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Tech News & New Tech（技术前沿）
Silly Putty material inspires better batteries

Using a material found in Silly Putty and surgical tubing, a group of researchers at the Univ. of California, Riverside Bourns College of Engineering have developed a new way to make lithium-ion batteries that will last three times longer between charges compared to the current industry standard.

The team created silicon dioxide (SiO2) nanotube anodes for lithium-ion batteries and found they had over three times as much energy storage capacity as the carbon-based anodes currently being used. This has significant implications for industries including electronics and electric vehicles, which are always trying to squeeze longer discharges out of batteries.

“We are taking the same material used in kids’ toys and medical devices and even fast food and using it to create next generation battery materials,” said Zachary Favors, the lead author of a just-published paper on the research.

The paper, “Stable Cycling of SiO2 Nanotubes as High-Performance Anodes for Lithium-Ion Batteries,” was published online in the journal Nature Scientific Reports.

It was co-authored by Cengiz S. Ozkan, a mechanical engineering professor, Mihrimah Ozkan, an electrical engineering professor, and several of their current and former graduate students: Wei Wang, Hamed Hosseinni Bay, Aaron George and Favors.

The team originally focused on silicon dioxide because it is an extremely abundant compound, environmentally friendly, non-toxic, and found in many other products.

Silicon dioxide has previously been used as an anode material in lithium ion batteries, but the ability to synthesize the material into highly uniform exotic nanostructures with high energy density and long cycle life has been limited.

There key finding was that the silicon dioxide nanotubes are extremely stable in batteries, which is important because it means a longer lifespan. Specifically, SiO2 nanotube anodes were cycled 100 times without any loss in energy storage capability and the authors are highly confident that they could be cycled hundreds more times.

The researchers are now focused on developed methods to scale up production of the SiO2 nanotubes in hopes they could become a commercially viable product.

The research is supported by Temiz Energy Technologies.

Source: Univ. of California, Riverside
橡皮泥材料启发人们制造更好的电池

利用制造橡皮泥和手术油管的一种材料，一组来自加州大学滨江伯恩斯工程学院的研究人员开发出了一种新的方式，它能够使锂离子电池与目前的行业标准相比，充电之间所持续的时间长出三倍。 

该小组为锂离子电池创造了二氧化硅（SiO2）纳米管阳极，并且它们的能量存储容量是目前所使用的碳阳极的三倍以上。这对包括电子产品和电动汽车在内的行业具有显著影响，这些行业总是想办法挤压出更长的电池放电时间。

“我们采用的是孩子玩具中及医疗设备，甚至是快餐中所使用的同一种材料，并且运用它来创造下一代电池材料，”该研究刚刚发表的论文的首席作者扎卡里•费佛斯表示。

这篇名为“二氧化硅纳米管作为锂离子电池的高性能负极材料具有循环稳定性”（Stable Cycling of SiO2 Nanotubes as High-Performance Anodes for Lithium-Ion Batteries）的论文发表于《自然科学报告》杂志的网络版。

论文是由机械工程教授森吉兹S•厄兹坎、电气工程教授米赫里马赫•厄兹坎、以及几个他们现任及前任的研究生：王炜（音译）、哈米德•赫萨尼•贝、乔治•亚伦和弗沃斯共同撰写的。

该小组最初锁定二氧化硅是因为它是一个非常丰富的、环保的、无毒的复合物，且存在于许多其他产品中。

二氧化硅之前也曾被用作锂离子电池的阳极材料，但是将该材料与具有高能量密度和长循环寿命的高度均匀的奇异纳米结构相结合的能力一直受到限制。

该研究重要的发现是，二氧化硅纳米管在电池中非常稳定，这是很重要的，因为这意味着更长的寿命。具体来说，二氧化硅纳米管阳极在不对能量存储能力造成任何损失的情况下能够循环100次，并且作者们对于它们能名被循环数百次以上非常有信心。

研究人员目前正专注于开发一种扩大二氧化硅纳米管生产的方法，以此希望它们能够成为一个商业上可行的产品。

这项研究受到了Temiz能源技术公司的支持。

资料来源：加州大学河滨分校
A new way to make sheets of graphene
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Illustrated here is a new process for making graphene directly on a nonmetal substrate. First, a nickel layer is applied to the material, in this case silicon dioxide (SiO2). Then carbon is deposited on the surface, where it forms layers of graphene above and beneath the SiO2. The top layer of graphene, attached to the nickel, easily peels away using tape (or, for industrial processes, a layer of adhesive material), leaving behind just the lower layer of graphene stuck to the substrate. Image courtesy of the researchers
Graphene’s promise as a material for new kinds of electronic devices, among other uses, has led researchers around the world to study the material in search of new applications. But one of the biggest limitations to wider use of the strong, lightweight, highly conductive material has been the hurdle of fabrication on an industrial scale.

Initial work with the carbon material, which forms an atomic-scale mesh and is just a single atom thick, has relied on the use of tiny flakes, typically obtained by quickly removing a piece of sticky tape from a block of graphite—a low-tech system that does not lend itself to manufacturing. Since then, focus has shifted to making graphene films on metal foil, but researchers have faced difficulties in transferring the graphene from the foil to useful substrates.

Now researchers at Massachusetts Institute of Technology (MIT) and the Univ. of Michigan have come up with a way of producing graphene, in a process that lends itself to scaling up, by making graphene directly on materials such as large sheets of glass.

The process is described, in a paper published in the journal Scientific Reports, by a team of nine researchers led by A. John Hart of MIT. Lead authors of the paper are Dan McNerny, a former MIT postdoctoral researcher who is now at Michigan, and Viswanath Balakrishnan, a former MIT postdoctoral researcher who is now at the Indian Institute of Technology.

Currently, most methods of making graphene first grow the material on a film of metal, such as nickel or copper, says Hart, the Mitsui Career Development Associate Professor of Mechanical Engineering. “To make it useful, you have to get it off the metal and onto a substrate, such as a silicon wafer or a polymer sheet, or something larger like a sheet of glass,” he says. “But the process of transferring it has become much more frustrating than the process of growing the graphene itself, and can damage and contaminate the graphene.”

The new work, Hart says, still uses a metal film as the template—but instead of making graphene only on top of the metal film, it makes graphene on both the film’s top and bottom. The substrate in this case is silicon dioxide, a form of glass, with a film of nickel on top of it.

Using chemical vapor deposition (CVD) to deposit a graphene layer on top of the nickel film, Hart says, yields “not only graphene on top [of the nickel layer], but also on the bottom.” The nickel film can then be peeled away, leaving just the graphene on top of the nonmetallic substrate.

This way, there’s no need for a separate process to attach the graphene to the intended substrate—whether it’s a large plate of glass for a display screen, or a thin, flexible material that could be used as the basis for a lightweight, portable solar cell, for example. “You do the CVD on the substrate, and, using our method, the graphene stays behind on the substrate,” Hart says.

In addition to the researchers at Michigan, where Hart previously taught, the work was done in collaboration with a large glass manufacturer, Guardian Industries. “To meet their manufacturing needs, it must be very scalable,” Hart says. The company currently uses a float process, where glass moves along at a speed of several meters per minute in facilities that produce hundreds of tons of glass every day. “We were inspired by the need to develop a scalable manufacturing process that could produce graphene directly on a glass substrate,” Hart says.

The work is still in an early stage; Hart cautions that “we still need to improve the uniformity and the quality of the graphene to make it useful.” But the potential is great, he suggests: “The ability to produce graphene directly on nonmetal substrates could be used for large-format displays and touch screens, and for ‘smart’ windows that have integrated devices like heaters and sensors.”

Hart adds that the approach could also be used for small-scale applications, such as integrated circuits on silicon wafers, if graphene can be synthesized at lower temperatures than were used in the present study.

“This new process is based on an understanding of graphene growth in concert with the mechanics of the nickel film,” he says. “We’ve shown this mechanism can work. Now it’s a matter of improving the attributes needed to produce a high-performance graphene coating.”

Source: Massachusetts Institute of Technology
制造石墨烯薄片的新方法
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这里要说的是在非金属基材上直接制作石墨烯的新方法。首先，将镍层添加到二氧化硅（SiO 2）材料上。然后碳就会堆积在表面，并形成石墨烯上层和SiO2下层。附着于镍上的石墨烯上层很容易使用晶带（在工业生产过程中使用的是层间粘接材料）进行剥离，使石墨只留下下层基板。图片来自于研究人员

石墨烯作为新类型电子设备及其他用途的制作材料的前景，已推动世界各地研究人员去研究该材料新的应用。但限制这种强、轻、高导材料的广泛使用的限制，一直都阻碍了大规模的工业制造。

使用这种碳材料可以形成一个原子尺度的网格，并且其只有单原子那么厚，需要依靠微小薄片；一般是通过快速从大块石墨上取出一块粘带获得——这种制作科技太低端，以至于其并不适合于该类制造。从那时起，（研究人员的）重点已经就转向在金属箔上制造石墨烯薄膜，但是研究人员面临着怎么从石墨薄膜上转移到有用基板上的困难。

现在，美国麻省理工学院（MIT）和密歇根大学的研究人员已经提出了生产石墨烯的一种方法，这个过程适用于直接在如大张玻璃等材料上制作石墨烯，并且可以规模性生产。

该论文发表在《科学报告》杂志上，作者是麻省理工学院A. John Hart领导的九人研究团队。该论文的主要作者是麻省理工学院前博士后研究员、现任职于密歇根大学的Dan McNerny，以及维斯瓦纳特维文——之前是麻省理工学院博士后研究员、现任职于印度技术研究所。

目前，制作石墨烯首先是在金属薄膜上长出镍或铜等物质，机械工程三井职业发展副教授哈特说。“为了有用，你必须在金属上取下它并装在基板上，如硅晶片、聚合物或像玻璃板更大的物体，”他说。“但它的转移过程已经变得比石墨烯本身的生长过程更加令人沮丧，并且还可能会损害和污染石墨烯。”

哈特说，这项新的研究依然采用了金属膜作为模板，但不是将石墨烯置在金属膜之上，而是让它位于薄膜的顶部和底部。在该研究中，基底为二氧化硅——玻璃的一种形式，而镍在它的顶膜上。 

哈特说，利用化学气相沉淀（CVD）将石墨烯层置于镍膜上，会使得“石墨烯不仅在[镍层]上部，而且也在底膜上”。然后，镍薄膜可以剥离消失，仅留下非金属基底顶部的石墨烯。

这样一来，就没有必要作为一个单独的过程将石墨烯添加到期望的基底上——无论它是一个用以显示的大平板玻璃，还是可以用来为轻质便携太阳能薄膜作基底的柔性薄材等。“使用我们的方法在基底上进行CVD过程的话，石墨烯就会留在基底上，”哈特说。

此外，曾任教于密歇根州的研究人员哈特，与一家大型玻璃制造商嘉德工业（Guardian Industries）合作完成了该项工作。“为了满足其生产需求，它必须是非常灵活的，”哈特说。公司目前采用的浮法工艺，可以让玻璃按每分钟数米的速度移动；设备每天会产生数百吨玻璃。“激发我们进行研究的是，我们需要开发一种可扩展性制造工艺，直接在玻璃基板上制作石墨烯，”哈特说。 

这项研究工作还处于早期阶段；哈特警告说，“我们仍然需要提高石墨烯的均匀性和质量”，但由于潜力很大，所以他建议：“直接在非金属基材上生产石墨烯的能力，可用于大尺寸显示器和触摸屏的生产，还可以生产集成像加热器和有传感器的智能窗户”。

哈特补充说，也可以将这种方法用于小规模生产，例如硅晶片上的集成电路，但前提是，在较低温度下石墨烯可以进行本研究中所使用的合成方法。 

“这种新工艺源于对石墨烯生长过程中镍膜力学性质的理解，”他说。“我们已经证明这个进程可以正常运作。现在需要的是改进生产高性能石墨烯涂层时的物理属性。”

来源：麻省理工学院
Solving a mystery of thermoelectrics
New analysis explains why some materials are good thermal insulators while similar ones are not.

Materials that can be used for thermoelectric devices — those that turn a temperature difference into an electric voltage — have been known for decades. But until now there has been no good explanation for why just a few materials work well for these applications, while most others do not. Now researchers at MIT and elsewhere say they have finally found a theoretical explanation for the differences, which could lead to the discovery of new, improved thermoelectric materials.

The findings — by MIT graduate student Sangyeop Lee; Gang Chen, the Carl Richard Soderberg Professor of Power Engineering; and four others — are reported this week in the journal Nature Communications.

For thermoelectric applications, Chen explains, “It is important to find a material with low thermal conductivity” — since thermoelectrics work by maintaining a temperature difference from one side of a device to the other. If a material conducts heat well, then heat leaks quickly from the hot side to the cold side, reducing its efficiency in converting heat to electricity. But predicting which materials have low conductivity — which is to say, those that are good thermal insulators — has proved elusive.

For example, some compounds that are good insulators are made up of elements similar to those found in other compounds that are not good insulators at all. “Why,” Chen wondered, “does one material have a low thermal conductivity, while another that is very similar does not?”

The solution to the puzzle turned out to come from work in other areas, including research to understand a different class called phase-change materials. These are being studied as a potential basis for computer memory devices that would retain information even when power is switched off. Phase-change materials change from an orderly, crystalline structure to a disordered structure in response to a change in temperature; they can then be switched back again with another temperature change.

Analysis of phase-change materials showed that they work because of a particular kind of chemical bonding, called resonant bonding — a type of bond in which electrons flip back and forth between several adjacent atoms. While resonant bonds’ effects on electrical and optical properties have been studied, nobody had previously examined their effect on thermal properties, Lee says.

“There is little communication between people doing phase-change research and those doing thermoelectric research,” Lee says. Interdisciplinary meetings at MIT helped lay the foundation for this research, he says: “This is an example where communication between people with different backgrounds can lead to new opportunities and boost understanding.”

It turns out that electrons’ “flipping” in resonant bonding leads to long-range interactions among their atoms, Chen says — producing the material’s low thermal conductivity.

Using first-principles calculations to account for such behavior with resonant bonding, Lee was able to demonstrate that this effect could explain known discrepancies between similar materials that of low and high thermal conductivity.

“We found some general rules which can be used to explain other materials,” Lee says.

This could lead to the discovery of new kinds of materials that also have very low thermal conductivity.

That, however, is just “one piece of the puzzle,” Chen says: In order to be useful for thermoelectric devices, a material must combine low thermal conductivity with high electrical conductivity. Figuring out which materials possess that combination of characteristics will require further research, he says.

David Broido, a professor of physics at Boston College who was not connected with this study, says that certain materials have long been known to have low thermal conductivity, “but the underlying reasons for this could not be explained by conventional theories of heat flow.” Now, this new research by Lee and Chen and their team “provides, for the first time, an explanation to this decades-old mystery.”

Broido says, “This paper thus gives new insight and fundamental understanding into the nature of heat flow in materials, and it also provides a new paradigm that opens the door” in the search for for new materials for both thermoelectric energy conversion and phase-change memory applications.

The work, which also included researchers at Rutgers University and at the University of Notre Dame, was partly supported by the U.S. Department of Energy, through the Solid State Solar-Thermal Energy Conversion Center, and by the Department of Defense.
解决热电学之谜

新的研究解释了为什么一些材料热绝缘性好但一些相似的材料却不具有这种性能。

用于热电设备的材料会随着电压而发生温度变化，这点早已为人所知。但至今没有合理的解释为什么仅极少材料能在这种应用下正常工作，而大多数材料都不能这样工作。MIT和其他研究者说他们为这种区别找到了理论上的解释，这种解释有助于新型改良热电材料的发现。

由MIT研究生Sangyeop Lee,Gang Chen和动力工程教授Carl Richard Soderberg提出的这项发现本周已经在《自然通信》杂志上报道。

对于热电应用，陈解释，“找到低热导率的材料很重要”，因为热电学工作就是从一个设备到另一个设备时维持温度的变化。如果材料的导热性很好，从热的区域到冷的区域热量就会很快消散，这样就降低了热电转换的效率。但是要预测哪种材料有较低的导电率，即有较好的热绝缘性，是很难做到的。

比如，一些有好的绝缘性的化合物的组成元素和那些绝缘性较差的化合物的组成成分是相似的。“为什么一种材料能有低的热电导率，而与之非常相似的另一种材料却没有这种性能呢？”陈质疑道。

这个困扰的解决办法来自于其他领域的研究，包括理解不同类的相变材料。这些相变材料的学习作为计算机存储设备能断电保持信息的一种潜在的基础。相变材料随温度变化从一种有序的晶体结构变为一种无序的结构，当在另一种温度下又能转换回去。

相变材料的分析表明这些反应是因为一种特殊的化学键结，共振键，共振键中电子在几个邻近的原子间前后移动。然而，共振键的在光电特性下的作用还在研究中，没有人试验过它们在热学特性下的作用，李说，“相变研究工作者和热电学工作者几乎没有交流”，MIT的交叉学科会议为这种研究奠定了基础，“这是一个例证，让研究背景不同的人们相互交流能促进新的机会并且加深对研究的理解。”

电子在共振键中的“翻转”被证明促进了原子间的远程交互，陈说——（这样就）形成了材料的低热传导率。

用第一性原理计算来解释共振键的这种行为，李表示这种作用可以解释相似材料高低热传导率的差异。

“我们发现一些可以用于解释其他材料的一般规律”，李说。

这能促进有着很低热传导率的新型材料的发现。

然而，这只是“冰山一角”，陈说，为了有效用于热电学设备，这种材料必须结合高低热传导率。搞清楚哪种材料处理结合了这样的特性这需要更进一步的研究，他说。

波士顿大学的物理教授，David Broido，并没有接触过这项研究，他说，某些材料早就知道了有着低热传导率，但是这个问题潜在的原因并不能用传统热流理论来解释。现在，这项研究由李和陈和他们的团队“首次，为数十年之谜提供一个解释”。

Broido说，“这篇文章给出了新的见解和对材料的热流性质的基础理解，同时它（在为热电能量转换和相变记忆应用寻找新材料上）提供了一个打开大门的新范例”。这项工作，包括格罗斯大学和圣母大学的研究工作，由美国能源部通过固态太阳能热能量转换中心，以及国防部赞助。
Metal Alloy（金属合金）
Indium Corporation – Development of SACm Soldering Alloy

Introduction
Pb-free (lead-free) alloys are a type of SAC alloys that have a remarkable trade-off between drop testing and thermal cycling. These SAC alloys are also significantly inferior to SnPb with respect to drop test performance. In order to overcome this issue, Indium Corporation has developed a new type of soldering alloy called SACm. This alloy contains 0.5 to 1.0% Cu, 0.5 to 1.0% Ag, 97.5 to 98.5% Sn, and dopant levels of Mn. SACm offers the optimal balance of drop test against thermal cycling and cost against reliability (Figure 1 and 2). Table 1 shows the basic material properties of SACm.
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Figure 1. Drop testing vs. thermal cycling.
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Figure 2. Cost vs. reliability.
Table 1. SACm Basic Material Properties
	 
	SACm™
	SAC105
	SAC305

	Melting Point
Solidus °C
Liquidus °C
	217
226
	217
225
	217
220

	Tensile Strength (PSI)
	5625
	5640
	7200

	Yield Strength (PSI)
	3590
	3359
	5289

	Young's Modulus (KSI)
	2110
	2150
	2410

	Elongation (%)
	15.7
	13.4
	19.3


Features and Benefits of SACm
SACm is suitable for miniaturized components and fine-pitch assembly, and is designed specifically for CSP, 01005, and 0201 components. The alloy offers excellent print transfer via small apertures with area ratios of <0.66, and provides long stencil life and forgiving response-to-pause. In addition, high component retention tack prevents components from shifting. The SACm has a wide process window for flexible reflow profiling and facilitates optimal wetting to all common surface finishes. It has low voiding (<5%) for BGAs with via-in-pad technology.
JEDEC Drop Test Performance
Although reducing the Ag content of standard SAC solders helps in improving their drop test performance, they are far inferior when compared to that of SnPb solders. SACm, in turn, enhances the drop test performance and considerably outperforms conventional SAC solders and, in many cases, also exceeds the SnPb standard. Figures 3a and 3b demonstrate the drop test performance of SnPb, SAC105, SAC305, and SACm alloys.
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Figure 3a. JEDEC Drop Test: Characteristic Life (TFBGA)
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Figure 3b. JEDEC Drop Test: First Failure (TFBGA)

*Testing conditions:

·Test conditions – JESD22-B11

·Components – 0.5mm pitch BGA

·PCB – 8 layer FR4 with OSP finish

Thermal Cycling
SACm significantly outperforms SAC105 and is on a par with SAC305 alloy, unlike conventional low Ag alloys which usually suffer from reduced thermal cycling performance.
Testing conditions:
·Components – 0.5mm pitch BGA

·PCB – 8 layer FR4 with OSP finish
For pre-conditioning, the SACm is baked at 150°C for 100 hours and again baked at 150°C for 250 hours. Test conditions range from -40°C to +125°C at 42 min/cycle. Figures 4a and 4b illustrate the thermal cycling performance of SnPb, SAC105, SAC305, and SACm alloys.
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Figure 4a. Thermal Cycling: Characteristic Life (TFBGA)
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Figure 4b. Thermal Cycling: First Failure (TFBGA)
Working Principle of SACm
The inclusion of Mn impacts the structure of solder grain and thus improves reliability. It also slows the intermetallic growth to reduce reliability following aging. Additionally, SACm does not deteriorate in shear testing after aging, thanks to its stable intermetallic growth (Figure 5).
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Figure 5. Aging conditions of SACm and SAC105.
Cross sections (Figure 6) before and after aging confirms the slower intermetallic growth of SACm when compared to that of SAC305 and SAC105.
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Figure 6. Fresh samples (top); aging at 150°C for 100 hrs (bottom).

Conclusion
SACm soldering alloy is suitable for miniaturized components and fine-pitch assembly. It resists voiding and delivers excellent printing performance and robust reflow performance.
铟泰公司 - SACm焊接合金的发展

简介 

无铅合金是在跌落测试和热循环之间达到显着权衡的一种SAC合金。这些SAC合金在跌落试验性能方面显著逊色于锡铅合金。为了克服这个问题，铟泰公司（Indium Corporation）已经开发出一种被称为SACm的新型钎焊合金。该合金含掺杂了0.5〜1.0％的Cu、0.5〜1.0％的Ag、97.5〜98.5％的Sn和Mn。SACm达到了跌落试验和热循环及成本可靠性的最佳平衡（图1和2）。表1示出SACm材料的基本性质。
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图1. 跌落测试与热循环对比。 
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图2. 成本与可靠性对比。 

表1 SACm基本材料特性 

	 
	SACm™
	SAC105
	SAC305

	熔点

固相线 °C
液相线 °C
	217
226
	217
225
	217
220

	抗张强度 (PSI)
	5625
	5640
	7200

	抗屈强度 (PSI)
	3590
	3359
	5289

	杨氏模量 (KSI)
	2110
	2150
	2410

	延伸率 (%)
	15.7
	13.4
	19.3


SACm的优势及特点

SACm适用于小型化元件和细间距装配，并专用于CSP、01005和0201元件的设计。该合金通过小于0.66面积比的小孔提供了出色的打印传输，并提供了耐用的模具和可容忍的响应-暂停。另外，高组件稳定粘性可以防止元件移位。该SACm公司具有很宽的灵活回流曲线工艺窗口，能为所有表面磨光提供最优质的焊料浸润。它通过式垫技术用于BGA时具有低孔洞（<5％）的特征。 

JEDEC跌落测试性能 

虽然降低标准SAC焊料中的银含量，有助于改善他们的跌落测试性能，但与锡铅焊料相比时，他们的性能都远远不及。SACm却提高了跌落试验性能、显著优于传统的SAC焊料，并且在许多情况下也超过了锡铅的标准。图3a和3b展示的是SnPb、SAC105、SAC305和SACm合金的跌落试验性能。

图3a. JEDEC的跌落测试：特征寿命（TFBGA） 
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图3b. JEDEC的跌落测试：第一次失败（TFBGA） 
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*测试条件： 

•测试条件 - JESD22-B11 

•组件 - 0.5mm间距BGA 

•印刷电路板 - OSP磨光处理的8层FR4

热循环 

SACm显著优于SAC105，并可与SAC305合金相提并论，它不像传统的低银合金那样通常会降低热循环性能。 

测试条件： 

•组件 - 0.5mm间距BGA 

•印刷电路板 – OSP磨光处理的8层FR4

在预处理中，SACm在150℃下烘烤100小时，然后再次在150℃下烘烤250小时。测试条件为-40°C至+125°C，42分钟/周期。图4a和4b示出的是SnPb、SAC105、SAC305和SACm合金的热循环性能。 

图4a. 热循环：特征寿命（TFBGA） 
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图4b. 热循环：第一次失败（TFBGA） 

[image: image16.jpg]Thermal Cycles
g8

Thermal Cycling: First Failure (TFBGA)
mm Fresh mm After Aging 150°C for 250 Hours |

SnPb SAC105 SAC305 SACm™




SACm的工作原理

加入锰会影响焊料颗粒的结构，从而提高其可靠性。这也减缓了金属间生长，从而减少老化的可能性。此外，SACm不会在剪切测试老化后恶化，这要归功于其稳定的金属间增长（见图5）。 

图5.  SACm和SAC105老化的条件。
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与SAC305和SAC105相比，老化之前和之后的SACm横截面对比（图6）证实内金属间生长较慢。 

图6. 新样品（顶部）；在150℃下老化100小时（底部）。 
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结论 

SACm焊接合金适用于小型化元件和细间距装配。它能抵抗老化无效，并具有出色的打印性能和强大的回流性能。
Scientists use nanoparticles to control growth of materials

[image: image19.jpg]



An aluminum-bismuth alloy without the introduction of nanoparticles (left, at 500 microns), and after nanoparticles were introduced before the alloy is cooled (right, at 50 microns).
Growth is a ubiquitous phenomenon in plants and animals.

But it also occurs naturally in chemicals, metals and other inorganic materials. That fact has, for decades, posed a major challenge for scientists and engineers, because controlling the growth within materials is critical for creating products with uniform physical properties so that they can be used as components of machinery and electronic devices. The challenge has been particularly vexing when the materials' molecular building blocks grow rapidly or are processed under harsh conditions such as high temperatures.

Now, a team led by researchers from the UCLA Henry Samueli School of Engineering and Applied Science has developed a new process to control molecular growth within the "building block" components of inorganic materials. The method, which uses nanoparticles to organize the components during a critical phase of the manufacturing process, could lead to innovative new materials, such as self-lubricating bearings for engines, and it could make it feasible for them to be mass-produced.

The study was published May 9 in the journal Nature Communications.

Xiaochun Li, UCLA's Raytheon Chair in Manufacturing Engineering and the principal investigator on the research, compared the new process to creating the best conditions for plants to grow in a garden.

"In nature, some seeds sprout earlier than others and the plants grow larger, preventing nearby sprouts from growing by blocking their access to nutrients or sunshine," said Li, who also is a professor of mechanical and aerospace engineering. "But if the earlier plants are on a controlled diet that limits their growth, the other plants will have a better chance to be healthy—maximizing the yield in the garden.

"We are doing this on a nanoscale, controlling growth at the atomic level by physically blocking agents of growth to obtain high-performance materials with uniformity and other desired properties. It is like an atomic diet control for material synthesis."
The method uses self-assembling nanoparticles that rapidly and effectively control the materials' building blocks as they form during the cooling—or growth—stage of the manufacturing process. The nanoparticles are made of thermodynamically stable materials (such as ceramic titanium carbonitride) and are added and dispersed using an ultrasonic dispersion method. The nanoparticles spontaneously assemble as a thin coating, significantly blocking diffusion of the materials.

The technique is effective for both inorganic and organic materials.

In their study, researchers demonstrated the method could be used for aluminum-bismuth alloys. Normally, aluminum and bismuth—like oil and water—cannot be completely mixed. Although they can be temporarily combined under high heat, the elements separate when the mixture is cooled, resulting in an alloy with uneven properties. But, using the nanoparticle-controlled process, the UCLA-led team created a uniform and high-performing aluminum-bismuth alloy.

"We are controlling the nucleation and growth during the solidification process in order to obtain uniform and fine-size microstructures," said Lianyi Chen, the lead author of the study and a postdoctoral scholar in mechanical and aerospace engineering. "With incorporation of nanoparticles, the aluminum-bismuth alloy exhibits 10 times better performance in terms of reducing friction, which can be used to make engines with significantly improved energy efficiency."

Li said the new approach will prove useful in a broad array of applications, possibly including efforts to limit the growth of cancer cells.

Other contributors to the research include Jiaquan Xu, a UCLA engineering graduate student; Hongseok Choi and Hiromi Konishi, former postdoctoral scholars advised by Li while he was on the faculty of the University of Wisconsin – Madison; and Song Jin, a professor of chemistry at Wisconsin.

The research was funded by the National Institute of Standards and Technology.

Source: Univ. of California, Los Angeles
科学家利用纳米颗粒控制材料生长
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左图为没有加入纳米粒子的铝铋合金（500微米）；右图为加入纳米粒子后、合金冷却之前（50微米）。 

生长是在植物和动物界中都无处不在的现象。

但生长也发生在化学品中，如金属和其他无机材料等。几十年来，这一事实已经成为科学家和工程师的重大挑战，因为控制材料内部生长对于创建具有均匀物理性能的产品而言是至关重要的，因为这样它们才能用作机械和电子设备组件。我们对面对的挑战伤透脑筋，尤其是在遇到如高温等恶劣条件下材料的分子构建如何快速增长等问题时。

现在，由加州大学洛杉矶分校Henry Samueli工程和应用科学学院的研究人员领导的科研团队，已经开发出一种新工艺，使得我们能在无机材料的“基础材料”组分中控制分子的增长。该方法在制备过程的关键阶段使用纳米颗粒以整合组分，并可能创造如发动机的润滑轴承等的新材料，进而可用于大规模生产。 

这项研究结果发表于5月9日的《自然》杂志上。

加州大学洛杉矶分校制造工程的Raytheon Chair 兼该研究主要研究员李小春（音译，Xiaochun Li），将这项新工艺比作为花园中植物的成长创造最佳条件。 

“在自然界中，一些种子会比其他种子发芽早，植株长得更大，因此会阻挡附近苗芽吸收营养及阳光，从而阻其生长，”机械和航空航天工程的李教授说。“但是，如果控制早发芽植物的营养摄入限制其成长，那其他的植物将有更大的机会获得健康——这样就能使花园中产量最大化。

“我们进行了纳米级别的实验，通过物理性地阻断生长剂来控制材料原子的生长，从而获得具有均匀性和其它所需性质的高性能材料。这就是像是对材料的合成进行了原子级饮食控制。”

该方法使用自组装的纳米颗粒，在生产过程中的冷却（或生长）阶段形成材料时，快速有效地控制了材料的基础构造。纳米粒子是由热力稳定材料（如陶瓷碳氮化钛）组成，使用超声波分散法加入并分散到粒子中。纳米颗粒自发组装的薄涂层显著阻隔了材料的扩散。

该技术对无机和有机材料都有效。 

在他们的研究中，研究人员证明该方法可用于铝铋合金。通常情况下，铝和铋就像油和水 - 不能完全混合。虽然它们可以在高温下被暂时融合，但当混合物被冷却时，二者就会分离，从而形成不均匀性合金。但是在使用纳米粒子控制的过程中，加州大学洛杉矶分校领导的科研团队创造出了一个均匀的、高性能的铝铋合金。

“我们在控制凝固过程中的成核和生长，以获得均匀细致的微观结构，”研究的主要作者和机械和航空航天工程博士后Lianyi Chen说。“随着纳米颗粒的掺入，铝铋合金在减小摩擦方面表现出10倍的性能，并可用于制造引擎，能显著改善期能量效率。”

李所述的新方法被广泛证明对大量应用都是有用的，这其中可能包括限制肿瘤细胞的生长等。 

其他贡献研究者包括加州大学洛杉矶分校的工程研究生许家泉（音译），李在威斯康星-麦迪逊大学任教时推荐的前博士后Hongseok Choi和Hiromi Konishi，以及威斯康星化学教授宋锦（音译）。

该研究由国家标准与技术研究所资助。 

资料来源：洛杉矶加州大学
Composite Materials（复合材料）
New “T-ray” tech converts light to sound for weapons detection, medical imaging

A device that essentially listens for light waves could help open up the last frontier of the electromagnetic spectrum—the terahertz range.

So-called T-rays, which are light waves too long for human eyes to see, could help airport security guards find chemical and other weapons. They might let doctors image body tissues with less damage to healthy areas. And they could give astronomers new tools to study planets in other solar systems. Those are just a few possible applications.

But because terahertz frequencies fall between the capabilities of the specialized tools presently used to detect light, engineers have yet to efficiently harness them. The U-M researchers demonstrated a unique terahertz detector and imaging system that could bridge this terahertz gap.

"We convert the T-ray light into sound," said Jay Guo, U-M professor of electrical engineering and computer science, mechanical engineering, and macromolecular science and engineering. "Our detector is sensitive, compact and works at room temperature, and we've made it using an unconventional approach."

The sound the detector makes is too high for human ears to hear.

The terahertz gap is a sliver between the microwave and infrared bands of the electromagnetic spectrum—the range of light's wavelengths and frequencies. That spectrum spans from the longest, low-energy radio waves that can carry songs to our receivers to the shortest, high-energy gamma rays that are released when nuclear bombs explode and radioactive atoms decay.

In between are the microwave frequencies that can cook food or transport cell phone signals, the infrared that enables heat vision technologies, the visible wavelengths that light and color our world, and X-rays that give doctors a window under our skin.

The terahertz band is "scientifically rich," according to Guo and colleagues. But today's detectors either are bulky, need to be kept cold to work or can't operate in real time. That limits their usefulness for applications like weapons and chemical detection and medical imaging and diagnosis, Guo says.

Guo and colleagues invented a special transducer that makes the light-to-sound conversion possible. A transducer turns one form of energy into another. In this case it turns terahertz light into ultrasound waves and then transmits them.

The transducer is made of a mixture of a spongy plastic called polydimethylsiloxane, or PDMS, and carbon nanotubes. Here's how it works:

When the terahertz light hits the transducer, the nanotubes absorb it, turning it into heat. They pass that heat on to the PDMS. The heated PDMS expands, creating an outgoing pressure wave. That's the ultrasound wave. It's more than 1,000 times too high for human ears to pick up.

"There are many ways to detect ultrasound," Guo said. "We transformed a difficult problem into a problem that's already been solved."

Though ultrasound detectors exist—including those used in medical imaging—the researchers made their own sensitive one in the form of a microscopic plastic ring known as a microring resonator. The structure measures only a few millimeters in size.

They connected their system to a computer and demonstrated that they could use it to scan and produce an image of aluminum cross.

The response speed of the new detector is a fraction of a millionth of a second, which Guo says can enable real-time terahertz imaging in many areas.

The system is different from other heat-based terahertz detection systems because it responds to the energy of individual terahertz light pulses, rather than a continuous stream of T-rays. Because of this, it isn't sensitive to variations in the outside temperature, Guo says.

The study, "Efficient real-time detection of terahertz pulse radiation based on photoacoustic conversion by carbon nanotube nanocomposite," is published online in Nature Photonics. The research is funded by the National Science Foundation and the Air Force Office of Scientific Research.

Source: Univ. of Michigan
新型“T射线”技术能够将光转化为声音，可用于武器检测及医学成像

一种在本质上能够“听懂”光波的设备，有助于开发电磁频谱的最后处女地——太赫兹范围。

所谓的T（太赫兹）射线，其光波太长以至于人眼无法看到，但它能够帮助机场保安人员发现化学品及其他武器，还可让医生在对健康区域不造成损伤的情况下对身体组织成像。并且它们可以为天文学家提供新的工具，研究其他太阳系中的行星。这些仅仅是少数几个潜在应用。

但是，由于太赫兹频率并在目前用于检测光的专业工具的能力范围之内，因此工程师们还不能够充分利用它们。密歇根大学（U-M）的研究人员展示了一种独特的太赫兹探测器以及能够弥补这种太赫兹空白的成像系统。

“我们可将T射线光转换成声音，”U-M电气工程和计算机科学、机械工程、高分子科学与工程的教授郭杰（音译）表示。“我们的探测器灵敏度高、结构紧凑、并且能够在室温下工作，且已经可以使用常规方法来制作它了。”

探测器发出的声音频率过高，因此人耳是听不到的。

太赫兹空白是电磁波频谱中微波与红外波段之间的一小条——电磁波频谱是光的波长与频率的范围。该频谱涵盖的范围从最长的、低能量的、能够将歌曲传送给接收器的无线电波，到核弹爆炸以及放射性原子衰变时释放的最短的、高能量的伽玛射线。

在这之间的是：可以烹调食物或传输手机信号的微波频率；能够进行热视觉技术的红外线、产生照亮及使我们的世界呈现色彩斑斓的可见波长；以及令医生能够窥探我们皮肤之下的身体组织的X射线。

据郭和他的同事称，太赫兹波段“在科学上是非常丰富的”。但是今天的探测器，要么体积大、要么需要在低温环境下工作，要么不能进行实时操作。郭表示，这限制了它们在武器和化学检测、医学成像和诊断等领域的应用。

郭及其同事发明了一种特殊的换能器，能够将光转化为声音，即，可将一种能量形式转换成另一种能量形式。在这里，它将太赫兹光转换成了超声波，然后再将它们进行发送。

所述的换能器是由一个被称为聚二甲基硅氧烷的海绵状塑料（PDMS）与碳纳米管形成的一种混合物制成的。下面是它的工作原理：

太赫兹波照射到换能器上，纳米管吸收该光，然后将它转化为热，并将热量传递给PDMS。加热后的PDMS扩张，形成一个传出的压力波。这就是超声波。它比人耳所能听到的声音高1000倍以上。

“有许多方法能够探测超声，”郭表示。“我们将一个棘手的问题变成了一个已经得到解决的问题。”

虽然超声波探测器是存在的——包括那些用于医疗成像的探测器，但研究人员以显微塑料环的形式制作了自己的探测器，即所谓的微环谐振器。该结构在尺寸上只有几毫米。

他们将自己的系统与一台电脑相连，并且表明他们能够使用它来扫描和生产一个铝交叉的图像。

新的探测器的响应速是一秒的一百万分之一的一小部分，郭表示，这能够在许多领域中实现太赫兹的实时成像。

该系统与其他热基太赫兹波检测系统不同，因为它对单个太赫兹光脉冲的能量进行响应，而不是对T射线的连续流进行响应。由于这个原因，它对外界温度的变化并不敏感，郭表示。

这项名为“基于通过碳纳米管纳米复合进行的光声转换产生的太赫兹脉冲辐射的高效实时检测”的研究的结果发表在了《自然光子学》的网络版本。这项研究由美国国家科学基金会和科学研究空军办公室进行资助。

资料来源：密歇根大学

Solvay Specialty Polymers Launches New High Stiffness Grade of KetaSpire PEEK

Solvay Specialty Polymers has announced the introduction of a new high stiffness grade of KetaSpire polyetheretherketone (PEEK) that provides 50% greater modulus than standard neat PEEK grades.

The company explains that despite its higher stiffness, the new grade, KetaSpire KT-825, retains the elongation and toughness that is comparable to that of neat PEEK resin for structural applications in transportation, electronics, semiconductor, and oil and gas.

Solvay states KetaSpire KT-825 utilises a proprietary additive and compounding technology that allows the unique combination of high stiffness, excellent ductility, and low specific gravity of 1.35 compared to 1.30 for neat PEEK. According to Jamal El-Hibri, Principal Scientist for Solvay Specialty Polymers the new grade bridges the performance gap between unfilled PEEK and traditional glass fibre reinforced or carbon fibre reinforced PEEK grades.

"KT-825 combines the ductility and toughness attributes of neat PEEK with the increased stiffness of reinforced grades while retaining the desirable low anisotropy in resin properties along the flow and cross flow directions," explained El-Hibri.

Solvay claims the new compound can be processed by conventional methods including injection moulding and extrusion. It states it also has excellent film forming characteristics for melt extruded films down to thicknesses of approximately 50 microns (0.05 mm). Targeted application areas include automotive and aerospace due to a continuing demand for materials that offer a high stiffness-to-weight ratio as well as structural applications in mobile electronics where a good balance of stiffness and toughness are required along with a low specific gravity.

Initially, the company explains the natural grade KT-825 NT is being made available; however, black and other colours are available upon request. The semi-commercial product is available for sampling and pilot-scale production.
苏威特种聚合物公司推出新型高刚度等级的KetaSpire聚醚醚酮 

苏威特种聚合物公司（Solvay Specialty Polymers）已经宣布了一种新型高刚度等级的KetaSpire聚醚醚酮（PEEK）的推出，这种等级的PEEK比标准整齐的PEEK所提供的弹性模量高出50%。 

该公司解释称，尽管其具有较高的刚度，但是新等级的KetaSpire KT-825保留了能够与在交通运输、电子、半导体、石油和天然气等结构性应用中使用的整齐的PEEK树脂相媲美的延伸率和韧性。

苏威指出，KetaSpire KT-825采用了专有的添加剂和复合技术，从而生成了高刚度、极佳延展性以及1.35低比重的独特组合，而整齐的聚醚醚酮的比重为1.30。据苏威特种聚合物公司的首席科学家贾马尔•埃尔-黑布里表示，弥补了未填充的PEEK与传统的玻璃纤维增强的或碳纤维增强的PEEK等级之间的性能差异。

“KT-825将整齐PEEK所具有的延展性和韧性特性与增加的增强级的刚度相结合，同时保留了在沿流和错流方向树脂性能所希望获得的低异向性，”埃尔-黑布里解释称。

苏威声称，这种新的化合物可以通过常规方法来进行加工，包括注塑和挤塑方法。其指出，它还由于能够使挤塑薄膜熔融至大约50微米（0.05毫米）的厚度而具有优良的成膜特性。有针对性的应用领域包括：持续需要能够提供高刚度-重量比的汽车和航空航天，以及要求刚性和韧性具有良好平衡和低比重的移动电子设备的结构应用。

最初，该公司解释称，能够提供自然等级的KT-825 NT是；然而，黑色和其他颜色要根据要求来进行提供。半商业产品可提供样品及半工业规模的生产。
Practical Application（实际应用）
Liquid crystal acts as machine lubricant

Lubricants are used in motors, axles, ventilators and manufacturing machines. Although lubricants are widely used, there have been almost no fundamental innovations for this product in the last twenty years. Together with a consortium, the Fraunhofer Institute for Mechanics of Materials IWM in Freiburg has developed an entirely new class of substance that could change everything: liquid crystalline lubricant. Its chemical makeup sets it apart; although it is a liquid, the molecules display directional properties like crystals do. When two surfaces move in opposite directions, the liquid crystal molecules between the two surfaces align themselves so that the frictional resistance is extremely low. This enables nearly frictionless sliding.

Liquid crystals are known for its use in liquid crystal displays (LCDs) in TV screens, mobile phones or touchscreens. The unusual idea to use them as a lubricant was proposed by Nematel GmbH, which then turned to Fraunhofer IWM to see if it would work. There, Dr. Tobias Amann applied the lubricant made from liquid crystal between two metal workpieces. “Even in the first test, we measured extremely low friction coefficients,” remembers Amann.

Match-shaped molecules form a liquid crystalline structure

The researchers at Fraunhofer IWM discovered that liquid crystal is well suited for lubricants because its molecules are long and thin. “When used as a lubricant between two surfaces that slide past each other, the molecules become aligned in parallel to each other in ordered boundary layers,” explains Dr. Andreas Kailer, acting director for the Tribology business unit at Fraunhofer IWM. These layers are very stable but slide easily over each other, keeping friction and wear to a minimum.

Still, much was missing before a liquid crystal lubricant suitable for practical applications could be developed. Fraunhofer IWM launched a project along with Nematel GmbH and the lubricant experts at Dr. Tillwich GmbH in 2010, sponsored by the German Federal Ministry of Education and Research (BMBF).. Susanne Beyer-Faiß, a chemist at Tillwich, improved the liquid crystal’s stability with help from additives. At the same time, her colleague, Werner Stehr, built a special test unit that uses laser technology to enable contact-free measurement of the extremely low friction coefficients. At Fraunhofer IWM, Tobias Amann tested different liquid crystals manufactured by Dr. Holger Kretzschmann at Nematel; among other things, Amann conducted friction experiments with various materials, including iron, copper and ceramic. He also examined the chemical mechanisms displayed during friction and the effects of mixing different liquid crystal molecules. Tobias Amann deciphered the mechanisms that are responsible for these ultra-low frictional coefficients and discovered how to further optimize the new lubricants in specific ways. He also examined the chemical mechanisms displayed during friction and the effects of mixing different liquid crystal molecules. When the project came to an end, the partners had produced a liquid crystalline lubricant prototype that performed best in sliding bearings made of iron. For this pioneering work, Dr. Tobias Amann, Dr. Andreas Kailer, Susanne Beyer-Faiß, Werner Stehr and Dr. Holger Kretzschmann received the Stifterverband Science Prize, which is awarded every two years for scientific excellence in applied research projects.

Currently, the award winners are developing innovative sliding bearings lubricated with liquid crystal for small electric motors for use in the automobile industry, for instance in alternators or windshield wiper motors.

Source: Fraunhofer Institute
新型液晶机器润滑油

润滑油广泛地应用于发动机、车轴、通风机和制造机器。虽然润滑油有如此广泛的应用，但在过去的二十年里，润滑油几乎没有任何根本性的创新变革。位于弗莱堡，致力于研究材料力学的弗劳恩霍夫研究所（Fraunhofer Institute for Mechanics of Materials IWM）联手一财团，开发出了一种能够使该领域发生变革的全新物质——液态晶体润滑油，它的化学成分与众不同，虽然它的状态是液态，但是它的分子定向属性却和水晶一样。当两个表面向相反的方向移动时，两个表面中间的液态水晶分子调整自己的排列，这样表面的摩擦力是极其小的。几乎实现了无摩擦滑动。

大家都熟知的是，液晶广泛用在在电视屏幕液晶显示器（LCDs）、手机或触摸屏上。Nematel GmbH提出了把液晶用作润滑剂这种与众不同的想法，随后弗劳恩霍夫研究所开始探究这种想法的可行性。在研究所中，托拜厄斯•阿曼博士把液态水晶制作的润滑剂放到两个金属制件中间。阿曼回忆说，虽然这是第一个测试,我们同样测量出了极低的摩擦系数。

形状匹配的分子形成了液态晶体结构

弗劳恩霍夫研究所中的研究人员发现，由于液晶细长的分子，使得它非常适合用作润滑剂。“当两个表面相互滑过去的时候，中间的液晶润滑剂的分子会在边界层有序的平行排列”，Andreas Kailer博士解释说，他担任弗劳恩霍夫研究所中摩擦学业务单位的主管。这些表层是非常稳定，而且更易于滑动，这样能够保持最低程度的摩擦磨损。

在可以开发出适合实际应用的液晶润滑剂之前，仍然有很多技术是缺失的。2010年，弗劳恩霍夫研究所携手Nematel GmbH和Tillwich GmbH的润滑剂专家们发起了一个项目，项目赞助方是德国联邦教育和研究所。Tillwich化学家Susanne Beyer-Faiß利用附加剂提高了液晶稳定性。同时，Susanne Beyer-Faiß的同事Werner Stehr建立了一个特殊的试验装置,这个装置采用激光技术，不用接触也能测量出极低的摩擦系数。弗劳恩霍夫研究所中,托拜厄斯•阿曼测试了由Holger Kretzschmann博士制造的不同的液晶。此外，阿曼运用各种材料进行摩擦试验，包括铁、铜和陶瓷。他还研究了摩擦情况下和混合不同的液晶分子的影响下的化学结构表现。托拜厄斯阿曼解密了导致超低摩擦系数的化学结构，并且发现了如何用特定的方法来进一步优化新的润滑剂。他还研究了在摩擦和混合不同的液晶分子的影响下化学结构的表现。项目结束的时候，合作伙伴生产出了液态晶体润滑剂的初型，能够让铁制轴承非常好的滑动运作。由于这个开创性的发现，托拜厄斯阿曼博士、Andreas Kailer博士、Susanne Beyer-Faiß、Werner Stehr 和Holger Kretzschmann博士获得了Stifterverband科学奖，这个奖项每两年向科学应用研究项目中卓越贡献者颁发一次。

目前，获奖者正在研究新型滑动轴承液晶润滑剂，用于汽车工业中的小电动马达，例如发电机或雨刷马达。

来源：弗劳恩霍夫研究所
In the wake of high-profile battery fires, a safer approach emerges

As news reports of lithium-ion battery (LIB) fires in Boeing Dreamliner planes and Tesla electric cars remind us, these batteries—which are in everyday portable devices, like tablets and smartphones—have their downsides. Now, scientists have designed a safer kind of lithium battery component that is far less likely to catch fire and still promises effective performance. They report their approach in the Journal of the American Chemical Society.

Lynden Archer, Geoffrey Coates and colleagues at Cornell Univ. explain that the danger of LIBs originates with their electrolytes, the substance that allows ions to flow between the electrodes of the battery. The electrolyte usually contains a flammable liquid. To minimize this fire hazard, some researchers are developing more stable, solid electrolytes. But although solid electrolytes are less likely to fuel a fire, their ability to transport ions has fallen short, especially at room temperature. Coates’s team set out to tackle both issues and come up with a safer, high-performance battery component, while Archer’s team studied the electrochemical characteristics of the materials.

The team’s efforts have led to a new family of solid polymer electrolytes that is both good at conducting lithium ions at room temperature and minimizing the risk of fire. Not only are these materials safer than their liquid counterparts in LIBs, but they could also be used in high-energy lithium-metal batteries, such as promising lithium-sulfur and lithium-air batteries.

The authors acknowledge funding from the Energy Materials Center at Cornell, which receives support from the U.S. Department of Energy.

Source: American Chemical Society
电池火灾频发之际，一个更安全的方法出现了

对波音梦想飞机和特斯拉电动车锂离子电池（LIB）火灾的新闻报道提醒我们，这些同样用于日常便携式设备（如，平板电脑和智能手机）的电池，都有各自的缺点。现在，科学家们设计了一种更安全的锂电池，其组件着火的可能性较小，但承诺效果仍然还是很好的。他们的报告结果发表在《美国化学学会》杂志上。

Lynden Archer, Geoffrey Coates和他们在康奈尔大学的同事们解释说，LIB的危险源于其电解质，它允许离子电池中的物质在电极之间流动。电解液中通常含有易燃液体。为了尽量减少这种火灾隐患，一些研究人员正在开发更加稳定的固体电解质。但是，虽然固体电解质不太可能导致火灾，但是其运输离子的能力已经大大降低，尤其是在室温条件下。科茨的研究小组开始着手解决这两个问题，并提出了一个更安全的高性能电池组件；而Archer研究小组研究了该材料的电化特性。

这个团队引进了固体聚合物电解质家族的新成员，既利于室温下锂离子的传导，又能抑制火灾危险。这些材料不仅比LIB中的液体更安全，而且他们也可以用于高能量锂金属电池，就像前途光明的锂硫电池和锂空气电池一样。

作者感谢康奈尔大学能源材料中心从美国能源署获得的资金支持。 

资料来源：美国化学学会
Organic & Polymer（有机高分子材料）
IBM research discovers new class of industrial polymers
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Researchers used a novel "computational chemistry" hybrid approach to accelerate the materials discovery process that couples lab experimentation with the use of high-performance computing. The effort has produced a new class of polymers for industrial use.
Scientists from IBM Research have successfully discovered a new class of polymer materials that can potentially transform manufacturing and fabrication in the fields of transportation, aerospace, and microelectronics. Through the unique approach of combining high performance computing with synthetic polymer chemistry, these new materials are the first to demonstrate resistance to cracking, strength higher than bone, the ability to reform to their original shape (self-heal), all while being completely recyclable back to their starting material. Also, these materials can be transformed into new polymer structures to further bolster their strength by 50%—making them ultra strong and lightweight. This research has been published in the peer-reviewed journal, Science, with collaborators including UC Berkeley, Eindhoven University of Technology and King Abdulaziz City for Science and Technology (KACST), Saudi Arabia.
Polymers, a long chain of molecules that are connected through chemical bonds, are an indispensable part of everyday life. They are a core material in common items ranging from clothing and drink bottles (polyesters), paints (polyacrylics), plastic milk bottles (polyethylene), secure food packaging (polyolefins, polystyrene) to major parts of cars and planes (epoxies, polyamides and polyimides). They are also essential components in virtually every emerging advanced technology dating back to the industrial revolution—the steam engine, the space ship, the computer, the mobile phone.
However, today’s polymer materials are limited in some ways. In transportation and aerospace, structural components or composites are exposed to many environmental factors (de-icing of planes, exposure to fuels, cleaning products, etc.) and exhibit poor environmental stress crack resistance (i.e., catastrophic failure upon exposure to a solvent). Also, these polymers are difficult to recycle because they cannot be remolded or reworked once cured or thermally decomposed by heating to high temperatures. As a result, these end up in the landfill together with toxins such as plasticizers, fillers, and color additives which are not biodegradable.
IBM’s discovery of a new family of materials with a range of tunable and desirable properties provides a new opportunity for exploratory research and applications development to academia, materials manufacturers and end users of high performance materials.  Two new related classes of materials have been discovered which possess a very distinctive range of properties that include high stiffness, solvent resistance, the ability to heal themselves once a crack is introduced and to be used as a resin for filled composite materials to further bolster their strength.
Also, the ability to selectively recycle a structural component would have significant impact in the semiconductor industry, advanced manufacturing or advanced composites for transportation, as one would be able to rework high-value but defective manufactured parts or chips instead of throwing them away. This could bolster fabrication yields, save money and significantly decrease microelectronic waste. 
“Although there has been significant work in high-performance materials, today’s engineered polymers still lack several fundamental attributes. New materials innovation is critical to addressing major global challenges, developing new products and emerging disruptive technologies,” said James Hedrick, Advanced Organic Materials Scientist, IBM Research.  “We’re now able to predict how molecules will respond to chemical reactions and build new polymer structures with significant guidance from computation that facilitates accelerated materials discovery. This is unique to IBM and allows us to address the complex needs of advanced materials for applications in transportation, microelectronic or advanced manufacturing.”
Materials science innovation
The field of material science is often thought of as a mature field, with the most recent new class of polymer materials being discovered and introduced to the commercial market decades ago. Also, most current polymer research involves studying polymers that are “old” polymers and combining known polymers together or simply adjusting chemical functional groups on known polymers to access desired properties, as opposed to making completely new polymers.
IBM scientists used a novel ‘computational chemistry’ hybrid approach to accelerate the materials discovery process that couples lab experimentation with the use of high-performance computing to model new polymer forming reactions. The unconventional method is a departure from traditional techniques and led to the identification of several previously undiscovered classes of polymers in what was believed to be an established area of materials science researched extensively since the 1950s.
Ideally, scientists could insert a list of requirements into a computer to design a material that meets those exact conditions. Unfortunately, the reality now is that materials are still primarily discovered only by experimenting in the lab based on the scientist’s knowledge, experience and educated guesses. IBM Research’s computational chemistry efforts can take out a lot of this guesswork and accelerate a whole new range of potential applications from developing a disease-specific drugs or cheap, light, tough and completely recyclable panels on a car.
“By joining forces with IBM Research and bringing together the minds of KACST and IBM scientists, we have managed to merge the strengths of both sides, making it possible to bring forth novel green materials that exhibit excellent properties while being completely recyclable. We believe that this work can have significant impact to multiple industries and hope to see more great things come from our collaboration,” said his highness prince Turki bin Saud, KACST VP of Research Institutes.
How it works
These polymers, formed from the same inexpensive starting material through a condensation reaction, these molecules join together and lose small molecules as by-products such as water or alcohol and were created in an operationally simple procedure and are incredibly tunable.
At high temperatures (250 C) the polymer becomes incredibly strong due to a rearrangement of covalent bonds and loss of the solvent that is trapped in the polymer (now stronger than bone and fiberboard), but as a consequence is more brittle (similar to how glass shatters).
Remarkably, this polymer remain intact when it is exposed to basic water (high pH), but selectively decomposes when exposed to very acidic water (very low pH). This means that under the right conditions, this polymer can be reverted back to its starting materials, which enables it for reuse for other polymers. The material can also be manufactured to have even higher strength if carbon nanotubes or other reinforcing fillers are mixed into the polymer and are heated to high temperatures. This process enables polymers to have properties similar to metals, which is why these “composite blends” are used for manufacturing in airplane and cars. An advantage to using polymers in this case over metals is that they are more lightweight, which in the transportation industry translates to savings in fuel costs.
At low temperatures (just over room temperature), another type of polymer can be formed into elastic gels that are still stronger than most polymers, but still maintains its flexibility because of solvent that is trapped within the network, stretching like a rubber band.
Probably the most unexpected and remarkable characteristic of these gels is that if they are severed and the pieces are placed back in proximity so they physically touch, the chemical bonds are reformed between the pieces making it a single unit again within seconds. This type of polymer is called a "self healing" polymer because of its ability to do this and is made possible here due to hydrogen-bonding interactions in the hemiaminal polymer network. One could envision using these types of materials as adhesives or mixing in with other polymers to induce self-healing properties in the polymer mixture. Furthermore, these polymers are reversible constructs which means that can be recycled in neutral water, and that they might find use in applications that require reversible assemblies, such as drug cargo delivery.
Source: IBM Research
IBM研究人员发现新型工业聚合物
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科学家们使用了一种新的“计算机化学”混合方式，结合了实验室实验与高性能计算，从而加快材料发现过程。研究人员通过这一努力生产出了一种新型工业用途的聚合物。

来自IBM研究中心的科学家们已经成功地发现了一类新型高分子材料，它可以潜在地改变运输、航空航天、微电子等领域的生产和加工。通过将高性能计算与合成高分子化学相结合这种独特的方法，这些新材料首次展示了抗开裂、比骨头强度略高、改重组至其原本形状（自愈）的性能，同时所有这些都能够完全被回收利用返回到它们的起始材料中。此外，这些材料可以转化为新型聚合物结构，从而进一步将其强度增加50%——使它们超强并且质轻。这项研究的结果已经发表于同行评审期刊《自然》上，研究合作者包括加州大学伯克利分校、艾恩德霍芬科技大学、以及沙特阿拉伯阿卜杜勒阿章兹国王城科技（KACST）。

通过化学键连接的长分子链——聚合物，是日常生活中不可或缺的一部分。它们是日常物品的核心材料，从服装和饮料瓶（聚酯）、油漆（聚丙烯酸）、牛奶塑料瓶（聚乙烯）、安全的食品包装（聚烯烃，聚苯乙烯）到汽车和飞机的主要部件（环氧树脂、聚酰胺和聚酰亚胺）。对于可以追溯到工业革命时期的几乎每一个新兴的先进技术，它同样几乎都是必不可少的组成部分——蒸汽机、太空船、电脑和手机。

不过，今天的高分子材料在某些方面受到了限制。在运输和航空航天产业中，结构部件或复合材料被暴露于多种环境因素中（飞机除冰、接触燃料、清洁产品等），并且具有较差的抗环境应力断裂（例如，接触某种溶剂而引发灾难性故障）。此外，这些聚合物很难回收，因为它们一旦固化或通过加热至高温度后进行热分解，那么它们就不能被重塑或返工。其结果是，这些聚合物最终连毒素一起进入了填埋场，这些毒素包括增塑剂、填料、以及不可生物降解的颜色添加剂。
IBM公司对新一类具有一系列可调谐和理想性能的材料的发现，为学术界、材料制造商及高性能材料的最终用户进行探索性研究和应用开发提供了一个新的机会。已经发现了两种新型相关材料，它们具有一个非常独特的性能范围，包括高刚性、耐溶剂性、一旦发生开裂可进行自我治愈的能力，以及被用作填充复合材料中的树脂进一步增加它们的强度。

此外，有选择性地回收一个结构成分的特性，将对半导体行业、运输行业中先进制造或先进复合材料产生显著地影响，因为（有了这一特性）人们就能够对制造出的高值、但有缺陷的零部件或芯片进行返工，而不是将它们扔掉。这可以提高制造产量、节省资金、并显著降低微电子浪费。 

“虽然人们一直努力研究高性能材料，但今天的工程聚合物仍然缺乏一些基本属性。对于应对重大全球性挑战、开发新产品以及出现的颠覆性的技术来说，新材料创新至关重要，”IBM研究中心先进有机材料的科学家詹姆斯•赫德里克表示。“我们现在能够预测分子对于化学反应将如何反应，以及如何通过有利于加速材料发现的计算来建立新的具有显著指导性的聚合物结构。这对于IBM公司来说是独一无二的，并且这使得我们能够满足运输业、微电子以及先进制造业等应用领域对先进材料的复杂需求。” 

材料科学创新

随着几十年前最新一类的高分子材料的发现并被引入商业市场，材料科学领域通常被认为是一个成熟的领域。此外，相对于制造完全新的聚合物，目前大多数聚合物的研究都涉及了对“旧”聚合物的研究，以及将已知聚合物结合在一起或简单地调整已知聚合物的化学官能组织来获得所需的特性。

IBM的科学家们使用了一种新的“计算机化学”混合方式，结合了实验室实验与可模拟新聚合物形成反映的高性能计算，从而加快材料发现过程。这种非常规的方法与传统技术不同，它使人们在自20世纪50年代以来广泛研究并确定了材料科学的一个既定领域中几个以前从未发现的聚合物类别。  

理想情况下，科学家们能够将一个需求清单输入计算机，从而设计出一个满足这些确切条件的材料。不幸的是，目前的现实是材料仍然主要是通过根据科学家的知识、经验和猜测而在实验室进行实验来发现。IBM研究中心的计算化学方法可以进行许多这类猜测工作，加快潜在的全新范围的应用，比如开发一个特定疾病的药物，或开发用于汽车的便宜、轻便、坚韧、完全可回收利用的面板。

“通过与IBM研究中心合作并将KACST和IBM科学家的想法汇集在一起，我们已经成功地整合了双方的优势，从而有可能会产生在表现出优异性能的同时还可以被完全回收利用的新型绿色环保材料。我们相信，这项工作可能会对多个行业造成显著影响，并且希望我们的合作研究可以产生更多伟大的材料，”KACST科研院所的副总裁、亲王殿下图尔基•斌•沙特表示。

工作原理

这些聚合物是通过缩合反应由一些相同的廉价原料形成的，这些分子结合在一起，小分子转化为水或醇等副产品，并且在一个操作简单的程序中被创建，且具有令人难以置信的可调性。

由于共价键的重新排列以及被截留在聚合物中的溶剂的损失，在高温（250℃）下，聚合物变得非常强大（现在比骨头和纤维板都更加强），但是产生的后果就是，它比较脆（类似于玻璃是如何破碎的）。

值得注意的是，这种聚合物在接触到基本水（高pH）时仍然保持不变，但是在暴露于极酸的水（pH值非常低）时会选择性地分解。这意味着，在适当的条件下，该聚合物可以被恢复到它的起始材料，这使得它相对于其他聚合物来说能够重复使用。如果将碳纳米管或其他增强添料混入到该聚合物中并且进行高温加热，那么该材料也可以被制成具有更高强度的物品。这个过程使得聚合物具有类似于金属的特性，这就是为什么这些“复合掺合物”被用于飞机和汽车的制造。在这种情况下使用聚合物而不是金属的优点是它们更轻便，这在运输行业中就会转化为节省燃料费用。

在较低温度下（略高于室温），另一类聚合物能够形成仍然与大多数聚合物更具强度的弹性凝胶，但是由于截留在网络中的溶剂而仍然保留了它的柔韧性，所以能够像一个橡皮筋一样的拉伸。

这些凝胶最意想不到的、显著的特点可能是，当它们被切断并且这些碎片被放置于接近彼此，这样它们在身体上是相互接触的，那么化学键在几秒钟内就会于碎片间形成再次产生一个单一的部件。这类聚合物被称为“自愈”聚合物，因为它们具有做到这一点的能力以及由于在半缩醛胺聚合物网络中氢键的想到作用而使得其能够在这里进行制作。人们可以设想使用这类材料作为粘合剂或将其混合入其他聚合物中以引发出聚合物混合物的自愈性能。此外，这些聚合物是可逆的结棍，这意味着其能够在中性水中得到回收，并且它们可能会用于需要可逆组件的领域，例如药物货物配送。

资料来源：IBM研究中心

X-rays, computer simulations reveal crystal growth
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Left: Evolution of the organic semiconductors' equilibrium structure (top) to the strained structure (bottom) in the light of CHESS x-rays. Right: Cornell researchers’ molecular simulations show that even a single solvent molecule (sphere) can significantly distort the molecular configuration of the surrounding organic semiconductor molecules (green). Image: Gaurav Giri and Kristina Lenn

Taking a step toward much-coveted flexible electronics, an international research team that figured out how to coat an organic material as a thin film—like spreading butter on toast—wanted a closer look at why their spreadable organic semiconductor grew like it did.

Enter Cornell scientists and the Cornell High Energy Synchrotron Source (CHESS), where a very tiny, extremely bright x-ray beam lit the way for high-speed movies showing how these organic molecules formed crystal lattices at the nanoscale. Understanding and tuning this process is key to advancing the technology from lab-only to mass production.

The visualization of the crystallization process is detailed in an April 16 Nature Communications online publication and involves scientists from Stanford University, King Abdullah University of Science and Technology, and Cornell. The Cornell team included CHESS staff scientist Detlef Smilgies, who led the experiments on the D1 x-ray beamline at CHESS; and Paulette Clancy, professor of chemical and biomolecular engineering, who provided the key theoretical backbone to support the experimental findings.

Stanford engineers had previously described a method called solution shearing that applies a thin layer of organic semiconductor solvent to a flat surface, which crystallizes in milliseconds. They invented a device akin to a butter knife that spreads the material.

To capture this process, Smilgies collaborated with Stanford and KAUST scientists to devise a miniature butter knife compatible with the CHESS x-ray instrumentation. They focused the synchrotron beam on a very small spot at the edge of the butter knife, firing it at intervals a few tens of milliseconds apart as the knife dragged the solution of the organic semiconductor along a silicon wafer.

“The complexity of the actual crystallization process is mind-boggling,” Smilgies said. “There is a high shear rate, fast evaporation of the solvent, and then a new crystal structure at the highest shear speeds, that yielded the best transistor performance.

Smilgies credited Stanford graduate student Gaurav Giri for recognizing that molecular confinement—thinning or thickening the liquid—was the key issue, and supported this idea by studying solvents with a variety of molecular sizes.

Clancy and Cornell graduate student Kristina Lenn tackled the problem of why certain solvents affected the outcome of crystallization. They modeled many different solvents and showed that molecular size primarily affected what types of crystals formed. In other words, they provided the theoretical insights that supported the interpretation of the experiments.

“It was a surprise to see that just small changes in size of the solvent molecules were sufficient to disrupt the arrangement of the nearby organic semiconductor molecules,” Clancy said. “As the solvent particles grew in size, you could visibly see the semiconductor molecules bend and twist to avoid the strain.”

Detailed knowledge of how to spread such thin crystals with a consistently precise behavior provides an important step toward making these so-called strained organic semiconductors into useful products like flexible displays, smart tags and bioelectronics sensors, the researchers said.

The Stanford team was led by Professor Zhenan Bao, and the KAUST team by Professor Aram Amassian.

Source: Cornell Univ.
X射线与计算机模拟揭示晶体生长 

[image: image24.jpg]



左图：有机半导体的“平衡结构”（上图）在康奈尔高能同步加速器X射线的照射下演变成受力结构（下图）。右图：康奈尔大学研究人员的分子模拟表明，即使一个单一的溶剂分子（球）也可显著扭曲周围有机半导体分子（绿色）的分子构型。图片：Gaurav Giri和Kristina Lenn

开发备受青睐的软性电子产品领域，一个国际性研究团队研究出了如何像为面包涂抹黄油那样为有机材料镀上一层薄膜，从而仔细观察这些有机半导体的生长。 

康奈尔高能同步加速器（CHESS）会放射一个非常细小但极为明亮的X射线束，可展示这些有机分子如何在纳米尺度上形成晶格。理解和调节这一过程是推进将实验室技术转变为大批量实际生产的关键。

结晶过程的可视化详情在线刊载于4月16日的《自然通讯》，作者为来自斯坦福大学、阿卜杜拉科技大学(KAUST)和康奈尔大学的科学家。康奈尔大学的团队包括CHESS的科学家Detlef Smilgies和化学、生物分子工程教授Paulette Clancy。Detlef Smilgies带领进行了CHESS的D1 X射线光束实验；Paulette Clancy提供了一个支持实验结果的重要理论支柱。 

斯坦福工程师早先描述了一种称为“溶液剪切”的方法，将一薄层有机半导体溶剂涂在一个平坦表面上，它会以毫秒为单位进行结晶。他们发明了类似于黄油刀的设备，用于涂抹材料。

为了捕捉这个过程，Smilgies与斯坦福和KAUST的科学家们合作设计出了与CHESS X射线仪器兼容的微型黄油刀。他们将同步辐射光束聚焦在黄油刀边缘的一个非常小的点上，以几十毫秒的间隔进行灼烧，并用刀沿硅晶片拖曳有机半导体溶液。 

“实际结晶过程的复杂性令人难以置信，”Smilgies说。“在高剪切速率下，溶剂快速蒸发，然后新的晶体结构能以最高剪切速率得到最佳的晶体管性能。

斯坦福大学的研究生Gaurav Giri发现，分子限制——液体变薄或增厚，是问题的关键，并通过研究溶剂与各种分子大小来支撑这个想法，Smilgies对此表示称赞。 

Clancy和康奈尔大学研究生Kristina Lenn找到了某些溶剂会影响结晶结果的原因。他们模仿了许多不同的溶剂，并得出分子大小将主要影响形成的晶体的类型。换句话说，他们提供了一种理论见解，可以作为解释实验的支持。

“我们惊喜地看到，微小的溶剂分子大小变化都足以破坏周围有机半导体分子的排列，”Clancy说。“随着溶剂颗粒增大，你可以明显看到，半导体分子为了避免受力而进行的弯曲和扭曲。”

研究人员说，关于如何以一致准确的步骤涂抹如此薄的晶体的详细知识，使人们在这方面的研究向前迈进了重要的一步，可以将这些所谓受力有机半导体转变为像软性显示器、智能标签和生物电子传感器一样有用的产品。

斯坦福大学研究团队以Zhenan Bao教授为首， KAUST团队以Aram Amassian教授为首。 

资料来源：康乃尔大学
E-Material（电子材料）
Researchers in Korea greatly improve piezoelectric nanogenerator efficiency 
Nanogenerators are innovative self-powered energy harvesters that convert kinetic energy created from vibrational and mechanical sources into electrical power, removing the need of external circuits or batteries for electronic devices. This innovation is vital in realizing sustainable energy generation in isolated, inaccessible, or indoor environments and even in the human body.

Nanogenerators, a flexible and lightweight energy harvester on a plastic substrate, can scavenge energy from the extremely tiny movements of natural resources and human body such as wind, water flow, heartbeats, and diaphragm and respiration activities to generate electrical signals. The generators are not only self-powered, flexible devices but also can provide permanent power sources to implantable biomedical devices, including cardiac pacemakers and deep brain stimulators.
However, poor energy efficiency and a complex fabrication process have posed challenges to the commercialization of nanogenerators. Keon Jae Lee, Associate Professor of Materials Science and Engineering at KAIST, and his colleagues have recently proposed a solution by developing a robust technique to transfer a high-quality piezoelectric thin film from bulk sapphire substrates to plastic substrates using laser lift-off (LLO).

Applying the inorganic-based laser lift-off (LLO) process, the research team produced a large-area PZT thin film nanogenerators on flexible substrates (2 cm x 2 cm).

"We were able to convert a high-output performance of ~250 V from the slight mechanical deformation of a single thin plastic substrate. Such output power is just enough to turn on 100 LED lights," Keon Jae Lee explained.

The self-powered nanogenerators can also work with finger and foot motions. For example, under the irregular and slight bending motions of a human finger, the measured current signals had a high electric power of ~8.7 μA. In addition, the piezoelectric nanogenerator has world-record power conversion efficiency, almost 40 times higher than previously reported similar research results, solving the drawbacks related to the fabrication complexity and low energy efficiency.

Lee further commented: "Building on this concept, it is highly expected that tiny mechanical motions, including human body movements of muscle contraction and relaxation, can be readily converted into electrical energy and, furthermore, acted as eternal power sources."

The research team is currently studying a method to build three-dimensional stacking of flexible piezoelectric thin films to enhance output power, as well as conducting a clinical experiment with a flexible nanogenerator.

Source: The Korea Advanced Institute of Science and Technology (KAIST)
韩国研究人员大大的提高了压电纳米发电机的工作效率

纳米发电机作为革新性自供电的能源采集器，它能够将振动和机械产生的动能转化成电能，不依靠电子设备所需的外部电源或电池，这个创新的关键在于能够在偏远，交通不便，或者室内环境，甚至是人体内实现可持续的能源发电。

这种灵活轻便的纳米发电器有一个塑料基片，它能够利用极其微小的自然资源和人体活动比如风，水流，心跳，还有呼吸运动产生的电子信号，这个发电器不仅能够自供电，灵活，而且还能提供给类似心脏起搏器和深部脑刺激器等植入式生物医学设备永久电源。 
但是，纳米发电器的商业化面临能源效率低下和制造过程复杂的挑战，韩国科学院材料科学和工程学副教授Keon Jae Lee和他的同事最近已经提出了一个解决方案，开发出一种稳健的技术，利用雷射剥离，把一个高质量的压电薄膜从散装蓝宝石基片转移到塑料基板。

应用无机基础的激光发射(LLO)过程中,研究小组在灵活的基片上制作了一个大面积压电陶瓷薄膜的纳米发电器。

Keon Jae Lee解释说，我们能够把一个薄塑料基片的轻微机械变形转化为250V的高性能输出.这样的输出电压足够点亮100个LED灯。

这种自供电纳米发电机也能够通过手指和脚的运动发电.比如，人类手指的不规则和轻微的弯曲动作指会产生约 8.7μA的高电力.另外，这种压电纳米发电器在功率转化效率方面，保持世界纪录，它的转化效率大概是之前报道的同样研究结果的40倍，解决了制造复杂性和能源效率较低带来的缺陷。

Lee进一步评论说，基于这种概念，纳米发电器是被高度期望的，它能够轻松地把微小的机械运动,包括人体肌肉收缩和放松的动作转化为电能，此外，它甚至能够充当永恒电源。

研究小组目前正在研究一种方法来构建三维堆积柔性压电薄膜来提高输出功率，同时对于纳米发电器进行临床试验。

资料来源:韩国高级科学技术学院(KAIST)

Nanowire-bridging transistors open way to next-generation electronics

A new approach to integrated circuits, combining atoms of semiconductor materials into nanowires and structures on top of silicon surfaces, shows promise for a new generation of fast, robust electronic and photonic devices. Engineers at the Univ. of California, Davis, have recently demonstrated three-dimensional nanowire transistors using this approach that open exciting opportunities for integrating other semiconductors, such as gallium nitride, on silicon substrates.

"Silicon can't do everything," said Saif Islam, professor of electrical and computer engineering at UC Davis. Circuits built on conventionally etched silicon have reached their lower size limit, which restricts operation speed and integration density. Additionally, conventional silicon circuits cannot function at temperatures above 250 C (about 480 F), or handle high power or voltages, or optical applications.

The new technology could be used, for example, to build sensors that can operate under high temperatures, for example inside aircraft engines.

"In the foreseeable future, society will be dependent on a variety of sensors and control systems that operate in extreme environments, such as motor vehicles, boats, airplanes, terrestrial oil and ore extraction, rockets, spacecraft, and bodily implants," Islam said.

Devices that include both silicon and nonsilicon materials offer higher speeds and more robust performance. Conventional microcircuits are formed from etched layers of silicon and insulators, but it's difficult to grow nonsilicon materials as layers over silicon because of incompatibilities in crystal structure (or "lattice mismatch") and differences in thermal properties.

Instead, Islam's laboratory at UC Davis has created silicon wafers with "nanopillars" of materials such as gallium arsenide, gallium nitride or indium phosphide on them, and grown tiny nanowire "bridges" between nanopillars.

"We can't grow films of these other materials on silicon, but we can grow them as nanowires," Islam said.

The researchers have been able to make these nanowires operate as transistors, and combine them into more complex circuits as well as devices that are responsive to light. They have developed techniques to control the number of nanowires, their physical characteristics and consistency.

Islam said the suspended structures have other advantages: They are easier to cool and handle thermal expansion better than planar structures—a relevant issue when mismatched materials are combined in a transistor.

The technology also leverages the well-established technology for manufacturing silicon integrated circuits, instead of having to create an entirely new route for manufacturing and distribution, Islam said.

The work is described in a series of recent papers in the journals Advanced Materials, Applied Physics Letters and IEEE Transactions on Nanotechnology with co-authors Jin Yong Oh at UC Davis; Jong-Tae Park, University of Incheon, South Korea; Hyun-June Jang and Won-Ju Cho, Kwangwoon University, South Korea. Funding was provided by the U.S. National Science Foundation and the government of South Korea.

Source: Univ. of California, Davis
纳米线桥接晶体管为新一代电子产品开辟了道路

运用新技术制作的集成电路将半导体材料原子与纳米线、纳米线结构和硅外壳结合在一起，充分展现了新一代光子设备的迅猛、强劲。加州大学戴维斯分校工程师最近展示了应用该集成电路的三维纳米线晶体管，为其他集成半导体提供了更多机会，比如氮化镓、硅基板等。

“硅并不是万能的，” 加州大学戴维斯分校电气和计算机工程教授赛义夫•伊斯兰说。当电路上的蚀刻硅细到极点，就会限制电路的操作速度和集成度。此外，传统的硅电路难以承受高于250摄氏度（约华氏480度）的高温，不能承受大功率、高压或进行光学应用。

这项新技术可应用于制造耐高温的传感器，例如飞机引擎内的传感器。

“在不久的未来，社会将依赖于各种能在各种恶劣环境下运行的传感器和控制系统，如汽车、船、飞机、陆地石油和矿石开采、火箭、宇宙飞船和人体植入物。”伊斯兰说。

用硅和非硅材料制成的设备能提供更迅猛和强劲的性能。传统微电路是由蚀刻硅层和绝缘体制成的，但是人们很难用非硅材料来取代硅，因为非硅材料与晶体结构不兼容（也称“晶格失配”），而且两者在热性能方面存在差异。

相反，加州大学戴维斯分校的伊斯兰实验室成功地用“纳米支柱”材料（如砷化镓、磷化镓、磷化铟）制成了硅片，并在纳米支柱材料之间搭建了纳米线“桥”。

“我们无法在硅材料上发展其他材料的薄膜，但我们可以搭建纳米线，“伊斯兰说。

研究人员已经能够使这些纳米线像晶体管一样正常运作，从而开发出更复杂的对光有反应的电路和设备。他们已经开发出新技术，用来控制纳米线的数量，物理特性和相容性。

伊斯兰说，悬挂结构有其他优势：比平面结构更易于冷却，而且可有效抑制热膨胀——一旦在晶体管中配错了材料，就容易引起此类问题。

伊斯兰说，该技术还充分利用了已有的制造硅集成电路的技术，而不是开创一种全新的制造和分配途径。,

最近，有关该纳米技术的论文对该技术进行了阐述，论文刊载的期刊包括《新材料》（Advanced Materials）、《应用物理快报》（Applied Physics Letters）、电气电子工程师学会会报（IEEE Transactions on Nanotechnology）。合作作者有加州大学戴维斯分校的Jin Yong Oh、汉国仁川大学的朴永泰（Jong-Tae Park）、韩国光云大学的郑慧云（Hyun-June Jang）和曹无惧（Won-Ju Cho）。美国国家科学基金会和韩国政府提供了研究资金。

来源：加州大学戴维斯分校

Strongly interacting electrons in wacky oxide synchronize to work like the brain
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A cartoon of an oscillating switch, the basis of a new type of low-power analog computing. Image: Nikhil Shukla/Penn State
Current computing is based on binary logic—zeroes and ones—also called Boolean computing, but a new type of computing architecture stores information in the frequencies and phases of periodic signals and could work more like the human brain using a fraction of the energy necessary for today's computers, according to a team of engineers.
Vanadium dioxide is called a "wacky oxide" because it transitions from a conducting metal to an insulating semiconductor and vice versa with the addition of a small amount of heat or electrical current. A device created by electrical engineers at Penn State uses a thin film of vanadium oxide on a titanium dioxide substrate to create an oscillating switch.
Using a standard electrical engineering trick, Nikhil Shukla, graduate student in electrical engineering, added a series resistor to the oxide device to stabilize oscillations over billions of cycles. When Shukla added a second similar oscillating system, he discovered that, over time, the two devices began to oscillate in unison. This coupled system could provide the basis for non-Boolean computing.  Shukla worked with Suman Datta, professor of electrical engineering, and co-advisor Roman Engel-Herbert, assistant professor of materials science and engineering, Penn State. They reported their results May 14 in Scientific Reports.
"It's called a small-world network," explained Shukla. "You see it in lots of biological systems, such as certain species of fireflies. The males will flash randomly, but then for some unknown reason the flashes synchronize over time."
The brain is also a small-world network of closely clustered nodes that evolved for more efficient information processing.
"Biological synchronization is everywhere," added Datta. "We wanted to use it for a different kind of computing called associative processing, which is an analog rather than digital way to compute."
An array of oscillators can store patterns—for instance, the color of someone's hair, their height and skin texture. If a second area of oscillators has the same pattern, they will begin to synchronize, and the degree of match can be read out.
"They are doing this sort of thing already digitally, but it consumes tons of energy and lots of transistors," Datta said.
Datta is collaborating with Vijay Narayanan, professor of computer science and engineering, Penn State, in exploring the use of these coupled oscillations to solve visual recognition problems more efficiently than existing embedded vision processors.
Shukla and Datta called on the expertise of Cornell University materials scientist Darrell Schlom to make the vanadium dioxide thin film, which has extremely high quality similar to single crystal silicon. Arijit Raychowdhury,computer engineer, and Abhinav Parihar graduate student, both of Georgia Tech, mathematically simulated the nonlinear dynamics of coupled phase transitions in the vanadium dioxide devices. Parihar created a short video simulation of the transitions, which occur at a rate close to a million times per second, to show the way the oscillations synchronize. Venkatraman Gopalan, professor of materials science and engineering, Penn State, used the Advanced Photon Source at Argonne National Laboratory to visually characterize the structural changes occurring in the oxide thin film in the midst of the oscillations.
Datta believes it will take seven to 10 years to scale up from their current network of two-three coupled oscillators to the 100 million or so closely packed oscillators required to make a neuromorphic computer chip. One of the benefits of the novel device is that it will use only about one percent of the energy of digital computing, allowing for new ways to design computers. Much work remains to determine if vanadium dioxide can be integrated into current silicon wafer technology.
"It's a fundamental building block for a different computing paradigm that is analog rather than digital," said Shukla.
Also contributing to this work are Eugene Freeman and Greg Stone, all of Penn State; Haidan Wen and Zhonghou Cai, Argonne National Laboratory; and Hanjong Paik, Cornell University.
The Office of Naval Research primarily supported this work. The National Science Foundation's Expeditions in Computing Award also supported this work.
Source: Pennsylvania State Univ.
奇特氧化物中强相互作用的电子能够像大脑一样同步工作 
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上图为作为新型低功耗模拟计算基础的振荡开关的动画。图片鸣谢：宾州州立大学/尼基•舒克拉 

当前的计算是基于二进制逻辑——0和1，其也称为布尔运算，但据工程师团队称，一种新类型的计算体系结构，可以存储周期信号的频率和相位信息，并且可以像人类大脑一样使用所必需的小部分能量进行工作。

二氧化钒被称为“古怪的氧化物”，是因为它能从导体金属转化为绝缘半导体，增加少量热或电流后又可变回导体状态。宾夕法尼亚州立大学的电气工程师创造的设备，就是在二氧化钛基板上使用氧化钒薄膜，创建了一个振荡开关。

电气工程研究生尼基•舒克拉使用标准的电气工程方法，给该氧化装置添加了一个串联电阻，使其可以进行数十亿次的稳定振荡。当舒克拉增加了第二个类似的振荡系统时，他发现，随着时间的推移，这两个设备开始共振。这个耦合系统可提供基础的非布尔运算。舒克拉与电气工程教授Suman Datta及共同顾问、宾夕法尼亚州立大学材料科学与工程助理教授罗马•恩格尔-赫伯特进行了共同合作。他们的结果报告发表在5月14日的《科学报告》上。

舒克拉解释说，“它被称为小世界网络，”“你会在很多生物系统中发现它，如某些物种的雄性萤火虫会随机闪烁，但后来不知什么原因，随着时间的推移会同步闪烁。”

大脑也是紧密集群节点的小世界网络，之后进化成了更为高效的信息处理系统。 

“生物同步无处不在，”达塔补充说。“我们希望将其用于一种被称为“关联处理”的不同的计算。这是一个模拟，而不是数字计算。”

振荡器阵列可以存储模式——例如，某人头发的颜色、他的高度和皮肤纹理。如果振荡器的第二区域具有相同的图案，那它们将开始同步进行，并且可以读出匹配程度。 

“他们正在利用计算机去做这样的事情，但它会消耗吨级的能量和大量的晶体管，”达塔说。 

达塔与宾夕法尼亚州立大学计算机科学与工程的维杰•纳拉亚南教授合作，利用这些耦合振荡以比现有嵌入式视觉处理器更有效地解决视觉识别问题。

舒克拉和达塔希望美国康奈尔大学材料科学家达Darrell Schlom提供专业知识，来制造具有类似单晶硅的高质量的二氧化钒薄膜。电脑工程师Arijit Raychowdhury和乔治亚理工学院研究生Abhinav Parihar数值模拟了二氧化钒器件中相变耦合的非线性动力学。 Parihar创造了一个模拟转换的简短视频，频率接近一百万次每秒，与振荡同步。宾夕法尼亚州立大学材料科学与工程Venkatraman Gopalan教授，在阿贡国家实验室使用先进光子源，直观地表征了振荡中在氧化物薄膜上发生的结构变化。
达塔认为，从他们目前的两三个耦合振荡器网络扩展到一个需要100万个左右密集振荡器的神经形态电脑芯片，将需要7-10年。其中新设备的好处是，它只会用约百分之一的能量进行数字计算，并允许利用新方式来设计的电脑。为了确定二氧化钒是否可以集成为现有的硅片技术，我们还有很长的路要走。

“这是一个基本的构建模块模拟，而不是数字模拟，”舒克拉说。 

来自宾州州立大学的尤金•弗里曼和Greg Stone也推动了这项工作；另外还有阿贡国家实验室的Haidan Wen、Zhonghou Cai和康乃尔大学的Hanjong Paik。 

海军研究办公室支持了这项工作。美国国家科学基金会的模拟奖探险队也支持这项工作。 

来源：宾夕法尼亚州立大学。
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