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Tech News & New Tech（技术前沿）
How “perfect” materials begin to fail
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Left, a defect-free palladium nanowire. Right, the distribution of strengths observed at different temperatures.

Crystalline materials have atoms that are neatly lined up in a repeating pattern. When they break, that failure tends to start at a defect, or a place where the pattern is disrupted. But how do defect-free materials break?

Until recently, the question was purely theoretical; making a defect-free material was impossible. Now that nanotechnological advances have made such materials a reality, however, researchers at the Univ. of Pennsylvania and Germany’s Max Planck Institute for Intelligent Systems have shown how these defects first form on the road to failure.  

In a new study, published in Nature Materials, they stretched defect-free palladium nanowires, each a thousand times thinner than a human hair, under tightly controlled conditions. Contrary to conventional wisdom, they found that the stretching force at which these wires failed was unpredictable, occurring in a range of values that were more strongly influenced by the ambient temperature than was previously believed.

This thermal uncertainty in the failure limit suggests that the point where a failure-inducing defect first appears is on the nanowire’s surface, where atoms behave in a more liquid-like way. Their increased mobility makes it more likely they will rearrange themselves into the beginnings of a “line defect,” which cuts across the nanowire, causing it to break. 

The study was led by graduate student Lisa Chen and associate professor Daniel Gianola of the Dept. of Materials Science and Engineering in Penn’s School of Engineering and Applied Science. Other members of Gianola’s lab, postdoctoral researcher Mo-Rigen He and graduate student Jungho Shin, contributed to the study. They collaborated with Gunther Richter of the Max Planck Institute for Intelligent Systems.

“Nanotechnology is not just about making things smaller,” Chen said, “it’s also about different properties that arise in materials at the nanoscale.”

“When you make these really small structures,” Gianola said, “they’re often grown from the bottom up, in an atom-by-atom, layer-by-layer process, and that can give you a much more pristine structure than if you were to take a big block of metal and whittle it down. In addition, the atoms on the surface comprise a much larger proportion of the total and can control the properties of the nanoscale material.”

The researchers grew palladium nanowires through a vapor deposition method at high temperature, which provided each atom with the time and energy to move around until it found its preferred spot in the metal’s crystalline structure.

Sprouting from a substrate like blades of grass, the team used a microscopic robotic manipulator to painstakingly pluck the wires and attach them to their testing platform inside an electron microscope.

This platform, developed in conjunction with Sandia National Laboratory, functions like an industrial mechanical testing machine at the nanoscale. Welding a nanowire to a grip attached to a series of slanted bars that expand when heated by an electric current, the researchers could then stretch the nanowire in a controlled way. By repeatedly ramping up the voltage to a different maximum and bringing it down at the same rate, the researchers could pinpoint when the first irreversible deformation in the wire occurred.

“Just pulling it until it fails doesn’t tell you exactly where and how that failure began,” Gianola said. “Our goal was to deduce the point where the first of the nanowire’s atoms begin to shift out of their original positions and form a mobile defect.”

Computational studies suggested this point could be revealed by studying the temperature dependence of failure. Absent defect-free nanowires to run physical experiments upon, earlier theories and analyses suggested that the relationship between temperature and strength was deterministic; knowing the temperature would allow one to estimate a nanowire’s failure limit.

By conducting their stretching experiments at various temperatures, the researchers were able to chart these failure points. Surprisingly, they found the wires’ strengths scattered over a range of values, even when stretched at the same temperature.

“We’ve been able to verify,” Chen said, “through experiment, and not just theory, that this process is thermally activated, and that there’s a large randomness to the process. Normally you can say a bulk material has certain strength at a certain temperature, but you have to take a different approach to specify the strength of the nanowire. Depending on the temperature you’re concerned with, even the distribution of strengths can vary drastically.”

That this distribution occurred over a relatively large range of values meant that the thermal activation barrier, the amount of energy necessary to jump-start the nucleation of the first defect, was relatively low. Comparing the size of this thermal activation barrier to other atomistic mechanisms gave the researchers some insight into what was driving this process.  

“Diffusion of atoms on a surface,” Gianola said, “is the only mechanism that has this low thermal activation barrier. Surface diffusion is atoms hopping around, site to site, somewhat chaotically, almost like a fluid. A palladium atom sitting inside the bulk of the wire has 12 neighbors, and has to break most of those bonds to move around. But one on the surface might have only three or four to break.“

Understanding the origin of the distribution of strengths in nanostructures will allow for more rational design of devices.  

“Until recently,” Gianola said, “it’s been very difficult to make defect-free nanowires. But now that we can, there’s a reason to care about how they fail. Their strengths are nearly a thousand times what you would get from the bulk material with defects—in this experiment, we observed, to our knowledge, the highest strengths ever measured in that crystal structure of metal—so they’re going to be attractive to use in all sorts of devices.”

Source: Univ. of Pennsylvania
“完美”材料是如何开始失败的 
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左，一个无缺陷的钯纳米线。右，在不同温度下观察到的优势分布。

晶体材料具有整齐地以一个重复图案排列的原子。当它们破裂时，故障往往开始于一个缺陷，或是该图案被破坏的地方。但是，无缺陷的材料是如何破裂的呢？

直到最近，这个问题都处于纯理论阶段；制造一种无缺陷的材料是不可能的。现在，纳米技术的进步使这样的材料成为了现实，然而，宾夕法尼亚州立大学和德国马克斯普朗克研究所智能系统部门的研究人员已经展示了，在发生故障的过程中这些缺陷首先是如何形成的。

在发表于《自然材料》（Nature Materials）的一项新的研究报告中，他们在严格控制的条件下拉伸了无缺陷的钯纳米线，该材料比人的头发还要细一千倍。与传统观点相反，他们发现，这些线路在何种拉伸力下发生故障是不可预测的，在一个范围值内发生，一个比我们所认为的更受到环境温度的强烈影响下的范围值。

故障限制中的这种热能不确定性表明，故障诱导型缺陷首次出现的点是在纳米线的表面上，在此处原子以一种类似于液体的方式行动。它们增加的流动性使其更容易重新排列自我成为“线缺陷”的开端，这会切断纳米线，从而使其断裂。

该研究是由宾夕法尼亚大学工程与应用科学学院材料科学和工程系的研究生陈丽莎（音）以及副教授丹尼尔•吉诺拉领导的。吉诺拉实验室的其他成员、博士后研究员莫-里根•黑和研究生申长厚促成了该研究。他们与马克斯•普朗克研究所智能系统的冈瑟•里克特进行了合作。

“纳米技术不仅仅是关于令事物变得更小，”陈表示，“它还关于在纳米尺度下材料中出现的不同属性。”

“当你制造这些非常小的结构时，”吉诺拉表示，“它们往往是从下向下生长的，以原子对原子、层对层的过程，并且可以为你提供一个更加原始的结构，相对于你用一个大的金属块将其削小而言。此外，表面上的原子构成了总比例中的绝大多数比例，并且能够控制纳米级材料的性质。”

研究者通过在高温下使用蒸镀法培育出了钯纳米线，该方法为每个原子提供了时间和能量来进行移动，直到其在金属的晶体结构中发现了其优选的位置。

从一个像草根一样的基板内发芽，该研究小组运用一个微波机器人机械手精心采摘该线路，并且在电子显微显微镜内将它们与它们的测试平台相连。

这个与桑迪亚国家实验室联合开发的平台像纳米范围内的工业力学试验机一样运作。将该纳米线与连接在一系列通过电流加热会膨胀的倾斜杆上的把手焊接在一起，研究人员就能够以一种受控的方式拉伸该纳米线。通过反复加大电压至一个不同的最大限度并且将其下降至相同的速率，研究人员能够在第一个不可逆的变形发生时进行精确定位。

“仅仅将其拉伸直至其破损并不会告诉你究竟在哪里以及该破损是如何发生的，”吉诺拉表示。“我们的目标，是推导第一个纳米线原子开始改变其原本位置，并且形成一个移动缺陷的位置点。”

计算机研究表明，该位置点有可能通过研究故障的温度依赖性而有所显露。在没有无缺陷纳米线来进行物理实验时，早期的理论和分析表明，温度和强度之间的关系是肯定的；知道了温度就会令一个人估算出纳米线的故障极限。

通过在不同的温度下进行他们的拉伸实验，研究人员能够以图表的形式显示这些故障点。令人惊讶的是，他们发现导线的强度在一个范围值内分布，即使是在相同的温度下进行拉伸时亦然。

“我们已经能够核实，”陈表示，“通过实验，而不仅仅是通过理论，表明这个过程是热力激活的，并且该过程存在着一个很大的随机性。通常情况下，你可以说一个块体材料在一定的温度下具有一定的强度，但是你必须采取不同的方法来确认纳米线的强度。根据你所关心的温度，甚至是强度的分布都会有急剧的变化。”

这个在相对大的范围值内发生的分布意味着该热活化障碍，成核第一个缺陷发生所必需的能量值，是相对较低的。将该热活化障碍与其他原子机制进行比较为研究人员就什么推动了这个过程提供了一些见解。

“原子在表面上的扩散，”吉诺拉表示，“是具有这种低热活化障碍的唯一机制。表面扩散是原子在周围跳跃，点到点，有点混乱的，几乎像液体一样。坐落在大量线内的钯原子拥有12个相邻的邻居，并且其不得不打破大多数链接才能够在周围移动。但是在表面的原子仅需要打破三至四个链接就可以移动了。”

了解了纳米结构中强度分布的起源将产生设计更加合理的设备。

“直到最近，”吉诺拉表示，“制造出无缺陷的纳米线也是非常困难的。但现在我们可以，关注它们是如何失败的存在着一个原因。它们的强度几乎是你能够从大量具有缺陷的材料中所获得的强度的近千倍——在这个实验中，我们观察到的，据我们所知，是在该金属的晶体结构中测量到最高强度——因此它们将吸引人们在各种设备中对其进行使用。”

资料来源：宾夕法尼亚大学

Stretchable ceramics made by flame technology

Synthesizing nanoscale materials takes place within high-tech laboratories, where scientists in full-body suits keep every grain of dust away from their sensitive innovations. However, scientists at Kiel Univ. proved that this is not always necessary. They have successfully been able to transfer the experience from furnace to laboratory while synthesizing nanoscale materials using simple and highly efficient flame technology. This “baking” of nanostructures has already been a great success using zinc oxide. The recent findings concentrate on tin oxide, which opens up a wide field of possible new applications. The material scientists published their latest research data in Advanced Electronic Materials.

Metal oxides in bulk form are generally brittle, which limits their desired utilizations. Their 1-D structures, such as belt-like nanostructures, exhibit much more application potential because of their high surface to volume ratio. This ratio induces extraordinary physical and chemical properties, including a high degree of bendability. “However, 1-D nanostructures are still difficult to use, because integrating them in real devices is a challenging task. To overcome this issue, we have developed 3-D macroscopic material from 1-D tin oxide belt-like nanostructures. The resulting ceramic networks exhibit most of the nanoscale properties, including flexibility. It can therefore be freely utilized for any desired application. We are very pleased that our recently introduced flame transport synthesis method on the basis of zinc oxide now enables the simple synthesis of interconnected 3D networks from tin oxide,” says Dr. Yogendra Kumar Mishra, group leader of the working group “Functional Nanomaterials” at Kiel Univ., and main author of the study.

“The fascinating part is the structure of the single belt-like nanostructures delivered by this synthesis on the basis of tin oxide crystal structure. In contrast to ceramic produced with zinc oxide, which leads to very short tetrapod structures, tin oxide gives long, flat structures. They are just like fettucine,” compares Prof. Rainer Adelung, Chairperson of the Functional Nanomaterials group. “And these long flat noodles grow together in a very specific way: In the oven used for the synthesis, temperatures stay just below the melting point of tin oxide. Thus, the noodles find specific interconnection points by kinetics instead of thermodynamics. Each junction is forced into a well-defined angle following strict geometric principles, which are based on so-called twinning defects, as further confirmed by simulation studies,” adds Prof. Lorenz Kienle, Chairperson of the Synthesis and Real Structure group. The structural design of the tin oxide 3-D network, meaning the grown-together noodles, was investigated in detail using transmission electron microscopy.

“The 3-D networks from tin oxide exhibit interesting features, such as electrically conducting, high temperature stable, very soft and stretchable architecture, and could thus be interesting for several technological applications,” says Dr. Mishra. For example, a portable electronic sensing device has already been fabricated. And, according to Mishra, it demonstrates significant potential for UV light or gas sensing applications. “Until now, we have tested sensing applications. Further potential applications could also be flexible and stretchable electronic devices, luminescent actuators, batteries, smart cloths or sacrificial templates for the growth of new materials.” This work has been performed in co-operation with Professor Ion Tiginyanu and his team members from the Technical Univ. of Moldova, Moldova.

The three Kiel scientists know, “Development of such -D network materials from tin oxide, with geometry determining defects made by flame transport synthesis at Kiel University is a very interesting step forward into the future of nanostructure growth and applications.”
Source: Kiel Univ. 

火焰技术制成的可伸缩陶瓷 

高科技实验室中进行着纳米材料的合成，在该实验室中，科学家们全身着装以使每一粒灰尘都远离他们敏感的创新。然而，基尔大学的科学家们证实，这并不总是必要的。他们已经能够成功地将从炉获得的经验转化应用于实验室，同时利用简单高效的阻燃技术合成纳米级材料。纳米结构的这种“烘焙”已经通过使用氧化锌取得了巨大的成功。最近的调查结果都集中于氧化锡，其开辟了广泛新的可能应用领域。材料科学家们将他们最新的研究数据发表于期刊《先进电子材料》（Advanced Electronic Materials）。

散装形式的金属氧化物通常是脆的，这限制了它们的理想利用率。由于它们较高的表面体积比，它们的一维结构，例如带状的纳米结构，表现出更多的应用潜力。这个比率产生了非凡的物理和化学性质，包括高程度的弯曲性。“然而，一维纳米结构仍然难以使用，因为将它们整合到实际设备中是一项具有挑战性的任务。为了解决这个问题，我们已经从一维氧化锡带状纳米结构开发出三维宏观物质。所得到的陶瓷网络呈现出大多数纳米性质，包括柔软性。因此，它可以被自由地用于任何希望的应用中。对于我们最近在氧化锌的基础上引进的火焰运输合成方法，现在能够从锡氧化物简单地合成相互连接的三维网络感到非常高兴，”基尔大学“功能性纳米材料”工作小组的小组领导人兼该研究的主要作者约根德拉•库马尔•米什拉博士称。

“吸引人的部分是在氧化锌晶体结构的基础上进行的这项合成所提供的单带状纳米结构的结构。与氧化锌所产生的陶瓷不同，其会产生非常短的四脚结构，氧化锡会提供长的平面结构。它们就像是意大利宽面条，”功能性纳米材料小组的主席莱纳•阿德隆教授比较称。“并且这些长的宽面条以一种非常特殊的方式共同生长：在用于合成的炉内，温度保持在略低于氧化锡的熔点处。因此，该面条通过动力学，而不是热力学，找到了特定的互连点。每一个结点都遵循严格的几何原理被强制进入了一个定义良好的角度，这主要基于所谓的结对帮扶缺陷，正如模拟研究进一步所证实的那样，”合成与实际结构小组的主席洛伦兹•金勒教授补充道。意味着生长在一起的面条伯氧化锡三维网络的结构设计通过透射电子显微镜的使用得到了详细研究。

“氧化锡的三维网络显示出有趣的特性，例如导电性、高温稳定性、极度柔软性以及可拉伸的结构，并且因此可能会令几个技术应用非常感兴趣，”米什拉博士表示。例如已经被制成的便携式电子传感装置。并且，根据米什拉所述，它在UV光或气体感测应用方面表现出了显著的潜能。“到目前为止，我们已经测试了传感应用。进一步的潜在应用可能是灵活并且可拉伸的电子器件、发光激励器、电池、智能面料或者用于新材料发展的牺牲模板。”这项工作已经与来自摩尔多瓦大学的教授艾恩•蒂基雅奴及其团队成员一同合作进行。

三位基尔的科学家知道，“这种从氧化锡获得的几维网络材料的开发，与基尔大学火焰运输合成制造出的几何确定缺陷是朝着未来纳米结构生长及应用迈出的非常有趣的一步。”

资料来源：基尔大学 
Laser-Based Ultrasonics

Laser-based ultrasonics provides a high-sensitivity, non-contact technique for non-destructive evaluation of materials.
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Rudolph Thin Film Analysis Image 1a
Figure 1: (a, top) The calculated time domain displacement response in a 5-µm copper-filled TSV as a function of propagation distance and (b, bottom) the propagation velocity as a function of frequency for the lowest and second lowest modes. Images: Rudolph Technologies Inc.
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Rudloph Tech Thin Film Analysis Article Image 1b
The need for improved performance of devices has led to the development of 3-D stacking of chips. Through-silicon via (TSV) has emerged as a viable and preferred technology for achieving such high-performance devices due to its short wiring length and reduced resistance and capacitance (RC) delay. It also offers the most design flexibility, lower manufacturing costs and allows for integration of heterogeneous chips.

One of the critical steps in the TSV manufacturing process is achieving a void-free fill of the high aspect ratio vias during plating. Although the presence of small voids has only a negligible effect on the TSV electrical resistance, void growth and migration during subsequent processing will affect the TSV reliability. Most methods currently available for the detection of voids in TSV are destructive and require extensive sample preparation—such as focused ion beam scanning electron microscopy (FIB-SEM) and x-ray tomography—or lack the resolution needed for detecting sub-micron voids (conventional scanning acoustic microscopy).

Laser-based ultrasonics is a high-sensitivity, non-contact technique for the non-destructive evaluation of materials with excellent temporal and micron-scale spatial resolution. A pulsed laser source irradiates a specimen surface where some of the laser energy is absorbed, leading to local thermal expansion and elastic wave generation through the thermoelastic effect. The amplitude, frequency content and directivity of the generated acoustic modes depend upon the laser spot size and pulse width, the optical properties of the sample surface and the thermal and mechanical properties of the heated region. The elastic waves are detected on the sample by monitoring the sample surface displacement, velocity or reflectivity using a second optical probe. Sensitive optical detection of ultrasound in the megahertz (MHz) to gigahertz (GHz) frequency range can be achieved using optical interferometry. Through evaluation of the velocity, dispersion characteristics, scattering and attenuation of ultrasonic waves, various physical and material properties can be determined.

In TSV evaluation, an effective measurement strategy is to excite elastic waves with a laser source on the top of a copper-filled TSV and detect the resulting TSV surface displacement as a function of time. A copper-filled TSV acts as an elastic waveguide, and the propagation characteristics are governed by the reflection and refraction of waves at the copper and oxide/silicon boundary. Elastic waves propagating in such a cylindrical waveguide are dispersive, meaning the phase velocity depends on frequency.
In order to better understand wave propagation in TSV structures, a numerical model has been developed using explicit time domain, finite element modeling (FEM) and the PZFlex code (Weidlinger Associates, Mountain View, Calif.). A 5-µm copper-filled TSV surrounded by silicon was used. Laser heating of the free TSV surface produces rapid thermal expansion followed by a comparatively slow cooling. The rapid thermal expansion generates elastic waves, which propagate through the TSV, and the material displacement normal to the TSV surface is calculated as a function of propagation distance. 
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Rudolph Tech Thin Film Analysis Article Image 2a

Figure 2: (a, top) Echo analysis of the signal measured on via with a defect ~70-µm deep. Round trip echo

reflected from the small void (~0.054 µsec, 170.6 MHz) and from the via bottom (0.078 µsec, 144.8 MHz) are

observed. (b, botom) FIB-SEM from the same via shows excellent correlation and validated our measurement capability.
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Rudolph Tech Thin Film Analysis Article Image 2b
The results are given in Figure 1(a) for propagation distances between 100 and 350 µm. From these time domain responses, the dispersion curve, giving the explicit dependence of phase velocity on frequency, has been calculated and is shown in Figure 1(b). It’s found that the excitation source primarily generates a single mode in the TSV; the lowest order longitudinal mode. The second longitudinal mode is also generated, albeit with much smaller amplitude. The first mode shows strong dispersion, with the higher frequencies propagating significantly slower than the lower frequencies, which leads to the broadening of the wave packet with propagation distance observed in the simulation results. The fact that elastic waves can be excited by a pulsed laser source and guided along TSV structures opens the possibility of using them to probe high aspect ratio copper-filled TSVs for the presence of defects. In particular, poorly filled TSV structures and/or the presence of voids within the copper fill will lead to scattering and attenuation of the guided elastic waves. In this approach, the guided wave is detected by monitoring the displacement at the TSV surface subsequent to laser excitation.

For a defect-free via, the generated wave will propagate through the TSV, reflect from the bottom of the TSV and return to the sample surface where it’s detected. The expected time domain response will depend on the TSV height, or total round trip propagation distance. In poorly filled TSV structures, on the other hand, the transmission of guided waves through TSVs will be suppressed through scattering of the waves at the interfaces associated with inhomogeneities within the structure. In addition, the waves reflected from inhomogeneities in the TSV will have a different temporal signature than those from the TSV bottom due to the different propagation distance and dispersive nature of the wave propagation.

The net result is the laser-induced acoustic response allows for a clear distinction between filled and poorly filled TSV structures. Shown in figure 2(a) is an example from a TSV structure showing two distinct echoes; one from the voids in the TSV structure (0.054 µsec corresponding to a depth of ~70 µm) and the second a round trip from the via bottom (0.078 µsec corresponding to a depth of ~100 µm).

Using this technique, we have successfully measured TSV structures on as-plated, annealed samples, as well as on post-CMP wafers. The advantage of measuring on as-plated samples is to characterize the voids and provide early detection, as it’s well-known that the void growth phenomenon can potentially accelerate electromigration or stress migration failures, leading to device degradation and premature failure.
激光超声波

激光超声波可作为一种高精确度、非接触性的材料无损检技术。
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鲁道夫薄膜技术分析：图片1a

图1：在一个5微米的铜系硅通孔中相应的计算的时域位移（图a，顶部），作为传播距离函数；以及（图b，底部）传播速度，作为最低工作状态和第二低工作状态的频率函数。图片提供：鲁道夫技术公司 
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鲁道夫薄膜技术分析文章图片1b

为改进设备性能，需要促使3D芯片叠加技术的发展。硅通孔作为一种可发展的、更优越的技术出现。硅通孔由于自身较短的线路长度，并且降低了电阻和电容的迟延，所以可使得设备获得如此高的性能。它也提供更高的设计灵活度、更低的操作成本，且允许了异构集成芯片的使用。

在硅通孔操作过程中的一个关键步骤就是，在电镀时获得高层面速率管道的无缝填充量。尽管目前细微的空间在硅通孔电阻中仅有轻微影响，但在接下来的过程中，空间的增长和移动将会影响硅通孔的可靠性。目前可获得的大多数减少硅通孔缝隙的方法都是破坏性的，并且需要大量的准备，如聚焦离子束扫描电镜和X射线断层扫描机；否则就会缺乏用于检查亚微米缝隙的分辨率（常规扫描声学电镜）。

激光超声波是一种高精度、非接触的材料无损检测技术。它拥有卓越的临时性和微米级的空间分辨率。一个脉冲激光源照射样品的表面，某些激光能量被吸收了，形成了通过热弹性效应的局部扩张和弹性波聚集。振幅、频率和生成的声波模式的方向性取决于激光点的尺寸和脉冲宽度、材料表面的视觉特性和加热区域的热学机械特性。该圈状波浪在样品上被通过使用第二光学探头来操作样品的表面位置、速率或者反射率而检测到。在兆赫兹与千兆赫兹的范围内敏感的光学超声探头可以通过使用干涉测量仪获得。通过检测声波的高速率、分散特性、散射和衰减，多种物理和材料特性可以被探测出来。

在硅通孔检测中，一种有效的计算策略便是使用激光源在铜系硅通孔的顶部激发圈状波，然后作为一个世界功能对硅通孔的表面结果进行检测。一个铜系硅通孔作为一个波导管，扩散特性被波在铜氧边界、铜硅边界反射和折射。波在这样一个圆柱状波导管中的扩散是分散性的，这意味着相速取决于频率。

为了更好地理解波在硅通孔结构中的扩散，一个数学模型被用清楚的时域、有限元建模和PZFlex码建立起来。一个5微米的铜系硅通孔被用上了。自由硅通孔表面的激光加热产生了剧烈的热膨胀，接下来就是相对缓慢的冷却。快速热膨胀产生了圈状波，这些波通过硅通孔来扩散，并且材料的位移被作为扩散距离来计算。
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鲁道夫薄膜技术分析文章，图片2a

特征2：（顶部a部位）通过一个70微米深度的标志性探测进行回波分析。从微型缝隙（~0.054微秒, 170.6 兆赫兹)和底部(0.078微秒, 144.8 兆赫兹)传来的往返回波被观测到。（底部b部分）双束聚焦离子束扫描电镜从相同路径扫描，显示出极大的关联性且使得我们的测量更加有效。
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鲁道夫薄膜技术分析文章，图片2b

在100到350微米的扩散距离的结果在图形1（a）中给出。从三个时域反应中，给予相速清楚的独立性的分散性曲线被计算出来，并且显示在图形1（b）中。研究人员发现，被激发的激光源一开始产生简单的模型，低次纵向模型。第二个纵向模型也产生了，即使是伴随这更小的振幅。第一个模型显示更强的分散性，其高频传播仍然慢于略低的频率，这导致了波束伴随着在众多结果中被检测到的扩散距离而拓宽。波能够被脉冲激光源所激发和能够被硅通孔的结构引导着的事实，开启了使用他们来探究高速铜系硅通孔的可能性。特别地，铜系填充不好的硅通孔结构或者目前铜系填充中的缝隙将会导致导向波的散射和衰减。在这种方法下，引导波被通过操作硅通孔表面的位移和光波的激发来检测。

对于一种不需探测的路径，产生的波将会通过硅通孔进行扩散，从底部反射回来，返回到样品表面并在那里被检测到。预想到的时域反应将取决于硅通孔的高度，或者整个往返传播距离。另一方面，在铜系填充不好的硅通孔结构中，引导波通过硅通孔的传播就会通过波从不均匀表面的散射被抑制住。除此之外，波从不均匀表面的反射与那些从底部反射回来的波相比，会有不同的暂时特征。这是因为不同的扩散距离和波扩散的散射性。

最终结果是，激光激发的波反应在填满和有空隙的硅通孔结构之间产生了异构清晰的不同。在图形2（a）中显示了一个这样的例子，即两个不同的回波，一个从分析中产生，第二个从底部的往返路程中产生。

用这项技术，我们成功测量到镀态硅通孔结构、回火样品和过化学研磨晶片。测量镀态样品的优势在于去发现空隙的特征和提供早期的检测。众所周知的是，空隙增长现象能够加速电迁移或者阻止电迁移，致使设备恶化和过早报废。
Metal Alloy（金属合金）
Nanospace-controlled gold material created using molecular technology
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A research group led by Yusuke Yamauchi, an Independent Scientist at the International Center for Materials Nanoarchitectonics (MANA), NIMS, in cooperation with other research organizations in Japan and overseas, successfully developed a nanoporous gold material with a regular, uniform pore arrangement using polymers as a template.

Nanoporous materials, having internal pores of several-nanometers in diameter and a large surface-to-volume ratio, have the potential of producing novel chemical reactions, and thus have been vigorously studied in the pursuit of developing new catalyst and absorbent materials. In particular, it has been proposed to apply nanoporous gold materials to various fields such as electronics, catalysts and medicine, and it has been reported that they were processed into various forms such as gold nanoparticles, gold nanorods and gold nanowires. However, these conventional nanoporous gold materials have rather irregular pore arrangements, and it had been hoped to fabricate nanoporous gold materials whose pore size can be freely manipulated.

In recent years, it has become feasible to synthesize mesoporous metals with a metal framework by using amphipathic molecules (surfactants) as a template. In this study, we created uniformly sized spherical micelles (molecular assembly) by adjusting the concentration of polymers that possess both hydrophobic and hydrophilic properties (amphipathic block copolymers) in a dilute solution. Using these polymers as a template, we reduced gold ions while precisely controlling electrolytic deposition, resulting in the successful formation of nanopores, whose sizes corresponded to the sizes of the micelles used, over the surfaces of the gold films.

In the pores of the nanoporous gold materials, we observed a strong electric field and surface enhanced Raman scattering (SERS). It is expected that these distinctive properties will have various applications such as a SERS-activate substrate for molecular sensing and electrode catalyst. Also, this technology is applicable to various metals and alloys in addition to gold. Furthermore, since pore size can be adjusted to various diameters by changing the molecular size of the block copolymers, it is feasible to design metal nanospace materials that meet specific needs of users in terms of composition and structure.

Source: National Institute for Materials Science
利用分子技术创造纳米空间控制型黄金材质
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一个由NIMS国际材料纳米结构（MANA）中的一位独立科学家雄介山内（Yusuke Yamauchi）领导的研究小组，与日本及海外的其他研究机构进行合作，成功运用聚合物作为模板研制出具有规律性均匀孔分布的纳米多孔黄金材料。

在直径中具有多个纳米内部孔及一个大的表面-体积比率的纳米多孔材料具有产生新的化学反应的潜能，并且因此已经在追求开发新的催化剂和吸收材料中得到了大力研究。特别是，已经提出将纳米多孔黄金材料应用于各种领域，例如电子、催化剂和医学，并且有报告称它们被加工成了各种形式，例如黄金纳米颗粒、黄金纳米棒以及黄金纳米线。然而，这些常规的纳米多孔黄金材料具有相当不规则的孔隙分布，并且人们一直希望制造出孔径大小可自由操纵的纳米多孔黄金材料。

在最近几年，已经可以通过使用两亲分子（表面活性剂）作为模板，运用一个金属框架来合成中孔金属。在这项研究中，我们通过调节在稀溶液中具有疏水和亲水性质的聚合物（两样嵌段共聚物）的浓度来生产均匀尺寸的球形胶束（分子集合体）。利用这些聚合物作为模板，我们减少了黄金离子，同时精确地控制了电解沉积，从而在黄金膜表面成功地形成了尺寸对应于所使用的胶束尺寸的纳米孔。

在纳米多孔黄金材料的孔中，我们观察到了一股强的电场以及表面增强型拉曼散射（SERS）。据估计，这些独特的性质将具有各种应用，例如用于分子传感和电极催化剂的SERS-激活基底。此外，除了黄金以外，这种技术还适用于各种金属和合金。另外，由于孔径可以通过改变嵌段共聚物的分子大小来调整为各种直径，因此它能够轻易地设计出在组成和结构方面满足用户特定需求的金属纳米空间材料。

资料来源：国家材料科学研究所
3D printing with metals achieved
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A copper micro-pillar with a height of 0.86 mm and a width of 0.005 mm. The pillar is formed from drops that had a diameter of 0.001 mm. With this technique, more complex shapes can also be printed.

A team of researchers from the Univ. of Twente has found a way to 3D print structures of copper and gold, by stacking microscopically small metal droplets. These droplets are made by melting a thin metal film using a pulsed laser. Their work is published by Advanced Materials.

3D printing is a rapidly advancing field, that is sometimes referred to as the “new cornerstone of the manufacturing industry”. However, at present, 3D printing is mostly limited to plastics. If metals could be used for 3D printing as well, this would open a wide new range of possibilities. Metals conduct electricity and heat very well, and they're very robust. Therefore, 3D printing in metals would allow manufacturing of entirely new devices and components, such as small cooling elements or connections between stacked chips in smartphones.

However, metals melt at a high temperature. This makes controlled deposition of metal droplets highly challenging. Thermally robust nozzles are required to process liquid metals, but these are hardly available. For small structures in particular (from 100 nm to 10 um) no good solutions for this problem existed yet.

Researchers from FOM and the Univ. of Twente now made a major step towards high-resolution metal printing. They used laser light to melt copper and gold into micrometer-sized droplets and deposited these in a controlled manner. In this method, a pulsed laser is focused on a thin metal film that locally melts and deforms into a flying drop. The researchers then carefully position this drop onto a substrate. By repeating the process, a 3-D structure is made. For example, the researchers stacked thousands of drops to form micro-pillars with a height of 2 mm and a diameter of 5 um. They also printed vertical electrodes in a cavity, as well as lines of copper. In effect, virtually any shape can be printed by smartly choosing the location of the drop impact.

High energy

In this study, the researchers used a surprisingly high laser energy in comparison to earlier work, to increase the impact velocity of the metal droplets. When these fast droplets impact onto the substrate, they deform into a disk shape and solidify in that form. The disk shape is essential for a sturdy 3D print: It allows the researchers to firmly stack the droplets on top of each other. In previous attempts, physicists used low laser energies. This allowed them to print smaller drops, but the drops stayed spherical, which meant that a stack of solidified droplets was less stable.

In their article, the researchers explain which speed is required to achieve the desired drop shape. They had previously predicted this speed for different laser energies and materials. This means that the results can be readily translated to other metals as well.

One remaining problem is that the high laser energy also results in droplets landing on the substrate next to the desired location. At present this cannot be prevented. In future work the team will investigate this effect, to enable clean printing with metals, gels, pastas or extremely thick fluids.

Source: Univ. of Twente

3D打印金属  
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图为一个高0.86毫米、宽0.005毫米的铜微柱。该柱是由一个直径为0.001毫米的滴形成的。利用这种技术，还可以打印出更复杂的形状。

一组来自特温特大学的研究人员已经发现了一种通过堆叠微观小金属液滴来3D打印铜和黄金结构的方式。这些液滴是通过运用脉冲激光来熔化一个薄金属膜而制成的。他们的研究工作刊载于《先进材料》。

三维打印是一个迅速发展的领域，并且它有时会被称为“制造业的新基石”。但是，目前3D打印主要局限于塑料。如果金属也能够用于3D打印，那么这将打开一个新的大范围的可能性。金属的导电性和散热性非常好，并且它们是非常强大的。因此，金属的3D打印将会允许生产出完全新的设备和组件，例如智能手机中堆叠芯片之间小的冷却元件或连接。

然而，金属要在高温下才能熔化。这使得金属液滴的受控沉积极具挑战性。耐热的喷嘴需要处理液态金属，而这是很难做到的。特别是对于小的结构（从100nm到10um），针对此问题目前还没有好的解决办法。

来自FOM和特温特大学的研究人员目前朝着高分辨率金属打印迈出了重要的一步。他们运用激光来将铜和黄金熔化成微米大小的液滴，并且以受控的方式来沉积这些液滴。在该方法中，脉冲激光被聚集在局部熔化并且变形为一个飞行的液滴的金属薄膜上。接着，研究人员仔细地将该液滴定位于一个基材上。通过重复这个过程，一个3D结构就制成了。例如，研究人员层叠了数以千计的液滴来形成高度为2毫米、直径为5毫米的微柱。他们还在一个空腔内打印了垂直电极，以及铜线。实际上，任何形状都可以通过巧妙地选择液滴冲击的位置来进行打印。

高能量

在这项研究中，相比于早期的工作，研究人员使用了一个令人惊讶的高激光能量来增加金属液滴的撞击速度。当这些快速的液滴冲击到基底上，它们变形为圆盘状，并且以该形状固化。该盘形状对于坚固的3D打印是必不可少的：它使得研究人员能够牢牢地将这些液滴相互堆叠。在之前的尝试中，物理学家们使用的较低的激光能量。这使得他们能够打印较小的液滴，但该液滴为球形，这意味着一摞固化的液滴是不太稳定的。

在他们的文章中，研究人员解释了需要什么样的速度来实现所希望的液滴形状。在此前他们就已经为不同的激光能量和材料预测了该迅速。这意味着该结果能够轻易地转化为其他的金属。

一个仍然存在的问题是，高激光能量也会产生降落在所需位置附近的基板上的液滴。目前这是不能防止的。在今年的工作中，该研究小组将调查这种效果，以能够清洁地打印出金属、凝胶、面食或非常厚的流体。

资料来源：特温特大学
Composite Materials（复合材料）
NTPT Makes World’s Thinnest Prepreg even Thinner

North Thin Ply Technology (NTPT) has brought a much thinner prepreg material to the market.

NTPT explains that it is able to produce unidirectional prepreg tapes (UD Tapes) of only 15 grams per square meter (gsm), while the standard for light prepregs is around 100gsm.

NTPT says its UD Tapes and multi-axial prepregs can be produced in any configuration; the new 15gsm UD Tape is a result of NTPT's extensive know-how in developing weight saving prepreg solutions and provides over 20% of weight saving.

NTPT explains that it achieved this result by selecting an innovative intermediate modulus carbon fibre which was recently launched on the market. NTPT transformed this fibre into the unique UD Tape of 15gsm by using its spread tow technology and adding the high Tg epoxy resin ThinPreg120EPHTg - 402. Taking these specifications into consideration, NTPT is able to produce an exceptional prepreg that is not only extremely thin, but also extremely strong.

"The results are amazing," says Gilles Rocher, Sales & Marketing Director of NTPT. "Not only the quality of the 15gsm UD Tape is excellent, by it also processes very well on our Automated Tape Laydown (ATL) machine to produce multi-axial preforms. The 15gsm prepreg is now added to our list of standard products and can therefore be delivered with a short lead time."

According to NTPT, the 15gsm UD Tape has several benefits. It can be used easily to create lightweight sandwich panels to be used for ultralight aircrafts, UAV's, aerospace applications, and rigid wings for racing yachts. When weight saving and composite quality are key, it enables to make symmetric laminates with multiple fibre orientations. This gives users another level of design freedom while keeping the same performances as thicker material.
NTPT公司让世界最薄半固化片变得更薄  

北薄层技术公司（NTPT）近期发布了一种更薄的半固化片。

NTPT解释说，能够产生只有15克每平方米(gsm)的单项半固化片磁带(UD磁带)，而光半固化片标准大约为100 gsm。 

NTPT称，单项半固化片磁带(UD磁带)和多向半固化片可以以任何配置生产；新型15gsm单项半固化片磁带(UD磁带)是NTPT延伸专门技能用于开发重量减轻20%半固化片解决方案的结果。

NTPT解释说，这个结果是通过选择最近市场上推出的一个创新的中间模量碳纤维而实现的。NTPT使用延展牵引技术和添加环氧树脂高Tg ThinPreg120EPHTg - 402将这种纤维转变成独特的15 gsm单项半固化片带条(UD带条)。应用这些技术参数，NTPT能够生产一种特殊的半固化片，不仅极薄，硬度也极强。

“这个结果令人惊叹，”NTPT营销总监吉勒斯•罗谢说道。“不仅15gsm单项半固化片带条(UD带条)的质量很好，它还非常适应我们的自动带条制定(ATL)机器从而生产多向预制片。15gsm半固化片现在已成为我们的标准产品，因此可以满足短期交货。”

按照NTPT的说法，15 gsm单项半固化片带条(UD带条)有几大优势。它可以用于轻松地创建轻量级的夹心板材用于制造超轻型飞机、无人机、航空航天应用和坚固的赛艇船翼。当重量减轻和综合质量是关键性考虑因素时，就可以用多向纤维制造对称层压制品。这给了使用者某种设计自由但却和更厚的材料保持相同的性能。 
Lehvoss Introduces a New Generation of Thermoplastic Shielding Compounds 
Lehvoss North America has introduced LUVOCOM ES, a new generation of thermoplastic shielding compounds designed to have outstanding performance against electromagnetic waves and at smaller wall thicknesses.

These new compounds are engineered for the housings of electric and electronic devices such as computers, radios, phones, and laboratory equipment.

"As devices become smaller and smaller, and electromagnetic pollution becomes more serious with the increased use of electrical and electronic devices, the need for improved shielding materials is escalating," explained Robert Healy, Business Development Manager at Lehvoss North America. "Because polymers are non-conductors, they are permeable to electromagnetic waves of up to approximately 100 GHz. Shielding is necessary to prevent electromagnetic environmental pollution and hence an influence on sensitive electronic devices."

According to Lehvoss, a shielding effect is achieved by making the housings of the electronic components electrically conducting. This is done through the use of metal sheets and films, conductive coatings, and conductive compounds. When compared to competitive compound products, LUVOCOM ES offers better shielding performance said Healy. "Shielding materials available thus far have been less than effective, causing customers to design with thicker walls or use additional metal coatings or steel sheets to protect against the electromagnetic waves. This means extra work for installation and extra costs. LUVOCOM ES eliminates the need for secondary operations/installation of metal sheets or films or coatings, thus offering potential for a reduction in system costs. Furthermore parts can be smaller (no inlays/space for inlays) and more environmentally friendly due to less material mix and weight savings."

LUVOCOM ES compounds are described as ready to use (no adding of masterbatches before or at the hopper of the injection moulding machine) with an optimised rheology for easy processing and thin walls. "This results in a much lower risk of defects in moulded parts due to imperfectly distributed fillers in comparison to polymers and masterbatches that have been dry blended at the injection moulding machine," said Healy, adding "Evenly distributed additives ensure an efficient network of shielding additives."
Due to its inherently high electrical conductivity, LUVOCOM ES allows small contact areas for necessary electric grounding. The innovative filler system enables an attractive surface appearance. Overall shrinkage, flow and mechanical properties for some LUVOCOM ES compounds are close to standard PC/ABS with 20% glass fibres. Flame retardant materials are also available.
Lehvoss推出新一代热塑性防护型化合物

Lehvoss北美公司已经推出新一代热塑性防护化合物LUVOCOM ES，它在更薄的墙中对屏蔽电磁波有十分杰出的表现。 

这些新的化合物是为如电脑、收音机、手机和实验室设备等电气和电子设备的外壳而设计的。

“随着设备变得越来越小，而电气和电子设备的使用使得电磁污染越来越严重，对改进后的屏蔽材料的需求不断上升。”Lebvoss北美的业务发展经理Robert Healy解释道，“由于聚合物是非导体，它们可以透过大约100Ghz的电磁波。为了防止电磁环境污染，屏蔽是必要的，因此对敏感电子设备产生影响。”

根据Lebvoss，使电子原件的外壳导电可以产生屏蔽效应。这是通过使用金属板和薄膜、导电涂料和导电化合物做到的。Healy说，与竞争性的化合产品相比，LUVOCOM ES的屏蔽性能更好。“到目前为止，可用的屏蔽材料已经不有效了，致使消费者采用更厚的外壳设计，或使用额外的金属涂料或钢板来隔断电磁波。这意味着要花费更多的功夫在安装上，以及更高的成本。LUVOCOM ES不需要二次操作/钢板、薄膜或涂层安装，于是可能能够降低系统成本。此外，部件可以更小（不需镶嵌/或镶嵌空间），而由于更少的材料混合，这也更加环保，同时也可以降低重量。”

据说，LUVOCOM ES化合物已可使用（不需在注塑成型机的料斗内或之前加入任何添加剂），利用优化流变学原理，更易加工并且外壳很薄。“与注塑成型机中干燥的聚合物和母料混合物相比，这降低了模制部件由于不完全分布式填料出现缺陷的风险。”Healy补充道，“均匀分布的添加剂保证了屏蔽添加剂的有效性。”

由于其固有的高导电性，LUCOVOM ES为必要的电器接地提供了小部分接触领域。创新的填料系统带有一个迷人的外观。一些LUVOCOM ES化合物的总体收缩性、流体和机械性能接近PC/ABS标准的20%玻璃纤维要求。阻燃材料也可用。
Practical Application（实际应用）
RTP Company Develops Hospital Disinfectant Resistant Plastic Technology

RTP Company has developed a proprietary alloy technology designed to maintain strength, functionality, and integrity, even with repeated exposure to hospital cleaners used to disinfect medical devices.

Known as the RTP 2000 HC series, RTP Company explains that these thermoplastic compounds can help solve cracking issues in existing devices and open a new realm of possibilities for the design of hospital equipment and plastic housings that require frequent disinfection, such as mobile ultrasound and x-ray machines, enteral feeding devices, drug infusion pumps, blood filtration equipment, and more.

It says, the RTP 2000 HC series provides a unique solution to a widespread problem: the damage and premature, catastrophic failure of plastic devices, equipment, and housings caused by harsh cleaners and disinfectants used in medical settings. Medical facilities are acutely aware of the risks associated with hospital acquired infections, with as many as 2 million new cases and $11 billion in additional costs per year in the US alone. To reduce these risks, RTP Company says medical facilities have increased the amount of harsh chemicals for sanitisation purposes and the frequency of their use, only to discover that these cleaners cause cracks and degradation in plastic equipment and housings - and replacing them is costly.

In developing the RTP 2000 HC series, engineers from RTP Company tested numerous polymers for damage resistance to six popular chemical classes of hospital cleaners and disinfectants. Moulded compounds were subjected to stressors in order to replicate field failures and relative resistance. It says the best performer was optimised for physical properties, chemical damage resistance, colourability and flammability. The RTP 2000 HC series is available globally in flame retardant or non-flame retardant versions, and the compounds are colorable. It is also available in sheet format in thicknesses ranging from 0.02-0.25" (0.508-0.635mm) through Engineered Sheet Products (ESP), a division of RTP Company.

According to RTP Company, OEMs and injection moulding companies that create parts, housings, and equipment for medical facilities can use the RTP 2000 HC series thermoplastic compounds as a direct replacement for other amorphous resins such as PC/ABS and PC/PBT. The RTP 2000 HC series has proven performance for superior chemical resistance under moulded in stress conditions, allowing OEMs and injection moulders to improve the quality and service life of their medical devices.

RTP公司开发医院消毒剂抗性塑料技术 

RTP公司开发了一种专用合金钢技术，使其即使重复暴露在医院清洁剂用于消毒医疗设备环境中也能保持强度、功能和完整性。

RTP公司解释说，这种被称为RTP 2000 HC系列的热塑性化合物可以帮助解决现有设备开裂问题，为医院需要频繁消毒的设备和塑料罩（如移动超声和x光机、肠内喂养设备、药物输液泵、血液过滤设备等等）设计提供了新的可能。

据说，RTP 2000 HC系列提供了一个独特的方案以解决以下普遍存在的问题：医用塑料设备、器材和外壳由于消毒剂和过力摩擦而造成的损坏、严重故障等情况。一些医疗机构已经敏锐地意识到与医院感染相关的风险，仅美国每年就有多达200万例新病例，要花费额外110亿美元的成本。为了减少这些风险，RTP公司说，医疗机构已经增加了消毒清洁用刺激性化学物质的数量及使用频率，却发现这些清洁剂会导致塑料设备及外壳裂缝和降解，而替换这些设备又是非常昂贵的。

在开发RTP 2000 HC系列过程中，RTP公司的工程师测试了大量聚合物抗六种常见医院清洁剂和消毒剂含有的化学物质损伤能力。这种铸造化合物能够承受压力从而重复现场故障和相对阻力。据说最好的物质具有极优的物理性质、化学伤害抵抗、上染性和易燃性。RTP 2000 HC系列目前可用在全球阻燃剂或无焰阻燃剂中，且这种化合物是可以着色的。通过RTP公司的一个分支ESP，该物质也可用在厚度在0.02 - -0.25 (0.508 - -0.635毫米)之间的图幅尺寸。

按照RTP公司的说法，原始设备制造商和制造零件、外壳、医疗设施设备的注塑企业，可以使用RTP 2000 HC系列热塑性化合物直接替代其他无定形树脂，如PC / ABS和PC / PBT。RTP 2000 HC系列在铸造受力情况下已经展现了优良的耐化学性性能，可以为设备制造商和注塑企业提高医疗设备的质量和使用寿命。  
A new type of gecko-like gripper

Picking things up and putting them down is a mainstay of any kind of manufacturing, but fingers, human or robotic, are not always best for the task at hand.

Researchers at the Univ. of Pennsylvania are developing a new kind of gripper, motivated by the ability of animals like the gecko to grip and release surfaces, that is perfectly suited for the delicate work involved in semiconductor manufacturing.

Like the gecko, the gripper has “tunable adhesion,” meaning that, despite having no moving parts, its effective stickiness can be tuned from strong to weak. Unlike the gecko and other artificial imitators that rely on structures with complex shapes, the Penn team’s gripper uses a simpler, two-material structure that is easier to mass produce.

At their current millimeter-scale size, the grippers can be used for moving smooth, fragile components, like silicon wafers or glass sheets. Scaled down, they could be used in arrays to grip to a range of rough and smooth surfaces, making them useful for climbing robots and other larger-scale applications.

The research was conducted by Kevin Turner, the Gabel Family Term Associate Professor in the School of Engineering and Applied Science’s Dept. of Mechanical Engineering and Applied Mechanics, and Helen Minsky, a graduate student in his lab.

Their study was published in Applied Physics Letters.

“When it comes to tunable adhesion,” Turner said, “everyone is familiar with the gecko, and everyone tries to copy it. The problem is that it’s really hard to manufacture complex structures as well as nature. We’ve come up with a strategy that can achieve similar adhesion behavior but is much easier to make.”

Geckos can stick to sheer surfaces due to complex structures on the pads of their feet. There, what look like ridges to the naked eye are actually a dense array of tiny fibers with flared tips, looking like a collection of long, thin mushrooms jutting out from their footpads at an angle.

These structures are sticky because of a phenomenon known as van der Waals adhesion, which is present any time two surfaces are in close contact; the closer the contact, the stronger is the attraction. Van der Waals forces generally aren’t noticeable in everyday life, as even two seemingly smooth, flat surfaces are rough enough at the microscopic scale to make them ineffective. But with many angled, flared-tip fibers lying flush with this rough terrain, van der Waals forces are strong enough for the gecko to stick to a wall. Changing the angle of their feet is what makes the gecko’s adhesion “tunable” and what allows them to detach from the wall to take each step.

“Other researchers have mimicked these structures to achieve tunable adhesion, but they are tough to make,” Minsky said. “You can make a few of these structures, but, if you want to make larger arrays of them, it becomes much tougher. The angles and the flared tip means you can’t just slip them out of a mold.”

The Penn’s team approach to realizing tunability and to address this manufacturing problem relies on a gripper with a fundamentally different structure. Rather than being angled or flared, they are simple cylindrical posts. The secret is in their composite construction: a hard plastic core surrounded by a softer silicone rubber shell.

“Anytime you have a corner, you have a place that has higher stress,” Minsky said. “The reason the gecko’s fibers stick so well is because the mushroom-shaped tip forces the high stressed region from edge to the center, where it’s hard to start a crack.”

“The composite post geometry,” Turner said, “achieves the same effect as the mushroom shape. The soft rubber conforms to the roughness of the surface, and, by putting a stiff core in the middle, you concentrate the stress in the center when you’re pulling straight up.”

To detach the posts, the researchers apply a lateral force, which shifts the stress back to the edge and allows the crack to easily start from there.

The researchers’ prototype grippers are a few millimeters in diameter and designed to grip smooth surfaces, such as glass. Their experiments and simulations suggest that this structure will remain effective once scaled down to microscopic sizes.   

“Our view is that this composite post structure presented in this work is a fundamental building block to realize larger adhesive surfaces with tunable properties,” Turner said.

Source: Univ. of Pennsylvania
一种类似壁虎的新型钳子 

将东西拿起又放下是所有制造商的支柱，但是不管是人类还是机器人，手指都不能最佳地完成手头的任务。

宾夕法尼亚大学的研究员们正在开发一种新的钳子，它的灵感取自类似壁虎一样的动物，他们能够控制又释放物体表面的能力，这完全适合半导体制造这样精细的工作。

像壁虎一样，这个钳子有“可调附着力”，这意味着，尽管没有移动部件，钳子的有效粘性可以从强调到弱。和壁虎以及其他以来复杂结构的人工模仿不同，Penn小组的钳子使用了更简单、双材质的更易于大规模生产的结构，

按照它们现在的毫米级大小，这种钳子能够被用于移动光滑而脆弱的部件，例如硅晶圆或玻璃片。按比例缩小，它们可以被用于阵列中，抓取一系列粗糙和光滑的表面，使之适用于攀爬机器人和其他大规模应用。

该研究由工程与应用科学学院机械工程和应用力学系的Gable家族副教授Kecin Turner以及其实验室的一个毕业生Helen Minsky主导的。

他们的研究刊载于《应用物理快报》（Applied Physics Letters）上。

“当论及可调附着力时，”Turner说，“每个人都对壁虎很熟悉，而且每个人都试图复制它。问题是制造复杂而自然的结构是很难的。我们已经提出了能够达成类似附着行为但更容易完成的策略。”

由于他们四肢肉垫的复杂结构，壁虎能够附着在竖直的表面上。这里有肉眼看起来像是山脊的，但实际上却是一系列密集的带有锋利尖端的细小纤维，看起来就像是一组又长又细的蘑菇按照某个角度从他们的根部伸了出来。

由于一种叫范德华粘附的现象——即任何时候当两个表面紧密相贴时，它们贴得越近，彼此的引力越大，这些结构非常有粘性。总体来说，在日常生活中很难注意到范德华力，即使是两个似乎很光滑、平坦的表面在显微镜下也足够粗糙，以致于使范德华力失效。但是多角度来看，带有锋利尖端的纤维将这些粗糙的平面填平，范德华力足够使壁虎粘在墙面上了。改变其脚的角度能够使壁虎的附着力可调，并且使他们在每走一步的时候能将脚从墙上剥离。

“其他的研究员模仿这些结构，以便于达到可调附着力。但是他们很难形成，”Minsky说，“你能够制造一些这样的结构，但是如果你想要更大规模的生产，那就很难了。角度和锋利的尖端意味着你不能只是简单地将它们从模具里分离出来。”

Penn实现可调性并解决制造问题的方法依赖于一个拥有基础不同结构的钳子。比起带角度的或爆发，它们不过是圆柱形的柱子。秘密在于其复合结构：一个相对柔软的硅橡胶外壳包围着一个坚硬的塑料核心。

“只要你有一个角落，就有一个地方有更高的压力。”Minsky说，“壁虎的纤维如此有粘性的原因在于蘑菇状的尖端将受压力区域从边缘移到了中间，而中间很难破解。”

“复合物应用了几何学，”Turner说，“发到了和蘑菇状一样的效果。柔软的硅橡胶符合外表的粗糙度，而通过在中心放置一个坚硬的核心，当拉起来的时候，你就将所有的压力集中在中心。”

为了将东西剥离下来，研究员们利用了侧向力，将压力转移回边缘，而分离很容易从这里产生。

研究员的原型钳子直径只有几毫米，而被设计用于抓取光滑的表面，例如玻璃。他们的实验和模拟显示，只要按比例减小到微观尺寸，这个结构就会保持有效。

“我们的观点是，这个研究里提出的复合柱结构，是实现带有可调性的更强可附着表面的基本建造单元。”

来源：宾夕法尼亚大学

Buckle up for fast ionic conduction
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ETH researchers engineered free-standing ceramic membranes for so-called micro energy converters. The strain patterns of these membranes control their properties. Illustration courtesy of Shi Y et al.
ETH material engineers found the performance of ion-conducting ceramic membranes that are so important in industry depends largely on their strain and buckling profiles. For the first time, scientists can now selectively manipulate the buckling profile, and thus the physical properties, allowing new technical applications of these membranes.

“Ionics, ion-based data processing and energy conversion, is the electronics of the future,” says Jennifer Rupp, a professor of Electrochemical Materials at ETH Zurich, and therewith sums up her field of research.

Together with her group, Rupp produces ceramic materials that can conduct charged atoms (ions), such as oxygen or lithium ions, very quickly. Such materials are already being used today; for example, in lambda sensors of automotive catalytic converters and solid oxide fuel cells. The ETH professor is convinced that the industrial importance of these materials will even further increase—for example, in gas sensors, new classes of data storage and computer circuits, and in the conversion of chemical energy into electrical energy and vice versa.

One of the most important research questions in Rupp’s field currently is how to optimize these materials, which are usually produced in the form of a thin membrane, so that ions can move more quickly within them. In a study just published in the scientific journal Nature Materials, several doctoral students in her group demonstrated how ion transport depends greatly on the manner in which these membranes are strained. The group also succeeded in controlling the strain of the membranes selectively, which is a breakthrough in the development of future technical applications.

Free-standing membrane

The scientists worked in their study with a very thin ceramic layer; namely, gadolinium-doped ceria. “This is one of the most frequently used ion conductors in the industry,” explains Sebastian Schweiger, a doctoral student.

In previous research, the material had been usually studied in the form of a thin film on a silicon substrate. Yanuo Shi, another doctoral student in Rupp’s group and first author of the recently published paper, instead created a free-standing membrane from the material by free-etching the substrate under the thin ceramic layer. The material was then no longer flat but buckled due to changes of the internal stress in the layer during the etching process. Shi attached microelectrodes to small pieces of these membranes to create tiny components that can be used to generate electricity from hydrogen or organic compounds and from oxygen in the air.

Electrode design affects buckling profile

The researchers also found that the arrangement of the electrodes affects the buckling profile of the ceramic membrane and the material structure at the atomic level. In turn, this greatly influences the conductivity of the membrane for oxygen ions. The scientists are able to describe this effect in detail. “For the first time, we are able to selectively control the buckling profile and ion conductivity of such membranes,” says Alexander Bork, another doctoral student.

In recent decades, scientists have attempted mainly to influence the conductivity of such ion conductors by deliberately ‘contaminating’ the material with certain foreign atoms—in technical terms, doping. The ETH researchers have now shown that the conductivity can be controlled to a much greater degree by manipulation of the strain and buckling profile in real devices.

“Even in earlier experiments, scientists noticed that power generation in micro solid oxide fuel cells varies greatly depending on the structure of such cells. In the experiment with the strain of the ion conductor, we have now found a possible explanation for this behavior,” says Rupp. It now appears possible to optimize the characteristics of ion-conducting membranes. This supports the development of future gas sensors, ion-based data storage and micro energy converters, such as fuel cells—and potentially a range of other as yet unknown applications in the promising field of ionics.

SOURCE: ETH Zurich
快速离子传导
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ETH的研究员们为所谓的微能源转换器设计了自立式陶瓷膜。这些膜的抗压模式控制了它们的属性。插图由Shi Y et al提供。

ETH材料工程师发现，在工业上有重要地位的传导离子陶瓷膜的性能，在很大程度上取决于它们的抗压和弯曲性能。这是第一次，科学家们能够选择性地控制弯曲性能，于是控制物理属性，使得这些膜的新科学应用成为可能。

“离子型表面活性剂，基于离子的数据处理和能量转换，是电子产品的未来。”瑞士苏黎世联邦理工学院电化学材料系Jennifer Rupp教授说。

Rupp教授与她的小组一起，制造了能够迅速传导如氧离子或锂离子等带电原子（离子）的陶瓷材料。这种材料如今已经投入使用了，例如，在汽车催化转换器的lamba传感器和固体氧化物燃料电池中。ETH的教授相信，这些材料的工业重要性在未来还会继续增长——例如，在气体传感器、新种类数据储存和计算机电路，以及将化学能转化成电能或反之而行。

现在，Rupp研究领域中最重要的研究课题之一，就是如何优化这些一般以薄膜形式生产的材料，以使离子可以在它们当中更快速运行。就在科学杂志《自然材料》中发表的一个研究中，她的小组中的几个博士生演示了离子运动是如何很大程度上依赖于这些膜压制而成的方式。该小组也成功并选择性地控制了膜的压力，这是未来技术应用中的一大突破。 

自立式膜

科学家们在他们的研究中使用了一种非常薄的陶瓷层，叫做即掺入钆的二氧化铈。“这是这个行业中使用频率最高的离子导体之一，”博士生Sebastian Schweiger解释道。

在以前的研究中，该材料通常在以一个薄膜的形式放在硅底盘上被研究。Rupp小组的另一个博士生以及这个近期发表的论文的第一作者Yanuo Shi，相反，利用这个材料，通过自由雕刻薄陶瓷涂层下的底盘，创造了一个自立式薄膜。之后由于雕刻过程中涂层内部压力变化，该材料不再是平整的，而是弯曲的。Shi把微电极粘在这些小片的薄膜上，以创造能够被用于利用氢气、有机化合物或空气中的氧气发电的微小部件。

电极设计影响弯曲程度

研究员们还发现，电极的排列也会影响陶瓷薄膜的弯曲程度以及材料的原子结构。相反，这会极大地影响氧离子薄膜的传导性。科学家们对此可以进行详细藐视。“这是第一次，我们能够选择性地控制这种膜的弯曲程度和离子传导性，”博士生Alexander Bork说。

近几十年来，科学家们一直试图影响此类离子导体的传导性，主要通过用特种外来原子来污染这些材料——用专业术语来说，就是掺杂质。ETH的研究员们现在已经表示，操纵实际设备的压力和弯曲程度可以更大程度地控制材料的传导率。

“即使是在早期试验中，科学家们也注意到，微型固体氧化物燃料电池的发电能力会根据该电池的结构而有显著变化。在对离子导体施压的实验中，我们现在发现了一个对此类现象的可能解释，”Rupp说。现在优化离子可导薄膜的性能似乎是可能的。这支持未来气体传感器、离子数据存储和如燃料电池等微电子转换器的发展，而这可能在有前途的离子领域有其他目前未知的应用。

来源：苏黎世理工学院

Squid inspires camouflaging smart materials
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Three prototype artificial cephalopod chromatophores are shown in unactuated states. The chromatophores are made from dielectric elastomer using tape coated with black carbon grease electrodes. Image: Univ. of Bristol
Researchers from the Univ. of Bristol have shown it is possible to create artificial skin that can be transformed at the flick of a switch to mimic one of nature's masters of camouflage, the squid.

The research team, from the university's Dept. of Engineering Mathematics, have designed a smart materials system, inspired by biological chromatophores, which creates patterns that change and morph over time and mimic biological patterning.

The paper, published in Interface, describes the design, mathematical modeling, simulation and analysis of a dynamic biomimetic pattern generation system.

The researchers have shown the artificial skin, made from electroactive dielectric elastomer, a soft, compliant smart material, can effectively copy the action of biological chromatophores. Chromatophores are small pigmented cells embedded on cephalopods skin which can expand and contract and that work together to change skin color and texture.

The system achieves the dynamic pattern generation by using simple local rules in the artificial chromatophore cells, so that they can sense their surroundings and manipulate their change. By modelling sets of artificial chromatophores in linear arrays of cells, the researchers explored whether the system was capable of producing a variety of patterns.

The researchers found that it is possible to mimic complex dynamic patterning seen in real cephalopods such as the Passing Cloud display, which is when bands of color spread as waves across the skin. This visual effect acts to distract and divert predators.

Aaron Fishman, Visiting Fellow in Engineering Mathematics, said: "Our ultimate goal is to create artificial skin that can mimic fast acting active camouflage and be used for smart clothing such as cloaking suits and dynamic illuminated clothing.

"The cloaking suit could be used to blend into a variety of environments, such as in the wild. It could also be used for signaling purposes, for example search and rescue operations when people who are in danger need to stand out."

The researchers investigated making bio-inspired artificial skin embedded with artificial chromatophores using thin sheets (five to ten millimeter) of dielectric elastomer, a soft, rubbery material that can be electrically controlled to be compliant.

In the future the team will consider changing the system to improve propagation control and to generate new patterns using other local rules. They will also carry out a more extensive analysis of the different pattern types that can be achieved under alternative system parameters, as well as developing the model to simulate patterns in two-dimensional array systems. The researchers expect this could produce more patterns, which could resemble those in the natural world.

Source: Univ. of Bristol
乌贼引发灵感，伪装智能材料出世
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图为三个标准的未活化状态的人造头足类载色体。载色体是采用非传导性弹性体材料，利用外表裹有黑色碳润滑电极的胶带制作而成。图片来源：布里斯托大学

布里斯托大学的研究人员表示，他们有可能制造出人造皮肤，这种人造皮肤以光为开关，模仿了自然界最擅长伪装的动物：乌贼。

布里斯托大学的研究人员表示，他们有可能制造出人造皮肤，这种人造皮肤以光为开关，模仿自然界最擅长伪装的动物：乌贼。

工程数学学院的研究团队根据生物载色体，已经设计出一种智能材料系统，它能够产生图案，随着时间而改变，并能模仿生物图案。

相关研究论文刊载于Interface，描述了动态仿生图案生成系统的设计、数学模型，模拟以及分析。

研究人员表示，这种人造皮肤由一种柔顺的电活性非传导性弹性体制造而成的，可以有效模仿生物色素细胞的活动。色素细胞是一种微小的有色细胞，嵌在头足类动物皮肤表面。头足类动物皮肤可以伸缩，共同作用来改变皮肤颜色与结构。

该体系利用人造色素细胞中的简单规则生成动态图案，因此，他们能感知周围环境，改变自身的颜色。通过模仿细胞线性排列的人造色素细胞，研究人员研究该体系是否能够产生多种图案。

研究人员发现，模仿在真实头足类中可见的复杂的动态图案，如浮云展。即多种颜色如波浪一样散步整个皮肤。这种视觉效果可以迷惑捕食者，转移其注意力。

Aaron Fishman是工程数学学院的访问学者，他说：“我们的最终目标就是创造出能够快速模仿伪装的人造皮肤，它也可以用于智能服装，如隐身服装，动态照明服装。”

“隐身装可以融合周围各种环境，如野外环境。它也可以用于信号用途，比如在人们面临危险需要救援时采取的搜救行动。”

研究人员研究了仿生人造皮肤，利用非传导性弹性体的薄片（5到10毫米）嵌入人造色素细胞。该弹性体柔软且有弹性，可以电动控制。

在将来，研究团队将会考虑改进该体系以改善传播控制，利用其它规则产生新图案。他们还会开展更广泛的工作，分析替代体系参量情况下构成的不同类型的图案，此外还研发一种模型来模拟两维排列体系中的图案。研究人员希望这可以生成更多的图案形式，可以与大自然中的图案形式相媲美。

信息来源：布里斯托大学
Organic & Polymer（有机高分子材料）
Natural rubber from dandelions

Dandelions are modest plants that are an excellent alternative source for a raw material of high demand: natural rubber, the fundamental ingredient in rubber products. Fraunhofer researchers have established the basis for the large-scale production of high quality rubber with Russian dandelion.

Approximately 40,000 products of everyday life contain natural rubber. It's the material that provides extreme elasticity, tensile strength and low-temperature flexibility in products from mattresses and gloves to adhesive tape and tires. As yet, it has no artificial replacement. However, researchers from the Fraunhofer Institute for Molecular Biology and Applied Ecology IME were able to identify a cost-effective and eco-friendly alternative to the natural rubber tree: the dandelion.

Currently, all our natural rubber comes from Hevea brasiliensis, a tree that grows under subtropical climate. Increasing demands and potential problems with a devastating fungus have made natural rubber into a valuable resource. Southeast Asia accounts for 95% of global production. In order to meet growing demands, producers turn rainforest into agricultural land. Now Prof. Dirk Prüfer and his colleague Dr. Christian Schulze Gronover from Fraunhofer IME in Münster are developing Taraxacum kok-saghyz, also known as Russian dandelion, as an efficient replacement for the natural rubber tree. "The plant is extremely resilient, able to grow in moderate climates and even in soil that is not or just barely suited for the cultivation of food and feed crops," explains Christian Schulze Gronover. "Dandelions also have the advantage of growing annually. The natural rubber tree takes between seven and ten years to deliver the first harvest."

Dirk Prüfer decided to investigate the dandelion after a sudden insight on a day out. "I was sitting in a meadow in the Sauerland region in Germany, and it was absolutely covered with dandelions. Having plucked the flower off one of them, I was wondering if the expelling white latex contains rubber." However, Germany's native dandelions don't produce sufficient quantities of rubber for being industrially viable. That's why the researchers subsequently turned their attention to the Russian dandelion, which produces large amounts of natural rubber.

With the help of precision breeding, the researchers were quickly able to double the amount of natural rubber in the Russian dandelion. This was achieved without genetic modification; instead, Dirk Prüfer and Christian Schulze Gronover analyzed the dandelion's genome and identified suitable DNA markers. These genetic tools could tell already in a very early stage of plant development if a given plant will possess an efficient rubber production.

Extraction of natural rubber from the plant was another challenge. To this end, the scientists developed an eco-friendly technique whereby only the roots are pulverized because the leaves contain very little rubber. At the end of the process, water is used to separate the resource from the other substances.

New natural rubber successfully undergoes practical testing

The performance of tires made of dandelion natural rubber has already proven in action, and manufacturer Continental has tested a first version. "The dandelion natural rubber has ideal material properties. The tires are equivalent to those made from Hevea natural rubber," says Dr. Carla Recker of Continental.

Since natural rubber is critical to the quality of many rubber products, industrialized nations in particular regard it as a strategically important resource. Natural rubber obtained from dandelions could reduce the dependence on imports from Asia. However, if the entire world production will be based on dandelion rubber, one would need the size of Austria for its cultivation. Thus, Dirk Prüfer points out that rubber from dandelion will not replace the actual source, but will compensate the additional demand in the future.

Source: Fraunhofer-Gesellschaft
从蒲公英中提炼出天然橡胶

蒲公英是一种温和的植物，同时它也是一种需求量非常大的原料（天然橡胶）的一个很好的替代资源；而天然橡胶是橡胶制品的基本要素。弗劳恩霍夫的研究人员已经建立起了一个用于大规模运用俄罗斯的蒲公英生产高品质橡胶的基地。

日常生活中大约有40，000种产品中含有天然橡胶。那是一种在产品中提供极端的弹性、拉伸强度和低温韧性的材料，这些产品从床垫到手套，再到粘合带和轮胎等。到目前为止，还没有人工替换品可以更换这种材料。然而，来自弗劳恩霍夫分子生物学和应用生态学IME研究所的研究人员，能够确定一种具有成本效益并且生态友好型的可替代天然橡胶树的材料：蒲公英。

目前，我们所有的天然橡胶都来源于三叶橡胶树，一种生长在亚热带气候中的树木。日益增长的需求以及破坏性真菌所带来的潜在问题使得天然橡胶成为了一种有价值的资源。东南亚占到了全球产量的95%。为了满足不断增长的需求，生长商从热带雨林转移到了农业用地。目前，来自明斯特（Münster）弗劳恩霍夫IME的教授德克•蒲如弗及其同事克里斯汀•舒尔茨•格罗诺夫博士正在开发橡胶草，又被称为俄罗斯蒲公英，将其作为一种天然橡胶树的有效替代品。“该植物非常具有弹性，并且能够在温和的气候条件下生长，甚至是在土壤并不适合或者勉强适合粮食和饲料作物种植的情况下也能够生长，” 克里斯汀•舒尔茨•格罗诺夫解释称。“蒲公英同样也具有每年增长的优势。天然橡胶树需要七至十年才能够提供第一次收获。”

德克•蒲如弗在有一天外出时突然产生了一个想法，在此之后他决定研究蒲公英。“我坐在德国藻厄兰地区的草地上，那里完全被蒲公英所覆盖。在拨其中一朵花的时候，我在想，喷出的白乳胶内是否含有橡胶。”然而，德国的原生蒲公英无法产生足够数量的橡胶用于工业。这就是为什么研究人员随后将其注意力转身了俄罗斯蒲公英的原因，该材料能够产生大量的天然橡胶。

在精密养殖的帮助下，研究人员很快就能够将俄罗斯蒲公英中天然橡胶的含量成倍增加。这是在无遗传修饰的条件下完成的；相反，德克•蒲如弗和克里斯汀•舒尔茨•格罗诺夫分析了蒲公英的基因组，并且确定了合适的DNA标记物。这些遗传工具已经可以在植物发育的早期阶段告知给定的植物是否将会拥有一个高效的橡胶产量了。

从该植物中提取天然橡胶是另一个挑战。为此，科学家们开发了一种环保型技术，其中只有根被粉碎了，因为叶子中含有非常少的橡胶。在该过程结束时，水被用来将该资源从其他物质中分离出来。

新的天然橡胶成功地经受了实际测试

由蒲公英天然橡胶制成的轮胎的性能已经在行动中得到了验证，并且制造商大陆集团已经测试了第一个版本。“蒲公英天然橡胶具有理想的材料特性。该轮胎与那些用橡胶树的天然橡胶制造而成的轮胎相同，”大陆集团的卡拉•雷克博士表示。

由于天然橡胶对于许多橡胶制品质量是至关重要的，因此工业化国家特别将其作为一个重要的战略资源。从蒲公英中获得的天然橡胶可以减少对亚洲进口产品的依赖。然而，如果整个世界都将建立在蒲公英橡胶之上，那么人们可能需要像奥地利国土面积一般大地的田地来栽培这种植物。因此，德克•蒲如弗指出，蒲公英橡胶不会取代实际的资源，但是将会弥补未来的额外需求。

资料来源：弗劳恩霍夫协会

Framework materials yield to pressure
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This is a cobalt II octahedral packing diagram as viewed in the (001) plane. CREDIT Yakovenko et al
Pressure is a powerful thermodynamic variable that enables the structure, bonding and reactivity of matter to be altered. In materials science it has become an indispensable research tool in the quest for novel functional materials.

Materials scientists can exploit the effectiveness of pressure for probing and tuning structural, mechanical, electronic, magnetic and vibrational properties of materials in situ; crystallography plays a crucial role, enabling on the one hand the unraveling of structural phenomena through a better understanding of interactions, and on the other shedding light on the correlation of structure and properties. 
With high pressure promoting effects such as magnetic crossover, spin transitions, negative linear compressibility, changes in proton conductivity, or even phase transitions that generate porous structures, high-pressure crystallographic studies on dense framework materials are on the rise. More generally, coordination compounds are a fascinating class of materials for high-pressure crystallographic studies, compared with purely organic compounds; they have an inherent extra degree of flexibility for responding to moderate applied pressures, as the geometry at the metal centre can undergo marked changes, whereas other primary bond distances and angles remain largely unaffected.

A group of scientists demonstrate that pressure offers a novel approach for generating new phases and exploring the structure-property relationships of molecular materials.

In their study the researchers present a high-pressure crystallographic study of α -Co(dca)2, including the structural determination of the high-pressure phase γ -Co(dca)2. The pressure-dependence of the atomic structure was probed within a diamond-anvil cell using synchrotron-based powder diffraction methods.

Future work from the group based at Argonne National Laboratory will involve investigations of the pressure-dependent structures of further transition metal dicyanamides, including members of the iso-structural α-MII(dca)2 family as well as other polymorphs, to uncover any universality or metal-ion dependence associated with the α?γ transition, and if other new phases can be generated.

Source: International Union of Crystallography
压力下的骨架材料  
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此为钴在（001）平面的八面体堆积图。图片提供：Yakovenko等

压力，作为一种强大的热力学变量，可以改变物质的结构、化学键和反应，并且已成为研究新型功能材料时不可或缺的工具。

材料科学家通过调整反应过程中材料的结构、机械、电子、磁性及振动上的特性以研究压力的作用；其中晶体学起着至关重要的作用，它一方面通过物体间的相互作用来更好地解释了结构现象，另一方面揭示了结构与性能之间的关系。

高压促使产生了下述现象，如磁交叉、自旋转换、负线性压缩、质子电导率变化，甚至是多孔结构的相变。针对骨架密实材料的高压下晶体学研究正逐渐兴起。更普遍的是，配位化合物是高压下晶体学研究中的热门，与纯粹的有机化合物相比，配位化合物面对适度的压力时具有更多的灵活性，即其金属中心的几何结构会发生明显的变化，而其他主要化学键之间的距离和角度却基本不受影响。

科学家们证明，压力为生成新相和研究分子材料的结构与性能之间的关系提供了新方法。

研究人员提出在高压下对α -Co(dca)2进行晶体学研究，包括对高压相γ -Co(dca)2的结构测定。他们还在金刚石压砧上使用同步粉末衍射的方法对原子结构的压力依存性进行了探究。

未来，这组来自美国阿贡国家实验室的科学家将进一步研究过渡金属二氰胺的压力依存性结构，包括同结构α-MII(dca)2家族的成员及其他的同质多形体，以发现α?γ 相变的普遍性或需要的金属离子，确定是否有其他新相产生。

来源：国际结晶学联合会

Unlocking nanofibers’ potential
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A scanning electron micrograph of the new microfiber emitters, showing the arrays of rectangular columns etched into their sides. Courtesy of the researchers
Nanofibers have a huge range of potential applications, from solar cells to water filtration to fuel cells. But so far, their high cost of manufacture has relegated them to just a few niche industries.

In Nanotechnology, Massachusetts Institute of Technology (MIT) researchers describe a new technique for producing nanofibers that increases the rate of production fourfold while reducing energy consumption by more than 90%, holding out the prospect of cheap, efficient nanofiber production.

“We have demonstrated a systematic way to produce nanofibers through electrospinning that surpasses the state of the art,” says Luis Fernando Velásquez-García, a principal research scientist in MIT’s Microsystems Technology Laboratories, who led the new work. “But the way that it’s done opens a very interesting possibility. Our group and many other groups are working to push 3D printing further, to make it possible to print components that transduce, that actuate, that exchange energy between different domains, like solar to electrical or mechanical. We have something that naturally fits into that picture. We have an array of emitters that can be thought of as a dot-matrix printer, where you would be able to individually control each emitter to print deposits of nanofibers.”

Tangled tale

Nanofibers are useful for any application that benefits from a high ratio of surface area to volume—solar cells, for instance, which try to maximize exposure to sunlight, or fuel cell electrodes, which catalyze reactions at their surfaces. Nanofibers can also yield materials that are permeable only at very small scales, like water filters, or that are remarkably tough for their weight, like body armor.

The standard technique for manufacturing nanofibers is called electrospinning, and it comes in two varieties. In the first, a polymer solution is pumped through a small nozzle, and then a strong electric field stretches it out.  The process is slow, however, and the number of nozzles per unit area is limited by the size of the pump hydraulics.

The other approach is to apply a voltage between a rotating drum covered by metal cones and a collector electrode. The cones are dipped in a polymer solution, and the electric field causes the solution to travel to the top of the cones, where it’s emitted toward the electrode as a fiber. That approach is erratic, however, and produces fibers of uneven lengths; it also requires voltages as high as 100,000 V.

Thinking small

Velásquez-García and his co-authors—Philip Ponce de Leon, a former master’s student in mechanical engineering; Frances Hill, a former postdoc in Velásquez-García’s group who’s now at KLA-Tencor; and Eric Heubel, a current postdoc—adapt the second approach, but on a much smaller scale, using techniques common in the manufacture of microelectromechanical systems to produce dense arrays of tiny emitters. The emitters’ small size reduces the voltage necessary to drive them and allows more of them to be packed together, increasing production rate.

At the same time, a nubbly texture etched into the emitters’ sides regulates the rate at which fluid flows toward their tips, yielding uniform fibers even at high manufacturing rates. “We did all kinds of experiments, and all of them show that the emission is uniform,” Velásquez-García says.

To build their emitters, Velásquez-García and his colleagues use a technique called deep reactive-ion etching. On either face of a silicon wafer, they etch dense arrays of tiny rectangular columns—tens of micrometers across—which will regulate the flow of fluid up the sides of the emitters. Then they cut sawtooth patterns out of the wafer. The sawteeth are mounted vertically, and their bases are immersed in a solution of deionized water, ethanol, and a dissolved polymer.

When an electrode is mounted opposite the sawteeth and a voltage applied between them, the water-ethanol mixture streams upward, dragging chains of polymer with it. The water and ethanol quickly dissolve, leaving a tangle of polymer filaments opposite each emitter, on the electrode.

The researchers were able to pack 225 emitters, several millimeters long, on a square chip about 35 mm on a side. At the relatively low voltage of 8,000 V, that device yielded four times as much fiber per unit area as the best commercial electrospinning devices.

Source: Massachusetts Institute of Technology
开发纳米纤维的潜能 
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图为一种新型纤维发射器的扫描电子显微像，显示了边缘的矩形柱阵列结构。 图片由研究人员提供
纳米纤维在多方面拥有巨大的应用潜力，从太阳能电池到水过滤，再到燃料电池。但是到目前为止，在操作上的高昂费用使得它们只能应用于极少数小众领域。 

对于纳米技术，麻省理工大学的研究人员开发出一种新技术，用于生产纳米纤维。这种技术能够使纤维产量提高到原来的四倍，同时减少超过90%的能量消耗。有望高效生产低成本纳米纤维。

“我们展示了一种通过超越艺术状态的电纺技术生产纳米纤维的系统化的方式。”这项新研究的领头人、微系统技术实验室的首席科学家路易斯•费门多说，“但是这种新型的生产方式为纳米纤维的应用提供了无限的可能。我们的团队和其他的团队都在努力的使得3D打印技术有更加长远的发展，让其能够打印出具有将能量在不同形式间，如从太阳能到电能或者机械能，相互转化的组成部件。我们有能够实现愿望的实力。我们拥有一组被认为是点阵式打印机的一系列发射器。你能够单独控制发射器上的每一个发射装置，以打印出纳米纤维物质。”

复杂的经历

纳米纤维应用于任何能够从高表面体积比中获益的创造上，比如说太阳能电池，人们试图提高太阳能电池暴露在阳光下的面积；或者说，在表面催化反应的燃料电池电极。纳米纤维也能够产出在小规模范围内具有过滤性的材料，如水过滤器，或者那些对体积要求极其严苛的材料，如人体盔甲。

操作纳米纤维的标准技术叫做电纺，有两种形式。第一种是这样的：一种高分子溶液被喷嘴喷出来，然后电场将其拉长。该过程很缓慢，然而单位面积喷嘴的数量受限于液压泵的尺寸。

另外的一种方法便是在被金属椎体覆盖下的滚筒和一个收集电极之间使用工作电压。该椎体浸泡在聚合物溶液中，电场使得溶液流到了椎体的顶部，此处溶液被作为纤维来发射到电极处。这种方法是不稳定的，并且生产出的纤维的长度也是参差不齐的；它也要求高达十万伏的电压。

瓦拉斯贝斯•加西尔和论文的共同作者——曾经的机械工程硕士菲力•德•利昂；加西尔小组的前任博士后、现在在科磊（Velásquez-García）工作的弗兰西斯•希尔；现任博士后埃里克•胡贝——都小范围地改进了第二种方法，使用了在微电机系统操作中常用的技术，以生产出密集的小发射器。发射器娇小的体型减少了由于驱动的工作电压，允许更多小发射器的装载，提高了工作效率。

与此同时，一个块状结构被蚀刻在发射器的边缘以控制流体流过尖端的速率，甚至在高制造率下生产统一的纤维。“我们做了各种实验，它们都展示出发射物的一致性。”加西亚说道。

为了建造发射器，加西亚和他的同事们使用一种叫做深反应离子刻蚀的技术。在硅薄片的两面，他们将一系列微型的矩阵排列结构刻蚀进去——数量级为十微米——这会使得两面的喷射更加规律。他们接着切掉薄片的锯齿状物。锯齿状物垂直地立着，他们的底部被浸在混合了去离子水、乙醛和溶解态聚合物所混合形成的溶液中。

当电极被装载到锯齿的对立面且一个工作电压在两者之间工作时，水—乙醛混合液便会向上喷，拖动聚合物链条。水和乙醛迅速溶解，在每一个发射器的另一面留下了一团多聚物的丝状物，留在了电极上。

研究人员能够装载225个发射器，几毫米长，在一块大约35毫米的方形芯片的一面上。在一个相对低的8000伏电压的条件下，这种设备在同样的单位面积上产出四倍产量的纤维，成为最好的商业电纺设备。

来源于：麻省理工大学
E-Material（电子材料）
Researchers make ultrasensitive conductivity measurements
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Linked pairs of nanodisks as seen with a scanning electron microscope. Image: Fangfang Wen/Rice Univ.

Researchers at Rice Univ. have discovered a new way to make ultrasensitive conductivity measurements at optical frequencies on high-speed nanoscale electronic components.

The research at Rice’s Laboratory for Nanophotonics (LANP) is described online in a new study in ACS Nano. In a series of experiments, LANP researchers linked pairs of puck-shaped metal nanodisks with metallic nanowires and showed how the flow of current at optical frequencies through the nanowires produced “charge transfer plasmons” with unique optical signatures.

“The push to continually increase the speed of microchip components has researchers looking at nanoscale devices and components that operate at optical frequencies for next-generation electronics,” said LANP Director Naomi Halas, the lead scientist on the study. “It is not well-known how these materials and components operate at extremely high frequencies of light, and LANP’s new technique provides a way to measure the electrical transport properties of nanomaterials and structures at these extremely high frequencies.”

Halas is Rice’s Stanley C. Moore Professor of Electrical and Computer Engineering and professor of chemistry, bioengineering, physics and astronomy, and materials science and nanoengineering. Her lab specializes in the study of nanoparticles that interact with light. For example, some metallic nanoparticles convert light into plasmons, waves of electrons that flow like a fluid across the particle’s surface. In dozens of studies over the past two decades, LANP researchers have explored the basic physics of plasmonics and shown how plasmonic interactions can be harnessed for applications as diverse as medical diagnostics, cancer treatment, solar-energy collection and optical computing.

One type of plasmonic interaction that Halas’ team has long studied is plasmonic coupling, a kind of interacting dance that plasmons engage in when two or more plasmonic particles are located near one another. For instance, when two puck-shaped plasmonic nanodisks are located near one another, they act like a tiny, light-activated capacitor. When a conducting wire is used to bridge the two, their plasmon energies change and a new resonance called a “charge transfer” plasmon, appears at a distinct frequency.

In the new research, study lead author Fangfang Wen, a Rice graduate student at LANP, examined the optical properties of pairs of bridged nanodisks. When she created plasmons in the pairs, she observed the charge flowing back and forth along the wires at optical frequencies. In examining the charge transfer plasmons in these pairs, she discovered that the electrical current flowing across the junction introduced a characteristic optical signature.

“In the case where a conducting wire was present in the junction, we saw an optical signature that was very different from the case without a wire,” Wen said. Wen then set up a series of experiments where she varied the width and shape of the bridging nanowires and repeated these measurements for nanowires of two different metals, gold and aluminum.

These experiments revealed two key findings. First, at the low end of the conductance scale, she found that even the slightest changes in conductivity resulted in notable optical shifts—a finding that could be particularly interesting for molecular-electronics researchers who are interested in measuring conductivity in structures as small as a single molecule.

“We also found that our platform gave a different optical signature in cases where the level of conductance was the same but the junction material was different,” Wen said. “If we had nanowires with the same conductance that were made of different materials, we saw a different optical signature. If we used the same material, with different geometries, we saw the same signature.”

This specificity and repeatability could also be useful to researchers who might want to use this approach to identify the conductance of nanowires, or other nanoscale electronic components, at optical frequencies. “The optical frequency conductance of most materials is not known,” she said. “This provides a useful and practical method to measure this property.

“To reduce the size of electronics even beyond today’s limits, scientists want to study electron transfer through a single molecule, particularly at extremely high, even optical frequencies,” Wen said. “Such changes cannot be measured using standard electronic devices or instruments that operate at microwave frequencies. Our research provides a new platform for the measurement of nanoscale conductance at optical frequencies.”

Source: Rice Univ.
研究人员进行超敏电导测量 
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将显示的碟状物与扫描电镜相连接。图片：莱斯大学/文方方（音）提供  

莱斯大学的研究人员已经发现了一种在高速纳米级电子元件中进行光频率超敏电导测量的新方法。 

该项在莱斯大学光学实验室（LANP）中的研究的报告刊载于网络版《ACS纳米》杂志。在一系列的实验中，实验室的研究人员将球形金属碟状物与金属纳米线相连接，通过纳米线伴随特别的光学特征产生“电荷转移等离子体激元”，来显示出液体在光频率中流动的形态。

“在继续提高微型芯片元件速率的推动下，研究人员观测了在光频率下操作来产生新一代电子产品的纳米级设备和元件。”实验室主管、该项研究的首席科学家娜奥米•哈拉斯说道，“这些材料和元件如何在高频的光波下运转，这仍然不很为人所知。我们实验室的新技术提供了一种测量纳米材料和这样极高光速频率下的结构的电子传送特性的方法。” 

哈拉斯是莱斯大学斯坦利•C•摩尔教授，以及电子计算机工程、化学、生物工程、物理和航空、材料科学和纳米工程教授。她的实验室专攻与光相互作用的纳米微粒的研究。比如，某些金属纳米粒子将光转化为等离子体或者能够像液体一样在粒子表面流动的电子波。在过去二十年的数十个这样的研究中，LANP的研究人员已经探索了等离子体的基本物理属性好，并且展示了等离子反应如何应用到医学诊断、癌症治疗、太阳能收集和光计算这样的多用途中。

哈里斯小组长期研究的一种类型的等离子体反应是耦合，即一种这样的相互跳跃：当两种或者多种粒子彼此接近时，它们便会参加反应。例如，当两种球形等离子体碟形物彼此靠近时，它们就会表现得像微型的光敏电容一样。当用一根导线将这两者连接到一起的时候，它们的离子能便会发生变化，并且一种新的、被称为“电荷传递”的等离子体共振便会以一种明显不同的频率出现。 

在该项新研究中，论文的第一作者、莱斯大学LANP实验室的研究生文方方（音）检查了桥梁碟形物的光学特性。当她创建对中的等离子体时，她观测到电荷沿着导线以光学频率来回移动。在调查电荷在这些等离子体内传递的过程中，她发现了电流流过连接处时，会带来特征化的光学现象。

“在这个一根导线被放在连接处的现象中，微米看到一个与没放导线非常不同的光学特征。”文方方说。她随机建立了一系列实验，在这些实验中，她改变了桥梁纳米导线的宽度和形状，并重复测量金和铝两种不同金属上的纳米导线。

这些实验展示了两个主要发现。第一个是，在电导称上，她发现即便是电导率上最微小的改变，也会导致明显的光学变化——一项对那些在测量像单个分子那样小的结构的电导率领域感兴趣分子电子学的研究者来说非常有趣的发现。

“我们还发现，我们的平台给予了一个不同的光学特征，以防电导率相同但链接材料不同。”文方方说，“如果我们有用不同材质做成的具有相同电导率的纳米导线，我们看到不同的光学特征。如果我们使用相同的材料，用不同的几何形状，我们将会看到相同的特征。”

这种特异性和可重复性也对那些需要使用这种方法来在光学频率下辨别纳米导线或者其他纳米级电子元件的电导率的研究人员来说，也是有用的。“大多数材料的光学频率电导率是未知的，”她说，“这提供了一种有用且实用的办法，来测量这种特性。”

“为了将电子原件减小到超越目前极限的程度，科学家希望研究通过单一分子的电子传递，特别是在极其高速，甚至光学频率下。”文说，“这样的改变不能使用标准电子设备或者在电波频率下运转的仪器来测量。我们的研究人员为光学频率下纳米级电导率的测量提供了新的平台。”

来源于：莱斯大学 
Toward “green” paper-thin, flexible electronics 
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A new, environmentally friendly paper that glows could lead to sustainable, roll-up electronics. Image: American Chemical Society
The rapid evolution of gadgets has brought us an impressive array of “smart” products from phones to tablets, and now watches and glasses. But they still haven’t broken free from their rigid form. Now scientists are reporting in ACS Applied Materials & Interfaces a new step toward bendable electronics. They have developed the first light-emitting, transparent and flexible paper out of environmentally friendly materials via a simple, suction-filtration method.

Technology experts have long predicted the coming age of flexible electronics, and researchers have been working on multiple fronts to reach that goal. But many of the advances rely on petroleum-based plastics and toxic materials. Yu-Zhong Wang, Fei Song and colleagues wanted to seek a “greener” way forward.

The researchers developed a thin, clear nanocellulose paper made out of wood flour and infused it with biocompatible quantum dots—tiny, semiconducting crystals—made out of zinc and selenium. The paper glowed at room temperature and could be rolled and unrolled without cracking.

Source: American Chemical Society
“环保型”如纸般薄的柔性电子产品的发展  
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一种新的发出微弱而稳定的光的环保型纸张，可用于产生卷起的可持续电子产品。图片：美国化学学会

小工具的迅速发展为我们带来了一系列令人印象深刻的“智能”产品，从手机到平板电脑，再到现在的手表和眼镜。但是它们仍然未能摆脱它们的僵化形式。现在，科学家们在《ACS应用材料与界面》上报告了向可弯曲电子产品发展的一个新的阶段。他们已经运用环保材料通过一种简单的吸滤方法研制出了第一个会发光的、透明的并且具有柔性的纸张。

技术专家们早就预测了柔性电子产品的时代的到来，并且研究人员们一直都在多个方面进行着努力，以实现这一目标。但是，许多进步都依赖于以石油为基础的塑料和有毒物质。王玉忠（音）、宋飞（音）及其同事们想要寻求一种“更加环保”的出路。

研究人员开发出一种用木粉制造成的薄的、清晰的纳米纤维素纸张，并且对其注入了由锌和硒制造而成的生物相容性量子点——微小的半导体晶体。该纸张在室温下闪着光，并且能够卷起和展开，而不会发生开裂。

资料来源：美国化学学会

First room-temperature magnetic skyrmion bubbles created 
New ideas are bubbling up for more efficient computer memory.

Researchers at UCLA and the U.S. Department of Energy’s Argonne National Laboratory announced a new method for creating magnetic skyrmion bubbles at room temperature. The bubbles, a physics phenomenon thought to be an option for more energy-efficient and compact electronics, can be created with simple equipment and common materials.

Skyrmions, discovered just a few years ago, are tiny islands of magnetism that form in certain materials. If you wrapped one up into a sphere, its magnetic fields would point away in all different directions—so they stay in neat little packages and don’t unravel easily.

Scientists found they could prod these skyrmions to move using electric currents, and an idea was born: could we use them to represent 1s and 0s in computer memory?

Transistors, which form the basis of today’s computing, are tiny devices that stop the flow of electric current (off and on, 1 and 0). But there’s a limit to how small we can make them, and we’re running up against it. Scientists want to find a way to create 1 and 0 by using physics phenomena that don’t actually change the atomic structure of the material—for example, making a line of skyrmions that could be read as 1s (skyrmion) and 0s (no skyrmion). 

But the only way we knew how to make new individual skyrmion bubbles on demand was at very, very low temperatures (below -450 degrees Fahrenheit) with expensive equipment like spin-polarized scanning tunneling microscopes—not practical for making consumer devices like laptops, and not even easy for most scientists to make so they could study them.

“Our new method is the simplest way to generate skyrmion bubbles thus far,” said Argonne postdoctoral researcher Wanjun Jiang, the first author on the study.

The team used a geometric structure to “blow” the bubbles into shape in a very thin film. Using the Center for Nanoscale Materials, a DOE Office of Science user facility at Argonne, they built a constricted wire out of a three-layered structure in which a tiny layer of magnetic material is sandwiched between tantalum and tantalum-oxide layers.

Long stripes of magnetic domains appear in the magnetic material on one side of a tiny channel. When the scientists applied an electric current to the metal layers, the stripes stretched through the channel and broke into tiny spherical skyrmion bubbles on the other side—much like how children blow soap bubbles.

By running a smaller electric current through the system, they could make the skyrmions move.

“These aren’t exotic materials—they’re widely used already in the magnetics industry,” said Argonne materials scientist Axel Hoffmann, the corresponding author on the paper. The electric current needed to move the skyrmions is much lower than what’s used in other experimental memory alternatives, like racetrack memory, he said.

“With this system we can explore many of the theoretical ideas on skyrmion physics that have been proposed over the past few years,” said Argonne physicist Suzanne G.E. te Velthuis, who co-authored the study. 

“We think this method could apply to many more materials,” Jiang said. “This opens many new opportunities for the future.”

The study, “Blowing Magnetic Skyrmion Bubbles,” was published on June 12 in Science Express. The research was supported by the U.S. Department of Energy’s Office of Science, Basic Energy Sciences, Materials Science and Engineering, and by the National Science Foundation. The Center for Nanoscale Materials is a DOE Office of Science user facility.

SOURCE: Argonne National Laboratory
首次室温下产生的斯格明子(skyrmion)磁性粒子泡 

新设想目的，是实现更高效的计算机内存。

美国加州大学洛杉矶分校（UCLA）和美国能源部的阿贡国家实验室的研究人员宣布了一种在室温下产生斯格明子(skyrmion)磁性粒子泡的新方法。斯格明子泡被认为是一种能产生更高效紧凑电子的物理现象，可以用简单设备和常用材料制成。

斯格明子是于近几年才发现的，是一种在特定材料中构成的磁性粒子。如果将一个斯格明子插入其聚合体中，该斯格明子的磁域会指向不同的方向——所以斯格明子可以紧凑的结合在一起，不会被轻易解开。 

科学家们发现，它们可以通过电流使斯格明子移动，于是一个设想横空出世：能否用斯格明子来代替计算机存储中的1和0？

晶体管，作为现今计算机的基础，是一种阻止电流流动（关和开分别代表1和0）的微小装置。但晶体管的大小一直存在一个极限，而人们不断试图制作更小的晶体管。科学家们设法利用物理现象而实际上不改变材料的原子结构——例如，可以使用一列斯格明子作为1（有斯格明子）和0（没有斯格明子）——来创造出计算机存储的1和0。

但目前人们制作符合要求的单一斯格明子泡只能在极低、极低的温度下（低于-450华氏度）进行，使用昂贵的设备，如自旋极化扫描隧道显微镜——这对于笔记本等消费级设备并不实际，同时也不利于大多数科学家对此进行研究。

“我们的方法是目前生成斯格明子泡最简单的方法，”该研究的第一作者、阿贡国家实验室的博士后研究员姜万军（Wanjun Jiang，音）称。

研究小组利用一种几何结构将斯格明子泡“吹”成一层薄膜。在纳米材料研究中心，即阿贡用户设施的能源部办公室，他们在钽及钽氧化物层之间夹着一层磁性材料的三层结构中制成了一条窄线。

长条磁域出现在磁性材料中一条小通道的一侧。当科学家将电流通过金属层后，磁域穿过通道延伸并在另一边破碎成微小的球形斯格明子泡，很像孩子吹肥皂泡。

在系统中通过一个较小的电流就可以使斯格明子移动。

本文的通讯作者、阿贡材料科学家Axel Hoffmann称：“这不是什么特殊的材料——斯格明子已经广泛应用于磁性粒子行业。”他还表示，移动斯格明子所需的电流比其他的实验性内存，例如赛道内存低得多。

“有了这个系统，我们可以对过去几年提出的许多关于斯格明子的理论进行研究，”该研究的共同作者、阿贡物理学家Suzanne G.E. te Velthuis表示。

“我们认为，这种方法能适用于更多的材料，”姜（Jiang）称。“这为未来创造了许多新机遇。”

题为“制作磁性斯格明子泡”（Blowing Magnetic Skyrmion Bubbles）的研究报告刊载于六月十二日的《科学快讯》（Science Express）。该研究得到了美国能源部科学办公室、基础能源科学办公室、材料科学与工程办公室，及美国国家科学基金会的支持。纳米材料研究中心是美国能源部科学办公室一个用户机构。

来源：美国阿贡国家实验室 
MCanxixun Information and News Service
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