密度分布，称为向列。图片提供：本•弗兰德森

来自美国能源部门（DOE）的布鲁克海文国家实验室、哥伦比亚工程、哥伦比亚物理以及京都大学的科学家小组，已经在非常规超导体的新成员中发现了电子顺序的非常规形式。这一在《自然通讯》（Nature Communications）上进行描述的研究发现，在新族群的钛氮磷族氧化物超导体与更熟悉的铜酸盐和铁-磷族元素化物之间建立起了一个意外的联系，这为科学家们提供了一个全新的材料族群，他们能够通过这一全新的材料族群来更深入地了解高温超导性的奥秘。

“发现这种新的材料就好像是一个考古学家发现了一个新的埃及法老陵墓一样，”来自于布鲁克海文实验室和哥伦比亚大学工程与应用科学学院并且领导了此次研究小组的西蒙•比灵厄表示。“当我们试图解决非常规超导背后的奥秘时，我们需要去发现不同但具有相关性的制度，为我们提供一个关于究竟发生了什么的更加完整的画面——就好像一个新的坟墓将会展现出之前没有发现过的宝物，从而给出了一个关于在下埃及社会的更加完整的画面。”

利用超导的功率，或者是某些材料在零能量损失的情况下传导电流的能力对于创造一个更加具有能量效率的未来来说是一个最令人兴奋的可能性。但是由于大多数超导体只能在非常低的温度下工作——仅仅是在绝对零度以上的几度，或是-237℃——它们目前对于日常生活来说还没有用。在20世纪80年代所发现的能够在较热温度下（虽然仍然达不到室温水平）工作的“高温”超导体是向前迈进的一大步，这为科学家们完全了解是什么使这些材料能够装载无损耗电流带来了希望，从而帮助他们设计出用于日常应用程序的新材料。在这些材料中每个新发现的共同主题就是帮助科学家们解开谜题的碎片。

其中一个最大的谜团在于了解高温超导体内部的电子是如何相互作用的，有时是试图避开彼此，有时则是进行配对——该关键的特性使它们能够在没有阻力的情况下承载电流。在布鲁克海文及其他地方研究这些材料的科学家们已经发现了特殊类型的电子态，例如“电荷密度波”，其中电荷聚在一起以形成条纹以及电荷的棋盘图案。这两种形式都打破了该材料的“平移对称性”——当你在表面移动时而出现的千篇一律的重复（例如，在一个棋盘上移动时，你从一个白色方块移动到一个黑色方块）。

科学家们在两类最有名的高温超导体中观察到的另一个图案中旋转对称在平移对称性没有发生改变的情况下被打破了。在这种称为向列顺序的情况下，棋盘上的每个空间都是白色的，但是空间的形状是从一个正方形向一个矩形扭曲转变的；当你在一个空间内不停的转身，你周边的空间离你是近还是远取决于你所面对的方向。通过在铜酸盐和铁-磷族元素化物中发现的这种意外状态，科学家们渴望看到这种非常规电子顺序是否也能够在2013年发现的新类钛氮磷族氧化物高温超导体内观察到。

“这些钛氮磷族氧化物化合物在结构上类似于其他外来的超导体系统，它们具有一个破碎对称性的所有蛛丝马迹，诸如电阻率和势力学测量中出现的异常情况。但是在之前的测量中并没有出现任何一种电荷密度波。这是一个谜，”其所在小组在布鲁克海文国家实验室中专门从事于寻找隐藏的地方性破坏对称性的埃米尔•博津表示。“我们跳到这个问题上是非常自然的。”

该研究小组搜寻破碎的旋转对称效果，这是哥伦比亚托莫•植村（Tomo Uemura）曾提出过一个研究问题，其使用的是他在京都大学景山藤原浩（Hiroshi Kageyama）的研究组中的合作者所提供的样品。他们进行了两种衍射研究：在美国能源部的洛斯阿拉莫斯国家实验室的洛斯阿拉莫斯路子科学中心（LANSCE）进行的路子散射实验，以及在布鲁克海文实验室利用透射电子显微镜进行的电子衍射实验。

“我们在一个温度范围及其条件下，使用这些技术来观察在超导体粉末样品中渗透的粒子光束所形成的图案，想要了解这些对应于该特殊类型的向列状态的形式的结构性变化是否存在，”哥伦比亚的物理学研究生兼该论文的第一作者本•弗兰德森表示。

该实验揭示了一个在低温下能说明问题的对称性破缺失真。实验者和理论家之间的合作努力建立了秩序的特殊性质。

“本研究的关键在于我们能够快速地运用多种互补性实验方法，以及关键的理论见解——这是通过在布鲁克海文实验室的官邸汇集了大多数专业知识以及与哥伦比亚及其他同事的完美强劲的合作而轻易产生的，”比灵厄表示。

在钛氧磷族元素化物中对nematicity的发现以及它们的结构性及化学性质在那些铜酸超车和铁-磷族元素化物高温超导体之间架起了桥梁这一事实使这些材料成为了一个重要的新系统，用以帮助了解电子对称性破坏在超导性中所起的作用。

正如比灵厄指出的，“这个新的法老王的陵墓确实装载着宝藏：nematicity。”

资料来源：布鲁克海文国家实验室

Team combines logic, memory to build “high-rise” chip
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This illustration represents the four-layer prototype high-rise chip built by Stanford engineers. The bottom and top layers are logic transistors. Sandwiched between them are two layers of memory. The vertical tubes are nanoscale electronic "elevators" that connect logic and memory, allowing them to work together to solve problems. Image: Max Shulaker, Stanford

For decades, the mantra of electronics has been smaller, faster, cheaper.

Today, Stanford Univ. engineers add a fourth word—taller.

At a conference in San Francisco, a Stanford team revealed how to build high-rise chips that could leapfrog the performance of the single-story logic and memory chips on today's circuit cards.

Those circuit cards are like busy cities in which logic chips compute and memory chips store data. But when the computer gets busy, the wires connecting logic and memory can get jammed.

The Stanford approach would end these jams by building layers of logic atop layers of memory to create a tightly interconnected high-rise chip. Many thousands of nanoscale electronic "elevators" would move data between the layers much faster, using less electricity, than the bottle-neck prone wires connecting single-story logic and memory chips today.

The work is led by Subhasish Mitra, a Stanford professor of electrical engineering and computer science, and H.-S. Philip Wong, the Williard R. and Inez Kerr Bell Professor in Stanford's School of Engineering. They describe their new high-rise chip architecture in a paper being presented at the IEEE International Electron Devices Meeting.

The researchers' innovation leverages three breakthroughs.

The first is a new technology for creating transistors, those tiny gates that switch electricity on and off to create digital zeroes and ones. The second is a new type of computer memory that lends itself to multi-story fabrication. The third is a technique to build these new logic and memory technologies into high-rise structures in a radically different way than previous efforts to stack chips.

"This research is at an early stage, but our design and fabrication techniques are scalable," Mitra said. "With further development this architecture could lead to computing performance that is much, much greater than anything available today."

Wong said the prototype chip unveiled at IEDM shows how to put logic and memory together into three-dimensional structures that can be mass-produced.

"Paradigm shift is an overused concept, but here it is appropriate," Wong said. "With this new architecture, electronics manufacturers could put the power of a supercomputer in your hand."

Silicon heat

Engineers have been making silicon chips for decades, but the heat emanating from phones and laptops is evidence of a problem. Even when they are switched off, some electricity leaks out of silicon transistors. Users feel that as heat. But at a system level, the leakage drains batteries and wastes electricity.

Researchers have been trying to solve this major problem by creating carbon nanotubes—or CNT—transistors. They are so slender that nearly 2 billion CNTs could fit within a human hair. CNTs should leak less electricity than silicon because their tiny diameters are easier to pinch shut.

Mitra and Wong are presenting a second paper at the conference showing how their team made some of the highest performance CNT transistors ever built.

They did this by solving a big hurdle: packing enough CNTs into a small enough area to make a useful chip.

Until now the standard process used to grow CNTs did not create a sufficient density of these tubes. The Stanford engineers solved this problem by developing an ingenious technique.

They started by growing CNTs the standard way, on round quartz wafers. Then they added their trick. They created what amounts to a metal film that acts like a tape. Using this adhesive process they lifted an entire crop of CNTs off the quartz growth medium and placed it onto a silicon wafer.

This silicon wafer became the foundation of their high-rise chip.

But first they had to fabricate a CNT layer with sufficient density to make a high performance logic device. So they went though this process 13 times, growing a crop of CNTs on the quartz wafer, and then using their transfer technique to lift and deposit these CNTs onto the silicon wafer.

Using this elegant technological fix, they achieved some of the highest density, highest performance CNTs ever made—especially given that they did this in an academic lab with less sophisticated equipment than a commercial fabrication plant.

Moreover, the Stanford team showed that they could perform this technique on more than one layer of logic as they created their high-rise chip.

What about the memory?

Creating high-performance layers of CNT transistors was only part of their innovation. Just as important was their ability to build a new type of memory directly atop each layer of CNTs.

Wong is a world leader in this new memory technology, which he unveiled at last year's IEDM conference.

Unlike today's memory chips, this new storage technology is not based on silicon.

Instead, the Stanford team fabricated memory using titanium nitride, hafnium oxide and platinum. This formed a metal/oxide/metal sandwich. Applying electricity to this three-metal sandwich one way causes it to resist the flow of electricity. Reversing the electric jolt causes the structure to conduct electricity again.

The change from resistive to conductive states is how this new memory technology creates digital zeroes and ones. The change in conductive states also explains its name: resistive random access memory, or RRAM.

Wong designed RRAM to use less energy than current memory, leading to prolonged battery life in mobile devices.

Inventing this new memory technology was also the key to creating the high-rise chip because RRAM can be made at much lower temperatures than silicon memory.

Interconnected layers

Max Shulaker and Tony Wu, Stanford graduate students in electrical engineering, created the techniques behind the four-story high-rise chip unveiled at the conference.

Everything hinged on the low-heat process for making RRAM and CNTs, which enabled them to fabricate each layer of memory directly atop each layer of CNT logic. While making each memory layer, they were able to drill thousands of interconnections into the logic layer below.

This multiplicity of connections is what enables the high-rise chip to avoid the traffic jams on conventional circuit cards.

There is no way to tightly interconnect layers using today's conventional silicon-based logic and memory. That's because it takes so much heat to build a layer of silicon memory—about 1,000 degrees centigrade—that any attempt to do so would melt the logic below.

Previous efforts to stack silicon chips could save space but not avoid the digital traffic jams. That's because each layer would have to be built separately and connected by wires—which would still be prone to traffic jams, unlike the nanoscale elevators in the Stanford design.

Source: Stanford Univ.
斯坦福大学研究团队结合逻辑元件与存储器制造“高层”芯片
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插图代表了斯坦福大学工程师制造的四层高层芯片原型。芯片的底层和上层是逻辑晶体管。四层芯片结构的中间两层是存储器。竖直管是纳米级的电子电梯，连接逻辑部分和存储部分，使其共同工作解决问题。图片提供：斯坦福大学的Max Shulaker。

近十年来，电子元件口号是越小越好，越快越好，越便宜越好。

今天，斯坦福大学的工程师们，又加了一个词——越高越好。

在美国旧金山的一次会议中，斯坦福团队透露了如何制作高层芯片，这种芯片可以超过目前集成电路卡上使用的单层逻辑及记忆芯片的性能。

这些集成电路卡就像繁忙的城市一样，其中逻辑芯片进行计算，存储芯片储存数据。但是当计算机忙起来的时候，连接逻辑和存储的线路就会堵塞。

斯坦福大学的研究的方法通过将逻辑层叠加在存储层上，形成紧凑的相互关联的高层芯片，从而可以治理这种堵塞。与目前使用的连接单层逻辑和存储芯片，容易出现瓶颈的电线相比，斯坦福大学制造的芯片中上千种纳米级的电子电梯在层与层之间可以更快速地传输数据，并且使用的电量也比较少。

此项研究工作由斯坦福大学电子工程和计算机科学系的教授Subhasish Mitra，以及斯坦福大学工程系的H.-S. Philip Wong教授 Williard R. 教授及Inez Kerr Bell教授的带领下完成的。他们在论文中将此新型的高层芯片建筑物进行了描述，并在电气与电子工程师协会组织的国际电子元件会议中作以陈述。

研究人员的创新利用了三个突破点。

第一个突破是制造晶体管的新技术，晶体管像一个微小的门，通过开门关门，产生数字0和1。第二个突破是计算机存储的新类型，可以适合多层制造设备。第三个突破是在高层结构中形成了新的逻辑和存储技术，和以前堆叠芯片的方法有所不同。

Mitra说，此项研究还在初始阶段，但是我们的设计和制造技术已经可以扩展。在进一步开发下，多层结构芯片可以导致技术性能与现在相比有大幅度提高。

Wong说，在国际电子器件会议中揭开面纱的芯片原型，向大家展示了如何将逻辑和存储结合在到三维结构里，从而可以批量生产。

Wong说，范式转移是一种被大家滥用的概念，但是在这里十分适合。有了这种新型体系结构，电子制造商让超级电脑听从你的安排。

硅热

工程师们已经制造十多年的硅芯片，但是手机和笔记本电脑的散热存在问题。当关掉手机或笔记本的时候，硅晶体管会漏一部分点。使用者感觉那是热量。但是从系统的角度考虑，漏电会消耗电池的电，并且也费电。

研究人员正在尝试通过建立碳纳米管，或者碳纳米晶体管来解决这个主要问题。碳纳米管很细，和人类的头发差不多细。由于碳纳米管直径小容易夹闭，碳纳米管比硅晶体管漏电少。

Mitra和Wong在会议中提到了第二篇论文，这篇论文说明斯坦福大学研究团队如何制造出高性能的碳纳米晶体管。

他们解决了一大障碍：将足够的碳纳米晶体管包装在足够的区域下，从而可以制造有用的芯片。

直到现在用于扩大碳纳米晶体管的标准过程还不能形成晶体管有效的密度。斯坦福大学工程人员通过开发独特的技术解决了这个问题。

斯坦福大学工程人员在圆形石英晶片上扩大碳纳米晶体管的标准方法。然后加入他们的独特方法，制造出等同于金属膜的物质，这种物质与胶带相似。利用这种粘结技术，工程人员将整个碳纳米晶体管从石英生长基中分离出来，然后放在硅片上。

这种硅片成为高层芯片的基础。

但是首先工程人员需要制造足够密度的碳纳米层，让逻辑元件具有较高性能。因此他们进行了13次提取过程，在石英晶片上生产碳纳米晶体管，然后利用传递技术，提取出碳纳米晶体管，并将其放在硅片上。

利用这种卓越的技术手段，工程人员得到一些高密度、高性能的碳纳米晶体管，主要是因为他们在学术实验室完成的，不像商业制造厂有大量的精密仪器。

除此之外，斯坦福大学研究团队表示，他们在制造高层芯片是可以将此技术用在多层逻辑元件上。

那此技术可以用于存储元件上吗？

制造碳纳米晶体管高性能层只是此次技术创新的一部分。同等重要的是他们有能力建立新型的存储元件，存储元件可以直接在碳纳米晶体管每层的上面。

Wong是新型存储技术方面的国际先驱，在去年的国际电子器件会议中Wong提出了新型存储技术的概念。

不同于现在的存储芯片，新型存储技术不是以硅为基础。

斯坦福大学研究团队利用氮化钛、氧化铪及金属铂制作存储芯片。这样就形成了金属/氧化物/金属的夹层。夹层中运用单项电流可以使其抵抗电流。扭转震荡电弧导致夹层再次导电。

从电阻到导电状态的转变是如何让新技术产生数字0或1。可导电状态的转化同时诠释了它的名字：阻变式存储器，或RRAM。

Wong设计RRAM的目的，是利用比目前存储器更少的能量，从而可以延长移动设备电池的寿命。

由于RRAM与硅存储器相比，可以在较低温度下制造，发明新型存储技术是制造高层芯片的关键。

连接层

斯坦福大学电力工程系的研究生Max Shulaker和Tony Wu开发了支持会议中展示的四层高层芯片的技术。

一切取决于低温制造RRAM和碳纳米晶体管，这样才能让每个存储层直接叠加在每个碳纳米晶体管逻辑层上。在制造每个记忆层的同时，可以在逻辑层下方钻入成千个连接。

这种多重连接可以使高层芯片避免传统电路卡的电路堵塞的情况。

运用现在传统的硅逻辑和存储技术，不能紧密的连接各层。其中的原因是制造一个硅存储层需要大量的热量，大概需要在1000℃下制造存储层，这样会融合下面的逻辑层。

过去堆栈硅芯片可以节省空间，但是不能避免电路堵塞。其中原因是需要单独建立每层芯片，并且由电线连接，这样很容易造成电路堵塞，这与斯坦福大学设计的纳米级电梯有很大的不同。

来源：斯坦福大学
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