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Tech News & New Tech（技术前沿）
Flawed Nanodiamonds Could Produce Next-Gen Tools for Imaging, Communications
05/12/2016 

by Stanford University 
http://www.rdmag.com/news/2016/05/flawed-nanodiamonds-could-produce-next-gen-tools-imaging-communications
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Close-up of purified diamondoids on a lab bench. Too small to see with the naked eye, diamondoids are visible only when they clump together in fine, sugar-like crystals like these. (Credit: Stanford Univ.)

Stanford and SLAC National Accelerator Laboratory jointly run the world's leading program for isolating and studying diamondoids—the tiniest possible specks of diamond. Found naturally in petroleum fluids, these interlocking carbon cages weigh less than a billionth of a billionth of a carat (a carat weighs about the same as 12 grains of rice); the smallest ones contain just 10 atoms.

Over the past decade, a team led by two Stanford-SLAC faculty members—Nick Melosh, an associate professor of materials science and engineering and of photon science, and Zhi-Xun Shen, a professor of photon science and of physics and applied physics – has found potential roles for diamondoids in improving electron microscope images, assembling materials and printing circuits on computer chips. The team's work takes place within SIMES, the Stanford Institute for Materials and Energy Sciences, which is run jointly with SLAC.Before they can do that, though, just getting the diamondoids is a technical feat. It starts at the nearby Chevron refinery in Richmond, California, with a railroad tank car full of crude oil from the Gulf of Mexico. "We analyzed more than a thousand oils from around the world to see which had the highest concentrations of diamondoids," says Jeremy Dahl, who developed key diamondoid isolation techniques with fellow Chevron researcher Robert Carlson before both came to Stanford—Dahl as a physical science research associate and Carlson as a visiting scientist.
The original isolation steps were carried out at the Chevron refinery, where the selected crudes were boiled in huge pots to concentrate the diamondoids. Some of the residue from that work came to a SLAC lab, where small batches are repeatedly boiled to evaporate and isolate molecules of specific weights. These fluids are then forced at high pressure through sophisticated filtration systems to separate out diamondoids of different sizes and shapes, each of which has different properties.
The diamondoids themselves are invisible to the eye; the only reason we can see them is that they clump together in fine, sugar-like crystals. "If you had a spoonful," Dahl says, holding a few in his palm, "you could give 100 billion of them to every person on Earth and still have some left over."
Recently, the team started using diamondoids to seed the growth of flawless, nano-sized diamonds in a lab at Stanford. By introducing other elements, such as silicon or nickel, during the growing process, they hope to make nanodiamonds with precisely tailored flaws that can produce single photons of light for next-generation optical communications and biological imaging.
Early results show that the quality of optical materials grown from diamondoid seeds is consistently high, says Stanford's Jelena Vuckovic, a professor of electrical engineering who is leading this part of the research with Steven Chu, professor of physics and of molecular and cellular physiology. 
"Developing a reliable way of growing the nanodiamonds is critical," says Vuckovic, who is also a member of Stanford Bio-X. "And it's really great to have that source and the grower right here at Stanford. Our collaborators grow the material, we characterize it and we give them feedback right away. They can change whatever we want them to change."
有缺陷的纳米金刚石可能生产出下一代成像通讯工具
05/12/2016   出处：http://www.rdmag.com
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特写的纯化菱形的实验室的长椅上。太小，用肉眼看不到，菱形的是可见的只有当他们聚集在一起，像富硫晶体。(来源:斯坦福大学。)

斯坦福大学和斯坦福直线加速器中心国家加速器实验室共同经营的世界领先的程序隔离和研究菱形钻石-最小可能的斑点钻石。中天然石油液体，这些联锁碳笼重量不到十亿克拉(克拉重量相当于12粒大米)；最小的只包含10个原子。

在过去的十年里，研究小组由斯坦福直线加速器中心的两个教员带领，Nick Melosh，是材料科学和工程学副教授和光子的科学的副教授，Zhi-Xun She，是光子科学教授和物理学和应用物理学教师 – 发现在提高电子显微镜图像的潜在的菱形的角色，组装材料和印刷电路在计算机芯片上。团队的工作发生在西梅斯，斯坦福研究所的原材料和能源科学与线性联合运行。之前，他们能做到这一点，不过，刚刚菱形的技术壮举。它开始在附近的雪佛龙炼油厂在里士满，加利福尼亚，满铁路油槽车从墨西哥湾的原油。“我们分析了来自世界各地的一千多个油浓度最高的钻石形的，”杰里米•达尔说，谁开发关键菱形的隔离技术和雪佛龙研究员罗伯特•卡尔森之前都来到斯坦福-达尔作为物理科学研究助理和卡尔森来访的科学家。

最初的隔离措施进行了雪佛龙炼油厂，在选定的原油在巨大的锅集中菱形的煮。一些残渣，来到一个线性实验室工作，在小批量反复煮沸蒸发和孤立分子的特定的权重。这些液体在高压下通过精密过滤系统分离出菱形的不同的大小和形状，每一个都有不同的属性。

菱形的本身是看不见的眼睛，我们可以看到的唯一原因是，他们聚集在一起，富硫晶体。“如果你有一匙，”达尔说，手里拿着几勺，“你可以给地球上的每一个人1000亿人，还有一些遗留下来的。”

团队开始使用菱形的种子生长的完美的，纳米级的钻石在斯坦福大学的一个实验室。通过引入其他元素，如硅或镍，在成长过程中，他们希望与量身定制的缺陷使纳米金刚石可以产生单光子下一代光通信和生物成像。

早期结果表明，光学材料由菱形的种子生长的质量持续居高不下，斯坦福的伊莲娜辩护方说，他是电气工程教授与物理和分子和细胞生理学的朱棣文教授领导的这一部分研究。

“发展一个可靠的生长金刚石的方法是至关重要的，”Vuckovic说，他是斯坦福Bio-X的一员。“这是是真正伟大的，源和种植者在斯坦福。我们的合作者种植材料，我们描述它，我们给他们反馈。他们可以改变任何我们想让他们改变的。”
New Material Can Imitate Youthful Skin

05/09/2016 

by Ryan Bushey, Digital Editor 
http://www.rdmag.com/articles/2016/05/new-material-can-imitate-youthful-skin
A team of scientists from the Massachusetts Institute of Technology and Massachusetts General Hospital have devised an experimental polymer that has potential to change the dermatological field.

The invention, described in the journal Nature Materials, is a skin-conforming silicone-based polymer named XPL. The film is the culmination of five years’ of research aimed at identifying materials capable of replicating healthy skin.

First, the researchers analyzed the mechanical properties of XPL by ensuring it could mimic the properties of natural skin-like elasticity and flexibility while the finalized product was tested in a number of small proof-of-concept human studies to evaluate the material’s effectiveness in terms of wearability, safety, and preventing loss of moisture.

XPL was applied to participants in a two-step topical application process. The polymer reinforces the skin directly underneath the location where it’s applied in which another layer provides a breathable barrier.

Study results indicated XPL “improves skin function in patients with severely dry skin and restores normal skin aesthetics, limiting the appearance of aging-related structural changes like wrinkles and under-eye bagging,” according to Nature. 

Furthermore, a statement from Olivo Labs, the company that supported the scientists’ research, said XPL had a better wearability rating when compared to two commercial wound dressings when it came to factors like thickness and visibility. The material also was able to lose less water than commercial moisturizers and keep skin hydrated.

Robert Langer, Ph.D., co-founder of Olivo and corresponding author to this study, said in a statement, “Developing a second skin that is invisible, comfortable, and effective in holding in water and potentially other materials presents many different challenges, which were are now able to address.”

An added benefit of this polymer is that it didn’t irritate patients’ skin.  More research needs to be done in order to assess XPL’s potential as a drug delivery tool for individuals suffering from eczema or similar skin conditions.
新材料能模仿年轻的肌肤
05/09/2016   作者：Ryan Bushey   出处：http://www.rdmag.com
来自麻省理工学院的一组科学家和马萨诸塞州综合医院设计了一个实验性的聚合物有潜力改变皮肤领域。

在《自然材料》杂志上描述的发明，是一种皮肤相似硅树脂聚合物被称为XPL。这个薄膜是经过五年研究的最高点，旨在确定材料复制皮肤上健康的能力。

首先，研究人员分析了XPL的弹力性能，保证它能模仿自然的属性最弹性和灵活性而最终确定产品材质测试的小概念验证人类研究评估材料的耐磨性方面的有效性、安全性、防止水份流失。

XPL 应用于参与者在两步局部应用程序的过程。聚合物强化皮肤下面直接应用于这一层的位置提供了一个透气的屏障。

研究结果表明 XPL“患者的改善皮肤功能严重干燥皮肤，恢复正常皮肤美学，限制体内结构的变化的外观如皱纹和黑眼圈装袋，”根据《自然材料》杂志。

此外，Olivo实验室在一份声明中表示，该公司支持科学家们的研究，XPL相比有更好的耐磨性评级两个商业伤口敷料时厚度等因素和可见性。材料也比化妆品能够减少水流失，保持皮肤的水分。

Olivo的创始人罗伯特•兰格博士以及这个研究的合作学者在一份声明中说，“发展中第二个皮肤是无形的，舒适并有效地保湿，并且现在可以解决其他材料表现的潜在的许多不同难题。”

这种聚合物的好处是，它不刺激病人的皮肤。需要做更多的研究，以评估XRL的潜在作为药物输送工具为个人患有湿疹或类似的皮肤病使用。

Invisible Silk Coating Prevents Fruit Spoilage

05/06/2016 

by Greg Watry, Digital Reporter
http://www.rdmag.com/articles/2016/05/invisible-silk-coating-prevents-fruit-spoilage
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Image: Scientific Reports 
Globally, one-third of the food produced for human consumption is lost or wasted, according to the Food and Agriculture organization of the United Nations. That’s about 1.3 billion tons per year.

Researchers with Tufts University’s Department of Biomedical Engineering are searching for a new way to preserve perishable foods. Publishing in Scientific Reports today, the team reported on their preservation method that kept fruits fresh for more than a week without refrigeration.

“Many perishable fruits and vegetables possess in fact high metabolic activity and suffer from high possibility of microbial contamination, resulting in short shelf life, fungal decay, color change, and off-flavor,” the researchers wrote. “To date, several treatments have been explored to extend the postharvest life of fruits and vegetables (e.g. cryopreservation, exposure to synthetic chemical fungicides, modified atmosphere packaging, osmotic treatments, hypobaric and heat treatments).”

In their work, the researchers studied the efficacy of silk fibroin, an odorless and tasteless silk solution that is invisible. An insoluble protein found in silk, fibroin boasts the ability to stabilize and protect other materials. It is biocompatible and biodegradable. The researchers said that silk’s crystalline structure makes it naturally tough.

The researchers dipped fresh-picked strawberries in a 1 percent silk fibroin protein solution, and repeated the process four times. Afterwards, the coated strawberries were treated with water vapor under vacuum for differing amounts of time in a water-annealing process. This resulted in varying percentages of crystalline beta-sheets in the coating.

“An increased beta-sheet content corresponds to a reduction in oxygen diffusion through silk fibroin thin films,” the researchers wrote. The longer the exposure, the more robust the fibroin sheets. The coatings were between 27 and 35 microns thick.

Following the coating process, the strawberries were stored at room temperature and compared to uncoated berries. After one week, the researchers found that the higher beta-sheet silk berries were in noticeably better condition than their counterparts.

“The beta-sheet content of the edible silk fibroin made the strawberries less permeable to carbon dioxide and oxygen,” said Prof. Fiorenzo Omenetto, who contributed to the study, in a statement. “We saw a statistically significant delay in the decay of fruit.”

The researchers also tested the method on bananas. On day nine, “the flesh of non-coated bananas presented a brown color, while silk-coated fruits preserved a tallow flesh, indication of a decreased ripening rate within the silk-coated sample,” the researchers wrote.

The new coating material may further be enhanced by adding therapeutic properties that don’t require complex chemistries, the researchers added.
隐形的丝状涂层可防止水果变质
05/06/2016  作者：Greg Watry  出处：http://www.rdmag.com
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图片：科学报道

全球三分之一的粮食生产被人类消费的丢失或浪费，据联合国粮食及农业组织统计，每年约有13亿吨。

塔夫斯大学生物医学工程系的研究者们正在探寻一种新的方式来防止易腐食品变质。近期，这个研究小组在《科技报告》上出版了在不制冷的情况下，使水果保鲜超过一周的保存方法。

“事实上，许多易腐水果和蔬菜的代谢活动频率很高，因此有很大的可能性会受到微生物污染，从而会导致保质期短，真菌腐朽，色泽改变及异味，”研究者们写到，“到目前为止，我们已经探讨出了了几个处理手段来延长瓜果蔬菜的采后耐贮期。（如，低温贮藏，喷洒合成的化学杀菌剂，使用气调包装，渗透处理及减压热处理。）”

在他们的工作中，研究者们研究了蚕丝蛋白的功效，这是一种无臭无味且无色的丝蛋白溶液。在蚕丝中，研究者们发现了一种不溶性的蛋白质——蚕丝蛋白，这种蚕丝蛋白拥有稳定和保护其他材料的特性，且可相容，可降解。研究者们说道，蚕丝的晶体结构使其有一种天然的韧性。

研究者们将新摘的草莓浸泡在浓度为1%的丝素蛋白蛋白质溶液中，并且重复四次该过程。后来，在水韧处理过程中，研究者们在真空状态下的不同时间段，用水蒸气处理了这些覆有丝素蛋白的草莓。这导致了在涂层过程中，不同百分比的结晶的β褶板。

研究人员写道：“通过观察丝素蛋白薄膜，β褶板含量的增长应与氧扩散的减少一致。”接触的时间越长，蚕丝蛋白的板材越有韧性。这种丝素蛋白膜大约有27至35微米厚。

在涂层过程后，相对于没有处理过的浆果，这些草莓储存于室温条件。一周后，研究者们发现，那些经高β褶板丝蛋白处理过的草莓，较于其他用以对照的浆果，腐败状况明显要好很多。

Prof. Fiorenzo Omenetto对这项研究的完成是有贡献的，他在声明中提到：“可食用的蚕丝蛋白中β褶板，可以降低二氧化碳和氧气的渗透性。我们可以在水果中看到显著的延缓腐烂效果。”

研究者们也用此方法对香蕉进行了试验。在第九天，研究者们写道：“没有使用丝蛋白涂层的香蕉果肉变成了棕色，而有丝蛋白涂层的水果果肉则比较紧实。这是在丝蛋白涂层的样品中，熟化速率下降的迹象。”

研究人员补充道，通过增强属性，新的涂层材料可能会进一步被优化，而不需要复杂的化学反应。

Ink with Carbon Nanodots Luminesces via 3 Different Mechanisms

05/05/2016
By Angewandte Chemie
http://www.rdmag.com/news/2016/05/ink-carbon-nanodots-luminesces-3-different-mechanisms
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Banknotes, documents, branded products, and sensitive goods like pharmaceuticals or technical components are often marked to distinguish them from imitations. However, some counterfeiters have learned to copy conventional fluorescent tags. In the journal Angewandte Chemie, Chinese scientists have now introduced a new, exceptional anti-counterfeit ink made with carbon nanodots. Their ingenious composite material emits three different types of luminescence.

A material that emits light in three different ways at room temperature would be a first. The team led by Hengwei Lin at the Ningbo Institute of Materials Technology & Engineering of Chinese Academy of Sciences, the University of Chongqing, and Southeast University in Nanjing, has successfully produced such a substance based on carbon nanodots—luminescent nanomaterials, which have attracted much attention in recent years due to their unique optical properties and extremely low toxicity.
The researchers used a facile process to make carbon nanodots from m-phenylenediamine. These were then dispersed in water with polyvinyl alcohol and dispensed as ink from a gel pen onto a banknote and a document. After drying, the result was a transparent film of carbon nanodots in a polyvinyl alcohol matrix. This film is colorless under ordinary light, but has three tricks up its sleeve: 1) Irradiation with a UV lamp (365 nm) causes the mark to emit blue light (photoluminescence); 2) the UV irradiation also results in a green afterglow that continues for several seconds after the UV lamp is switched off (room temperature phosphorescence); and 3) irradiation with an infrared femtosecond pulse laser (800 nm) induces a blue-green glow (two-photon luminescence).

Photoluminescence is a phenomenon that is widely observed. Irradiation with UV light catapults electrons into a higher energy level. As the electrons return to the ground state, a portion of the energy is re-emitted as visible light. Two-photon luminescence is a significantly less common phenomenon in which two electrons are absorbed simultaneously (in this case in the infrared range) and jumps to a higher level. From this higher level, the electron can return directly to the ground state by emitting light of a shorter wavelength (in the visible range).

Phosphorescence at room temperature is especially rare. It involves a delay in the release of the absorbed energy because quantum mechanically "forbidden"—and therefore unlikely—electronic transitions are involved. The scientists determined that nitrogen-containing groups on the surface of the carbon nanodots are critical to this observed phosphorescence. The embedding of the nanodots in the polyvinyl alcohol matrix is also important, because it inhibits intramolecular motion that works against the phosphorescence.
碳纳米点油墨通过三种不同的机制发光
05/05/2016   作者：Angewandte Chemie   出处：http://www.rdmag.com
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钞票、单据、品牌的产品，以及如药品和技术构建等敏感物品通常被标记以和它们的仿造品区分开。然而，一些造假者却学会了复制传统的荧光标签。在应用化学杂志上，中国科学家现在已经开发出了一种新的、碳纳米点制成的、特殊的防伪油墨。他们精妙的复合材料能发出三种不同类型的光。

首先，在室温下，该材料能以三种不同的方式发光。由中国科学院宁波材料技术与工程研究所、重庆大学在以及位于南京的东南大学任职的恒伟林带领团队，已成功研制出这种基于碳纳米点发光纳米材料的物质，并且由于其独特的光学性能和极低的毒性，近年来已引起了广泛的关注。 

研究人员通过一种简便的过程从间苯二胺中提取碳纳米点。然后这些物质分散在聚乙烯醇水溶液中，接着利用中性笔墨汁又分散转移到钞票及文档上。待干了以后，便在聚乙烯醇基质上覆了一层透明的碳纳米点薄膜。此薄膜在普通的的灯光下是无色的，但是有三个小窍门：1).用波长为365nm的紫外灯照射会使标记发蓝光(光致发光)；2).在紫外灯关掉后,紫外线照射会引起持续约有几秒钟的绿色余光(室温磷光);以及3). 用红外飞秒脉冲激光照射（800纳米）可诱导发出蓝绿色的光（双光子发光）。 

光致发光是一种普遍存在的现象。紫外光照射能将电子激发到更高的能级上。而当电子重新回到基态时，一部分的能量以可见光的形式重新释放出来。双光子发光则是一种明显不太常见的现象,两个光子同时被吸收(这种情况下是在红外的范围内）并跃迁到更高的能级。而当电子从更高的能级直接回到基态时，便会释放出波长小于前述两种光子的光波来(在可见光的范围内)。

室温下，磷光现象特别少见。它涉及到延迟释放吸收的能量，因为量子力学“禁止”（这样做）-因此不可能涉及电子跃迁。科学家们认为碳纳米点的表面上的含氮基团对是否能观察到这种磷光尤为关键。 纳米点嵌入聚乙烯醇也很重要，因为它抑制分子内运动，而后者会干扰磷光现象的产生。
Metal Alloy（金属合金）
Sumitomo Electric Industries succeeds in downsizing SMC reactor core for HEVs and PHEVs

24th Mar, 2016
http://www.ipmd.net/news/003858.html

Sumitomo Electric Industries Ltd of Itami, Japan, has developed an improved process for the manufacture of a pure iron-based soft magnetic composite (SMC) powder core for automotive reactors thereby achieving a 10% downsizing and weight reduction compared with a conventional reactor produced from electromagnetic steel sheet. 

The company states in a report published in SEI Technical Review (Naoto Igarashi, et al, No.80, 2015, pp 98-103) that the SMC pure iron powder reactor cores are used for boost converters which convert (boost) the voltage in automotive motor drive systems in hybrid electric vehicles (HEVs) and plug-in hybrid electric vehicles (PHEVs) (Fig. 1). 
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Fig. 1 Example of an automotive reactor configuration (courtesy of SEI) 

The reactor boosts the voltage by alternatively accumulating and releasing magnetic energy, and it also smooths the ripple current that is generated in the boosting process. The pure iron SMC powder core is said to be the key component to achieve the reactor’s function. 
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Fig. 2 Correlation between particle diameter and iron loss of iron-based SMC powder  (Naoto Igarashi, etal, 

SEI Technical Review No.80, 2015, pp 98-103) 

The reactor cores, which consist of two side cores (essentially semi-cylindrical shape) and six middle cores (box shaped parts), are produced by compacting iron powder whose particles are insulation coated to increase the electrical resistance of the component. 

SEI states excellent AC magnetic properties are achieved in the high frequency range (1 kHz or higher) and that due to their three-dimensionally isotropic magnetic properties, SMC core materials are expected to find applications where the required shape of the component would be difficult to achieve using conventional electromagnetic steel sheet, but could be achieved by powder compacting. 

SEI also reports that in optimising the iron powder particle size (Fig. 2), and developing a compacting process which avoided damaging the insulating layer on the iron powder, it was able to produce SMC cores which take full advantage of the pure iron material’s high magnetic flux density and at the same time offer the end user reduced weight. 
住友电器产业成功缩小混合动力电动汽车和插电式混合动力车SMC反应堆堆芯规模
03/24/2016  出处：http://www.ipmd.net
日本伊丹住友电气工业有限责任公司，已经开发出一种旨在汽车反应堆，基于纯铁的软磁复合材料（SMC）铁粉芯制造技术的改进工艺，因此与电磁钢板制成的常规汽车反应堆相比，规模成功缩小10%。 

该公司在发表于SEI技术审查（Naoto Igarashi等人，80、2015、PP 98-103）的一个报告中陈述道：SMC纯铁粉的反应堆芯用于升压转换器，可转换（升压）混合动力电动汽车（HEV）及插电式混合动力电动汽车（PHEV）（图1）的电机驱动系统的电压。
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图1.一个汽车反应器配置示例（SEI）  

反应器通过交替积累及释放磁场能量升高电压，并且它能使升压过程中产生的纹波电流平滑。铁SMC粉芯可以说是实现反应器功能的关键部件。
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图2.铁基粉末的粒径和SMC铁心损耗的关系（Naoto Igarashi等，SEI技术回顾80、2015、PP 98-103）  

反应堆堆芯是由2个侧芯（基本上是半圆柱形）和六个中间芯（盒形件）组成，经致密的铁粉制成，铁粉颗粒外覆绝缘层，以增加组件的电阻。  

SEI在高频率范围内（1赫兹或更高），表现出了很好的交流磁特性，并且由于其三维各向同性磁特性，SMC核心材料有望通过粉末压制应用于这些地方：所需组件的形状难以用传统的电磁钢板获得。 

SEI还报道：这项技术不仅优化了铁粉颗粒大小(图2)，并且也优化了压缩过程，在此过程中能避免损坏铁粉粒的绝缘层。此外，它还能充分利用纯铁材料的高磁通密度生产SMC核心，并为终端用户减轻了(汽车）重量。
Composite Materials（复合材料）
Magma and Victrex Partnership Breaks Record of Longest M-pipe Subsea Intervention Line

03 May 2016
http://www.netcomposites.com/news/2016/may/03/magma-and-victrex-partnership-breaks-record-of-longest-m-pipe-subsea-intervention-line/
Magma and Victrex Partnership Breaks Record of Longest M-pipe Subsea Intervention Line

To reduce exploration and production costs and risks in subsea oil and gas systems, Magma Global has developed the flexible m-pipe technology, the largest ever VICTREX PEEK-based structure.

According to Magma Global, this latest lightweight continuous pipe can be deployed to depths of 10,000 feet (3,000 metres) and handle pressures of up to 15ksi (kilopounds per square inch). The composite pipe combines VICTREX PEEK, high-grade carbon fibre and S-2 glass fibres to form a reliable subsea intervention line that meets the demand for a hydraulic pumping system that can handle high pressures and high flow rates.

Charles Tavner, Commercial Director at Magma Global, explains, “Thanks to partnering with Victrex, we have been able to successfully develop our 10,000 foot solution for hydraulic pumping and light well intervention in the Gulf of Mexico. VICTREX PEEK polymer’s high performance, and their material and processing expertise, has supported the new record-breaking flexible and spoolable m-pipe for the oil and gas industry.”

Victrex adds that Magma is offering its m-pipe and integrated deployment package as a vessel back-deck system for rapid hydraulic light well intervention. The Magma deployment system has a modular reeler with m-pipe intervention line pipe handling system, built-in tensioner, level wind, controls cabin, hydraulic power unit, installation platform and winch, for rapid pipe deployment and retrieval. The m-pipe is a composite material based on VICTREX PEEK polymer, carbon and glass fibres that delivers low fatigue, improved buoyancy in fluids and high resistance to corrosion compared to steel pipe.

“In oil and gas exploration the continuous need to extend scope and efficiency motivates us to develop reliable solutions further. In close collaboration with customers we consequently contribute to solve the toughest challenges,” explains Tom Swanson, Energy Director at Victrex. By specifying high-performance PEEK composites and polymers that Victrex has developed for this program, them-pipe in the new Magma deployment system offers:

•Capability to handle high temperatures

•Ability to deal with pressures up to 15ksi

•Deep water capability down to 10,000 feet (3,000 metres)

•Excellent fatigue life for thousands of reliable deployments

•Light weight for ease of installation and reduced pipe stress

•Smooth PEEK bore for efficient and rapid flow of intervention fluids

•Resistance to well completion and stimulation fluids and gases for operational reliability

“Our VICTREX PEEK-based m-pipe and deployment system offers regular, reliable low-cost hydraulic well intervention, and can be rented as a complete deployment package from Magma, on either a short-term campaign or annual contract basis. M-pipe reduces the cost of intervention at a time when the oil and gas industry is extremely challenged on operational costs, and is also striving to achieve efficiency and reliability. The Magma system is designed to minimise mobilisation time and maximise vessel utilisation by reducing hydraulic pumping time, reducing intervention costs by up to 30%,” says Tavner.

Magma says its ‘integrated package’ approach provides the ability to intervene in subsea completions continuously and efficiently, to maximise its ongoing productivity. Its system and high performance m-pipe allows for flexible high pressure and high-flow-rate pumping of intervention fluids into subsea wells from small vessels.
Magma和Victrex 合作打破了最长m-pipe海底干预线的记录
05/03/2016  出处：http://www.netcomposites.com
为了降低海底油气系统的勘探及生产的成本和风险，Magma Global 已开发出灵活的m-pipe技术，其是基于VICTREX PEEK有史以来最大的结构。 

根据Magma Global，这个最新的轻量级连续管可以深入到10000英尺（3000米）的深度，并能抵抗15ksi的压力（千磅每平方英尺）。 复合管综合VICTREX PEEK、高级碳纤维和S-2玻璃纤维以形成可靠的海底干预线，能满足液压泵系统的要求，而后者可以应付高压力和高流量。 

Magma Global的商务总监Charles Tavner解释说，“幸亏与Victrex的合作，我们已经能成功解决了10000英尺深液压泵的问题，以及墨西哥湾光井干预。 VICTREX PEEK聚合物的高性能，其材料和加工技术，都支持新纪录——打破了石油和天然气行业灵活及可缠绕的m-pipe的记录。” 

Victrex 补充道，Magma提供的m-pipe和集成部署包作为船后甲板系统提供给快速液压光井干预。Magma部署系统具有模块式卷取机,其有m-pipe干预线管的处理系统，内置式张紧装置、水平风，控制舱模块驱动，液压动力单元，安装平台和绞车，用于快速管部署和检索。 m-pipe一种基于VICTREX PEEK聚合物、碳和玻璃纤维的不易疲劳的复合材料，提高了在流体中的浮力，并且和钢管相比其抗腐蚀性更强。 

“在石油和天然气勘探中不断需要扩大范围和提高效率促使我们进一步制定可靠的解决方案。 在与客户密切合作从而有助于解决最棘手的挑战”，Victrex的能源主管Tom Swanson解释道。 通过规定Victrex为这个项目研发的高性能聚醚醚酮复合材料和聚合物, Magma新部署系统的m_pipe可提供： 

•处理高温的能力

•处理高达15ksi压力的能力

•能下降到10000英尺（3000米）的深水能力

•出色的疲劳寿命：可进行上千个可靠部署

•轻质，易于安装且能减轻管道压力

•光滑的PEEK钻孔：干预流体的有效和快速流动

•可抵挡完井和避免刺激流体和气体：操作可靠性 

“我们的基于VICTREX-PEEK的m-pipe和部署系统能提供常规的、可靠的低成本的液压修井，并且可以一个完整的部署包的形式从Magma租用，无论是从短期活动，抑或是一年期合同的角度都可”。M-pipe，在石油及天然气行业的操作成本举步维艰的情况下，降低了干预成本，并且也正在努力提高效率和可靠性。“Magma系统的设计是通过减少液压抽油时间，并减少了30%的干预成本，使动员时间最小化，管道利用率最大化”，Tavner说道。

Magma说，“综合包”的方法提供了介入海底持续高效完井的能力，最大限度地提高其生产力。 其系统和高性能m-pipe允许灵活的高压力和高流量的泵送流体从小管道进入海底井。 

Cost-Efficient, High-Performance for Corrosive Environments

19 April 2016
http://www.netcomposites.com/news/2016/april/19/cost-efficient-high-performance-for-corrosive-environments/
FiberSystems is helping customers curtail costs and boost performance with its corrosion-resistant methacrylate epoxy FRP composite pipe, duct and fittings.

Custom engineered for chemical service environment applications, the versatile methacrylate epoxy is approximately 35 percent less than the cost of standard epoxy pipe, explains FiberSystems. Methacrylate epoxy products also offer high-performance alternatives for costly alloys and specialty metals for projects that dictate fire retardant and explosion resistant requirements.

FiberSystems explains that its methacrylate epoxy products can be used to repair or replace existing piping for customers experiencing failure in the field with steel, metal alloys, standard epoxy and thermoplastic pipe and fittings. “In today’s business climate companies have to compete with China and other nations. They need products that can perform in harsh industrial environments, provide longer life cycles and are cost efficient,” says TR Morton, CEO of FiberSystems. “A product isn’t cheap if it fails and you have to keep replacing it.”

According to FiberSystems, the filament wound methacrylate epoxy FRP pipe and duct products are available in sizes ranging from 3/8-inch to 168-inch. One of just a handful of manufacturers to offer pipe in these size ranges, FiberSystems builds its products to ASTM standards for iron pipe outside diameters (OD) and chemical process pipe inside diameters (ID).

It claims that the methacrylate epoxy FRP pipe products can also withstand burial conditions from live loads; to earth loads of 100 feet or more. The products can be used for underwater installations and supported span applications. A high-performance grade of methacrylate epoxy resin pigmented grey for UV inhibition is used in filament wound structural overwraps and flanges.
有成本效益的、高性能的耐蚀环境
04/19/2016   出处：http://www.netcomposites.com
FiberSystems通过提高甲基丙烯酸酯环氧玻璃钢复合管，管道及配件的耐蚀性能，来帮助客户减少成本。

由于这都是根据化学服务环境特制的，所以甲基丙烯酸酯环氧树脂的成本比标准的环氧管低35%，FiberSystems解释道。甲基丙烯环氧树脂产品性能比较高，可替代昂贵的合金与特殊的金属，也可满足工程项目中防火防爆的需求。

FiberSystems解释说，在钢材、金属合金、标准环氧树脂、热塑塑料管及配件领域经历过失败后，这种甲基丙烯酸酯环氧树脂产品可用于修复或替换现有的管道。“在现今的商业环境中，企业必须同中国还有其他国家竞争。他们需要生产能在恶劣的工作环境中使用的产品，使其更经济有效且有更长的生命周期，”FiberSystems的首席执行官TR Morton说，“如果产品投入市场失败了，证明它是不具有价值的，所以你必须寻求别的东西来取代它。”

根据FiberSystems，纤维缠绕甲基丙烯酸酯环氧复合管和管道产品有不同的尺寸，从3/8英寸到168英寸不等。只有少数制造商中的一个企业有这些尺寸的供应，即FiberSystems ，它以美国材料试验协会的铁管外直径标准和化学工艺管道外直径标准，来生产产品。

它声称，甲基丙烯酸酯环氧玻璃钢管道在活负荷层面，也经得起严峻考验；甚至到地表的100英尺或更多。这些产品可用于水下安装，同时也支持跨界应用。高性能的甲基丙烯环氧树脂呈灰色，可抑制紫外线，也可应用于纤维缠绕结构的外包装和法兰的制造。

Exel Composites to use Clean Tech Solutions to Remove Styrene Emissions

19 April 2016
http://www.netcomposites.com/news/2016/april/19/exel-composites-to-use-clean-tech-solutions-to-remove-styrene-emissions/

Being an FRP (fibre-reinforced plastics) manufacturer means being a source of VOC (volatile organic compound) emissions, Exel Composites has invested considerable resources over the years in tackling VO emissions into the environment.

Exel says that it wants to be a pioneer not only in composites technology but also in the field of environmental protection. It explains that one of the main ecological concerns at Exel, as in the composites industry in general, is styrene emissions. Styrene is a volatile component of polyester resin. Different methods are available to clean the styrene-contaminated air inside and outside production facilities. However, Exel explains, they are often very energy-intensive. When presented with a possibility to explore biotrickling filtration in cooperation with the University of Valencia in Spain and Pure Air Solutions from the Netherlands, it jumped at the possibility. “We needn’t think twice about participating in this EU-funded project seeking to use biotrickling filtration as a sustainable and cost-efficient alternative for styrene emission control,” says Mr Callum Gough, SVP Operations of Exel Composites.

“Biotrickling filtration is a combination of a biofilter and a bioscrubber. It is a biological system that uses clean and natural processes to remove VOCs,” says Mr Eric Moussiaux, General Manager of Exel Composites’ Belgium unit. “The styrene fumes are absorbed in water and decomposed by bacteria. The pilot unit erected at Oudenaarde factory proved to be very efficient. We will certainly do the necessary investments to take this process into use,” he continues.

The 4-year-long project, called Next Air Biotreat, was headed by Professor Carmen Gabaldón from the Chemical Engineering Department of the University of Valencia. “We are extremely pleased with the results of the project,” she says. “In comparison with conventional technologies, biological VOC treatment is economically beneficial, it contributes to a lower ecological footprint and implies a reduction of CO2,” Gabaldón continues.
埃克赛尔复合材料使用清洁技术来解决苯乙烯的排放问题

04/19/2016 出处：http://www.netcomposites.com  
Exel Composites作为一个FRP（纤维增强复合材料）的制造商，意味着会成为一个VOC（挥发性有机化合物）的排放源。多年以来，Exel复合材料投入大量资源来处理挥发性有机物，然后再排入环境中。

Exel说道，它将会在合成物技术和环境保护方面争取成为先锋。通常在Exel复合材料产业，苯乙烯的排放就是主要的生态问题之一。苯乙烯是聚酯树脂中的挥发性组份。如今已有不同的方法，来清洁被苯乙烯污染的内部环境以和外部的生产设备。然而，Exel解释道，这些方法都非常消耗能源。西班牙的瓦伦西亚大学和荷兰的纯净空气解决方案组，一起合作探索生物滴滤法，这将是非常有可能成功的。“为了解决苯乙烯的挥发问题，生物滴滤法可作为可持续发展且有成本效益的另一选择，所以我们不必考虑参加欧盟的资助项目，”Exel Composites的高级管理者Callum Gough说道。

“生物滴滤法是生物过滤器和生物洗涤器的结合产物。这种生物系统使用清洁且自然的加工处理操作，可解决挥发性化学有机物带来的问题，”比利时单位的Exel Composites总经理Eric Moussiaux说。“苯乙烯气体可被水吸收，也可被细菌分解。 建立在奥德纳尔德工厂的试点单元被证实是非常有效的。为了将这个进程投入使用，我们将会对此做必要的投资，”他继续说。

下一个空气净化计划为时四年，由瓦伦西亚大学化学工程系的教授Carmen Gabaldón负责跟进。“我们对这个项目的成果非常满意，”她说。“与传统技术相比，生物学层面的VOC处理方法是经济有效的。而且，它有助于减少生态足迹的地域空间，也意味着二氧化碳的排放会减少，”Gabaldón补充道。
Practical Application（实际应用）
The ABCs of 3D Bioprinting of Living Tissues, Organs 

05/06/2016

By Anna Spiewak, Editor
http://www.rdmag.com/articles/2016/05/abcs-3d-bioprinting-living-tissues-organs
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 (Credit: Ozbolat Lab/Penn State University)
Although first originated in 2003, the world of bioprinting is still very new and ambiguous. Nevertheless, as the need for organ donation continues to increase worldwide, and organ and tissue shortages prevail, a handful of scientists have started utilizing this cutting-edge science and technology for various areas of regenerative medicine to possibly fill that organ-shortage void.

Among these scientists is Ibrahim Tarik Ozbolat, an associate professor of Engineering Science and Mechanics Department and the Huck Institutes of the Life Sciences at Penn State University, who's been studying bioprinting and tissue engineering for years.

While Ozbolat is not the first to originate 3D bioprinting research, he’s the first one at Penn State University to spearhead the studies at Ozbolat Lab, Leading Bioprinting Research.

“Tissue engineering is a big need. Regenerative medicine, biofabrication of tissues and organs that can replace the damage or diseases is important,” Ozbolat told R&D Magazine after his seminar presentation at Interphex last week in New York City, titled 3D Bioprinting of Living Tissues & Organs.” 

3D bioprinting is the process of creating cell patterns in a confined space using 3D-printing technologies, where cell function and viability are preserved within the printed construct.

Recent progress has allowed 3D printing of biocompatible materials, cells and supporting components into complex 3D functional living tissues. The technology is being applied to regenerative medicine to address the need for tissues and organs suitable for transplantation. Compared with non-biological printing, 3D bioprinting involves additional complexities, such as the choice of materials, cell types, growth and differentiation factors, and technical challenges related to the sensitivities of living cells and the construction of tissues. Addressing these complexities requires the integration of technologies from the fields of engineering, biomaterials science, cell biology, physics and medicine, according to nature.com.

“If we’re able to make organs on demand, that will be highly beneficial to society,” said Ozbolat. “We have the capability to pattern cells, locate them and then make the same thing that exists in the body.”

So how does Ozbolat’s team create these organs and tissues? According to the researcher, there are two ways. One of the ways is to make these cells from hydrogel scaffolds. A scaffold is a temporary material that houses cells.

“Cells are tiny pieces that cannot make a 3D structure alone, so they need 3D support,” he explained.

Later the cells are mixed with hydrogel (collagen). The hydrogel can be harvested from a rat’s bone marrow. Rats are the main animals on which Ozbolat’s team continues to do tests. The other option is to make the hydrogels synthetically by buying the product commercially and then mixing it with the cells. These hydrogels then grow and start making tissues, which takes anywhere from two to several months.

Regular inkjet printers can be converted into bioprinters, according to Ozbolat. The printer allows multiple cell types and components to be used for printing. Today, universities have adapted that technology so that skin cells can be placed in an ink cartridge and printed directly on a wound. So basically, cells are used as ink.

Ibrahim Tarik Ozbolat is the associate professor of Engineering Science and Mechanics Department at Penn State University where he researches cutting-edge bioprinting science and technology. (Credit: Ozbolat Lab)“It’s really hard to make tissue outside the body; we have cells loaded in hydrogels and then keep it in the dish,” he added. “But if you transplant that into the body, the body is the best bioreactor. It’s the best place for the tissue construct and then for cells in the tissue construct to grow.”

3D bioprinting has already been used for the generation and transplantation of several tissues, including multilayered skin, bone, vascular grafts, tracheal splints, heart tissue and cartilaginous structures. Other applications include developing high-throughput 3D-bioprinted tissue models for research, drug discovery and toxicology.

Bioprinting is not being applied to humans yet, due to several FDA regulatory issues. However, animals have already accepted the manmade tissues, according to the bioprinting expert.

Ozbolat’s research group has been engaged in several projects sponsored by governmental agencies and private enterprises. Some of the tissues his team has worked on include: bone, cartilage, blood vessels, composite tissues, skin, pancreas, and tumor tissue models.

While Ozbolat contends bioprinted organs will not replicate the exact same thing that we have inside our bodies, it comes very close to it and possesses other advantages.

“Bioprinting has the capability of making things more automatedly. We can make several tissue models at once and that is important in drug screening—making them in tandem and selling to biopharma companies,” he concluded.

Advantages of Bioprinting

Bioprinting has superior features compared to other biofabrication techniques, such as molding, magnetic assembly, microfluidics-based approaches:

1.Enables fabrication of anatomically correct shapes

2.Allows fabrication of porous structures

3.Ability to co-culture multiple cell types locally

4.Precise patterning of cells and biologics

5.Controlled delivery of growth factors and genes

6.Ability to generate tissue models in high-throughput manner

7.Ability to integrate vascularization
活性组织3 D生物打印的ABCs，器官
05/06/2016  作者：Anna Spiewak, Editor  出处：http://www.rdmag.com
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生物打印在2003年就出现了，至今依然是一个新领域，有待发展。然而，随着全球器官捐赠的需求持续增长，同时，器官和组织处于短缺状态，有的科学家开始利用尖端科学技术各，解决各领域的器官短缺问题。

Ibrahim Tarik Ozbolat是这些科学家的一员，同时也是工程科学和力学部门的副教授，在哈克宾州州立大学生命科学研究院，多年从事生物打印和组织工程的研究工作。

虽然Ozbolat不是首位3 d生物打印研究者，但是他是宾夕法尼亚州立大学Ozbolat实验室，主要研究生物打印的领头人。

对于组织工程的需求很大。组织、器官再生医学，生物制造，修复组织和器官损伤或疾病很重要。研发杂志研讨会过后，Ozbolat在纽约Interphex接受R&D杂志采访，标题为活性组织和器官的3 D生物打印。

3 D生物打印是创建细胞模式的过程，在狭小的空间里，采用3 d打印技术，细胞功能和生存能力限于打印的结构内。

由于最近取得进展，3 D打印技术的生物相容性材料，细胞和支持组件进入3 D功能活性组织。这项技术应用于再生医学，强调移植合适组织和器官的必要性。与非生物印刷相比，3 D生物打印更为复杂，材料的选择、细胞类型、生长和分化的因素，技术挑战与活细胞的敏感性和组织的组建。解决复杂性，需要集成技术领域，工程、生物科学、细胞生物学、物理学和医学，据nature.com。

Ozbolat说：“满足对器官需求对社会有好处，我们有能力模拟细胞，进行定位,然后在体内发挥与细胞相同的作用。”

所以Ozbolats团队如何创建这些器官和组织？据研究者，存在两种方法。其中一个是使细胞的水凝胶支架。这是一个临时储存细胞的材料。

他解释到：“细胞太小，不能单独作为三维结构，所以需要3 d支持。”

随后，细胞混合水凝胶(胶原蛋白)。水凝胶可以从老鼠的骨髓获取。老鼠是Ozbolats团队做测试使用的试验动物。另一个选择是购买综合商业产品，制作水凝胶，然后与细胞混合。这些水凝胶开始生长，形成组织，需要两到几个月的时间。

据Ozbolat，普通喷墨打印机可以转化为生物打印。打印机支持多种细胞类型和组件用于打印。如今，大学已经采用这种技术，这样，皮肤细胞可以被放置在一个墨盒，然后直接印刷在伤口上。所以，基本上,细胞就如同墨水。

Ibrahim Tarik Ozbolat 是工程科学和力学部门的副教授，处于宾夕法尼亚州立大学研究科技生物打印的前沿。(来源:Ozbolat实验室)很难使组织在处于体外；我们把细胞存放在水凝胶内，他补充说。但是如果你移植到体内，身体是最好的生物反应器。这是组织构造的最佳地点，供组织细胞的构造生长。

3 D生物打印已经用于一些组织的生成和移植，包括多层皮肤、骨骼、血管、气管夹板,心脏组织和软骨结构。其他应用包括研究开发高通量3 d-bioprinted组织模型，药物开发和毒理学。

由于几个FDA监管问题，生物打印尚未被人类应用。然而，生物打印专家提出，动物已经接受人造组织。

Ozbolats研究小组已经从事了多个由政府机构和私人企业资助的项目。他的团队研究的组织包括:骨骼、软骨、血管、复合组织，皮肤，胰腺和肿瘤组织模型。

Ozbolat声称生物打印不会复制体内相同的东西，它们非常接近，但具有其他优势。

他总结到：“生物打印具有更加自动化的能力。我们可以立刻做出药物筛选重要的组织模型，销售给关联的药品公司。

生物打印的优势

与其他生物制造技术相比，生物打印有优越性，如成型、磁组装、显微射流技术方法:

1.制造正确的解剖学形状

2.支持多孔结构

3.培养多种细胞的能力

4.精准的细胞和生物制剂模式

5.控制生长因子和基因

6.以高通量的方式生成组织模型

7.血管化的结合能力

Engineers Create Tool That Turns Skin into Touchpads
05/06/2016
By Ryan Bushey, Digital Editor
http://www.rdmag.com/articles/2016/05/engineers-create-tool-turns-skin-touchpads
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The Future Interfaces Group, a research lab based at Carnegie Mellon University, unveiled new technology that could create a seamless navigation experience for wearable devices with small screens like smart watches.

The invention, named SkinTrack, uses a, “signal-emitting ring worn on the finger to communicate with a sensing band attached to the watch, “according to The Verge. 

A high-frequency electrical signal spreads across your arm when the finger with the ring makes contact with skin. Next, the distance between the ring and four pairs of electrodes in the watch identifies the position of your finger.
The team discovered that their system could determine the location of the finger with 99 percent accuracy, explained Carnegie Mellon’s announcement. The margin of error clocked in at 7.6 millimeters, but that stacked up well when compared to similar finger-tracking systems.
The proof-of-concept shown to The Verge demonstrated a slew of intriguing features like being able to use your skin as a canvas.

Apps can be dragged off the watch and place them on different parts of your arm where they can still be accessible with a tap from the finger wearing the ring. Tracing an “N” on your arm with the ring-wearing finger can activate a news app whereas an “S” could silence a phone call.

Geiraud Laput, Ph.D, a member of the research team said in a statement,” "A major problem with smartwatches and other digital jewelry is that their screens are so tiny.”

"Not only is the interaction area small, but your finger actually blocks much of the screen when you're using it. Input tends to be pretty basic, confined to a few buttons or some directional swipes,” he added.

Essentially, SkinTrack provides a larger interface, but there’s still some issues to be worked out, like finding sufficient methods for ensuring the ring stays charged and preventing significant signal interference when the body sweats.
工程师创建了把皮肤变成了触摸板的工具
05/06/2016   作者：Ryan Bushey  出处：http://www.rdmag.com
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Future Interfaces Group,位于卡内基梅隆大学的研究实验室，公布了一项新技术,该技术可以为像智能手机一样有小屏幕的可穿戴设备提供无缝导航体验。

这项发明,名叫SkinTrack,使用“戴在手指上的信号发射戒指来与手表上的传感带沟通,“ The Verge。

高频电信号通过你的手臂传播，当手指接触皮肤时。然后,戒指和手表四双电极之间的距离确定手指的位置。

研究团队发现他们的系统就可以确定手指的位置,准确率达到99%,卡内基梅隆大学的声明解释说。误差为7.6毫米,但误差叠加与类似手指追踪系统相比。

The Verge 的概念验证证明了一系列有趣的功能,如能够使你的皮肤作为画布。

应用程序可以从手表中取出,放在你的手臂的不同部分,在这些位置他们仍然是可以访问的，当戴戒指的手指轻拍时。用带戒指的手指在手臂上比划一个“N”可以激活一个新应用程序而“S”可以挂掉一个电话。

Geiraud Laput博士，研究小组的成员在一份声明中说,““智能手表和其他数字穿戴设备的一个主要问题是,他们的屏幕那么小。”

“不仅是交互区域小,而且你的手指遮挡了很大部分屏幕,当你使用它时。输入往往是非常基本的,仅限于几个按钮或者一些方向刷,”他补充说。

从本质上讲,SkinTrack提供了一个更大的界面,但仍有一些问题需要解决,如发现足够的方法来确保戒指电量充足,防止当身体出汗出现重大信号干扰。
How to Make Better Solar Cells

05/04/2016 

By Tara P. Dakhal, SUNY Binghamton, The Conversation
http://www.rdmag.com/news/2016/05/how-make-better-solar-cells 

Global demand for energy is increasing by the hour as developing countries move toward industrialization. Experts estimate that by the year 2050, worldwide demand for electricity may reach 30 terawatts (TW). For perspective, one terawatt is roughly equal to the power of 1.3 billion horses.

Energy from the sun is limitless – the sun provides us 120,000 TW of power at any given instant – and it is free. But today solar energy provides only about one percent of the world’s electricity. The critical challenge is making it less expensive to convert photo-energy into usable electrical energy.

To do that, we need to find materials that absorb sunlight and convert it into electricity efficiently. In addition, we want these materials to be abundant, environmentally benign and cost-effective to fabricate into solar devices.

Researchers from around the world are working to develop solar cell technologies that are efficient and affordable. The goal is to bring the installation cost of solar electricity below US$1 per watt, compared to about $3 per watt today.

At Binghamton University’s Center for Autonomous Solar Power (CASP), we are investigating ways to make thin film solar cells using materials that are abundant in nature and nontoxic. We want to develop solar cells that are reliable, highly efficient at converting sunlight to electricity and inexpensive to manufacture. We have identified two materials that have great potential as solar absorbers: pyrite, better known as fool’s gold because of its metallic luster; and copper-zinc-tin-sulfide (CZTS).
Seeking the ideal material 

Today’s commercial solar cells are made from one of three materials: silicon, cadmium telluride (CdTe) and copper-indium-gallium-selenide (CIGS). Each has strengths and weaknesses.

Silicon solar cells are highly efficient, converting up to 25 percent of the sunlight that falls on them into electricity, and very durable. However, it is very expensive to process silicon into wafers. And these wafers have to be very thick (about 0.3 millimeters, which is thick for solar cells) to absorb all of the sunlight that falls on them, which further increases costs.

Silicon solar cells – often referred to as first-generation solar cells – are used in the panels that have become familiar sights on rooftops. Our center is studying another type called thin film solar cells, which are the next generation of solar technology. As their name suggests, thin film solar cells are made by putting a thin layer of solar absorbent material over a substrate, such as glass or plastic, which typically can be flexible.

These solar cells use less material, so they are less expensive than crystalline solar cells made from silicon. It is not possible to coat crystalline silicon on a flexible substrate, so we need a different material to use as a solar absorber.

Although thin film solar technology is improving rapidly, some of the materials in today’s thin film solar cells are scarce or hazardous. For example, the cadmium in CdTe is highly toxic to all living things and is known to cause cancer in humans. CdTe can separate into cadmium and tellurium at high temperatures (for example, in a laboratory or housefire), posing a serious inhalation risk.

We are working with pyrite and CZTS because they are nontoxic and very inexpensive. CZTS costs about 0.005 cents per watt, and pyrite costs a mere 0.000002 cents per watt. They also are among the most abundant materials in the Earth’s crust, and absorb the visible spectrum of sunlight efficiently. These films can be as thin as 1/1000th of a millimeter.
We need to crystallize these materials before we can fabricate them into solar cells. This is done by heating them. CZTS crystallizes at temperatures under 600 degree Celsius, compared to 1,200 degrees Celsius or higher for silicon, which makes it less expensive to process. It performs much like high-efficiency copper indium gallium selenide (CIGS) solar cells, which are commercially available now, but replaces the indium and gallium in these cells with cheaper and more abundant zinc and tin.

So far, however, CZTS solar cells are relatively inefficient: they convert less than 13 percent of the sunlight that falls upon them to electricity, compared to 20 percent for more expensive CIGS solar cells.

We know that CZTS solar cells have a potential to be 30 percent efficient. The main challenges are 1) synthesizing high-quality CZTS thin film without any traces of impurities, and 2) finding a suitable material for the “buffer” layer underneath it, which helps to collect the electric charges that sunlight creates in the absorber layer. Our lab has produced a CZTS thin film with seven percent efficiency; we hope to approach 15 percent efficiency soon by synthesizing high-quality CZTS layers and finding suitable buffer layers.

Pyrite is another potential absorber that can be synthesized at very low temperatures. Our lab has synthesized pyrite thin films, and now we are working to layer those films into solar cells. This process is challenging because pyrite breaks down easily when it is exposed to heat and moisture. We are researching ways to make it more stable without affecting its solar absorbency and mechanical properties. If we can solve this problem, “fool’s gold” could turn into a smart photovoltaic device.

In a recent study, researchers at Stanford University and the University of California at Berkeley estimated that solar power could provide up to 45 percent of U.S. electricity by 2050. To meet that target, we need to keep driving down the cost of solar power and find ways to make solar cells more sustainably. We believe that abundant, nontoxic materials are key to realizing the potential of solar power.
如何制造更好的太阳能电池
05/04/2016  作者：Tara P. Dakhal, SUNY Binghamton, The Conversation  出处：http://www.rdmag.com
由于发展中国家走向工业化，全球能源的需求在按小时不断地增加。据专家估计，到2050年，全球的电力需求可能会达到30太瓦（TW）。从中可以看出，1太瓦大约等于13亿个家庭的用电量。

来自太阳的能量是无限的——太阳在任何给定的时刻都能给我们提供12万太瓦的电力——而且它还是免费的。但是，今天的太阳能只提供了大约1%的全球电力。关键的挑战是让光能转换成有用的电能变得更加便宜。

要做到这一点，我们需要找到一种能够吸收阳光并将其有效地转换成电能的材料。此外，我们还希望这些材料是丰富的、环境友好的，并且在制造太阳能设备时具有成本效益。

来自世界各地的研究人员正在开发一种高效而经济的太阳能电池技术。我们的目标是让太阳能电力的安装成本下降到低于每瓦1美元，而现在大约是每瓦3美元。

在宾厄姆顿大学的自主太阳能发电中心（CASP），我们正在调查各种方法，以使用在自然中丰富且无毒的材料来制作薄膜太阳能电池。我们希望开发出可靠的太阳能电池，能高效地将太阳能转换成电能，廉价地投入生产。我们已经确定了两种有很大潜力作为太阳能吸收物的材料：黄铁矿，因其金属光泽更多被人称为傻瓜金；以及铜-锌-锡-硫（CZTS）。

寻找理想的材料

今天的商业太阳能电池是用以下三种材料中的一种制成的：硅、碲化镉（CdTe）以及铜-铟-镓-硒（CIGS）。每种材料都有其长处和劣势。

硅太阳能电池效率很高，能够把落在它们上面的太阳能中的25%转换成电能，而且非常耐用。但是，将硅处理成晶片是非常昂贵的。而且这些晶片必须非常厚（大约到0.3毫米，对于太阳能电池而言是很厚了）才能吸收落在它们上面的全部太阳光，这就进一步增加了成本。

硅太阳能电池——通常被称为第一代太阳能电池——被用在已经成为屋顶的熟悉景点的面板上。我中心正在研究另一种类型的太阳电池，被称为薄膜太阳能电池，这是新一代的太阳能技术。正如它们的名字所暗示的，薄膜太阳能电池是通过将一层薄的太阳能吸收材料覆盖在一种基质上制成的，比如玻璃或者塑料，这种基质通常是很灵活的。

这种太阳能电池使用的材料更少，因此，与用硅制成的晶体太阳能电池相比更便宜。把晶体硅覆盖在柔性基板上是不可能的，所以我们需要一个不同的材料作为太阳能吸收材料使用。

尽管薄膜太阳能技术发展迅速，但是我们目前在薄膜太阳电池上使用的材料中有一些是稀少的或者是危险的。比如，碲化镉中的镉对于所有生物来讲都是剧毒的，而且现在已经知道它会导致人类的癌症。碲化镉在高温下（例如，在实验室或者房子着火的情况下）可以分离成镉和碲，造成严重额吸入风险。

我们之所以研究黄铁矿和CZTS，是因为它们是无毒的，而且非常便宜。CZTS每瓦的成本约为0.005美分，而黄铁矿每瓦只要0.000002美分。它们还是地球的地壳中含量丰富的材料之一，而且能有效地吸收太阳光的可见光谱。这些膜可以薄到1毫米的一千分之一。

在我们把它们制造进太阳能电池之前，需要先把这些材料晶体化。这是通过加热它们来完成的。与硅所需要的1200摄氏度甚至更高的温度相比，CZTS在低于600摄氏度的温度下就会结晶，这使得它的处理过程更加便宜。它运作起来很像是高效的铜铟镓硒（CIGS）太阳能电池——这种电池目前是市场有售的——但是用更便宜更丰富的锌和锡替代了这些电池中的铟和镓。

然而，到目前为止，CZTS太阳能电池的效率是相对较低的：它们只能将不到13%的落在它们上面的太阳能转换成电能，而更贵一点的CIGS太阳能电池可以转换20%。

我们知道CZTS太阳能电池有潜力实现30%的高效率。主要的挑战是：1）合成高质量的没有任何杂质痕迹的CZTS，以及2）找到一种合适的材料作为其下方的“缓冲”层，帮助收集太阳光在吸收层产生的电荷。我们的实验室已经产生了具有7%的效率的CZTS；我们希望通过合成高品质的CZTS层并找到合适的缓冲层，在短时间内达到15%的效率。

黄铁矿是另一种可以在非常低的温度合成的潜在吸收剂。我们的实验室已经合成了黄铁矿薄膜，现在我们正在努力把这些薄膜分层制成太阳能电池。这个过程是很具有挑战性的，因为把黄铁矿暴露于高温和潮湿环境中时，它很容易分解。我们正在研究各种方法使其变得更稳定一点，并且不影响它的太阳能吸收性能和机械性能。如果我们能解决这个问题，“傻瓜金”就可能会变成一种智能的光伏器件。

在最近的一项研究中，斯坦福大学和加州大学伯克利分校的研究人员预计，到2050年，太阳能发电可以提供高达45%的美国电力。为了达到这一目标，我们需要不断压低太阳能发电的成本，并找到让太阳能电池更具可持续性的方法。我们相信，丰富的无毒材料是实现太阳能发电潜能的关键。
Organic & Polymer（有机高分子材料）
Swiss-Army-Knife Approach to Surface Functionalization

February 25, 2016 
By Kirsten Severing
http://www.materialsviews.com/swiss-army-knife-approach-surface-functionalization/
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Swiss Army KnifeThe modification of materials surfaces by attaching molecules with specific properties is an effective way of combining the best bulk properties (e.g. strength, flexibility, conductivity, optical) with the best surface properties (e.g. wettability or biocompatibility) for a specific application.

Preventing the non-specific attachment of proteins to surfaces is often an important design goal, for biosensors, for example, or in the prevention of biofouling, where protein adsorption is often the precursor to attachment of bacteria and higher organisms, such as barnacles. Prevention of protein adsorption is often achieved by attaching polymer chains that are known to be resistant to protein attachment, e.g. poly(ethylene glycol) (PEG). A number of methods has been proposed to do this, but most have been either specific to a particular kind of substrate surface, or have had limited stability in biological media.

In a recent paper Nicholas D. Spencer and co-workers (from the ETH Zürich, Switzerland) have described a new approach that involves a multipurpose polymer design, which the authors liken to a “Swiss Army Knife”. The key element is a polymer backbone (poly(pentafluorophenyl acrylate), (PFPAc)), onto which many different chemical functions have been attached, similarly to the different tools in the knife. These functions can either be involved in binding to a variety of different substrates, or could, for example, have protein-resistant properties, such as those of PEG. In an example they propose, in addition to PEG, functions have been included that bind strongly to silica (silanes) and to titania (catechols), even in the presence of harsh chemical environments that are known to remove molecules that are currently used for similar purposes. The result is a robust surface-modification approach that can be applied to a surface simply by dipping, and provides effective resistance to protein attachment. While this result is useful in itself, the possibilities that the PFPAc approach offers are virtually endless, and it is easy to envision the attachment of a multitude of functional groups (other polymers, fluorescence markers, single-stranded DNA fragments, or antibodies) to a wide variety of surfaces, as current commercial applications developed at SuSoS AG (a spin-off form the ETH) demonstrate.
瑞士军刀的表面功能化方法
02/25/2016  作者：Kirsten Severing  出处：http://www.materialsviews.com
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    瑞士军刀，通过附上特殊性能的分子来改变材质表面是把最好的综合性质（如力量、灵活性、电导率及视觉效果）和最好的表面性能（如湿润性和生物相容性）结合起来，用作专门用途的一种有效方式。

    防止蛋白质表面非特异性的粘附通常是一个重要的设计目标，对于生物传感器来说，例如，或者是防止生物淤积，蛋白质吸附常常是细菌和高等生物附着的前兆，比如藤壶。防止蛋白质吸附常常通过附上抗拒蛋白质吸附的高分子链来实现，如聚乙二醇（PEG）。为了做到这一点，大量方法被提出，但是大部分要么针对某一种特别的基质表面，要么其在生物媒介中不够稳定。

    在最近的一篇论文中，Nicholas D. Spencer及其合作者（来自苏黎世瑞士联邦理工学院）描述了一种新方法，一种万能的聚合物设计，作者将它比作“瑞士军刀”。重要的元素是一个聚合物骨架（聚丙烯酸无氟苯酚酯）（PFPAc），它具有很多不同的化学功能，类似于刀有很多用途。这些功能或者能够被绑定到各种不同的基质上，或者能够，例如，具有抗蛋白质的特性，如同聚乙二醇（PEG）一样。在他们提出的一个例子中，除了聚乙二醇，其包括的功能还包括绑定到二氧化硅（硅烷）和二氧化钛（儿茶酚类）上，即使是在能移除现在用于相似目的的分子严酷的化学环境下。结果是一个粗俗的改变表面的方法，这种方法仅仅通过蘸到表面来有效防止蛋白质吸附。尽管这种结果就其本身而言是有用的，聚丙烯酸无氟苯酚酯这种方法提供的可能性却是无限的，很容易就能想到大批的官能团（其他聚合物、荧光标记、单链DNA片段、或者抗体）吸附到各种各样的表面上，正如当前SuSoS公司（瑞士联邦理工学院一种资产分拆形式）商业应用所证明的那样。

Toward 20% Power Conversion Efficiency Photovoltaics

February 24, 2016 
By Eva Rittweger
http://www.materialsviews.com/toward-20-power-conversion-efficiency-photovoltaics/ 
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Recent years have seen remarkable progress in thin-film photovoltaic technologies, utilizing novel materials including organic molecules, quantum dots, and perovskites. Consequently, their power conversion efficiencies have already broken the 10% barrier and, now, 20% is being seen as the next milestone.

While recent advances have mostly been led by the development of new materials, the intrinsic optical potential of these systems has not yet been fully explored. Undeniably, exploiting optics is the key to future progress in thin-film photovoltaics, toward achieving ultrahigh efficiency and the new 20% barrier.

Researchers working in Korea have revisited ray optics, focusing on designing a black thin-film photovoltaic system by fully utilizing the dual characteristics of light. They propose a novel structure called a compound parabolic trapper as an optimized scheme to maximize multiple bounces of the incident photons on the photovoltaic layer, for a given incident angle range. The broadband enhancement offered by this ray-optical approach and the strong resonance effect at a specific wavelength region offered by a nanophotonical approach are combined.

This combination achieves a black photovoltaic with absorption of 94%. As a result, the power conversion efficiency of a polymer solar cell can be improved from 9.38% to 10.8%.
太阳能光伏20%的功率转换效率

02/24/2016   作者：Eva Rittweger   出处：http://www.materialsviews.com
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最近几年，薄膜光伏技术取得了显著的发展，利用包括有机分子、量子点和钙钛矿在内的新型材料。结果，它们的功率转换效率已经打破了10%，20%正在被看作是下一个里程碑。

    尽管最近的研究几乎被新材料引领，这些系统固有的光学潜能还没有被充分挖掘出来。不可否认的是，开发光学器件在未来薄膜太阳能光电板研发中非常重要，朝着非常高的转化效率并向20%迈进。

    在韩国工作的研究人员重访了光线光学，通过利用光的双重特征，集中于设计一款黑色的薄膜光电系统。他们提出了一种新型结构叫合成的抛物线诱捕器，作为一种优化方案，在一定的入射角前提下，将光伏层入射光子的多重反射扩大到最大值。由这种光射线方法增强的宽频和某一特殊波段内由纳米光子方法提供的强烈的共振效应相结合。

    这种结合实现了黑色光伏吸收率达94%。结果，聚合物太阳能电池的功率转化效率能够从9.38%上升到10.8%。

Lab-on-a-fiber

February 23, 2016 
By Regina Hagen
http://www.materialsviews.com/lab-on-a-fiber/ 

Optical fiber devices for microfluidics integration open up new horizons for advanced “lab-on-a-chip” technologies.



Detection and trapping of molecules can be achieved with optical fibers directly located within the fluidic microchannel

Fluidic microsystems represent the bioanalytical platform of the future as they offer reduced sample volumes, faster and more sensitive biological assays, multi-sample and parallel analysis. The integration of microfluidics and photonic technologies has come to be known as optofluidics. An emerging area of optofluidics research is the integration of fiber optic technology with fluidic microchannel platforms in order to create fluidic microsystems with new or enhanced capabilities.

To date, the majority of cases where fiber optics are integrated with microfluidic channels have used the fiber optics merely as simple light guides. However, there are more innovative approaches where the optical fiber is modified to create a new sensing device or a manipulation tool that is located within the microchannel itself. In a review paper, Deepak Uttamchandani and Robert Blue from the University of Strathclyde (Glasgow, UK) summarize the recent emergence of miniaturized optical fiber based sensing and actuating devices that have been successfully integrated into fluidic microchannels that are part of microfluidic and lab-on-chip systems. Although a relatively small number of optical fiber devices have been demonstrated operating inside microchannels, the variety and inventiveness of the sensors and tools that have been achieved using the fiber optic/microfluidic platform combination is impressive and growing.

The versatility of the optical fiber platform has already allowed researchers to conduct immunoassays in microchannels using both fluorescently-labelled and label-free formats whilst gaining advantages of reduced assay time and increased sensitivity. For example, by functionalizing a tapered fiber with protein receptor molecules within a microchannel, four markers for an acute myocardial infarction in a blood sample could be measured simultaneously in less than 10 minutes. The authors also report on a label-free sensing approach which used an interferometer based on a tapered optical fiber. Another format measured the optical absorbance derived from a plasmonic resonance between the light and oscillating electrons in metal nanoparticles functionalized with bioreceptors and deposited on the fiber.

The authors present several approaches for optical fiber based measurements of refractive index and for absorption spectroscopy. For example, they describe a fiber optic probe for the measurement of surface-enhanced Raman scattering (SERS) from molecules within a microchannel. In another approach, the evanescent field of a tapered optical fiber was used to establish a whispering gallery mode (WGM) around a silica spherical resonator located in a microfluidic channel in order to measure the diameter of nanoparticles.

To estimate the flow rate within a microchannel, the bending of a fiber optic cantilever was measured. In another approach, the vibrations of a fiber cantilever placed parallel to the microchannel axis were used to determine both the flow rate and the liquid viscosity. Rather than just sensing, optical fibers can also be used to actively manipulate flow and materials present in the microchannel. For example, a microvalve for management of liquid flow control was constructed. It consisted of an optical fiber with a titanium film upon its end which functioned as a microheater for bubble generation within a fluid microchannel.

In addition, the authors discuss fiber optic devices for trapping and sorting biological material which will give researchers additional tools to conduct traditional experiments directly within a microchannel.

They are convinced that the emerging concept of “lab-on-fiber” will give the optical fiber platform additional (highly integrated) functionalities and is already demonstrating novel higher performance devices that can be applied to the fluidic microchannel. (K. Maedefessel-Herrmann) 光纤实验室

微流体一体化的光纤设备为先进的“芯片实验室”技术开启了一个新的视角
02/23/2016  作者：Regina Hagen  出处：http://www.materialsviews.com



    微粒的探测与追踪可以通过光纤直接在流体微通道里定位来实现。

    因为流体微型系统具有简化的样本体积、更快更敏感的生物测定、多样本及平行分析，因此代表着未来的生物分析平台。微流体及光电子技术的结合已经以微流控光学形式存在。微流控光学研究中一个新兴的领域，它是光学纤维技术与流体微通道平台的整合，目的是为了用新的或者增强的性能来创造流体微系统。

    时至今日，纤维光学与微流体通道相结合用到光纤仅仅是因为光引导。然而，有更多改良的措施，光导纤维已经被改造成微通道中的一种新的传感器或是操作工具。在一篇综述论文中，来自斯特拉思克莱德大学的Deepak Uttamchandani和Robert Blue总结了最近出现的基于传感器和驱动装置的小型化的光学纤维，它们已经被成功植入流体微通道中，这些流体微通道是微流体和芯片实验室系统的一部分。尽管少量的光纤设备已经被证明在微通道内运行，但是使用光纤和微流体平台相结合获得的传感器及工具的种类和创造能力正在改进和增长。

    光纤平台的多功能化已经使得研究人员实施微通道中的免疫分析，这种方法用贴有荧光素标记的和无标记的两种格式，同时还具有减少实验时间、增加了敏感度这些优势。例如，通过微通道内蛋白质受体分子构建一个锥形纤维，对一个急性心肌梗死血样的四种标记能够在10分钟内同时测量。作者也报道了没有标记的传感方法，这种方法使用一个基于锥形光纤的干涉仪。另一种形式测量源于金属纳米粒子中光和震荡的电子之间的电浆子共振的光吸收度，这种金属纳米粒子携带生物接收器并在纤维上沉淀。

    作者提出了基于折射率测量的光纤和吸收光谱的几种方法。例如，为了测量微通道中分子的表面增强拉曼光谱，他们描述了光纤探头。在另一种方法中，为了测定纳米粒子的直径，锥形光纤的隐失场被用于建立微流通道中二氧化硅球形谐振器上的耳语回廊模式（WGM）。

    为了测定微通道中的流量，光纤悬臂上的弯曲度也被测量。在另一种方法中，放置在平行于微通道轴上的纤维悬臂的共振被用于测定流量和液体粘度。并不仅仅是传感，光纤还能被用于操纵微通道中的流体和材料。例如，用一个微型阀来控制流量。它由一个末端带有钛合金薄膜的光纤组成，主要为了在流体微通道内对产生的气泡起微换热器的作用。

    另外，为了捕获和分拣生物试样，作者讨论了光线设备。这些生物试样将会给研究人员提供额外的工具直接在微通道内进行传统的实验。

    他们确信，光纤上的实验这一概念将提供给光线平台额外的（高度整合的）功能，并且已经在证明能够被用于流体微通道的新奇的更高的性能设备。（K. Maedefessel-Herrmann）
More channels against Alzheimer’s

February 23, 2016 
By David Huesmann 
http://www.materialsviews.com/channels-alzheimers-multi-channel-organic-electronic-ion-pump-creation-a%ce%b2-plaques/ 

Alzheimer’s disease (AD) is responsible for over half of the cases of dementia today. The age-related disease is poorly understood and case numbers are projected to quadruple by 2050. What is known, is that AD is linked to the formation of so-called amyloid-beta (Aβ) plaques, protein aggregates that can damage neurons in the brain. Therefore, there is significant interest in research on Aβ for detecting and hopefully curing Alzheimer’s disease.



A group of scientists from Linköping University has now developed a multi-channel organic electronic ion pump (OEIP), that allows the creation of Aβ plaques in vitro, with high spaciotempora resolution. The OEIP is a drug delivery device for controlled non-convection delivery of small ions or charged biomolecules to target solutions. In this case the OEIP was used to deliver protons through a microscopic channel into a solution of Aβ protein, thereby facilitating the aggregation process.



The formation of plaques could be monitored by fluorescence microscopy in real-time, while scanning electron microscopy was used to confirm the morphology of the aggregates. The formed aggregates showed microscopic growth around the H+-outlet with a nanometer-sized fibril structure, thus mimicking senile plaques. Interestingly the delivery rate could control the size and morphology of the microscopic Aβ aggregates.




The authors predict that the OEIP methodology can be implemented in multi-array systems that can be used in the study of protein aggregation in confined spaces or together with cultured cells. The methodology could further be useful for the development of screening platforms assessing the influence of different molecules on the Aβ-aggregation process.
更多对抗阿尔茨海默病的方法

02/23/2016   作者：David Huesmann   出处：http://www.materialsviews.com    
阿尔茨海默病占今天痴呆症的一半以上。与年龄相关的病不太容易弄明白，2050年，这种病的数量可能要翻四倍。已经知道的是，阿尔茨海默病与所谓的β-类淀粉蛋白斑块有关，这种蛋白质聚合物能够损害大脑中的神经元。因此，研究β-类淀粉蛋白对于检测并有望治疗阿尔茨海默病具有重要意义。



来自林雪平大学的一组科学家现在已经发明了一种多通道有机电子离子泵（OEIP），能够在体外合成β-类淀粉蛋白斑块，并具有较高的时空分辨率。多通道有机电子离子泵（OEIP）是一种可控的非对流的药物传送装置，把小的离子或者带电的生物分子运送到目标溶液中。在这个例子中，多通道有机电子离子泵（OEIP）通过一种微观通道用于传送质子到含有β-类淀粉蛋白的溶液中，由此促进了聚合过程。



斑块的形成能够被荧光显微法实时监控，同时扫描电镜被用于确定聚合物的形态。形成的聚合物显示围绕H+出口生长，并具有纳米级的纤维结构，因此可以模仿老年斑斑块。有趣的是，传送的速率能够控制微观β-类淀粉蛋白聚合物的大小和形态。



    作者预测多通道有机电子离子泵（OEIP）方法学能够用到有限空间或连同人工培植的细胞蛋白质聚集研究中的多阵列系统中。这种方法能够被进一步用于筛选平台的发展，评估不同的分子在β-类淀粉蛋白聚合过程中的影响。
E-Material（电子材料）
Small and bright—what nanophotonics means for you

May 4, 2016 
by Benjamin J. Eggleton, The Conversation
http://phys.org/news/2016-05-small-brightwhat-nanophotonics.html
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Nanophotonics uses photons to do amazing things. Credit: Shutterstock
Twenty fifteen was UNESCO's International Year of Light and Light based Technologies. It was a celebration of past milestones in optics and photonics and a look forward into its future.

We celebrated 1,000 years of Arabic optics, 150 years since James Maxwell's electrodynamics, 100 years since Albert Einstein's general relativity and 50 years since the invention of optical fibres. This year we celebrate 100 year since Claude Shannon, who introduced the theory of information, was born.

Optics began with the development of lenses by the ancient Egyptians and Mesopotamians, followed by theories on light and vision developed by ancient Greek philosophers.

The basic principles of optics are familiar: we wear glasses that rely on refraction to bend light in ways that magnify and sharpen images, use microscopes to see into microscopic worlds and telescopes to look to the stars.

We are probably less familiar with photonics. Photonics deals with the generation, detection and manipulation of photons, the building blocks of light. The field sprang from the invention of the laser and fibre optics in the 1960s.

Optical fibres are silica glass wires the size of a human hair that transmit vast amounts of laser-generated information, forming the backbone of today's internet.
The smartphone also exemplifies the importance of photonics: we use lasers to machine the casing; optics are used in the lithography that manufactures the microelectronic circuits; and the display and the network that connects the phones are both photonics based.

The next milestone will be when the photonics is integrated into the smartphone itself.

Dawn of nanophotonics

The 21st century will be the century of photonics and nanotechnology – nanophotonics – which deals the study of the behaviour of light on the nanometre scale, and of the interaction of nanometre-scale objects with light.

It is worth noting that the nanoscale is usually cited as 1–100 nanometres, so a nanometre is a billionth of a metre. In photonics, we are dealing with light waves that have a wavelength around a micron (one thousand nanometres).

However, these light waves interact at around the nanometre scale. So too are the structures that matter when it comes to manipulating this light.

At the University of Sydney we have been creating a new optical processing technology based on nanophotonics. This research is being undertaken by the CUDOS ARC Centre of Excellence, which is headquartered in the School of Physics and the Sydney Nanoscience Hub at the University of Sydney with nodes at ANU, RMIT University, Macquarie University, Monash University, Swinburne University and UTS.

At CUDOS we want to take the next step in the evolution of this technology. We want to build a truly photonic chip that will essentially put the entire optical network on to a chip the size of your thumbnail.

By doing this, we can leverage the massive semiconductor industry to harness the processing power of light on a length scale that can be mass produced and integrated into smart devices.

Fortunately silicon – which is the basis of microelectronics – is compatible with photonics. Most silicon chips today, such as the one in your computer and smartphone, use electrons to transmit information and perform computations. The trick has been getting these chips to work with light as well as electrons.

We now can build photonic circuits into the same silicon, although we are not talking about replacing the transistors in conventional chips with optical transistors. Photonics complements and interfaces with electronics.

Photonic chips, or photonic integrated circuits (PICs), represent a new paradigm in information processing. Over the past decade, CUDOS and other researchers around the world have created PICs for a range of applications spanning communications, computing, defence and security, medicine and sensing.

In communication systems, photonic chips can increase the capacity of our communications networks. In data centres, they are reducing the energy consumption, which matters because every Google search today consumes the energy required to boil a cup of water.

In defence photonic chips can enhance radar technology that helps protect our assets and personnel. And in health, we can reduce the scale and complexity of medical devices that are used to diagnose disease.

Another benefit is in "switching", which is central to all communications networks. At the new Sydney Nanoscience Hub, we are building nanoscale switching technologies that can switch at the speed of light, thousands of times faster than current switching technology.

We are using state of the art lithography, such as the tools in the Nanoscience Hub's clean room, to fabricate nanoscale circuits and structures. Lithography literally means printing, but in this context we are printing circuits on silicon wafers with nanometre scale features.

Bright future

So what's next? We need to transform PICs into active devices that sense and interact, analyse, respond to and manipulate their environment.

We are already building photonic spectroscopy techniques into the same silicon chip that performs electronic processing in your smartphone. This will potentially enable your smartphone to perform tasks such as medical diagnosis, including analysing blood or saliva, or sense pollutants in the environment via spectroscopy technologies.

But photonics is not well suited to some of these tasks.

So we need moving parts that can manipulate the microscopic world; we need mechanical actuation at the nanoscale, and we really would prefer a chip with no moving parts.

Our approach is to use sound waves that can be generated on the chip. These are not the traditional sound waves that we hear or use in ultrasound, but ultrahigh frequency sound waves. We refer to them as "phonons", which are particles of sound, just as photons are particles of light.

We are talking about hypersound, phonons with frequencies from 100 megahertz to tens of gigahertz. We are building a completely new chip that incorporates a photonic circuit for these hypersound phonons.

Harnessing hypersound on a chip enables the manipulation of microscale biological and chemical elements, which means we can mix, sort and select and even create a centrifuge on a chip. This is a laboratory-on-a-chip that can be integrated into the smart phone.

This represents a new paradigm for information processing. The speed of sound is about 100,000 times slower than the speed of light. We can couple information from the light wave to hypersound and store information.

The phonon frequencies coincide with the radio frequencies that are important in next generation mobile communications and radar, which allows us to process these microwave waves via the interaction between optical and phonon waves.

Australia has always punched well above it's weight in photonics research and commercialisation. We now have the nanoscience and nanotechnology infrastructure and capacity to take the next big step, which is to bring photonics on to the chip where it will transform our lives.
小而明亮—纳米光子学对你意味着什么

05/04/2016    作者：Benjamin J. Eggleton   出处：http://phys.org
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纳米光子学使用光子做神奇的事情。来源：图片素材库

二零一五是联合国教科文组织的国际光和光技术年。这是一个对光学和光子的历史里程碑和对其未来展望的庆祝。

我们庆祝了1000年的阿拉伯光学，是自杰姆斯•麦斯威尔的电动力学以来的150年，自艾伯特•爱因斯坦的广义相对论以来的100年和自光纤发明以来的50年。今年，我们庆祝克劳德•香农出生100年，他提出了信息理论。

光学起源于古埃及人和美索不达米亚镜片的发展，随后是古希腊哲学家发展的光和视觉的理论。

光学的基本原理是众所周知的：我们戴眼镜，眼镜依靠折射使光弯曲来放大和锐化图片，使用显微镜观察到微观世界以及用望远镜看星星。

我们可能不太熟悉光子学。光子学是研究光子的产生、探测和操纵，光的构建模块。这一领域来自于20世纪60年代激光和光纤的发明。

光纤是如人类头发般大小的石英玻璃丝，它传输大量的激光产生的信息，形成了当今互联网的骨干。

智能手机也体现了光子学的重要性：我们使用激光切割外壳；光学被使用在制造微电子电路的光刻技术中；以及显示和连接手机的网络都是基于光子学。

下一个里程碑将是当光子学集成到智能手机本身时。

纳米光子学的黎明

21世纪将是光子学和纳米技术—纳米光子学的世纪—处理光在纳米尺度下的行为和纳米级物体与光的相互作用的研究。

值得注意的是，纳米级通常被认为是1-100纳米，因此一纳米即十亿分之一米。在光子学中，我们正在研究有大约一微米波长（一千纳米）的光波。

然而，这些光波在纳米尺度下相互作用。当谈到操纵这光的时候，重要的结构也同样如此。

在悉尼大学，我们已经创建了一个基于纳米光子学的新的光学加工技术。这项研究是由总部设在悉尼大学的物理和悉尼纳米科技中心，在澳洲国立大学、茨培门高等技术学院、麦克里大学、莫纳什大学、史威本大学和悉尼科技大学有分点的 CUDOS ARC Centre of Excellence开展的。

在CUDOS，我们想要在该技术的演变中采取下一步。我们希望建立一个真正的光子芯片，基本上把整个光网络放在你拇指大小的芯片里。

通过这样做，我们可以利用大量的半导体产业来治理光在可以大量生产和集成到智能设备的长度规模下的处理能力。

幸运的是硅—微电子的基础—与光子学兼容。当今大多数硅芯片，如你电脑和智能手机里的硅芯片，使用电子传输信息和进行运算。这种方法已经让这些芯片和光与电子工作。

我们现在可以把光子电路构建到同一个硅上，虽然我们不谈论用光学晶体管替换传统芯片中的晶体管。光子学和电子学互相补充和联系。

光子芯片，或光子集成电路（图片），代表了一种新的信息处理模式。在过去十年中，CUDOS和世界各地的其他研究者已经创建了一系列涵盖通信、计算、国防和安全、医药和遥感的应用图片。

在通信系统中，光子芯片可以提高通信网络的容量。在数据中心，它们正在减少能源消耗，这很重要，因为目前每一个谷歌搜索都要消耗煮沸一杯水所需的能量。

在国防方面，光子芯片可以提高有助于保护我们的资产和人员的雷达技术。以及在卫生方面，我们可以降低用于诊断疾病的医疗设备的规模和复杂性。

另一个好处是在“交换”方面，这是所有通信网络的核心。在新悉尼纳米科学中心，我们正在创建可以以光速交换的纳米级交换技术，比现在的交换技术快上千倍。

我们正在使用最先进的光刻技术，如纳米科学中心洁净室的工具，来制造纳米级电路和结构。光刻的字面意思是印刷，但是在这种情况下，我们印刷纳米尺度特征的硅晶片上的电路。

光明的未来

那么下一步是什么呢？我们需要将图片转换成感知和交流、分析、回应和操纵它们环境的活跃的设备。

我们已经把光子光谱学技术应用到同一个硅芯片上，该硅芯片在你的智能手机中进行电子处理。这将有可能使你的智能手机执行任务，如包括分析血液或唾液的医疗诊断或者通过光谱技术检测环境污染物。

但是光子不太适合这些任务中的一些任务。

所以我们需要可以操纵微观世界的移动部件；我们需要纳米级的机械驱动，并且我们真的希望有没有移动部件的芯片。

我们的方法是使用可以在芯片上产生的声波。这些不是我们在超声波中听到或使用的传统声波，而是超高频率声波。我们把它们称为“声子”，它是声音的粒子，就像光子是光的粒子一样。

我们谈论的是特超声，从100兆赫到几十兆赫频率的声子。我们正在创建一个全新的芯片，该芯片为这些超声声子集成了一个光子电路。

利用芯片上的特超声能够操纵微型生物和化学元素，这意味着我们可以组合、排序和选择，甚至创建一个芯片上的离心机。这是一个可以集成到智能手机上的芯片实验室。

这代表一个新的信息处理模式。声音的速度比光的速度慢大约100,000倍。我们可以连接从光波到特超声的信息以及储存信息。

声子频率与无线电频率相一致，这在下一代移动通信和雷达中很重要，这使得我们能够通过光波与声波之间的相互作用处理这些微波。

澳大利亚一直打好它在光子学研究和商业化上的权重。我们现在有纳米科技基础设施和采取下一步的能力，下一步就是把光子带到将改变我们生活的芯片上。

Spintronics for future information technologies: Spin currents in topological insulators controlled

April 29, 2016
http://phys.org/news/2016-04-spintronics-future-technologies-currents-topological.html
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The characteristic spin orientation (arrows) of electrons in a topological insulator (below). Using an initial circular polarised laser pulse, the spins are excited and point up or down. This can be proven by a second linearly polarised laser pulse (above). Credit: HZB
An international team headed by HZB researcher Jaime Sánchez-Barriga has shown how spin-polarised currents can be initiated in a controlled manner within samples of topological insulator material. In addition, they were able to manipulate the orientation of the spins of these currents.

They thereby demonstrated that this class of materials is suitable for data processing based on spin. The work has been published in the renowned periodical Physical Review B and was selected as "Editor's Suggestion" article.

Future information technologies should employ considerably less energy for processing data. One exciting class of materials for this comprises topological insulators. Topological insulators are distinguished by their electrons at the surface being extremely mobile, while the bulk material within is an insulator and does not conduct. Since electrons also simultaneously carry a magnetic moment (spin), topological insulators might also make "spintronic" components feasible. Spintronic components would not be based on the movement of charge carriers like electrons (as in semiconductor components), but instead on the transport or manipulation of their spins. This would require considerably less energy.

An international team headed by HZB physicist Jaime Sánchez-Barriga has now shown how the spins of the electrons in topological insulators can be controlled. The team investigated samples of antimony-telluride, a topological insulator, using circularly polarised laser light. They were able to initiate and direct currents of electrons whose spins were oriented in parallel (i. e., spin-polarised currents) using the "rotational direction" of the laser light. In addition, they were successful in changing the orientation of the spins as well. The team was made up of experimentalists from the Max Born Institute in Berlin and Lomonossow University Moscow, together with theoreticians from Ludwig-Maximilians-Universität München (LMU). The work has been published in the renowned journal Physical Review B and was selected as "Editor's Suggestion" article.

"If you were to utilise magnetically doped topological insulators, you could also probably store this spin information", explains Oliver Rader, who heads the research group for green spintronics at HZB. "To investigate this however, and also be able to explore the dynamic behaviour of the magnetic moments in particular, ultra-short light pulses in the soft X-ray region are needed. These kinds of experiments can become standard with the planned upgrade of the BESSY II synchrotron source to BESSY-VSR", he hopes.
未来信息技术的自旋电子学：在拓扑绝缘体控制下的自旋电流

04/29/2016   出处：http://phys.org/
[image: image30.jpg]\%d vacuum ultraviolet pulse§’ ﬂ !

vacuum level

1st infrared pulse

: !




拓扑绝缘体中有特征的电子自旋方向（箭头）（下图）。使用一个初始圆极化激光脉冲，这些旋转是活跃的并且点上升或下降。这可以通过另一个线性极化的激光脉冲被证明（上图）。来源：HZB。

一个以HZB研究员 Jaime Sánchez-Barriga 为首的国际团队已经表明，自旋极化电流如何可以在拓扑绝缘体材料样本中以受控的方式被发起。此外，他们可以操纵这些电流的旋转方向。

它们从而证明了这一类材料适合于基于自旋的数据处理。这一作品在著名的期刊《物理评论B》上发表，并被选为“编辑建议”的文章。

未来的信息技术应该采用相当少的精力处理数据。一类对于此令人兴奋的材料包括拓扑绝缘体。拓扑绝缘体的区别在于它们的电子在表面上是极其易变的，而内部的散装材料是绝缘体并且不导电。由于电子也同时携带磁矩（自旋），拓扑绝缘体也可能使得“自旋电子”成分具有可行性。自旋电子元件不会像电子（如在半导体元件中）一样，基于电荷载体的运动，但相反会基于它们旋转的运输或操作。这将需要相当少的能量。

一个以HZB物理学家Jaime Sánchez-Barriga为首的国际团队现在已经表明，拓扑绝缘体中的电子自旋可以如何被控制。该团队研究了碲化锑、拓扑绝缘体和使用的圆极化激光的样本。它们可以启动和引导电子的电流，其中电流的自旋在使用激光灯的“旋转方向”时是面向并行的（即自旋极化电流）。此外，他们还成功改变了自旋的方向。该团队是由来自柏林的玻恩所和莫斯科国立大学的实验主义者，与德国慕尼黑路德维希-马克西米利安大学（LMU）的理论家组成。这篇文章已经发表在著名期刊《物理评论B》上，并被选为“编辑建议”的文章。
“如果你是利用磁性掺杂的拓扑绝缘体，你也可能可以存储此自旋信息”，领导HZB绿色自旋电子学研究小组的奥利弗•雷达解释道。“然而，为了调查这一问题，并且尤其为了能够探索磁矩的动态行为，在软X射线区域的超短光脉冲是必要的。这些实验伴随着 BESSY II 同步辐射源到BESSY-VSR的计划升级会变的标准化”，他希望。[image: image31]
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