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經濟部科專先進化學品計畫97年國外公差報告

1、 目的：
為執行97年度經濟部科專案「先進化學品技術發展與應用計畫」，分項計畫「化工奈米技術開發」任務需要，赴美國麻州波士頓，參加December 1-5, 2008美國材料學會舉辦2008秋季研討會(Fall Meeting)。美國材料學會舉辦之研討會為國際間重要之大規模研討會，各領域都有參與研討會之研究人員，以材料研究與產品開發為主，分春季與秋季兩部分，春季研討會在加州舊金山舉辦，秋季研討會在麻州波士頓舉辦，全年另有各領域材料研討會不勝枚舉。
本次參加2008秋季研討會，從46項研討會主題中，依工作計畫參加有機-無機混成材料大面積功能鍍膜、稀土元素攙雜先進材料技術、低成本光電無機溶膠加工元件及透明導體及半導體材料於光電元件應用研討會，聽取學者專家報告與說明有關奈米功能材料製備與應用技術，進而透過會場之討論，瞭解世界先進國家於該領域之研發能力與成果，用以規劃本單位奈米材料研發之目標。
2、 過程
本次前往美國波士頓參加美國材料學會2008年秋季研討會，原案與本所王立群另案併案申請出國，王立群為97年度經濟部科專案「軍品釋商計畫」，分項計畫「氣體感測器」，任務需要參加此項會議，但因王立群於十月初申請美國簽證，至出國前都未獲得，故無法同去，乃受命由王偉洪一人單獨前往。

本此參加美國材料學會(MRS)研討會，依工作計劃每日參與研討會之主題與內容，中午參觀參展廠商攤位，收集儀器、設備及材料之廠商資料。並於會議中場休息時間參閱美國材料協會(MRS)出版以往各年研討會主題論文專輯，每晚參加約500篇張貼論文之瀏覽。
一、11月29日

下午14:00前往桃園國際機場塔華航CI005班機，16:40起飛前往美國。於美國11月29日中午12:05抵達美國洛杉磯國際機場，經海關入境後取出行李，轉往美國航空公司航廈塔乘AA025班機，下午14:50自洛杉磯前往波士頓Logan國際機場，於晚間23:05抵達。當晚住Logan機場Embassy過境旅館，此時室外氣溫為0℃，但未下雪。

二、11月30日

今日氣候陰冷，上午自Embassy旅館提行李走到附近機場捷運站搭電車進城，到會場Hynes Conventional Center (照片一) ，找到預定之Lenox旅館(照片二)，進住後放下行李休息片刻，下午五點前往Hynes會議中心報到註冊，報名費US$ 560，講義費US$ 40，講義為研討會摘要，約1,100頁5,000多篇論文摘要，晚間研讀明日參加之研討會摘要內容，如附件(二)。
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照片一：Hynes Conventional Center入口       照片二：Boyston街上古老著名的Lenox旅館
三、12月1日

當日清晨天未亮即醒，盥洗著裝後外出吃早飯，天空已不再下雨，波士頓市中心經昨日雨水清洗，空氣清新但尚有寒意，早餐後前往Hynes會議中心報到。

(一)8:30 ~ 10:00 AM
     依照事前規劃本日上午先參加研討會G：有機混成材料用於大面積功能系統(Organic and Hybrid Materials for Large-Area Functional Systems)，第一節研討會G1：大型電子元件開發(Conformal Macroelectronics)，為目前實驗室開發於塑膠光學材料進行光學鍍膜技術開發所需，包括有機混成材料製備與大面積功能鍍膜技術。故參與研討會G1之研討，發表論文題目如下：
1. G1.1：無機單晶半導體材料於印刷電子元件開發 (Single Crystalline Inorganic Semiconductors for Unusual Format Electronics)
2. G1.2：化學處理之單層石墨應用於大面積快速轉印元件製作 (High Throughput Transfer Printing of Large Scale Chemically Derived Graphene)
3. G1.3：智慧型織物狀設計可穿式電子產品開發 (Yarn-like Devices for Smart Wearable Electronics)
4. G1.4：奈米金屬微粒燒結與應用研究 (Sintering Metal Nanoparticles)
5. G1.5：壓縮矽晶體光電元件製作技術用於半球型電子眼照相元件開發 (A Hemispherical Electronic Eye Camera Based on Compressible Silicon Optoelectronics)
(二)10:30 ~ 12:00 AM
     上午10:30 ~ 12:00參加研討會B: 透明導體及半導體材料於光電元件應用(Transparent Conductors and Semiconductors for Optoelectronics )，第一節研討會B1後段：透明導電金屬氧化物基本電子結構材料 (TCO Fundamental Electronic Structure)，為本實驗室以往及未來對透明導體及半導體材料及光電元件應用與開發都有關係。故參與研討會B1後段之研討，發表論文題目如下：
1.  B1.5：調配透明導電金屬氧化物成分應用於功能性光電元件開發 (Tuning Transparent Conducting Oxides for Opto-electronic Functionality)
2.  B1.6：多晶透明導電金屬氧化物鍍膜表面特性研究 (Surface Properties of Polycrystalline Transparent Conducting Oxides)
3.  B1.7： In2O3及Sn-doped In2O3表面電子結構研究 (The Surface Electronic Structure of In2O3 and Sn-doped In2O3)
4.  B1.8：Zn及Sn共摻In2O3塊材缺陷化學及表面電子特性關係 (Correlation Between Bulk Defect Chemistry and Surface Electronic Properties of Zinc- and Tin- Co-Doped Indium Oxide) 
(三) 1:30 ~ 3:00 PM

     下午1:30 ~ 3:00繼續參加研討會B: 透明導體及半導體材料於光電元件應用(Transparent Conductors and Semiconductors for Optoelectronics )，第二節研討會B2：特殊透明導電材料 (Unconventional Transparent Conductors)，本項研討會在探討新的透明導體及半導體材料與應用，其中主要由日本開發之Nd掺雜TiO2 Anatase透明導電薄膜材料，與本單位研發之掺雜TiO2 Anatase奈米材料有關。故參與研討會B2之研討，發表論文題目如下：
1.  B2.1：常用透明導電金屬氧化物質於電波工程應用 (Conventional TCO and Beyond: Band Engineering Approach) 
2.  B2.2：採用玻璃表面塗佈晶種層以成長Nd掺雜TiO2 Anatase透明導電薄膜材料 (Growth of Transparent Conducting Nb-doped Anatase TiO2 Thin Films on Glass using Seed Layers) 
3. B2.3：Anatase Ti1-xNbxO2透明導電材料電子質量異方性研究 (Large Electron Mass Anisotropy in Anatase Ti1-xNbxO2 Transparent Conductor) 
4. B2.4：採用濺鍍法低溫製作多晶Nd掺雜TiO2 透明導電薄膜 (Low-temperature Fabrication of Transparent Conductive Polycrystalline Nb-doped TiO2 Films by Sputtering) 
(四) 3:15 ~ 5:00 PM

     下午3:15 ~ 5:00參加研討會D: 掺雜稀土金屬先進材料光電應用(Rare-Earth Doping of Advanced Materials for Photonic Applications )，由美國陸軍研究室Army Research Office支持之研究計畫，第一節研討會D1後段：雷射材料與機制 (Mechanisms and Laser Materials) ，實驗室以往進行掺雜稀土金屬奈米材料研製與螢光劑開發。故參與研討會B1後段之研討，發表論文題目如下：
1. D1.4：最近發展成功之新材料用於眼睛安全、共震邦浦及掺雜Er雷射開發 (Novel Materials for an Eye-safe, Resonantly-pumped, Er-doped Laser Development - Recent Successes.)
2. B1.5：Yb3+ 掺雜CaF2 雷射陶瓷材料研製 (Yb3+ doped CaF2 Ceramic Laser Materials) 
3. B1.6：精製Yb掺雜Sc2O3 透明材料與雷射系統應用研究 (Elaboration of Yb doped Sc2O3 Transparent Ceramics for Laser Applications) 
4. B1.7：採用相平衡與晶體成長技術製備LiREF4 結晶雷射材料研究 (Phase Equilibria and Crystal Growth for LiREF4 Scheelite Laser Crystals) 
(五) 7:00 ~ 10:00 PM
依照事前規劃本日晚間前往張貼論文會場瀏覽，主要瀏覽張貼論文B3：透明導電材料 (Transparent Conductors and Semiconductors for Optoelectronics)，計有38篇。張貼論文G5：「有機混成材料用於大面積功能系統 I (Hybrid and Organic Materials for Large-Area Functional Systems I )」，計有30篇。並瀏覽其他17個領域之張貼論文約500篇，對有興趣之研究，則駐足閱覽與請教論文作者。
四、12月2日

「低成本液態原料製作無機膜用於電子/光電元件 (Low-Cost Solution-Based Deposition of Inorganic Films for Electronic/Photonic Devices)」之研討會，瞭解溶凝膠技術(Sol-Gel Tech)開發低成本液態原料之現況，進而瞭解溶膠製作無機膜於電子/光電元件應用之發展，溶凝膠技術是為本實驗室核心技術，為本次前往美國波士頓參加美國材料學會2008年秋季研討會主要目的。除依事前規劃參加研討會F日間各論文研討會，晚上參加張貼論文海報之瀏覽與討論，為期三天。
(一)8:30 ~ 12:00 AM

     依照事前規劃本日上午參加研討會F：「低成本液態原料製作無機膜用於電子/光電元件 (Low-Cost Solution-Based Deposition of Inorganic Films for Electronic/Photonic Devices)」，第一節研討會F1：奈米相關材料鍍膜(Nano-Related Deposition)。由IBM T.J. Watson Research Center及Renewable Energy 國家實驗室贊助。該項技術發展與未來產品開發，是為本單位研發之目標。發表論文題目如下：
1. F1.1：自組合與摻雜合成超晶格半導體奈米結晶溶液製程研究(Self-organization and Chemical Doping in Solution Processed Semiconductor Nanocrystal Superlattices) 
2. F1.2：雙成分超晶格奈米結晶PbSe and CdSe材料研發(Binary Superlattices of PbSe and CdSe Nanocrystals) 
3. F1.3：六醯酚系高分子和硒化鉻奈米材料夾層組成薄膜技術開發 (Thin films of Side-functionalized Poly(3-hexylthiophene) and Thymine-capped CdSe Nanocrystals Obtained by Hydrogen Bond Assisted Layer-by-layer Assembly) 
4. F1.4：自組合解膠組成奈米微粒之奈米結構研究  (Organizing Nanoparticles using Self Assembled Peptide Nanostructures) 
      5.  F1.5：奈米結晶材料導電度與自組合研究(Assembly and Conductivity of Nanocrystal Solids)           
6.  F1.6：小角度X-ray散射分析奈米結晶材料自組合動力與結構研究(Structure and Kinetics of Nanocyrstal Self-assembly Probed by Small Angle X-ray Scattering Techniques)
7. F1.7：奈米微粒組合性、粗糙度控制及其物理/化學功能應用於光學薄膜研究 (Assembly, Roughness Control, and Arbitrary Chemical- Physical Functionalization of Nanoparticle Thin Films for Optical Applications) 
8. F1.8：電子束軟蝕刻奈米微影造型應用於奈米蓋量子點研究(Nanopatterning of Narrow-Gap Quantum Dots via “Soft” Electron Beam Lithography (soft-eBL)) 
9. F1.9：大型奈米結晶量子點用於寬頻低遮蔽型即時放射研究(Broad-Band, Low-Threshold Amplified Spontaneous Emission from Giant Nanocrystal Quantum Dots) 
10. F1.10：使用透明金屬氧化物奈米微粒製成核/掺雜殼開發電激光研究(Electroluminescence from Core/Doped-Shell Nanoparticles using Transparent Metal Oxides.) 
(二) 12:30 ~ 13:30 PM
          本日中午廠商參展開始開放參觀如照片(三)所示，前往參展會場參觀廠商攤位，收集儀器、設備及材料之廠商資料，所收集資料有簡介及成冊裝訂，回國前經篩選重要及輕便資料，帶回國整理如附件(三)。
  [image: image3.jpg]



                            照片三：參展會場照片
(三) 1:30 ~ 5:00 PM

     下午參加第二節研討會F2：液態製程開發電子/光學薄膜及元件(Solution Processed Electronic/Optical Films and Devices)，該項技術發展與未來產品開發，亦為本單位研發之目標。發表論文題目如下：
1. F2.1：奈米結晶材料於光電元件製作與特性(Nanocrystal-Based Thin Film Optoelectronic Devices: Deposition and Characteristics) 
2. F2.2：採用奈米結晶量子點微粒溶膠液態製程微影造型應用於LED開發研究 (Patterned Deposition of Solution-Processed Colloidal Nanocrystal Quantum Dots for LEDs Aplications.) 
3. F2.3：離子凝膠/PbSe奈米結晶薄膜電晶體雙極性研究(Ambipolar Behavior in Ion Gel Gated PbSe Nanocrystal Thin Film Transistors) 
4. F2.4：奈米氧化鋅半導體材料用於場效電晶體印製研究(Nanoscale Zinc Oxide as Semiconductor Material in a Printed Field Effect Transistor Device) 
5. F2.5：奈米金屬氧化物磷酸表面處理用於高分子/陶瓷奈米混成材料製備開發高效能電子元件 (High Performance Polymer/ceramic Nano -composites Based on Surface- modified Metal Oxide Nanoparticles using Functional Phosphonic Acids for Electronic Applications) 
6.  F2.6：化學法導入奈米結構用於電子半導體開發(Chemically Derived Nanostructures for Emerging Challenges in Semiconductor Electronics) 
7. B2.7：快速電燒結奈米微粒結構技術開發(Rapid Electrical Sintering of Nanoparticle Stuctures) 
8. F2.8：熱或光誘導銀錯合物與金屬銀之相變化研究 (Thermal and Photo-Induced Phase Transformations of Silver(I)-2-[2-(2-methoxyethoxy)- ethoxy]acetat) 
9. F2.9：奈米Ag2S溶膠液態製程用於薄膜記憶開發 (Solution Processed Silver Sulfide Filament Memories) 
10. F2.10：奈米結晶微粒溶膠以UV微影造型技術進行微細製程研究(Microfabrication using UV Photo-patternable Semiconductor Nanocrystals) 
(四) 7:00 ~ 10:00 PM
晚間前往張貼論文會場瀏覽，主要瀏覽張貼論文B6：透明導電材料 (Transparent Conductors and Semiconductors for Optoelectronics)，計有38篇。張貼論文D4：掺雜稀土金屬先進材料光電應用(Rare-Earth Doping of Advanced Materials for Photonic Applications )，計有17篇。張貼論文F4：奈米電子元件 (Nano and Electronic Devices)，計有25篇。張貼論文G8：「有機混成材料用於大面積功能系統II (Hybrid and Organic Materials for Large-Area Functional Systems II)」，計有27篇。並瀏覽其他23個領域之張貼論文約600篇，對有興趣之研究，則駐足閱覽與請教論文作者。
五、12月3日

依事前規劃日間參加研討會F論文研討會，晚上參加張貼論文海報之瀏覽與討論。
(一)8:30 ~ 10:00 AM

     依照事前規劃本日上午參加研討會F4：多孔結構薄膜技術 (Porous and Structured Films)。發表論文題目如下：
1. F4.1：溶劑蒸發誘導溶膠加工自組合多孔複材奈米結構研究(Evaporation Induced Self-Assembly of Porous and Composite Nanostructures) 
2. F4.2：液體表面溶劑蒸發誘導自組合單層微影造型之奈米微粒/高分子排列形成技術研究 (Free-standing and Patternable Monolayer Nanoparticle/ polymer Arrays Formed by Evaporation Induced Self-assembly at a Fluid Interface) 
3. F4.3：電子通訊元件採用超臨界流體控制氧化鋁薄膜成形與鍍着技術開發 (Formation of Controlled Alumina Films using Deposition in Supercritical Fluids for Electronic and Telecommunication Devices) 
4. F4.4：低溫水中鍍着法製備奈米結構ZnO薄膜 (Synthesis of Nanostructured ZnO Thin Films via Low Temperature Aqueous Deposition) 
5.  F4.5：軟式化學法製作奈米無機及有機-無機混成薄膜技術開發 (Soft Chemistry Based Routes to Nanostructured Inorganic and Hybrid O-I Thin Films) 
      6.  F4.6：以奈米結構金屬氧化物及複合電極技術開發超電容元件 (Nanostructured Metal Oxide and Composite Electrodes for Use in Ultracapacitors)
7. F4.7：SiO2 濾紙含浸奈米導電RuO2溶液製作各式導電奈米結構用途 (A Simple Solution-Based Method for Depositing Conductive Nanoscale-Coatings of RuO2 onto SiO2 Filter Paper: Obtaining Macroscopic Conductivity from Nanostructured Features) 
8. F4.8：奈米光子晶體用於水中氧化反應光電極材料 (Nanocrystalline Photonic Crystalline Supports as Photoanodes for Water Oxidation)

(二) 12:30 ~ 1:30 PM
本日中午再前往參展會場，參觀廠商攤位，收集儀器、設備及材料之廠商資料，所收集資料有簡介及成冊裝訂，回國前亦經篩選，帶回整理併入附件(三)。
(三) 1:30 ~ 5:00 PM

     下午參加研討會F5：奈米材料加工－印刷、蝕刻與微影造形技術 (Printing, Lithography, Patterning)。發表論文題目如下：
1. F5.1：溶膠印刷製作無機半導體技術開發 (Develop Printable Solution Processes for Inorganic Semiconductors) 
2. F5.2：以直寫法將溶凝膠油墨印製微距氧化物結構用於光電及感應元件製作(Sol-Gel Inks for Direct-Write Assembly of Micro-Periodic Oxide Structures for Photonic and Sensor Applications.) 
3. F5.3：電子活化奈米油墨及奈米架構節能薄膜電子元件開發 (Electroactive NanoInks and Printable NanoArchitectures for Energy- Efficient Thin Film Electronics) 
4. F5.4：矽溶膠奈米壓印製作奈米連續造形 (Nano Imprint Lithography on Silica Sol-gels: a Simple Route to Sequential Patterning ) 
5. F5.5：次微米無機氧化物結構圖樣與奈米結晶半導體結構研究 (The Patterning of Sub-500 nm Inorganic Oxide and Nanocrystalline Semiconductor Structures) 
6.  F5.6：先進奈米材料用於電晶體印製 (Advances in Materials for Printed Transistors) 
7.  F5.8：噴墨印製細電極以開發高效能有機薄膜電晶體(Inkjet Printed Narrow Electrodes for High Performance Organic Thin-Film Transistors) 
8. F5.9：超音波噴霧輔助化學氣相鍍着技術用於高品質結晶及非晶氧化物半導體製造(Ultrasonic Spray Assisted Mist-CVD Method for High-quality Crystalline and Amorphous Oxide Semiconductors Growth) 
(四) 7:00 ~ 10:00 PM
晚間前往張貼論文會場瀏覽，主要瀏覽張貼論文D7：掺雜稀土金屬先進材料光電應用(Rare-Earth Doping of Advanced Materials for Photonic Applications )，計有20篇。張貼論文F6：多孔、溶凝膠及透明導電金屬氧化物 (Porous, Sol-Gel and TCO)，計有30篇。張貼論文G12：「有機混成材料用於大面積功能系統III (Hybrid and Organic Materials for Large-Area Functional Systems III)」，計有24篇。並瀏覽其他16個領域之張貼論文約400篇，對有興趣之研究，則駐足閱覽與請教論文作者。
六、12月4日

日間參加研討會F論文研討會，晚上參加張貼論文海報之瀏覽與討論。
(一)8:30 ~ 10:00 AM

     依照事前規劃本日上午參加研討會F7：液體製程太陽光電材料(Solution Processed Photovoltaic Materials)。發表論文題目如下：
1. F7.1：以無機反應性液態先驅物用於反應轉印控制形態及結構研究 (FASST® Reactive Transfer Printing for Morphology and Structural Control of Liquid Precursor Based Inorganic Reactants.) 
2. F7.2：低成本直寫法製作太陽電池 (Use of Direct Write Methods for Low Cost Photovoltaics)
3. F7.3：聯胺法製備CuIn(Se,S)2奈米結晶微粒用於太陽能吸收材製作(CuIn(Se,S)2 Absorbers Processed using a Hydrazine-Based Solution Approach) 
4. F7.4：全化學法(奈米微粒溶膠)鍍膜製作薄膜太陽電池 (All-chemically Deposited Thin Film Solar Cells) 
5.  F7.5：溶液法合成Cu(In,Ga)(S,Se)2開發太陽電池 (Solution Routes to Synthesis of Cu(In,Ga)(S,Se)2 Chalcopyrite Solar Cells)

      6.  F7.6：奈米結晶溶膠印製(非電著法)CIGS及CdTe太陽電池 (Chalcogenide Solar Cells by Printing and Solution (non-electrodeposition) Based Methods) 
7.  F7.7：高結構電著ZnO製作奈米矽太陽電池之背面反射體功效結構研究 (Fabrication and Performance of Highly Textured Electrodeposited ZnO Back Reflector for nc-Si Solar Cells) 
8. F7.8：ZnO/CdS奈米複材用於太陽能轉換 (Zinc Oxide/Cadmium Sulfide Nanocomposites for Solar Energy Conversion) 
 (二) 1:30 ~ 5:00 PM

     下午參加研討會F8：液態化學前驅物浴著法 (Bath-Based Deposition and Liquid Precursor Routes)。發表論文題目如下：
1. F8.1：化學浴著不穩定性研究 (Some Sources of Irreproducibility in Chemical Bath Deposition) 
2. F8.2：連續流動微型反應器探討反應性流體用於化學浴著技術開發 (Investigate the Reacting Flux of Chemical Bath Deposition by a Continuous Flow Microreactor) 
3. F8.3：電化學鍍著(In,Ga)-Se薄膜 (Electrochemical Deposition of (In,Ga)-Se Thin Films) 
4. F8.4：電化學原子層著技術(Electrochemical Atomic Layer Deposition (ALD) ) 
5. F8.5：低成本太陽電池發展新起點—織物電極電著奈米結構ZnO (Electrodeposition of Nanostructured ZnO on Textile Electrodes - a New Starting Point Towards Flexible Low-Cost Photovoltaics) 
6.  F8.6：選擇簡單經濟方法於高分子材料表面進行金屬薄膜加工與應用研究 (A Simple, Low-Cost Approach to Selective Metal Deposition on Polymeric Substrates) 
7.  F8.7：液態矽烷用於電子元件開發 (Liquid Silane Routes to Electronic Materials) 
8. F8.8：有機相溶性奈米矽及奈米鎵研究 (Organosoluble Silicon And Germanium Nanoclusters) 
(三) 7:00 ~ 10:00 PM
晚間前往張貼論文會場瀏覽，主要瀏覽張貼論文F9：太陽光電、化學浴及印刷法(PV, Chem Bath and Printing)，計有27篇。並瀏覽其他11個領域之張貼論文約300篇，對有興趣之研究，則駐足閱覽與請教論文作者。
  因明日需搭7:40AM之美國航空飛機前往洛杉磯返國，故規劃今晚提早瀏覽張貼論文後，即搭捷運前往Boston郊區Logan國際機場，夜宿機場週邊旅館Comfort Inn。
七、12月05日

早晨5:00AM起床， 5:30AM搭旅館機場循環巴士，抵達Logan國際機場已是人龍一串，皆為出城之旅客，大都歸心似箭，辦理櫃台報到，行李直掛台北，搭美國航空AA 025班機，7:45AM起飛往洛杉磯。
  飛行6小時25分鐘，於洛杉磯時間11:10AM抵達洛杉磯機場，轉往洛杉磯國際機場，搭華航CI 05班機，1:50 PM起飛返國。
八、12月06日

飛行時間6小時25分鐘，於台北時間8:20 PM抵達桃園國際機場，辦理出關，再提出行李，走出海關回到家中約10:00 PM。
3、 心得
一、低成本液態原料製作無機膜用於電子/光電元件發展趨勢：研討會F
        「低成本液態原料製作無機膜用於電子/光電元件 (Low-Cost Solution-Based Deposition of Inorganic Films for Electronic/Photonic Devices)」之研討會，主要以溶凝膠技術(Sol-Gel Tech)研製低成本奈米液態原料，再以溶膠鍍膜應用於電子/光電元件開發。因溶凝膠技術是為本實驗室核心技術，是為本次前往美國波士頓參加美國材料學會2008年秋季研討會主要收獲。
(1) 奈米材料鍍膜相關技術研討會心得：F1
            該項技術包括奈米結晶材料、奈米超晶格半導體、奈米結晶混成材料及其製備與應用技術發展與未來產品開發，是為本單位研發之目標，論文發表內容除對目前奈米光學材料研發工作有所幫助，其他量子點奈米材料對螢光、半導體及太陽光電研發工作可供參考。論文要點說明：
1. 自組合與摻雜合成超晶格半導體奈米結晶溶液製程研究，採用化學掺雜法研究雙奈米粒子超晶格多功能材料研究，可應用於可調變電子、電磁、光學及光電材料及元件之開發，是為奈米材料製備與鍍膜應用之發展趨勢。
2. 雙成分超晶格奈米結晶PbSe and CdSe材料研發，採用化學法研製PbSe與CdSe雙奈米粒子超晶格材料，可用於開發光電材料及元件。

3. 六醯酚系高分子和硒化鉻奈米材料夾層組成薄膜技術，開發六醯酚系高分子與CdSe奈米結晶製備混成材料，研製薄膜太陽電池。
4. 自組合解膠組成奈米微粒之奈米結構研究，利用奈米粒子表面親水/親油性及陰電/陽電性等，研發量子點、結構非均質金屬及半導體奈米粒子自組合線性材料，可應用於奈米電子材料與元件。

        5.  奈米結晶材料導電度與自組合研究，採用PbS、PbSe、PbTe、CdS、CdSe、CdTe及SnTe等奈米結晶材料表面聯氨或奈米金處理，具有n-及p-奈米半導體特性，可應用於電子與光電材料與元件開發。            
6.  小角度X-ray散射分析奈米結晶材料自組合動力與結構研究，發表奈米微粒溶液應用時，可控制蒸發與成分濃縮機制，以控制超晶格動態及結構。
7.  奈米微粒組合性、粗糙度控制及其物理/化學功能應用於光學薄膜研究，探討奈米材料寬頻抗反射鍍膜技術，本項技術與本單位奈米光學材料研發工作直接有關，除於研討會時詢問有關如何加強奈米材料光學鍍膜堅固性，未來將積極與其保持聯繫與收集其研究技術資料。相關技術發展與規劃：
【奈米溶液應用於光學、介電及觸媒薄膜，加工成本低之優點，但其限制包括均勻性、厚度控制、表面粗糙度控制、機械強度等困難，需靠有機功能材料配合才有機會克服。
可用靜電技術進行多層加工，開發寬頻抗反射及彩色干涉光學鍍膜產品，在品質分析與控制技術下，以低折射率奈米材料(n ~ 1.3)與高折射率奈米材料(n ~ 2.1)，在玻璃上依光學鍍膜技術，經550 ℃燒結，可得寬頻抗反射及彩色干涉光學鍍膜玻璃產品。
有關奈米材料及有機功能性材料混成溶膠之親水性、撥水性及反應性，影響奈米溶膠鍍膜之品質。奈米材料粒徑分佈與組成，對產品功能之影響，可從寬頻抗反射鍍膜技術可知，採用8 nm與50 nm之SiO2奈米材料在PDMS矽利康或TEGDMA壓克力樹脂等膠合劑，可以兩層鍍膜製備寬頻抗反射鍍膜產品。
上述技術，是為本實驗室開發奈米光學材料與應用所需建立之技術，目前部份技術已成熟，部分技術上尚在建立中。】
8. 電子束軟蝕刻奈米微影造型應用於奈米蓋量子點研究，研發電子束進行奈米材料微影軟蝕刻造型，量測奈米結構中熱電流現象。
9. 大型奈米結晶量子點用於寬頻低遮蔽型即時放射研究，發表奈米結晶量子點結構殼加厚，可大大降低即時放大發光能階。
10.  使用透明金屬氧化物奈米微粒製成核/掺雜殼開發電激光研究，發表採用奈米螢光材料溶液鍍膜，製作透明螢光元件研究。
(二) 液態製程開發電子/光學薄膜及元件研討會心得：F2. 
本項技術研討，包括：奈米結晶材料製備與電子/光學薄膜及元件開發，是為本實驗室奈米光學材料研發之方法。論文內容除對目前奈米光學材料研發工作有所幫助，其他對電子及光電研發工作可供參考。論文要點說明：
1. 奈米結晶材料於光電元件製作與特性，研製奈米量子點無機混成結晶材料，開發發光及紅外線偵測元件。
2. 採用奈米結晶量子點微粒溶膠液態製程微影造型應用於LED開發研究，開發噴霧法製作量子點發光二極體QD-LED技術，用於多彩矩陣式發光元件及顯示器製作平台。
3. 離子凝膠/PbSe奈米結晶薄膜電晶體雙極性研究，採用離子凝膠/PbSe奈米結晶鍍膜，開發雙極性電晶體，產生電子及電洞之躍遷電壓可降50倍，速度可提高2-20倍。
4. 奈米氧化鋅半導體材料用於場效電晶體印製研究，採用sol-gel技術在200℃以下，配合微奈米印刷技術，於塑膠上進行奈米無機半導體薄膜製作，用於場效電晶體開發。

5. 奈米金屬氧化物磷酸表面處理用於高分子/陶瓷奈米混成材料製備開發高效能電子元件，採用磷酸處理奈米鈦酸鋇/高分子混成材料，製得高成份無機混成材、高電容及低漏電之有機場效電晶體，可用於電能儲存。
6. 化學法導入奈米結構用於電子半導體開發，以化學法製備奈米結構大面積奈米電子元件，如平面顯示器，已被廣泛討論，其中以高效能奈米薄膜電晶體開發指日可待。
7. 快速電燒結奈米微粒結構技術開發，開發快速電子燒結技術，用於奈米金屬、無機導體及半導體加工，速度快品質好。相關技術發展與規劃：
【電加熱較以往烘箱、雷射、光學及微波加熱燒結更快速，因通電加熱燒結之電壓極限及印刷電阻受熱降低，其最後導電度受兩因素影響，包括外部尺寸與結構。採用電加熱燒結之優點，有(1)降低基材溫度，(2)容易控制加工導電性，(3)適合直噴式加工。除了用於奈米金屬塗佈加工，亦可應用於奈米無機導體(ITO)或奈米半導體材料加工。

本實驗室採用溶凝膠技術進行鍍膜加工，製作功能性加工材料或元件，常需高溫烘烤，以往有採用雷射加熱技術，光學及微波加熱燒結是為本實驗室需建立之技術，目前有電加熱燒結技術，使加工速度更快，需要進一步瞭解與建立，使溶凝膠技術功能性鍍膜加工更有效。】
8. 熱或光誘導銀錯合物與金屬銀之相變化研究，採用銀錯合物進行熱影像及光影像加工，製作奈米銀線路，用於PET上微電子元件製作。
9. 奈米Ag2S溶膠液態製程用於薄膜記憶開發，採用溶液法於塑膠材表面進行硫化銀絲記憶材製作，進行讀寫性能與加工溶液濃度、溫度及退火條件之研究。
10. 奈米結晶微粒溶膠以UV微影造型技術進行微細製程研究，採用光敏化學品與奈米結晶材料混成，進行光蝕刻加工，較以往光蝕刻製作品質佳。
(三)多孔結構薄膜技術研討會心得：F4
本項技術研討，包括：奈米溶膠鍍膜於電子、太陽光電、觸媒、超電容及電極材料之應用。對目前本實驗室親水、潑水、光觸媒及透明導電鍍膜技術開發工作有所幫助，其他有關太陽電池、光化學、電化學技術可供研發工作參考。論文要點說明：
1. 溶劑蒸發誘導溶膠加工自組合多孔複材奈米結構研究，為C. Jeffrey Brinker之 Sandia 國家實驗室之研究，C. Jeffrey Brinker為Sol-Gel Science之作者，在溶凝膠技術領域可為大師級之大師，前往聽講各方專家學者際集。發表採用溶凝膠技術中溶劑揮發誘導柰米材料親水與潑水特性，開發選擇性薄膜，為本實驗室未來規劃研發之課題，用於薄膜蒸發技術開發。
2. 液體表面溶劑蒸發誘導自組合單層微影造型之奈米微粒/高分子排列形成技術研 究 ，採用溶劑揮發誘導自組合技術，研究CdSe-QD/PMM及Au-NP/PMMA單層奈米微粒排列薄膜製作之結果與特性研究。

3. 電子通訊元件採用超臨界流體控制氧化鋁薄膜成形與鍍着技術開發，採用超臨界技術製作氧化鋁薄膜，用於電子通訊元件開發。
4. 低溫水中鍍着法製備奈米結構ZnO薄膜，開發水浴法製備奈米棒ZnO薄膜，配合晶種預處理、功能有機物添加與導電高分子應用，用於太陽電池開發。
5.  軟式化學法製作奈米無機及有機-無機混成薄膜技術開發，發表採用溶凝膠技術製備無機及混成溶膠，用於薄膜製作，開發感應器、光觸媒及透明導電薄膜。相關技術發展與規劃：
【採用溶凝膠技術(Sol-Gel)製備各式奈米結構過渡金屬氧化物，用於智慧型功能性薄膜，製作成本低、多元化及方便性。控制奈米材料結構、粒徑及結晶，可調控奈米材料特性。進而開發奈米混成溶膠用於智慧型功能性多層奈米材料薄膜製作，開發感應器、光觸媒、導電薄膜及低介電材料等。
本項技術從奈米無機混成材料設計、合成及特性預測，具有週期性、組合型奈米孔洞特性及其應用，應用於奈米線材、螢光材料、生物醫學及微機電奈米混成材料之開發。
目前本實驗室開發奈米光學材料，包括低折射率、高折射率、紅外線吸收、紫外線吸收、電磁波吸收及彩色奈米材料，除與有機功能性材料配合，進行奈米混成溶膠研製，開發上述奈米光學材料及塑膠光學鍍膜技術，研發奈米光學鍍膜塑膠材料。】
6.  以奈米結構金屬氧化物及複合電極技術開發超電容元件，採用對電子儲存在電化學惰性之TiO2及Nb2O3奈米複合材料，以高分子材料與奈米RuO2導電材料，開發超電容元件。
7.  SiO2濾紙含浸奈米導電RuO2溶液製作各式導電奈米結構用途，開發多孔或纖維之SiO2 濾紙進行奈米RuO2鍍膜，可簡易製作電化學元件電極之技術，性能較RuO2材料佳，亦可用於電化學反應觸媒。
8.  奈米光子晶體用於水中氧化反應光電極材料，開發奈米光子晶體用於光化學反應研究水分離產氫技術，對電極、電解質及電半透材料之研製結果。
(四)印刷、蝕刻與微影造型技術研討會心得：F5
研討會內容包括：奈米材料印刷、蝕刻與微影造型技術，對奈米材料加工與應用技術未來發展，是為本研究計畫往後需加強之部分。目前可應用於奈米光學材料研發工作，其他對奈米材料於電子及光電研發工作亦非常重要。論文要點說明：
1. 溶膠印刷製作無機半導體技術開發，證實採用噴墨技術進行無機奈米材料油墨，包括導體、半導體、絕緣材及發光材噴印與燒結，可經濟有效印製大面積複雜電子元件。
2. 以直寫法將溶凝膠油墨印製微距重復氧化物結構材料，用於光電及感應元件製作，開發噴墨印刷技術，可經濟有效製作1維至3維之次維米元件，實驗以TiO2奈米油墨製作1維氣體感測頭及3維紅外線反射鏡。相關技術發展與規劃：
【溶液法製作功能性鍍膜材料及元件，因奈米材料製備技術不斷進步，開發奈米混成溶膠，可以印刷、蝕刻及微影造型技術進行，其中以印刷法可降低製作成本，採用直接油墨書寫(DIW)，以次微米印製1D或3D之結構及形狀加工。以濃縮之溶膠材料採用直接印刷技術，可印製200 ~ 500 nm之加工件。
在本篇論文中採用TiO2油墨，使用直接油墨印製，一維線狀加工，用於氣體感應器開發，可得高感度之氣體感應元件，進而應用於3D多層鍍膜，開發紅外線寬頻反射鍍膜玻璃。
目前本實驗室要開發之奈米TiO2高折射率混成溶膠材料，用於光學鍍膜塑膠產品開發，採用浸鍍法製作薄膜光學鍍膜材料與產品，若用於厚膜光學產品開發，以印刷法及壓模法製作，是為本實驗室所需建立之技術。】
3. 電子活化奈米油墨及奈米架構節能薄膜電子元件開發，研發電子活化奈米油墨及化學法印刷技術，可快速經濟有效進行大面積多層結構之電晶體電路、太陽電池及燃料電池製作。
4. 矽溶膠奈米壓印製作奈米連續造形，採用SiO2混成溶膠進行奈米壓印，可在90℃乾燥製作奈米結構及圖樣之元件，具有良好化學及機械安定性。

5. 次微米無機氧化物結構圖樣與奈米結晶半導體結構研究，採用TiO2, SnO2, ZnO, ITO, BaTiO3, and CdSe等奈米材料，開發乾式印刷技術(PRINT)，製作電子與光學材料，可經濟有效開發大面積、結構圖樣、多層結構及功能性材料及元件。
6.  先進奈米材料用於電晶體印製，採用液體印刷技術進行導體、半導體及介電奈米材料薄膜製作，開發快速、低成本之薄膜電晶體元件製作技術。

7.  噴墨印製細電極以開發高效能有機薄膜電晶體，研究控制噴墨墨點距離、高沸點混合溶劑濃度及油墨黏度，以改善噴墨印製時墨點環，使印製電極及電路具有均勻厚度與品質。
8.  超音波噴霧輔助化學氣相鍍着技術用於高品質結晶及非晶氧化物半導體製造，採用超音波噴霧化學氣相沉積法鍍膜，用於ZnO、Ga2O3及Al2O3等氧化物多晶系或非晶系材料鍍膜，具有製作成本低及環境污染少之優點。
(五) 液體製程太陽光電材料研討會心得：F7
研討會論文內容對目前單位CIGS太陽電池開發，亦採用液體製程，包括無機反應性液態先驅物、有機金屬化學品、奈米結晶微粒溶膠及其加工與鍍膜製作技術，對CIGS太陽電池研發工作大有幫助。其他對光電元件開發工作亦有參考價值。論文要點說明：
1. 無機反應性液態先驅物用於反應轉印控制形態及結構研究，發表場效瞬間合成轉印法，使用兩種反應性液體先驅物，進行前後接觸反應，製作Cu-Se、In-Se及Ga-Se雙成份無機結晶材鍍膜，進而開發Cu-In-Ga-Se CIGS太陽電池，可低成本高效率大面積製作。

2. 低成本直寫法製作太陽電池，開發有機金屬化學品，使用超音波噴塗，進行微細金屬線，如Ag、Ni、Cu及Al鍍膜，用於矽太陽電池製作。亦應用於無機CuInSe2(CIS)及CdTe及有機P3HT及PEDOT/PSS太陽光電池開發。

3. 聯胺法製備CuIn(Se,S)2奈米結晶微粒用於太陽能吸收材製作，採用聯氨溶解CuIn(Se,S)2固體製成鍍膜溶液，採用旋轉鍍膜製作CIS薄膜，製得Glass/Mo/CIS /i-ZnO/ITO太陽電池，光電效率達8%。
4. 全化學法(奈米微粒溶膠)鍍膜製作薄膜太陽電池 ，開發全化學法製作太陽電池，包括CdS、Bi2S3、Sb2S3及PbS鍍層與化學品，製得n- Bi2S3/p-PbS、CdS/ Sb2S3/PbS兩組太陽電池。
5.  溶液法合成Cu(In,Ga)(S,Se)2開發太陽電池，採用電鍍法製作CIGS太陽電池，以CuInSe2(CIS)為例可一次電鍍獲得，經退火結晶處理，光電效率可達10%。
6.  奈米結晶溶膠印製(非電著法)CIGS及CdTe太陽電池，研究採用溶膠法進行CIGS太陽電池製作，以印刷、噴塗、旋轉鍍膜及浸鍍法比較，選擇化學前趨物及硒化/硫化/退火條件，開發高效率低成本軟性太陽電池。相關技術發展與規劃：
【奈米結晶溶膠材料CIGS及CdTe，用於薄膜太陽電池開發是為新而有利之技術，很多化學溶液或漿液，基本採用兩成份、三成份或四成份製備奈米輝銅結晶材料，用於薄膜太陽電池吸收材及緩衝材，CIGS奈米溶膠材料是太陽電池主要材料，但CdTe奈米溶膠材料亦受各方重視與研製。
CIGS奈米結晶溶膠可採用印刷、噴塗、旋轉鍍膜、浸鍍法等塗佈加工技術，選擇CIGS前驅材料進行硒化或硫化，再經氣氛退火，製得CIGS薄膜太陽電池之吸收層，氧化銦及氧化鎵層材亦可經奈米結晶溶膠製得。因CIGS薄膜受製程中溶膠黏度、前驅物種類、添加劑、鍍膜方法及退火條件之影響，對CIGS薄膜之結構、化學性及電子性，以致對太陽電池之特性之影響，是為高效率CIGS薄膜太陽電池之關鍵。
本單位在CIGS薄膜太陽電池研究開發，亦採用奈米溶凝膠技術，本論文技術可供參考。】
7.  高結構電著ZnO製作奈米矽太陽電池之背面反射體功效結構研究，採用電鍍法進行高纖ZnO透明導電鍍層，用於背面反射層表面光吸收效率，開發奈米矽太陽電池，可提高光電效率達20%。
8. ZnO/CdS奈米複材用於太陽能轉換，開發奈米ZnO及CdS材料，用於CIGS太陽電池。
(六)液態化學前驅物浴著法研討會心得：F8
本項研討會論文內容重要性，僅次於奈米材料加工－印刷、蝕刻與微影造形技術，採用液態化學前驅物浴著法進行奈米材料加工與應用，未來發展之方向，亦為本研究計畫往後需注意之部分。論文要點說明：
1. 化學浴著不穩定性研究，採用化學浴在清玻璃上進行ZnO成長，以EtOH/EA為溶液添加雜質Fe或Mn，對柱狀ZnO成長有益，玻璃表面成份Sn對玻璃表面ZnO、CdSe或CdS晶種處理亦有助益。
2. 連續流動微型反應器探討反應性流體用於化學浴著技術，開發連續微型反應器，     用於化學浴著法半導體結晶材料成長鍍膜，使液態化學前驅物浴著法，將可經濟有效獲得均勻之鍍膜與產品。
3. 電化學鍍著(In,Ga)-Se薄膜，在研發電化學鍍著(In,Ga)-Se薄膜技術，對錯合物種類 、濃度、偶合劑、硒來源、PH及電流選舉較佳條件，可製作附著性、平坦性好的InSe及GaSe薄膜，其再現性及成份可控制。
4.  電化學原子層著技術，開發一種電化學原子層著技術(ALD)，將低電壓鍍膜技術 (UPD)與電化學原子層著技術(ALD)結合，近日更發展表面限制氧化/還原取代鍍膜技術(SLRR)，用於太陽電池、熱電及相變記憶材料與元件。
5. 低成本太陽電池發展新起點—織物電極電著奈米結構ZnO，研究於纖維上進行太 陽電池製作技術開發，其中在纖維經金屬鍍膜後需進行電鍍法製作多孔ZnO奈米柱狀結晶，後進行太陽電池纖維製作，織成太陽電池紡織品是可行。
6. 選擇簡單經濟方法於高分子材料表面進行金屬薄膜加工與應用研究，開發一種在塑膠表面進行金屬鍍膜加工技術，以酸處理後與鋁錯鹽(aluminum(III) porphyrin)反應及Pd-Sn電鍍觸媒處理，用於輕質、軟性、可穿之微機電、電子、光電、電化學、電波及微電化學等應用。

7. 液態矽烷用於電子元件開發，研究採用液態六環矽烷進行鍍膜製作非晶矽，再經熱處理得多晶矽，用於薄膜矽半導體元件開發。相關技術發展與規劃：
【本所在液態矽之開發，以六環矽烷(C6H12)為對象，進行合成技術研發，對未來非晶矽或多晶矽材料及產品開發大有助益。目前可知六環矽烷為矽之前驅物，可用於電子材料，以旋轉塗佈在基材上，經UV或熱反應製得非晶矽(a-Si:H)薄膜，其電阻為 > 106 Ωcm，在摻雜技術引進與開發，可用二極體及場效電晶體製作，六環矽烷可製成油墨，在印刷技術下採用平行氣膠直接書寫技術(CAB-DW)TM，可製得 < 10μm線寬之印刷，若可製得良好電性之薄膜，對未來半導體製作，可降低製作成本與產品開發之潛力。
本項技術有兩方面之要素，一是六環矽烷CHS液態矽之製備，另一方面是化學前驅物溶著技術。在化學溶著法中有反應生成法、結晶成長法、電解成長法、電化學反應法及高分子混成化學溶著法，目前都為前瞻研究，未來發展可期待，值得關心與研究。】
8. 有機相溶性奈米矽及奈米鎵研究 ，研究高分子協助鍍膜技術，採用金屬鹽溶於高分子中，進行鍍模與加工，可製得同軸不裂之金屬氧化物。
二、有機混成材料用於大面積功能系統發展趨勢：研討會G 
有機混成材料用於大面積功能系統研討會，與目前實驗室開發於塑膠材料進行光學鍍膜，所用技術相似。參與第一節，G1：大型電子元件開發所用技術研討會，論文內容以大型電子元件開發為主，較目前光學鍍膜技術層次高。論文要點說明：
1. 無機單晶半導體材料於印刷電子元件開發，發表有關太陽光電、照明元件及半球型電子眼影像等技術與產品之開發。
2. 化學處理之單層石墨應用於大面積快速轉印元件製作，發表一種轉印製程，可以化學法精確掌握單層石墨型態，採用PDMS矽膠材料模版技術，操作表面能量，成功使用旋轉塗佈轉印所需單層石墨材料結構。相關技術發展與規劃：
    【如液態矽化學品製備與應用一樣，被半導體產業重視之另一化學品為單層石墨原料之製備，自從2003被化學家重視與研發，目前採用化學法將石墨原料經氧化、剥離及還原製程，在液體中製得單層石墨化學品，此物質將繼奈米碳管後最被看好重視之奈米碳材，其導電特性較奈米碳管好，因此在電子、電磁及電熱之應用優於奈米碳管，目前採用矽烷樹脂作為模版將單層石墨物質，以轉印技術開發與應用。有關單層石墨物質之開發對奈米光學材料中，紅外線吸收及電磁波吸收所寄望之材料，值得注意與研究。】 
3. 智慧型織物狀設計可穿式電子產品開發，發表一種智慧型織物製作方法，使用45 ~ 60μm 之金屬被覆纖維為電極，包覆PMI及PPV等高分子，作為介電閘極，此纖維狀電晶體柔軟可製成織物，未來配合材料開發各式纖維狀電子元件，智慧型可穿著之電子設備將可實現。
4.  壓縮矽晶體光電元件製作技術用於半球型電子眼照相元件開發，發表以平面積體電路製造技術，開發曲面製作技術，用於半球型電子眼照相元件開發。
三、透明導體及半導體材料於光電元件應用發展趨勢：研討會B
透明導體及半導體材料於光電元件應用，與實驗室以往及未來對透明導體及半導體材料及光電元件應用與開發都有關係。
(一)透明導電金屬氧化物基本電子結構材料研討會，B1

論文內容對未來奈米紅外線吸收材料研發工作有所幫助，可供隔熱及紅外線匿蹤研發工作參考。論文要點說明：
1. 調配透明導電金屬氧化物成分應用於功能性光電元件開發，發表下一代之透明           導電金屬氧化物薄膜，用於透明導電電極、有機太陽光電及奈米尺寸微型透明導電金屬氧化物薄膜製作。
2. 多晶透明導電金屬氧化物鍍膜表面特性研究，發表採用磁場輔助濺鍍，製作掺雜與不掺雜之ZnO、In2O3及SnO2等材料表面特性。
3. In2O3及Sn-doped In2O3表面電子結構研究，證實In2O3單結晶電子具有較低躍遷能量。
4. Zn及Sn共摻In2O3塊材缺陷化學及表面電子特性關係 ，證實Zn及Sn共摻In2O3半導體界面電子能障，在還原製程所得較氧化製程所得高。
(二)特殊透明導電材料研討會，B2
在探討新的透明導體及半導體材料製備與應用，其中主要由日本開發之Nd掺雜TiO2 Anatase透明導電薄膜材料，與本單位研發之掺雜TiO2 Anatase奈米材料有關。論文內容對目前研發之掺雜TiO2 Anatase奈米材料，用於可見光光觸媒開發，可增加研發附加價值。論文要點說明：
1. 常用透明導電金屬氧化物質於電波工程應用，提供內視微觀常用透明導電金屬氧化物質特性以克服其電子局限與電核傳導。
2. 採用玻璃表面塗佈晶種層，成長Nd掺雜TiO2 Anatase透明導電薄膜材料，發表採用真空濺鍍進行Nd掺雜TiO2 Anatase多晶鍍膜，具有良好之透明導電性比美ITO。
3. Anatase Ti1-xNbxO2透明導電材料電子質量異方性研究，發表Nd掺雜TiO2 Anatase多晶薄膜透明導電特性，可經微粒方向性與表面軸線之平行改善。
4. 採用濺鍍法低溫製作多晶Nd掺雜TiO2 透明導電薄膜，發表在聚醯胺polyimide製得雙層NTO薄膜，具有高導電性。
四、掺雜稀土金屬先進材料光電應用發展趨勢：研討會D
本實驗室以往進行掺雜稀土金屬奈米材料研製與螢光劑開發。參與D1：雷射材料與機制研討會，論文內容較目前研發之掺雜稀土金屬之金屬氧化物奈米材料研製與螢光劑開發技術性更高，可供本項研發工作未來規劃。論文要點說明：
1. 最近發展成功之新材料用於眼睛安全、共震邦浦及掺雜Er雷射開發，發表Er雷射斜率效率可達70-80%、雷射量子效率5%及超低量子缺陷1.5%。
2. Yb3+ 掺雜CaF2 雷射陶瓷材料研製，開發Yb3+ 掺雜CaF2透明陶瓷材料用於雷射，品質比美單晶材料。
3. 精製Yb掺雜Sc2O3 透明材料與雷射系統應用研究，開發Yb掺雜Sc2O3 透明材料用於雷射，品質可達100%緊密。
4. 採用相平衡與晶體成長技術製備LiREF4 結晶雷射材料研究，研製雙成份LiF-REF3及三成份LiF-REF3-RE’F3 透明結晶材料用於雷射。
肆、建議事項
1、 美國材料學會MRS每年春秋兩次研討會，為國際間重要之大規模研討會，各領域研  討會皆邀請世界專家學者參與研討會專題報告，以新材料研究與新產品開發為主，分春季與秋季兩部分舉辦，對研發計畫與技術發展助益良多。
研討會F：為低成本液態原料製作無機膜用於電子/光電元件之研討，內容與技術以溶膠－凝膠(Sol-Gel)技術為核心，是為本實驗室之核心技術，亦為開發奈米材料溶液應用於光學、光電及電子之關鍵技術。
研討會G：有機混成材料用於大面積功能系統，是為本實驗室開發奈米光學材料，進行光學鍍膜之關鍵技術；研討會B: 透明導體及半導體材料於光電元件應用，為本實驗室透明導體及半導體材料開發之關鍵；研討會D:掺雜稀土金屬先進材料光電應用研討會，可供實驗室目前掺雜稀土金屬奈米材料研發參考。
建議本院圖書館採購MRS 2008秋季研討會F、B、D及G論文專輯，以供日後研發工作所需。
2、 本次MRS 2008秋季研討會，全世界有5000餘篇論文發表，論文篇數亞洲以日本居  首，數百篇計，其次以中國、韓國及印度皆數十篇，台灣與新加坡相當，發表篇數約十篇。而現場論文有見不少美國軍方及軍方支持之研究計畫成果發表，值得本院仿效，以強化本院研發品質，同時以文會友，建立國際科技交流。

建議本院材料、化學及化工相關領域研發成果，擇優派人出國論文發表，並鼓勵口頭報告。透過國際專家學者提問，瞭解單位研發工作與國際間差異，以規劃未來研發方向；進而透過專家學者討論，瞭解技術發展之要點。
三、  近年國際間奈米技術在國防應用已有具體成果，而本院近年執行經濟部科專，才有接觸奈米技術，但都由下而上提出之奈米計畫與項目，研發內容大都屬廣意的奈米技術，使用之材料有小於100nm，技術發展尚在混沌期。對實質開發奈米結構材料及其應用之奈米技術較少，更無國防奈米技術之開發。需要由上而下之規劃，結合本院奈米科技人才，共同討論國防奈米研發項目，有目標分階段開發國防奈米技術。

97年應需求規劃國防奈米技術開發專案，既「奈米專案」，分三期，每期三年，開發奈米親水自潔塗料、奈米超撥水減阻塗料、奈米微波吸收塗料、奈米高能材料、奈米金屬鋁硼、透明防彈材、奈米紅外線吸收材及奈米生化防護材等。但審查未獲聯參之認同與支持，無法推動甚是惋惜。
建議本院加強奈米技術研發，建立奈米材料製備與應用技術，開發國防奈米技術。
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SESSION G1: Conformal Macroelectronics  大型電子元件開發
Monday Morning, December 1, 2008
Room 207 (Hynes)

December 1, 2008
8:30 AM *G1.1(邀請報告)
Single Crystalline Inorganic Semiconductors for Unusual Format Electronics.
無機單晶半導體材料於特殊電子元件開發

John Rogers, Materials Science and Engineering, University of Illinois-Urbana Champaign, Urbana, Illinois.

Ultrathin semiconductor elements -- nanoribbons, nanomembranes and related structures -- derived from bulk wafers represent a class of material that can be useful for unconventional electronic systems, such as flexible/stretchable circuits or those that cover large areas (i.e. macroelectronics). This talk describes some of our recent work in this area, including the latest versions of soft lithographic transfer printing approaches for integration. The types of stretchable electronics/optoelectronic devices that can be achieved are of particular interest. We present some results that demonstrate capabilities in photovoltaics, lighting devices and hemispherical electronic eye imagers.


9:00 AM G1.2
High Throughput Transfer Printing of Large Scale Chemically Derived Graphene.
化學處理之單層石墨應用於大面積快速轉印元件製作

Matthew James Allen1,2,3, Vincent C Tung2,3, Richard B Kaner1,2,3 and Yang Yang2,3; 1Chemistry and Biochemistry, UCLA, Los Angeles, California; 2California NanoSystem Institute, Los Angeles, California; 3Materials Science and engineering, UCLA, Los Angeles, California.

Single layer graphene has attracted intense research interest since its discovery in 2003. However, difficulties in producing single layer specimens have encouraged the development of chemical routes. One such method is the oxidation, exfoliation, and subsequent reduction of graphite oxide through solution processing. Although graphite oxide produced specimens have been used to fabricate electrical devices, wafer scale processing has not yet been achieved due to the inability of registration in well-defined locations. Here we report a transfer printing process that allows for precise patterning of chemically derived graphene. Utilizing a polydimethylsiloxane (PDMS) stamp and the manipulation of surface energies, we successfully transfer spin-coated materials from one substrate to another. The method is capable of transferring sharp features to precise locations as confirmed by Raman mapping. This represents the first large scale, high throughput transfer printing of graphene and paves the way for future complementary circuit design.


9:15 AM G1.3
Yarn-like Devices for Smart Wearable Electronics. 智慧型織物狀設計可穿式電子產品開發

Piero Cosseddu1,2, Giorgio Mattana1,2, Gianluca Atzeni1, Magdalena Cybula3, Izabela Kruscinska3 and Annalisa Bonfiglio1,2; 1Dept. of Electrical and Electronic Engineering, University of Cagliari, Cagliari, Italy; 2S3 nanoStructures and bioSystems at Surfaces, CNR-INFM, Modena, Italy; 33Technical University of Lodz, 3Technical University of Lodz, Lodz, Poland.

Organic materials are becoming of great appeal also in the field of e-textiles, as they show an interesting combination of electronic and mechanical properties that can be favourably exploited in smart textiles. We present an example of organic field effect transistor (OFET) characterized by textile process fully compatible size and geometry. The devices have been obtained starting from a cylindrical metal fibre with typical diameters ranging around 45-60 µm, acting as the gate electrode, covered by a uniform insulating layers (polymide, and polypyrrole in the undoped state), which acts as the gate dielectric for the final device. As a result, this yarn is very flexible and can be employed, alone or twisted to another fibre, in textile processes. Different organic semiconductors were tested as the active layer forming the channel of the final device, and were deposited directly on the bare insulating yarn surface, while source and drain electrodes were realized afterwards in order to obtain a top contact configuration. AFM and SEM measurements demonstrated that both the dielectric and the organic semiconductor layers were uniformly deposited on the structure allowing to obtain well performing devices. When pentacene was used as organic semiconductor we obtained high performances unipolar p-type OFETs with an average hole mobility very close to 0.1 cm^2/Vs, and Ion/Ioff up to 10^4. In this paper we will show also how, thanks to the flexibility of the final structure, these devices can be employed as deformation sensors, as the output current varies reproducibly by applying a mechanical stimulus to the whole structure. Moreover, we will show how, using a double layer structure as active layer, employing pentacene/C60 heterojunction, it was possible to obtain ambipolar OFETs devices with very good mobility, up to 3x10^-2cm^2/Vs and 1.5x10^-2cm^2/Vs for the p- and n-type regime respectively. This was possible thanks to the improvements of the C60 layer structural and morphological characteristics, as supported by AFM and XRD characterization, which allowed, even by using high work function metals (Cu, Au and PEDOT:PSS) for the realization of the source and drain electrodes, to obtain a very efficient electron injection into the channel. These findings are very important because demonstrate the possibility of realizing organic complementary circuits by using very thin yarns suitable to be employed into a textile process. We will show our first preliminary attempts on the realization of complementary inverters by using the reported technology, which paves the way for the easy realization of smart wearable electronics.

9:30 AM G1.4
Sintering Metal Nanoparticles. 奈米金屬微粒燒結與應用研究 
Howard Wang, Department of Mechanical Engineering, Binghamton University, SUNY, Binghamton, New York.

We have carried out several measurements in order to understand the process of metal nanoparticle (MNP) film sintering. Small angle neutron and x-ray scattering has been used to measure the average diameters of silver and gold nanoparticles (Ag-NPs and Au-NPs) used in this study. Spun-cast Ag-NP and Au-NP films have been sintered at temperature ranges of 80 - 160 oC and 180 - 210 oC, respectively, for various times. The intermediate and final film composition and morphology have been studied using ion beam analysis, neutron and x-ray reflectivity, electron and atomic force microscopy, which are correlated to electric resistance measurements.

9:45 AM G1.5
A Hemispherical Electronic Eye Camera Based on Compressible Silicon Optoelectronics. 
壓縮矽晶體光電元件製作技術用於半球型電子眼照相元件開發
Heung Cho Ko1, Mark P Stoykovich1, Jizhou Song2, Viktor Malyarchuk3, Won Mook Choi1, Chang-Jae Yu1, Joseph Geddes4, Jianliang Xiao5, Shuodao Wang5, Yonggang Huang5,6 and John A Rogers1,2,3; 1Department of Materials Science and Engineering, University of Illinois at Urbana-Champaign, Urbana, Illinois; 2Department of Mechanical Science and Engineering, University of Illinois at Urbana-Champaign, Urbana, Illinois; 3Frederick-Seitz Materials Research Laboratory, University of Illinois at Urbana-Champaign, Urbana, Illinois; 4Beckman Institute for Advanced Science and Technology, University of Illinois at Urbana-Champaign, Urbana, Illinois; 5Department of Mechanical Engineering, Northwestern University, Evanston, Illinois; 6Department of Civil and Environmental Engineering, Northwestern University, Evanston, Illinois.

The human eye represents a remarkable imaging device, with many attractive design features. Prominent among these is a hemispherical detector geometry, similar to that found in many other biological systems, that enables wide field of view and low aberrations with simple, few component, imaging optics. This type of configuration is extremely difficult to achieve using established optoelectronics technologies, due to the intrinsically planar nature of the patterning, deposition, etching, materials growth and doping methods that exist for fabricating such systems. In this study, we introduce a route to curvilinear optoelectronics and electronic eye imagers that begins with well established electronic materials and planar processing approaches to create optoelectronic systems on flat, two dimensional surfaces, in unusual designs that allow full compressibility/stretchability to large levels of strain (~50% or more). This feature enables planar layouts to be geometrically transformed (i.e. conformally wrapped) to nearly arbitrary curvilinear shapes. In the example presented here, we use a hemispherical, elastomeric transfer element to accomplish this transformation with an electrically interconnected array of single crystalline silicon photodiodes and current blocking p-n junction diodes assembled in a passive matrix layout. The resulting hemispherical focal plane arrays, when combined with imaging optics and hemispherical housings, yield electronic cameras that have overall sizes and shapes comparable to the human eye. In a general sense, these methods, taken together with our theoretical analyses of their associated mechanics, provide practical routes for integrating well developed planar device technologies onto the surfaces of complex curvilinear objects, suitable for diverse applications that cannot be addressed using conventional means. Reference: Ko, H. C.; Stoykovich, M. P.; Song, J.; Malyarchuk, V.; Choi, W. M.; Yu, C.-J.; Geddes III, J.; Xiao, J.; Wang, S.; Huang, Y.; Rogers, J. A., Nature, in press.
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SESSION B1: TCO Fundamental Electronic Structure
透明導電金屬氧化物基本電子結構材料
Chairs: Thomas Mason and Julia Medvedeva
Monday Morning, December 1, 2008
Room 203 (Hynes)
December 1, 2008
10:30 AM *B1.5(邀請報告)
Tuning Transparent Conducting Oxides for Opto-electronic Functionality. 

(調配透明導電金屬氧化物成分應用於功能性光電元件開發)

Tobin Marks, Northwestern U., Evanston, Illinois.

Transparent conducting oxides (TCOs) are unique materials that, as thin films, find many current applications of great importance in display, photovoltaic, energy conservation, and lighting applications. However, it is not clear that present generation TCO materials (e.g., tin-doped indium oxide, ITO) will meet the stringent performance and cost requirements for next-generation opto-electronic technologies. This lecture focuses on the scientific aspects of designing, growing, characterizing, understanding, manipulating, and implementing next-generation transparent conducting oxide thin films. This includes implementation in: 1) transparent electronics, 2) organic photovoltaics, 3) nanoscale patterning of TCOs.


11:00 AM *B1.6(邀請報告)
Surface Properties of Polycrystalline Transparent Conducting Oxides.
(多晶透明導電金屬氧化物鍍膜表面特性研究)

Andreas Klein, Materials Science, Darmstadt University of Technology, Darmstadt, Germany.

Properties of transparent conducting oxide surfaces have been investigated using photoelectron spectroscopy (XPS, UPS) and conductivity relaxation experiments. The TCO films are prepared by magnetron sputtering. Surface analysis is performed in integrated systems, allowing for vacuum transfer between different preparation and analysis chambers. With XPS and UPS, it is possible to assess chemical as well as electronic properties of surfaces and interfaces. The electronic properties include the work function, the Fermi level position with respect to the band edges and barrier heights at interfaces between TCOs and other materials. Results will be presented for magnetron sputtered films of doped and undoped zinc oxide, indium oxide, and tin dioxide. The variation of surface properties with deposition parameters is described, highlighting the influences affecting the work function and the importance of non-equilibrium conditions for the carrier concentration of magnetron sputtered films. In addition, post deposition changes induced by heating in different oxygen partial pressures and air as well as by deposition of ultrathin oxide layers will be addressed.


11:30 AM B1.7
The Surface Electronic Structure of In2O3 and Sn-doped In2O3. 
In2O3及Sn-doped In2O3表面電子結構研究
David Payne1, Anne Bourlange1, Philip King2, Timothy Veal2, Chris McConville2 and Russell Egdell1; 1Inorganic Chemistry Laboratory, University of Oxford, Oxford, United Kingdom; 2Department of Physics, University of Warwick, Coventry, United Kingdom.

Transparent conducting oxides (TCOs) such as In2O3, SnO2 and ZnO find widespread application as contacts for photovoltaic devices, liquid crystal displays, and light emitting diodes. Despite the obvious importance of these materials a complete understanding of their electronic structure is yet to be achieved. For example it is only recently that it has been shown that a weak absorption onset in In2O3 at 2.67 eV arises from direct forbidden transitions and that the often quoted value of 3.75 eV for the bulk bandgap is over 1 eV too high [1,2]. Here X-ray photoemission spectroscopy (XPS), infrared (IR) reflectivity and Hall effect measurements have been performed on single crystalline undoped In2O3 and Sn-doped In2O3 grown by O plasma assisted molecular beam epitaxy on Y-stabilised ZrO2 substrates. Single field Hall effect measurements reveal an electron density and mobility of 7.5 x 1018 cm-3 and 32 cm2V-1s-1 for nominally undoped In2O3 and 4.2 x 1020 cm-3 and 27 cm2V-1s-1 for Sn-doped In2O3. These results are consistent with IR reflectivity measurements which give carrier concentrations of 7.4 x 1018 cm-3 and 4.0 x 1020 cm-3 for nominally undoped In2O3 and Sn-doped In2O3 respectively. However valence band photoemission measurements show that the valence band maximum (VBM) to surface Fermi separation is 2.94 eV for the undoped sample and 3.06 eV for the doped samples. For a direct band gap of 2.67 eV, this implies that the Fermi level is pinned above the conduction band minimum (CBM) at the surface. Assuming an effective electron mass of 0.35m0, bulk Fermi levels are calculated as 0.02 eV and 0.54 eV for the nominally undoped and doped samples respectively. These results are incompatible with the measured conduction band photoemission spectra if it is assumed that XPS data probes the bulk electronic structure of the material. Space charge calculations suggest there must be pronounced electron accumulation at the surface of the undoped material, probably arising from surface states close to the charge neutrality level. Increasing the bulk Fermi level to above the charge neutrality level results in a slight depletion of electrons at the surface. This allows the charge neutrality level to be located between 2.94 eV and 3.06 eV above the VBM, and consequently about 0.4 eV above the conduction band minimum. These results combine to show that single-crystalline In2O3 exhibits electron accumulation at its surface, in contrast to the majority of other semiconductors. It can be explained in terms of the conduction band minimum in In2O3 lying below the charge neutrality level, due to the particularly low conduction band energy at the Γ point. These results also explain the propensity for n-type conductivity in In2O3 and the ease of n-type doping in this material. [1] A. Walsh et al., Phys. Rev. Lett. 100, 167402 (2008). [2] A. Bourlange et al., Appl. Phys. Lett. 92, 092117 (2008).


11:45 AM B1.8
Correlation Between Bulk Defect Chemistry and Surface Electronic Properties of Zinc- and Tin- Co-Doped Indium Oxide. 

Zn及Sn共摻In2O3塊材缺陷化學及表面電子特性關係

Steven Harvey1, Thomas O Mason1, Andreas Klein2 and Christoph Koerber2; 1Materials Science and Engineering, Northwestern University, Evanston, Illinois; 2Materials Science and Engineering, Darmstadt University of Technology, Darmstadt, Hessen, Germany.

The Zn- and Sn-codoped bixbyite solid solution, (In(2-2x)SnxZnxO3), hereafter referred to as ZITO, should be self-compensated, i.e., there should be a balance of Zn-acceptors and Sn-donors. Yet the ZITO materials are persistent n-type transparent conducting oxides (TCOs). In the present work, bulk phase equilibrium and electrical property studies (conductivity, thermopower) showed that there is an inherent cation off-stoichiometry favoring Sn-donors over Zn-acceptors. The bixbyite phase field lies to the Sn-excess side of nominal ([Zn]=[Sn]) stoichiometry. It was also shown that the equilibrium defect chemistry of ZITO is dominated by the same neutral Frank-Koestlin (F-K) cluster, (2SnIn●OI")x, as previously reported for indium-tin oxide (ITO). This was demonstrated by equilibrium in situ variable-pO2 conductivity and thermopower measurements on the terminal composition of the ZITO solid solution, In1.2Sn0.40Zn0.40O3, at 750 oC. The characteristic F-K pO2-1/8 dependence was observed. The surface electronic properties of the zinc- and tin- co-doped In2O3 were studied by X-ray and UV photoelectron spectroscopy. Thin films of In1.8Sn0.10Zn0.10O3 (ZITO10) and In1.4Sn0.30Zn0.30O3 (ZITO30) were deposited via magnetron sputtering with varying oxygen contents in the sputtering environment. The films were measured, and then subjected to in situ oxidation and reduction and subsequent analysis without removing the specimens from the UHV system. Reversible changes in the surface Fermi level positions and core level binding energies of 300-600 meV were observed upon oxidation and reduction. These changes were consistent with the presence of the F-K defect cluster affecting the carrier content in ZITO, i.e., reduction lead to higher Fermi level positions, and oxidation to lower Fermi level positions.


SESSION B2: Unconventional Transparent Conductors
特殊透明導電材料
Chairs: Andreas Klein and Tobin Marks
Monday Afternoon, December 1, 2008
Room 203 (Hynes)


1:30 PM *B2.1(邀請報告)
Conventional TCO and Beyond: Band Engineering Approach.
常用透明導電金屬氧化物質於電波工程應用 
Julia E Medvedeva, Physics, Missouri University of Science & Technology, Rolla, Missouri.

Combination of electrical conductivity and optical transparency in the same material has been successfully attained in a few degenerately doped wide-bandgap oxides, namely In2O3, SnO2, ZnO and CdO. Here, we summarize the key electronic features essential for achieving good carrier transport while maintaining sufficient optical transmission in a typical TCO and compare them with the electronic properties of oxides of other elements with the s2 electronic configuration, such as Mg, Ca, Sc and Al. The role of the following factors governing the transport and optical properties will be discussed: (i) the crystal symmetry of the oxide host including the oxygen coordination and the long-range structural anisotropy; (ii) the electronic configuration of the cation(s); (iii) the hybridization of the cation's states with the states of the neighboring oxygen atoms; and (iv) the carrier generation mechanism employed. The results provide microscopic insight into the properties of conventional TCOs and suggest ways to overcome the electron localization which limits charge transport in main group metal oxides.


2:00 PM *B2.2(邀請報告)
Growth of Transparent Conducting Nb-doped Anatase TiO2 Thin Films on Glass using Seed Layers.
採用玻璃表面塗佈晶種層以成長Nd掺雜TiO2 Anatase透明導電薄膜材料
Naoomi Yamada1, Taro Hitosugi1,2, Shoichiro Nakao1,3, Junpei Kasai1, Yasushi Hirose1,3, Ngoc Lam Huong Hoang3, Toshihiro Shimada1,3 and Tetsuya Hasegawa1,3; 1Kanagawa Academy of Science and Technology (KAST), Kawasaki, Japan; 2Advanced Institute for Materials Research (WPI-AIMR), Tohoku University, Sendai, Japan; 3Department of Chemistry, University of Tokyo, Tokyo, Japan.

Nb-doped anatase TiO2 (TNO) is a wide-gap, n-type degenerate semiconductor, exhibiting low resistivity (ρ) of the order of 10-4 Ω cm and high visible transparency (T>75%). Hence, TNO is promising as a transparent conducting oxide (TCO) that has potential to substitute Sn-doped In2O3, which, in recent years, suffers from indium-shortage problem. In order to establish TNO as a practical TCO material, it is highly desirable to develop sputter-based fabrication process on glass substrate. Recently, we have shown that conductive TNO films can be obtained when they are prepared in strongly reducing conditions. That is, introduction of oxygen deficiencies during film deposition is a key to achieving highly conductive TNO. There are two different routes for fabricating TNO polycrystalline films on glass using sputtering. One is to crystallize amorphous films, deposited at room temperature, by annealing under reducing atmosphere. The other is direct synthesis of polycrystalline films from vapor phase onto heated (Ts=200∼400oC) glass. In the former route, it is easier to obtain strongly reduced anatase phase on glass, resulting in low ρ value of 6∼8×10-4 Ω cm. Meanwhile, direct deposition of reduced anatase is difficult, because under reducing conditions, i.e., low O2/Ar ratio and/or high Ts, highly resistive rutile phase is preferentially formed. Here, we report on our attempts to fabricate conductive TNO films directly on glass by using seed layers, which prevents the formation of rutile. TNO films were deposited on glass and LaAlO3 (100) (LAO), for comparison, at substrate temperature Ts=400 oC and O2/Ar=0.3% under total pressure of 1.0 Pa. A Ti0.94Nb0.06O2-δ sintered pellet was used as a target. TNO on LAO was in epitaxial anatase phase with ρ=3.6×10-4 Ω cm. In contrast, TNO on glass was found to be in polycrystalline rutile phase of ρ=1.7×100 Ω cm. These imply that strongly reduced anatase phase is stabilized on LAO by epitaxial interaction between film and substrate even under reducing conditions. Polycrystalline anatase TNO can be grown on glass by increasing O2/Ar up to 1% and lowering Ts down to 250oC. However, the obtained films are less conductive with ρ∼50 Ω cm, since incorporation of oxygen deficiency is insufficient. We overcame this difficulty by using the resistive anatase film, described above, as an anatase template (seed layer). We deposited 170-nm-thick TNO films on the template under a strongly reducing condition of O2/Ar=0.05% and Ts=400oC. The resultant polycrystalline film was confirmed to be of single phase anatase TNO and showed metallic transport behavior with ρ=1.3×10-3 Ω cm at room temperature. As a consequence, use of resistive anatase seed layers is quite effective in depositing conductive TNO polycrystalline films on glass.


2:30 PM B2.3
Large Electron Mass Anisotropy in Anatase Ti1-xNbxO2 Transparent Conductor.
Anatase Ti1-xNbxO2透明導電材料電子質量異方性研究 
Yasushi Hirose1,2, Naoomi Yamada2, Shoichiro Nakao2, Taro Hitosugi2,3, Toshihiro Shimada1,2 and Tetsuya Hasegawa1,2; 1Department of Chemistry, School of Science, University of Tokyo, Tokyo, Japan; 2nano-structured magneto-optical device project, KAST, Kawasaki, Japan; 3WPI-AIMR, Tohoku University, Sendai, Japan.

Transparent conducting oxide (TCO) has attracted much attention as a key material indispensable in opto-electronic devices. Recently, we found that Nb-doped anatase TiO2 (TNO) shows excellent conductivity (ρ < 1 x 10-3 Ω cm) and transparency (T >75 %) for visible light in both epitaxial and polycrystalline film form. In addition, TNO possesses additional unique features, such as high chemical stability and large refractive index. The conduction band of TNO is mainly composed of Ti 3d-orbitals in contrast to other conventional TCOs, such as In2-xSnxO3, ZnO and SnO2, with s-nature conduction band, leading us to anticipation that electrical transport in TNO is highly anisotropic. If this is the case, for further improving conductivity of TNO polycrystalline films, it is needed to control their crystallographic orientation. Transport properties of TNO have been mainly studied using epitaxial c-axis oriented films, so far, and TNO films with the other orientation have not been subjected to such measurements. Therefore, no anisotropy data is available for carrier transport of TNO. In this study, anisotropy in electron mass (m*) of TNO was determined from optical measurements for (012)-oriented TNO epitaxial films, in which the c-axis of the anatase structure is tilted from surface normal. Ti1-xNbxO2 films with x = 0 - 0.06 were grown on LaAlO3 (110) substrates by using pulsed laser deposition (PLD) technique. X-ray diffraction and cross-sectional transmission electron microscope (TEM) measurements confirmed epitaxial growth of (012)-oriented TNO films without any impurity phase. Polarized infrared (PIR) spectra of the films were measured by an FT-IR spectrometer with a grid polarizer. The incident angle of IR light was 0o, and the polarization was set parallel or perpendicular to the [100] direction of the TNO films. The observed PIR spectra of TNO films showed free-carrier absorption in IR region, and absorption wavelength was strongly dependent on the polarization condition, suggesting large anisotropy in m*. We analyzed the spectra using Drude model to derive m* values. As a result, we found that m* along the [100] direction is ~0.6 m0, which is almost the same as that of (001)-oriented TNO films. In contrast, m* along [001] was 3-4 times larger than m*[100]. These results indicate that conductivity of polycrystalline TNO films can be further improved by orienting the c-axis of each grain parallel to film surfaces.


2:45 PM B2.4
Low-temperature Fabrication of Transparent Conductive Polycrystalline Nb-doped TiO2 Films by Sputtering. 
採用濺鍍法低溫製作多晶Nd掺雜TiO2 透明導電薄膜
Ngoc Lam Huong Hoang1, Naoomi Yamada2, Taro Hitosugi2,3, Junpei Kasai2, Shoichiro Nakao2, Toshihiro Shimada1,2 and Tetsuya Hasegawa1,2; 1Department of Chemistry, The School of Science, The University of Tokyo, Tokyo, Japan; 2Kanagawa Academy of Science and Technology, Kawasaki, Kanagawa, Japan; 3Advanced Institute for Materials Research, Tohoku University, Sendai, Japan.

Recently Nb-doped anatase TiO2 (Ti1-xNbxO2; TNO) in both epitaxial and polycrystalline was found to exhibit low resistivity ρ in the order of 10-4 Ω cm and high transmittance in the visible region, which suggested that TNO has sufficient potential of being a next-generation transparent conductive oxide (TCO). In previous studies on TNO, polycrystalline TNO films with low ρ were obtained only by annealing amorphous films at temperatures exceeding 500 oC. However, such high process temperatures substantially limit the applications of TNO. This study presents a novel low temperature process for preparing highly conductive TNO films on conventional substrates, such as glass and plastics. Polycrystalline TNO films were crystallized from amorphous films deposited on unheated non-alkali glass substrates in vacuum (3×10-3 Pa) or in pure H2 atmosphere. Sputtering technique was used to fabricate these amorphous films onto the substrates for the advantages of low-cost and uniform coating on large-area substrates and it has been recognized as a standard technique to prepare TCO films. Experimental data showed that the crystallization temperature (Tcrys) was suppressed to 250 oC with increasing oxygen partial pressure during the deposition, i.e. with decreasing oxygen deficiencies in amorphous films. Meanwhile, the ρ value after annealing tends to decrease by incorporating more oxygen deficiencies into amorphous films. Therefore, there must be a compromise between decreasing Tcrys and pursuing low ρ. To overcome this difficulty, this study proposes the use of an amorphous film with a double-layered structure, composing of oxygen-rich bottom layer with Tcrys = 300 oC and oxygen-deficient top layer with Tcrys = 350 oC. The oxygen-rich bottom layer with low Tcrys was expected to act as a nucleation center, from which crystallization of the top oxygen-deficient layer with higher Tcrys was initiated. Indeed, the double-layered amorphous film was found to undergo crystallization at around 300 oC, which was identical to Tcrys of the bottom layer. This proves that crystallization process propagates from the bottom layer to the top one at 300 oC. Notably, the ρ values after annealing the above-mentioned double-layered films are essentially independent of annealing atmosphere, proving that incorporation of hydrogen into TNO is not related to low ρ of the crystallized TNO films. The optimum annealing temperature is in a range from 300 to 400 oC, and the lowest ρ of 7.0×10-4 Ω cm was obtained for the film annealed at 400 oC. With the double-layer process proposed here, the highly-conductive TNO film on polyimide foil was successfully fabricated with low ρ = 1.9×10-3 Ω cm obtained after annealing at 300 oC.
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SESSION D1: Mechanisms and Laser Materials 雷射材料與機制
Chair: Pierre Ruterana
Monday Afternoon, December 1, 2008
Room 201 (Hynes)

December 1, 2008
3:15 PM *D1.4(邀請報告)
Novel Materials for an Eye-safe, Resonantly-pumped, Er-doped Laser Development - Recent Successes. 
最近發展成功之新材料用於眼睛安全、共震邦浦及掺雜Er雷射開發
Mark Dubinskii, US Army Research Lab., Adelphi, Maryland.

The design of high power eye-safe lasers based on Er3+ involves choosing the optimum host, pump source, wavelength, gain medium geometry, Er concentration, etc. Although the most impressive slope efficiencies so far have been obtained with narrow-line Er fiber laser pumping [1], direct resonant diode-pumping offers many important practical advantages and higher overall efficiency [2]. Solid-state laser power scaling with high beam quality is only achievable in laser designs with maximum possible reduction of heat generated by the absorbed pump along with efficient heat removal from the gain medium. The former can be achieved by minimization of the fundamental quantum defect (QD), χQD = 1−λP/λL (where λP and λL are the pump and laser wavelengths, respectively) [3], while the latter is defined by the choice of the most thermally advanced host materials with thermal and thermo-optic properties superior to conventional YAG [4]. Cryogenic cooling of gain medium is in all respects beneficial for power scaling due to: (i), favorable increase in laser transition cross-sections, (ii), significant population reduction of ground-state Stark sublevels closest to the “0”-level, and, (iii), great improvement of all major thermal and thermo-optic parameters of laser host. This communication presents the most important and latest advances in resonantly-pumped eye-safe Er-doped laser development at ARL, based on new Er-doped laser materials - their spectroscopy and laser operation. Great emphasis is placed on Er-doped cubic sesquioxides such as Y2O3, Sc2O¬3, (i), due to their superior thermal properties, (ii) due to the fact that they can be produced in a form of highly engineerable laser quality ceramics [5]. Reported are Er-laser slope efficiencies as high as 70-80%, ultra-low quantum defect (QD) laser operation (QD ≈ 5%) and super-ultra-low QD (<1.5%) laser operation of Er-doped gain media, as it pertains to ultimate power scaling. References 1. S. D. Setzler, M. P. Francis, Y. E. Young, et al. “Resonantly pumped eyesafe erbium lasers,” - IEEE Journ. of Selected Topics in Quantum Electronics 11, 645-657 (2005). 2. D. Garbuzov, I. Kudryashov, and M. Dubinskii, “110 W (0.9 J) pulsed power from resonantly diode-laser-pumped 1.6-um Er:YAG laser,” Appl. Phys. Lett. 87, 121101 (2005). 3. T.Y. Fan, D. J. Ripin, R. L. Aggarwal, J. R. Ochoa, B. Chann, M. Tilleman, and J. Spitzberg, “Cryogenic Yb3+-Doped Solid-State Lasers,” IEEE J. Sel. Top. Quant. Electron. 13, 448-459 (2007). 4. U. Griebner, V. Petrov, K. Petermann, and V. Peters, “Passively mode-locked Yb:Lu2O3 laser,” Optics Express 12, 3125-3130 (2004). 5. J. Kong, D. Y. Tang, J. Lu, K. Ueda, H. Yagi and T. Yanagitani, “Diode-end-pumped 4.2-W continuous-wave Yb:Y2O3 ceramic laser,” Opt. Lett. 29 (11), 1212-1214 (2004).


3:45 PM *D1.5(邀請報告)
Yb3+ doped CaF2 Ceramic Laser Materials. 
Yb3+ 掺雜CaF2 雷射陶瓷材料研製
Michel Mortier1, Philippe Aubry1, Jessica Labeguerie-Egea1, Daniel Vivien1 and Gilles Patriarche2; 1LCMCP, ENSCP-CNRS, Paris, France; 2LPN, CNRS, Marcoussis, France.

In the domain of high performance laser materials, transparent ceramics have proved their efficiency and ability to substitute single crystals or glasses through the numerous results obtained in the last 15 years on refractory oxide compounds such as YAG [1,2] or sesquioxide compounds. For such application domain, transparent ceramics offer important advantages compared to single crystals: improved mechanical and thermomechanical properties, higher homogeneity and higher maximum concentration of the doping ion, possibility to make large size pieces. Recently, few studies have begun on fluoride materials [3,4], mainly on fluorite type compounds, because of the high interest of some of them for laser applications. For instance, Yb3+ doped CaF2 single crystal has proved a high efficiency for broadband tunable laser emission of short pulse duration generation [5,6]. We will describe the various steps of the preparation process of CaF2:Yb ceramics from the synthesis of the nanopowders to the HIP (Hot Isostatic Pressing) or SPS (Spark Plasma Sintering) final treatment leading to a perfectly transparent material. The materials have been characterized for each preparation step, powder or grain size, chemical analysis, by Scanning Electron Microscopy and Transmission Electron Microscopy. Various SPS conditions have been explored to avoid the creation of colour centers during high temperature treatments. The optical properties of the ceramic will be shown to demonstrate the high quality of the final ceramic samples when compared to single crystal and finally the laser parameters will be given. References [1] A. Ikesue, T. Kinoshita, K. Kamata, K. Yoshida, Fabrication and optical properties of high-performance polycrystalline Nd:YAG ceramics for solid-state lasers, J. Am. Ceram. Soc., 78 (4) (1995) 1033-1040 [2] D. Vivien and M. Mortier, Ceramic and glass-ceramic lasers, Ann. Chim. Sci. Mat. 28 (2003) 21-23 [3] A. Bensalah, M. Mortier, G. Patriarche, P. Gredin and D. Vivien, Synthesis and optical characterizations of undoped and rare-earth-doped CaF2 nanoparticles, J. Solid. Stat. Chem. 179 (2006) 2636-2644 [4] Aubry, A. Bensalah, P. Gredin, G. Patriarche, D. Vivien and M. Mortier, Synthesis and optical characterizations of Yb-doped CaF2 ceramics, Opt. Mater. To be published [5] V. Petit, J.L. Doualan, P. Camy, V. Menard, R. Moncorgé, CW and tunable laser operation of Yb3+ doped CaF2, Appl. Phys. B 78 (2004) 681-684 [6] A. Luccas, G. Debourg, M. Jacquemet, F. Druon, F. Balembois, P. Georges, P. Camy, J.L. Doualan, R. Moncorgé, High-power tunable diode-pumped Yb3+ :CaF2 laser, Opt. Lett. 29 (23) (2004) 2767-2769 This work is supported by DGA under contract 05 34 003


4:15 PM D1.6
Elaboration of Yb doped Sc2O3 Transparent Ceramics for Laser Applications.
精製Yb掺雜Sc2O3 透明材料與雷射系統應用研究
Laurence Longuet, Anne-Cecile Bravo, Denis Autissier, Pascal Vissie, Jean-Louis Longuet and Sebastien Lambert; CEA, Le Ripault, Monts, France.

Pore free ultra pure ceramics are of great interest in the field of the solid state laser sources. Indeed, they present several advantages such as higher thermal conductivities than glasses, lower costs than single crystals, and they also reveal the possibility of making large pieces. Thus, transparent ceramics appear as promising alternatives for laser applications. Rare earth sesquioxides have been already shown as encouraging hosts for high power solid state lasers and in particular scandium sesquioxide which presents very interesting laser properties when doped moderately with Yb3+. Consequently we are looking here for the elaboration of YbxSc2-xO3 materials with 0.02<x<0.2. We present the elaboration of transparent ceramics obtained by a classical ceramic route consisting in processing the commercial oxide powders of Sc2O3 and Yb2O3. The oxides were weighed, mixed together with zirconia balls and finally dried in order to obtain homogeneous mixtures. The chemical composition and the purity of the prepared powders were determined by chemical analysis (ICP). Structural and microstructural investigations were performed by X-ray powder diffraction (XRD). The powders were observed in a Scanning Electron Microscope equipped with a field emission gun (FEG-SEM) and the repartition of Yb3+ by Transmission Electron Microscopy (TEM). Their sintering behaviour was investigated by dilatometry. The effects of a grinding step and of the addition of a sintering aid addition (TEOS) were also investigated. The powders were shaped into cylindrical samples by uniaxial pressing or cold isostatic pressing under 150MPa. Materials were sintered under vacuum in the 1600-1850°C range for 2, 5 or 10 hours. The effect of a Hot Isostatic Pressing (post-hipping) after the sintering step was also studied. The microstructures of the ceramics were observed by SEM. Electron probe microanalysis (EPMA) allowed to characterize the repartition of the dopant Yb3+ in the Sc2O3 matrix. Transparent ceramics with densities close to 100% were obtained in the best conditions.


4:30 PM D1.7
Phase Equilibria and Crystal Growth for LiREF4 Scheelite Laser Crystals.

採用相平衡與晶體成長技術製備LiREF4 結晶雷射材料研究 
Detlef Klimm1, Ivanildo A dos Santos2, Izilda M Ranieri2 and Sonia L Baldochi2; 1Leibniz Institute for Crystal Growth, Berlin, Germany; 2Center for Lasers and Applications, IPEN, São Paulo, Brazil.

The binary systems LiF-REF3 (RE is Y or one of the smaller rare earth elements starting from Sm) contain one intermediate phase LiREF4 with scheelite structure. LiSmF4 decomposes already in the solid phase. For RE = Eu, Gd, Tb, Dy, Ho, and Y incongruent melting is observed. Only the following LiTmF4, LiYbF4, and LiLuF4 melt congruently. Some of these crystals (usually doped with other RE3+ ions) attract attention as laser hosts; Nd:LiYF4 (Nd:YLF) is an example. As single crystals are usually grown from the melt e.g. by the Czochralski technique, ternary phase diagrams LiF-REF3-RE′F3 (RE-host, RE′-dopant) are needed to understand the segregation phenomena that are observed in the grown crystals. The limitation to the LiREF4-LiRE′F4 section is usually not possible as a result of the incongruent melting behavior. An overview on the LiF-REF3 binaries was given already by Thoma (1966). A very few binaries REF3-RE′F3 are published up to now. These binaries can be divided into classes, depending on the mutual solubility in the low-T or high-T phases, respectively. For GdF3-LuF3 it was found recently (Ranieri 2008) that low-T (Gd,Lu)F3 undergoes upon heating a peritectoid decomposition to a mixture of the high-T phases of Lu saturated GdF3 and Gd saturated LuF3. These studies are now extended to ternary mixtures with LiF. Thermal analysis and crystal growth experiments allow now for the first time the construction of a LiREF4-LiRE′F4 section that is proven to be not binary.
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SESSION F1: Nano-Related Deposition (奈米相關材料鍍膜)
Chair: David Mitzi
Tuesday Morning, December 2, 2008
Room 208 (Hynes)

December 2, 2008
8:30 AM *F1.1 (邀請報告)
Self-organization and Chemical Doping in Solution Processed Semiconductor Nanocrystal Superlattices. 自組合與摻雜合成超晶格半導體奈米結晶溶液製程研究

Christopher B Murray, Chemistry and Materials Science & Eng, University of Pennsylvania, Philadelphia, Pennsylvania.

The synthesis of colloidal nanocrystals with controlled crystal shape, structure and surface passivation provides a rich family of nanoscale building blocks for the assembly of new solid thin films and novel devices. The tunability of the electronic, magnetic, and optical properties of the nanocrystals has lead to them being compared to a set of "artificial atoms. This talk will briefly outline some of the current “best practices” in solution processing and directed assembly of semiconductor nanocrysal (quantum dot) superlattices. I will next discuss recent efforts to dope nanocrystal solids and modify their electronic properties. The potential to design new materials expands dramatically with the creation of binary nanoparticle superlattices which provide an example of multi-functional nanocomposites (metamaterials). Progress in the solution assembly and chemical doping of binary nanocrystal systems will also be shared.

9:00 AM F1.2
Binary Superlattices of PbSe and CdSe Nanocrystals. 
雙成分超晶格奈米結晶PbSe and CdSe材料研發 

Daniel Vanmaekelbergh, Karin Overgaag, Bart de Nijs, Wiel Evers, Rolf Koole and Mark Boneschanscher; Debye Institute for NanoMaterials Science, University of Utrecht, Utrecht, Netherlands.

The formation of binary superlattices via colloidal crystallization is the most promising method to realize nanostructured solids in which different materials are in near contact and ordered in a well-defined 3-D geometry. Despite the obvious importance for novel applications in opto-electronic materials, studies of nanocrystal superlattices consisting of two types of semiconductor quantum dots have been quite limited (1-3). In this presentation we report on the self-organization of PbSe and CdSe nanocrystals into binary superlattices upon evaporation of the solvent from a mixed suspension at elevated temperatures and reduced pressure (3). We show that, besides the choice of the solvent, the size-and concentration ratio of both types of nanocrystals are the relevant parameters determining the composition and structure of the superlattice. We demonstrate AB, AB2, AB5 and AB13 structures (A=PbSe, B= CdSe) obtained by varying the diameter ratio PbSe/CdSe between 0.5 and 0.8. We show that binary superlattices can have an intricate structure that is best resolved by 3-D TEM (tomography). The results are discussed on the basis of newly developed simulation models based on hard-sphere building blocks. The electronic properties of a number of PbSe/CdSe NC superlattices are currently under study.  1) J. J. Urban et al., Nature Mat. 6, 115 (2007) 2) Z. Y. Chen et al. J. Am. Chem. Soc. 129, 15702 (2007) 3) K. Overgaag et al., J. Am. Chem. Soc. 130, 7833 (2008)

9:15 AM F1.3
Thin films of Side-functionalized Poly(3-hexylthiophene) and Thymine-capped CdSe Nanocrystals Obtained by Hydrogen Bond Assisted Layer-by-layer Assembly. 
Hexylthiophene高分子和CdSe奈米材料夾層組成薄膜技術開發

Julia De Girolamo, Adam Pron and Peter Reiss; INAC/SPrAM, CEA Grenoble, Grenoble, France.

Hybrid materials composed of conjugated polymers and semiconductor nanocrystals are promising systems for the fabrication of low cost, large area photovoltaic devices based on the so-called bulk-heterojunction concept. However, in simple blends of both components, generally undesired phase segregation on a submicron level occurs. We present a new approach to overcome this problem and to achieve morphology control of hybrid material thin films. It is based on the molecular recognition process via hydrogen bonding between complementary chemical groups in the side chain of the polymer and on the nanocrystal’s surface. A new copolymer was synthesized, namely poly(3-hexylthiophene) bearing oxydiaminopyrimidine side groups, which are capable of forming triple hydrogen bonds with mercaptohexylthymine-capped CdSe nanocrystals. Due to their different solubility parameters, the functionalized components can be directly deposited on various substrates (glass, ITO, silicon oxide) using the layer-by-layer method. This technique, based on the alternated dipping of the substrate into the polymer solution and into the NCs’ dispersion, allowed us to control the composition and thickness (range: 30-150 nm) of the hybrid films on a molecular level. In addition, the materials’ consumption is significantly reduced in the dip-coating process with respect to the deposition via spin-coating, usually applied for the processing of hybrid materials. Complementary SEM and SAXS investigations of the deposited layers indicate that the polymer and the nanocrystal phases form a quasi-interpenetrating network, which is favourable for their application in thin film solar cells relying on the bulk heterojunction concept. First device tests clearly show the photovoltaic effect with conversion efficiencies in the typical range (0.1% for an active surface of 28 mm2 under AM 1.5 conditions using 100 mW/cm2 simulated white light) observed for blends of 5 nm spherical CdSe NCs with poly(hexylthiophene) or MEH-PPV. Future device improvement is expected through the optimization of the number of deposited bilayers, NCs’ composition, shape and surface chemistry, to list the principal parameters.


9:30 AM F1.4
Organizing Nanoparticles using Self Assembled Peptide Nanostructures.
自組合解膠組成奈米微粒之奈米結構研究 
Nikhil Sharma1,2, Matthew S Lamm1,2 and Darrin J Pochan1,2; 1Materials Science & Engineering, University of Delaware, Newark, Delaware; 2Delaware Biotechnology Institute, Newark, Delaware.

The “bottom-up” methodology consists of designing recognition into molecules that then self-assemble into the desired nano-architecture in the appropriate microenvironment. Peptides undergo self-assembly in solution to form hierarchal nanostructures. Herein, we demonstrate the use of a peptidic template for the construction of parallel, linear arrays of inorganic nanoparticles. A 20 amino acid peptide, consisting of alternating hydrophilic (lysine) and hydrophobic (valine) residues flanking a central diproline turn sequence (VKVKVKVKVPPTKVKVKVKV-NH2) was employed as a nano-scale template for the organization of 2nm gold particles. This peptide self assembles into laminated fibrillar morphology in solution and has a periodic nanostructure consisting of alternating hydrophobic and hydrophilic layers with a lateral periodicity of 2.5 nm. Negatively charged gold nanoparticles are templated into the positively charged lysine layer through electrostatic interaction and are aligned within the template that itself swells to a periodic spacing of 4.0 nm in order to accommodate the particles. These 1D nanoparticle arrays have potential applications in fields like nano-electronics, and we are currently attempting to create arrays of quantum dots and hetero-structures of metal and semiconductor particles.


9:45 AM F1.5
Assembly and Conductivity of Nanocrystal Solids. 奈米結晶材料導電度與自組合研究

Dmitri V Talapin1,2, Maksym Kovalenko1, Elena Shevchenko2 and Jong-Soo Lee1; 1The University of Chicago, Chicago, Illinois; 2Center for Nanoscale Materials, Argonne National Laboratory, Argonne, Illinois.

Chemically synthesized semiconductor nanocrystals are considered promising candidates for inexpensive solution-based device fabrication with precise engineering of electronic structure due to quantum size- and shape effects. At the same time, employing nanocrystals in these and other electronic and optoelectronic applications require deep understanding of assembly and electronic properties of nanocrystal solids. Self-assembly of chemically-synthesized nanocrystals can yield complex long-range ordered and quasicrystalline structures which can be used as model systems for studying transport phenomena in low-dimensional materials. We engineered the nanoparticle surfaces to improve exchange coupling in nanocrystal solids. The conductivity of nanocrystal solids can be switched between n- and p-type by designing nanocrystal structure and surface ligands. Thus, hydrazine-capped PbS, PbSe and PbTe nanocrystal solids show n-type conductivity with electron mobilities of 0.1 cm2V-1s-1, 2.5 cm2V-1s-1, and 10 cm2V-1s-1, correspondingly. Au-PbS core-shell nanocrystals exhibit p-type transport because of intra-partial charge transfer from PbS core into Au shell. By using various approaches to nanoparticle surface engineering, we demonstrated field-effect devices based on PbS, PbSe, PbTe, CdS, CdSe, CdTe and SnTe nanocrystals.


10:30 AM *F1.6(邀請報告)
Structure and Kinetics of Nanocyrstal Self-assembly Probed by Small Angle X-ray Scattering Techniques. 小角度X-ray散射分析奈米結晶材料自組合動力與結構研究 
Xiao-Min Lin, Center for Nanoscale Materials, Argonne National Laboratory, Argonne, Illinois.

Development of colloidal nanopartice synthesis has created many highly monodispersed colloidal nanoparticle systems. These nanocrystals can act as building blocks to form nanocrystal superlattices. The exciting aspect of nanocrystal superlattices is that they are truly a new class of material, where the basic building blocks are nanocrystals instead of atoms in the traditional materials. So in principle, we can obtain many unique properties by changing the composition, the size, the shape of nanoscale building blocks and how strongly they are coupled in the assemblies. Using in-situ small angle x-ray scattering and optical microscopy, we have studied the nanocrystal superlattice formation using both colloidal droplet evaporation and Langmuir trough. We have shown that the evaporation kinetics and the concentration of ligand play important roles on the dynamics and structure of superlattices. There are also distinct differences in long range spatial coherence for arrays formed using these two techniques. This is attributed to the different dynamics that leads to the array formation.


11:00 AM F1.7
Assembly, Roughness Control, and Arbitrary Chemical-Physical Functionalization of Nanoparticle Thin Films for Optical Applications.

奈米微粒組合性、粗糙度控制及其物理/化學功能應用於光學薄膜研究
Zekeriyya Gemici1, Hiroomi Shimomura2, Robert E Cohen1 and Michael F Rubner2; 1Department of Chemical Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts; 2Department of Materials Science and Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts.

Nanoparticles are indispensable ingredients of solution-based optical, dielectric, and catalytic thin films. While solution-based methods are promising low-cost alternatives to vacuum methods, they can have significant limitations. Coating uniformity, thickness control, roughness control, mechanical durability, and incorporation of a diverse set of functional organic molecules into nanoparticle thin films are major challenges. We have used the electrostatic layer-by-layer (LbL) assembly technique to make uniform, conformal multi-stack nanoparticle thin films for optical applications with precise thickness control over each stack. Two particularly sought-after optical applications are broadband antireflection (AR) and structural color. The effects of inter-stack and surface roughness on optical properties of these constructs (e.g., haze and spectral response) have been studied quantitatively using a combination of Fourier-transform methods and atomic force microscopy (AFM) measurements. Deconvoluting root-mean-square (RMS) roughness into its large-, intermediate-, and small-scale components enables enhanced optical simulations. A 4-stack broadband AR coating (<0.5% average reflectance in the visible range, and 0.2% haze) composed of alternating high-index (n~2.1) and low-index (n~1.3) stacks has been made on glass substrate. Films calcinated at 550°C endure a one-hour-long cloth cleaning test under 100 kPa normal stress. Beyond the direct assembly of multi-stack nanoparticle thin films, it would be highly desirable to identify post-assembly modification methods that supplement thickness and roughness control with chemical functionalization. Hydrophilic, hydrophobic, reactive, or inert chemical vapors capillary-condense in the vicinity of contact points between nanoparticles with equal facility. This phenomenon can be used advantageously to functionalize nanoparticle assemblies. The volume fraction of the condensate is particle size-dependent, which allows targeted functionalization in a multi-stack LbL assembly. 2-stack films composed of 8nm and 50nm SiO2 particles on the bottom and top stacks, respectively, were functionalized with oligomers (e.g., PDMS) or UV-sensitive monomers (e.g., tri(ethyleneglycol) dimethacrylate (TEGDMA)). The condensate volume fraction in the bottom stack was significantly higher than that in the top stack, and excellent broadband AR functionality (<0.6% average reflectance in the visible range) resulted from a mere 160nm-thick film. UV-crosslinking ability was demonstrated for TEGDMA-functionalized films. The PDMS-functionalized film was also assembled on epoxy microlenses, and showed no optical or mechanical failure upon repeated rapid (30s) heating-cooling cycles between 25°C and 260°C. Finally, we show that capillary condensation can be used to enhance mechanical durabilities of otherwise delicate nanoparticle assemblies, as well as to prevent their physical-chemical vulnerability to moisture.


11:15 AM F1.8
Nanopatterning of Narrow-Gap Quantum Dots via “Soft” Electron Beam Lithography (soft-eBL). 電子束軟蝕刻奈米微影造型應用於奈米蓋量子點研究
Bin Liu1, Aiming Yan1, Tao Sun1, Indika U Arachchige2, Mercouri G Kanatzidis2 and Vinayak P Dravid1,3; 1Department of Materials Science and Engineering, Northwestern University, Evanston, Illinois; 2Department of Chemistry, Northwestern University, Evanston, Illinois; 3International Institute of Nanotechnology, Northwestern University, Evanston, Illinois.

Significant progress in the synthesis of narrow-gap quantum dots, such as PbTe nanocrystals, has triggered recognition of their potential in photovoltaic, thermovoltaic, and thermoelectric applications. Some of the recent advances in enhancing the thermoelectric figure of merit are associated with these materials, due to the strong quantum-confinement effect as well as large phonon scattering. It is essential to develop techniques to fabricate nanostructures containing quantum dots to obtain not only the desired internal microstructures and grain boundary properties, but also to simultaneously maintain the nanoscale particle size. Furthermore for building devices, the site-specificity of the technique and its compatibility with traditional microfabrication procedures are also required. In this study, a versatile nanopatterning approach, soft-eBL, is being employed to prepare various nanostructures. By collectively combining electron beam lithography and deposition of solution precursors of narrow-gap quantum dots, nano-rings/dots/lines of PbTe or/and SnTe are fabricated. By tuning preparation conditions, the nanocrystals are directed to exhibit either short range or long range packing order, which has been confirmed by high-resolution scanning electron microscopy (HRSEM) and scanning transmission electron microscopy (STEM). Quantum-dot nanolines, different from thin-film superlattices, introduce the confinement in one more dimension, which have been confirmed by theoretical study to show higher figure of merit. Chemical treatment with hydrazine and mild heating are performed to increase the electrical conductivity while maintaining high phonon scattering, and thus to increase the thermoelectric figure of merit. Moreover, the nanocrystals with n- or p-type semiconducting property are also being built into field-effect transistors, which serve as good alternatives to traditional semiconductor circuits. The presentation will cover aspects of soft-eBL nanopatterning and measurements of colloidal assembly of thermoelectric nanostructures.


11:30 AM F1.9
Broad-Band, Low-Threshold Amplified Spontaneous Emission from Giant Nanocrystal Quantum Dots. 奈米結晶大型量子點用於寬頻低遮蔽型即時放大放射研究
Florencio Garcia-Santamaria, Yongfen Chen, Richard D Schaller, Jennifer A Hollingsworth and Victor I Klimov; Chemistry Division, Los Alamos National Laboratory, Los Alamos, New Mexico.

Nanocrystal quantum dots (NQDs) are nanosized crystalline semiconductor particles that show near-unity photoluminescence quantum yields and size-dependent emission colors tunable through the quantum-confinement effect. Because of these properties, nanocrystals are attractive materials for various light-emitting applications including optical amplification and lasing. Due to the almost exact balance between absorption and stimulated emission in nanoparticles excited with single electron-hole pairs (excitons), optical gain can only occur when nanocrystals contain at least two excitons. A complication associated with this multiexcitonic nature of light amplification is fast, picosecond optical-gain decay induced by nonradiative Auger recombination, in which one exciton recombines by transferring the energy to the other. A few years ago, it was demonstrated that close-packed films of NQDs can still show both optical gain and amplified spontaneous emission (ASE) when excited with short and intense laser pulses [1]. However, the ASE thresholds are quite high (several mJ/cm2), which seriously hinders lasing applications of NQDs. Here, we present new results from our studies of dense films made of a new type of nanocrystals dubbed “giant” quantum dots (g-NQDs) [2]. These NQDs comprise an emitting core particle of CdSe overcoated with a very thick shell (up to 20 monolayers) of wider-gap CdS. For this new type of NQD, we observe that the ASE threshold drops down to just a few μJ/cm2, which is almost three orders of magnitude lower than that previously reported for CdSe NQDs. We explain this result by a significant increase in the absorption cross-section of g-NQDs compared to traditional nanocrystals and lengthening of biexciton lifetimes. We also observe other unusual optical-gain behaviors for these structures such as multi-band ASE spectra, in which the band-edge emission co-exist with stimulated emission features due to transitions involving excited electronic states. The overall spectral range of optical amplification extends over more than 500 meV; such broad-band ASE has never been previously observed for other types of optical gain media. These results demonstrate that g-NQDs are very promising materials for applications in practical lasing technologies. [1] V. I. Klimov, A. A. Mikhailovsky, Su Xu, A. Malko, J. A. Hollingsworth, C. A. Leatherdale, H.-J. Eisler, M. G. Bawendi, Optical Gain and Stimulated Emission in Nanocrystal Quantum Dots, Science 290, 314 (2000). [2] Y. Chen, J. Vela, H. Htoon, J. L. Casson, D. J. Werder, D. A. Bussian, V. I. Klimov, J. A. Hollingsworth. “Giant” Multishell CdSe Nanocrystal Quantum Dots with Suppressed Blinking, J. Am. Chem. Soc. 130, 5026 (2008)


11:45 AM F1.10
Electroluminescence from Core/Doped-Shell Nanoparticles using Transparent Metal Oxides.
使用透明金屬氧化物奈米微粒製成核/掺雜殼開發電激光研究
Vanessa Wood1, Jonathan E Halpert2, Matthew J Panzer1, Moungi G Bawendi2 and Vladimir Bulovic1; 1Department of Electrical Engineering and Computer Science, MIT, Cambridge, Massachusetts; 2Department of Chemistry, MIT, Cambridge, Massachusetts.

We use transparent, RF-sputter deposited metal oxides to achieve the first demonstration of electroluminescence (EL) from impurity-doped core/shell phosphorescent nanoparticles. The ZnSe/ZnMnS/ZnS nanoparticles synthesized for this work have a ZnSe core and ZnS shell; the shell is doped with manganese to result in redshifted Mn2+ emission at λ= 620 nm. These nanoparticles are completely transparent in the visible wavelength regime, making them an attractive material for transparent EL devices. DC electrical activation of these nanoparticles is difficult, however, ZnSe and ZnS are wide bandgap materials. Instead, we embed the ZnSe/ZnMnS/ZnS nanoparticles in structures reminiscent of standard AC thin film electroluminescence (ACTFEL) devices, wherein an active phosphor layer is sandwiched between two dielectrics. Our devices incorporate spin-cast nanoparticles between 100 nm-thick RF sputter-deposited metal oxide dielectric layers such as Al2O3 and HfO2. Transparent indium tin oxide (ITO) is used for the contact electrodes. When an AC voltage is applied across this transparent structure, we record an EL spectrum similar to the photoluminescence spectrum of the nanoparticles in solution, indicating that the orange EL observed is due to the nanoparticles. Since insulating metal oxides typically require relatively high power during RF-sputter deposition, we investigate the use of thermally evaporated, small-molecule organic protective layers to prevent damage to the nanoparticles. Furthermore, multiple layers of the nanoparticles can be deposited by inserting intermediate layers of RF sputter-deposited ZnS, which results in increased device brightness. We hypothesize that this increase in luminance can be attributed to an increased number of phosphorescent impurity centers as well as an increase in the number of interfaces around the nanoparticles.

SESSION F2: Solution Processed Electronic/Optical Films and Devices
(液態製程開發電子/光學薄膜及元件)
Chair: Dmitri Talapin
Tuesday Afternoon, December 2, 2008
Room 208 (Hynes)


1:30 PM *F2.1(邀請報告)
Nanocrystal-Based Thin Film Optoelectronic Devices: Deposition and Characteristics.
奈米結晶材料於光電元件製作與特性 
Moungi G. Bawendi, Department of Chemistry, MIT, Cambridge, Massachusetts.

Nanocrystals of semiconductors (aka quantum dots) are being incorporated into thin film devices for light emission, photo detection, and solar energy conversion. The electrical and optical properties of these thin films needs to be optimized for the application. Often this involves pre and post-deposition treatments to increase brightness or conductivity. Dark and photoconductivity measurements are critical in understanding the basic conduction and photo-conduction processes in thin films of nanocrystals as well as in hybrid structures of quantum dots or organic or inorganic transport layers. This talk will review recent results in basic conduction characterization of these structures. We will also focus on applications including hybrid inorganic/QD light emitting devices, and near IR photodetection.


2:00 PM F2.2
Patterned Deposition of Solution-Processed Colloidal Nanocrystal Quantum Dots for LEDs Aplications. 採用奈米結晶量子點微粒溶膠液態製程微影造型應用於LED開發研究

Jian Xu1, Ting Zhu1, Fan Zhang1, Jerzy Ruzyllo2 and Yongqiang A Wang3; 1Engineering Science and Mechanics, Penn State University, University Park, Pennsylvania; 2Electrical Engineering, Penn State University, University Park, Pennsylvania; 3Ocean NanoTech LLC, Fayetteville, Arkansas.

The emergence of colloidal quantum dot-based light emitting diodes (QD-LEDs) offers a great prospect for developing low-cost, efficient, bright, color-saturated, large-area color displays compatible with flexible substrates. An imminent hurdle along the roadmap to QD-LED-based displays is, however, the lack of an appropriate technology to efficiently deposit and pattern QD-layers with precise controls over thickness, composition, surface morphology, and resolution needed to fabricate RGB-pixel arrays of bright QD-LEDs over large surface areas for passive/active matrix displays. Compared to most solution-processed organic LEDs, the efficiency and brightness of QD-LEDs are highly dependent on the thickness of the emissive QD-layer in the device active region. To date, almost all the record-performances of QD-LEDs have been achieved with devices containing QDs of 1-5 monolayer (ML)-thickness. Thicker QD-active regions result in an increase of the operating voltage and decrease of the carrier-injection efficiency due to the slow dot-dot transport. In this conference we will introduce a process of mist-deposition which allows for the simultaneous assembly and patterning of QDs in QD-LED fabrication with precise controls over thickness. The technology of mist deposition was originally developed for the liquid-source chemical deposition of ultra-fine films of ferroelectrics, high-k dielectrics for MOS gates and other applications in the microelectronics industry. It was adapted in the present work to deliver emissive QDs for the formation of ultrathin active layers in QD-LEDs. During the deposition submicron mists of QD solutions are softly and uniformly transported onto the substrate surface, where they subsequently coalesce at a controlled rate, allowing for a higher degree of thickness- and morphology-control as well as lower waste as compared to spin coating. Microscopic characterization of mist-deposited QD-films has indicated that tight controls over the thickness and surface morphology of QD-layers can be achieved by tailoring the process variables. A QD-LED containing the mist-deposited emissive QD-layer was demonstrated with defect-free and uniform brightness. Furthermore, the technique of successive mist-deposition of multi-color QDs through a set of registered shallow masks was employed to create and investigate a 6×6 matrix of alternating pixels composed of 5nm-diameter CdSe(ZnS) QDs (green) and 8nm-diameter CdSe(ZnS) QDs (red) on a single substrate, suggesting the full capacity of mist-deposition technology in the future development of colorful QD-LED displays. It is expected that superior QD-LED performance can be achieved by optimizing the multiple parameters in the mist-deposition process. The demonstrated approach provides a solid platform for the next-stage development of multicolor QD-LED matrices by selectively mist-depositing multispectral QDs with shadow masks.


2:15 PM F2.3
Ambipolar Behavior in Ion Gel Gated PbSe Nanocrystal Thin Film Transistors.
離子凝膠/PbSe奈米結晶薄膜電晶體雙極性研究
Moon Sung Kang, Jiyoul Lee, David J Norris and C. Daniel Frisbie; Chemical Engineering and Materials Science, University of Minnesota, Minneapolis, Minnesota.

We present a new type of field-effect transistor (FET) based on films of PbSe nanocrystal in combination with ion gels as the dielectric material. Prior to applying ion gel, PbSe nanocrystal films were treated with hydrazine and stored under vacuum. Gating the film with a conventional SiO2 dielectric, p-channel FETs were obtained with hole mobilities of 0.08 cm2/Vsec and current modulation of < 102 with applied gate voltage of -100 V to 100 V . The same nanocrystal film was then gated with ion gel dielectric, which has large specific capacitance (~ 30 μF/cm2). Ambipolar behavior was observed with improved device performance. In particular, the ambipolar transistor yielded electron and hole mobilities up to 1.9 and 0.2 cm2/Vsec, respectively and current modulations of 102 to 103 with applied gate voltage of -2 V to 2 V.


2:30 PM F2.4
Nanoscale Zinc Oxide as Semiconductor Material in a Printed Field Effect Transistor Device.
奈米氧化鋅半導體材料用於場效電晶體印製材料研究

Joerg J Schneider1, Rudolf C Hoffmann1 and Andreas Klyszcz2; 1Chemistry, TU Darmstadt, Darmstadt, Germany; 2Merck, KGaA, Darmstadt, Germany.

It is a challenge to develop flat printable electronics based solely on inorganic materials as an active semiconductor. This could be the basis for flexible displays or electronic paper when the active material is processable from solution, shows very good adherence to flexible substrates and excellent physical performance. To meet these challenges any material considered requires a tuned set of functional properties. In general inorganic semiconductors are in advantage over organic materials as far as their physical performance is concerned. However, often processing and adherence to substrates is a problem with inorganic semiconductors. ZnO is available in various morphologies as transparent oxide, it is non toxic, inexpensive and is well known for its promising physical semiconductor properties. Despite a couple of recent reports on the deposition of zinc oxide thin layers in FET devices, processing from solution and conversion into the active FET channel electrode under fairly mild conditions is a great challenge. Chemical bath deposition techniques and sol-gel processes were mainly investigated in this regard. However, both techniques typically require either high processing temperatures (above 300°C) or long reaction times and are thus inappropriate for printing applications on flexible polymer based substrates under state of the art printing conditions. Processing temperatures well below 200° C are the goal for the formation of semiconducting inorganic thin films onto such substrates. We will report on synthesis of a molecular precursor, its use in the formation of naocrystalline ZnO and its conversion into self adhering films which can be deposited on plastics as well as more conventional substrates. Moreover the electrical performance of nanocrystalline ZnO derived therefrom is reported.


2:45 PM F2.5
High Performance Polymer/ceramic Nanocomposites Based on Surface-modified Metal Oxide Nanoparticles using Functional Phosphonic Acids for Electronic Applications. 
奈米金屬氧化物磷酸表面處理用於高分子/陶瓷奈米混成材料製備開發高效能電子元件

Philseok Kim1, Simon C Jones1, Peter J Hotchkiss1, Xiao-hong Zhang2, Natalie M Doss1, John P Tillotson1, Benoit Domercq2, Joshua N Haddock2, Jiangyu Li3, Bernard Kippelen2, Yingying Lu4, Qing Wang4, Seth R Marder1 and Joseph W Perry1; 1School of Chemistry and Biochemistry, Georgia Inst. of Technology, Atlanta, Georgia; 2School of Electrical and Computer Engineering, Georgia Institute of Technology, Atlanta, Georgia; 3Department of Mechanical Engineering, University of Washington, Seattle, Washington; 4Department of Materials Science and Engineering, Pennsylvania State University, University Park, Pennsylvania.

Polymer/ceramic nanocomposites benefit by combining high permittivities (k) of metal oxide nanoparticles with solution-processibility and high dielectric strength of polymeric hosts. Simple mixing of nanoparticles and polymer generally results in poor quality materials due mainly to the agglomeration of nanoparticles and poor miscibility of nanoparticles in host materials. We have shown that surface modification of metal oxide nanoparticles with phosphonic acid-based ligands affords robust surface modification and improves the processiblity and the quality of nanocomposites. We report on the use of phosphonic-acid modified barium titanate (BaTiO3) nanoparticles in dielectric nanocomposites and their applications to high-energy-density capacitors and solution-processible high permittivity gate insulators in organic field-effect transistors (OFETs). Surface modification of BaTiO3 nanoparticles allowed high quality nanocomposite thin films in ferroelectric polymer hosts such as poly(vinylidene-co-hexafluoropropylene) and poly(vinylidenefluoride-co-trifluoroethylene-co-chlorotrifluoroethylene) with large volume fractions (up to 50 vol. %), which are potentially useful materials for electrical energy storage. Similarly, the use of phosphonic acid-modified BaTiO3 nanoparticles in cross-linked poly(4-vinylphenol) allowed to form solution-processible high permittivity nanocomposite gate insulators for organic field-effect transistors. High quality nanocomposite thin films at large nanoparticle volume fractions (up to 37 vol. %) with a large capacitance density (~50 nF/cm^2) and a low leakage current (10^-8 A/cm^2) were obtained. Pentacene-based p-type OFETs using these nanocomposites showed a large on/off current ratio (Ion/off 10^4 - 10^6) due to the high capacitance density and small leakage current of the gate insulator. We will also present the results from a recent experimental and theoretical study where the BaTiO3 nanoparticle volume fraction was systematically varied in a high permittivity (k = 11) host to find the optimum permittivity and dielectric strength providing a guideline to optimize the volume fractions for achieving maximum energy storage density.


3:30 PM *F2.6(邀請報告)
Chemically Derived Nanostructures for Emerging Challenges in Semiconductor Electronics.
化學法導入奈米結構用於電子半導體開發

Xiangfeng Duan, Chemistry and Biochemistry, UCLA, Los Angeles, California.

Semiconductor electronics have experienced enormous growth in the past several decades and are rapidly evolving into two extremes: highly integrated circuits with nanometer scale feature size (nanoelectronics) and large area electronics measured in meters (macroelectronics). However, significant challenges are expected in both extremes. Chemically derived nanostructures can be rationally synthesized with precisely controlled structure, morphology and size, and have unique advantages to address these challenges. The potential of nanostructures for nanoelectronics has been broadly discussed. In this talk, I will focus on the potential of exploring chemically derived nanostructures for applications in large area electronics such as flat panel displays. Specifically, I will describe a new concept of high performance thin film transistors (TFTs) exploiting assembled nanowire arrays. These TFTs have conducting channels formed by multiple parallel single-crystal nanowire paths, in which charges travel from source to drain with ensured high carrier mobility. Moreover, this TFT fabrication approach dissociates the high temperature processes required to produce high quality semiconductor materials from device substrates, and thus enables a general platform for preparation of high performance semiconductor devices on various substrates including plastics.


4:00 PM F2.7
Rapid Electrical Sintering of Nanoparticle Stuctures. 
快速電燒結奈米微粒結構技術開發

Mark L Allen, Mikko Aronniemi, Ari Alastalo, Tomi Mattila, Kimmo Ojanpera, Mika Suhonen and Heikki Seppa; VTT Sensors and Wireless Devices, VTT, Espoo, Finland.

We present a method to electrically sinter nanoparticle structures [1,2]. For an inkjetted silver nanoparticle conductor, a conductance increase of more than five orders of magnitude is demonstrated to occur in less than a millisecond such that most of the conductance change (four orders of magnitude) takes only a few microseconds. The demonstrated method is an alternative to, for example, conventional thermal (oven) sintering, laser sintering [3], photonic sintering [4] and microwave sintering [5]. A central prerequisite for the rapidness of the curing process is the voltage boundary condition. Namely, the resistivity of the printed structure being a decreasing function of local temperature results in increase of power dissipation and thus causes a strong positive feedback. The obtained final conductivities are within a factor of two from the bulk silver conductivity, as calculated for the external geometric dimensions of the structure which overestimates the particulate structure volume. The experiments have been performed at ambient temperature (without any convective or radiative heating). The central benefits of the method include (i) reduced substrate heating as illustrated by fabricating high-quality conductors on a paper substrate that does not tolerate the oven sintering temperature of the ink, (ii) easy control of the final conductivity level with external bias resistors, and (iii) suitability of the method for area-specific processing (direct writing). To gain insight into the electrical sintering process, we have performed modelling which takes both macroscopic material properties as well as electron tunnelling processes into account. The experimental results include IR (λ ~ 10um) video microscopy. In addition to metallic conductors, the method is potentially applicable to other inorganic conductors such as indium-tin-oxide (ITO) and semiconducting materials. More generally, the method offers a versatile tool in nanotechnology for electrical functionalization of the nanoparticle structures. [1] Mark L Allen, Mikko Aronniemi, Tomi Mattila, Ari Alastalo, Kimmo Ojanperä, Mika Suhonen and Heikki Seppä, Nanotechnology 19 175201 (2008). [2] M. Allen and H. Seppä, Patent Application WO2008009779A1. [3] N.R. Bieri, J. Chung , S.E. Haferl, D. Poulikakos D and C.P. Grigoropoulos, Appl. Phys. Lett. 82 3529 (2003). [4] K. A. Schroder, S. C. McCool and W. R. Furlan, NSTI Nanotech 2006. www.novacentrix.com. [5] J. Perelaer, B.-J. deGans and U.S. Schubert , Adv. Mater. 18 2101 (2006).


4:15 PM F2.8
Thermal and Photo-Induced Phase Transformations of Silver(I)-2-[2-(2-methoxyethoxy)- ethoxy]acetat. 

熱或光誘導銀錯合物與金屬銀之相變化研究.
Alexander Jakob1, Stephan Jahn2, Afshin Abbasi3, Thomas Blaudeck2, Cameliu C Himcinschi4, Marion Friedrich4, Heinrich Lang1, Reinhard R Baumann2, Michael Schreiber3 and Dietrich R. T. Zahn4; 1Inorganic Chemistry, TU Chemnitz, Chemnitz, Germany; 2Print and Media Technology, TU Chemnitz, Chemnitz, Germany; 3Theory of Disordered Systems, TU Chemnitz, Chemnitz, Germany; 4Semiconductor Physics, TU Chemnitz, Chemnitz, Germany.

Silver(I)-complexes and derivatives can serve as precursors for the metallization of various materials used in contemporary microelectonics [1], as the metallization process mainly comprises a spin-on deposition of the dissolved precursor on the substrate followed by a subsequent thermal treatment. However, for most flexible substrates used in organic and large-area electronics, the metallization is a severe challenge as the respective approaches have to cope with the limited thermal stability of the materials in use. We report on silver(I)-2-[2-(2-methoxyethoxy)-ethoxy]acetat (usually known for thermographic and photothermic imaging) as a suitable precursor molecule for a photo-induced metallization of substrates with limited stability. Comparative monitoring of thermal and photo-induced transformation processes by conductance measurements, Raman and Fourier transform infrared (FTIR) spectroscopy along with density functional theory (DFT) calculations indicates that the formation of metallic layers from the wet-deposited films comprises at least two solid-state phase transformations. Our experiments complement the studies by Olson et al. which discuss the subsequent formation of metallic silver nanoparticles and micro-islands during the thermally induced reduction of silver carboxylates [2]. The knowledge on the physical and chemical details of the transformation process may pave the way for a replacement of the thermal treatment by alternative techniques suitable for substrates with low thermal stability such as poly(ethylene terephthalate) (PET).


4:30 PM F2.9
Solution Processed Silver Sulfide Filament Memories. 

奈米Ag2S溶膠液態製程用於薄膜記憶開發
Shong Yin and Vivek Subramanian; Electrical Engineering, UC Berkeley, Berkeley, California.

Ionic resistive switches are emerging as a potential successor for flash in non-volatile memory applications. In ionic switches, metal cations migrate through a solid electrolyte forming filaments on an inert cathode that results in an abrupt increase in conductivity. This process is reversible, and the switches may be reverted to a low-conductive state. These switches have low transition voltages and fast read speed. The low switching energy potentially makes them more scalable than many other resistive memories. Silver Sulfide Resistive switches have been fabricated by sulfidizing evaporated silver films in Sulfur solutions. XPS is used to quantify stoichiometry of resultant films. SEM and AFM indicate that surface roughness increases with sulfidation time as the bulk silver film is consumed in forming the silver sulfide. XRD has confirmed presence of the acanthite phase of Silver Sulfide in the films. The entire process is performed at temperatures below 200C, so the devices are potentially stackable over conventional CMOS substrates in a BEOL process, and are applicable to printable electronics on plastic substrates. Initial characteristics measured on these cells are very promising, exhibiting low energy switching and good programming margins. Write/Erase voltages for cells were 400mV and -200mV respectively. Ron/Roff ratios range from 10 to 10,000 depending on process conditions. Impact of bath concentration, bath temperature and post-annealing on the silver sulfide film structure and ionic conducting properties are studied.


4:45 PM F2.10
Microfabrication using UV Photo-patternable Semiconductor Nanocrystals. 
奈米結晶微粒溶膠以UV微影造型技術進行微細製程研究

Won Jin Kim1, Sung Jin Kim1,2, Marek Samoc1, Alexander N Cartwright1,2 and Paras N Prasad1,2,3; 1Institute for Lasers, Photonics and Biophotonics, University at Buffalo, State University of New York, Buffalo, New York; 2Electrical Engineering, University at Buffalo, State University of New York, Buffalo, New York; 3Chemistry, University at Buffalo, State University of New York, Buffalo, New York.

Photo-patternable semiconductor nanocrystals (NC also known as quantum dots, QDs) containing the functional ligand t-butoxycarbonyl (t-BOC), which has an acid-labile moiety, were synthesized to obtain direct writing of solid state NC films. These NCs exhibited good solubility in common solvents to enable solution-based processing while maintaining their optical properties. Most importantly, the t-BOC moieties provide a direct photo-patternability of semiconductor NCs by a chemical amplification reaction. The ability to use NCs in photoresists will provide advantages for lithography due to the high photostability of NCs against light sources such as deep UV. In addition, the photo-patterning process, using the chemical amplification reaction, leads to a shortening of the length of the ligands surrounding the NC and results in improved electronic properties after fabrication. In this paper, we report the synthesis of the photo-patternable NCs, their optical characterization, demonstration of microlithography of various nanocrystal structures, and the optoelectronic properties of the resulting photopatterned structures.
SESSION F4: Porous and Structured Films
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8:30 AM *F4.1(邀請報告)
Evaporation Induced Self-Assembly of Porous and Composite Nanostructures.
溶膠加工因溶劑蒸發誘導自組合多孔複材奈米結構研究 
C. Jeffrey Brinker, Self-Assembly Department, Sandia National Laboratory/UNM, Albuquerque, New Mexico; Chemical and Nuclear Engineering, University of New Mexico, Albuquerque, New Mexico.

Nature combines hard and soft materials, often in hierarchical architectures, to get synergistic, optimized properties with proven, complex functionalities. Emulating such natural designs in robust engineering materials using efficient processing approaches represents a fundamental challenge to materials chemists. This presentation will review progress on understanding so-called ‘evaporation-induced silica/surfactant self-assembly’ (EISA) as a simple, general means to prepare porous and composite thin-film nanostructures. EISA combines sol-gel chemistry with molecular self-assembly. It starts with a silica/water/surfactant system diluted with ethanol to create a homogeneous solution. Rapid ethanol and water evaporation during dip-coating (or spin-coating or ink-jet printing) progressively concentrates surfactant and silica in the depositing film, driving micelle formation and subsequent continuous self-assembly of silica/surfactant thin film mesophases. Such nanostructured materials are of interest for membranes, low-dielectric-constant (low-k) insulators, and even ‘nano-valves’ that open and close in response to an external stimulus. EISA can also be used to simultaneously organize hydrophilic and hydrophobic precursors into hybrid inorganic/organic nanocomposites. For example, monosized hydrophobic nanoparticles can be incorporated within micelles and further assembled by EISA into highly ordered, robust nanoparticle arrays. Performing EISA on chemically or topographically patterned substrates and/or co-self-assembly of photo-reactive components allows bottom up EISA to be combined with top down lithography, enabling definition of structure and function on multiple length scales.


9:00 AM F4.2
Free-standing and Patternable Monolayer Nanoparticle/polymer Arrays Formed by Evaporation Induced Self-assembly at a Fluid Interface. 
液體表面溶劑蒸發誘導自組合獨立單層微影造型之奈米微粒/高分子排列形成技術研究

Shisheng Xiong1, Jiebin Pang1, Darren Dunphy1 and Jeffrey C Brinker1,2; 1Department of Chemical Engineering, University of New Mexico, Albuquerque, New Mexico; 2Advanced Material Laboratory, Sandia National Laboratories, Albuquerque, New Mexico.

Ordered nanoparticle (NP) monolayers are of fundamental interest as 2D artificial solids in which electronic, magnetic, and optical properties can be tuned through electron charging and quantum confinement of individual NPs mediated by coupling interactions with neighboring NPs. Recently, we have developed a universal, fast and facile method to prepare robust and transferable monolayer nanoparticle arrays by evaporation-induced self-assembly at a fluid interface (JACS 2008). As-synthesized hydrophobic NPs were assembled on a water interface from toluene containing polymethylmethacrylate (PMMA). In this case solvent evaporation concentrates the thinning film in NPs and PMMA, leading to NP self assembly and solidification into an ordered NP/polymer nanocomposite monolayer with physical dimensions of up to 10 cm2. The NP/PMMA monolayer can be transferred to arbitrary substrates and remains stable as a freestanding membrane suspended over cm-sized holes-even with free edges. Moreover, the PMMA serves as a photoresist enabling two modes of electron beam (e-beam) NP patterning. In combination these extensions contribute to the ability to integrate NP arrays into robust micro- and macroscale devices. Au NP/PMMA and CdSe QD/PMMA films transferred to glass slides or silicon wafers have been characterized with UV-vis spectroscopy and photoluminescence spectroscopy, respectively. The electron transport behavior of Au NP arrays with PMMA dielectric spacers is under investigation.


9:15 AM F4.3
Formation of Controlled Alumina Films using Deposition in Supercritical Fluids for Electronic and Telecommunication Devices.
電子通訊元件採用超流體控制鋁膜成形與鍍着技術開發

Cyril Aymonier1,2, Mélanie Majimel1,2, François Cansell1,2, Catherine Elissalde1, Mario Maglione1, Jean-François Sylvain1 and Jean-Marc Heintz1; 1ICMCB-Supercritical Fluids, CNRS, Pessac Cedex, France; 2ICMCB-ENSCPB-Supercritical Fluids, Université de Bordeaux, Pessac Cedex, France.

Alumina is the most widely used oxide ceramic material for many applications in electronics, aeronautics, high temperature metallurgy or biomedicine thanks to its interesting mechanical, thermal, electrical and chemical properties [1]. Even if it is a well known system, it remains challenges, especially the one for obtaining dense nanostructured alumina-based ceramics at low temperatures. We recently showed that the sintering of alumina can be optimized by playing on the cristallinity and structure of the initial material [2]. This can be controlled with the elaboration in different sub- and supercritical media: the transformation of Al(acac)3 precursor in a supercritical CO2/EtOH mixture leads to the synthesis of an amorphous alumina and in a subcritical H2O/EtOH mixture to boehmite. This works has highlighted a decrease of the sintering temperature by using the amorphous alumina powder as starting material in comparison with the use of the boehmite starting powder. This very interesting result can then be applied to the deposition of alumina layers on different kinds of particles or substrates, as an alternative deposition method to CVD or still ALD [3]. We propose to focus this presentation on the chemistry in supercritical fluids applied to the controlled deposition of alumina films on two kinds of substrates: - i) on copper plates used as heat sinks in electronics [4]: in this system, alumina represents a good compromise between thermal conductivity and electrical insulation. The challenge is to form dense alumina films below the melting temperature of copper, - ii) on ferroelectric nanoparticles used as powder for ceramics capacitor in telecommunications [5]: the core@shell nanoparticles act as nanobricks to build new nanostructured composite ceramics keeping interesting dielectric properties (high permittivity and low losses). We will discuss the influence of the main operating parameters of the supercritical fluid chemical deposition process, especially the influence of reaction media, on the characteristics of the alumina film (micro/nanostructure, thickness, interface properties …). We will also present the properties of the obtained devices. References: [1] E. Dörre and H. Hübner, Alumina - Processing, properties and applications, Springer-Verlag, Berlin, 1984 [2] C. Bousquet, C. Elissalde, C. Aymonier, M. Maglione, F. Cansell, J.M. Heintz, Tunability of Al2O3 crystallinity using supercritical fluid media: effect on sintering, J. Eur. Ceram. Soc., 2008, 28, 223-228. [3] C. Aymonier, A. Loppinet-Serani, H. Reverón, Y. Garrabos, F. Cansell, Review of Supercritical Fluids in Inorganic Materials Science, J. Supercrit. Fluids, 2006, 38, 242-251. [4] P.M. Geffroy, D. Mathias, J.F. Silvain, Heat sink material selection in electronic devices by computational approach, Advanced Engineering Materials, 2008, 10 (4), 400-405 [5] C. Bousquet, F. Cansell, C. Elissalde, M. Maglione, C. Aymonier, manuscript in preparation.


9:30 AM *F4.4(邀請報告)
Synthesis of Nanostructured ZnO Thin Films via Low Temperature Aqueous Deposition.
低溫水中鍍着法製備奈米結構ZnO薄膜

Yun-Ju Lee1, David A Scrymgeour1, Dana C Olson2, Matthew T Lloyd1, Erik D Spoerke1, James A Voigt1 and Julia W Hsu1; 1Sandia National Laboratories, Albuquerque, New Mexico; 2National Renewable Energy Laboratory, Golden, Colorado.

Single crystalline ZnO nanorod arrays (NRAs) represent promising nanostructures for electronic and photonic devices due to properties such as excellent electron mobility, high exciton binding energy, and large area, low temperature fabrication. In the last several years, we have demonstrated the synthesis of ZnO NRAs with highly tunable morphologies and properties using controlled precipitation of ZnO from aqueous solutions. In this talk, I describe the synthesis of various nanostructured thin films based on ZnO NRAs and demonstrate their potential applications in photovoltaics and photonics. First, by changing the seeding and NRA growth parameters, the alignment and dimensions of the ZnO nanorods are systematically varied. Such changes in NRA morphology correlate strongly to differences in the current-voltage response and power conversion efficiency of hybrid conjugated polymer-ZnO NRA photovoltaic devices. Second, with the addition of organic growth modifier, the degree of nanorod tip tapering can be carefully tuned. The resulting textured films with graduated refractive index profiles demonstrate broadband antireflection response in good agreement with theoretical models. Third, the surface of ZnO NRAs is modified after synthesis with conformal coatings of thin inorganic films such as TiOx, which affect open-circuit voltage in solar cells by decreasing carrier recombination. Finally, using codeposition of Zn and appropriate dopant ions in aqueous solution, ZnO NRAs with controlled dopant incorporation are demonstrated. These doped NRAs exhibit changes in electrical properties consistent with dopant type and concentration, and may prove useful in a variety of applications. Other modifications in the morphology and properties of nanostructured thin films based on ZnO NRAs will also be discussed. This project is financially supported by the LDRD program at Sandia National Laboratories. Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States Department of Energy under contract DE-AC04-94AL85000.


10:30 AM *F4.5(邀請報告)
Soft Chemistry Based Routes to Nanostructured Inorganic and Hybrid O-I Thin Films.
軟式化學法製作奈米無機及有機-無機混成薄膜技術開發
Clement Sanchez, Cedric Boissiere, Christel Laberty, David Grosso and Lionel Nicole; CHEMISTRY LCMCP UMR 7574, CNRS-University of PARIS VI, Paris, France.

Considerable effort is being currently directed to the obtention of nanostructured hybrids and transition metal oxides based materials. The use of sol-gel chemistry with or without ordered lyotropic phases as templating agents is a low cost, versatile and convenient way to produce smart functionnal thin films. The control of the nanostructuration, domain sizes, and cristallisation of these sol-gel derived coatings is of paramount importance to be able to tune the resulting properties of the final materials. This conference will present the major advances we have recently performed in the field of sol-gel derived inorganic or hybrid thin films. Some examples concerning the design of inorganic metal oxides and hybrid materials processes as thin films and some of our results concerning membranes having hierarchical structures will be presented. New films and membranes that act as sensors, photocatalysts, conductive membranes and low-k materials will be described. Recent review articles *Design, Synthesis, and Properties of Inorganic and Hybrid Thin Films Having Periodically Organized Nanoporosity. C. Sanchez, C. Boissière, D.Grosso, C. Laberty, and L. Nicole, Chem. Mater. 2008, 20, 682-737, *Applications of hybrid organic-inorganic nanocomposites, C. Sanchez, B. Julian , P. Belleville and M. Popall, J. Mater. Chem., 2005, 15, 3559, *Inorganic and Hybrid Nanofibrous Materials Templated with Organogelators, M. Llusar and C. Sanchez, Chem. Mater. 2008, 20, 782, *Photonic and nanobiophotonic properties of luminescent lanthanide-doped hybrid organic-inorganic materials. P. Escribano, B. Julian-Lopez, J. Planelles-Arago, E. Cordoncillo, B. Viana, C. Sanchez, J. Mater. Chem., 2008, 18, 23 , *Biomimetism and bioinspiration as tools for the design of innovative materials and systems C. Sanchez, H. Arribart, MM Giraud-Guille. Nature Materials, 2005, Vol 4 , p277. *Mechanical properties of hybrid organic-inorganic materials, F. Mammeri, E. Le Bourhis, L. Rozes, C. Sanchez, . Mater. Chem., 2005, 18, 23.


11:00 AM F4.6
Nanostructured Metal Oxide and Composite Electrodes for Use in Ultracapacitors.
以奈米結構金屬氧化物及複合電極技術開發超電容元件

Michael Todd Brumbach1, Bruce C Bunker1,3 and Bonnie B McKenzie2; 1Electronic and Nanostructured Materials, Sandia National Laboratories, Albuquerque, New Mexico; 2Materials Characterization, Sandia National Laboratories, Albuquerque, New Mexico; 3Center for Integrated Nanotechnology, Sandia National Laboratories, Albuquerque, New Mexico.

Ultracapacitors, or electrochemical capacitors, are known to achieve very high specific capacitances by storing charge in the electrical double layer at the electrode/electrolyte interface where the charges are separated over very short distances. Additionally, charge storage can be accomplished via surface adsorption and/or via redox processes within the bulk electrode. Maximizing power densities and other desired properties of ultracapacitors requires configuring redox-active materials in specific architectures that: 1) maximize electrolyte-electrode contact area, 2) minimize transport distances for both electrons and charge compensating species such as protons, and 3) minimize transport barriers via inclusion of conducting material. We have developed a range of simple solution-based processing methods that enable us to systematically vary the compositions and architectures of multi-component composites at the nano-scale. We have studied the role of architecture on charge storage by using nanocomposites containing electrochemically inert network formers such has TiO2 and Nb2O5. RuO2 functions as the electroactive material while polymeric species can function to direct nanostructure formation and/or to provide conductive pathways. The electrochemical performance of the resulting nano-structured electrodes has been characterized using cyclic voltammetry and electrochemical impedance spectroscopy. The results indicate that these additions have a dramatic effect on improving the performance relative to the base-line material. Mechanisms of the performance boost will be discussed in terms of both composition and architecture as determined via XPS, electron microscopies, FTIR, and a range of other characterization methods.


11:15 AM F4.7
A Simple Solution-Based Method for Depositing Conductive Nanoscale-Coatings of RuO2 onto SiO2 Filter Paper: Obtaining Macroscopic Conductivity from Nanostructured Features. 
SiO2 濾紙含浸奈米導電RuO2溶液製作各式導電奈米結構用途
Christopher N Chervin1, Alia M Lubers1, Jeffrey W Long1, Justin C Lytle1, Mark Westgate2, Katherine A Pettigrew1, John J Fontanella2 and Debra R Rolison1; 1Surface Chemistry Branch, Naval Research Laboratory, Washington, District of Columbia; 2Department of Physics, U.S. Naval Academy, Annapolis, Maryland.

We present a method for depositing electrically conductive nanoscale ruthenium dioxide shells on commercially available, inexpensive glass filter paper (i.e., a porous membrane comprising silica fibers). This solution-based synthesis is a modification of our method for depositing a nanoscopic network of RuO2 throughout the interior of SiO2 aerogels [1]. In this modified method, RuO2 is deposited as a nanoscale coating onto the fibers of macroporous SiO2 paper via a bench top cryogenic decomposition of RuO4 from an alkane solution. The modifications have resulted in a greatly simplified synthesis, dramatically reduced processing time, and eliminated the need for atmospheric control. The resulting lightweight, flexible electrode has a low weight percentage and volume fraction of RuO2 (~5 wt% and 0.1 vol%), but demonstrates at ~ 1 S cm-1 a mass-normalized conductivity 30 times greater than that of bulk RuO2. This new material also displays electrocatalytic activity associated with bulk RuO2 materials and the coating can store charge and function as an electrochemical capacitor. We will report details of the synthetic method, characterization of physical properties of the nanoscale RuO2 coating, and the potential applications. [1] J.V. Ryan, A.D. Berry, M.L. Anderson, J.W. Long, R.M. Stroud, V.M. Cepak, V.M. Browning, C.I. Merzbacher, and D.R. Rolison, Nature 406 (2000) 169.


11:30 AM F4.8
Nanocrystalline Photonic Crystalline Supports as Photoanodes for Water Oxidation.
奈米結晶光子晶體用於水中氧化反應光電極材料 
Nathan R. Neale, Arthur J Frank and Arthur J Nozik; National Renewable Energy Laboratory, Golden, Colorado.

Research at the National Renewable Energy Laboratory, Golden, CO (USA), toward developing a tandem solar water splitting device is presented. Here, we focus on efforts to prepare porous hole conducting nanocrystalline semiconductor supports capable of capturing photogenerated holes from the ground electronic state of optically excited sensitizers (e.g., QDs and dyes) and transporting them to the hole collecting substrate, which contacts a dark anode for water oxidation. Specifically, we have been developing electrochemical deposition protocols for preparing ordered photonic nanocrystalline films as hole conductors. The synthesis, characterization, and photoresponse of II-VI and metal oxide semiconducting supports in combination with sensitizers and redox electrolytes with the appropriate energy levels for water oxidation will be discussed.



SESSION F5: Printing, Lithography, Patterning
奈米材料加工技術－印刷、蝕刻與微影造形
Chair: David Ginley
Wednesday Afternoon, December 3, 2008
Room 208 (Hynes)


1:30 PM *F5.1(邀請報告)
Develop Printable Solution Processes for Inorganic Semiconductors.
溶膠印刷製作無機半導體技術開發 
DooHyoung Lee1, Yu-Jen Chang1, SeungYeol Han1, Wei Wang1, Yu-Wei Su1, Gregory S Herman2, Wei-Fang Su3 and Chih-hung Chang1; 1Chemical Engineering, Oregon State University, Corvallis, Oregon; 2Sharp Laboratories of America, Camas, Washington; 3Materials Science and Engineering, National Taiwan University, Taipei, Taiwan.

Current methods for the production of functional inorganic electronic devices are based on the sequential deposition, patterning, and etching of selected semiconducting, conducting, and insulating materials. These sequential processes generally involve multiple photolithography and vacuum deposition processes, which contribute to their high manufacturing costs. Solution-based and direct printing of inorganic materials offer the possibility of depositing high quality thin films at low temperature under atmospheric conditions, and the direct additive patterning processes that enable the fabrication of high-performance and ultra-low-cost electronics. Over the last few years, there has been tremendous progress on direct inkjet printing of polymer TFTs. Inkjet printing of inorganic materials is relatively rare compared to the inkjet printing of organic materials, especially for semiconductor materials. Recently, we have developed a simple and general route to form high performance inorganic electronic materials that is suitable for inkjet printing. We have printed a variety of electronic materials including conductors, semiconductors, insulators, and luminescent materials. In this paper, we will report our progress in this area.


2:00 PM F5.2
Sol-Gel Inks for Direct-Write Assembly of Micro-Periodic Oxide Structures for Photonic and Sensor Applications. 

以直寫法將溶凝膠油墨印製微距氧化物結構用於光電及感應元件製作 
Eric B. Duoss1,2, Mariusz Twardowski1,2, David Lorang1,2, Avner Rothschild3, Harry L Tuller4 and Jennifer A Lewis1,2; 1Materials Science and Engineering, University of Illinois at Urbana-Champaign, Urbana, Illinois; 2Frederick Seitz Materials Research Laboratory, University of Illinois at Urbana-Champaign, Urbana, Illinois; 3Materials Engineering, Technion - Israel Institute of Technology, Haifa, Israel; 4Materials Science and Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts.

We have pioneered an innovative and low-cost printing technique, known as direct ink writing (DIW), for the fabrication of micro-periodic oxide structures in both planar and 3D forms.* Using DIW, functional 1D arrays of TiO2 micro-wires and 3D micro-periodic structures have been patterned from concentrated sol-gel inks with characteristic feature sizes that range from ~200 nm (1D sensor arrays) to ~500 nm for 3D photonic crystals. DIW of well-defined 1D arrays of TiO2 microwires offers precise control of filament diameter and spatial location, enabling a systematic study of microwire TiO2 gas sensors. We show that TiO2 microwire arrays serve as highly sensitive gas sensors. To further demonstrate the versatility of the DIW printing approach, 3D micro-periodic structures composed of orthogonally-stacked layers of parallel oxide rods have been produced in a woodpile architecture. These 3D structures exhibit a partial photonic bandgap with a reflectivity of up to 92% in the near IR and a broad stop-peak width of ~26%. * E. B. Duoss, M. Twardowski, and J. A. Lewis, Adv. Mater. 19 (21), 3485 (2007).


2:15 PM F5.3
Electroactive NanoInks and Printable NanoArchitectures for Energy-Efficient Thin Film Electronics.
電子活化奈米油墨及奈米架構技術開發節能薄膜電子元件開發

Cheng Huang1, Peter Rieke1, Silas Towne1, Jim Holbery1 and Howard Katz2; 1Chemical, Materials, and Electrical Engineering, Energy & Environment Directorate, Battelle, Pacific Northwest National Laboratory, Richland, Washington; 2Materials Science and Engineering, and Chemistry Department, Whiting School of Engineering, Johns Hopkins University, Baltimore, Maryland.

We are carrying out our work on Printed Thin Film Energy (PTFE) based on our competencies of printed thin film electronics, soft solution processing sciences, interface and surface sciences, thin films and smart coating technology. This develops new electroactive nanoinks and chemical printing techniques for rapid, efficient, inexpensive and continuous disposition and architectures of thin films and multilayer assemblies for use in printable electronics, especially for energy harvesting, storage, and conversion devices. Chemical printing offers the potential for rapid multilayer spatially resolved deposition of electroactive nanoinks and printable nanoarchitectures. It also has enhanced performance, higher utilization of inks, rapid and efficient deposition compatible with large area productions. We report the fabrication processes from transistor circuits, solar cells, and fuel cells, which result in high performance, reduced materials costs and reduced fabrication costs. This work was supported by NSF-ECS and DOE.


2:30 PM F5.4
Nano Imprint Lithography on Silica Sol-gels: a Simple Route to Sequential Patterning.
矽溶膠加工蝕刻印製奈米連續造形

Christophe Peroz, Vanessa Chauveau, Etienne Barthel and Elin Sondergard; Surface du Verre et Interfaces, CNRS/Saint-Gobain, Aubervilliers, France.

Nano Imprint Lithography (NIL) has emerged as a promising technique for surface patterning, opening for numerous applications ranging from nanophotonics to microfluidics. In addition, NIL appears as one of the rare patterning techniques compatible with the requirements of low cost production of large scale devices. We have recently demonstrated how the specific rheology of methyl-triethoxy-silane allows for simple, near room-temperature imprinting of submicron features [1]. More generally, we suggest that by choosing the correct combination of precursor and thermal treatment, optimal control over both the rheology and the crosslinking of the material can be harnessed for a viable embossing process. Several major advantages result from this imprinting process: 2) the very low viscosity obtained with moderate heating requires the application of very low pressures so that compliant stamps may be used with optimum conformation to a rigid substrate; 2) the structured material can be annealed at temperatures up to 900°C with moderate shrinkage, turning the hybrid film into pure silica with high chemical and mechanical stability. The process therefore appears promissing for direct structuration -- without etching -- of inorganic materials. In the present contribution, we demonstrate that the mechanical response of the material can be tuned during embossing in such a way that multiple imprint is possible. We present results on double embossing at low pressures and low temperatures with simple gratings turned by 90° to form dot structures [2]. We demonstrate that the second embossing step is made possible by the plastic yield of the sol-gel film. These results open up for a full range of new, low cost structures of high quality materials. [1] C. Peroz, C. Heitz, E. Barthel, E. Sondergard and V. Goletto, Glass nanostructures fabricated by soft thermal nanoimprint, Journal of Vacuum Science & Technology B 25 (2007) L27-L30. [2] C. Peroz, V. Chauveau, E. Barthel and E. Sondergard, NanoImprint on Silica Sol-gels: a simple route to sequential patterning, to appear in Advanced Materials.


2:45 PM F5.5
The Patterning of Sub-500 nm Inorganic Oxide and Nanocrystalline Semiconductor Structures. 次微米無機氧化物影造形與奈米結晶半導體結構研究
Meredith Hampton1, Stuart S Williams1, Zhilian Zhou4, Janine Nunes1, Doo-Hyun Ko1, Scott T Retterer2, Joseph L Templeton1, Edward T Samulski1 and Joseph M DeSimone1,3; 1Chemistry, University of North Carolina, Chapel Hill, North Carolina; 2Center for Nanophase Materials Science, Oak Ridge National Laboratory, Oak Ridge, Tennessee; 3Chemical Engineering, North Carolina State University, Raleigh, North Carolina; 4Liquidia Technologies, Research Triangle Park, North Carolina.

The Pattern Replication In Non-wetting Templates (PRINT1) technique has been extended to patterning of isolated features as well as embossed films of sub-500 nm “hard” inorganic oxides and nanocrystalline semiconductors including TiO2, SnO2, ZnO, ITO, BaTiO3, and CdSe. The low surface energy, chemically resistant, air permeable, elastomeric perflouropolyether (PFPE) based molds allow for numerous materials to be patterned on a variety of substrates including glass and transparent conductive oxides for a wide range of electronic and optical applications. PRINT is a unique route that provides for (1) large area arrays of isolated features with uniformity and precise control over shape and size (2) the patterning of materials with large aspect ratios (3) layer by layer deposition without destruction of the first layer and (4) the patterning of an extensive array of materials with amenability to surface functionalization and (5) a cost effective fabrication process that is scalable for roll-to-roll manufacturing processes. We will additionally discuss pattern replication on the sub-100 nm scale for photovoltaic applications using line gratings fabricated with electron beam lithography. 1. Rolland et al. J. Am. Chem. Soc. 2005, 127, 10096-10100.


3:30 PM *F5.6(邀請報告)
Advances in Materials for Printed Transistors. 
先進奈米材料用於電晶體印製

Beng Ong, Institute of Materials Research and Engineering, Singapore, Singapore.

Printing thin-film transistors require solution processable conductor, semiconductor, and dielectric materials, which can be printed and retain their required performance characteristics after printing. This lecture reviews the design principles and critical issues for the development of these materials, particularly for high-throughput processing to enable low-cost transistor arrays/circuits. Progress towards design of high-performance semiconductor, conductor, and gate dielectric for this emerging technology will be presented.


4:15 PM F5.8
Inkjet Printed Narrow Electrodes for High Performance Organic Thin-Film Transistors. 
噴墨印製細電極以開發高效能有機薄膜電晶體

Jason Scott Doggart1,2, Yiliang Wu2 and Shiping Zhu1; 1Chemical Engineering, McMaster University, Burlington, Ontario, Canada; 2New Materials Design Lab, Xerox Research Center of Canada, Mississauga, Ontario, Canada.

Drop on demand inkjet printing has recently generated a great deal of interest as a fabrication method for printed organic electronic devices such as RFID tags and organic thin film transistors (OTFTs). Specifically, a great deal of research has investigated the use of this technique for high resolution printing of the conductive components of these devices. One of the greatest challenges to achieving this goal is the ability to print electrodes of uniform film thickness, which requires the elimination of the so called ‘coffee ring effect’. This effect describes the propensity of solute to accumulate at the periphery of a drying droplet, a result which can severely diminish the conductivity of printed electrodes. Some groups have suggested that a solution to this dilemma is the addition of a cosolvent which would induce a Marangoni flow to recirculate solvent back to the center. However this solution is only viable when a cosolvent of higher boiling point and lower surface tension than the major solvent is available. Here, we describe a more widely applicable method for eliminating the coffee ring effect which allows us to print highly resolute electrodes with excellent film thickness uniformity. Our study investigated the effect of both line width (controlled via dot-to-dot spacing during printing) and the concentration of a high boiling point cosolvent. It was found that by simultaneously optimizing these two variables, one could essentially eliminate the coffee ring effect and print electrodes of nearly uniform thickness. Furthermore, by increasing the viscosity of this ink (via silver concentration), the resolution was greatly improved, such that source and drain electrodes with both electrode width and channel lengths of less than 50μm could be obtained. Incorporation of these electrodes into OTFT devices using PQT - 12 as a semiconductor yielded high performance devices with mobility of 0.1 cm2V-1s-1 and an on/off current ratio of 107, indicating negligible additional contact resistance was introduced by the printed electrodes.


4:30 PM F5.9
Ultrasonic Spray Assisted Mist-CVD Method for High-quality Crystalline and Amorphous Oxide Semiconductors Growth. 
超音波噴霧輔助化學氣相鍍着技術用於高品質結晶及非晶氧化物半導體製造
Hiroyuki Nishinaka, Yudai Kamada, Keiji Kiba, Naoki Kameyama and Shizuo Fujita; Department of Electronic Science and Engineering, Kyoto University, Kyoto, Kyoto, Japan.

Evolution of an inexpensive, safe and environmental-friendly ultrasonic spray assisted mist-chemical vapor deposition (CVD) method is definitely shown with the growth of high-quality crystalline and amorphous oxide semiconductors. In the mist-CVD, we use liquid solutions of source materials as precursors. They are ultrasonically atomized and the mist particles formed are transferred to the reaction area with the carrier gas[1,2]. In this way, the mist sources can substitute for vaporized sources of toxic and/or dangerous metalorganics, and therefore the mist-CVD can possess excellent controllability for source supply even comparable to metalorganic-CVD (MOCVD). An example to be shown and discussed is for the growth of ZnO and related materials. Using Zn(Ac)2 as a precursor for Zn with changing the substrate materials and temperatures, the following results have ever been obtained;(i)transparent and smooth c-axis oriented ZnO thin films were grown on glass substrates, (ii)ZnO films were grown at the temperature lower than 200C, (iii)ZnO nanowires were formed using Au catalyst, (iv)single-crystalline ZnO on sapphire attained the mobility of 70 cm2/Vs, which was reasonably high compared to various ZnO thin films grown by MOCVD, and (v)two-dimensional step-flow growth, which had been difficult by MOCVD, was achieved by homoepitaxial layers on ZnO substrates. Doping and alloy layers were successfully achieved by adding the required source precursors in the source solution. The results showed as followed; (i)Al-doped ZnO on glass attained low resistivity of 6x10-4Ωcm, which was a standard for certain applications as a transparent conducting oxide, and (ii)single crystalline (0001)-oriented wurtzite Zn1-xMgxO thin films on sapphire were prepared between x=0 and 0.25 without phase segregation of rocksalt structure. Other oxide thin films such as Al2O3 and Ga2O3 were also obtained by the mist-CVD method. The mixture of Ga2O3 and Al2O3, that is, (AlxGa1-x)2O3 successfully changed the optical bandgap. It may open new application by the growth of metastable α-Ga2O3, in contrast to strong tendency of growing β-Ga2O3, on sapphire (α-Al2O3), where the crystal structure matches between the epilayer and the substrate. Mist-CVD is a low cost solution-based growth method, but it can be compatible or even superior to MOCVD as evidenced by the growth of high quality ZnO single crystal thin films. This technique is also suitable for the growth of polycrystalline and amorphous films on large substrates for the fabrication of transparent thin films and thin film devices. In the symposium the advantages and potential of the mist-CVD method, which is not only low cost and environmental friendly but also superior to the existing CVD methods for the growth of oxide thin films are demonstrated and discussed. [1]H. Nishinaka, T. Kawaharamura, S. Fujita, Jpn. J. Appl. Phys., 46 (2007) 6811. [2]T. Kawaharamura, H. Nishinaka, S. Fujita, Jpn. J. Appl. Phys., 47 (2008) 4669.
SESSION F7/P6: Joint Session: Solution Processed Photovoltaic Materials
液體製程太陽光電材料
Chair: David Ginley
Thursday Morning, December 4, 2008
Room 208 (Hynes)

December 4, 2008
8:30 AM *F7.1/P6.1(邀請報告)
FASST® Reactive Transfer Printing for Morphology and Structural Control of Liquid Precursor Based Inorganic Reactants. 
以無機反應性液態先驅物用於場效合成反應轉印控制形態及結構研究

Billy J Stanbery1, M. Taylor1, M. van Hest2, J. Nekuda2, A. Miedaner2, C. Curtis2, J. Leisch2, P. Hersh1, D. Ginley2, R. Oswald1 and L. Eldada1; 1HelioVolt Corporation, Austin, Texas; 2National Renewable Energy Laboratory, Golden, Colorado.

Soluble inorganic precursors to binary Cu-Se, In-Se, and Ga-Se materials have been developed and processed by rapid thermal processing to form solid multinary reactant films for subsequent Copper Indium Gallium Selenide (CIGS) synthesis using the reactive transfer printing method designated by the acronym FASST (Field-Assisted Simultaneous Synthesis and Transfer). The FASST method is a two-stage technique which separates the deposition of two precursors in the first stage from their reactive transformation into the final material layer in the second stage. This separate deposition of the precursors, one onto the final product film’s substrate and the other onto a reusable printing plate, allows independent optimization of their corresponding deposition methods whilst eliminating their pre-reaction. This flexibility has proven immensely valuable as will be demonstrated by comparing the results of depositing these two reactant films by various combinations of low-cost solution-based and conventional vacuum-based physical vapor deposition techniques. High-performance CIGS is characterized by relatively large grain sizes and the formation within individual grains of a nanoscale interpenetrating network of copper-rich and copper-deficient domains which form a percolation network for electrons and holes respectively. Conventional high temperature co-evaporation methods have been used to synthesize all of the world record thin film CIGS devices for more than two decades, and the multi-step deposition sequences developed to achieve this performance always involve the topotactic transformation of a large-grain precursor into CIGS rather than the direct synthesis of CIGS from condensation of elemental vapors as in molecular beam deposition. This same process characteristic is enabled by the two-stage FASST method’s separation of solid multinary reactant film deposition onto two different surfaces in its first stage. This will be demonstrated by comparing the unprecedented large-grain structure of FASST-synthesized CIGS with the results of its direct synthesis from the same soluble inorganic precursors by rapid thermal processing. This unique combination of low-cost solution-based precursor deposition and FASST reactive transfer printing methods provides reduced capital costs compared to vacuum deposition methods, low thermal budget, high throughput, control of CIGS crystallographic orientation, and very high device quality CIGS.


9:00 AM F7.2/P6.2
Use of Direct Write Methods for Low Cost Photovoltaics.
低成本直寫法製作太陽電池 
Maikel F.A.M. van Hest1, Jennifer A Nekuda2, Jennifer Leisch1, Peter Hersh1, Alex Miedaner1, Calvin J Curtis1, Ken Steirer2, Ryan P O'Hayre2, Reuben T Collins2 and David S Ginley1; 1National Renewable Energy Laboratory, Golden, Colorado; 2Colorado School of Mines, Golden, Colorado.

Direct write methods can help realize significant production cost reduction for photovoltaics. We are investigating solution precursors and ink based atmospheric deposition approaches to a variety of solar cell materials. The first application is inkjet printing of contacts for photovoltaics, in particular for Si solar cells. We have developed metal organic decomposition inks that can be printed and that will decompose to pure metal, e.g. silver, nickel, copper and aluminum. Narrow lines (<50µm) with conductivities close to those of the bulk metals were obtained. The second application is the formation of the absorber layers for CuInSe2 (CIS) and CdTe based photovoltaics. Our approach uses solution-based precursors that are ultrasonically sprayed on heated substrates and processed under atmospheric conditions. Various precursors were identified leading to In2Se3, Cu2Se, CIS and CdTe films. The CIS material can be obtained without the use of a selenization step. Details of film deposition and processing will be discussed. The third application is in the field of organic photovoltaics. Here inkjet printing and ultrasonic spraying were used to deposit the photoactive layer, such as a polythiophene, for example P3HT, and the conducting contact layer such as PEDOT/PSS. The effect of solvent on the quality of the deposited material will also be discussed. Direct write processing of these materials may be enabling for this technology, leading to all printed photovoltaics.


9:15 AM F7.3/P6.3
CuIn(Se,S)2 Absorbers Processed using a Hydrazine-Based Solution Approach. 
聯胺法製備CuIn(Se,S)2奈米結晶微粒用於太陽能吸收材製作
Wei Liu1, David B Mitzi1, Min Yuan1, Andrew Kellock2 and S. Jay Chey1; 1IBM TJ Watson Research Center, Yorktown Heights, New York; 2IBM Almaden Research Center, San Jose, California.

With tunable bandgap and demonstrated high efficiency, the chalcopyrite CuInSe2 and its alloys have shown great potential as absorbers for single and multi-junction solar cells. However, the current deposition techniques mostly rely on expensive vacuum-based processing or involve complicated precursor solution preparation. These high-cost absorber preparation processes make it difficult to commercialize this technology. In this work, CuInSe2-xSx (CIS) absorbers are deposited using a simple hydrazine-based solution process. Precursor solutions were prepared by dissolving the component metal chalcogenides and chalcogen in hydrazine, forming homogeneous solutions containing adjustable concentrations of desired elements mixed on a molecular level. These precursor solutions are then spin coated on substrates followed by a heat treatment in an inert environment to produce high quality CIS thin films. Significantly, no post deposition selenization process is required using this technique. Laboratory scale devices with conventional glass/Mo/CIS/CdS/i-ZnO/ITO structure have been fabricated using CIS absorbers deposited via this process. For the baseline low-bandgap CIS system with no Ga added (to compare with our previously reported results with Ga incorporated), AM1.5 conversion efficiency of as high as ~8% has been achieved for devices with 0.45cm2 effective area.


9:30 AM *F7.4/P6.4
All-chemically Deposited Thin Film Solar Cells. 
全化學法(奈米微粒溶膠)鍍膜製作薄膜太陽電池

P. Karunakaran Nair, Harumi Moreno, Sarah Messina, David Avellaneda, Oscar Gomezdaza and M. T. Santhamma Nair; Centro de Investigacion en Energia, Universidad Nacional Autonoma de Mexico, Temixco, Morelos, Mexico.

Thin film solar cells produced by sequential chemical deposition of CdS, Bi2S3, Sb2S3 and PbS thin films have by now reached efficiency of 1-2% under AM 1.5 solar radiation of 1000 W/m2. Here, CdS (100 nm thickness) is the window film and Bi2S3 (band gap, Eg 1.5-1.6 eV), Sb2S3 (1.6 eV) and PbS (0.6 eV) all obtained by chemical deposition are the absorbers. The simplest solar cell, n-Bi2S3/p-PbS is prepared by depositing Bi2S3 thin films of 60 nm on commercially available TEC-15 (Pilkington, Toledo) SnO2:F-coated 3 mm clear sheet glass. The solution mixture is of bismuth nitrate, triethanolamine, and thioacetamide. A film of 60 nm is obtained in 30 min at 40oC. Upon annealing for 15 min in air at 250oC, this film is converted to crystalline n-Bi2S3 with electrical conductivity, 0.05 (Ω cm)-1. A PbS thin film of 200 nm thickness is deposited from a solution mixture of lead acetate, triethanolamine, sodium hydroxide and thiourea at 40oC for 2 h on the crystalline Bi2S3 thin film. Graphite-epoxy electrode painted on the PbS film and a silver-acrylic conductive paint applied on this as well as on the TCO are the electrodes. Under AM 1.5 solar radiation of 1000 W/m2, this cell shows an open circuit voltage (Voc) of 260 mV and short circuit current density (Jsc) of 8 mA/cm2. Theoretical consideration of the role of the film thickness on Jsc based on the optical absorption coefficients of the two absorber films and the spectral distribution of photons in the solar spectrum (1000 W/m2) shows that its maximum is about 40 mA/cm2. This leaves much room for improvement of the cell characteristics. In the solar cell: CdS/Sb2S3/PbS, Voc is about 600 mV and Jsc is 2 mA/cm2 (under 1000 W/m2 solar radiation). The Sb2S3 thin film of 200 nm in thickness was deposited in 1 h at 10oC from a solution mixture of antimony trichloride and sodium thiosulfate and heated in nitrogen for 30 min at 250oC. Other solar cell structures with chemically deposited SnS thin films of two distinct band gaps of 1.7 eV (zinc blende structure) and 1.1 eV (orthorhombic structure) also provide Voc of up to 400 mV, but Jsc < 1 mA/cm2. The inherent large-area capability of this approach is a basic attraction. Photovoltaic modules by sequential deposition of the semiconductor films and screen-printed electrodes are being developed.


10:30 AM *F7.5/P6.5
Solution Routes to Synthesis of Cu(In,Ga)(S,Se)2 Chalcopyrite Solar Cells. 
溶膠法合成Cu(In,Ga)(S,Se)2太陽電池

Jean-Francois Guillemoles, IRDEP, CNRS, Chatou, France.

Large scale developement of photovoltaics requires large area coating of semiconductors, something solution based processes can provide. From Cu2S to CdTe or Cu(In,Ga)(S,Se)2, not to mention TiO2 in dye cells, exemples are numerous of efficient (>10%) photovoltaic devices whose semiconductors have been synthesized in aqueous solutions. This presentation will focus on growth of chalcogenides, and more specifically CuInSe2 (CIS), for which (one step)electrodeposition is a method of choice. CIS, and related compounds, are somewhat more complex to prepare than other chalcogenides due to a richer chemistry, as evidenced by the number of phases that can be formed. As grown semiconductors, when prepared at low temperatures are generally unfit for photovoltaic applications: photovoltaic application is very demanding because it is specially sensitive to material defects, already in the ppm range. On the pathway to truly functionnal materials, additionnal steps are therefore required. These involve generally annealings but also surface/interface treatments. The presentation will discuss these different aspects through the exemple of the realisation of electrodeposited CIS solar cells with efficiencies above 10%.


11:00 AM *F7.6/P6.6
Chalcogenide Solar Cells by Printing and Solution (non-electrodeposition) Based Methods.
奈米結晶溶膠印製(非電著法)CIGS及CdTe太陽電池

Ayodhya N. Tiwari, Thin Film Physics Group, ETH, Zurich, Switzerland.

Solution and paste based deposition methods are currently drawing a renewed interest for the development of Cu(In,Ga)(S,Se)2 (called CIGS) and CdTe thin film solar cells, although some interesting work in this field was performed during 80s-90s. A large number of chemical and paste based methods have been used to grow binary, ternary and quaternary chalcogenide layers for their use as absorber and/or buffer layer in CdTe and CIGS based solar cells. Although CdTe is easier and simpler to grow more groups are involved in the R&D and production of CIGS thin film solar cells. A part of the paper will provide a brief review of the early work and current production efforts in this field. A typical CIGS solar cell requires, a back contact (generally a sputtered layer of Mo), CIGS absorber layer, buffer layer (n-type wide band gap semiconductor layer grown with a chemical or vacuum deposition method), transparent conducting front contact layer (often grown with a sputtering method). The CIGS absorber layer is considered as the most critical layer in the solar cells although every layer is important in its own way influencing the efficiency and performance stability. This paper will provide an overview of absorber layers and solar cells based on printing, spray, spin-coating, dip-coating deposition methods (excluding electro-deposition process). Choice of precursor materials and selenisation/sulfurisation/annealing treatments are interlinked for achieving good device quality absorber layers. Oxides of indium and gallium are easy to form and difficult to convert into chalcogenides, and this requires special consideration in development of precursor and conversion processes. Additives to adjust the viscosity of solution and paste may contribute to undesired elements in the absorber layer. Importance of precursor material, additives, layer deposition method and subsequent annealing methods will be analyzed in view of structural, chemical and electronic properties of layers, and their influence on solar cell properties will be presented. Challenges of high efficiency low cost flexible solar cells will be discussed.


11:30 AM F7.7/P6.7
Fabrication and Performance of Highly Textured Electrodeposited ZnO Back Reflector for nc-Si Solar Cells. 

織物電著ZnO製作奈米矽太陽電池之高性能背面反射體功效結構研究

Dinesh Attygalle, Qi Hua Fan, Shibin Zhang, William B Ingler and Xunming Deng; Department of Physics and Astronomy, The University of Toledo, Toledo, Ohio.

Textured back reflector (BR) is an essential component used in substrate type solar cells for light trapping, which enhances the long wavelength absorption. Most commonly used BR consists of a reflecting metal layer(s) of Ag and/or Al and a transparent conducting oxide (TCO) layer such as ZnO. This type of BR, if properly textured, can lead to about 20% increase in the short-circuit current and cell efficiency. A widely used technique for producing the BR is sputtering due to its simplicity and easy operation for large area thin film solar cell applications. The TCO layer needs to be thick enough (>500 nm) to reach a textured structure and to prevent the metal in the BR from diffusing into the solar cell layers. Thus, the ZnO deposition becomes the bottleneck in the BR process. Significant efforts have been putting on developing novel techniques that can produce ZnO coatings with better texture and high deposition rate. In this paper, we report a novel electrodeposition procedure to fabricate uniformly textured ZnO films at high deposition rate. We show that ZnO films prepared by this novel technique have much larger surface roughness than sputter deposited films, as evidenced by AFM images and optical reflectance measurements. Thin film nanocrystalline silicon (nc-Si) solar cells are fabricated on the electrodeposited BR and sputtering deposited BR. I-V characteristics and quantum efficiency of these solar cells are compared, which show that the solar cells based on the electrodeposited ZnO BR have 2 mA/cm2 higher current density. The improvement is observed in long wavelength region as well as short wavelength region of the spectrum. Possible mechanisms accounting for this improvement is discussed.


11:45 AM F7.8/P6.8
Zinc Oxide/Cadmium Sulfide Nanocomposites for Solar Energy Conversion.
ZnO/CdS奈米複材用於太陽能轉換

Erik D. Spoerke1, Matthew T. Lloyd T Lloyd2, Erica Martin1, David Scrymgeour2, Dana C Olson2,4, Paul Clem3 and Julia Hsu2; 1Electronic and Nanostructured Materials, Sandia National Laboratories, Albuquerque, New Mexico; 2Surface and Interface Sciences, Sandia National Laboratories, Albuquerque, New Mexico; 3Microsystem Materials, Sandia National Laboratories, Albuquerque, New Mexico; 4National Renewable Energy Laboratory, Golden, Colorado.

Continued development of designer inorganic materials for modern electronics applications has produced an exciting array of materials with engineered properties such as band gaps, electrical conductivities, optical properties and morphology. While many of these materials are of interest in their own right, combining these materials into composites can produce new, functional behavior and enhanced optoelectronic performance. In the present work, we focus on a specific example of this idea, employing a simple, solution-phase process to create nanostructured composites of cadmium sulfide (CdS) and zinc oxide (ZnO). This process relies on the careful selection of reaction precursors to produce controlled, selective growth of CdS on ZnO. The selectivity and solution-phase nature of the growth process allow us to apply this process to a diverse set of ZnO nanostructured films ranging from planar films to complex extended films of branched ZnO architectures and patterned nanorods. While CdS and ZnO are wide band gap semiconductors commonly found in photovoltaic systems such as CIGS solar cells, our simple, solution phase growth process has allowed us to incorporate this composite material into less conventional hybrid organic/inorganic solar cells with promising results. In particular, we have observed improvements in critical metrics such as open circuit voltage, fill factor, and overall device efficiency when compared to control devices employing ZnO alone. Finally, the chemical flexibility of ZnO and CdS and the solution-phase growth enable us to explore further tailoring of this functional system by doping, alloying, or capping each component to modify overall composite properties. This exciting composite system represents a promising application of simple, solution-based chemistry to produce functional materials for the next generation of optoelectronic applications. Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States Department of Energy’s National Nuclear Security Administration under Contract DE-AC04-94AL85000.
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1:30 PM *F8.1
Some Sources of Irreproducibility in Chemical Bath Deposition. 
化學浴著不穩定性研究

Michael Kokotov and Gary Hodes; Materials and Interfaces, Weizmann Institute of Science, Rehovot, Israel.

Chemical bath deposition (CBD) is a conceptually very simple method of deposition requiring a minimum of setting up. However, while some depositions can be reliably repeated, there are others where different groups (and not rarely, even the same group) cannot repeat the results of others. Here we focus on factors that affect nucleation of CBD films and give examples that can explain major differences in deposition from what might appear to be identical deposition procedures. The first is the importance of impurities in the deposition bath and how these impurities can promote deposition. In the deposition of ZnO from an ammonia/ethanolamine (EA) bath, it was noted that a particular bottle of EA, which was later found to contain 15 ppm Fe as impurity, gave reproducible films of ZnO nanorods on bare glass (usually, a seed layer is predeposited on glass prior to ZnO deposited from an alkaline solution). In the absence of the impurity, little or no ZnO deposition occurred. This could be explained by the formation of FeOOH nuclei which act as nucleation centres for ZnO growth. Mn salts work as well or, in some cases, even better than Fe salts. A second factor for deposition on glass is the nature of the glass surface. This is particularly marked for glass slides made by the float glass method, where molten glass flows over a molten tin bed and some of the tin is incorporated into the glass. The side of the glass containing tin has been found to enhance nucleation for depositions where heterogeneous nucleation (ion-by-ion mechanism) rather than homogeneous nucleation of colloids in solution (cluster mechanism) occurs. We present examples of ZnO, CdSe and CdS deposition where deposition occurs only on the tin-containing side of the float glass. Finally, we note that ammonia, a common reagent in CBD processes, becomes less concentrated with use (repeated opening of the reagent bottle), and this can typically amount to a 25% or more reduction in concentration over the life of the bottle. These concentration changes may be critical in some depositions and should be taken into account.


2:00 PM F8.2
Investigate the Reacting Flux of Chemical Bath Depostion by a Continuous Flow Microreactor.連續流動微型反應器探討反應性流體用於化學浴著技術開發
Yu-Jen Chang1, Yu-Wei Su1, Seung-Yeol Han1, Gregory S Herman2 and Chih-hung Chang1; 1Chemical Engineering, Oregon State University, Corvallis, Oregon; 2Sharp Laboratories of America, Camas, Washington.

Chemical bath deposition also called chemical solution deposition has wildly been used to deposit compound semiconductor thin films owing to its low cost and low temperature processing nature which is suitable for fabricating low-cost large area thin film electronics. Though CBD has many advantages, it suffers from some drawbacks. In case of a batch CBD process, the heat needed for chemical reaction is supplied from the solution bath to the sample surface, resulting in both heterogeneous nucleation at the surface as well as homogeneous particle formation in the bath. The growth solution changes as a function of time and results in the difficulty of thickness control. The depletion of reactants also limits the achievable thickness. Moreover, the unequal bath-to-surface volume used to form the desired thin film generates a lot of waste and creates defects in devices. For a better understanding and optimization the CBD processes, it is necessary to find a method to de-couple the the homogeneous particle formation and deposition from the molecular level heterogeneous surface reaction. We have developved a continuous flow microreactor to achieve this goal. This reactor also provides opportunity to elucidate the growth mechanism that is not achievable from a conventional batch reactor. In this talk, I will report the benefits of using this reactor to deposit functional thin films.


2:15 PM F8.3
Electrochemical Deposition of (In,Ga)-Se Thin Films. 電化學鍍著(In,Ga)-Se薄膜
Serdar Aksu, Jiaxiong Wang and Bulent Basol; SoloPower, Inc., San Jose, California.

Cu(In,Ga)Se2 (CIGS) is one of the most advanced absorber materials for thin film solar cells due to its direct bandgap, high absorption coefficient and ability to yield good quality devices. CIGS-based solar cells have yielded the highest conversion efficiencies of all thin film solar cells, reaching up to about 20%. One technique used to form CIGS layers is a two-stage approach which involves deposition of a precursor layer on a substrate followed by a high temperature activation step that converts the precursor layer into solar cell grade CIGS. The precursor layers employed in a two stage process may be in the form of stacks comprising at least Cu, In and Ga. Some examples of such stacks are Cu-Ga/In/Se, Cu/Ga-Se/In-Se, Cu-Se/In-Se/Ga-Se, etc. Although various techniques such as evaporation and sputtering have been employed to prepare precursor layers for CIGS film formation electrodeposition is especially attractive due its low cost, efficient utilization of raw materials and scalability to high-volume manufacturing. (In,Ga)Se electrodeposition and its possible application to solar cells have been previously studied. Most of these studies, however, concentrated on acidic electrolyte compositions. In this study, we present our results on the electrochemical co-deposition of indium (In) with selenium (Se) and gallium with Se to plate high-quality In-Se and Ga-Se films from aqueous alkaline electroplating solutions containing complexing agents. This way full potential of complexation could be utilized for the first time. Complexing agents were used to solubilize In and Ga ions at high pH regime and bring their reduction potentials down, closer to that of Se reduction potential. Since no complexation occurs between Se and the complexing agents, Se reduction potential could be independently controlled by the amount of dissolved Se. Tartrate and citrate were determined as suitable complexing agents for In and Ga, respectively. By optimizing the concentrations of metal salt, complexing agent, the selenium source, pH and the electrodeposition current density, it was possible to obtain adherent and smooth In-Se and Ga-Se films with high repeatability and controllable molar ratios of In/Se and Ga/Se.


2:30 PM *F8.4
Electrochemical Atomic Layer Deposition (ALD). 電化學原子層著技術
John L. Stickney, Chemistry, The University of Georgia, Athens, Georgia.

Recent results in studies of the formation of compound and metal nanofilms by electrochemical atomic layer deposition (ALD) will be discussed. ALD is the deposition of materials an atomic layer at a time using surface limited reactions. Electrochemical surface limited reactions are generally referred to as underpotential deposition or UPD. By combining UPD and ALD, electrochemical ALD was created. Historically most electrochemical ALD has been performed in the creation of compound semiconductor thin films. More recently a number of elemental deposits have been formed by electrochemical ALD, using a surface limited reaction referred to here as surface limited redox replacement or SLRR. Recent work on the formation of compounds for photovoltaics, thermoelectrics, and phase change memory may be discussed. In addition, work on the growth of Pt, Cu, and Ru nanofilms may be described. Deposit characterization involves electron probe micro analysis (EPMA) for analysis of deposit stoichiometry. Glancing angle X-ray diffraction was used for structural characterization, while scanning tunneling microscopy (STM) was used to characterize the surface morphology. Optical characterization involves reflection absorption studies as well as photoelectrochemical studies. Optimization studies involve systematic investigation of the conditions which result in the formation of a compound or elemental monolayer or less with each deposition cycle. In general, deposits formed at a rate of one monolayer per cycle or less show the best structure, stoichiometry and morphology. Nano templates can be used to form nanoclusters, rods or wires, depending on the number of cycles performed. Superlattices can be formed by alternating some finite number of cycles for the growth of one compound with a similar number of cycles of another. X-ray diffraction can then be used to characterize the period of the superlattice.


3:30 PM F8.5
Electrodeposition of Nanostructured ZnO on Textile Electrodes - a New Starting Point Towards Flexible Low-Cost Photovoltaics. 
低成本太陽電池發展新起點—織物電極電著奈米結構ZnO

Thomas Loewenstein1, Markus H Mingebach1, Andreas Hastall1, Melanie Rudolph1, Yvonne Zimmermann2, Andreas Neudeck2 and Derck Schlettwein1; 1Institute of Applied Physics, Justus-Liebig-University Giessen, Giessen, Germany; 2Textile Research Institute Thuringia-Vogtland, Greiz, Germany.

Thin porous films of ZnO were deposited on metal- coated polyamide threads, filaments and knitted fabrics as a first step towards textile- based photovoltaics. Textiles are well known as flexible, mechanically rugged and lightweight materials. Over the last years electronics have been more and more integrated into textiles, mainly for sensing purposes. Interest rose to also integrate an independent energy supply, namely photovoltaics. Because of the attractive mechanical properties, textile- integrated photovoltaics are of interest for a number of outdoor activities. Preparation of semiconductor films from precursor solutions represents the most promising approach because of good compatibility of the processes to a low thermal stability of textiles and to the need of a three- dimensional coating process. In this contribution we will discuss the results of electrodeposition of porous ZnO films. Crystalline ZnO was prepared in a cathodic electrodeposition reaction induced by oxygen reduction in an aqueous electrolyte in the presence of Zn2+. Individual fibers showed characteristics of microelectrodes and hence increased deposition rates were obtained relative to traditional planar electrodes. Nevertheless the hydrodynamic flow played a significant role and an optimization is needed in particular for the coating of threads and knitted fabrics. Materials were formed that show photovoltaic activity in dye- sensitized photovoltaic cells. The porous network needed for this purpose was provided by addition of molecular adsorbates to the deposition bath as structure- directing agents (SDA). First sensitization studies will be presented to show the feasibility of the chosen approach, but also indicate the need for further optimization to suppress recombination and back transfer of injected electrons.


3:45 PM F8.6
A Simple, Low-Cost Approach to Selective Metal Deposition on Polymeric Substrates.
選擇簡單經濟方法於高分子材料表面進行金屬薄膜加工與應用研究 
Tricia Breen Carmichael, Gregory J Davidson and Michael S Miller; University of Windsor, Windsor, Ontario, Canada.

We present a general, low-cost method based on soft lithography and electroless metallization to form patterned metal films on polymeric substrates. We have demonstrated this process on flexible polymers such as poly(ethylene terephthalate) (PET), poly(ethylene naphthalate) (PEN), and polyimide (PI), rigid polymers such as the epoxy-based photoresist SU-8 and poly(methyl methacrylate) (PMMA), and polymers with low-energy surfaces such as polyethylene (PE), polypropylene (PP), and poly(tetrafluoroethylene) (PTFE). The process begins with the solution-based oxidation of the polymeric substrate to generate carboxylic acid groups at the surface. Selected regions of the oxidized surface are then made active for metal deposition by microcontact printing an aluminum (III) porphyrin bearing an axial methoxy ligand. The aluminum porphyrin reacts with the carboxylic acid groups on the surface by liberating methanol and forming a covalent aluminum carboxylate linkage to the surface. These surface-attached groups then bind a palladium-tin colloidal catalyst that initiates selective electroless plating on the surface. This new method for the production of patterned metal/polymer composites is important to advance the fabrication of electronic devices such as lightweight, flexible displays and wearable electronics, and rigid devices such as microactuators, electrochemical detectors, and radio frequency conductors for microelectromechanical systems.


4:00 PM F8.7
Liquid Silane Routes to Electronic Materials. 液態矽烷用於電子元件開發
Douglas L. Schulz1,2, Xuliang Dai1, Kendric J Nelson1, Konstantin Pokhodnya1,3, Justin M Hoey1,2, Iskander S Akhatov2,1, Orven F Swenson3,1 and Philip R Boudjouk1; 1Center for Nanoscale Science and Engineering, North Dakota State University, Fargo, North Dakota; 2Mechanical Engineering and Applied Mechanics, North Dakota State University, Fargo, North Dakota; 3Physics, North Dakota State University, Fargo, North Dakota.

New chemistries based upon liquid cyclohexasilane (Si6H12 or CHS) have been used as precursors to silicon-containing electronic materials. Spin-coating of CHS-based inks with subsequent UV light and/or thermal treatment yielded amorphous silicon (a-Si:H) films. While initial ink chemistries gave a-Si:H with high resistivity (i.e., > 106 Ω.cm) [1], several doping strategies are under development to address this limitation. In this contribution, the current status of solution processed rectifying diodes and field effect transistors fabricated from CHS-based inks will be presented. Additionally, a new printing approach termed collimated aerosol beam direct write (CAB-DWTM) was developed that allows the deposition of printed Ag lines 5 μm in width [2]. A status update will be given where CHS-based inks have been used to CAB-DW silicon-based features with linewidths <10 μm. Assuming silicon thin film materials with good electrical properties will be developed, there may be significant cost advantages associated with the ability to controllably deposit the semiconductor in a metered fashion. Citations [1] Han, S.; Dai, X.; Loy, P.; Lovaasen, J.; Huether, J.; Hoey, J.M.; Wagner, A.; Sandstrom, J.; Bunzow, D.; Swenson, O.F.; Akhatov, I.S.; Schulz, D.L. "Printed Silicon as Diode and FET Materials - Preliminary Results", J. Non-Cryst. Solids, 2008, 354, 2623-2626. [2] Akhatov, I.S.; Hoey, J.M.; Swenson, O.F.; Schulz, D.L. "Aerosol Flow through a Long Micro-capillary: Collimated Aerosol Beam", Microfluid. Nanofluid., (2008) doi:10.1007/s10404-007-0239-3. Acknowledgements This material is based on research sponsored by the National Science Foundation through ND EPSCoR grant EP-0447679 and the Defense Microelectronics Activity under agreement number H94003-06-2-0601. The United States Government is authorized to reproduce and distribute reprints for government purposes, notwithstanding any copyright notation thereon.


4:15 PM F8.8
Organosoluble Silicon And Germanium Nanoclusters. 有機相溶性奈米矽及奈米鎵研究
Akira Watanabe and Tokuji Miyashita; Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai, Japan.

Recently, solution processing using novel nanomaterials attracts more and more interests toward printable and flexible electronic and large area electronic devices. Although the silicon and germanium are fundamental elements in the electronic devices, there are few reports on the organosoluble silicon and germanium clusters. In previous papers, we have reported the syntheses and optical and electrical properties of organosilicon and germanium nanoclusters which have a silicon and germanium cluster of a few nanometer and organic groups around the nanoclusters. The organosilicon and germanium nanoclusters show solubility in common organic solvents and have the film processability by coating technique. Such organosoluble silicon and germanium nanoclusters were prepared from tetrachlorosilane and tetrachlorogermane in a solution using Mg and the surfaces were modified by an organic group. The quantum size effects in absorption and photoluminescence spectra were observed for organosilicon nanoclusters with various sizes. The values of optical band gap Eg,opt for the organosilicon nanoclusters were plotted against the diameter of Si core in comparison with those for inorganic silicon nanoparticles. The Eg,opt values of organosilicon nanoclusters increase from 2.23 to 2.79 eV with decreasing the diameters of the Si core from 1.85 to 1.09 nm. The continuous change of the Eg,opt by the quantum size effects was demonstrated for organic and inorganic silicon materials. The organic side chains of the organosilicon and germanium nanoclusters can be eliminated by heat treatment or laser irradiation, which enable to prepare an inorganic silicon or germanium films using organosilicon and germanium nanoclusters as precursors. The heat treatment temperature dependences of the Eg,opt are correlated to the thermogarvimetric curve of them, which can be attributed to the reconstruction of the Si skeleton accompanying the elimination of organic side chain. The structural change of the Si skeleton of the organosilicon nanocluster by heat treatment was investigated by Raman spectroscopy. The Si skeleton of the heat-treated organosilicon nanocluster is amorphous even by the heat treatment at 1000oC using electric furnace. The crystallization of the Si skeleton was achieved by using laser annealing technique. In the case of the organogermanium nanocluster, a sharp Raman band assigned to polycrystalline Ge was observed at around 500oC by heat treatment. The Si-Ge ally formation was observed for an organogermanium nanocluster-coated Si substrate at around 700oC by heat treatment. The organosoluble silicon and germanium nanocluster can be considered as Si and Ge sources for printable and flexible electronic devices. (Ref.) A. Watanabe, J. Organomettalic Chem., 685, 122-133 (2003), A. Watanabe, F. Hojo, T. Miwa, Appl. Organomet. Chem., 19, 530 (2005).
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Polymer-assisted Deposition of Thin Films. 高分子混成奈米材料鍍膜
Anthony Burrell, Hongmei Luo, Eve Bauer, Mark McCleskey and Quanxi Jia; Los Alamos National Laboratory, Los Alamos, New Mexico.

Polymer assisted deposition (PAD) is a chemical solution route to high quality thin films of metal oxides and nitrides. This technique employs metal ions coordinated to polymers as the film precursor. The use of polymer bound metals has several advantages. The polymer controls the viscosity and binds metal ions, resulting in a homogeneous distribution of metal precursors in the solution and the formation of uniform metal oxide films. The nature of the metal oxide deposition is dominated by bottom-up growth, leading to ready formation of crack-free epitaxial metal oxides and the ability to coat nanofeatured substrates in a conformal fashion. The propensity for bottom-up growth has enabled the lattice pinning of oxidation state in many thin film materials. Materials with easily variable oxidation states should be controlled by the lattice engineering as easily as crystal form is directed by the lattice. This turns out to be the case when PAD is employed to produce epitaxial films of uranium oxides. When PAD solutions of uranyl are coated onto LAO, c-sapphire or r-sapphire the lattice controls both the crystal form of the oxide and also the oxidation state of the material obtained. Thus, LAO produces epitaxial UO2 films, whereas the same conditions result in orthorhombic or hexagonal U3O8 on r- and c-plane sapphire, respectively. We have recently demonstrated this lattice control of oxidation state for other metals.


附件三：收集廠商儀器、設備及材料資料
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2. 奈米材料研製設備－微波加熱合成反應設備(CEM)
[image: image9.jpg]—

Microwave Synthesizers






[image: image10.jpg]Do I need to use microwave technology?

1 you work with any type of chemical synthesis or chemical reaction,

the answer is, YES!

Microwave synthess i a wl-accepted techniaua used by research faciles and major priarma-
ceutcal, iotech, and chemmical companies woridide. This new technology s changing the way.

many chemistiss are performed, a5 welas pre-concolved deas aboutthe capatiles of micro

wave synthesi.

Microwaves are a low-frequency energy source that s ferarkably adaptable 1o many dfferent
types of chemisties from high-lemperature feactions o carbohydrate chomisties

‘Open new reastion pathways

Incroase yeids n dficul chemisties

Increase purity profiesiselectily i product mixtures

Decrease reaslon times from hours o days to minutes.

Nicrowave energy passas thraugh the vessal walls and nferacts ditstly wih the reaciion
compananis, haatng the reactanis rapidy and more ovenly than conventional methads. I s aso
an instant onfistant of” cnargy saurce, signifcanty reducing the risk of overheating reactons
Conventionsl o buk healing methads, such as of baths and heating mantels, mustfrs heat e
Vassel bafora he energy oan be transfered o the reactants. This esults in siower heaiing that
Continues t progress for a me afle the enory source hes been romoved o tumed of:

- -
Conventional Heating
e ampersur on s s
sue 8 resr han o el | = o

emparatie, Enogy  Uansoried L
i thermal concucton

Microwave Heating
The vessel wallis ransparent
o microwave onergy. Because
the energy s ransferrad Kine
caly, ocallzed superhoating
occurs and the reactant mixiure
absorbs the microwave energy.

For 2 mare detaled discussion of the fundamentals of microwaye healing, please Vst www.cem com.

- ]






[image: image11.jpg]Microwave Synthesis

Discover Systems
Research Scalo Manal Reactors

Undergraduatel
MARS Systems
Scalo upParall Microwavo Roactors Educational Systoms

As the leading provider of microwave laboratory nstrumentaton n the
workd, CEM sugplies major pharmaceuical, biotech and chemical compa-
ios, as wol as prestigious research facites and universites, wih the most
advanced microwave synihesis systems avallable. e offer a corplete
sl ofinsiruments designad fo meet the nasds and challenges of tha
modem synihatic chemisiy laboratory.






[image: image12.jpg]Research Scale

Discover® Systems
Research Scale Manual Reactors

The Discover platorm is unilke any olher microwave systom for syrthesis. Wih s sel-uning
cavty, modutar design, and the widesttemperature range available for performing reactons, he
Discover Systam offes unmatched vessatity in 5 compact, asy-o-operata ormat. The Unique.
Gicular Gaviy automatcally acjusts 1 ensure tha th reaction feceives the optimum amoun of
nergy. regardiess o the volume or ype of chemistry. No tuning Is necessary, ever Discove is
he only system of s cass (0 provida modularty with plug and play ease fr automaion, scale
p and morel Pius, Discover accommodates the widest temporature fange (40 16300 °C) for
reactions, giing you superior fleibily Inthe types of chemisties you can perform,

Discover BenchMate™
Benchiste has all o aur mast popular eatures, is easil upgradeatie, and the most sfordable
of the Discover systoms with pressura management.

Discover LabMate™
BenchMate's optional foatures are sandard on the LabMate, ging chermists accsss (o pressure.
foedback contol, Disoower's patontad PowerMAX ™ feature for simufaneous coping of reactons,
and the abilty 0 run the system uia PC.

1 Discover S-Class™

* The newest addion o e Discover product ine ncorporaes fully-autmated pressure management,
an integrated camera for n it observalion of your reactions, and & larger dsplay. The S-Class
may ais0 be upgraded wih 18-, 72- and 96-positon Explorer automallon modles.

CID;BY‘"Y
Prossirs SynergyAuoratd 3 Fom
Cren Closed e camonty, Frosse STy Brcea | Som

e and Venting included Device | Pressure
Vossels
[Discover Benchiate | Yes | Yes | Ves T
Discover Labi Yes | Yes | Yes Yes | Ves |
Discover S-Class s Yes | Yes Yes [ Yes | Yes | Ves






[image: image13.jpg]—

} The new 48- to 96-position Explorer
Systems wilize inteligent vial racks
and software, which recognize vials

ices and locations!

Usea L v, o 10-mL. vial o the
Hargr 35-mL o he need foe vial adsptrs
orsysten chunges

Automation

Explorery, s Systems
Automated Microwave Synthesis Reactors

“Tho Exploror modules for the Discover laform offr flly aufomated reacton harding
capabiies. Optmizs your reactions and expand tho capablltos ofyour aboratory 3l
Without axpanding your laboratry spacel Explorer is the desl souton o support sl
9roups of chemists as a shared resource.

Explorer-24
Easiy upgradeable, tis 24-posiion system s an affordable automat-
‘od synihosis soluton fo academic.and smll rasearch groups,

Exioerzs

Explorer-48
Used primariy i general research labs,ths 48-pastion syster uses four nter-
changeablo vessol racks that can be loaded and un In any combination

Explorer-72
‘General rsearch abs requifing higher hroughpul il find that the Explorer-72 s has
2 compact foofarit (215 W x 18.7" D x 32.2 H wi flly rtracted Z op), conserving
Valuable banch or hood space.

Explorer-96.

This 9 positin systam offers rasearch labs wih high sample throughput needs &
Gompact system tha has a smaller ootprint than comimon 60-place systors and st
offrs il of he functionaity and flxiily of the Discover Ine of Focused Microwave
Synihesis Systoms.

New! Explorer-72






[image: image14.jpg]Scale-Up Solutions

Voyager Systems
Microwave Flow Systems

The award-winning Voyager Syster offers milirarm 1o Kiogram quanity scale g of chemistries In
 flowthrough format. Both modules corme wih il o the necessary fealures to allow the automaled
scale up of chemisties with microwave energy, allwith a completaly safe, selt-moritored plafor.

Voyagerce
Ideal or soton-base chemisies, Voyagercr provides cantnuaus fow processing for micro-
wave-assited reactons.

Voyagersy
“This stop-fow syster s the optimal eholca for scalng up cheristries with ol reagents or ighly
visoous materals, as wal s reaciions that form Insoluble products. Voyagerge:has a potertul -
anding capabilty and patented monioring features for hassle-rea automatin.

T Fow Gl T Tl Col

MARS™ Systems
Scale-Up | Parallel Microwave Synthesis Systems

MARS with Scale-Up Option ‘é
Stale up you reacions wih microwave speed

using the awart-winring MARS Sysem CEN 4=

ofers a full ange of vessels and flow cels

105 L and you can use your own reflu condans-
ers and sandard aboratory gassware!

MARS for Paralfel Microwave Synthesis
Run up o 40 (56-mL) reactions simultaneously with easy-
to-assombio MARSXpross™ Vessels! New 24-place (20.
ML) GlassChem™ Vessals usa CEM's screw cap design
Wit fber opfc temperature probe.

e






[image: image15.jpg]MARS - TA

[ ,

! Werowave:Assisted Orgaio Chemistry Lsb Wanual

Wt by Pt Cortin iGowor & N Lot ord i
ol oy e e s, s ol
e mtowm e 11 T, 270 e

Easy touse
IntolVent™ vessels
‘with snap-on capst

Discover BenchMate
Sequential Microrwave Reactios Systom

 Patentod Fosused™cavty fo reproducble resuta I minuies

@ Prossur requlat

 Use rossurizod v

o Easly upgradeatle

Using microwave syriesis i e under-
gradust laboratory ofers profossors
any benets ncluding docreased
reaction times, green chemistry et
s, Increased product ods n many
types of ractions, and safor reaction
conitions. n addtion, teaching micio-
wave synthesis in o cassioom also
gives siudents an advantage when they
gradiste, a5 micrvave technology & the
method ofchoice for organic syntrests In
the professional workplace.

(CEM s by e sugportio of e
Coonst tiatices i chemiiy. e o
s, s ond o, o ol
Saching it For more

Parallel Microrwate Reiction Systems
actons simutanaously n 10 miies or s
 Todiflerant vossad ypes it smpi scrow cap cosins
& Accspts i varety f standar giassware and CEM vessels and scosssores

Studants get excited about using microwave-
assisted synthesis in the labl The techique
speeds reactions and gives you tima 10 teach
more complex chemisires, encouraging your
Students' curiosity and

roinforcing thei love of
chemistry.

T realty enjoyed using
microrwoe synthesis—
Knoueing we were lurning o
techmigue ust being intro-
duced To industry. Also,
icrorwates were time sav-
ing-- we did't waste our
i stiringlboiting for 1-2
ours. highty recommend
i icrorvates again
this class.”

Organi Chersstry Student.
Universty ofFlonca






[image: image16.jpg]Based near Charlatte, Nortle Cavoling, CEM Corporation i the leading provider of microwonve-bused laboratory.
instrimentation in the world. For over 28 years, we hace led the fied i innovative microtwase chenmistry solutions
(CEM designs and wianafactures sysets fo applications in bissciences, synhetic chenistry, analytical chemistry,
and compositional testing. The Contpany has subsidiaries in the United Kingdom, Germany, Haly, and France,
5 well s 1 global nefwork of distributors and service offices avound the world.

Founded by u chemist, CE pioneered the field of micrownve chemistry and has vy ad o ciemist-driven
RED progran. The Company has been recognized internationally by mumerous awards and publications for the
innozative fechmologies we huve developed, Ahcays on the leading ledge of research and development it our fild,
e o he argestpatent portotio for microwose-based aboratory echmologis in e world, Our friendly custoner
service, expert applications assstance, and sl techical support on a global basis hacve been the hallwarks of
CEM corporate philosophy.

Our commitiment to you doesn't end when your system is shipped: i begins.

World Headquarters

.0 Box 200 Matthews, NG 28108
Ush

Tel: (704) 8217015
Tolkfrea finside USAY; (800) 726-3331
s

www.cem.com

Subsidiaries

Uned g e iy
Gy - BRemmang, Wigon SR
mEgen afEERR 0 RS B msan

ek e





3. 奈米材料分析設備－手提式Raman光譜儀(Ocean Optics)
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[image: image18.jpg]System Specifications
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4. 奈米材料分析設備－手提式Raman光譜儀(DeltaNu)
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5. 奈米材料分析設備－手提式FTIR光譜儀(Exoscan)
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6. 奈米材料分析設備－精裝型TEM穿透式電子顯微鏡(Delong Instrument)
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Montreal, Quebec, Canada
H4C 2C7
LVEMS PRICE LIST (December 2008)

Available configurations:

Version /imaging modes Price (SUS) |
TEW (with ED) 135,000.00
“TEM (with ED) » 1 scanning mode (SEM or STEM) 145,000.00
TEM (with ED) + 2 scanning modes (SEM & STEN) 155,000.00 |

(TEM: Transmission Eleciron Wiorosoope, ED. Elscron Difacton, SEM: Scanning Eleciron
Microscope, STEM: Scanning-Transmission Electron Microscope)

Digital Camera Options:

{all camera options includs imaging sofware) Gost (8US)
1600 x 1200 pixel COD camera (7.4 pm x 7.4 um pxel size): 650000
1600 x 1200 pixel cooled GCD camera (74 m x 74 um pixel size): 750000
12048 x 2048 pxel CCD camera (7.4 m x 7.4 m pixe ize)- 870000

P2C: 2048 x 2048 pxel cooled COD camera (7.4 ym x 7.4 pm pirel sze): 8,700

INCLUDED IN LISTED PRICES: oA
Instalation
‘Customersite wainig
One year warranty on alparts and labor
PC (preconfigured for LVEMS operations) =
22" fat panel LCD widescreen monior ry
< 2
ADDITIONAL WARRANTY PERIODS
‘Anmual warranty coniracts are avaiable for § 18,000

Shipping charges, customs dutles and applicable taxes are ot ncluded.

PRICES ARE SURJECT TO CHANGE
‘The LVEMS, made just for YOU
TEL: 514-904-1202

woww.lv-em.com
info@ly-em.com





7. 奈米材料混合設備－離心混合機(THINKY)
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