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Scope of Symposium

A variety of devices at nanometer scale / molecular scale for electronic, photonics, optoelectronics, biological and 
mechanical applications have been created through a rapid development of materials and fabrication technology. Further 
development of such devices strongly depends on the state-of-the-art knowledge of science and technology at the sub-
100nm length scale. The objective of this symposium is to present up-to-date and highlights some of the key advances in 
the following topics.

Symposium Topics

•	 Electronic	and	optoelectronic	devices	of	nanometer	scale	/	molecular	scale	
•	 Nanomechanics	and	NEMS	
•	 Electromechanical	coupled	devices	
•	 Manipulation	and	aligning	processes	at	nanometer	scale	/	molecular	scale	
•	 Quantum	phenomena	
•	 Modeling	of	nanodevices	and	nanostructures	
•	 Fabrication	and	property	characterization	of	nanodevices	
•	 Nanofabrication	with	focused	beam	technology,	e.g.,	focused	ion	beam,	laser	and	proton	beam.	





Symposium J - Nanodevices and Nanofabrication     3

Contents

A00048-00061 Structural, Optical and Electrical Characterization of Vacuum Deposited ZnTe Thin Films
Gowrish RAO; Kasturi BANGERA; Shivakumar GURUNATH 

11

A00053-00767 Photovoltaic Application of Sub-band Absorption in Quantum Wells
Partha GOSWAMI 

11

A00055-03146 Fabrication of a Transparent Conductive Film Based on SiO2@Ag Composite
Shao-Hui HSU; Kuo-Chuang CHIU; Ren-Der JEAN; Deanmo LIU 

11

A00078-02559 Modulation of Electron Transport in SWCNTs by Biological Macromolecules Conjugation
Toshiaki HIGASHI; Yoshikata NAKAJIMA; Mio KOJIMA; Koji ISHII; Tatsuro HANAJIRI; 
Akira INOUE; Toru MAEKAWA 

12

A00090-00387 Comparative Study of Humidity Sensing Properties of n-type ZnO Nanomaterial Synthesized through 
Oxalate and Hydroxide Route  
Richa SRIVASTAVA; Balchandra YADAV 

12

A00122-01021 Fully Analytical Surface Potential Based Drain Current Model of Short Channel MOSFETs Including 
Quantum Mechanical Effects
Jayadeva GOWRAPURA SRIKANTAIAH; Amitava DASGUPTA 

12

A00151-03970 Confirmation	of	Distribution	of	High-density	Trap	States	in	SOI	Layer	of	SIMOX	Wafers	by	
Tunneling Current
Yoshikata NAKAJIMA; Takahiro TODA; Tatsuro HANAJIRI; Toru TOYABE; Takuo SUGANO 

13

A00210-00401 Plasma Etching of Proton Exchanged Lithium Niobate
Guangyuan SI; Aaron DANNER; Jinghua TENG; Soo Seng ANG; Ah Bian CHEW 

14

A00224-01840 Preparation and Optical Properties of 30 and 60 nm Pure CO3O4 Nanowires
Yu-Cheng CHEN; Jen-Bin SHI; Chih-Jung CHEN; Ya-Ting LIN; Po-Feng WU 

14

A00243-00455 Electromagnetic Interference Shielding in Sn-Al-(Ni) Thin Films
Fei-Shuo HUNG; Fei-Yi HUNG; Che-Ming CHIANG; Truan-Sheng LUI; Wen-Long WANG

15

A00243-00456 Etching Mechanism of Ag / Si Nanostructure with Different Ag Nanoshape Deposition
Zhan-Shuo HU; Fei-Yi HUNG; Shoou-Jinn CHANG; Wen-Long WANG; 
Sheng-Joue YOUNG; Tse-Pu CHEN

15

A00267-00770 TiO2 Nanotubes as Additive to TiO2 Film for Improving Performance of Dye-sensitized Solar Cells
Xiaodong LI; Sumei HUANG; Dingwen ZHANG; Zhengan WANG; Zhuo SUN; Xi Jiang YIN 

15

A00267-00775 Quasi-solid-state Dye-sensitized Solar Sells Based on Thermosetting Polymer Gel Electrolyte
Xiaodong LI; Xi Jiang YIN; Dingwen ZHANG; Zhengan WANG; Zhuo SUN; Sumei HUANG 

16

A00336-00625 DNA Sensing Using Nanogaps Fabricated by Shadow Evaporation
Huijuan ZHANG; Francesco STELLACCI; John THONG; Xiaogang LIU; Manyin LEUNG 

16

A00344-00640 Atomic Layer Deposition of Al2O3 to Bond Free-Standing Nanoporous Alumina Templates onto 
Substrate
Lee Kheng TAN; Kumar MANIPPADY KRISHNA; Han GAO 

16

A00402-00773 Quasi-solid-state Dye Sensitized Solar Cells with a High Molecular Polymer Electrolyte Based on 
PEO/P(VDF-HFP) and MPII
Dingwen ZHANG; Sumei HUANG; Xiaodong LI; Zheng’an WANG; Jianhua SHI; Zhuo SUN; 
Xi Jiang YIN 

17

A00422-00806 Local Structural and Optical Properties of Ion-Implanted ZnO Nanorods
Sang-Wook HAN; Byung-Hyuk KIM; Chang-In PARK; Changha KWAK; Soo-Young SEO; 
Sun-Hyo KIM; Sun-Hong PARK 

17

A00438-00822 Effect of Microstructure of Ti Films on the Formation of TiO2 Nanotubes by Anodization
Yuxin TANG; Jie TAO; Dangguo GONG;Zhong CHEN 

17

A00447-00837 Silicon Nanowires Transistor Fabricated by AFM Nanolithography Followed by Chemical Etching 
Process 
Kam Chung LEW; Sabar D. HUTAGALUNG 

17



4     Symposium J - Nanodevices and Nanofabrication

A00456-00845 Thermal Stability Enhancement of P3HT/PCBM Solar Cells by Controlling the Polymer 
Regioregularity
Hung-Wei LIU; Kuen-Jang HUANG;Ming-Dao WANG; Tzu-Yu HUANG; Syang-Peng RWEI; 
Leeyih WANG 

18

A00466-00878 Up- and Down-Conversion Cubic Zirconia and Hafnia Nanobelts
Changlong JIANG; Xiaogang LIU 

18

A00470-02624 The Effect of Indium Tin Oxide Ohmic Contact Layer on the Luminescence and Electrical Properties of 
the Silicon Nanostructure Metal-oxide-semiconductor Light-emitting Diode with SiO2 Nanoparticles
Wei-Tzer WANG; Jen-Cheng WANG; Tzer-En NEE 

18

A00509-00989 Influence	of	Room	Humidity	on	the	Formation	of	Silicon	Oxide	Nanopatterns	by	Using	Atomic	Force	
Microscopy (AFM) 
Ahmad Makarimi ABDULLAH; Sabar Derita HUTAGALUNG; Zainovia LOCKMAN 

19

A00515-02688 Optimization	of	Plasmonic	Crystal	Profiles	in	Fabrication	by	Interference	Lithography
Husen Kartasasmita KANG; Xin Rong CHUA; Chee Cheong WONG; Filippo ROMANATO 

19

A00532-00969 Effect of Lateral Charge Diffusion on the Memory Characteristics of Device Embedded with Si 
Nanocrystals
Jen It WONG; Tu Pei CHEN; Ming YANG; Yang LIU 

20

A00547-02912 The	Thermal-induced	Nonlinearity	of	Au	and	Ag	Nano-fluid	Prepared	by	the	γ Radiation Method
Esmaeil SHAHRIARI; W. Mahmood MAT YUNUS; Kazem NAGHAVI; Zainal Abidin TALIB; 
Elias SAION; Kasra BEHZAD 

20

A00549-01011 Preparation of CuO-core/TiO2-shell Nanowire Structures by Thermal Oxidation and Molecular Organic 
Chemical Vapor Deposition
Changhyun JIN; Sunghoon PARK; Minjae JI;Chongmu LEE 

20

A00555-01023 Effect of Polyethylene Glycol on the Formation of Silicon Nanoparticles Synthesized via 
Microemulsion Route
Wai Lap LIONG; Srimala SREEKANTAN; Sabar D. HUTAGALUNG 

21

A00559-01729 Ion	Beam	Induced	Modification	at	Metal/Si	Interface	&	Surface
Garima AGARWAL; Vaibhav KULSHRESTHA; Reena VERMA; Debadul KABIRAJ; Indra Prabh JAIN 

21

A00583-01057 Observation of Nano-scaled ZnO Growth on Polycrystalline Zn Metal Sheet Prepared by 
Atmospheric-Pressure Plasma Jet
Hao-Long CHEN; Shian-Jang LIN; Zin Ching LIOU; Ko-Cheng TSENG; Shih-Syong CHEN; 
Yao-Sheng YANG; Tsai YEOU-YIH 

21

A00585-01078 Visible Electroluminescence from SiO2 Thin Films Containing Ge Nanocrystals Synthesized by 
Low-Energy Ion Implantation Technique
Ming YANG; Tupei CHEN; Liang DING; Jen It WONG 

21

A00585-01787 Effects of Implantation Energy and Dose on Non-volatile Memory Behaviors of Low-energy
 Ion-implantation-synthesized Ge Nanocrystals 
Ming YANG; Tupei CHEN; Yang LIU; Jen It WONG 

22

A00594-01082 Nanoscale Silicide Growth of β-FeSi2 at Fe/Si Interface
Chhagan LAL; Renu DHUNNA; Indra Prabh JAIN 

22

A00618-01124 Systhesis and Optical Studies of PVP-capped ZnO Nano Particles
KeQin TONG; ChunXiang XU 

23

A00637-01145 Synthesis of Nanosized Zirconium Silicide by Swift Heavy Ion Irradiation 
Veenu SISODIA; Indra Prabh JAIN 

23

A00665-01208 Deposition and Functionalization of Thin Films of Carbon Nanotubes Using Corona Based 
Electrostatic Charge Technique and Their Applications for Gas Detection
Vasuda BHATIA; Vikesh GAUR; Vinod JAIN 

23

A00678-01222 SHI Induced Effect on Ni3N Thin Films on Silicon
Renu DHUNNA; Chhagan LAL; Sudipta Roy BERMAN; Indra Prabh JAIN 

24

A00707-01265 Drain Induces Barrier Lowering (DIBL) in Short-Channel NMOSFETs at Elevated Temperature
Nopphon PHONGPHANCHANTHRA; Anucha RUANGPHANIT; Nipapan KLUNNGIEN; 
Wittawat YAMWONG; Surasak NIEMCHAROEN; Sanya KHUNKHAO 

24



Symposium J - Nanodevices and Nanofabrication     5

A00723-01288 Formation of Nano-Sized Grains in Leadframe Cu Alloys by Giant Straining Process
Cha Yong LIM; Seong-Hee LEE; Hyoung-Wook KIM; Beom-Suck HAN 

24

A00738-01310 Gold Nanostructures Fabricated by Wet Etching for Localized Surface Plasmon Resonance
Xiaodong ZHOU; Nan ZHANG; Yuan Ling TAN; Wolfgang KNOLL 

24

A00748-01324 Nonequilibrium Green’s Function Based Quantum Transport Simulation for Strained-Engineered 
Nanoscale Transistors in Presence of Electron-phonon Interactions
T K MAITI; C K MAITI 

25

A00757-01335 Fabrication and Field Emission Study of Poly-CuTAPc Nanowires and Nanotubes
Feng GU; Guo Qin XU; Siau Gek ANG 

25

A00759-01396 Investigation	of	Microstructural	Characteristics	of	Nanocrystalline	ODS	Steel	by	X-ray	Diffraction	
Line	Profile	Analysis
Roohollah RAHMANIFARD; Hasan FARHANGI; Abdoljavad NOVINROOZ; Narges AFSHARI 

25

A00761-01911 Nanomechanical Properties of a SnAgCu Solder Reinforced with Ni-coated Carbon Nanotubes
Yongdian HAN; Hongyang JING; Sharon Mui Ling NAI; Yuchan LIU; Cher Ming TAN; Jun WEI; 
Lianyong XU 

26

A00770-01355 Destination of Excitons at Interfaces in Organic Solar Cells
Qunliang SONG; Changming LI

26

A00778-01368 Dilute Nitride-antimonide Semiconductor Alloys for High Speed Micro and Nanosystems: A Review of 
Recent Progress
Soon YOON 

27

A00832-01454 Fabrication of a 3D Micro-valve by Two-photon Absorption 
Charalampos SCHIZAS; Vassiliki MELISSINAKI; Arune GAIDUKEVICIUTE; Carsten REINHARDT; 
Christoph OHRT; Maria FARSARI; Dimitris KARALEKAS; Boris CHICHKOV; Vassilis DEDOUSSIS; 
Costas FOTAKIS 

27

A00836-01458 The	Influence	of	Milling	Time,	Impact	Force	and	SiC	Particles	Volume	Fraction	on	the	Crystallite	Size	
During Fabrication of Al-4.5wt%Cu Alloy and Al-4.5wt%Cu/SiC via Mechanical Alloying
Ehsan MOSTAED; Ali MOSTAED; Hassan SAGHAFIAN; Ali SHOKUHFAR; Hamid Reza REZAIE 

28

A00891-01552 Raman Studies of Electrostatic Doping of a Thin Single-walled Carbon Nanotube Bundle
Pingqi GAO; Qing ZHANG; Shaoning YUAN; Ning PENG; Deyan HE 

28

A00911-01602 Comparative Study of Doping Effect on Reverse-bias-modulated Bipolar Resistance Switching in 
Transition-metal Doped ZnO
Haiyang PENG; Gongping LI; Zhipeng WEI; Tom WU 

28

A00914-01603 Characterization of Alloy Gate Dielectrics on p-GaAs
Goutam Kumar DALAPATI; Nguyen Viet TRUNG; Ghim Wei HO; Hoon-Jung OH; Sungjoo LEE;
Aadi SRIDHARA; Andrew See Weng WONG; Ching Kean CHIA; Dongzhi CHI 

29

A00914-01618 Integration of High-k Dielectric with Epitaxial GaAs on Ge Substrate
Goutam Kumar DALAPATI; Ching Kean CHIA; Stephanie Yi Peng PANG; Ghim Wei HO; Han GAO; 
Krishna Kumar MANIPPADY; Andrew See Weng WONG; Dongzhi CHI 

29

A00925-01629 Optical Properties and Visible Room Temperature Photoluminescence of Amorphous Silicon Rich 
Silicon Nitride in SiO2/SiNx Quantum Well Structures
Lobna KAMYAB; RUSLI; Mingbin YU; Lining HE; Manik DUA 

30

A00932-01634 Optical-property	Profiling	of	Silicon	Nitride	Film	Embedded	with	Si	Nanocrystals
Zhanhong CEN; Tupei CHEN; Liang DING; Yang LIU; Ming YANG; Jen It WONG; Zhen LIU 

30

A00932-01647 Optically and Electrically Excited Light Emission from Silicon Nitride Films Implanted with Si Ions
Zhanhong CEN; Tupei CHEN; Liang DING; Yang LIU; Ming YANG; Jen It WONG; Zhen LIU 

31

A00943-01684 Electrostatic	Effects	in	Schottky	Contact	Modification	at	the	Nano-scale
Justin SONG; Johnson GOH; Natarajan CHANDRASEKHAR; Cedric TROADEC 

31

A00947-02621 Formation of Amorphous 1D CuPc Nanostructures and Their Crystallization and Transformation by 
Heat Treatment
Chia-Yu WANG; Chun-Pei CHO; Tsong-Pyng PERNG 

31

A00983-01989 Ultra-long Indium Oxide (In2O3) Layered Nanorods for NOx Sensing Application
Nandan SINGH; Pooi See LEE 

32



6     Symposium J - Nanodevices and Nanofabrication

A00984-02283 Graphene via Plasma Enhanced Chemical Vapor Deposition
Yang YANG; Yinhu YANG; Pinqi GAO; Xuefeng FANG; Minrong XIA; Deyan HE 

32

A00994-01749 Femtosecond Laser Induced Microexplosion: A New Strategy to Synthesise Super-dense Nanomaterials 
in Highly Nonequilibrium Conditions
Saulius JUODKAZIS; Hiroaki MISAWA; Eugene GAMALY; Andrei RODE 

33

A01000-01752 A Study of the Cobalt Phthalocyanine-Ag-Si(111) Interface
Fei SONG; Justin WELLS; Zheshen LI; Karsten HANDRUP; Shining BAO; Edward PERKINS; 
Karina SCHULTE; Marja AHOLA-TUOM; Lauge GAMMELGAARD; Philip HOFMANN 

33

A01020-01778 Fabrication and Characterization of Nitrogen-implanted ZnO and ZnS Nanowires
HauHan WEI; WenHuei CHU; YenChin CHEN; ChuanPu LIU 

34

A01025-01785 Photochromic Properties of Various Ag/TiO2 Nanocomposites Fabricated via an Integrated Method of 
Sol-gel Processes and Proposed Chemical Vapor Deposition
Yong-Siang GAO; Ruey-Chi WANG; Shu-Jen CHEN; Hsin-Ying LIN; Chien-Lin KUO 

34

A01075-01972 The Fabrication of Ultra-Fine In-Situ Ni3Al-Al2O3/TiC Composite Powders Using Titanium Hydride
Sung-Hyun CHOI; Ding-Woong KIM; Kyoung-Rok DO; Su-Gun LIM; In-Shup AHN 

34

A01078-01870 Schottky Contacts Formed on Silicon Nanowires
Yongshun SUN; RUSLI; Kai Lin FOO; Wen XU 

35

A01104-01909 Synthesis and Characterization of Nanoscale Inverted Structures of Cobalt and Nickel Silicides
Tom WU; Huatao WANG 

35

A01109-01910 Nano-indentation Patterns for Surface Enhanced Raman Scattering
Ying-Yi LIN; Li-Kai LIN; Jiunn-Der LIAO 

36

A01117-01920 High Performance Carbon Nanotube Based Doping Free CMOS and Optoelectronics Devices
Lian-Mao PENG; Zhiyong ZHANG; Sheng WANG; Xuelei LIANG; Qing CHEN 

36

A01160-01979 Fabrication of Carbon Nanotube Field Effect Transistors with OCMC Dispersed Single Wall Carbon 
Nanotubes
Raj KUMAR; Zhang QING; Yan LIYANGYU; Mary B. Chan PARK 

36

A01171-02446 DNA Sensing and Sensitivity Enhancement by Carbon Nanotube Based Devices
Dongliang FU; Xiaochen DONG; Jun WEI 

37

A01181-02027 Characterization of the Electronic Properties of Hydrogen-Terminated Silicon Surface
Yong Kiat YEO; Hiroyo KAWAI; Mark SAEYS; Christian JOACHIM 

37

A01203-02083 Dependence of the Absorption Spectra of III-V Semiconductor Quantum Dots on the Fundamental 
Parameters
Subindu KUMAR; Sanjib KABI 

38

A01252-03207 Equation based Method to Model Double-Gate MOSFET Drain Current
Ali FATTAH HESARI; Saeed KHATAMI 

38

A01254-02172 Numerical Analysis of Carrier Statistics in Low-Dimensional Nanostructure Devices 
Razak M. A LEE; Ismail SAAD; M. Taghi AHMADI; Razali ISMAIL; Vijay. K ARORA 

38

A01256-02163 Near-field	Raman	Analysis	of	Sub-100	nm	Strained	MOSFETs
Choun Pei WONG; Johnson KASIM; Jinping LIU; Alex SEE; Zexiang SHEN 

39

A01281-02232 Kinetic Monte Carlo Study on the Morphology of Au Cluster Melting on Au (100) Substrate
Shin-Pon JU; Tai-Fa YOUNG; Wang-Chuang KUO; Wen-Chun HSU 

39

A01285-02240 Structural and Optical Properties of Ga-doped ZnO Nanowires Depending on Kinetic Energy of the 
Source Particles in Hot-Walled Pulsed Laser Deposition
Kyoung KIM; Yong-Won SONG; Houcine BOUZID; Sangsig KIM; Sang Yeol LEE 

40

A01305-02276 Sintering of Nano- crystalline γ-AL2O3 Powder without Additives at High Pressure
Nilgun KUSKONMAZ; Lakovos SIGALAS; Mathias HERRMANN 

40

A01351-02359 The Effect of Operating Temperatures on H2 Gas Sensing Properties of Spin-coated Films of 
Flame-spray-made Ru/SnO2 Nanoparticles
Chaikarn LIEWHIRAN; Anurat WISITSORAAT; Sukon PHANICHPHANT 

40

A01381-02982 Synthesis and Characterization of Zn2SnO4 Nanowires and the Electrical Properties of Zn2SnO4 
Nanowire Field Effect Transistor
Christina PANG; Lei LIAO; Bin YAN; Ting YU 

41



Symposium J - Nanodevices and Nanofabrication     7

A01387-02497 The Model of Circuit of Single Electron Transistor and Simulation of Its Circuits
Gang LU; Fenfen WEI; Shengchun MAO 

41

A01422-03278 Pulsed Laser Annealing of Ultra-Shallow Junctions in Silicon-Germanium
Leng Seow TAN; Abidha BEGUM; Anyan DU; Xincai WANG; Mousumi BHAT 

41

A01442-02508 Structural and Magnetic Studies of Substituted Nanosized Calcium Hexaferrite Particles Synthesized 
by Sol-gel Combustion Technique
Kishor REWATKAR; Sharad SABLE; Vivek NANOTI 

42

A01443-02518 The	Influence	of	Pulse	Parameters	on	the	Microstructure	of	Iron	Electrodeposits
Vahid AFSHARI; Changiz DEHGHANIAN 

42

A01470-02550 Symmetric Effect of Spin Transport in a Magnetic Superlattic
Hui YAN; RuZhi WANG 

43

A01473-02554 Advanced Drain-Source-On-Insulator MOSFETs for Suppression of Thermal Effect
Tatsuya YAMADA; Yoshiyasu MIYAZAWA; Yoshikata NAKAJIMA; Tatsuro HANAJIRI; Toru TOYABE; 
Takuo SUGANO 

43

A01482-02570 Template-free Growth of NiO Nanowire Array by Metal-etching-oxidation Method
Zhipeng WEI; Haiyang PENG; Zhou ZHANG; Donglai GUO; Lai Mun WONG; Shi Jie WANG; 
Tom WU 

44

A01490-02586 Electron Transport Investigation of Metal-Molecule-Metal Interface for Nanoelectronics
C. Preferencial KALA; P. Aruna PRIYA; D. John THIRUVADIGAL 

44

A01490-02589 Effect of Anchoring Groups on Electron Transport in Single Molecular Junctions
P. Aruna PRIYA; C. Preferencial KALA; D. John THIRUVADIGAL 

44

A01513-02634 Compare the Hydrothermal and VPT Grown ZnO Nanowire Field Effect Transistor
Ye WANG; Xiao Wei SUN; Jun Liang ZHAO; Gregory GOH; Lan Lan CHEN; Laura-Lynn LIEW;
Ji Jun QIU 

45

A01527-03841 End-facet	Reflectivity	in	Nano-waveguides:	Implications	and	Method	of	Computation
Yijing CHEN; Yicheng LAI; Yingyan HUANG; Seng Tiong HO 

45

A01548-03023 Carbon	Nanotube	Based	Devices	in	the	Realm	of	Macro	&	Nanoelectronics
Malti BANSAL; Ritu SRIVASTAVA; C. LAL; M. N. KAMALASANAN; L. S. TANWAR 

45

A01556-02870 From Metal Nanocrystalline Film to 1-D Metal Oxide Nanoneedles: Synthesis, Growth Mechanism and 
Properties
Chunxu PAN; Jun ZHANG; Xiang QI; Yueli LIU; Qiaoliang BAO 

46

A01569-02738 Fluorescent	Detection	and	Quantification	of	Total	Proteins	in	Urine
Bee Jin Michelle LOW; Enyi YE; Ming Yong HAN 

46

A01586-02768 Photoluminescence Model for Silicon Nanoclusters
Mekuriaw ASHAGRIE; Sib Krishna GHOSHAL 

47

A01597-02777 Double Walled Carbon Nanotubes: Structure and Optical Property
Morinobu ENDO; Takuya HAYASHI; Yoong Ahm KIM; Hiroyuki MURAMATSU 

47

A01670-02888 Morphology-Dependent Stimulated Emission and Field Emission of Ordered CdS Nanostructure Arrays
Tianyou ZHAI; Xiaosheng FANG; Yoshio BANDO; Qing LIAO; Xijin XU; Ying MA; Jiannian YAO; 
Dmitri GOLBERG 

48

A01673-02892 Nanocomposites on the Basis of Nanostructure Chalkogenide Semiconductors and Silicon Dioxide
Mustafa MURADOV; Goncha EYVAZOVA; Akhmedov ISRAFIL; Nurane HUSEYNOVA 

48

A01676-02898 Current Trends and Future Opportunities in Individual Metal Oxide Nanowires for Sensing 
Applications
Daniel PRADES; Roman JIMENEZ-DIAZ; Francisco HERNANDEZ-RAMIREZ; 
Marta MANZANARES; Teresa ANDREU; Albert CIRERA; Albert ROMANO-RODRIGUEZ; 
Sanjai MATHUR; Juan Ramon MORANTE;Albert CORNET 

49

A01676-04771 Exploiting Self-heating Effect in Nanowires
Roman JIMENEZ-DIAZ; Daniel PRADES; Francisco HERNÁNDEZ-RAMIREZ; Albert CIRERA; 
Albert ROMANO-RODRIGUEZ; Albert CORNET; Joan Ramon MORANTE; S BARTH; S MATHUR 

49

A01714-02990 Superhydrophobic Flexible Aerogels and Applications
A. Venkateswara RAO; Digambar Y. NADARGI 

50



8     Symposium J - Nanodevices and Nanofabrication

A01717-02997 Fabrication and Optical Waveguide Property of Single-crystalline V2O5	Nanofibers
Ting YU; Bin YAN; Zexiang SHEN 

50

A01721-03001 Towards Photosynthetic Nanoparticles
Hongyu CHEN; Shuangxi XING; Tao CHEN; Miaoxin YANG 

50

A01727-03009 Nanowire	Formation	&	Structure	Analyze	during	Thermal	Oxidation	on	Copper	Grid
Wang HSIANG-LI; Wong MING SHOW 

51

A01727-03015 Phase Transformation and Optical Characteristics in Germanium Thin Film
Wang HSIANG-LI; Wong MING SHOW 

51

A01732-03013 Oligopeptide-Modified	Silicon	Nanowire	Arrays	as	Multichannel	Metal	Ion	Sensors
Xinyan BI; Agarwal AJAY; Kun-Lin YANG 

51

A01735-03017 UV Light-emitting Diodes Based on ZnO Nanorod Homojunction
Bo LING; Xiao Wei SUN; Jun Liang ZHAO; Yi YANG; Swee Tiam TAN; Xiao Cheng LI 

52

A01764-03091 Solid-State Dewetting of Films as a Route to Ordered Micro- and Nanostructures
C.V. THOMPSON; A.L. GIERMANN; D. KIM; W.K. CHOI; T.H. LIEW; Y. WANG; Y.J. OH; C.A. ROSS 

52

A01795-03149 Three-Band	White	Light-Emitting	Diodes	Based	on	Hybridization	of	Polyfluorene	and	CdSe/ZnS	
Quantum Dots
Chun-Yuan HUANG; Ying-Chih CHEN; Yan-Kuin SU; Tsung-Syun HUANG; Ten-Chin WEN; 
Tzung-Fang GUO 

52

A01805-03153 Illumination-Enhanced Hysteresis of Transistors Based on Carbon Nanotube Networks
Chun Wei LEE; Jun WEI 

53

A01864-03236 Enhancing	InGaP/GaAs/Ge	Multi-junction	Solar	Cell	Efficiency	by	Using	Quantum	Dots	Excitation
H. C. LEE; Y. K. SU; C. Y. HUANG; T. C. LI; Y. C. CHEN; W. J. LIN; J. C. LIN; K. J. CHAN 

53

A01867-03226 Creation of Nano Structures with Interference Lithography
WK CHOI; TH LIEW; Y JIA; MK DAWOOD; CV THOMPSON; Y WANG; HI SMITH; MH HONG 

54

A01904-03388 Conductivity Enhancement of Single Walled Carbon Nanotube Thin Films by means of Oxidation
Hosea TANTANG; Jun WEI 

54

A01912-03298 Electrical and Structural Properties of Metal-Oxide-Semiconductor (MOS) Device with High-k 
Er-silicate Gate Dielectric
Chel-Jong CHOI; Ran-Ju MOON; Myeong-Il JEONG; Ha-Yong YANG; Yeon-Ho GIL 

54

A01970-03403 A Nanoimprinting Technique Supplemented with an Electric Field
Jeon HOJUN; Hyeon YOON; Kim GEUNHYUNG; Lee HAENGNAM; Park GIL-MOON 

55

A01973-04483 Direct Growth of ZnO Nanocrystals onto the Pores of Porous TiO2 Nanotube Array Films for the 
Fabrication	of	Highly	Efficient	and	Recyclable	Photocatalyst
Huiying YANG; Siu Fung YU; Xiwang ZHANG 

55

A01976-03429 Fabrication and Characterization of Novel Organic Thin Film Transistors with CdSe/ZnS Quantum 
Dots Embedded in Bilayer Gate Dielectric
Ying-Chih CHEN; Tsung-Syun HUANG; Chun-Yuan HUANG; Yan-Kuin SU 

55

A01996-03440 Influence	of	Post	O2 Annealing on the Resistive Switching Behavior of HfO2 Dielectric
Raymond SIM; Mei Yin CHAN; Pooi See LEE 

56

A02021-03478 Langmuir−Blodgett	Asesmbly	of	4-methylbenzenethiol-Functionalized	Au	Nanoparticles	for	
Non-volatile Memory Applications
R K GUPTA; D Y KUSUMA; P S LEE; D RAJARATHNAM; M P SRINIVASAN 

56

A02128-03660 Oriented Crystal Growth of Flower-like Structured InN on Sapphire Substrate by Halide Chemical 
Vapor Deposition
Naonori SAKAMOTO; Haruka SUGIURA; Naoki WAKIYA; Hisao SUZUKI 

57

A02137-03680 Carbon Nanotube Alignment and Its Applications
Qingwen LI; Hui YANG 

57

A02149-03700 Single ZnO Nanobelt Based Field Effect Transistors (FETs)
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Abstracts

 A00048-00061 

Structural, Optical and Electrical Characterization 
of Vacuum Deposited ZnTe Thin Films

Gowrish RAO; Kasturi BANGERA; Shivakumar 
GURUNATH 
Department of Physics, National Institute of Technology 
Karnataka, Karnataka, India

Zinc Telluride (ZnTe) is an important member of zinc 
chalcogenides group which is being studied extensively 
for its possible applications in the fabrication of pure 
green light emitting diodes, photo detectors, CdTe based 
solar cells, THz emitters and detectors etc. In the present 
study	 ZnTe	 films	 were	 deposited	 on	 well	 cleaned	 glass	
substrates, kept at different temperatures, using vacuum 
evaporation	technique.	From	the	X-ray	diffraction	studies	
of	the	deposited	films	it	was	found	that	the	films	have	cubic	
structure with highly preferred orientation in (111) direction. 
The	 films	 deposited	 at	 higher	 substrate	 temperatures	
were found to have better crystallinity. The scanning 
electron microscopy and energy dispersive analysis by 
x-rays were done to study the surface morphology and 
stoichiometry	 of	 the	 films.	The	 films	 deposited	 at	 room	
temperature were found to be rich in tellurium whereas 
films	 deposited	 at	 elevated	 temperatures	 were	 nearly	
stoichiometric. The dependence of optical bandgap of the 
films	on	their	deposition	parameters	were	studied	using	a	
UV-Visible spectrophotometer and it was found that the 
films	 deposited	 at	 elevated	 substrate	 temperatures	 have	
an optical bandgap of 2.26eV which is very close to the 
bulk value. For electrical characterization silver contacts 
were	made	on	the	films	by	vacuum	evaporation.	The	films	
were found to be p-type in nature. The I-V characteristics 
of	the	films,	deposited	at	different	substrate	temperatures,	
were	studied.	The	variation	of	resistance	of	the	films	with	
temperature	 is	 studied	 for	 films	 deposited	 at	 different	
substrate	temperatures.	This	study	shows	that	the	films	are	
semiconducting in nature and have two distinct regions 
of conductivity. The thermal activation energy of the 
films	was	 also	 calculated	 from	 the	 study	 of	 variation	 of	
resistance with temperature. 

 A00053-00767 

Photovoltaic Application of Sub-band Absorption 
in Quantum Wells

Partha GOSWAMI 
Physics Department, University of Delhi, Delhi, India

The	growth-diection	quantization	of	confined	electron	gas	
in a GaAs/AlGaAs based (quantum well) heterostructure 
is obtained in the Kohn-Sham iterative computational 
scheme. The Shubnikov de Haas oscillation (SdHO) in 
longitudinal conductance close to 0 K is studied for this 
semiconductor	structure	to	confirm	the	bound-state	energy	
values obtained under the scheme. The sub-band absorption 
is calculated by a frequently used approximation modeling 
the absorption as a convolution between spectral functions. 
The	absorption	coefficient	 is	used	 to	obtain	photovoltaic	
performance related parameters of a quantum well solar 
cell. It is found that the additional carrier generation 
(and photocurrent expected) in nanofabricated  multiple 
quantum wells due to extension of absorption edge into 
longer wavelengths would outweigh the accompanying 
drop in the terminal voltage arising from increased 
radiative recombination loss inside the wells.

 A00055-03146 

Fabrication of a Transparent Conductive Film 
Based on SiO2@Ag Composite

Shao-Hui HSU1; Kuo-Chuang CHIU1; Ren-Der JEAN1; 
Deanmo LIU2 
1. Industrial Technolgy Research Institute, 
Hsinchu, Taiwan
2. National Chiao Tung University, Hsinchu, Taiwan

We prepared SiO2@Ag core-shell nanospheres: 
silver nanoparticle (~5±2 nm in diameter) coated 
silica nanospheres (~50±10nm in diameter). Silver 
nanoparticles	were	first	formed	from	reducing	Ag+ to Ag0 
in N,N-dimethylformamide (DMF) in the presence of 
poly(vinylpyrolidone) (PVP) as protective agent under 
ultrasound irradiation. The electric properties of SiO2@
Ag	thin	film	showed	resistance	of	6.0×106 Ω.	
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 A00078-02559 

Modulation of Electron Transport in SWCNTs by 
Biological Macromolecules Conjugation

Toshiaki HIGASHI1; Yoshikata NAKAJIMA1; 
Mio KOJIMA1; Koji ISHII2; Tatsuro HANAJIRI1; 
Akira INOUE1; Toru MAEKAWA1 
1. Bio-Nano Electronics Research Centre, Toyo 
University, Saitama, Japan
2. Asylum Technology Co., Ltd., Tokyo, Japan

Recently, there have been many reports on deoxyribonucleic 
acid (DNA) molecules attached onto carbon nanotubes 
(CNTs), and DNA molecules were used to assist the 
dispersion and separation of CNTs. We have already 
found that conjugation of amino acid poly-L-Tyrosine 
(pLT) molecules as well as DNA molecules are favorable 
for dispersion and separation of CNTs, and they increase 
zeta potential of CNTs. However, the effect of biological 
macromolecules conjugation on electronic transport 
properties	of	CNTs	has	not	yet	been	clarified	in	detail.

In this study, we investigated the electronic transport 
properties of CNTs and its modulation by DNA molecules 
or pLT molecules conjugation. We measured the electric 
characteristics of carbon	 nanotube	 field	 effect	 transistor	
(CNT FET) s before and after conjugation of DNA 
molecules or pLT molecules, and we discussed the effect 
of the conjugation on conduction mechanism of CNTs.

We fabricated CNT FETs with HipCo SWCNTs (Carbon 
Nanotechnologies Inc.) on thermal oxide of a Si substrate. 
SWCNTs have source-drain Ti/Pt electrodes on their ends 
by dielectrophoresis method, and gate voltage (VBG) can 
be applied by Al back gate electrodes. A small amount 
of the DNA molecules (pBR322 (4361bp) plasmid DNA 
extracted from E. coli cut by restricted enzyme EcoRI) or 
pLT molecules solution was dropped on the CNT FETs. 
The molecules were self-conjugated on the surface of 
CNTs. After the conjugation, the CNT FETs were rinsed 
with deionized water to remove residual molecules and 
dried. 

From FET characteristics, we found that PLT molecules 
behave as charges, but do not affect the conduction 
mechanism of CNTs substantially, while DNA molecules 
reduce modulation width of drain-source current (IDS) by 
gate voltage (VG) in CNT-FETs.

We elucidated the effect of biological macromolecules 
conjugation on electric properties on CNTs. As concerns 
the zeta potential, DNA molecules and pLT molecules 
have a similar effect on CNTs. However, the conjugation 
of DNA molecules and that of pLT molecules have quite 
different effect on the conduction mechanism of CNTs in 
the FET characteristics.

 A00090-00387 

Comparative Study of Humidity Sensing Properties 
of n-type ZnO Nanomaterial Synthesized through 
Oxalate and Hydroxide Route  

Richa SRIVASTAVA; Balchandra YADAV 
Physics, University of Lucknow, Lucknow/U.P., India

Present paper deals with a comparative humidity sensing 
performances of n-type ZnO nanomaterial synthesized 
through different routes i.e. oxalate and hydroxide route. 
Scanning	 electron	 micrograph	 and	 X-ray	 diffraction	
of ZnO show rod-like particles with average diameter 
75 nm for oxalate route and for hydroxide route it is 40 
nm. The pellet of each sensing materials was annealed at 
temperatures 150, 300, 450 and 550°C for 3 h and compared 
its	sensing	efficiency.	Each	heat	treated	pellet	was	exposed	
to humidity under controlled condition and variations in 
resistance with the humidity were recorded. Maximum 
average sensitivity having different values of each sensing 
elements prepared through different routes were found, 
for annealing temperature 550°C.	 It	was	7.06	MΩ/%RH	
for	 oxalate	 route	 and	 8	 MΩ/%RH	 for	 hydroxide	 route.	
Activation energy of electrical transport of each sensing 
elements were also compared. The resistance-temperature 
plot of ln(R) vs 1/T, known as Arrhenius plot, has a slope 
of Ea/k according to Eqn. R = Ro e

Ea/kT. By measuring the 
slope of plot of linear zones, the activation energy (Ea) of 
sensing materials was calculated. Activation energy of 
sample synthesized through hydroxide route was found to 
be maximum 0.0065 eV at highest range of temperature 
i.e. 300-550°C.

 A00122-01021 

Fully Analytical Surface Potential Based Drain 
Current Model of Short Channel MOSFETs 
Including Quantum Mechanical Effects

Jayadeva GOWRAPURA SRIKANTAIAH; 
Amitava DASGUPTA 
Department of Electrical Engineering, IIT Madras, 
Tamil Nadu, India

An analytical surface potential model for drain current of 
present generation MOSFETs which considers quantum 
mechanical (QM) effects is presented. In this model, an 
implicit	expression	for	surface	potential	(ψS) as a function 
of gate-to-bulk voltage (VGB) valid from accumulation to 
strong	inversion	is	at	first	obtained	considering	QM	effects	
using one-dimensional Poisson’s equation and a triangular 
potential well approximation and is given by

VGB-VFB-	ψS = (Qi/2Cox)+sqrt{(Qi/2Cox)
2+γ2[ψS-Vt+Vtexp(-

ψS /Vt)-	ψSexp(-ϕn/Vt)]}  (1)

where Qi the quantum mechanically calculated inversion 
layer charge and other symbols have their usual meaning. 
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However, eqn. (1) can only be solved numerically. Hence 
a	 closed-form	 analytical	 approximation	 for	 ψS that is 
computationally	 efficient	 and	 extremely	 accurate	 is	
derived using simple and straight-forward mathematical 
tools	without	using	smoothing	functions.	The	values	of	ψS 
are highly accurate with errors in the order of pV over a 
wide range of device parameters, when compared with the 
values obtained using numerical methods. 

However,	the	values	of	ψS obtained quantum mechanically 
cannot be used in the classical symmetric bulk charge 
linearization based drain current formulation such as SP/
PSP or with MOS11. In order to retain all the advantages 
of these models and to include QM effects at the surface 
potential	 level	 we	 at	 first	 evaluate	 ΔVG, which is the 
difference	in	values	of	ψS  obtained using classical [SSE,Vol. 
45, pp. 335-339,2001]  and QM methods (eq. (1)) at the 
source end.  Next the surface potentials at the source and 
drain ends are obtained using analytical approximation to 
classical implicit surface potential expression [SSE,Vol. 
45, pp. 335-339, 2001] considering an equivalent gate 
voltage VGBeq=VGB+ΔVG. In our model, this shifted gate 
voltage accounts for the QM effects at the surface potential 
level. Our method of incorporating QM effects is shown 
to be physics based and accurate. Since the error involved 
in computing analytical surface potentials in both the 
methods	 is	 in	 the	order	of	nV	or	 less,	 the	ΔVG obtained 
from these two surface potentials is very accurate. The 
speed of computation is also not affected since the QM 
surface potentials is computed only once for every change 
in VGB.

The source and drain surface potentials are then put in a 
basic symmetric bulk charge linearization drain current 
model [Electron. Lett., Vol. 37, No. 12, pp.791-793, 2001], 
along	with	 short	 channel	 effects	 such	as	field	dependent	
mobility degradation, velocity saturation, DIBL, channel 
length modulation and source and drain resistance to 
obtain I-V characteristics in the deep submicron range for 
<100> silicon surface orientation. 

The resulting I-V characteristics have been found to 
be in excellent agreement with experimental data and 
simulations using MEDICI. The channel conductance 
(gds) and transconductance (gm) obtained from this model 
are smooth and continuous in the transition regions. The 
advantage of this model is that it includes QM effects at 
the surface potential physically without degrading speed 
of computation.

 A00151-03970 

Confirmation of Distribution of High-density Trap 
States in SOI Layer of SIMOX Wafers by Tunneling 
Current

Yoshikata NAKAJIMA; Takahiro TODA; 
Tatsuro HANAJIRI; Toru TOYABE; Takuo SUGANO 
Bio-Nano Electronics Research Centre, Saitama, Japan

Low-dose	 separation	 by	 implanted	 oxygen	 (SIMOX)	
wafers and bonded wafers are commercially available 
silicon-on-insulator	 (SOI)	 wafers.	 In	 particular,	 SIMOX	
wafers have become important in system on chip (SoC) 
in recent years, because implantation of oxygen ions 
in	 SIMOX	 process	makes	 it	 possible	 to	 form	 local	 SOI	
regions, which improves performance of SoC.

However,	we	have	demonstrated	that	SIMOX	wafers	have	
high-density trap states in SOI layer, which are distributed 
within	 about	 30	 nm	 from	 the	 SOI/buried	 oxide	 (BOX)	
interface in the SOI layer, nano-scale roughness at SOI/
BOX	interface,	and	local	stress	near	SOI/BOX	interface.

From experimental results, we have elucidated mutual 
relationships between trap states, roughness, and local 
stress as follows; the distribution of the trap states in SOI 
layer is approximately equal to the height of roughness at 
the	SOI/BOX	interface	in	SIMOX	wafers,	the	nano-scale	
roughness formed by implantation of oxygen ions induces 
the	local	stress	near	SOI/BOX	interface	in	SIMOX	wafers.	
Meanwhile, Bjorkman et al. have demonstrated that there 
is a correlation between the stress in the SiO2 layer and 
the Si/SiO2 interface state density at midgap. Based on this 
study, we speculated that the trap states in the SOI layer 
are	generated	by	the	local-stress	near	SOI/BOX	interface	
in	SIMOX	wafers.

In this study, we will discuss physical background of 
formation of the high-density trap states from a point of 
the local stress. Here, DiMaria et al. reported the tunneling 
current in gate oxide enhanced by barrier distortion due 
to oxide trapped charges. To start with, we characterize 
tunneling current through ultra thin gate oxide fabricated 
on	a	SOI	layer	of	a	SIMOX	wafer	with	high-density	trap	
states	in	order	to	reconfirm	the	distribution	of	high-density	
trap	states	in	SIMOX	wafers.
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 A00210-00401 

Plasma Etching of Proton Exchanged Lithium 
Niobate

Guangyuan SI1; Aaron DANNER1; Jinghua TENG2; 
Soo Seng ANG2; Ah Bian CHEW2 
1. Department of Electrical & Computer Engineering, 
National University of Singapore, Singapore
2. Institute of Materials Research & Engineering, 
Singapore

We report the plasma etching of proton exchanged lithium 
niobate (LN) using inductive coupled plasma (ICP) 
technique.	Good	etching	profile	and	92.5	nm/min	etching	
rate were achieved. Conventionally, a waveguide in LN 
crystal is fabricated using metal diffusion, ion exchange, 
or proton exchange (PE). Compared with the common Ti 
in-diffusion method, the PE process has a much higher 
photorefractive damage threshold for guiding a visible 
laser. LN has wide applications in improving nonlinear 
optics, piezoelectric and photorefractive devices. In 
addition, LN is adequate for optical communication 
systems	due	to	its	high	electro-optical	coefficient	and	low	
optical	 losses.	 However,	 it	 is	 very	 difficult	 to	 etch	 LN.	
There are two normal ways of LN etching, wet etching and 
plasma etching. Wet etching is a frequently used processing 
step but is seldom applied to LN because of the material’s 
strong etch resistance which results in low etch rates and 
sometimes nonuniform etching. Introduction of structural 
defects can speed up the etching considerably, therefore 
combinations of ion bombardment and subsequent wet 
etching have been demonstrated as a useful method for 
etching of LN.

In our work, strip PE waveguide was fabricated and 
used for plasma etching test. 5-μm–wide strip pattern 
was	defined	on	x-cut	LN	substrates	by	photolithography.	
50-nm-thick chromium (Cr) was deposited by electron-
beam evaporation and lift-off process to act as the mask 
for PE and the plasma etching. The PE was done by 
immersing the wafer in molten benzoic acid at 235 °C for 
3 or 6 hours. CHF3/Ar	(flow	rate	50/50)	was	used	during	
the ICP etching. Scanning electron microscope (SEM) 
measurement showed an etching depth of 2.775-μm and 
a	nearly	 vertical	 sidewall	 profile.	The	measured	 average	
etching rate is 92.5 nm/min for the x-cut LN sample 
after 6-hour PE. We also demonstrate large area photonic 
crystals structure fabricated by laser holography patterning 
and ICP etching of PE LN.

 A00224-01840 

Preparation and Optical Properties of 30 and 60 
nm Pure CO3O4 Nanowires

Yu-Cheng CHEN1; Jen-Bin SHI2; Chih-Jung CHEN1; 
Ya-Ting LIN1; Po-Feng WU1 
1. The Graduate Institute of Electrical and 
Communications Engineering, Feng-Chia University, 
Taichung, Taiwan
2. Department of Electronic Engineering, Feng-Chia 
University, Taichung, Taiwan

Co3O4 (cobalt oxide) is normal spinel crystal structure based 
on a cubic close-packing array of oxide ions. In addition, 
Co3O4 is a material with particular magnetic, optical 
and transport properties on the nanoscale. In our work, 
Co3O4 nanowires were synthesized by calcining cobalt 
nanowires, which were embedded in an anodic aluminum 
oxide (AAO). In this study, we prepare two different 
diameters of AAO templates, which are 60 nm (H2C2O4) 
and 30 nm (H2SO4). Finally, the Co3O4 nanowires resulted 
by	annealing	in	a	furnace.	The	XRD	pattern	displays	in	the	
2θ	range	between	30°	to	70°.	In	XRD	pattern,	 the	peaks	
of (220), (311), (400), and (440) are found. In our work, 
peaks identify the sample as Co3O4, and no other obvious 
peaks	 can	be	observed	 in	 the	XRD	analysis. In order to 
confirm	 that	 optical	 transition	 is	 directly	 allowed	 or	
forbidden, the relation between the transition probability 
and energy is given of (ahv)1/n = (hv–Eg), where hv is the 
photon energy, Eg is the apparent optical band gap energy, 
n is a constant depending on the kind of optical transition 
that prevails, and a	 is	 the	absorption	coefficient.	For	n = 
1/2, the band gap energies of the 60 nm Co3O4 nanowires 
are 1.30 (Eg1) and 1.61 (Eg2) eV by the extrapolation of 
relation. Two direct band gap energies of 1.30 (Eg1) and 
1.69 (Eg2) eV were also found at 30 nm. It can be observed 
that the Eg2 increases upon decreasing the size, which is 
consistent	with	 the	effect	of	quantum	confinement	when	
the semiconductor materials are in nanoscaled range. 
Thus, Eg2 has blue shift happening at decreased size. It 
seems be useful when designing solar cells made from this 
material.
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 A00243-00455 

Electromagnetic Interference Shielding in  
Sn-Al-(Ni) Thin Films

Fei-Shuo HUNG2; Fei-Yi HUNG1; Che-Ming CHIANG2;
Truan-Sheng LUI3; Wen-Long WANG1 
1. Institute of Nanotechnology and Microsystems 
Engineering, Center- Micro/Nano Science and Technoloy, 
National Cheng Kung University, Tainan, Taiwan
2. Department of Architecture, National Cheng Kung 
University, Tainan, Taiwan
3. Department of Materials Science and Engineering, 
National Cheng Kung University, Tainan, Taiwan

Electromagnetic interference (EMI) is a new form of 
pollution discovered in recent years.  The elements Sn and 
Al	not	only	possess	EMI	shield	efficiency,	but	also	have	
acceptable	costs.		In	this	study,	sputtered	Sn-Al	thin	films	
with Ni doped (0~9 at.%) were used to investigate the 
effect	of	the	crystallization	mechanism	and	film	thickness	
on the electromagnetic interference (EMI) characteristics.  
In addition, the annealed microstructure, electrical 
conductivity	and	EMI	of	the	Sn-Al	films	and	the	Ni-doped	
Sn-Al	 films	were	 compared.	 	The	 results	 show	 that	 Sn-
Al	film	increased	the	electromagnetic	interference	(EMI)	
shielding	 after	 annealed.	 	 For	 the	Ni-doped	 Sn-Al	 films	
with higher Ni atomic concentration, the low frequency 
EMI shielding could be improved.  After annealing, the 
Sn-Ni and Al-Ni intermetallic compound (IMC) of thin 
film	 distributed	 in	 the	matrix.	 	 This	metallurgical	 effect	
not only enhanced the diffusion of atoms to the grain 
boundaries, but also promoted the high frequency EMI 
shielding.

 A00243-00456 

Etching Mechanism of Ag / Si Nanostructure with 
Different Ag Nanoshape Deposition

Zhan-Shuo HU1; Fei-Yi HUNG2; 
Shoou-Jinn CHANG1;3; Wen-Long WANG2; 
Sheng-Joue YOUNG4; Tse-Pu CHEN4 
1. Institute of Electro-Optical Science and Engineering, 
Center for Micro/Nano Science and Technology, 
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2. Institute of Nanotechnology and Microsystems 
Engineering, Center-Micro/Nano Science and 
Technology, National Cheng Kung University, 
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3. Institute of Microelectronics & Department of 
Electrical Engineering, National Cheng Kung University, 
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4. Institute of Microelectronics, National Cheng Kung 
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Nanopattern was structured using an either dry etching or 
a wet etching.  In this study, the Ag/Si	thin	film	was	used	
to prepare the nano hollow structures through two step 

selective etching method (dry-wet etcing, DWE).  Etching 
scale was controled by the layball process and Focus Ion 
Beam (FIB) was used to investige the DWE mechanisms.  
Increasing the beam current of dry etching, raised the high 
of nano prominent structures, but deteriorated the interface 
of	Ag/Si	film,	even	damage	the	Ag	film	because	of	the	Ga+ 
bombardment.  Regardless of what is the Ag nanoshape, 
the	 residual	Ag	 films	were	 doped	 by	 the	Ga+	 and	were	
sensitive for DWE.  After wet etching, the nano hollow 
dug	and	the	Ag	films	sunk.		However,	AgGa	sidewall	films	
formed by the concentration gradient and increased the 
volume of amorphous zone, resulting in reduced the depth.  
Also, 20-30nm AgGa nano particles were able to enhance 
the DWE mechanism in Ag/Si nanostructures.

 A00267-00770 

TiO2 Nanotubes as Additive to TiO2 Film for 
Improving Performance of Dye-sensitized Solar 
Cells

Xiaodong	LI1;2; Sumei HUANG1; Dingwen ZHANG1; 
Zhengan WANG1; Zhuo SUN1;	Xi	Jiang	YIN2 
1. Engineering Research Center for Nanophotonics and 
Advanced Instrument, East China Normal University, 
Shanghai, China
2. Advanced Materials Technology Centre, 
Singapore Polytechnic, Singapore

The titanium dioxide (TiO2) nanotubes were directly 
prepared from commercial P25 TiO2 powder via alkali 
hydrothermal transformation. The morphology and the 
crystalline structure of the nanotubes were characterized 
by	 transmission	 electron	 microscope	 (TEM)	 and	 X-ray	
diffractometer	 (XRD).	 The	 nanotubes	 had	 an	 average	
outer diameter of 8–10 nm and the inner diameter of 
3–5 nm with several-hundred nanometers in length. The 
prepared nanotubes were added into TiO2 nanoporous 
electrodes for the fabrication of dye-sensitized solar 
cells (DSCs). The TiO2 screen-printing pastes were 
prepared from ethylcellulose, P25 TiO2 powders, and TiO2 
nanotubes as additive. The physical and optical properties 
of the formed TiO2	electrodes	were	characterized	by	field	
emission-scanning electron microscopy (FESEM), atomic 
force microscopy (AFM), ultraviolet-visible (UV-ViS) 
spectroscopy and electrochemical impedance spectroscopy 
(EIS). The photoelectrochemical characteristics and 
dye-adsorption properties were investigated by varying 
the proportion of the nanotubes incorporated in TiO2 
working electrodes. The TiO2 electrode with nanotubes 
additive gave rapid electron transport. High conversion 
efficiency	of	light-to-electricity	of	8%	under	illumination	
of simulated AM1.5 sunlight (100mW/cm2) was achieved 
for DSCs using optimized proportions of TiO2 nanotubes 
incorporated in TiO2 electrodes.
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Quasi-solid-state Dye-sensitized Solar Sells 
Based on Thermosetting Polymer Gel Electrolyte

Xiaodong	LI1;2;	Xi	Jiang	YIN1; Dingwen ZHANG2; 
Zhengan WANG2; Zhuo SUN2; Sumei HUANG2 
1. Advanced Materials Technology Centre, Singapore 
Polytechnic, Singapore
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Advanced Instrument, East China Normal University, 
Shanghai, China

A series of thermosetting polymer gel electrolytes 
(TPGEs) based on poly(acrylic acid)-poly(ethylene 
glycol) (PAA-PEG) hybrid were prepared and 
applied to fabricate dye-sensitized solar cells (DSCs). 
N-methylpyrrolidone (NMP) and Î³-butyrolactone (GBL) 
were used as solvents for liquid electrolytes and LiI, NaI, 
KI and 1, 2-dimethyl-propylimidazolium iodide (DMPII) 
as iodide source, separately. The prepared TPGEs were 
characterized by fourier transform infrared spectroscopy 
(FTIR) and scanning electron microscopy (SEM). Their 
ionic conductivities were measured by electrochemical 
impedance spectroscopy (EIS). The dependence of the 
liquid electrolyte absorbency on volume ratio of NMP to 
GBL	was	 investigated.	The	 influence	of	Li+, Na+, K+ on 
ionic conductivities of electrolytes was also studied. The 
polymer gel electrolyte was optimized and showed high 
ionic conductivity. A quasi-solid state DSSC fabricated 
with optimized polymer gel electrolyte obtained an overall 
energy	 conversion	 efficiency	 of	 4.5%	 under	 irradiation	
of 100mW/cm2 (AM1.5) and demonstrated long-term 
stability.

 A00336-00625 

DNA Sensing Using Nanogaps Fabricated by 
Shadow Evaporation
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1. Electrical Engineering, Singapore-MIT-Alliance, 
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4. Department of Chemistry, National University of 
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Here we present a simple technique to fabricate nanogaps 
for DNA sensing by gold nanoparticle assembly. The 
sensing device has gold electrodes with controllable 
and repeatable sub 50-nm spacing, and is fabricated by 
conventional photolithography and shadow evaporation. 
Nanogap electrodes and gold nanoparticles (Au NP) 
are functionalized using oligonucleotides with 5’ and 

3’	 terminal	 disulfide	 modification.	 	 The	 Au	 NPs	 were	
assembled to the shadowed nanogaps only in the presence 
of the complementary oligonucleotide (target), and 
changed the device conductivity. The results demonstrate 
that the device is promising as a low cost DNA sensor.

 A00344-00640 

Atomic Layer Deposition of Al2O3 to Bond Free-
Standing Nanoporous Alumina Templates onto 
Substrates

Lee Kheng TAN; Kumar MANIPPADY KRISHNA; 
Han GAO 
Patterning and Fabrication, Institute of Materials 
Research and Engineering, Singapore

The	growth	of	ultrathin	films	by	atomic	layer	deposition	
(ALD) is rapidly gaining attention as a method of choice 
in	 nanofabrication.	 ALD	 is	 a	 layer-by-layer	 thin	 film	
deposition	technique	which	allows	for	precise	film	thickness	
control	at	atomic	level	and	conformal	film	coating	even	on	
nanostructures of complex shaped. With its non-line-of-
sight characteristic, ALD coats a variety of nanostructures 
such as nanoporous templates, semiconductor nanowires 
as well as photonic crystals with tunable band gaps. In 
this work, we take advantage of the capabilities of ALD 
to bond free-standing nanoporous anodic aluminum oxide 
(AAO) templates onto substrates.

We employed ALD of Al2O3 to bond a free-standing AAO 
template	onto	substrate.	Due	to	the	conformal	film	coating	
by ALD, voids between the template and the substrate are 
filled	 by	Al2O3 ALD, which will result in good intimate 
contact between the template and the substrate. This 
bonding of the free-standing AAO template using ALD 
is applied to various types of substrates such as Si, glass 
and polymer substrates. As compared with as-anodized 
AAO template on substrate, our method will not affect the 
surface morphology and causing chemical contamination 
on the underlying substrate.

The pore size of AAO template is also simultaneously 
reduced while ALD of Al2O3	fills	 the	voids	between	 the	
free-standing AAO template and the substrate. The pore 
size	of	the	AAO	template	can	be	finely	reduced	due	to	the	
precise	film	thickness	control	by	ALD.	As	such,	the	pore	
size is reduced without altering the interpore spacing of 
the template. This integration of AAO template on a wide 
range of substrates is a general method that can be used to 
fabricate nanostructured materials and their arrays such as 
metals, semiconductors, carbons and polymers.
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Quasi-solid-state Dye Sensitized Solar Cells with 
a High Molecular Polymer Electrolyte Based on 
PEO/P(VDF-HFP) and MPII

Dingwen ZHANG1; Sumei HUANG1;	Xiaodong	LI1;2; 
Zheng’an WANG1; Jianhua SHI1; Zhuo SUN1; 
Xi	Jiang	YIN2 
1. Engineering Research Center for Nanophotonics and 
Advanced Instrument, East China Normal University, 
Shanghai, China
2. Advanced Materials Technology Centre, Singapore 
Polytechnic, Singapore

Quasi-solid-state dye sensitized solar cells were fabricated 
using a high molecular polymer redox electrolyte. 
Poly(ethylene	oxide)	(PEO)	and	Poly(vinylidenefluoride-
co-hexafluoropropylene)	 (P(VDF-HFP))	 were	 used	 to	
form a stable quasi-solid structure and a three-dimensional 
polymer network structure. The polymer electrolytes were 
composed of LiI, I2 and room temperature ionic liquid 
MPII with different weight ratio in the mixture of ethylene 
carbonate	(EC)	and	γ-butyrolactone	(GBL)	with	different	
volume ratio. A metal-free organic dye (indoline dye 
D102) was used as a sensitizer. The conductivity of the 
polymer electrolytes were measured with Electrochemical 
Impedance Spectroscopy (EIS). The dependence of the 
ionic conductivity on the volume ratio of EC to GBL was 
investigated. The volume ratio of the mix solvent, PEO to 
P(VDF-HFP) and the weight ratio of MPII were optimized. 
The polymer electrolytes were characterized by scanning 
electron microscope (SEM), Fourier Transform Infrared 
(FTIR) and UV-Vis spectra. The optimized quasi-solid-
state	cell	exhibited	an	efficiency	of	5%	at	full	sunlight	(air	
mass 1.5, 60mW/cm2) irradiation.

 A00422-00806 

Local Structural and Optical Properties of Ion-
Implanted ZnO Nanorods

Sang-Wook HAN1; Byung-Hyuk KIM2; 
Chang-In PARK2; Changha KWAK3; Soo-Young SEO3; 
Sun-Hyo KIM3; Sun-Hong PARK4 
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The structural and the optical properties of N+-and H+-ion 
implanted ZnO nanorods were investigated with various 
measurements. Vertically aligned ZnO nanorods were 
synthesized on Al2O3 substrates by using catalyst-free 
metal organic chemical vapor deposition. Nitrogen ions 

with	energies	of	10	-	120	keV	and	beam	flux	of	1	x	1013 
- 1x1016cm-2 were implanted on the ZnO nanorods. Field-
emission scanning electron microscopy and Field-emission 
transmission tunneling microscopy measurements revealed 
that the ion-implanted nanorods maintained good shapes 
without any detectable disorder, compared with untouched 
nanorods.	Extended	x-ray	absorption	fine	structure	analysis	
revealed a small but distinguishable amount of disorder in 
the ion-implanted nanorods, particularly, in the ZnO ab-
plane. Photoluminescence measurements demonstrated 
that the main-transition peak intensity from the ion-
implanted	nanorods	was	significantly	reduced.	This	result	
suggested	 that	 the	 local	 structural	 defects	 significantly	
affected to the PL optical properties. 

 A00438-00822 

Effect of Microstructure of Ti Films on the 
Formation of TiO2 Nanotubes by Anodization

Yuxin TANG1;2; Jie TAO2; Dangguo GONG1;
Zhong CHEN1 
1. School of Materials Science and Engineering, Nanyang 
Technological University, Singapore
2. College of Material Science and Engineering, Nanjing 
University of Aeronautics and Astronautics, Nanjing, 
China

A well oriented and uniform layer consisting of TiO2 
nanotubes was fabricated on conducting oxide substrate by 
potentiostatic	anodization	of	pure	titanium	film,	which	was	
deposited by radio frequency (RF) magnetron sputtering. 
The	effect	of	initial	Ti	film	structures	deposited	at	different	
conditions and the different anodization conditions on the 
microstructure of titania nanotube were systematically 
investigated. The results indicate that the texture in the 
starting	Ti	film	has	a	great	effect	on	the	formation	of	titania	
nanotubes,	 and	 a	 dense	 and	 uniform	 Ti	 film	 obtained	
directly at room temperature is favorable for the ordered 
nanotube arrays formation.

 A00447-00837 

Silicon Nanowires Transistor Fabricated by AFM 
Nanolithography Followed by Chemical Etching 
Process 

Kam Chung LEW; Sabar D. HUTAGALUNG 
School of Materials and Mineral Resources Engineering, 
University Science Malaysia, Nibong Tebal/Penang, 
Malaysia

Atomic force microscope (AFM) nanolithography was 
performed to draw oxide nanopatterns via local anodic 
oxidation process onto surface silicon-on-insulator (SOI). 
This nanoscale oxide pattern will be used as a mask system 
for chemical etching to produce silicon nanowire-based 
transistor. The device with component structures of a 
source, a drain, a gate and a silicon nanowire (SiNW) as 
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channel had been drawn at 9 volt tip voltage, 6um/s writing 
speed with humidity 55.8%RH-68.9%RH. The designed 
device was etched with tetrametilyammonium hydroxide 
(TMAH) to remove uncoved silicon layer but remain oxide 
pattern. In order to obtained SiNW transistor, sample was 
etched	using	hydrogen	fluoride	(HF)	to	remove	oxide	layer.	
From the AFM and scanning electron microscope (SEM) 
observation found that the SiNW-based transistor has been 
succesfully fabricated with wire size of 38.00-194.62 nm 
width and 39.41-42.84 nm in thickness.

 A00456-00845 

Thermal Stability Enhancement of P3HT/
PCBM Solar Cells by Controlling the Polymer 
Regioregularity

Hung-Wei LIU1; Kuen-Jang HUANG1;
Ming-Dao WANG1; Tzu-Yu HUANG1; 
Syang-Peng RWEI1; Leeyih WANG2 
1. Institute of Organic and Polymeric Materials, National 
Taipei University of Technology, Taipei, Taiwan
2. Center for Condensed Matter Sciences, National 
Taiwan University, Taipei, Taiwan

Polymer solar cells based on poly(3-hexylthiophene) 
(P3HT)/[6,6]-phenyl C61 butyric acid methyl ester blends 
recently have attracted great research interests due to their 
high	energy	conversion	efficiency.	Although	the	efficiency	
of these cells can be usually optimized by a thermal 
annealing process, they are also very sensitive to the 
environmental temperature. In this study, a series of solar 
cells with a structure of ITO/PEDOT:PSS/P3HT:PCBM/
Al were fabricated by adding a small amount of low-
regioregularity P3HT into the P3HT/PCBM blends as 
photoactive material. Experimental results indicate that 
the presence of these low-regioregularity P3HT effectively 
enhances the thermal stability of the devices. Both UV-vis 
absorption spectra and TEM images of the P3HT:PCBM 
films	 clearly	 reveal	 the	 low-regioregularity	 P3HT	 can	
greatly suppress the occurrence of macroscopic phase 
separation between P3HT and PCBM.

 A00466-00878 

Up- and Down-Conversion Cubic Zirconia and 
Hafnia Nanobelts

Changlong JIANG;	Xiaogang	LIU 
Department of Chemistry, National University of 
Singapore, Singapore

Single-crystalline, cubic ZrO2 and HfO2 nanobelts have 
been	 fabricated	 for	 the	 first	 time	 via	 a	 direct	 thermal-
decomposition process under atmospheric pressure.  The 
formation of cubic nanobelts can be controlled by varying 
the dopant concentration of nanobelt precursors, heating 
temperatures and heating rates.  The lanthanide-doped 

nanobelts show a dual capability for both down- and up-
conversion emissions in the visible range. These novel 
ZrO2 and HfO2	 nanobelts	 should	 represent	 well-defined	
nanoscale structures or building blocks needed both for 
functional optical studies (e.g. multicolor emission tuning) 
and for the development of integrated photonic devices and 
oxygen sensors. We also extended the synthetic method to 
other functional oxide nanobelts including SnO2, In2O3, 
Fe2O3, NiO, Co3O4, V2O5, MoO3, WO3 and ITO. The result 
indicates that it’s a general strategy to generate functional 
oxide nanostructures with belt-morphology under mild 
experimental conditions compared to common methods.

 A00470-02624 

The Effect of Indium Tin Oxide Ohmic Contact 
Layer on the Luminescence and Electrical 
Properties of the Silicon Nanostructure Metal-
oxide-semiconductor Light-emitting Diode with 
SiO2 Nanoparticles

Wei-Tzer WANG; Jen-Cheng WANG; Tzer-En NEE 
Institute of Electro-Optical Engineering and Department 
of Electronic Engineering, Chang Gung University, 
Kwei-Shan, Taiwan

Major developments in silicon light source have led to 
the commercial production of silicon-based metal-oxide-
semiconductor (MOS) light-emitting diodes (LEDs) and 
p-n junction diode. This interest has already resulted in a 
variety of applications, from full color multimedia displays, 
fiber	 communications,	 and	 in biomedical technology. 
Si-based optical components and interconnects not only 
can be integrated on the chip which demonstrated by Si 
technology but also will be essential for future integrated 
circuits. 

Technologies and applications have been continuously 
developed and investigated to achieve better performance 
and reliability of the light-emitting devices. However, 
the optical and electrical properties were found to be 
significantly	 influenced	 by	 luminescence	 efficiency and 
spatially	 confinement in silicon-based light-emitting 
devices. From	a	study	of	the	internal	quantum	efficiency	
aspects of the carrier action in the recombination zone, a 
remarkable reduction in the degree of leakage electrons 
and holes over the light-emitting layer was observed when 
adopting a nanoparticle layer. In this study, we in depth 
investigated what effectively recombination in the active 
region with a SiO2 nanoparticle structure has on limiting 
the optical intensity of the emission. We have successfully 
on the basis of the SiO2 nanoparticle layer. Then deposition 
the traditional Au gate metal on the nanoparticle layer 
and using top gate of indium tin oxide (ITO) transparent 
conductive layer (TCL), the characterization of silicon 
MOS LED with SiO2 nanoparticle layer were investigated 
by rapid thermal annealing under N2 atmosphere.
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It is found that the device containing the nanoparticle layer 
exhibits	not	only	the	higher	quantum	efficiency,	but	also	the	
less temperature sensitivity, indicating the better exciton 
confinement. It was found that reduce of the nanoparticle 
indeed led to an increase in light output power. Similar 
results were obtained in a decrease of the nanoparticle 
size, nearly consistent with the simulation analyses using a 
Monte Carlo ray tracing software TracePro. Compared with 
the conventional device,	 the	external	quantum	efficiency	
of the LED composed of ITO layer was improved up 
to 30% at room temperature. The results indicate that a 
nanoparticle	 structure	 can	 significantly	 suppress	 carrier	
leakage,	which	not	only	increases	the	carrier	confinement,	
but	also	improves	the	quantum	efficiency. 

Due	to	modification	of	the	carrier	dynamical	comportment	
in the heterosystem with TCL, the susceptibility of the 
carrier	 transport	 process	 to	 the	 interface	 configuration	
was suggestive that the layer structure was responsible 
for the current-voltage (I-V) characteristics. It was found 
that both the leakage current and the series resistance of 
the LEDs were strongly contingent on the nanoparticle 
conformation. Consequently, the leakage current for the 
TCL was dominated by the contribution of the nanoparticle 
side-wall.	We	believed	that	a	modified	passivation	process	
can be intentionally developed to inhibit the surface 
recombinations on the nanoparticle walls. In order to 
control the excitation rate necessary to achieve the best 
quantum	efficiency,	 the current-dependent characteristics 
of silicon-based LED via an examination of the carrier 
recombination and charge density evolution will be 
discussed in detail as well.

 A00509-00989 

Influence of Room Humidity on the Formation 
of Silicon Oxide Nanopatterns by Using Atomic 
Force Microscopy (AFM) 

Ahmad Makarimi ABDULLAH1;2; 
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Nanoscale oxide mask patterned by atomic force 
microscopy is one reliable technique for fabrication of 
nanodevices	and	firmly	established	in	the	nanotechnology	
field.	The	oxide	growth	mechanisms	via	AFM	lithography	
follow a well known local anodic oxidation, where a 
conductive AFM tip applied to grow oxide in humidity 
environment. Since this technique is very sensitive to 
surrounding environment, is it important to know effect of 
room humidity on the growth of nanopatterns. Therefore, 
in this work, the effect of relative humidity in the room 

at 55% to 72% has been studied systematically. The 
applied voltage, exposure time and tip speeds were keep 
constant to fabricate the nanoscale structure in that range 
of humidity. AFM analysis on fabricated pattern found 
that	the	oxide	width	and	thickness	significantly	depending	
the room environmentt. It was prove that the humidity is 
very important to fabricate the nano-oxidation by using 
this technique. In this study the parameters are constantly 
fixed	 but	 needs	 to	 take	 high	 consideration	 and	 carefully	
on surrounding environment. The systematic study and 
fundamental	information	of	this	influence	is	provided	for	
further study on patterning nanodevices.

 A00515-02688 

Optimization of Plasmonic Crystal Profiles in 
Fabrication by Interference Lithography

Husen Kartasasmita KANG1;	Xin	Rong	CHUA1; 
Chee Cheong WONG1; Filippo ROMANATO1;2;3 
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Nonlinear processes involved in the manufacture of 
nominally sinusoidal surface relief diffraction gratings 
generated by interference lithography (IL) can introduce 
distortions	into	the	profile	of	these	surfaces.	Such	distortions	
may	dramatically	affect	both	the	specular	reflectivity	and	
diffracted	efficiencies	 from	such	a	surface.	 It	 is	 reported	
that 1nm changes in geometry could cause 1% decrement 
in	SPP	coupling	efficiency.	Here	we	would	like	to	fabricate	
the	most	optimum	geometrical	profile	of	the	1D	plasmonic	
crystal (PCL) with certain amplitude and roughness.

To investigate these effects, IL has been applied for the 
generation	 of	 profile	 controlled	 sinusoidal	 PCL.	 HeCd	
laser	(λ=441.6	nm)	of	45mW	and	10cm	coherence	length	
shining	on	a	high	flatness	Al	coated	mirror	(λ/20).	Lloyd’s	
configuration	has	been	used	to	obtain	uniform	pattern	of	
500nm lattice period over 50mm2. IL exposure study has 
been performed to control the amplitude oscillation and 
roughness. The effect of transfer modulation (c) of the IL 
beam to photoresist is studied to have a better amplitude 
control. Several parameters to be controlled such as: 
exposure distance, exposure period and Lloyd’s mirror 
reflectivity.	

Exposure distances provide more severe changes in 
amplitude compared to the exposure time. Bi-metallic 
layer of silver and gold have been systematically deposited 
with	different	film	thicknesses.	The	grating	surface	profile	
has been measured by AFM and each Fourier component 
has been used to measure in order to compute on amplitude 
and	the	phase	of	the	plasmonic	electromagnetic	field.



20     Symposium J - Nanodevices and Nanofabrication

A comprehensive numerical model that studies the optical 
coupling to surface plasmon polaritons on Ag/Au gratings 
has been undertaken with azimuthal angle dependence. 
This computation illustrates the sensitivity of individual 
features	 to	specific	harmonic	components	of	 the	surface,	
for surface plasmon resonances recorded in both the 
zeroth and higher diffracted orders. The roughness surface 
control after development and after bimetallic evaporation 
strongly	contributes	to	tighten	the	reflectivity	deep	width.	
Optimization process has showed that for an Ag (37nm) 
and Au (7nm) metallic bilayer semi-amplitude of 20nm 
provides	the	best	reflectivity.	
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Effect of Lateral Charge Diffusion on the Memory 
Characteristics of Device Embedded with Si 
Nanocrystals
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The utilization of Si nanocrystals (nc-Si) in non-volatile 
memory as well as in optoelectronic devices has been the 
driving force for the research on nc-Si in recent years. 
Although some research works have been devoted to 
the charge retention which is an essential property for 
the nc-Si based non-volatile memory application, the 
direction of the charge diffusion and its effect on the 
charge retention have not been investigated. In this work, 
nc-Si is synthesized with low-energy Si ion implantation 
followed by a high temperature annealing. This process 
introduce a dense layer of nc-Si in the gate oxide of the 
metal-oxide-semiconductor memory structure. Two types 
of structures, i.e., a continuous nc-Si layer and an isolated 
nc-Si layer,have been investigated for the charge retention 
behaviours. After the charge injection, the sample with 
the continuous nc-Si	 layer	 shows	 a	 significant	 charge	
loss over time, while the sample with isolated nc-Si layer 
exhibits excellent long term charge retention. Based on 
these results, the vertical charge diffussion toward the Si 
substrate	and	the	Al	gate	has	been	found	to	be	insignificant,	
and the lateral charge diffusion along the continuous nc-
Si	 layer	 has	 been	 identified	 as	 the	dominant	 charge	 loss	
mechanism. The excellent charge retention has been 
attributed to suppression of the lateral charge diffusion by 
the isolation of the nc-Si charge trapping layer.

 A00547-02912 

The Thermal-induced Nonlinearity of Au and Ag 
Nano-fluid Prepared by the γ Radiation Method

Esmaeil SHAHRIARI; W. Mahmood MAT YUNUS; 
Kazem NAGHAVI; Zainal Abidin TALIB; Elias SAION; 
Kasra BEHZAD 
Department of Physics, Universiti Putra Malaysia, 
Serdang, Malaysia

The nonlinear refractive index of metal Au and Ag nano-
fluid	prepared	by	the	γ radiation method were investigated 
by a single beam z-scan technique. Under CW 532 nm 
laser excitation with the power output 50 mW, the Au and 
Ag	 nano-fluid	 show	 a	 large	 thermal-induced	 nonlinear	
refractive index. The results show that at high concentration 
sample, the nonlinear absorption was observed to be 
dominant. The effects of particle size and radiation doses 
on the nonlinear properties of sample are also discussed.
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Preparation of CuO-core/TiO2-shell Nanowire 
Structures by Thermal Oxidation and Molecular 
Organic Chemical Vapor Deposition

Changhyun JIN; Sunghoon PARK; Minjae JI;
Chongmu LEE 
Materials Science and Engineering, Inha University, 
Incheon, South Korea

One dimensional (1D) CuO-core/TiO2-shell nanostructures 
with uniform layer thickness were prepared by using a two 
step process consisting of thermal oxidation of Cu thin foils 
and metal organic chemical vapor deposition (MOCVD) 
of TiO2.	 Influence	 of	 the	 TiO2-shell layer thickness on 
the photoluminescence of the 1D nanostructures was 
investigated. 

TEM analysis results show that the most part of the CuO-
core and the outer part of the CuO-core are a pure CuO 
phase the outer part of the CuO-core and a Cu2O phase 
polycrystal, respectively, while TiO2-shell is amorphous. 
PL measurement of the 1D core/shell nanostructures 
under excitation at 325nm gives the critical TiO2-shell 
layer thickness for which a transition from the emission 
characteristic of CuO to that characteristic of TiO2 occurs, 
which suggests that the wavelength of the emission 
changes abruptly with an increase in the TiO2 shell layer 
thickness.
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 A00555-01023 

Effect of Polyethylene Glycol on the Formation 
of Silicon Nanoparticles Synthesized via 
Microemulsion Route

Wai Lap LIONG; Srimala SREEKANTAN; 
Sabar D. HUTAGALUNG 
School of Materials and Mineral Resources Engineering, 
University of Science Malaysia, Penang, Malaysia

Silicon nanoparticles have many unique properties such as 
useful mechanical, electronic and optoelectronic properties 
which are required in optoelectronic devices being 
developed for the future. Many techniques had been applied 
to produce silicon nanoparticles such as chemical etching, 
milling, laser ablation, sputtering, silicon implantation, 
evaporation, and high temperature aerosol reaction. 
In this study, a simple and single-step process namely 
microemulsion route was performed to synthesize silicon 
nanoparticles. The silicon tetrachloride (SiCl4) was used 
as a starting material with hydrazine hydrate (N2H5OH) 
and sodium hydroxide (NaOH) as reduction agent and 
stabilizer, respectively. In order to reduce size as well as to 
improve the dispersion, the polyethylene glycol (PEG) was 
used as a surfactant agent. The SEM and TEM observation 
results	 confirmed	 the	 formation	 of	 silicon	 nanoparticles	
with diameter in the range of 30-80nm. The PEG could 
be act as a protective layer on the surface of the silicon 
nanoparticles to avoid agglomeration. Therefore, it was 
found better dispersion nanoparticles with PEG addition. 
The prepared silicon nanoparticles also characterized by 
UV-visible spectrophotometer that give absorption edge at 
~ 200nm. 

 A00559-01729 

Ion Beam Induced Modification at Metal/Si 
Interface & Surface

Garima AGARWAL1; Vaibhav KULSHRESTHA1; 
Reena VERMA1; Debadul KABIRAJ2; Indra Prabh JAIN1 
1. Centre for Non-Coonventional Energy Resources, 
University of Rajasthan, Rajasthan, India
2. Inter University Accelerator Centre, New Delhi, India

Swift Heavy Ion induced irradiations can produce 
modifications	at	Metal/Si	thin	film	interfaces	and	surfaces	
in a controlled manner. The present work demonstrates the 
120 MeV Au+9 ion induced mixing at Metal (Zr, Mo, W)/Si 
interface.	GIXRD	result	shows	the	formation	of	Zirconim,	
Molybdenum and Tungsten silicides by atomic mixing at 
the	interface	on	increasing	the	ion	fluence.	The	diffusivity	
value calculated from the RBS measurements, suggest a 
transient molten phase at the interface causing the atomic 
mixing following by Thermal spike model. AFM results 
revealed increase in surface roughness and grain size 
formation,	which	increases	with	ion	fluence	showing	the	
irradiation effect at the surface also.

 A00583-01057 

Observation of Nano-scaled ZnO Growth on 
Polycrystalline Zn Metal Sheet Prepared by 
Atmospheric-Pressure Plasma Jet

Hao-Long CHEN; Shian-Jang LIN; Zin Ching LIOU; 
Ko-Cheng TSENG; Shih-Syong CHEN; 
Yao-Sheng YANG; Tsai YEOU-YIH 
Department of Electronic Engineering, Kao Yuan 
University, Kaohsiung County, Taiwan

Nano-scaled Zinc oxides were grown on polycrystalline 
Zn metal sheet by atmospheric-pressure plasma jet (APPJ) 
with pure oxygen as reaction gas in ambient environment. 
The nano-scale ZnO initial growth was formed a nano 
particle on polycrystalline Zn substrate. The formations 
of nano-scaled ZnO growth step process were as follows 
nano-particles, nano-crystal clusters then nano-crystal 
columns with increasing plasma treatment times. The 
morphologies of nano-scaled ZnO like bubs, long-leg 
tetrapods and multipods. Morphologies and structures 
of obtained nano-scaled ZnO were investigated by using 
X-ray	Diffraction	(XRD),	Scanning	Electron	Microscopy	
(SEM) and Energy Dispersive Spectroscopy (EDS). The 
possible growth mechanisms of nano-scaled ZnO were 
discussed in this paper.

 A00585-01078 

Visible Electroluminescence from SiO2 Thin Films 
Containing Ge Nanocrystals Synthesized by Low-
Energy Ion Implantation Technique

Ming YANG; Tupei CHEN; Liang DING; Jen It WONG 
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

Ge nanocrystals embedded in SiO2	 films	 have	 received	
much attention for the applications in Si-based light emitting 
devices and the integration of optoelectronic devices 
with Si-based microelectronic circuits. Although many 
techniques can be used to synthesize the Ge nanocrystals, 
the ion implantation is popular because of its good control 
over the depth and size distribution of the nanocrystals and 
its full compatibility to mainstream Si-based technology. 
Visible electroluminescence (EL) has been reported in 
previous studies, where the Ge ion implantation has been 
carried out at a high energy (75 - 350 keV) and the SiO2 
thickness is in the range of few hundred nanometers. 
Indeed,	the	voltage	required	to	achieve	a	sufficient	carrier	
injection can be reduced when a thinner SiO2	film	implanted	
with lower implantation energy is used. In this work, Ge 
nanocrystals have been synthesized using low-energy (2 
– 8 keV) Ge ion implantation into the 30 nm SiO2 thin 
films,	and	 the	 light	emitting	structures	based	on	 the	 thin	
films	 have	 been	 fabricated.	We	 demonstrate	 the	 visible	
electroluminescence (EL) with a dominant peak located at 
~600 nm and two shoulder bands at ~500 nm and ~760 nm 
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under the application of a negative gate bias voltage. The 
visible EL is attributed to the radiative recombination of 
injected electrons and holes via the luminescence centers 
created by the ion implantation. The luminescence centers 
are	 identified	 as	 the	 non-bridging	 oxygen	 hole	 centers,	
dangling	bond	centers,	 and	Ge	oxygen	deficient	 centers.	
We	 then	 study	 the	 influence	 of	 the	 ion	 implantation	
conditions, i.e., implantation energy and dose, on the EL 
intensity. By increasing the implantation energy or dose, 
we	observe	a	significant	enhancement	in	the	EL	intensity	
under the same gate bias condition. Further investigation 
about the nanocrystal-enhenced current conduction and 
the	normalized	external	quantum	efficiency	indicates	that	
both the enhanced current transport and the increased 
amount of luminescence centers contribute to the observed 
EL enhancement in EL intensity. The results in this work 
are essential for the design of the light emitting structures 
based on Ge nanocrystals synthesized by low-energy ion 
implantation technique.

 A00585-01787 

Effects of Implantation Energy and Dose on Non-
volatile Memory Behaviors of Low-energy Ion-
implantation-synthesized Ge Nanocrystals 

Ming YANG1; Tupei CHEN1; Yang LIU2; Jen It WONG1 
1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. State Key Laboratory of Electronic Thin Films and 
Integrated Devices, University of Electronic Science and 
Technology of China, Chengdu, China

Ge nanocrystals (nc-Ge) have been demonstrated to 
exhibit superior memory performance in terms of fast 
program/erase speeds, long data retention time and good 
endurance for the next-generation non-volatile memory 
devices. Among various techniques to synthesize nc-Ge, 
the ion implantation technique has advantages such as 
precise control over the density and depth distribution 
of the implanted ions, and the fully compatibility to the 
mainstream Si technology. The ion implantation technique 
consists of Ge ion implantation into the thermally 
grown	SiO2	 thin	film	 followed	by	 the	 treatment	of	high	
temperature annealing. The use of a low-energy (2 – 8 
keV) ion implantation has additional advantages to control 
both the spatial distribution and the chemical states of 
implanted ions and to produce the orderly two-dimensional 
array near the gate. The metal-oxide-semiconductor 
(MOS) structure with such near-gate nc-Ge layer shows 
excellent memory behaviors in terms of large memory 
window	and	good	retention.	However,	the	influence	of	the	
implantation condition on the memory behaviors has not 
yet been systematically studied. In this work, the effects of 
implantation dose and energy on the charge trapping and 
charge retention behaviors of such near-gate nc-Ge layer 
synthesized by low-energy ion implantation technique 
are presented. We demonstrate that the ion implantation 

conditions, i.e., implantation energy and dose, have strong 
influence	on	the	memory	window	as	well	as	the	long-term	
charge retention. By increasing either the implantation dose 
or	the	implantation	energy,	a	larger	flat-band	voltage	shift	
can be achieved, indicating the enhanced charge trapping. 
That is explained by the locations and concentration of 
the charge trapping sites with the support from Ge depth 
profiles	measured	by	the	secondary	ion	mass	spectroscopy	
(SIMS) technique. The smaller charge loss, i.e., a better 
charge retention, can be achieved by decreasing the 
implantation dose or increasing the implantation energy. 
That is explained by the co-existence of two competing 
mechanisms: the charge leakage to the Al gate electrode 
and the lateral charge loss to the adjacent nc-Ge. The 
results are important for the design and applications of 
the ion-implantation-synthesized nanocrystal-based non-
volatile memory devices.

 A00594-01082 

Nanoscale Silicide Growth of β-FeSi2 at Fe/Si 
Interface

Chhagan LAL; Renu DHUNNA; Indra Prabh JAIN 
Centre for Non-Conventional Energy Resources, 
University of Rajasthan, Rajasthan, India

Metal-semiconductor interfaces are a topic of intensive 
research due to their potential technological applications 
in	 microelectronics.	 Thin	 films	 of	 β	 -FeSi2 have been 
obtained at 6000C Fe layers of thickness 80nm deposited 
in ultrahigh vacuum on clean Si(111) substrates.  These 
samples	were	 characterized	 by	Grazing	 Incidence	X-ray	
Diffraction,	X-ray	Photoelectron	Spectroscopy,	Magneto-
optic	 Kerr	 Effect	 and	 electrical	 measurements.	 GIXRD	
results	have	revealed	a	stable	disilicides	β	-FeSi2 formation 
at the interface at 6000C. The coercivity value increases 
with	 temperature.	 A	 significant	 increase	 in	 current	 has	
been observed after annealing. It is evident from I–V 
characteristics because resistance of annealed samples 
abruptly decreases, i.e. the conductivity of annealed 
samples increases due to the formation of nanocrystalline 
grains.	 It	 is	also	observed	 from	GIXRD	that	 the	particle	
size is of nanometer range, indicating the formation of 
nanocrystalline grains.
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 A00618-01124 

Systhesis and Optical Studies of PVP-capped 
ZnO Nano Particles

KeQin TONG; ChunXiang	XU 
School of Electronic Science and Engineering, Southeast 
University, Nanjing, China

PVP-capped ZnO nano particles are prepared by the 
chemical solution method. The structural and optical 
properties were characterized with high resolution 
transmission	electron	microscopy,	X-ray	diffraction,	UV-
vis absorption spectrometer and photoluminescence. The 
mean size of ZnO nano particles is about 8nm in diameter 
according	to	the	results	of	XRD	with	the	Debye-Scherrer	
theory and HRTEM. The PL spectra of ZnO nano particles 
reveal that there are two broad PL emission bands at 
400 and 570nm according to different concentration 
of Zn2+ , attributed to the near-band-edge emission and 
defect emission, respectively. Results indicated that PVP 
prevented ZnO nano particles from aggregation, and 
passivated the interface defects and quenched the visible 
emission of ZnO nano particles.

 A00637-01145 

Synthesis of Nanosized Zirconium Silicide by 
Swift Heavy Ion Irradiation 

Veenu SISODIA; Indra Prabh JAIN 
Centre for Non Conventional Energy Resources, 
University of Rajasthan, Jaipur, India

Zirconium silicon interface has been investigated using 
high energy Au ions in the present work. Zirconium was 
evaporated on silicon substrate in UHV at a pressure of 
10-8 Torr by electron beam evaporation technique and 
the	 final	 layer	was	Au	 to	 avoid	 oxidation	 of	 zirconium.	
The Zr/Si system was irradiated by 350 MeV Au26+ ions 
at	 liquid	nitrogen	 temperature	 at	different	fluences	 (0.46	
X1014,	1.85	X	1014	and	4.62	X	1014 ions/cm2). Rutherford 
backscattering spectroscopy using 2 MeV He ions was used 
to	monitor	 the	concentration	profile	and	 interdiffusion	at	
the interfaces. The irradiation at the Zr/Si interface showed 
mixing.	 X-ray	 diffraction	 measurements	 confirmed	 the	
formation of nanosized ZrSi2 phase. Thermal spike and 
melting in the tracks was found to be the dominant process 
at the interfaces.   

 A00665-01208 

Deposition and Functionalization of Thin Films 
of Carbon Nanotubes Using Corona Based 
Electrostatic Charge Technique and Their 
Applications for Gas Detection

Vasuda BHATIA; Vikesh GAUR; Vinod JAIN 
Amity Institute of Advanced Research and Studies 
(M&D), Amity University, Noida, India

Research in last one decade has shown that carbon 
nanotubes (CNTs) are promising nanomaterials for the 
development of sensors especially for gas detection, 
pressure,	 flow,	 thermal,	 optical,	 mass,	 position,	 stress-
strain, biomolecular recognition etc. Due to their nanosize 
and high surface to volume ratio, CNT based sensors have 
shown very high functional properties that provide high 
sensitivity, selectivity, rapid detection, sub-ppb detection 
levels, low power requirements, and room temperature 
operations as compared to metal oxide and conductive 
polymer based sensors. The sensing mechanism with 
these sensors has been attributed to the changes in the 
electrical conductivity of the nanotubes caused by the 
charge transfer. The sensitivity can be greatly enhanced 
by functionalization of the CNTs with different functional 
groups. It was found that the response times of nanotube 
sensors are at least an order of magnitude faster than 
those based on solid-state sensors. Most of the techniques 
developed to fabricate CNT based sensors require nano-
lithography, complex fabrication steps as well as high cost 
equipments. 

We present a new technique based on an electrostatic-force-
directed-self- assembly that has been developed to deposit 
thin	films	of	multi-walled	carbon	nanotubes	 (MWCNTs)	
on thin dielectric wires of 8-10mm length and 500 µm 
diameter using corona charging technique. The same 
technique has also been developed to self-functionalize 
the nanotubes via acid-free dry route. Functionalization 
of	 the	 film	 is	 achieved	 in	 a	 few	 seconds.	 Infrared	 and	
Raman	 spectroscopic	 measurements	 confirmed	 grafting	
of	 the	 films	 with	 oxygenated	 functional	 groups.	 The	
electrostatically	 self-assembled	 films	 have	 been	 used	 as	
sensors to detect gases such as NO2 and NH3 with high 
sensitivity and repeatability up to 100 ppm (parts per 
million). It is observed that conductance of the deposited 
films	 decrease	 when	 sensors	 are	 successively	 exposed	
to NH3 and increased with NO2 at room temperature. It 
is also observed that sensors showed up to 8% change in 
resistance for NH3 and 3% for NO2 at 100ppm. Recovery 
for the sensors is within few hours when exposed to NH3 
and a day for NO2 gas. The recover is enhanced with UV 
exposure. It is realized that this corona based electrostatic 
self-assembly (CESA) pattering technique for batch 
fabrication of the sensors is fast, simple, low-cost, and 
required no specialized equipment. The technique also 
offers many technical advantages such as deposition at 
room	 temperature	 and	 self-functionalized	 CNT	 films	
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for	 specific	molecule	 detection.	All	 these	 characteristics	
make the CESA-CNTs based devices very appealing for 
commercial applications. 

In this paper we will discuss deposition technique and 
functionalization	 of	 CESA-CNT	 films.	 Response	 of	 the	
films	 towards	different	gases	 and	working	principle	will	
also be discussed in details.

 A00678-01222 

SHI Induced Effect on Ni3N Thin Films on Silicon

Renu DHUNNA1; Chhagan LAL1; 
Sudipta Roy BERMAN2; Indra Prabh JAIN1 
1. Centre for Non-Conventional Energy Resources, 
University of Rajasthan, Rajasthan, India
2. UGC-DAE Consortium, Indore, India

Binary nitrides are an interesting set of compounds that 
display a wide range of properties such as thermal stability 
or electrical conductivity. Here, we report the ion induced 
effects on Ni3N	thin	films	on	Si	substrate.	These	samples	
were irradiated by 100 MeV Au+8	ions	at	different	fluences.	
X-ray	photoemission	spectroscopy	was	performed	on	the	
thin	films	at	IUC,	Indore,	for	the	determination	of	surface	
composition and the changes in nitrogen content after 
irradiation. These samples were also characterized by 
Grazing	Incidence	X-ray	Diffraction	(GIXRD)	and		Atomic	
Force Microscope (AFM). Electrical properties were 
studied by I-V measurements.

 A00707-01265 

Drain Induces Barrier Lowering (DIBL) in Short-
Channel NMOSFETs at Elevated Temperature

Nopphon PHONGPHANCHANTHRA1;2; 
Anucha RUANGPHANIT1; Nipapan KLUNNGIEN1; 
Wittawat YAMWONG1; Surasak NIEMCHAROEN2; 
Sanya KHUNKHAO3 
1. Thai Microelectronics Center, National Electronics and 
Computer Technology Center, Pathumthani, Thailand
2. Department of Electronics, King Mongkut’s Institute of 
Technology Ladkrabang, Bangkok, Thailand
3. Department of Electrical Engineering, Sripatum 
University, Bangkok, Thailand

Detailed experimental and two-dimensional numerical 
simulation results on drain-induced barrier lowering 
(DIBL) versus channel length at 300, 323 and 737 K in 
short-channel NMOS devices are presented. Increasing the 
temperature from 300 to 377 K of NMOS devices with 
mask channel lengths (L) from 0.6 to 3.0 micron It was 
found	that,	for	channel	 length	L	≤	0.6	micron,	 the	DIBL	
increased as the temperature increased and decreased with 
temperature	 for	 the	 range	 of	 0.8	 ≤	 L	 ≤	 1.2	micron	 and	
becomes almost zero for the channel length L > 1.2 micron. 

the measured DIBL characteristics could be explained 
physically as the transition from surface DIBL through 
the subsurface DIBL to the bulk DIBL or punchthrough 
effect.	Design	considerations	of	the	channel	doping	profile	
in short channel NMOS device for higher-temperature 
operation based on keeping the same DIBL and VTH as 
required	 for	 room-temperature	 operation	 are	 also	 briefly	
discussed.

 A00723-01288 

Formation of Nano-Sized Grains in Leadframe Cu 
Alloys by Giant Straining Process

Cha Yong LIM1; Seong-Hee LEE2; Hyoung-Wook KIM1; 
Beom-Suck HAN3 
1. Structural Materials Division, Korea Institute of 
Materials Science, Changwon, South Korea
2. Department of Advanced Materials Science and 
Engineering, Mokpo National University, Mokpo, South 
Korea
3. Department of Materials Processing, Korea 
Automotive Technology Institute, Cheonan, South Korea

Extensive researches on severe plastic deformation 
processes	are	under	development	to	obtain	ultrafine	grains	
or nano-sized grains in metals and consequently to obtain 
high strength. Accumulative roll bonding (ARB) process 
is one of the most frequently used processes to obtain 
ultrafine	 grains	 or	 even	 nano-sized	 grains	 in	 sheet	 form	
of metals. The ARB process up to 8 cycles was performed 
for the pure Cu and Cu-Fe-P leadframe alloys at ambient 
temperature under no lubricant conditions. In the pure Cu, 
the nano-sized grains were formed after third ARB cycles 
with an average grain size of 300 nm. On the other hand, the 
formation of the stable nano-sized grains in Cu-Fe-P alloys 
was retarded compared to the pure Cu due to the alloying 
elements. The alloying elements suppressed the dynamic 
recovery and recrystallization during ARB process. In Cu-
Fe-P alloys, the tensile strength values increased drastically 
after	the	first	cycle	of	ARB	process,	and	then	continuously	
increased with increasing the ARB process up to 8 cycles. 
The Cu alloy sheets with average grain size of 200 nm 
were applied to the making of connectors and leadfames.

 A00738-01310 

Gold Nanostructures Fabricated by Wet Etching 
for Localized Surface Plasmon Resonance

Xiaodong	ZHOU; Nan ZHANG; Yuan Ling TAN; 
Wolfgang KNOLL 
Institute of Materials Research and Engineering, 
Singapore

Nanoparticles have revolutionized conventional 
technologies by magnifying signals and introducing 
unprecedented functionalities. As an alternative of surface 
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plasmon resonance (SPR), an optical phenomenon of 
noble	 metal	 film	 used	 by	 chemists	 and	 clinics	 for	 real-
time detecting and analyzing of analytes, localized 
surface plasmon resonance (LSPR) utilizes noble metal 
nanoparticles	 to	 enhance	 the	 electromagnetic	 field	 and	
simplify the measurement of SPR, and has demonstrated 
its similarity or superiority on the detections of biomarkers, 
virus, and low molecular proteins. Dispersed nanosphere 
lithography (NSL) is one of the best candidates to fabricate 
identical gold nanoparticles on a large area of glass substrate 
for LSPR in a mass productive way, however, anisotropic 
dry	 etching	 of	 the	 gold	 film	 required	 in	 conventional	
dispersed NSL increases the cost of the LSPR chip, and 
most of the time, glass or gold contaminates the chamber 
of the expensive etching equipment. To circumvent this 
problem, this paper reports a novel method to acquire gold 
nanoparticles for LSPR by isotropic wet etching. In the 
experiments, silica nanospheres are dispersed on a 2 cm 
×	2	cm	glass	substrate,	a	50	–	100	nm	thick	gold	film	is	
obliquely evaporated onto the nanospheres, and the sample 
is wet etched by diluted gold enchant. Since the size and 
the shape of the nanostructures is a combination of the 
nanosphere size, gold evaporation angle and thickness, 
and	especially	 the	wet	etching	 time,	 the	 resultant	profile	
of the gold nanostructures is simulated and used as a 
reference for parameter settings in the fabrication process. 
To optimize the etching results, the gold nanostructures 
are wet etched at different time intervals, and the LSPR 
spectra of these samples are measured consecutively. The 
LSPR peak blue shifts as the nanostructures being further 
etched	and	miniaturized,	and	becomes	flat	after	the	gold	is	
fully etched after 10 min. This continuous peak tuning is 
an important feature desired in LSPR biosensing, and the 
gold wet etching keeps the glass substrate intact compared 
with	the	unspecific	dry	etching.	

 A00748-01324 

Nonequilibrium Green’s Function Based Quantum 
Transport Simulation for Strained-Engineered 
Nanoscale Transistors in Presence of Electron-
phonon Interactions

T K MAITI; C K MAITI 
Department of Electronics & ECE, Indian Institute of 
Technology, Kharagpur/WB, India

Based on ab initio formulations and using nonequilibrium 
Green’s function (NEGF) formalism, electronic transport 
in presence of electron-phonon interactions in strained 
engineered nanoscale transistors is presented. Ab initio 
methods are applied to treat the metal/semiconductor 
interface properly. NEGF formalism is applied as quantum 
transport and phonon scattering are the dominant factors in 
devices under realistic operating voltages. Local self-energy 
functions for intravalley and intervalley phonon scattering 
mechanisms are obtained using deformation potential 
theory. This approach is applied to the study of electronic 

transport in strained engineered nanowire transistors. We 
study	the	influence	of	gate	length	on	terminal	currents,	sub	
threshold slope (SS), and drain induced barrier lowering 
(DIBL). We shall also report on other effects of electron-
phonon interactions such as broadening of local density of 
states and energy relaxation of the electrons injected from 
the source on the electronic transport.

 A00757-01335 

Fabrication and Field Emission Study of Poly-
CuTAPc Nanowires and Nanotubes

Feng GU; Guo Qin XU; Siau Gek ANG 
Department of Chemistry, National University of 
Singapore, Singapore

Nanostructures of organic conducting polymers have 
received increasing attention in the last two decades owing 
to their potential application in functional nano-scale 
electronic and optoelectronic devices. We have previously 
established that copper tetraaminophthalocyanine (CuTAPc) 
(one of the most well-studied metal phthalocyanine 
systems) could be fabricated into uniform nanostructures 
by template-assisted electropolymerization. Moreover, 
the conductivity of its polymeric nanostructures could 
be roughly controlled by the doping level of supporting 
electrolytes and electropolymerization conditions. Such 
nanostructures have the potential to be an excellent 
alternative	for	application	as	field	emitter	materials.	In	this	
work, we report the fabrication of poly-CuTAPc nanowires 
and	 tubes	 and	 a	 study	of	 their	field	 emission	properties.	
The morphology of the nanostructures was characterized 
by	FE-SEM	and	TEM,	while	the	field	enhancement	factors	
were calculated using the Fowler-Nordheim (FN) model.

 A00759-01396 

Investigation of Microstructural Characteristics 
of Nanocrystalline ODS Steel by X-ray Diffraction 
Line Profile Analysis

Roohollah RAHMANIFARD1; Hasan FARHANGI1; 
Abdoljavad NOVINROOZ2; Narges AFSHARI2 
1. School of Metallurgy and Materials Engineering, 
University of Tehran, Tehran, Iran
2. School of Materials Research, Nuclear Research 
Center for Agriculture and Medicine, Karaj, Iran

The variations of dislocation density, character of 
dislocations and crystallite size as a function of milling 
times of up to 80 hours were investigated for 12YWT 
nanocomposite	ODS	ferritic	steel	using	X-ray	diffraction	
line	 profile	 analysis.	 The	 modified	Williamson-hall	 and	
modified	 Warren-Averbach	 methods	 that	 are	 based	 on	
dislocation model of strain anisotropy were utilized 
to characterize the microstructural parameters of the 
nanocomposite material and the matrix alloy. The presence 
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of nano-oxide particle in ODS steel caused an initially 
sharp increase in the average dislocation density, however, 
with increasing milling time the dislocation density of the 
unreinforced alloy reached comparable values to that of the 
reinforced	material.	The	 results	 of	X-ray	diffraction	 line	
profile	 analysis	 shows	 that	 the	 screw	components	of	 the	
dislocations tend to be more dominant and the contribution 
of edge componets decreases with continued milling. In 
addition,	 crystallite	 size	 of	 nanocomposite	 was	 refined	
down to an average value of about 20 nm after a milling 
time of 80 hours.

 A00761-01911 

Nanomechanical Properties of a SnAgCu Solder 
Reinforced with Ni-coated Carbon Nanotubes

Yongdian HAN1;2; Hongyang JING1; 
Sharon Mui Ling NAI3; Yuchan LIU3; Cher Ming TAN2; 
Jun WEI3; Lianyong XU1 
1. School of Materials Science and Engineering, Tianjin 
University, Tianjin, China
2. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
3. Singapore Institute of Manufacturing Technology, 
Singapore

In electronic devices, a solder connection is used to 
provide the necessary mechanical integration and 
electrical connection between and within the various 
levels of an electronic package. With the miniaturization 
of devices, the electronic packaging technology is facing 
its limitations. There is an increasing need to develop 
new interconnection materials equipped with enhanced 
performance,	 so	 as	 to	 fulfill	 the	 ever-stricter	 service	
requirements. In the present study, 0.05 wt. % of Ni-coated 
multi-walled carbon nanotubes (CNT/Ni) was successfully 
incorporated into the 95.8Sn-3.5Ag-0.7Cu solder using the 
powder metallurgy technique, to synthesize a new lead-
free composite solder. Its mechanical properties, in terms 
of hardness and Young’s modulus, were investigated at 
room temperature using the nanoindentation method. The 
results revealed that the hardness and the Young’s modulus 
increased with the incorporation of Ni-coated CNTs. With 
the addition of 0.05 wt. % of CNT/Ni, the hardness and the 
Young’s modulus values improved by 14.3% and 10.3%, 
respectively, as compared with that of the unreinforced 
lead-free solder. The results convincingly established that 
nanotechnology coupled with composite technology in 
electronics solders can result in enhancement of mechanical 
properties. These advanced interconnect materials will 
thus	benefit	the	microelectronics	assembly	and	packaging	
industry. 
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Destination of Excitons at Interfaces in Organic 
Solar Cells

QunLiang SONG; ChangMing LI 
School of Chemical and Biomedical Engineering, 
Nanyang Technological University, Singapore

To gain electricity from organic solar cells, which is often 
called “excitonic solar cell”, free carriers from the excitons 
must	be	achieved	first.	Dissociation	and	recombination	at	
interfaces are the two ways to get free carriers from those 
tightly bounded excitons. When excitons reach or form 
at an interface between two different organic materials, 
they can be dissociated by transfer of a charge to the 
second material, leaving behind an opposite charge in 
the	first	material.	A	distinct	 feature	of	 these	 interfaces	 is	
that both the highest occupied molecule orbital (HOMO) 
and the lowest unoccupied molecule orbital (LUMO) are 
higher in one material than in the other (type-I energy 
alignment). If both the HOMO and the LUMO are lower in 
one material than in the other (type-II energy alignment), 
which is opposite the type-I energy alignment, free carrier 
from excitons can be achieved through recombination of 
excitons at interfaces. This is realized by recombination 
of electrons in one material with holes in another material, 
freeing the holes in the former material and electrons in the 
latter material respectively.  

Here we report the exciton dissociation in the type-I 
energy alignment and exciton recombination in the type-II 
energy alignment to get free carriers and then measurable 
photocurrent under light illumination. In type-I energy 
alignment, tris-8-hydroxy-quinolinato aluminum (Alq3) is 
used as a spacer between copper phthalocyanine (CuPc) 
donor and C60 acceptor. It is discovered that electron 
transfer over 14 nm from CuPc via tunneling or gap states 
of Alq3 to C60 and hole transfer over 30 nm from C60 via 
HOMO levels of Alq3 to CuPc.  A thin spacer with suitable 
energy levels is suggested to improve the power conversion 
efficiency	 by	 inhibiting	 recombination	 of	 germinate	
pair polarons. In type-II energy alignment, an n-n type 
organic solar cell with a typical short circuit current about 
0.6 mA/cm2 under 100 mW/cm2 simulated sunlight and 
an open circuit voltage over 600 mV are observed. The 
interface recombination, the disadvantage in type-I energy 
alignment solar cells, becomes advantage of n-n type cells. 
Thus this n-n type organic solar cell provides a new way to 
gain energy from light.
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Dilute Nitride-antimonide Semiconductor Alloys 
for High Speed Micro and Nanosystems: A Review 
of Recent Progress

Soon YOON 
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

This talk reviews some recent progress in GaNAsSb 
semiconductor alloys for photonic and electronic micro and 
nanosystems. GaNAsSb can be lattice-matched to GaAs at 
wavelengths from 0.9µm to 1.3µm by counterbalancing the 
tensile strain induced by nitrogen atoms with compressive 
strain induced by Sb atoms. Picosecond pulsed response 
was measured from p-i-n GaNAsSb/GaAs photo-
detectors	 with	 2μm-thick	 i-GaNAsSb	 photoabsorption	
layer grown by RF nitrogen plasma-assisted molecular 
beam epitaxy. The GaNAsSb layer contains N=3.3% and 
Sb=8%, resulting in DC photoresponse up to 1380nm, 
and the devices exhibit record pulsed response width of 
40.5ps corresponding to 4.5GHz bandwidth. 5GB/s	fiber-
optic transmission at 1.3µm was demonstrated using the 
GaNAsSb p-i-n photodetector. 

GaNAsSb/GaAs p-i-n photo detectors with i-GaNAsSb 
photoabsorption layer have been measured for its DC 
photoresponsivity. The device exhibits extremely high 
photoresponsivity of 12A/W at 1.3µm, suggesting the 
presence of carrier avalanche process at reverse bias <5V. 
To extend the wavelength towards 1600nm, a GaNAsSb/
GaAs p-i-n waveguide photodetector has been grown 
using molecular beam epitaxy, consisting of a strained 
i-GaNAsSb layer, with N=3.5% and Sb= 18%. At 1550nm, 
photoresponsivities of 0.25 and 0.29A/W for devices with 
6.5 and 10µm ridge width, respectively, was demonstrated. 
The GaNAsSb alloy has also been applied to optical 
waveguiding. We have demonstrated a 1.55µm GaAs/
GaNAsSb/GaAs optical waveguide grown by molecular 
beam	 epitaxy.	 The	 0.4μm-thick	 GaNAsSb	 guide	 layer	
contains N=3.5% and Sb=9% resulting in Eg=0.88eV, and 
has refractive index of 3.42 at 1.55µm. Furthermore, we 
have demonstrated a GaNAsSb-based photoconductive 
switch	 for	 microwave	 switching.	 The	 0.5μm-thick	
GaNAsSb photoabsorption layer contains N=3.5% and 
Sb=9%, and the switch exhibits pulsed response FWHM 
of 30ps and photoresponse up to 1.6µm. The switch 
shows ON/OFF ratio of 11dB at 1GHz and response up 
to 15GHz.
 
Low power operation is a critical requirement for high-
performance RF devices. Thus, heterojunction bipolar 
transistors with small band gap base layer material to 
reduce the turn-on voltage are attracting great research 
interest. Using GaNAsSb alloy as the base layer, we have 
demonstrated a Al0.2Ga0.8As/GaN0.03As0.89Sb0.08/GaAs 
heterojunction bipolar transistor with turn-on voltage 
which is ~330mV lower than that of a conventional 

AlGaAs/GaAs device. This result represents the largest 
reported reduction in turn-on voltage for a GaAsNSb 
heterojunction bipolar transistor. 
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Fabrication of a 3D Micro-valve by Two-photon 
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Microfabrication based on femtosecond laser two-
photon polymerization is attracting a lot of attention 
as it possesses the intrinsic ability to fabricate three-
dimensional microstructures with sub-100 nm resolution. 
The technology is based on two-photon absorption; when 
the beam of an ultra-fast laser is tightly focused in a 
photo-polymerizable material, it can initiate two-photon 
polymerization within the laser focus. By moving the laser 
focal point, three-dimensional structures can be directly 
written in the photopolymer.

Over the last decade, there has been extensive research 
into the fabrication of micro-components as well as micro-
electromechanical systems (MEMS), focusing on their 
potential application in biology and medicine. In particular, 
there have been several investigations into the fabrication 
of medical implants such as check-valves of various 
dimensions whose main role is to prohibit the reversal of 
blood	flow	in	human	veins,	which	may	be	caused	by	the	
adverse action of gravity in the standing position. To date, 
there have been several research attempts demonstrating 
macro scale results. However, micro scale models remain 
to be evaluated regarding their performance under the 
specific	characteristics	of	blood	flow.

Here we present our investigation into the design and 
fabrication, using two-photon polymerization (2PP), 
of	 an	 artificial	 micro	 check-valve.	 The	 material	 used	
for fabrication of the micro-check valve is a zirconium-
containing photosensitive sol-gel. Sol-gels can be easily 
prepared and processed and, after photopolymerization, 
they are chemically and electrochemically inert. In 
addition, they enjoy good mechanical and chemical 
stability; for these reasons they have been employed in 
photonic,	 microfluidic	 and	 biomedical	 applications.	 We	
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show that, using this zirconium sol-gel, the considered 
check-valve design, comprised by a main external valve 
body and an interior moving piston, can be fabricated in 
a readily assembled state incorporating good dimensional 
accuracy. Such devices could, potentially in the future, be 
implanted in patients’ veins whose natural check-valves 
malfunction.
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The Influence of Milling Time, Impact Force and 
SiC Particles Volume Fraction on the Crystallite 
Size During Fabrication of Al-4.5wt%Cu Alloy and 
Al-4.5wt%Cu/SiC via Mechanical Alloying
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Fabrication of alloys in the solid state and composites 
via mechanical alloying process has been studied by the 
earlier researchers. The effects of milling time, impact 
force	(defined	as	the	ball-to-powder weight ratio (BPR)) 
and SiC particles volume fraction on the formation of 
nanocrystalline structure of Al-4.5wt%Cu alloy and Al-
4.5wt%Cu/SiC composite during mechanical alloying 
process	 were	 evaluated	 in	 the	 current	 work.	 X-ray	
diffraction patterns of the monolithic and composite samples 
showed that increasing the milling time, impact force and 
SiC particles volume fraction give rise to decreasing the 
crystallite size during the mechanical alloying process. 
The	finest	crystallite	size	in	monolithic	sample	was	23	nm	
after 10 h milling time while that of the composite one was 
21 nm for the milling time of 5 h and 8% vol. SiC with 
the same BPR 20:1. On the other hand, the microstructure 
of the milled powder particles was evaluated by using 
transmission electron microscopy (TEM) and scanning 
electron microscopy (SEM). The interpretation of data 
resulted have been discussed in details.
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Raman Studies of Electrostatic Doping of a Thin 
Single-walled Carbon Nanotube Bundle

Pingqi GAO1;2; Qing ZHANG1; Shaoning YUAN1; 
Ning PENG1; Deyan HE2 
1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. Department of Physics, Lanzhou University, Lan Zhou, 
China

In situ Raman measurements have been carried out on a 
thin bundle of single-walled carbon nanotubes (SWNTs) 
in	 a	 field	 effect	 transistor	 configuration	 at	 various	 gate	
voltages. Two excitation lasers with the photon energy 
of 1.96 eV and 2.41 eV are selected to excite the Raman 
scattering modes of metallic and semiconducting SWNTs 
in the bundle, respectively. For the metallic SWNTs, the 
G- Raman mode is found to shift to higher frequencies 
and narrow down its line shape at negative gate voltages. 
But they are insensitive to positive gate voltages. These 
findings	confirm	 the	presence	of	 the	Kohn	anomaly	 in	a	
thin SWNT bundle and that the LO phonon mode changes 
along with the position of the Fermi level in the metallic 
SWNTs. In contrast, semiconducting SWNTs do not show 
any observable changes in Raman spectra. 
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Comparative Study of Doping Effect on Reverse-
bias-modulated Bipolar Resistance Switching in 
Transition-metal Doped ZnO

Haiyang PENG; Gongping LI; Zhipeng WEI; Tom WU 
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Technological University, Singapore

Resistance random access memory (ReRAM) based on 
electric	field	induced	resistance	switching	is	known	as	one	
of the most promising candidates for next generation non-
volatile memory devices. The high density memory cells 
are usually projected in the form of metal-insulator-metal 
nanostructure. Various materials seem to be available, 
such as binary transition oxide TiO2, NiO, ZrO2, ZnO. 
Compared with perovskite oxide Pr1-xCaxMnO3, SrTiO3, 
SrZrO3, and Ag doped or Cu-doped chalcogenides, 
binary transition metal oxide, such as TiO2, NiO, ZrO2, 
ZnO has the advantages of simple structure and good 
compatibility with conventional CMOS processing. As an 
effort to understand the underlying mechanism to improve 
the device performance, we report on the metal doping 
effect	on	resistance	switching	of	 the	ZnO	thin	films.	We	
conducted a comparative study of doping effect on the 
bipolar resistance switching behavior in R-doped(R=Mn, 
Cu,	Co)	ZnO	thin	films.	For	Pt/Mn	doped	ZnO/Si	device,	
we report the resistance evolution, reverse bias modulation, 
and analysis of conduction mechanism. This study may 
assist further improvements on the performance of novel 
ReRAM devices.
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Characterization of Alloy Gate Dielectrics on 
p-GaAs
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The quest for technologies beyond the 22 nm node 
complementary metal-oxide-semiconductor (CMOS) 
devices has now called for research on high-k gate dielectrics 
on high mobility channel materials. Interest has recently 
focused on germanium and III–V-based material systems as 
likely p- and n-channel ultimate scaling solutions because 
of their superior transport properties. Hafnium oxide 
(HfO2) is a very promising high permittivity material for 
future gate dielectric applications in Si CMOS technology, 
has demonstrated good electrical characteristics on III-V 
substrates as well. However, direct deposition of HfO2 on 
GaAs showed abnormal capacitance-voltage characteristics 
with no accumulation observed, which is attributed native 
oxides induced interface pinning between GaAs substrates 
and HfO2. In this paper, a systematic and comprehensive 
study is presented on the integration of alloy gate dielectric 
of TiO2 and HfO2 (HfTiO) on GaAs.

Metal-oxide-semiconductor capacitors were fabricated 
on p-GaAs (100) wafers with carrier density of ~1-5 
x 1016 cm-3. The wafers were degreased using acetone 
and isopropanol, cleaned in (50%) HCl for native oxide 
removal, and dipped in (NH4)2S for S-passivation layer 
formation. The HfTiO alloy gate dielectric was deposited 
by using co-sputter of HfO2 and TiO2 targets at different 
power for the variation of Ti percentage in HfTiO oxides.  
Post deposition annealing (PDA) was carried out in N2 
ambient at 400oC for 1 min by rapid thermal annealing 
(RTA).	The	film	composition	and	interfacial	microstructure	
is investigated by using x-ray photo-electron spectroscopy 
(XPS),	 secondary	 ion	 mass	 spectroscopy,	 and	 high-
resolution transmission electron microscope (HR-TEM). 
Electrical and interfacial properties of sputtered alloy gate 
dielectric of HfTiO on S-passivated GaAs substrate were 
also investigated.

It is found that HfTiO on p-GaAs exhibits excellent 
electrical	properties	with	low	hysteresis	voltage	and	fixed	
oxide charge compared with directly deposited HfO2 and 
TiO2. The TaN/HfTiO/p-GaAs stack shows a leakage 
current density of 0.1 Acm-2 @ VFB-1 V for equivalent-
oxide-thickness of 1 nm. The presence of TiO2 in HfO2 
reduces the GaxOy formation at the interfacial layer and 
thus reduces out-diffusion of elemental Ga and As during 
post thermal annealing process. Such suppression effect 

significantly	 improved	 the	 electrical	 properties	 of	 the	
dielectric	films.	The	improvement	of	interfacial	properties	
for HfTiO gate dielectric also observed in HRTEM images. 
The effective dielectric constant value is 2.5 times higher 
for HfTiO gate stack compared to directly deposited 
HfO2 and 1.5 times higher compared to directly deposited 
TiO2 on p-GaAs substrates, with a comparable interface 
state density. The hysteresis voltage for HfTiO alloy gate 
dielectric is ~20mV; however the values are 300 mV and 
80 mV for directly deposited HfO2 and TiO2 on p-GaAs, 
respectively. The capacitance–voltage (C–V), current–
voltage (I–V) characteristics and charge trapping behavior 
of the HfTiO gate stack under constant voltage stressing 
exhibit an excellent interface quality and high dielectric 
reliability	making	the	films	suitable	for	GaAs	based	nano-
CMOS technology.
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A very promising future seems to be opening up for 
III-V compound semiconductors for applications in the 
fabrication of advanced discrete and integrated devices 
in the high speed digital, microwave, analogue and opto-
electronic areas. Moreover, convergence of the silicon 
and compound semiconductor industries promises the 
best of both worlds for device manufacturers; the high 
performance,	 flexibility	 and	 enhanced	 functionality	 of	
compounds coupled with the low-cost manufacturability 
and sheer scale of silicon. In addition, introduction 
of deposited high quality gate dielectrics in advanced 
complementary metal-oxide-semiconductor (CMOS) 
technologies opens the route towards important 
performance gains by introducing new channel materials 
on Si platform. Especially GaAs on Ge have received a lot 
of attention in this respect since GaAs has 6 times higher 
electron mobility compared with Si and can grown on Ge 
and is compatibility with Si CMOS technology. However, 
the integration of high-k dielectric with epitaxial layer of 
GaAs on Ge (GaAs/Ge) is challenging due to the presence 
of out-diffusion of elemental Ga, As and Ge during device 
fabrication. In the present work will study the integration 
of high-k dielectrics deposited on epitaxially grown GaAs 
on Ge by using physical and chemical vapor technique.

Metal-oxide-semiconductor capacitors were fabricated on 
GaAs/Al0.95Ga0.05As/Ge wafers. GaAs/Al0.95Ga0.05As layers 
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were grown at 650°C by using metal organic chemical 
vapor deposition method. Prior to the growth of AlGaAs 
and GaAs layers, Ge substrate was heated up to and kept 
at 650°C for 5 min to remove the native oxide layer under 
H2 environment in the absence of As. Tertiarybutylarsine 
and trimethylaluminum (TMAl) were introduced into the 
reactor for the growth of AlGaAs interfacial layer. Finally, 
by switching TMAl to trimethylgallium (TMGa), a 500 
nm GaAs epilayer was grown at 0.32 nm/s. The high-k 
dielectrics of HfO2 and ZrO2 were deposited by using 
physical vapor deposition and chemical vapor deposition 
technique. Prior to the oxide deposition, the wafers were 
cleaned in HCl for GaAs-native oxide removal. Post 
deposition annealing was carried out in N2 ambient at 
300oC-500oC for 1 min by rapid thermal annealing (RTA). 
The	 film	 composition	 and	 interfacial	 microstructure	 is	
investigated	by	using	XPS,	SIMS,	and	HR-TEM.	Electrical	
and interfacial properties of high-k gate dielectric on 
epitaxial GaAs substrate were also investigated. 

From the capacitance-voltage characteristics, it is found 
that the high-k dielectric on GaAs/Ge is comparable with 
high-k dielectric on bulk n-GaAs. The hysteresis voltage is 
~ 400 mV for PDA @ 400oC. The leakage current density 
is ~10-4 Acm-2. Frequency dispersion in accumulation 
capacitance is high; however, it is comparable with the 
high-k on bulk GaAs. Although the epitaxial layer is 
n-GaAs, the interface properties between high-k and GaAs 
are better than high-k on bulk n-GaAs. The feasibility of 
integration of epitaxial GaAs layer on Ge and high-k gate 
dielectrics is demonstrated in this study.
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Optical Properties and Visible Room Temperature 
Photoluminescence of Amorphous Silicon 
Rich Silicon Nitride in SiO2/SiNx Quantum Well 
Structures
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Silicon is one of the most abundant materials in nature and 
its desirable electrical, mechanical and chemical properties 
have made it the main material in the microelectronics 
industry. However, Si is an indirect semiconductor and 
therefore	 an	 inefficient	 light	 emitter.	 On	 the	 other	 hand,	
silicon micro-photonics, the evolving technology which 
combines photonics and silicon microelectronics, requires 
a silicon-based light source to achieve a fully integrated 
optoelectronic device compatible with conventional VLSI 
fabrication technology. Different structures, such as porous 
silicon and silicon quantum dots embedded in a dielectric 
matrix, have been proposed to address this problem. Another 
approach that utilizes a silicon-based multilayer structure is 

promising	 in	 realizing	efficient	 light	emitting	devices	due	
to their structural stability and the ability to inject electron-
hole	pairs	into	the	structure	efficiently	by	electric	current.	

In this work, we have fabricated two sets of quantum well 
structures consisting of 40 alternating layers of silicon rich 
silicon nitride (SiNx) and silicon dioxide (SiO2) using the 
PECVD technique. The former serves as the well layer 
whereas the latter serves as the barrier layer in the quantum 
well structure. The two samples have well layer thickness 
of 4nm and 8nm, which were well-controlled by precisely 
varying the deposition time. A single bulk layer of the well 
material has also been grown to serve as a reference for 
comparison with the quantum well structure.

The optical properties of the samples have been 
studied in detail using photoluminescence (PL) and 
spectroscopic ellipsometry. All the samples exhibit visible 
room	 temperature	 PL.	 We	 have	 successfully	 fitted	 the	
ellipsometry data of the quantum well structures using the 
Tauc-Lorentz dispersion model, and deduced the thickness 
of the well and barrier layers, as well as their complex 
refractive indices. The optical bandgaps of the well layers 
of the two samples have been determined and a blue shift 
in the optical band gap with decreasing well layer thickness 
can be clearly seen. In this study, the PL characteristics 
are correlated to the optical bandgap of the quantum well 
structures with different thicknesses, as well as compared 
with those of the bulk material. The origin of the PL and 
the shift in the optical bandgap of the samples will also be 
discussed. 

 A00932-01634 

Optical-property Profiling of Silicon Nitride Film 
Embedded with Si Nanocrystals

Zhanhong CEN; Tupei CHEN; Liang DING; Yang LIU; 
Ming YANG; Jen It WONG; Zhen LIU 
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

In this work, we report an approach based on spectroscopic 
ellipsometry	 (SE)	 to	 determine	 the	 depth	 profiling	 of	
optical	 properties	 of	 the	 silicon	 nitride	 film	 embedded	
with Si nanocrystals (nc-Si), which is synthesized by ion 
implantation technique. With the Tauc-Lorentz (TL) model 
and the Bruggeman effective medium approximation 
(BEMA), optical constants of nc-Si have been extracted 
from	 the	 best	 fitting	 of	 the	 SE	 spectra.	Assisted	 by	 the	
multi-layer model that describes the nc-Si distribution in 
depth	profile,	optical	properties	of	each	sublayer	containing	
nc-Si can be simulated by the BEMA model using the nc-
Si	optical	constants,	and	thus	the	depth	profile	of	optical	
properties	 of	 the	 silicon	 nitride	 film	 embedded	with	 nc-
Si	 is	 obtained.	 Such	 structure	 of	 the	 silicon	 nitride	 film	
embedded with nc-Si is promising for planar waveguides 
and	solar	cell	anti-reflection	layer.
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In this work, light emission excited optically or electrically 
from	silicon	nitride	films	implanted	with	Si	ions	has	been	
investigated. A red photoluminescence (PL) band at ~680 
nm	from	the	Si-implanted	film	is	largely	enhanced	by	the	
Si implantation followed by thermal annealing, and the 
mechanism of the red PL band has been studied based on 
the experiments of PL excitation (PLE). Moreover, strong 
visible electroluminescence (EL) has been observed from 
a	30	nm	silicon	nitride	thin	film	multiply	implanted	with	
Si ions and annealed at 1100 oC. The EL spectra shows 
two primary EL bands including the predominant violet 
band at ~ 3.0 eV (415 nm) and the strong green-yellow 
band at ~ 2.2 eV (560 nm). Two weak bands including the 
ultra-violet band at ~ 3.8 eV and the near infrared band 
at ~ 1.45 eV emerge at high voltages. The evolution of 
each EL band with the voltage has been examined. The 
light	 emissions	 from	 Si-implanted	 silicon	 nitride	 films	
can provide alternative routes towards the fabrication of 
efficient	Si-based	light-emitting	devices.
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Electrostatic effects at the interface of a Schottky contact 
dominate much of the interfacial physics that occurs in 
metal-semiconductor or heterojunction systems. These 
affect built-in potentials and transport properties which 
correlate with device performance. Some have capitalized 
on the electrostatic interaction at the interface to modify 
barriers. We elucidate the electrostatic parameter space 
in	the	modification	of	Schottky	contacts.	This	is	done	by	
working out the various contributions to barrier height 
modification	analytically	and	comparing	their	magnitudes.	
We use this to draw out a phase space of dominant effects. 
We also present a statistical analysis of ballistic electron 
emission spectroscopy (BEES) results that allows us to 
infer the charge neutrality level and density of interface 
states (at the same time) of Au/n-Si(111) contacts. As 
BEES is based on scanning probe microscopy, we are 
able to achieve nano-scale resolution of order 100nm. The 

inferred values are in agreement with theory and provide 
a basis for investigating inhomogeneity of these quantities 
at the nano-scale in devices.
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1D CuPc nanostructures of various morphologies could 
be fabricated by vapor condensation at various working 
pressures of He under cold trap of the substrates. When the 
working pressure was higher, the heated CuPc molecules 
would have more collisions with the He molecules and lose 
more kinetic energy, leading to formation of energetically 
more stable nanorods with a larger diameter and a smaller 
specific	 surface	 area.	 Some	 branches	 grown	 from	 the	
nanorods were observed. TEM analysis was conducted to 
examine the open end of the branches and demonstrated 
that they were not completely hollow. The hollow 
structures only existed near the end of the nanorods. Various 
evaporation time could cause dissimilar morphologies 
of	 the	 nanostructures.	A	fine	 and	dense	network	of	 long	
and thinner uniform nanowires was obtained as the time 
for vapor condensation was long enough. Due to more 
heat radiation by prolonged evaporation time, the heated 
CuPc vapor molecules possessed higher kinetic energy 
and had excess energy to adopt nanowires with a larger 
specific	surface	area	once	they	reached	the	cold	substrate.	
Three temperatures lower than the melting point of CuPc 
were applied to study the effect of working temperature. 
However,	the	influence	of	various	working	temperatures	on	
the morphology of the nanostructures was inconspicuous. 
Both	XRD	and	thermal	analyses	demonstrated	that	the	1D	
CuPc nanostructures were amorphous. To acquire more 
information from the UV-vis absorption spectra of the 
nanostructures, the absorption edges were analyzed and 
their optical band gaps could be derived. The red shift of 
the B-band absorption peak might be ascribed to the size 
variation effect. 

Compared	 with	 the	 thin	 film,	 1D	 CuPc	 nanostructures	
exhibit	a	wider	absorption	region	which	is	more	beneficial	
for application in organic PV cells. The nanostructures can 
also provide a larger interface for carriers generation, leading 
to	higher	efficiency	of	the	devices.	Nevertheless,	crystalline	
CuPc may be preferable for photoelectronic applications. 
To achieve crystallization of the nanostructures, heat 
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treatment was performed at appropriate temperatures for 
various lengths of time. Straight crystalline needle-like 
nanostructures with a smooth surface could be formed 
when the CuPc molecules gained enough thermal energy 
from heat treatment. As the heating time was further 
extended, coarsening phenomenon would occur to 
decrease the surface energy of the nanostructures. Longer 
time or higher temperature for heat treatment enabled the 
molecules to rearrange and adopt a more ordered way, 
giving rise to increasing crystallinity. On the other hand, a 
higher temperature for heat treatment could cause reduced 
intensity of the UV-vis absorption spectra and red shift of 
the optical band gap. The lower absorption intensity was 
due to looser distribution of the nanostructures, whereas the 
red shift was probably resulted from the phase transition 
and size variation after heat treatment. 

 A00983-01989 

Ultra-long Indium Oxide (In2O3) Layered Nanorods 
for NOx Sensing Application

Nandan SINGH; Pooi See LEE 
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Ultra long layered In2O3 nanorods with a diameter of 
200-400nm	 and	 length	 of	 20-50μm,	 are	 grown	 through	
carbothermal reduction of In2O3	powder	in	a	modified	CVD	
furnace at a source temperature of 950oC.	X-ray	diffraction	
analysis showed that these layered nanorods belong to 
body centered cubic-In2O3 crystal system. Microscopic 
analysis showed that the individual layer is an octahedron 
and the nanorod is made of truncated octahedrons along 
the length of the rod. These octahedrons are formed due 
the different growth rates of the various planes in the cubic 
system.	In	addition,	high	In	vapor	pressure	under	confined	
conditions also played important role in layer formation. 
We attribute the growth of these layered nanorods to be 
controlled by the VS (vapor-solid) mechanism in both 
lateral and vertical directions due to the absence of gold 
catalyst. These layered structures are expected to be 
better chemical sensor than the usual circular nanorods/
wires because of the higher surface area provided by the 
layer	 formation.	 Single	 nanowire	 field	 effect	 transistor	
(NWFET) shows a negative threshold voltage shift from 
-2 to -6V when we exposed the device to 2ppm NO gas. In 
addition, an increase in the drain current was detected after 
exposure	to	the	NO	gas.	Carrier	mobility	(μ)	of	440cm2/Vs 
is calculated from the bottom gated NWFET.
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Graphene via Plasma Enhanced Chemical Vapor 
Deposition

Yang YANG1; Yinhu YANG1;2; Pinqi GAO1; 
Xuefeng	FANG2; Minrong XIA2; Deyan HE1 
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The recent discovery of graphene has triggered enormous 
interest both in fundamental and applied research on this 
material. Thanks to its outstanding electrical and mechanical 
properties, graphene has shown promising applications as 
ultra-sensitive gas sensors, transparent electrodes in liquid 
crystal display devices, and large-capacity electrodes in Li 
batteries. Furthermore, graphene is also considered as an 
ideal system for testing exotic phenomena predicted to be 
observable only in black holes and high-energy particle 
accelerators.

Various methods have been reported for the synthesis 
of graphene, which includes: (i) Mechanical exfoliation 
from highly oriented pyrolytic graphite (HOPG). This 
method suffers from low through put, poor quality, limited 
area of the graphene produced and time-consuming. (ii) 
Chemical exfoliation from bulk graphite. In this case, 
oxidized graphite was cleaved via rapid thermal expansion 
or ultrasonic dispersion, and subsequently the graphene 
oxide sheets were reduced to graphene. A serious drawback 
of this method is that the oxidation process induces a 
variety of defects which would degrade the electronic 
properties of graphene. (iii) Thermal decomposition of 
carbon terminated 4H-SiC. The graphene obtained showed 
poor uniformity and contained a multitude of domains. 
(iv) Recently, Brookhaven group provided high quality 
multilayer graphene layer epitaxial growth on ruthenium, 
but the bottom graphene layer interacts strongly with the 
substrate.

Therefore, there is still a challenging need to develop 
a reliable and reproducible method to controllably 
synthesize high-quality graphene without catalyst and 
electronically isolated with the substrate, which suitable 
for full exploration of graphene properties and application 
potentials.

Inductivity coupled plasma chemical vapor deposition 
(ICP-CVD) has been demonstrated to be successful in 
synthesizing	 carbon	 nanofibers,	 nanotubes,	 nanosheets.	
Thus ICP-CVD can be envisioned to be promising method 
for synthesizing graphene sheets (GSs) on more substrate 
at relatively low temperature.Compare with conventional 
chemical vapor deposition method, the high density 
plasma of ICP-CVD is believed to be essential for GSs 
formation. Atom hydrogen can etch defects in carbon such 
as amorphous carbon and graphite.
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In this work, we develop a technique for directly growing 
graphene sheets on a variety of substrates by ICP-CVD 
method without any catalyst or other carbon structures, such 
as carbon nanowire and naotube. A gas mixture of methane, 
hydrogen and argon was used as reactant. Substrates used 
for this study include Si, Ti, stainless steel and glass. The 
GS product was characterized using scanning electron 
microscopy, transmission electron microscopy/selective 
area electron diffraction, atomic force microscopy, and 
Raman spectroscopy.
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Femtosecond Laser Induced Microexplosion: 
A New Strategy to Synthesise Super-dense 
Nanomaterials in Highly Nonequilibrium 
Conditions
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Eugene GAMALY2; Andrei RODE2 
1. Research Institute for Electronic Science, Hokkaido 
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We demonstrate the ability to compress materials to high 
density/temperature using femtosecond laser pulses from a 
standard table-top laser tightly focused inside transparent 
dielectrics such as glass, quartz, or sapphire. Extremely 
high pressure (∼10	TPa)	and	temperature	(5×10^5K)	have	
been produced using a single ∼200 fs laser pulse focused 
inside transparent dielectrics. The laser pulse of intensity 
over	0.1	PW/cm^2	converts	a	material	within	the	absorption	
volume of ∼0.15	mm^3	into	plasma	in	a	few	femtoseconds.	
A pressure of ∼10 TPa, far exceeding the strength of any 
material, builds up to the end of the pulse. The pressure 
generates strong shock and rarefaction waves. Finally, this 
results in the formation of a nano-void surrounded by a 
shell of shock-compressed material. In sapphire, the size 
of the compressed shell revealed that it has a density 1.14 
times of the initial sapphire density. The unique conditions, 
namely, the extreme pressure and temperature at record 
high heating and cooling rates become available in a well-
controlled laboratory environment.  

Analysis of the size of the void and the shock affected 
zone as a function of the deposited energy shows that the 
experimental results can be explicitly understood on the 
basis of conservation laws and thus can be modelled by 
plasma hydrodynamics. The average density of compressed 
shell can be deduced from measured void size and size of 
shock-affected zone on the basis of the laws of mass and 
energy conservation. 

The compressed material close to the boundary between the 
crystalline and the amorphous sapphire was investigated 
under the high-resolution transmission microscope 
(HRTEM). Fast Fourier Transform (FFT) analysis of the 

images revealed the existence of new spatial period of 1.6 
Å absent from the known crystalline structure of sapphire. 
This period was observed in many spatial areas at distance 
of 50 nm along the amorphous-crystalline boundary in 
different samples, indicating the reproducibility of the 
results. We associate the presence of this new spatial period 
with the high-pressure induced crystal transformation to a 
dense phase.

The new approach will have applications in the creation 
of new high-pressure phases of common crystals, and 
synthesis of a large variety of new materials with exotic 
properties, which are theoretically predicted but has not 
experimentally	confirmed	yet.	
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We describe the electronic and structural properties of the 
interface between Cobalt phthalocyanine(CoPc) molecules 
and a Si(111) surface, which is passivated by a monolayer 
of silver. Different photoemissionbased techniques such 
as	 valence	 band	UPS,	XPS	 and	NEXAFS	 are	 used,	 and	
the system is also investigated using nano-scale four point 
probes. Valence band UPS indicates a stronger bonding 
for	 the	first	monolayer	of	molecules	 than	for	subsequent	
monolayers. This is accompanied by a structural change 
from	 flat-lying	 to	 standing.	 For	 thicker	 layers,	 we	 infer	
the charge transfer and band alignment. Finally, the 
thickness-dependent surface conductance is related to 
these observations.
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Fabrication and Characterization of Nitrogen-
implanted ZnO and ZnS Nanowires

HauHan WEI; WenHuei CHU; YenChin CHEN; 
ChuanPu LIU 
Materials Science and Engineering, National Cheng 
Kung University, Taiwan

We demonstrate effective nitrogen doping into ZnO 
nanowires and ZnS nanowires via ion implantation. 
Both single crystal ZnO and ZnS nanowires were 
synthesized by thermal chemical vapor deposition. 
Microstructure was studied by transmission electron 
microscopy (TEM) and Auger electron nanoscope 
(nano-Auger), while optical properties were measured 
by	 micro-luminescence	 (μ-PL).	 Upon	 ion	 implantation,	
nano-Auger	confirmed	 the	successful	doping	of	nitrogen	
with non-uniform distribution. TEM analysis showed 
that the host lattices of the implanted-nanowires remain 
undistorted by the impurities. Micro-photoluminescence 
results at low temperatures showed that the intensity of 
the emissions from donor-acceptor pairs were increased 
upon ion implantation for both ZnO nanowires and ZnS 
nanowires. Most importantly, electrical measurements of 
the implanted- nanowires patterned by focused ion beam 
presents the evidence for p-type behavior. 
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Photochromic Properties of Various Ag/TiO2 
Nanocomposites Fabricated via an Integrated 
Method of Sol-gel Processes and Proposed 
Chemical Vapor Deposition
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Various Ag/TiO2 nanocomposites were fabricated by an 
integrated method of sol-gel processes and proposed thermal 
CVD. The TiO2	thin	films	composed	of	nanoparticles	with	
diameters in 20 ~100 nm range were initially synthesized on 
glass substrates by a sol-gel process at room temperature. 
High resolution transmission electron microscopy 
(HRTEM) shows the TiO2 particles are single-crystalline 
anatase structures. Various Ag nanomaterials were then 
synthesized on the surface of TiO2 nanoparticles by thermal 
decomposition of silver nitrate in a CVD system for the 
first	time.	The	morphologies	of	Ag	nanomaterials	could	be	
controlled to be particle-like or rod-like by adjusting the 
distances between sources and samples. The diameters of 

Ag nanoparticles are in the range of 5~10 nm, while the 
diameter and length of Ag nanorods were around 40 and 
100 nm, respectively. HRTEM shows the Ag nanoparticles 
as well as nanorods are single-crystalline face-center 
cubic structures. UV-visible absorption spectra of the Ag 
nanoparticle/TiO2 nanoparticle composites show a broad 
absorption band centered at 420 nm, which is attributed 
to plasma resonance of nano-Ag. The absorbance was 
increased and decreased after the irradiation of UV and 
visible light, respectively. Color of the nanocomposites, 
initially brownish, changes under a visible light to 
colorless and reverts to brownish under UV light. On the 
other hand, the Ag nanorod/TiO2 nanoparticle composites 
demonstrate different photochromic behaviors from that of 
Ag nanoparticle/ TiO2 nanoparticle composites. The novel 
Ag/TiO2 nanocomposites with distinct morphologies and 
photochromic behaviors are promising for optical sensing 
applications.
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The Fabrication of Ultra-Fine In-Situ Ni3Al-Al2O3/
TiC Composite Powders Using Titanium Hydride

Sung-Hyun CHOI; Ding-Woong KIM; Kyoung-Rok DO; 
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TiC has high melting point, high hardness, good oxidation 
and corrosion resistance, good thermal stability and 
thermal shock resistance. However TiC has not been 
used	practically	because	of	 low	stiffiness	and	 toughness.	
Recently, in order to improve properties of cermet tool 
materials, most of the researchers have been studied on 
the	development	of	new	binder,	fine	hard	phase	and	new	
process. Ni3Al intermetallic has a great interest for some 
structural applications, especially at the high temperature. 
Ni3Al intermetallic is kept crystalline up to its melting 
point	by	γ’phase	precipitation.	Ni3Al	intermetallics	have	
attractive properties such as low density, high strength 
and good corrosion resistance. This paper deals with the 
fabrication of Ni3Al-Al2O3/TiC composite powders by 
heat treatment process after ball-milling. Raw powders 
of fabricated Ni3Al-Al2O3/TiC composite powders were 
Ni, Al, TiH2 and activated carbon. These powders were 
ball-milled by planetary ball mill at a ball-to-powder 
weight ratio of 30 : 1 in Ar atmosphere. Ball-milling 
times were 1, 3, 5, 7 and 10 hours. Milled powders were 
annealed at 800°C ~ 1200°C in Ar + 4%H2 atmosphere. 
Heating rate was 10 °C/min and holding time was 1 
hour. The phase transformation of ball-milled powders 
and	 annealed	 powders	 was	 confirmed	 by	 using	 General	
Area	 Detector	 X-ray	 Diffraction	 System(GADDS)	 and	
Transmission Electron Microscope(TEM). Field Emission 
Scanning Electron Microscopes(FE-SEM) and Energy 
Dispersive Spectrometer(EDS) were used to observe the 
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microstructures of mixture powders. The particle sizes of 
milled powders and annealed powders were evaluated with 
Particle Size Analyzer(PSA) Inductively and Micropore 
Physisorption Analyzer. In this study, 300nm mean particle 
size was obtained after 10 hours ball-milling and Ni3Al-
Al2O3/TiC composite powders were formed for 1 hour 
over 1100°C. 

 A01078-01870 

Schottky Contacts Formed on Silicon Nanowires

Yongshun SUN; RUSLI; Kai Lin FOO; Wen XU 
School of Electrical and Electronic Engineering, 
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Si nanostructures are integral components of electronic 
devices as the technology node shrinks into the nanoscale. 
Todate, Si nanowires (SiNWs) have been applied to realize 
a variety of devices and applications. While the bottom-
up approach of growing SiNWs is attractive in terms of 
simplicity, there are inherent issues related to the exact 
placement of the SiNWs and it remains a challenge to 
integrate the bottom-up nanowires in a scale suitable for 
practical applications. As such, the top-down approach 
for SiNWs fabrication is preferred from manufacturability 
perspective. In this work, we report on the study of 
nanoscaled Schottky barrier diodes formed between 
N-type SiNWs and nickel silicide fabricated via the top-
down approach. 

Conventional	 lithography	 was	 used	 to	 define	 I-shape	
silicon	island	with	a	line	width	of	1.6	μm.	Two	rounds	of	
wet oxidation, with oxidation time of 340 mins and 30 mins 
respectively, were performed to reduce the dimension of 
the silicon wire to nanoscale. SiNWs with diameter of  ∼70 
nm	were	 achieved.	The	SiNWs	were	doped	with	2×1011 

cm-2 phosphorus at an implantation energy of 80 KeV. The 
doping concentration after implantation was estimated to be 
1.5×1017cm-3 based on Tsupreme simulation. Subsequently 
the silicon dioxide around the nanowires was removed 
completely and nickel was deposited using electron-beam 
evaporation. Ohmic contact pads were formed at the two 
ends of the SiNWs using Al. The devices were annealed 
at 425 °C for 30 mins. Nickel reacted completely with the 
SiNWs underneath and Schottky contacts were formed 
in the longitudinal direction of the SiNWs with nickel 
silicide.

The electrical transport properties and barrier height of the 
Schottky barrier contacts were characterized. The current-
voltage results exhibit strong rectifying characteristic. 
The rectifying ratio for the current is about three orders of 
magnitude measured between −1 V and +1 V. The device 
does not break down even up to −20 V of reverse bias. 
The Schottky barrier height was calculated to be 0.47 eV. 
The ideality factor was derived to be 1.3, which is higher 
than the 1.7 reported for similar nanoscaled Schottky 

diodes fabricated using the scanning probe lithography 
and tetramethylammonium wet etching. The effects of the 
interface on the formation of nanoscaled Schottky barrier 
diodes along the SiNWs will be presented, and the reasons 
for the improved ideality factor and the large breakdown 
voltage will be discussed.
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Synthesis and Characterization of Nanoscale 
Inverted Structures of Cobalt and Nickel 
Silicides
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Studying interactions between metals and semiconductors 
is a main theme for both basic science and technological 
applications. If the reaction products show high conductivity, 
such as nickel silicides and related compounds, they could 
find	 applications	 as	 interconnects	 and	 gate	 contacts	 in	
key device components. In some cases, intermixing and 
reaction between metals and silicon need to be avoided to 
preserve the desired functionalities and device reliability. 
Furthermore, some silicides such as cobalt and iron 
silicides show high spin polarization in the conduction 
bands and may work as spin source in semiconductor-
based spintronics. In the current work, we concentrated 
on the vapor-transport synthesis of nanoscale cobalt and 
nickel silicides and found that either solid or inverted 
structures could be created depending on the detailed 
synthesis conditions used. The shape and orientation of the 
nanostructures are strongly correlated with the orientation 
of the silicon substrates. Gold nanoparticles were found to 
play important roles in both the absorption of metal vapor 
and the diffusion of silicon, which is the prerequisite for 
the silicide reaction. The size of the silicide structures can 
be controlled by the gold nanoparticle size and the growth 
conditions used. Furthermore, we synthesized inverted 
structures on SOI substrates and discussed the associated 
hollow structures. Finally, we characterized the physical 
properties of the inverted silicide nanostructures and 
discussed the possibility of their recombination with other 
materials in functional composites. 
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Chemical structure of minor target species in the probed 
substance can be distinguished using Surface Enhanced 
Raman Scattering (SERS) technique, which makes this 
method a very promising tool in biomedical detections. 
SERS technique provides greatly enhanced Raman signal 
from analytic molecules that is purposely adsorbed upon a 
specially prepared metal surface. The increased intensity 
of Raman signal has been regularly observed on the order 
of 104-106, and is possibly enlarged as high as 108 and 
1014 for some systems. Means to control the size, shape, 
and material of the experimented surface has gradually 
reinvigorated	in	this	field.	In	particular,	the	excitation	of	the	
localized surface plasmon resonance of a nanostructured 
surface or clustered nanoparticles is the major cause of 
SERS effect, so the ability to reliably control the surface 
characteristics has taken SERS-related studies from an 
interesting surface phenomenon to a rapidly developing 
analytical tool. 

Most investigations on the surface for SERS utilize the 
lithographic technique as a micro-scale process that may 
provide a variety of patterns. However, a deepened nano-
scale	pattern	is	still	difficult	to	control	in	a	quick	way,	which	
also leads to an additional cost of wastewater treatment. 
A novel Focused Ion Beam (FIB) technique is competent 
to fabricate a designed nano-scale pattern with high 
precision, whereas the cost to prepare a custom-made FIB-
based surface is comparatively expensive. Alternatively, 
nano-cavities organized by nanoindentation technique are 
promising in preparing a high depth/width ratio, which 
also provides an ideal option for the fabrication step as 
nanostructures instead of other methods. 

In this study, we present a method that utilize nanoindentation 
to generate graphic indented patterns on the gold surface and 
thereafter be relevant to the applications of SERS. By tuning 
pitch depth/width ratio, inter-distance of two pitches, laser 
wavelength and concentrations of molecular probe. This 
experiment aims	to	figure	out	which	parameter	dominates	
the enhanced mechanism. In the experiment, a nanoindenter 
with a Berkovich tip of 20 nm in diameter is chosen to produce 
pyramid-shape pitch. The 100 nm Au/10 nm Ti/Si substrate 
is initially Raman-inactive and used as the reference. After 
indented a Raman-active molecular probe, 5, 5'-Dithio-bis 
(2-nitrobenzoic acid) (DTNB), is particularly grafted on the 
treated substrate to verify an enhanced Raman Effect. The 
result	exhibits	a	significant	SERS	enhancement and can be 
applied for microorganism detection.
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Doping Free CMOS and Optoelectronics Devices
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Ballistic	n-type	carbon	nanotube	(CNT)	based	field-effect	
transistors (FETs) have been fabricated by contacting 
semiconducting single wall CNTs using Sc. Together 
with the demonstrated ballistic p-type CNT FETs using 
Pd contacts, this closes the gap for doping free fabrication 
of CNT based ballistic CMOS devices and circuits. The 
feasibility of this doping free CMOS technology has been 
demonstrated by fabricating a simple CMOS inverter on 
a SiO2/Si substrate using the back-gate geometry, but in 
principle much more complicated CMOS circuits may be 
integrated on a CNT on any suitable insulator substrate 
using the top-gate geometry and high-dielectrics. This 
CNT based CMOS technology only requires the patterning 
of arrays of parallel semiconducting CNTs with moderately 
narrow diameter range, e.g. 1.6-2.4nm, which is within 
the reach of current nanotechnology. This may lead to the 
integration of CNT based CMOS devices with increasing 
complexity	and	possibly	find	 its	way	 into	 the	computers	
brain – the logic circuit.
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We	report	on	the	fabrication	of	carbon	nanotube	field	effect	
transistors (CNTFETs) from dispersed single wall carbon 
nanotubes using OCMC (O-Carboxymethylchitosan) as 
surfactants.	Like	other	surfactants,	such	as	SDS,	SDBS	&	
Triton, OCMC suspended carbon nanotubes can be used to 
fabricate the CNTFETs with excellent switching behavior. 
As prepared devices exhibit p-type as well as ambipolar 
characteristics due to the absorption of oxygen molecules 
at the metal/ nanotubes contacts. Rapid thermal annealing 
(RTA) of the device at 4000C for 5 minutes improves 
the	 on-current	 of	 the	 devices	 significantly	 due	 to	 the	
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decomposition of OCMC at the contacts. Raman spectra 
of the devices prepared by OCMC suspension shows that 
OCMC	polymer	disperses	carbon	nanotubes	efficiently.
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The development of sequence-selective deoxyribonucleic 
acid (DNA) sensors for diagnosis of genetic or pathogenic 
disease has been a subject of intense research. Most 
DNA detection methods rely on optical, piezoelectric, or 
electrochemical transductions. Alternative methods based 
on the resistance change of a single silicon nanowire or an 
individual carbon nanotube have been reported. However, 
these	 sensors	 may	 have	 significant	 device-to-device	
variation and their fabrication requires high production 
costs. Recently, single-walled carbon nanotubes (SWNTs) 
have attracted much attention in sensor applications 
because they are highly sensitive to molecular adsorption 
on the tube wall or within the tubes. Field-effect transistors 
(FETs) based on single-walled carbon nanotube networks 
have been fabricated and label-free electrical detection 
of DNA and biomolecules using SWNT network FETs 
(SNFETs) has been successfully achieved.

In this study, we focused on the sensing mechanisms of 
electrical	detection	of	DNA	hybridization	 for	both	field-
effect transistors and two-terminal resistors based on 
SWNT networks. In the case of SNFETs, the sensing of 
DNA is found to be dominated by the changes in metal-
SWNT junctions rather than the channel conductance. 
Barrier height extraction via low-temperature electrical 
measurement provides direct evidence for the notion that 
the energy level alignment between electrode and SWNTs 
can be affected by DNA immobilization and hybridization. 
On the contrary, the metal-SWNT junctions of two-terminal 
resistors may not play a dominant role in sensing as it does 
in SNFETs. A charge-transfer model is proposed to the 
detection mechanism instead. Location-selective capping 
using photoresist was utilized to help reveal the sensing 
mechanisms for both studies. Besides, we further improved 
the detection sensitivity of SNFETs for DNA to ca. 100 
fM by using a ‘nanoparticle enhancement’ approach. This 
result	is	a	significant	enhancement	compared	with	typical	
detection limits on the order of ca. 1 nM of DNA.
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Continued developments in nanotechnology have allowed 
the fabrication of ever-smaller electronic devices. As 
physical sizes approach the atomic scale, it becomes very 
difficult	 to	 construct	 devices	 with	 high	 precision	 using	
a top-down patterning technique. Instead, a bottom-up 
approach, in which atoms are assembled in a controlled 
way to build complex structures, becomes imperative. It 
has been shown that the scanning tunneling microscope 
(STM) can be used to manipulate atoms and molecules on 
a	surface	 in	order	 to	achieve	a	desired	configuration.	 	 In	
such atomic scale electronic devices, however, quantum 
rather than classical effects must be considered. 

The focus of this work is to simulate and design such devices 
and exploit their quantum mechanical characteristics. The 
dangling bonds on semiconductor surfaces introduces well 
controlled states in the band gap region and are a critical 
component in building atomic scale electronic devices.  
The electronic properties of the semiconductor surface 
can	be	modified	by	adsorption	of	adatoms	onto	the	active	
dangling bond sites.  For a silicon surface, control over 
its electronic properties can be achieved by passivating 
with hydrogen atoms and then selectively removing the 
hydrogen atoms from the hydrogenated surface using 
STM.  Depassivated lines of atomic vacancies have useful 
conductance properties and can serve as pseudo-ballistic 
wires that connect different components on the surface. The 
ballistic transport of electrons through the wire between 
metal nanopads can be accurately described by the elastic-
scattering quantum chemistry (ESQC) method. Such atom 
scale simulation tools are essential in designing and guiding 
the fabrication of atomic scale electronic devices that can 
act as wires, switches and transistors. We present our work 
on the electronic properties of a hydrogen-terminated 
silicon	 surface,	first	 elucidating	how	 the	modification	of	
its surface structure can alter its electronic properties, then 
proposing the possible use of these structures as building 
blocks for designing atom scale logic gates and storage 
devices.
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III-V Semiconductor Quantum Dots on the 
Fundamental Parameters
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In recent years there have been extensive studies on III-V 
semiconductor quantum dots (QDs). The absorption 
spectra	of	QDs	are	expected	to	be	a	series	of	δ-function-
like discrete lines due to the nature of the density of 
states. The QD system is usually inhomogeneous due 
to the large variation of the dot size. There are reports 
on the effect of Gaussian distribution of the dot size on 
the optical absorption spectra. In such reports, the dots 
are approximated as cubic or spherical structures having 
infinite	potential	barriers	at	the	boundaries.	The absorption 
spectra of realistic III-V semiconductor QDs having finite	
potential barriers depend on the fundamental parameters 
such as dot size distribution, bowing effect of the band 
gap, electron and hole effective masses, mole fraction of 
the third group elements, band offset ratios and so on, 
which have not been well studied.

In this paper, we study and present the dependence of the 
absorption spectra of some realistic III-V semiconductor 
QD systems on the fundamental parameters. It is seen 
that the absorption spectra depend strongly on the dot size 
distribution	described	by	the	parameter	ξ,	the	ratio	of	the	
standard deviation of the dot size to the average dot size 
of the system. Further studies on the absorption spectra 
corresponding	 to	 different	 values	 of	 ξ	 were	 carried	 out	
and it was found that the resolvability of the absorption 
peaks	 depend	 on	 ξ.	Detailed	 theories,	 computations	 and	
discussions will be presented to get a better insight of the 
optical properties of some realistic III-V semiconductor 
QD systems.

The authors would like to thank Professor Dipankar Biswas of 
Institute of Radio Physics and Electronics, University of Calcutta, 
India  for support and illuminating discussion. 
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Equation based Method to Model Double-Gate 
MOSFET Drain Current

Ali FATTAH HESARI; Saeed KHATAMI 
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In this paper we want to introduce a new method to model 
drain current in Double Gate (DG) MOSFETs for sub 
100 nanometer. This model covers the full range of bias 
conditions and is suitable for implementation in circuit 
simulators, such as SPICE. This model is more simple, 
compare to previous models that have been published. 
Also the model is compatible with numerical simulations 
done by silvaco. In order to show that the model is valid, it 
is implemented in SPICE3 and Verilog-A. Also the model 
is compared with measured drain current data.

As we know there are two types of charge transport 
mechanisms for calculating drain current. In short channel 
devices, current has both characteristics of ballistic and 
drift-diffusion transport. In this work we consider second 
mechanism. The most important advantages of drift-
diffusion	theory	are	simplicity	and	clear	 identification	of	
processes governing behavior of MOSFET. In our modeling 
and simulations we consider a DG MOSFET with L=35nm, 
oxide thickness equal to 1.6nm and silicon thickness equal 
to 12nm. Body doping concentration is NS=1015cm-3. Also 
εox=7	and	εSi=11.8 are considered. Contact schottky metal 
has work function of 4.17ev corresponding to n+silicon.
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The carrier statistics for low-dimensional nanostructure is 
elaborated. The density of state (DOS) is proportional to 
λd

D where d is the dimensionality of the nanostructure and 
λD is the De-Broglie wavelength proportion of Fermi-Dirac 
integral that covers the carrier statistics to all degeneracy 
level. In the non-degenerate regime the results replicate 
what is expected from the Boltzmann statistics. However, 
the results vary in degenerate regime. The results for all 
dimensions are numerically analyzed and compared for 
all three Cartesian directions. With appropriate DOS, the 
carrier concentration in all dimensions is obtained based 
on the Fermi – Dirac statistic. Fermi energy with respect 
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to band edge is a function of temperature that independent 
of the carrier concentration in the non-degenerate regime. 
In the strongly degenerate regime, the Fermi energy is a 
function of carrier concentration appropriate for given 
dimensionality, but is independent of temperature. The 
presented results may have a profound impact for any 
nanodevices such as nanowire and carbon nanotube 
transistor (CNT).

 A01256-02163 

Near-field Raman Analysis of Sub-100 nm Strained 
MOSFETs

Choun Pei WONG1; Johnson KASIM2; Jinping LIU2; 
Alex SEE2; Zexiang SHEN1 
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Strained MOSFETS are one of the most important 
alternative routes towards meeting projected performance 
gains	that	are	difficult	to	achieve	by	scaling	down	transistor	
dimensions. It is well-known that straining the silicon lattice 
can change the band structure and electrical properties 
of the material. By introducing strain appropriately to 
the channel of the transistor, carrier mobility can be 
enhanced, thus improving the device speed. Indeed, with 
various strain engineering techniques, major players in the 
semiconductor	industry	have	reported	significant	gains	in	
device performance. Experimental measurements of the 
actual strain in the active region of fabricated transistors 
are crucial for the understanding and modeling of such 
performance gains, but prove challenging in practice.

Raman spectroscopy, being a fast and non-destructive 
technique that requires little or no sample preparation, 
offers an attractive means of characterizing the strain in 
transistors quantitatively. For the technique to be feasible 
for this, a high spatial resolution is required to resolve 
the local strain in sub-100 nm transistors from recent 
technology	 nodes.	 Sufficient	 surface	 sensitivity	 is	 also	
needed to minimize the amount of bulk silicon signal 
obtained from the substrate, which will overlap with the 
signal from a thin, top layer of strained silicon and make 
strain	analysis	difficult.

In this work, we study the strain induced in the channel 
of sub-100nm p-MOSFETs with SiGe source and drain 
as	compressive	stressors.	Near-field	Raman	spectroscopy	
is employed as the means for strain characterization. Our 
technique, which is based on the concept of optically 
tweezing a dielectric sphere for enhancement of spatial 
resolution as well as scattering intensity, has many 
advantages - the setup is simple, performing the experiment 
is reasonably easy, results are highly reproducible, and 
success rate is very high. 

We present the results obtained using UV laser as the 
excitation source for Raman scattering. This combines 
the advantages of an enhanced spatial resolution and 
scattering intensity with a shallow penetration depth, 
which is essential for surface sensitivity required for our 
strain analysis. We also compare the results from Raman 
analysis with those obtained from simulation. This work 
contributes to the development of Raman spectroscopy 
as a useful strain metrology tool for the semiconductor 
industry, with transistor-level probing capabilities.
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Au cluster melting on Au (100) substrate has been studied 
by Kinetic Monte Carlo (KMC) method to simulate 
Au	 thin	 film	 deposition,	 and	 the	 Au	 atoms	 diffusion	
mechanism has been demonstrated in this study. We use 
firstly	molecular	dynamics	simulation	(MD)	to	determine	
the absorption energy of Au atom adsorbed on the surface 
of Au substrate. And the Nudged Elastic band model has 
been used to calculate the activation energy of an Au atom 
jumps along the smallest energy path to the next neighbor 
empty places on substrate surface. The diffusion process 
of Au atoms of cluster on Au substrate has taken into 
account	all	configurations	of	Au	atom	jumping	possibilities	
through KMC algorithm. The morphologies of Au clusters 
at different deposition temperatures, and the different atom 
number of clusters are also investigated. The simulation 
results are compared to experimental data and reveal good 
agreement with our KMC model.

In these simulations, we observe all melting paths of Au 
cluster go through to pyramid shape before the clusters 
flatten	on	substrate.	Furthermore,	the	pyramid	is	built	layer	
by layer from the base except four edges which are lastly 
filled	up	by	up	layers.	In	the	collapse	route,	 the	pyramid	
starts to lose four corner atoms and edge atoms follow suit 
and then atoms of top layers do so as well. We notice that 
four edges are lastly formed after the creation of four ditches 
between	faces	and	atoms	from	top	layers	then	falling	to	fill	
the ditches. And the pyramid becomes the most stable state 
around temperature 500K. The potential energy map also 
shows the face atoms of pyramid having lowest energy. 
These	 results	 indicate	 that	first,	 it	 is	possible	 to	produce	
nano-gold(metal)-pyramid from Au clusters by melting 
clusters in short period of time and then quenching them, 
or second, depositing Au(metal) atoms at temperature 
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500K(specific	temperature)	with	controlled	rate.	Also	the	
pyramid has the least free energy at temperature about 
500K.
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Structural and Optical Properties of Ga-doped 
ZnO Nanowires Depending on Kinetic Energy of 
the Source Particles in Hot-Walled Pulsed Laser 
Deposition
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Ga-doped ZnO (GZO) nanowires (NWs) have been 
successfully grown on a sapphire substrate using hot-
walled pulsed laser deposition (HW-PLD) with Au 
layer as catalyst. Structural and optical properties of as-
grown 3GZO NWs are investigated by scanning electron 
microscopy (SEM), transmittance electron microscopy 
(TEM) and photoluminescence (PL). TEM measurement 
shows that 3GZO NWs have a single crystal structure 
and the distance of Zn - Zn is about 5.2 Å. 3GZO NWs 
have the diameter of about 50 nm and the length of about 
8 µm grown at 800 °C. The properties have been also 
systematically investigated with respect to the target-
substrate (T-S) distance depending on the synthesis 
temperature. The morphology of the NWs such as length 
and diameter is strongly affected by the T-S distance 
illustrating close correlation between the growth kinetics 
and the position in the plume formed by the particles from 
the GZO target in HW-PLD.
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Al2O3 ceramics were fabricated without additives under 
high pressure (2-7 GPa) at a different temperature ( 
500-1200 0C) in a cubic anvil high- pressure and high 
temperature apparatus. Nanocrystalline alumina powder 
with	metastable	 γ	Al2O3  phase was used as the starting 
material.	During	sintering	the	γ	phase	transforms	to	α	phase.	

The transformation temperature decreases about  500 0C at 
5 GPa for 15 minutes. Grain growth is limited by the low 
sintering temperature. Alumina hydrate phase was found 
in the samples sintered at low sintering temperature.

High pressure could increase the nucleation rate while 
reducing	the	growth	rate	of	the	transformed	α	phase	so	that	
its grain size decreased with sintering pressure under the 
same sintering temperature and time. But  sintered samples 
at 7 GPa and high temperatures  have shown  large  grain 
sizes compared to those sintered at lower pressures,  for 
the same temperature and sintering time. This could be 
attributed to the higher input energy in the system at high 
pressure	 and	 high	 temperature	 conditions,	 thus	 the	 final	
stage in sintering was reached quickly; as was the grain 
growth regime. Thus for high pressure high temperature 
conditions, the sintering time should be reduced to prevent 
grain growth. In general, grain growth is limited by low 
sintering temperature, high pressure and short sintering 
time. In this work, the best combination of grain size (< 
100 nm) and density (95.5%) was obtained under the 
sintering condition of 500 0C , 4 GPa  with a holding time 
of 15 minutes.
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Flame spray pyrolysis (FSP) is a very promising technique 
for synthesis of high purity nano-sized materials with 
controlled size and crystallinity in one step and used to 
fabricate a sensor material since it enables primary particle 
and crystal size control, which is important to improve the 
sensitivity, as well as the controlled in situ deposition of 
noble metal clusters. Therefore it is interesting to apply 
FSP for production of Ru-doped SnO2 nanoparticles as 
used in gas sensor for detection of H2 vapour. The high 
specific	surface	area	(SSABET) of SnO2 nanoparticles doped 
with	0.2-3	wt.%	Ru	were	successfully	produced	by	flame	
spray pyrolysis (FSP) in a single step using the tin (II) 
2-ethylhexanoate and ruthenium (III) acetylacetonate 
dissolved in xylene. After evaporation and combustion 
of precursor droplets, particles are formed by nucleation, 
condensation, coagulation, coalescence, and Ru deposits 
on the SnO2 support. The effect of Ru-doped SnO2 
nanoparticles and the crystalline sizes were clearly seen 
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in this work. The phase and crystallite size were analyzed 
by	XRD.	The	SSABET of the nanoparticles was measured 
by nitrogen adsorption (BET analysis). The lowest Ru 
content (0.2 wt %Ru) showed the highest SSABET of the 
samples. The trend of SSABET on the doping samples 
decreased and the dBET increased with the higher doping 
levels. The FSP afforded small Ru particles attached 
to the surface of the supporting SnO2 nanoparticles 
indicating a high SSABET. The larger crystallite diameters 
indicate clumping and clusters of Ru, translating into a 
poor dispersion of the Ru nanoparticles on SnO2 support 
which affected to the decreasing of the SSABET. The 
accurate size and morphology of the primary particles 
were further investigated by	TEM.	The	flame-spray-made	
SnO2 nanoparticles were observed as individual particles 
having the clear spheroidal, rectangular, and rod-like 
morphologies. The crystallite sizes of SnO2 spheroidal and 
rectangular particles were in the range of 5-10 nm. SnO2 
nanorods were found to be ranging from 3-5 nm in width 
and 5-20 nm in length. The sensing	films	were	produced	
by mixing the particles into an organic paste composed of 
triton®	X-100	and	2,4-pentanedione	as	a	vehicle	binder	and	
solvent, respectively. The resulting paste was spin-coated 
onto the Al2O3 substrates interdigitated with Au electrodes. 
The gas sensing of H2 (500-10000 ppm) was studied at the 
operating temperatures ranging from 200-350°C in dry air. 
After sensing test, the morphology and the cross-section 
of	sensing	film	were	analyzed	by	SEM	and	EDS	analyses.	
In addition, a well-dispersed of 0.2 wt%Ru/SnO2 sensing 
film	 showed	 the	 highest	 sensitivity	 and	 faster	 response	
time (within seconds) than pure SnO2	 sensing	 film	 at	
350°C. It was found that the trend of sensitivity increased 
and the response times decreased with increasing H2 
concentrations.
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Zn2SnO4 (ZTO) has been reported to exhibit high electron 
mobility, high electrical conductivity and low visible 
absorption,	deeming	it	suitable	for	applications	in	thin-film	
photovoltaic devices, solar cells, sensors for combustible 
gases and humidity detection. So far, previous studies on 
ZTO	have	mainly	focused	on	ZTO	thin	films,	and	few	on	
the 1D nanostructures. 

We report the fabrication of 1-D ternary ZTO nanowires 
using a tube furnace. Characterization of the nanowires 
was done using scanning electron microscopy (SEM), 
X-ray	 diffraction	 (XRD),	 photoluminescence	 (PL)	 and	
transmission electron microscopy (TEM). The I-V 

characteristics of ZTO nanowire	field	effect	transistor	(FET)	
were also determined. To the best of our knowledge, this 
is	the	first	time	a	ZTO nanowire FET has been fabricated. 
Preliminary results reveal that single ZTO nanowire has 
many promising applications in the manufacturing of high 
speed nano- and opto-electronic devices.
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This paper presents two models of circuit of single 
electron transistor-SET based on master equation, which 
can be applied in the simulation of SET logic circuits and 
SET/MOS hybrid circuits in a wide range of temperature 
and	bias.	The	first	model	is	model	of	HSPICE	of	the	SET	
based on the circuit simulator HSPICE combines with 
master equation arithmetic. The master equation is built 
and resolved by choose master states of SET, and then the 
device model of SET is added into the HSPICE simulator 
using the CMI (Common Model Interface) which is a 
function of HSPICE. The second model is a Verilog-A 
behavioral	modeling	based	on	a	simplified	Lientschnig’s	
PSPICE SET model. Utilize these two models, SET logic 
circuits and SET/MOS hybrid circuits are simulated by the 
tool of Cadence Spectre.
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Laser annealing (LA) is a promising technique to achieve 
ultra-shallow, abrupt and highly activated junctions in 
nano-scale CMOS devices. An intense laser beam melts 
the surface region of the implanted drain-source extension 
regions,	which	 results	 in	 a	 box	 like	 dopant	 profile	 after	
regrowth.  As there can be some variation of the laser 
fluence	during	processing,	this	could	lead	to	a	variation	of	
the junction depth. One possible solution is pre-amorphize 
the Si substrate with, say, an implantation of Ge, before 
performing the LA.  By taking advantage of the lower 
melting point of amorphous Si over crystalline Si, a process 
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window	can	be	found	in	the	laser	fluence	whereby	only	the	
amorphous	layer	is	melted,	thus	confining	the	dopant	to	the	
pre-amorphized layer.  However, it has been shown that 
end of range defects exists in the c-Si immediately below 
the re-crystallized  a-Si layer, leading to a high leakage 
current, which is undesirable.

We report on a scheme in which the melt depth and hence 
the junction depth are independent (within limits) of the 
laser	fluence	used.	This	makes	use	of	 the	 lower	melting	
point of SiGe compared to that of c-Si, thus giving a 
process window within which the melt depth is limited 
to within the SiGe layer. An undoped Si0.8Ge0.2 epitaxial 
layer, 30nm thick, was grown on a 300 mm n-type Si 
wafer.  An ultra-shallow, 1 keV, 1x1015cm-2 Ge implant to 
reduce channeling was performed, followed by a 0.5keV, 
5x1014cm-2 B implant.  Laser annealing was performed 
with a single pulse of a 248-nm KrF excimer laser (pulse 
duration	23ns,	repetition	rate	1	Hz),	with	laser	fluence	from	
0.55 to 0.95 J/cm2.  For comparison, a control sample was 
flash-annealed	with	a	Xe	arc	lamp	at	1150ºC	for	0.8ms.		

HRTEM images of the samples showed that when 
annealing	was	done	at	a	laser	fluence	of	0.55	J/cm2, there 
was no melting of the SiGe epitaxial layer.  For samples 
annealed in the 0.65–0.85 J/cm2 range, the TEM images 
showed two distinct regions in the SiGe layer. The upper 
part of this layer was melted by the incident laser beam. 
During the subsequent re-crystallization process, the B 
dopants were redistributed between the melted and non-
melted regions, with some of the B dopants being pushed 
into the non-melted region, causing the B concentration 
there	 to	 be	 raised	 in	 the	 otherwise	 flat	 dopant	 profiles.	
Furthermore,	the	B	dopant	profiles	of	the	samples	annealed	
within this energy range were almost coincident.  Taking 
a substrate doping of 1x1018cm-3 as the demarcation of the 
p-n junction, the junction depth was estimated to be about 
30nm, which was the thickness of the SiGe layer.  These 
results	 demonstrated	 that	 there	 was	 a	 sufficient	 process	
window	in	the	range	of	laser	fluence	to	allow	us	to	anneal	
and activate the dopants, while maintaining a good control 
of the junction depth.
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M-type hexaferrites Ca(CoCr)xFe12-2xO19, powders were 
synthesized by sol-gel combustion technique. The x-ray 
diffraction pattern of Ca(CoCr)xFe12-2xO19, calcinated 
at 800oC  manifests that all the species have hexagonal 

crystal structure pertaining to the space group P63/mmc 
(no. 194). The structure seems uniform at different doping 
dosages. The SEM study reveals that the particles belong 
to the nanoscale. When compared with similar compounds 
synthesized by conventional standard ceramic technique 
shows that the nanoparticles size belongs in the reported 
compounds in this work with similar crystal structure.

The magnetic properties were characterized by using VSM 
technique. The saturation magnetization (Ms) increases as 
substitution x increases. The inhancment in the value of Ms 
can be ascribed to replacement of Fe+3 ions spin down state 
by Co+3 ions. The hysteresis loop of ferrites reveals that 
ferrites belong to hard magn3tic materials characterized 
with	 high	 coercive	 field	 strength	 of	 0.5	 to	 1	 KOe.	 The	
magnetizations are closely related to distribution of Co+3 and 
Cr+3 ions on each crystallographic site and then magnetic 
dilution or non-collinear structure (spin canting) with the 
substitution of Fe+3 ions by lower magnetic moment ions. 
It is evident that Co+3-Cr+3 ions distribute on spin up Fe+3 
sites known as 12K and 2a, which is decisive of magnetic 
intensity of compounds as per Gortor spin collinear model. 
Paramagnetic regions of all the compounds are studied 
and a comparison of observed and calculated Curie molar 
constant CM is made to know valence state of ions.
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Square-wave cathodic current modulation was used to 
electrodeposit	fine-grained	iron	from	citric	acid	bath.	The	
effect of pulse on-time, off-time, peak current density and 
total plating time on the grain size, surface morphology 
and	crystal	orientation	was	determined.	X-ray	diffraction	
analysis	and	modified	Williamson–Hall	relation	were	used	
to determine the average grains size of the coatings. 

The experimental results showed that an increase in peak 
current	 density	 resulted	 in	 considerable	 refinement	 in	
crystal size of the deposits. An increase in the pulse off-
time at constant on-time and peak current density resulted 
in a progressive increase in crystal size. However, the 
crystal orientation remained unaffected with increasing 
off-time. The design of the pulse deposition parameters is 
described in terms of the transport limitations through the 
diffusion layer and electrochemical interface stability .
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By the transfer matrix method, the symmetric effects 
of spin transport in a magnetic superlattic (MSL) have 
been systematically investigated. First, we investigated 
a giant magnetoresistance (MR) effect of to a modulated 
symmetric MSL, it is found that the MR ratio of such a 
MSL shows strong dependence on the space between the 
units of MSL. With the increase in the number of units 
of the MSL, the maximal MR ratio tends to be enhanced 
and	the	peak	of	the	MR	ratio	locates	at	a	specific	relative	
Fermi energy for the given space between magnetic 
potentials. Moreover, the maximal MR ratio of odd-period 
configurations	 is	 always	 larger	 than	 that	 of	 even-period	
configurations.	Second,	considering	an	asymmetry	MSL,	it	
is due to the periodic barriers with abnormal one in height, 
which the effects of the abnormal barrier in the MSL have 
been	 introduced	 by	 a	 defined	 asymmetry	 factor,	 which	
corresponds to the changeable height of the abnormal 
barrier. The results show that in the ballistic transport 
region, the spin-up electron transmission and conductance 
can be dramatically depressed by the enhancement of the 
asymmetry factor. However, the spindown transmission 
and conductance are only slightly affected. It means that 
the spin transport in the asymmetric MSL is obviously 
different from that in the symmetric MSL. In addition, 
the value of spin polarization of the conductance can be 
well controlled by the asymmetry factor in a wide range 
of energy, and highly polarized transport is possible. 
Furthermore, the number of the abnormal barriers can 
also strongly affect the oscillation of the spin polarization. 
Furthermore, the unitary symmetric effect of spin transport 
of MSL has also been explored. The results show that, only 
making the central unit of MSL abnormal, the change of 
spin polarization with the asymmetry factor is less than 
that for the case of making other abnormal unit of MSL. 
It indicates that, if part symmetry of MSL maintaining, 
the value of spin polarization of the conductance may be 
smaller.
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Advanced Drain-Source-On-Insulator MOSFETs 
for Suppression of Thermal Effect

Tatsuya YAMADA; Yoshiyasu MIYAZAWA; 
Yoshikata NAKAJIMA; Tatsuro HANAJIRI; 
Toru TOYABE; Takuo SUGANO 
Bio-Nano Electronics Research Centre, Toyo University, 
Saitama, Japan

Silicon On Insulator (SOI) MOSFETs are effective to 
prevent short channel effect. However, SOI MOSFETs 
have	 three	 problems	 due	 to	Buried	Oxide	 (BOX)	 layer:	
suppression of thermal diffusion out of the SOI layer, 
accumulation of excess carrier in the SOI layer, and capture 
of	carriers	at	trap	states	at	the	SOI/BOX	interface.

To solve these problems of SOI MOSFETs, Drain and 
Source On Insulator (DSOI) MOSFETs were proposed 
which	 have	 unique	 structure:	 the	 BOX	 layer	 under	 the	
gate oxide of SOI structure was removed and displaced by 
silicon.	In	consequence	of	the	removal	of	BOX	layer,	the	
DSOI structure can release heat and excess carriers out of 
the SOI layer. In addition, we also expect that the DSOI 
structure	is	free	from	tarp	states	at	the	SOI/BOX	interface.	
However, we demonstrated that the DSOI has disadvantage 
of bulk punch through as gate length is shrinking.

In this paper, we proposed an advanced DSOI MOSFET in 
which	silicon	between	local	BOX	regions	is	heavily	doped.	
We expect this structure to prevent the disadvantage of 
DSOI such as bulk punch through by the doped impurity, 
maintaining the advantage of DSOI. We simulated 
electrical and thermal phenomena with solving Poisson’s 
equation combined with electron and hole current 
continuity	 equations	 to	 confirm	 Id-Vg characteristics and 
distribution of potential in SOI MOSFET, DSOI MOSFET, 
and advanced DSOI MOSFET. In addition, we also solved 
heat	flow	equation	independently	to	estimate	distribution	
of heat in the MOSFETs. Furthermore, we are going to 
install	 flow	 equation	 into	 our	 simulator	 by	 combining	
it with all the other equations to discuss electrical and 
thermal phenomena in MOSFETs.

We	confirmed	advantage	of	advanced	DSOI	MOSFET	from	
subthreshold slope curves. The result shows subthreshold 
slope of MOSFETs is increasing with shrinking gate length 
and subthreshold slopes becomes more than 100[mV/dec.], 
when Lg is 70, 40 and 30[nm] in DSOI MOSFET, SOI 
MOSFET and advanced DSOI MOSFET, respectively, 
which indicated that low leakage current of the advanced 
DSOI MOSFET has the lowest leakage current in short 
channel region.

We	also	confirm	advantage	of	advanced	DSOI	MOSFET	
from thermal distribution. This result shows in advanced 
DSOI MOSFETs, temperature is kept to be lower than in 
SOI MOSFET. The maximum temperature is rising up 



44     Symposium J - Nanodevices and Nanofabrication

to 730[K] in SOI MOSFET, while it is suppressed below 
350[K] in advanced DSOI MOSFET.

As	 a	 result,	 we	 confirmed	 that	 the	 advanced	 DSOI	
MOSFETs has lower subthreshold slope that of SOI 
MOSFETs	in	short	channel	region.	And	we	also	confirmed	
advanced DSOI MOSFETs has higher performance of heat 
radiation than that of SOI MOSFETs. Consequently, the 
advanced DSOI structure in deca-nano gate MOSFETs 
can suppress leakage current more effectively than SOI 
MOSFETs, maintaining advantage of DSOI MOSFETs.

This work was supported by a grant for the High Tech Research 
Centers organized by the Ministry of Education, Culture, Sports, 
Science and Technology (MEXT), Japan; and by the CASIO 
Science Promotion Foundation, Japan.
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Template-free Growth of NiO Nanowire Array by 
Metal-etching-oxidation Method
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Donglai GUO1; Lai Mun WONG2; Shi Jie WANG2; 
Tom WU1 
1. Division of Physics and Applied Physics,School 
of Physical and Mathematical Sciences, Nanyang 
Technological University, Singapore
2. Institute of Materials Research and Engineering, 
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Nickel oxide (NiO) is a technologically important 
semiconductor material, and has been extensively studied 
due to its potential use as a nonvolatile memory devices, 
gas sensors, battery material, and so on. Construction of 
well-ordered,	 specifically	 oriented	 ensembles	 of	 metal	
oxide material nanostructures may assist more potential 
applications, which have resulted in intensive research 
during the past few years. For the growth of well-ordered 
NiO nanowire array, several typical methods can be used 
such as the template assisted method, the template-free 
vapor-liquid-solid (VLS) growth, and the hotplate method. 
However, the current synthesis methods are not very 
effective in the NiO nanowire array growth.

In this study, we employed a metal-etching-oxidation 
(MEO) method which utilizes metal etching and concurrent 
oxidation process to synthesize NiO nanowire array. The 
growth of NiO nanostructure was carried out in a home-
built tube-furnace based vapor transport system. Nickel 
(Ni) foil was used as both the substrate and the nickel 
source. Nickel chloride (NiCl2) powder serves as additional 
Ni source and generates Cl2 etching. NiO nanostructure 
was synthesized by simultaneous Cl2-assisted etching and 
gentle oxidation.

The as-grown nanowires are single crystal and show very 
uniform diameters (between 80 and 100 nm) and length 
(~2 um). The growth axis is along the [200] direction. The 

diameter (from 80 to 500 nm) and the length (from 1 to 10 
um) can be controlled by the growth temperature and O2 
content, respectively. This method gives a new route for 
synthesize metal oxide nanostructure, and may be adapted 
to the synthesis of other nanomaterials. 
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Electron Transport Investigation of Metal-
Molecule-Metal Interface for Nanoelectronics
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Exploring the use of individual molecule as active 
components in electronic devices has been at the 
forefront of nanoelectronics research in recent years. 
Recent advances in the manipulation of single molecule 
now permit to contact an individual molecule between 
two electrodes. Theoretical understanding of electron 
transport phenomena through single molecules is 
of great importance for the design of future devices 
and materials in molecular electronics. In this work 
non-equilibrium Green’s function (NEGF) formalism 
combined with extended Huckel theory (EHT) is used 
to investigate the electron transport characteristics 
of Au-borazine-Au and Au-benzene-Au molecular 
junctions with selenium (Se) as terminal group. It 
is observed that the energy gap between the highest 
occupied molecular orbital (HOMO) and the lowest 
unoccupied molecular orbital (LUMO) of borazine 
ring is higher than the benzene does. Results show that 
the negative differential resistance (NDR) behavior 
is exhibited within large positive bias range for Au-
Se-B3N3H4-Se-Au system validating its suitability for 
NDR devices. 
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Effect of Anchoring Groups on Electron Transport 
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Investigation and understanding of electron transport on 
the nano scale is of prime importance for development 
of molecular nano devices.  The physical realization of 
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molecular junction is composed of a molecule bridging 
two metal electrodes via end groups. The metal-molecule 
contacts have a profound effect on the transport properties 
of molecules due to the introduction of new molecular 
states originated from the anchoring groups. The contact 
resistance of the junction may be changed through the 
different electron transmission properties of the end 
groups used to bond the molecule to the metallic contact. 
Hence; the quest for reliable molecular electronic device 
has become the search for better molecule-metal linkers. 
In this work, 4, 4’-bipyridine molecule is anchored 
between two gold electrodes via dithiocarbonate (CS2), 
thiocarboxylate (COS), carboxylate (COO) and nitrile 
(CN) end groups and are analyzed to explore the effect 
of these anchoring groups on transmission. The method 
adopted  is a non-equilibrium Green’s function approach 
combined with extended Huckel theoretical treatment for 
the calculations for the electronic structure and transport, 
in which the leads and the molecule are treated on the same 
footing The conductance enhancement factor is compared 
and results are discussed. Also the asymmetric anchoring 
of molecule with electrodes is studied and a rectifying 
action is observed. Furthermore, it is revealed that, the non 
linear behaviors in the I-V Characteristics are determined 
not only by the electronic states but also due to contact 
symmetrical conditions. These theoretical results will help 
to design and fabricate future molecular devices.
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Nanowire Field Effect Transistor
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ZnO nanowires, grown by hydrothermal and vapor phase 
transport (VPT) method, were fabricated as the channel 
layer of the single nanowire Field Effect Transistor (FET) 
with a p++ silicon as the bottom gate. The FET employing 
the ZnO nanowires grown by hydrothermal method shows 
n-type	depletion	mode	with	a	field	mobility	of	35.7	cm2/V 
s, a on/off ratio of 106, and the threshold voltage of -48.5 
V. The one using the nanowire grown by VPT method 
operates	 in	 n-type	 depletion	 mode	 with	 a	 field	 effect	
mobility of 85.4 cm2/V s, a drain current on/off ratio of 
105, and the threshold voltage of -14 V. The reason for the 
difference of threshold voltage and the mobility by two 
growth methods was discussed in this paper.
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End-facet Reflectivity in Nano-waveguides: 
Implications and Method of Computation
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Optical waveguide, as one of the elementary components 
in photonic integrated circuit, requires precise optical 
propagation loss measurement. Among various techniques 
adopted, the Fabry-Perot (FP) method is commonly used 
because of its simplicity. The FP formulation relates key 
parameters,	 namely	 the	 attenuation	 coefficient	 and	 end-
facet	 reflectivity,	 and	 determines	 the	 loss	 factor	 through	
measurement of the contrast of the FP resonances.  
Apart from accurate experimental measurements, the 
accuracy	 of	 the	 reflectivity	 parameter	 value,	 generally	
determined	using	Fresnel	equation,	influence	the	accuracy	
of attenuation evaluation. In this paper, we highlight 
the important of accurate determination of the end-facet 
reflectivity	 particularly	 in	 nano-waveguide	 structures.	
FDTD simulation results obtained indicate that the 
reflectance	 deviate	 drastically	 from	 Fresnel	 estimation	
for sub-micron width straight waveguides. In addition, 
there	exists	interesting	trends	in	the	reflectance	variations	
with waveguide width and indices, which are potentially 
useful for nano-photonics device designs. The obtained 
results	also	indicate	drastic	changes	in	the	confinement	of	
reflected	 light	 in	 the	waveguide	code	at	nano-waveguide	
end-facets. Lastly, we further illustrate an alternative, 
computationally inexpensive approach to determine the 
end-facet	reflectance	by	considering	the	spatial	Fourier	field	
components of the propagating light in the waveguide. The 
obtained results are consistent with that obtained through 
FDTD simulations.
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Carbon nanotube hysteria—a phenomenon which started 
with Sumio Iijima’s miraculous discovery of these magical 
nanostructures	in	1991	and	drove	the	scientific	community	



46     Symposium J - Nanodevices and Nanofabrication

the world over in frenzy, lead to active research work in 
this area; starting with synthesis of carbon nanotubes, study 
of their properties, their characterization and ultimately 
their	 applications	 in	 literally	 every	 known	field	 (for	 e.g.	
composites, sensors, electronics, energy storage, fuel cells, 
field	emission	devices,	etc.).	However,	the	field	which	is	
expected	 to	 be	 the	 most	 dramatically	 and	 significantly	
revolutionized by these nanostructures is electronics 
and this has lead industry biggies like IBM, HP, etc. and 
university majors like Harvard, Oxford, etc. to pool their 
strengths and contribute some exciting results in the area of 
carbon nanotube electronics. Basically the research in the 
area of carbon nanotube electronics is divided in two major 
realms i.e., nanoelectronics and macroelectronics or we may 
say	that	 the	field	of	 inorganic	electronics	(mainly	silicon	
based) is dominated by carbon nanotube nanodevices i.e., 
devices which are based on individual carbon nanotubes 
and	the	field	of	organic	electronics	(mainly	polymer	and	
small molecule based) is dominated by carbon nanotube 
devices which are based on carbon nanotube networks, 
aligned	 arrays,	 etc.	 in	 the	 form	 of	 films.	Whatever	may	
be the form in which carbon nanotubes are being utilized 
(as individual tubes or as large networks in the form of 
films),	 these	 tiny	 nanostructures	 have	 for	 sure	 enriched	
the electronics domain with devices like carbon nanotube 
based	 field	 effect	 transistors	 (FETs),	 sensors	 (chemical	
and	biological),	thin	film	transistors	(TFTs),	organic	light	
emitting diodes (OLEDs), memory devices, organic solar 
cells,	decoders,	ring	oscillators,	transistor	radios,	thin	film	
loudspeakers, etc. These devices have been prototyped on 
the	floors	of	research	and	university	labs	and	are	expected	
to reach the markets in the near future. We make an attempt 
here to throw some light on carbon nanotube based devices 
in the realm of macro and nanoelectronics, as fabricated 
by various research groups the world over as well as our 
group, and bring into limelight the daunting challenges 
being	faced	by	this	progressive	field	today.
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Nanoneedles: Synthesis, Growth Mechanism and 
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One-dimensional (1-D) nanomaterials with different 
structure characteristics exhibit distinct electronic, 
optical, mechanical, and thermal properties, which are 
believed to be essential to much of modern science and 
technology. It has been know that there many chemical 

and physical methods to fabricate 1-D nanomaterials, such 
as hydrothermal, CVD, template, vapor-solid, sol-gel, etc. 
In recent years, we propose a novel process for growing 
1-D	nanomaterials	 from	nanocrystalline	film	using	pulse	
plating, which acts as a catalyst.

Pulse plating has been considered to be an effective electro-
deposition technique for synthesizing metal nanocrystalline 
films,	such	as	Ni,	Fe,	Cu	and	Zn	etc.,	with	grain	size	in	the	
range of 6 - 100 nm, which is of higher catalysis activity. 
Our researches have revealed the following results:

1) The diameter-controlled carbon nanotubes (CNTs) and 
nanofibers	(CNFs)	could	be	grown	upon	the	Ni	film	and	Fe	
film	respectively	by	adjusting	the	plating	parameters,	and	a	
“base-growth” model was introduced.

2) The dense, well-aligned and single-crystalline 1-D 
metal oxides, such as CuO, ZnO and Fe3O4 nanoneedle, 
have been fabricated through a thermal oxidation process, 
that	is,	first,	a	pure	Cu,	Zn	or	Fe	nanocrystalline	layer	was	
plated, and then inserted the plated substrates into a tube 
furnace and heated in the air with variant temperatures. A 
self-catalyzed based-up diffusion model was proposed for 
interpreting the nanoneedles’ growth mechanism.

3) The as-synthesized nanoneedles possessed excellent 
field	emission,	full	sun	efficiency	and	magnetic	properties,	
which showed them potential broad applications.
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Chronic kidney disease is also known as ‘disease 
multiplier’ as it will lead to cardiovascular death in 
patients with hypertension and diabetes. Proteinuria is a 
condition in which urine contains an abnormal amount of 
protein and may be a sign of renal failure. It can also lead 
to cardiovascular related disease which is one of the top 
killer diseases in the world. Proteinuria is often diagnosed 
by a simple dipstick test. It is a good screening test for 
detecting a large amount of protein in urine (> 150mg) but 
not as good for smaller amounts. The purpose of this study 
is	 to	 use	 fluorescent	 detection	 method	 to	 quantify	 total	
proteins in urine for early awareness of kidney disease. In 
this	method,	the	protein	will	react	with	a	non-fluorescent	
dye	to	form	a	fluorescent	complex.	The	sensitivity	of	the	
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fluorescent	detection	method	can	detect	protein	as	low	as	
10μg/mL.
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We present a phenomenological model to analyze the room 
temperature PL spectra observed in silicon nanostructures. 
On the path toward the realization of silicon based optical 
emitters for integrated microelectronics, we studied 
the optoelectronic properties of silicon nanocrystals as 
a function of Localized Surface States. As the sizes of 
the silicon crystal become very low (in the range of few 
nm), surface to volume ratio become very large. Hence, 
Quantum effects become dominant. It is generally accepted 
that	the	quantum	confinement	effect	(due	to	size	reduction)	
in the nanocrystallites opens up the energy band gap 
(hence	enhancing	quantum	efficiency).	However,	quantum	
confinement	effect	alone	cannot	explain	the	role	of	various	
surface treatments and surrounding media. Our model 
explains	 the	 influence	 of	 localized	 surface	 states	 on	 the	
PL peak and line shape. The model explicitly incorporates 
the	effects	of	quantum	confinement,	the	localized	surface	
states (due to surface passivation of hydrogen and oxygen) 
and luminescent centers to get an analytical expression for 
the PL spectra. The role of crystallites size, distribution 
and surface passivation effects (quenching the dangling 
bonds at the surface by impurities) on the PL intensity 
are studied and optical properties are investigated. 
The variation of the band gap, PL intensity, radiative 
recombination and oscillator strength as a function of 
cluster size with hydrogen and oxygen passivation at the 
surface is investigated. Our results show that both quantum 
confinement	and	surface	passivation	determine	the	optical,	
electrical and electronic properties of silicon nanoclusters. 
The results based on our phenomenological model and 
simulation using pseudopotential and tight binding scheme 
are in conformity with other model calculations and 
experimental observations. This model is able to predict 
a set of experimental observations on PL spectra from 
silicon nanostructures (~10 nm and below) carried out 
in recent years using various techniques. The importance 
of localized surface states and luminescent centers in 
predicting the room temperature PL spectra from silicon 
nanoclusters	 using	 quantum	 confinement	 models	 are	
clearly shown through our calculation. The mechanism of 
visible PL at room temperature from crystallites as well as 
porous silicon nanostructures can therefore be understood 
by using our model. Our model further indicates that PL 
can be controlled by controlling some of the important 

parameters e.g. the size, shape, surface defects and the 
temperature of processing.

Experimental PL data on a variety of nanocrystalline 
silicon structures with directly measured crystallite size 
distributions have been analyzed. Crystallites with binary 
distributions have also been done to get a better estimate 
of visible PL. Our model is able to deduce size distribution 
parameters from PL data that agree with the experiments. 
We limit our calculation to spherical dots only. From the 
study of effects of surface passivation we have observed 
that the band gap increases, the PL peak shifts toward the 
blue spectrum from pure to oxygenated clusters. These 
observations are in conformity with experimental studies.
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Double walled carbon nanotubes (DWNTs), consisting of 
coaxial tubes, are expected to exhibit intriguing electronic 
and mechanical properties due to their intrinsic coaxial 
structure, and provide the ideal model for studying 
the interaction or coupling behavior between different 
layers theoretically and experimentally. For example, 
semiconductor-metallic tubes or metallic-semiconductor 
could be expected as a molecular wire covered by 
an insulator or as a molecular capacitor in a memory 
device. In addition, DWNTs were considered as the 
preferred	 materials	 for	 field	 emission	 display	 sources,	
nanocomposites, nanotube bi-cables, electrochemical 
electrodes, hydrogen storage materials, atomic force 
microscopy tips, and various electronic devices, when 
compared to single- and multi-walled carbon nanotubes. 
Within these contexts, intensive studies on the synthesis, 
characterization, possible application of DWNTs have 
been carried out for the last decade. In this talk, we have 
discussed the synthesis techniques of preparing high-
purity DWNTs and their interesting structural and optical 
properties. In particular, we suggest that the inner tubes of 
DWNTs having thin diameter are preferred over SWNTs 
for producing photo-luminescent materials. Due to their 
coaxial structure, the inner tubes of DWNTs are expected 
to possess higher structural perfection and to be more 
resistant towards environmental changes when compared 
to SWNTs. We found that the brighter and more stable 
photoluminescence signals as well as the larger absorbance 
were observed for the semiconducting inner tubes within 
DWNTs and not for SWNTs. We envisage that DWNTs 
will in the future replace SWNTs in biomarker and 
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optoelectronics applications due to their strong and stable 
luminescence properties of their environmentally shielded 
inner tubes.
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We have developed a facile and reproducible method for 
the synthesis of highly ordered CdS nanostructure arrays 
via a simple two-step metal-organic chemical vapor 
deposition (MOCVD). The morphologies and alignments 
of the nanostructures have accurately been adjusted by 
changing a distance between the synthesis precursors and 
a	 substrate.	Both	 stimulated	emission	and	field	emission	
measurements were carried out in attempt to understand 
the correlation between the morphologies, alignments and 
emission performances	of	five	ordered	CdS	nanostructure	
array types (well-aligned truncated nanocones, nanorods, 
cleft-nanorods, quasi-aligned nanowires and nanowires). 
The 1D CdS nanostructures of various types displayed 
notable differences	 in	 stimulated	 and	 field	 emission	
performances. The stimulated emission strongly correlated 
with the structure alignment: the better the alignment, 
the lower the threshold. Both the alignments and aspect 
ratios greatly affected the	 field	 emission	 properties: the 
CdS emitters of higher aspect ratio and better alignment 
exhibited	better	field	emission	performance.	Thus	the	well-
aligned CdS nanorod arrays have the lower threshold for 
stimulated emission, and quasi-aligned nanowire arrays 
produced	the	higher	field emission current, and possessed 
the	lower	turn-on	fields. 
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Structures on the basis of silicon are one of the basic 
materials for modern microelectronics. Technologies for 
formation and processing of these materials are developed 
by the industry. Therefore creation of nanomaterials 
on the basis of silicon is a perspective for application 
in industry. In this work the technology of formation of 
nanocompositions on a basis of the silicon dioxide and 
cadmium	of	 sulfide	and	copper	of	 sulfide	nanostructures	
is developed. Nanocomposition have been fabricated 
using the zol-gel technology and by successive ionic 
layer adsorption and reaction (SILAR) from solutions 
of	 electrolytes.	 In	 the	 first	 stage	 with	 the	 help	 zol-gel	
technologies the porous structures n (SiO2) were formed. 
Porous matrix n(SiO2) was formed in the result of mixing in 
the proportion 20:1 of the  initial components, namely the 
alcoxide metal tetraethoxysilane (TEOS) - Si(OC2H5)4 and 
the distilled water. In order to accelerate the hydrolysis and 
polycondensation processes, the concentrated hydrochloric 
acid was added to the obtained solution as the catalyst. 

In the result of the hydrolysis it was formed sol of 
polysilicon acid, which collected at the bottom of a vessel. 
This process is exothermic and occurs with allocation of 
the heat. Obtained in the result of hydrolysis, water and 
ethyl alcohol were allocated from whole weight by means 
of centrifugation. The obtained admixture spreads on a 
substrate of the set geometry, was neutralized by means 
of the ammonia and dried at a room temperature in the 
closed container during 2-3 hours.  To remove  products 
of neutralization (ammonia, ammonium chloride, the rests 
of a hydrochloric acid), the obtained plate was washed by 
the	distilled	water,	dried	and	putted	in	muffle	furnace	for	
thermal processing at temperature 600°C. By controlling 
the burning temperature it is possible to control degree of 
the porosity of the obtained structures. 

The investigation of growth process of the nanostructure 
using the scanning electron microscopy showed that in 
first	stage	of	growth	in	the	both	of	the	volume	and	surface	
of the porous structure nanoparticles of cadmium (copper) 
sulfide	were	formed.	It	was	demonstrated,	that	the	average	
size of particles depends on number of the growth cycles 
and concentration of solution, and is changing in range 
(20-110)nm. By increasing the number of the cycles on 
the	surface	of	the	porous	structure	thin	film	of	CdS(CuS)	
was formed.
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Current Trends and Future Opportunities in 
Individual Metal Oxide Nanowires for Sensing 
Applications

Daniel PRADES1; Roman JIMENEZ-DIAZ1; 
Francisco HERNANDEZ-RAMIREZ2; 
Marta MANZANARES2; Teresa ANDREU2; 
Albert CIRERA1; Albert ROMANO-RODRIGUEZ1; 
Sanjai MATHUR4; Juan Ramon MORANTE3;2;
Albert CORNET1 
1. MIND-IN2UB - Department Electronica, Universitat 
de Barcelona, Barcelona, Spain
2. M2-E/XarMAE/IN2UB - Department Electronica, 
Universitat de Barcelona, Barcelona, Spain
3. M2-E/XarMAE, IREC Catalonia Institute for Energy 
Research, Barcelona, Spain
4. Institute of Inorganic Chemistry, University of 
Cologne, Cologne, Germany

Metal oxide nanowires are suitable for chemical gas 
sensing and ultraviolet (UV) light detection. During the 
last years, their integration in sensors based on individual 
nanowires	served	to	identify	novel	opportunities	in	the	field	
of sensing enabled by the nanoscale and demonstrate their 
feasibility. In this contribution, we present an overview of 
the	recent	findings	in	nanosensing	that	may	have	an	impact	
in future sensing technologies.

As far as the gas sensing applications are concerned, 
current synthesis methods can provide ultra thin (radii 
less than 15nm) nanowires of metal oxides with well 
defined	 and	 stable	 surface	 terminations.	 Besides	 the	
obvious increase in the response towards gases due to 
the enlarged surface-to-volume ratio, these nanowires 
display fully reversible and reproducible responses, in 
contrast with other technologies. From the dynamic point 
of view, the utilization of individual nanowires minimize 
the gas diffusion processes, which limit the response and 
recovery times in devices based on porous materials. In 
this optimum situation, the sensing dynamics are only 
limited by the kinetics of the chemical interactions at the 
nanowire’s surface. Moreover, other operation strategies 
to activate these chemical transduction processes will 
be discussed in detail. Special attention will be paid to 
the room temperature sensing phenomena in UV light 
activated nanowires and the sensors thermalized only with 
the measurement current itself (self-heated nanowires). 
Both strategies open the door to a number of potential 
applications in explosive environments or with power 
consumption constraints. Finally, the possibility to tailor 
the response of these devices by controlling the doping or 
functionalizing their surface will be discussed.

Concerning the UV light detection applications, nowadays 
it is possible to obtain single crystalline nanowires 
which are nearly free of defects semiconductors. This 
advantageous scenario makes possible to envisage 

outstanding	photogeneration	efficiencies.	However,	surface	
effects	strongly	influence	the	electron	transfer	phenomena	
and hamper the performance of these devices. We will 
demonstrate that it is possible to diminish the surface 
influence	 following	 different	 strategies	 like	 passivating	
the nanowire’s surface with polymeric coatings. In these 
conditions, the real advantages of nanowires based 
photoconductors with respect to other technologies will be 
discussed.

All these promising features pave the way to the 
development of a new generation of integrated sensor with 
superior performances.

Work partially funded by the Spanish [ n-MOSEN (MAT2007-
66741-C02-01), ISIS (TEC2007-67962-C04-04) and MAGASENS 
(NAN2004-09380-C04-01)] and European [NAWACS (NAN2006-
28568-E)] projects. JDP and RJD are indebted to the MEC for 
the FPU grant. 
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Exploiting Self-heating Effect in Nanowires

Roman JIMENEZ-DIAZ1; Daniel PRADES1; 
Francisco HERNáNDEZ-RAMIREZ 2; Albert CIRERA1;
 Albert ROMANO-RODRIGUEZ1; Albert CORNET1; 
Joan Ramon MORANTE3; S BARTH4; S MATHUR5 
1. MIND-IN2UB. Dep. Electronica, Universitat 
Barcelona, Barcelona, Spain
2. Electronic Nanosystems, S.L, Barcelona, Spain
3. IREC, Catalonia Institute for Energy Research, 
Barcelona, Spain
4. Department of Chemistry, University College Cork, 
Cork, Ireland
5. Institute of Inorganic Chemistry, University of 
Cologne, Cologne, Germany

We present how self-heating effect can be used to 
improve the performance of single metal oxide nanowire 
gas sensors.  Dissipated power in nanowires due to the 
application of probing currents can be high enough to 
modulate the working temperature of the nanowires, due 
to the small radius of these nanostructures, thus causing, 
often, undesired effects as aging or failure of the devices 
by contact degradation.

Sensing mechanisms in metal oxides are highly dependent 
on temperature since the adsorption and desorption are 
thermally activated processes.  We show how it is possible 
to use self-heating effect to achieve optimal working 
temperatures without the need of external power sources, 
and how the exploiting of this effect can equal the use of 
external heaters with lower power consumption.

The improve of the sensing capabilities of SnO2 nanowires 
towards NO2 due to the self-heating effect will be presented 
and major advantages and ways to circumvent major 
problems will be discussed.
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 A01714-02990 

Superhydrophobic Flexible Aerogels and 
Applications

A. Venkateswara RAO; Digambar Y. NADARGI 
Physics Department, Shivaji University, Maharashtra, 
India

Synthesis of non-wetting (hydrophobic) solid surfaces is an 
active area of research in recent years because it forms the 
basis for multidisciplinary applications such as frictionless 
flow	 of	 liquids	 through	 nano-	 and	 micro-channels	 and	
pipes, waterproof and corrosion resistance coatings and 
drug delivery systems.

In this lecture, the experimental results on the synthesis, 
physical properties and applications of superhydrophobic 
silica aerogels, are presented. The aerogels have been 
produced using methyltrimethoxysilane (MTMS) 
precursor by two step sol-gel process. The contact angle 
has been found to be as high as 175°. The elastic properties 
of these aerogels have been studied and the Young’s 
modulus (Y) has been found to decrease from 14.11 x 104 
to 3.43 x 104 N/m2 with a decrease in the density of the 
aerogels from 100 to 40 kg/m3, respectively. The aerogels 
are thermally stable up to a temperature of 753 K and 
above which they become hydrophilic. The criticality of 
the water droplet size on the superhydrophobic surface has 
been studied and the velocity of the water droplet on such 
a superhydrophobic surface has been found to be 1.44 m/s 
for 55° inclination, which is close to the free fall velocity 
(~1.5 m/s). Further, the as produced aerogels have been 
used for organic liquid (i.e. alkanes, aromatic compounds, 
alcohols and oils) absorption and desorption studies. The 
superhydrophobic aerogels showed a very high uptake 
capacity and high rate of uptake. Among the alkanes, the 
mass of octane absorbed was maximum which is 15.62 gm 
per unit mass (1 gm) of the aerogel samples. While, among 
the alcohols, the mass of butanol absorbed was maximum 
(~19 gm).  The desorption of solvents and oils was studied 
by maintaining the as absorbed aerogel samples at various 
temperatures. The vapour pressure is very high (732.7 mm 
of Hg at 30oC) for pentane which led to faster evaporation. 
Hence the rate of desorption of pentane is more.  In the 
case of alkanes, after the desorption, the aerogels regained 
their original shape and size. The best quality elastic 
superhydrophobic aerogels in terms of contact angle 
(175o), density (37 kg/m3), shrinkage (6%), porosity 
(98%) and thermal conductivity (0.057 W/mK) have been 
obtained for the molar ratio of MTMS: MeOH: acidic 
water: basic water::          1: 35: 3.97 : 3.97, respectively. 
The	experimental	results	on	the	superhydrophobic	flexible	
aerogels using methyltrimethoxysilane (MTES) precursor 
have also been presented. The comparative studies on the 
MTMS and MTES based aerogels have been made and 
the results have been discussed by taking into account the 
sol-gel reactions and the supercritical drying conditions. 
The	 hydrophobicity	 has	 been	 confirmed	 by	 Fourier	

Transform Infrared (FTIR) spectroscopy and contact angle 
measurements. The microstructure of the aerogels has 
been studied by transmission electron microscopy (TEM). 
The Young’s modulus of the aerogels has been determined 
by an uniaxial compression test measurements.

 
 A01717-02997 

Fabrication and Optical Waveguide Property of 
Single-crystalline V2O5 Nanofibers

Ting YU; Bin YAN; Zexiang SHEN 
Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore

Ultralong V2O5	 nanofibers	 have	 been	 synthesized	 by	 a	
simple thermal vapor deposition technique. Due to the 
high contrast in the refractive index between V2O5 and 
surrounding	and	high	quality	of	the	nanofibers,	a	promising	
active optical waveguide potential was demonstrated by 
our	V2O5	nanofibers.	In	addition,	the	observation	of	strong	
Raman	signal	out-coupled	at	the	end	of	fiber	indicates	that	
the unique structure in nanoscale might play vital roles in 
the Raman amplifers and some other nonlinear photonic 
components.

 A01721-03001 

Towards Photosynthetic Nanoparticles

Hongyu CHEN; Shuangxi XING; Tao CHEN; 
Miaoxin YANG 
Division of Chemistry and Biological Chemistry, 
Nanyang Technological University, Singapore

Mechanistic studies of polymer encapsulation of gold 
nanoparticles have revealed interesting structural controls 
of core-shell nanoparticles. Janus (two-sided) nanoparticles 
with controllable partial polymer coverage were obtained 
by a one-step synthesis (JACS, 2008, 11858-11859). In 
another case, controlled aggregation of gold nanoparticles 
before polymer encapsulation led to linear cores with 
variable length. These recent progresses will be presented 
in the context of a broader vision, which aims at functional 
nanoparticles that mimic photosynthetic apparatus in green 
plants.
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 A01727-03009 

Nanowire Formation & Structure Analyze during 
Thermal Oxidation on Copper Grid

Wang HSIANG-LI; Wong MING SHOW 
Department of Materials Science and Engineering, 
National Dong Hwa University, Hualien, Taiwan

Growth and phase formation of CuO nanowires has been 
investigated.	Significant	 effects	of	 a	 second	anneal	were	
found on the size, length distributions, and oxygen content in 
the	nanowires.	Development	of	the	vibration	modes	reflect	
the	effects	expected	from	the	phonon	confinment	model.	
Extraordinary broadening of the Raman peaks indicates 
further phonon-related mechanisms, e.g. the existence of 
defects like stacking faults. In fact high density stacking 
faults parallel to the growth direction have been revealed 
in the CuO nanowires using high resolution transmission 
electron microscopy. The effect of the defect formation on 
the preferred one-dimensional growth is to be studied in 
further investigations.

 A01727-03015 

Phase Transformation and Optical Characteristics 
in Germanium Thin Film

Wang HSIANG-LI; Wong MING SHOW 
Department of Materials Science and Engineering, 
National Dong Hwa University, Hualien, Taiwan

We propose two method that using RF and DC sputtering 
to prepare GeO2 by	 treating	 Ge	 thin	 film	 with	 thermal	
annealing in vacuum. After annealing, the morphological 
transformation	from	porous	thin	film	to	an	island	structure	
was	 observed.	 The	 phase	 analysis	 of	 the	 Ge	 thin	 film	
prepared using different annealing temp in vacuum were 
confirmed	by	X-ray	diffraction,	Initial	Ge	composition	was	
gradually oxidized to GeO2 with increase annealing temp. 
Compared Raman results between Ge and GeO2, indicated 
Ge-Ge bonds due to annealing process and demonstrated 
that the pure Ge composition has changed. The sem images 
showed	 that	 the	 porous	 morphology	 of	 a	 Ge	 thin	 film	
transferred into an island structure after 800oC. Synthesis 
by	 XRD	 and	 Raman	 spectra	 results	 demonstrated	 that	
most Ge molecules transferred into GeO2 after the porous 
Ge	thin	film	was	treated	with	the	annealing	process.	The	
temperature dependence Raman Spectra revealed that 
the	 phonon	 confinement.	 It	 is	 found	 that	 concentration	
of defects introduced during the nano-particle growth by 
thermal oxidation is related with the strong variations of 
the phonon modes. 

 A01732-03013 

Oligopeptide-Modified Silicon Nanowire Arrays 
as Multichannel Metal Ion Sensors

Xinyan	BI1;2; Agarwal AJAY1; Kun-Lin YANG2 
1. Institute of Microelectronics, Singapore
2. Department of Chemical and Biomolecular 
Engineering, National University of Singapore, Singapore

In recent years, more and more examples have demonstrated 
the potential utility of silicon nanowires (SiNWs) as 
ultrasensitive and real-time sensors for the detection of metal 
ions, DNA, proteins, viruses, cells and small molecules. 
Currently, most SiNW sensors reported in the literatures 
are fabricated either by using “bottom-up” methods or “top-
down” methods. In the former, SiNWs were synthesized in 
bulk, and one of the SiNWs was selected and connected to 
metallic	contacts.	However,	it	is	often	difficult	to	fabricate	
a SiNW sensor array with multiple channels following this 
method because the integration process is complicated. In 
contrast, the “top-down” method permits the production 
of hundreds of identical SiNWs in an array format. 
Therefore, each SiNW can serve as an individual sensor 
which can respond to its own target analyte. Although 
such a SiNW-based multichannel sensor array fabricated 
by “top-down” approach shows great promise, to the best 
of our knowledge, it has never been demonstrated before. 
Most of the SiNW sensor array reported so far, can only 
respond to one kind of target, such as copper ion or DNA 
target. One of the major challenge is the lack of a suitable 
sensitive	layer	which	exhibits	high	specificity	for	its	target,	
but it is also thin enough such that the induced electric 
field	is	strong	enough	to	be	detected	by	the	SiNW.

Detecting multiple metal ions and quantifying their 
concentrations in aqueous solutions in a real-time manner 
is an important analytical problem. Although ion-selective 
electrodes are readily available for detecting several metal 
ions, they can only detect one type of metal ion and they 
are	difficult	to	be	miniaturized.	On	the	other	hand,	atomic	
adsorption spectrometry and inductively coupled plasma 
mass spectrometry can be used to detect and quantify 
multiple metal ions simultaneously, they are not real-time 
and the instruments are expensive. Here, we demonstrate 
that SiNW sensor arrays can be used as a miniaturized, 
real-time multichannel metal ion sensor. We describe a 
real-time multichannel metal ion sensor using single crystal 
SiNWs fabricated by “top-down” semiconductor processes 
in	 which	 individually	 addressable	 SiNWs	 are	 modified	
with different oligopeptides. Both lead and copper in 
sample solutions are recognized with high sensitivity and 
selectivity when they are injected to the SiNWs surface 
due	 to	 the	 specific	metal-oligopeptide	 coordination.	The	
SiNW-based multichannel sensor array will hasten the 
applications of the current semiconductor techniques to 
environmental and clinical research.
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UV Light-emitting Diodes Based on ZnO Nanorod 
Homojunction

Bo LING1;	Xiao	Wei	SUN1; Jun Liang ZHAO1; 
Yi YANG2; Swee Tiam TAN3;	Xiao	Cheng	LI1 
1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. Data Storage Institute (A*STAR), Singapore
3. Institute of Microelectronics (A*STAR), Singapore

Reliable and repeatable UV light-emitting diodes (LEDs) 
based on a ZnO nanorod (NR) homojunction were 
fabricated on transparent conductive substrates, which 
opens a door to achieve all-transparent scalable UV 
solid-state light emitters. The reliable p-type ZnO was 
achieved by P+ ion implantation into the as-grown ZnO 
NRs followed by appropriate annealing. Current-voltage 
(I-V) curves probed using nanomanipulator show good 
rectification	 characteristics,	 confirming	 the	 formation	 of	
p-n homojunction. Low-temperature photoluminescence 
spectra show dominant two acceptor-bound exciton 
peaks, indicating effective P dopant activation by post-
implantation annealing in our experiments.

 A01764-03091 

Solid-State Dewetting of Films as a Route to 
Ordered Micro- and Nanostructures

C.V. THOMPSON1; A.L. GIERMANN1; D. KIM1; 
W.K. CHOI2; T.H. LIEW2; Y. WANG1; Y.J. OH1;3; 
C.A. ROSS1 
1. Materials Science and Engineering, Massachusettes 
Institute of Technology, Cambridge MA, United States
2. Electical and Computer Engineering, National 
Uniersity of Singapore, Singapore
3. Advanced Materials Science and Engineering, Hanbat 
University, Daejeon, South Korea

When	thin	films	are	heated	to	sufficiently	high	temperatures	
they will often dewet to form particles.  This is driven by 
the reduction surface and interface energies and occurs 
well	 below	 the	melting	 temperature	 of	 the	 films	 so	 that	
both	the	films	and	the	particles	remain	in	the	solid	state.	

We	have	 investigated	dewetting	of	films	of	gold,	nickel,	
and cobalt deposited on substrates patterned with 
lithographically	 defined	 diperiodic	 or	 monoperiodic	
surface topography.  Dewetting on diperiodic arrays of pits 
with inverted pyramid shapes leads to the development of 
ordered particle arrays.  In the case of gold, dewetting 
on inverted pyramid arrays and monoperiodic facetted 
grooves leads to development of particles with three-
dimensional constrained crystallographic orientations. 
We	 have	 also	 studied	 dewetting	 of	 patterned	 gold	 films	
on	 flat	 surfaces	 and	 showed	 that	 dewetting	 can	 lead	 to	
ordering at sub-lithographic length scales. Finally, we 

have	studied	dewetting	of	single-crystal	nickel	films	and	
found	 that	both	continuous	and	patterned	films	dewet	 to	
form	ordered	particles.	In	all	of	these	cases	the	films	and	
particles that were studied had micrometer length scales.   
We will review this work focusing on a discussion of the 
mechanisms at play, and speculating on similar processes 
that might occur at the nano-scale.

 A01795-03149 

Three-Band White Light-Emitting Diodes Based 
on Hybridization of Polyfluorene and CdSe/ZnS 
Quantum Dots

Chun-Yuan HUANG1; Ying-Chih CHEN1; Yan-Kuin SU1; 
Tsung-Syun HUANG1; Ten-Chin WEN2; 
Tzung-Fang GUO3 
1. Institute of Microelectronics, National Cheng Kung 
University, Tainan, Taiwan
2. Department of Chemical Engineering, National Cheng 
Kung University, Tainan, Taiwan
3. Institute of Electro-Optical Science and Engineering, 
National Cheng Kung University, Tainan, Taiwan

The authors have achieved white light emission 
from the hybrid devices based on blue-emitting 
polyfluorene	 (PFO)	 and	 green/red-emitting	 CdSe/
ZnS quantum dots (QDs). Both the PFO and QDs 
were	firstly	dispersed	in	toluene	separately	and	then	
mixed with certain volume ratio. The green and red-
emitting QDs are with an average diameter of 2.6 and 
5.4	nm,	respectively.	Our	device	configuration	can	be	
described as ITO/PEDOT:PSS/poly-TPD/PFO+QDs/ 
Alq3/LiF/Al. Poly(3,4,ethylenedioxythiophene)-poly 
(styrenesulfonate) (PEDOT-PSS) and Poly(N,N’-bis 
(4-butylphenyl)-N,N’-bis(phenyl) benzidine) (poly-
TPD) were spin-coated as the hole transport layers 
(HTLs) while tris(8-hydroxyquinoline) aluminium 
(Alq3) was evaporated as the electron transport layer 
(ETL). From previous studies, poly-TPD was proven 
to be a good resistor to nonpolar organic solvents 
such as toluene and xylene. To electrically drive the 
devices, 10 nm-thick LiF and 170 nm-thick Al were 
evaporated as the cathode, from which the device 
active area of 6 mm2	was	 thus	defined.	All	devices	
were characterized and preserved in glove box 
containing the concentration of oxygen and humidity 
less than 1 ppm.

From the current-voltage characteristics, it is clearly 
exhibited the turn-on voltage of devices is dramatically 
increased with increasing the QD concentration. The 
pronounced current anomalies at low bias voltage 
lead to the negative differential resistance (NDR) 
and somewhat degrade the reproducibility of device 
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characteristics. For the device with PFO: green QD: 
red QD blending ratio of 6:1:1, the turn-on voltage 
is 20 V and the maximum luminance is over 1000 
cd/m2. Most importantly, no emission from Alq3 
is observed in electroluminescence (EL) spectra 
and the mixture of EL contribution from PFO and 
green/red QDs is the white light with Commission 
Internationale de l’Eclairage (CIE-1931) chromaticity 
coordinates of (0.306, 0.222). The EL peak positions 
of PFO and green/red QDs are at 424 and 524/622 
nm, respectively.
 

 A01805-03153 

Illumination-Enhanced Hysteresis of Transistors 
Based on Carbon Nanotube Networks

Chun Wei LEE1; Jun WEI2 
1. School of Materials Science and Engineering, Nanyang 
Technological University, Singapore
2. Singapore Institute of Manufacturing Technology, 
Singapore

Hysteresis between forward and reverse gate bias sweeps 
is	 usually	 observed	 in	 the	 field-effect	 transistors	 (FETs)	
based on single-walled carbon nanotubes (SWNTs). 
This raises concerns of using SWNT FETs for electronic 
integrated circuits. The hysteresis in single-walled carbon 
nanotube (SWNT) transistors comprising Si-backgate 
(SiO2 on doped Si) is normally attributed to either carrier 
injections from SWNTs to environmental dielectrics or 
the presence of charge traps at Si-SiO2 interface. Other 
studies have suggested that charges injected from SWNTs 
into the surrounding dielectrics also contribute to the 
hysteresis, where a layer of moisture at the interface 
may play a role. We show that the hysteresis in SWNT 
transistors with a nearly trap-free Si-backgate is thermally-
activated (activation energy Ea ~129 to 184 meV) in dark 
ambient, suggesting that the hysteresis is attributed to the 
hole trappings at the SiO2 surfaces proximate to SWNTs. 
Furthermore, the photon-illumination on the SWNT 
transistor devices with thin SiO2 dielectrics (80 nm) results 
in the on-current increase due to the effective gating from 
the photovoltage generated at Si-SiO2 interface. The 
simultaneous enhancement of on-current and hysteresis 
suggest that the illumination-enhanced hysteresis is due 
to the photovoltage-activated hole trapping process on 
SiO2 surfaces. The pronounced changes in electrical 
characteristics upon light exposure suggest a strategy for 
light detection.

 A01864-03236 

Enhancing InGaP/GaAs/Ge Multi-junction 
Solar Cell Efficiency by Using Quantum Dots 
Excitation

H. C. LEE1; Y. K. SU1; C. Y. HUANG1; T. C. LI2; 
Y. C. CHEN1; W. J. LIN2; J. C. LIN2; K. J. CHAN2 
1. Institute of Microelectronics and Department of 
Electrical Engineering, National Cheng Kung University, 
Tainan, Taiwan
2. Materials and Electro-Optics Research Division, 
Chung Shan Institute of Science and Technology, 
Taoyuan, Taiwan

This	 research	 proposes	 to	 enhance	 solar	 cell	 efficiency	
by using quantum dot (QD) excitation. The synthesized 
colloidal QDs are crystalline semiconductors with 
nanometer sizes of which the emission wavelength can 
be tuned by their size. As QDs have a much broader 
absorption it is expected that in potential the deployment of 
QDs	in	planar	convertors	could	lead	to	relative	efficiency	
increasing. The design of a quantum dot spectrum converter 
cover-glass has been developed as an add-on component 
to	act	as	a	fluorescent	medium	for	absorbing	parts	of	the	
solar spectrum and illuminating solar cells. Also, it was 
suggested to use a number of different emission spectra of 
quantum dots of which re-emitted light was matched for 
optimal conversion by different solar cells. This is similar 
to using a stack of multi-junction solar cells, each sensitive 
to a different part of the solar spectrum. 

In this study, we will explore the use of a QD spectrum 
converter for enhancement of electrical characteristics 
of InGaP/GaAs/Ge multi-junction solar cells fabricated 
by metal organic chemical vapor deposition (MOCVD). 
The	active	size	of	solar	cells	is	30.25	×	10-2 cm2. Our QD 
spectrum converter is composed of a spin-coated QD thin 
film	atop	the	cover-glass.	Considering	the	influence	of	QD	
concentration on absorption and emission, the concentration 
is optimized to properly match the spectrum of multi-
junction solar cells. The CdSe/ZnS core/shell QDs with an 
average diameter of 1.8 nm are well-dispersed in toluene 
firstly	with	different	concentration	of	10,	2.5,	0.625,	0.156,	
and 0.039 mg/ml. Meanwhile, the photoluminescence (PL) 
emission	peak	occurs	at	480	nm	with	a	slight	fluctuation	of	
full width at half maximum (FWHM) due to concentration 
effect. 

In device characterization, the current density-voltage (J-
V) characteristics of multi-junction InGaP/GaAs/Ge solar 
cells with/without spectrum converter are measured under 
AM	1.5	G	one-sun	 illuminations.	 It	 is	 found	 that	 the	fill	
factor	and	power	conversion	efficiency	of	solar	cell	with	
optimal quantum dot concentration are 85.5% and 23.4%, 
which	 is	 about	 more	 efficient	 by	 5%	 than	 conventional	
devices.
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Creation of Nano Structures with Interference 
Lithography
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MH HONG2 
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3. Department of Materials Science and Engineering, 
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4. Department of Electrical Engineering and Computer 
Science, Massachusetts Institute of Technology, United 
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Interference lithography (IL) has many attractive features 
in that it is maskless, relatively simple to set up and can 
create patterns on photoresist over a large area within 
a short period of time.  In this talk, we will give two 
examples of how IL can be used to create nanostructures 
that have great potential for electronic and optoelectronic 
applications.

Case I: Synthesis of metallic nanoparticles for 
semiconductor nanowire growth 

In the synthesis of semiconductor nanowires and carbon 
nanotubes via the Vapor-Liquid-Solid (VLS) or Vapor-
Solid-Solid (VSS) method, metallic nanoparticles are 
used as catalysts for growth.  The size and location of 
semiconductor nanowires are critically controlled by 
the size and locations of the nanoparticles.  The most 
common technique for creating metallic nanoparticles as 
catalysts for VLS or VSS growth over a wide area is to 
simply	allow	dewetting	of	thin	solid	metal	films	on	a	flat	
substrate. Inevitably, the nanowires or nanotubes that are 
subsequently grown exhibit a very wide distribution of 
sizes and spacing, due to the poor control of the size and 
spacing of metallic nanoparticle catalysts associated with 
the simple dewetting method.  We show results here that 
by a combined top-down (via the use of IL) and bottom-up 
(coarsening of Au or Ni particles) approach, we are able to 
tune	the	diameter	of	the	metal	nanoparticles	significantly	
and	 reproducibly,	 at	 precise	 locations	 defined	 by	 the	 IL	
technique. 

Case	II:	Synthesis	of	silicon	nanowires	and	nanofin	arrays	
using interference lithography and catalytic etching 

In this section, we report results on the synthesis of silicon 
nanostructures that were fabricated using a combination 
of IL and catalytic etching. With this technique, we were 
able to create nanostructures that are periodic over very 
large areas (1cm2 or more), where the cross-sectional 
shapes and the array ordering can be varied. Furthermore 
this technique can be used to readily and independently 

control the sizes and spacing of the nanostructures down 
to spacings of 200nm or less. These characteristics are 
difficult	 or	 impossible	 to	 achieve	 using	 other	 known	
techniques.

 A01904-03388 

Conductivity Enhancement of Single Walled 
Carbon Nanotube Thin Films by means of 
Oxidation

Hosea TANTANG1; Jun WEI2 
1. School Of Materials Science and Engineering, 
Nanyang Technological University, Singapore
2. Singapore Institute of Manufacturing Technology, 
Singapore

Recent	 studies	 have	 demonstrated	 that	 significant	 sheet	
resistance (Rs) reduction (down to <100 Ohm/sq, 
comparable to ITO) was successfully achieved in single-
walled	carbon	nanotube	(SWCNT)	films	treated	with	nitric	
acid (HNO3) followed by thionyl chloride (SOCl2). In the 
present work, a systematic study on doping of carbon 
nanotube	 films	 using	 various	 chemicals	 was	 performed.	
The results suggest that physical doping such as Iodine 
doping by Iodine vapour would not give a stable doping 
effect, however H2SO4 can effectively reduce the Rs of 
SWCNT electrodes and the treated electrodes remain stable 
after a period of time. The mechanism of the conductivity 
enhancement was unveiled. H2SO4 treatment generates 
defects on SWCNT and the COOH functionality, which 
in	certain	degree	seems	to	be	beneficial	for	enhancing	the	
electrical conductivity of SWCNT electrodes. It is plausible 
that the H2SO4-doped SWCNT and the consequent increase 
of COOH functionality help stabilize p-doping owing to 
their	electron-deficient	property.

 A01912-03298 

Electrical and Structural Properties of Metal-
Oxide-Semiconductor (MOS) Device with High-k 
Er-silicate Gate Dielectric

Chel-Jong CHOI; Ran-Ju MOON; Myeong-Il JEONG; 
Ha-Yong YANG; Yeon-Ho GIL 
Deparment of Semiconductor Science & Technology, 
Chonbuk National University, Jeonju, South Korea

We investigate electrical and structural properties of 
metal-oxide-semiconductor (MOS) device with high-k Er-
silicate	film	formed	by	the	interfacial	reaction	between	Er	
and SiO2	 films.	The increase in rapid thermal annealing 
(RTA) temperature results in the reduction of the interface 
trap density (Dit) by one order of magnitude, indicating 
the improvement in the interface quality of Er-silicate 
gate dielectric. The in-situ heating high-voltage electron 
microscopy (HVEM) showed that the diffusion of Er 
atoms	 from	 gate	 electrode	 into	 Er-silicate	 film	 driven	
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by annealing process causes the further silicate-forming 
reaction, leading to the increase and decrease in the 
thicknesses of Er-silicate and SiO2	 film,	 respectively.	
The increased capacitance value of Er-silicate gate 
dielectric with thermal treatment is attributed in part to 
the reduction of SiO2 thickness and to the increase in the 
relative	dielectric	constant	of	Er-silicate	film	caused	by	the	
chemical bonding change from Si-rich to Er-rich silicate. 
Based on the result of equivalent oxide thickness (EOT) 
versus	flat-band	voltage	(VFB), the effective work function 
(Φm,eff) of Er metal gate was extracted to be ~ 2.86 eV. 

 A01970-03403 

A Nanoimprinting Technique Supplemented with 
an Electric Field

Jeon HOJUN; Hyeon YOON; Kim GEUNHYUNG; 
Lee HAENGNAM; Park GIL-MOON 
Department of Mechanical Engineering, Chosun 
University, Gwang-ju, South Korea

The surface of the taro plant leaf was replicated using a 
nanoimprinting technique (NIT) supplemented with an 
electric	 field.	 This	 field-aided	 nanoimprinting	 method	
(FA-NIT)	consists	of	two	steps:	applying	an	electric	field	
to a liquid polymer under the plant leaves and the curing 
process	 of	 the	 polymer	 with	 the	 applied	 electric	 field.	
An	 appropriate	 electric	 field	 was	 needed	 to	 induce	 the	
electrokinetic phenomena of a liquid polymer to obtain a 
good replicated surface. The roughness fabricated by the 
FA-NIT was about 45% higher than the NIT. This method 
is a good supplementary technique to improve the quality 
of NIT.

 A01973-04483 

Direct Growth of ZnO Nanocrystals onto the 
Pores of Porous TiO2 Nanotube Array Films for 
the Fabrication of Highly Efficient and Recyclable 
Photocatalyst

Huiying YANG1; Siu Fung YU1;	Xiwang	ZHANG2 
1. EEE, Nanyang Technological University, Singapore
2. CEE, Nanyang Technological University, Singapore

In the present work, we demonstrate a simple fabrication 
process to directly grow ZnO nanocrystals onto the pores 
of vertically oriented porous TiO2	 nanotube	 array	 films.	
This	configuration	of	composite	nanostructures	minimized	
the required contact area between ZnO and TiO2 (i.e., 
the area of ZnO/TiO2 interfaces). As a result, the surface 
exposure area of both metal oxides to the surrounding can 
be maximized. Hence, this surface morphology of ZnO/
TiO2	composite	nanostructured	films	can	be	fully	utilized	
for the photo-generation of electrons and holes during the 
photocatalytic process. Furthermore, the bulky physical 
size allows easy recovery and recycle of the composite 
nanostructured	films.

 A01976-03429 

Fabrication and Characterization of Novel Organic 
Thin Film Transistors with CdSe/ZnS Quantum 
Dots Embedded in Bilayer Gate Dielectric

Ying-Chih CHEN1; Tsung-Syun HUANG1; 
Chun-Yuan HUANG1; Yan-Kuin SU1;2 
1. Institute of Microelectronics and Department of 
Electrical Engineering, National Cheng Kung University, 
Tainan, Taiwan
2. Department of Electrical Engineering, Kun Shan 
University, Taiwan

We have demonstrated the fabrication and characterization 
of organic thin transistors (TFTs) with bilayered gate 
dielectric in which the CdSe/ZnS core/shell quantum 
dots (QDs) are embedded. The poly-methylmethacrylate 
(PMMA)-QDs blends/poly(2-hydroxy ethyl methacrylate) 
(PHEMA) double gate dielectric layer is formed by spin 
coating and low temperature baking. From previous 
reports, PMMA is proven to be a superior dielectric 
material and it can be also dissolved in nonpolar organic 
solvents such as toluene and xylene. In this study, blue-
emitting QDs with an average diameter of 2.5 nm are used. 
Their	first	absorption	and photoluminescence (PL) peaks 
are at 466 and 484 nm, respectively. The thin PHEMA 
dielectric layer (~110 nm) acts as the buffer layer. Finally, 
the gold and pentacene are as the source-drain electrode 
and the charge-carrier transport layer, respectively. All 
devices are deposited on ITO/glass substrates. Both the 
TFTs with QDs/PMMA blends and pure PMMA exhibit 
the characteristic behaviors of p-channel	 field-effect	
transistors.

From the electrical transfer and output characteristics, we can 
obviously observe that the source-drain current of organic 
TFTs is improved when the QDs are incorporated into the 
dielectric layer. It can be also readily observed the larger 
leakage current of the device with QDs/PMMA mixture/
PHEMA dielectric layer. Moreover, the photocurrent of 
organic TFTs with the PMMA-QDs/PHEMA dielectric 
layer is increased by 33%, which is 8% larger than that 
of TFTs with the PMMA/PHEMA dielectric. The non-
remarkable hysteresis threshold voltage shift can also be 
found. In addition, under dark environment, the devices 
with QD incorporation have a smaller threshold voltage. 
The decrease of threshold voltage is approximate 10 V.
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 A01996-03440 

Influence of Post O2 Annealing on the Resistive 
Switching Behavior of HfO2 Dielectric

Raymond SIM; Mei Yin CHAN; Pooi See LEE 
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Resistive Random Access Memory (ReRAMs) is one of the 
promising candidates for the next generation non-volatile 
memory, due to its attractive characteristics of having a 
simple device structure, low power consumption and high 
speed operation. One of the materials recently studied for 
ReRAM applications are HfO2 based materials; which are 
also thought to be the next generation high-k materials for 
high performance CMOS devices. In this work, 30nm thick 
HfO2 dielectric was deposited on p+ Si substrate using 
the Atomic Layer Deposition (ALD) technique. 10nm 
Cr/ 100nm Au top electrodes with 0.3mm diameter was 
deposited by DC magnetron sputtering for device electrical 
contact. By thermally anneal the deposited oxide in N2 and 
O2 ambient at 400°C, 600°C, 800°C before deposition of 
the top electrode, variations in the switching characteristics 
are observed. No switching phenomenon was exhibited by 
all the devices annealed in N2 ambient despite applying 
a bias of up to ±10V. Bipolar switching behavior was 
demonstrated in samples annealed at O2 ambient of 400°C, 
600°C, while no switching was detected in samples 
annealed at 800°C in O2 ambient which has been attributed 
to be due to the unstable grain boundary formation that 
occurs at high annealing temperatures. Post annealing of 
the entire device in O2 ambient at 600°C of previously 
failed devices (annealed in N2) ambient demonstrated 
repeatable switching characteristics with a resistance ratio 
of up to 2 orders of magnitude; after the few initial voltage 
sweeps required for the electro-forming process. Despite 
achieving similar levels of crystalinity by annealing at the 
same temperatures, N2 anneal does not create the necessary 
defects required for the resistive switching phenomenon. 
This demonstrates that N2 annealing on the device deploys 
a non-permanent effect, and that that oxygen plays a crucial 
role in the defect generation required for the resistive 
switching phenomenon. Post annealing of failed devices 
in O2 ambient may also be used to help “revive” the failed 
or defective resistance memory cells. 

A02021-03478 

Langmuir−Blodgett Asesmbly of 
4-methylbenzenethiol-Functionalized Au 
Nanoparticles for Non-volatile Memory 
Applications

R K GUPTA1; D Y KUSUMA2; P S LEE2; 
D RAJARATHNAM1; M P SRINIVASAN1 
1. Department of Chemical and Biomolecular 
Engineering, National University of Singapore, Singapore
2. School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Two dimensional assemblies of monodisperse metal 
particles with controlled size in the nanometer range present 
considerable interest in various applications involving 
high density electronic devices. In this context, protection 
of nanoparticles by ligands shells serves a critical role, 
providing the particles with a number of advantageous 
properties such as stability against coalescence, solubility 
in many solvents and facile assembly. 

In this work, the Langmuir-Blodgett (LB) technique of 
molecular assembly has been employed in fabricating a 
multilayered array of gold nanoparticles functionalized 
by 4-methylbenzenethiol on Si substrates. We have built 
2 layer, 4 layer and 6 layer structures of functionalized Au 
nanoparticles. Thickness measurements by ellipsometry 
show	a	linear	increase	of	film	thickness	with	the	number	
of layers, indicating a reproducible deposition process. We 
have fabricated capacitors using the LB assembled layers 
with Al2O3 oxide as the control oxide. The capacitance 
versus voltage (C-V) characteristics of these devices 
shows hysteresis with the voltage scan. We have studied 
the charge storage capacity on gold nanoparticles with no 
of layers. From the C-V characteristics, the charge storage 
of the 2 layer LB deposited nanoparticles shows good 
charge storage capability in which a considerably large 
hysteresis of 1.8 V can be achieved. When the number of 
LB layers is increased to 4 or 6 layers, a hump appears in 
the CV measurement and became more obvious when the 
number of layers increases. This may be attributed to the 
interfacial traps or in-homogeneity incurred by the layer 
thickness. Current-voltage (I-V) measurements show 
reduced leakage when the number of layers increases 
which	correspond	to	the	increased	film	thickness.	
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 A02128-03660 

Oriented Crystal Growth of Flower-like Structured 
InN on Sapphire Substrate by Halide Chemical 
Vapor Deposition

Naonori SAKAMOTO1; Haruka SUGIURA2; 
Naoki WAKIYA1; Hisao SUZUKI2 
1. Department of Materials Science and Chemical 
Engineering, Shizuoka University, Hamamatsu, Japan
2. Graduate School of Science and Technology, Shizuoka 
University, Hamamatsu, Japan

Designed crystal growth of indium nitride (InN) in nano- 
to micro-scale is strongly desired for optoelectronic 
applications because it has narrow direct bandgap energy of 
0.7 eV and a high electron drift	velocity	of	4.3	×	107 cm/s. 
However, it is quite difficult	to	control	the	crystallization 
behavior and design the morphology of those indium 
nitrides since it decomposes at low temperature compared 
to the other nitrides. We have developed a growth technique 
of	 nitride	materials:	 InN	 films,	 flower-like	 InN crystals, 
etc. by Halide Chemical Vapor Deposition (H-CVD). In 
this study, we focus on the crystal growth mechanism of 
the	flower-like	InN	crystals by the H-CVD method. 

Experimental set-up of the H-CVD consists of a horizontal 
quartz tube with three gas inlets and an exhaust. N2 carrier 
gas, mixed gas of NH3 and N2 and additional N2 counter 
gas were introduced from the inlets. Indium source (InCl3) 
on a quartz boat was evaporated at 410 °C and supplied 
to the growth zone by the N2 carrier gas.	The	flower-like	
InN crystals were grown at 550 °C on sapphire (11-20) 
substrate placed at the growth zone.

SEM micrograph of the resulting InN showed the flower 
was composed of six petal crystals and a style crystal. 
Detailed TEM observation showed all petals and the 
style crystal exhibited their characteristic crystallographic 
planes. XRD	measurement	of	the	flower-like	InN crystals 
showed that	each	flower	has	epitaxial	orientation	on	the	(11-
20)	sapphire	substrate;	each	petals	and	style	of	the	flowers	
had	a	specific	orientation	on	the	substrate.	The	reason	why	
those	flowers	had	orientation	was	considered	to	be	lattice	
matching	with	the	sapphire	substrate	and	the	InN	flower.	
Interestingly enough, it did not show orientation when the 
flowers	were	grown	on	the	Si	(001)	substrate	although	they	
had	 same	flower-like	 structure.	The	 growth	mechanisms	
based on the comparison with that on the Si substrate will 
be discussed at the conference site.

 A02137-03680 

Carbon Nanotube Alignment and Its Applications

Qingwen LI; Hui YANG 
Nanodevices and Materials Division, Suzhou Institute of 
Nanotech and Nanobionics, Suzhou, China

Carbon nanotube shows great promise in many applications 
due to its unique one-dimensional nano-structure and 
excellent mechanical, thermal and electrical properties. 
Alignment of carbon nanotubes is very critical for the 
properties of their functional nanodevices and composites. 
In the talk, I will show our wet and dry approaches to 
align	carbon	nanotube	 into	 thin	film	and	fibers.	 In	a	wet	
method,	 we	 developed	 a	 simple	 and	 efficient	 way	 for	
organizing carbon nanotubes, in particular, single-wall 
carbon nanotubes into ordered structures from their dilute 
solutions. When a droplet of carbon nanotube solution 
was dried at room temperature on a wettable surface 
such as glass or silica wafer, carbon nanotubes can be 
redistributed, accumulated, and aligned along the perimeter 
of the droplet. Drying droplets of SWNT solutions at high 
temperatures may lead to a long-range ordered structure. 
Interfacial capillary force was found to play a key role for 
such self-assembly result. In addition, carbon nanotube 
can	also	be	aligned	 into	 thin	film	and	fibers	using	a	dry	
spinning method. Alignment of carbon nanotubed can 
be further enhanced by some post-treatments and the 
mechanical and electrical properties of the assemblies are 
therefore improved.

 A02149-03700 

Single ZnO Nanobelt Based Field Effect 
Transistors (FETs)

Yong Kyu PARK; Sang Hoon KIM; Jin Hwan KIM;
Jin Seok KIM; Yoon Bong HAHN 
School of Semiconductor and Chemical Engineering, 
Chonbuk National University, Jeonju, South Korea

Electrical properties of single ZnO nanobelt have been 
examined	by	fabricating	single	nanobelt	based	field	effect	
transistors (FETs). The ZnO nanobelts were grown via 
non-catalytic simple thermal evaporation process by using 
metallic zinc powder in the presence of oxygen. The detailed 
structural	and	optical	characterizations	confirmed	that	the	
grown nanobelts are well-crystalline with the wurtzite 
hexagonal phase and exhibiting good optical properties. 
The passivation effect on the electrical characteristics of the 
as-grown nanobelts was also evaluated by passivating the 
fabricated FETs with polymethyl methacrylate (PMMA). 
The passivated single ZnO nanobelt based FETs exhibited 
higher electrical performance as compared to non-
passivated FETs due to reduction in the physically absorbed 
chemisorbed species such as O¯, O2¯, O2¯, or OH¯ etc. The 
field	effect	mobility	(µeff)	of	the	fabricated	nanobelt	based	
non-passivated and passivated FETs was estimated to be 
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~21.3 and 59 cm2/V·s, respectively. Moreover the carrier 
concentration and peak transconductance of the fabricated 
non-passivated and passivated FET were calculated to be 
~8.73	×	1017	and	~1.86	×	1018	cm-3	and	~0.76	and	1.4	
μS,	respectively.	This	work	offers	substantial	opportunities	
for further practical electronics and photonics nanodevice 
applications of ZnO based nanostructures.

 A02156-03709 

Preparation of Poly(vinyl alcohol) and Cellulose 
Based Polymeric Nanofibers Containing Silver 
Nanoparticles by Electrospinning Technique

Narahari MAHANTA; Suresh VALIYAVEETTIL 
Department of Chemistry, National University of 
Singapore, Singapore

Ultra-fine	 fiber	 mats	 of	 cellulosic	 polymer	 and	 poly	
(vinyl alcohol) (PVA) containing silver nanoparticles 
were prepared by electrospinning technique. Three model 
polymers (and their blend) containing hydroxyl groups 
such	 as	 PVA,	 PVA/Dextran	 (DEX)	 and	 PVA/Methyl	
cellulose (MC) were chosen for our study. According to 
the functional groups present on the polymer backbone, 
the model polymers have unique abilities to reduce 
silver nitrate which were studied by a colour changing 
experiment and by UV-visible spectroscopy. Silver nitrate 
(AgNO3) was added to the polymer solution mixture before 
electrospinning.	Nanofibers	containing	silver	nitrate	were	
fabricated separately from each composition and heated 
to reduce the silver nitrate to silver nanoparticles.  The 
fiber	morphology	of	resultant	nanofiber	was	characterised	
by scanning electron micrograph (SEM) and the average 
diameter	of	the	nanofibers	ranged	between	300	to	500	nm.	
From TEM, it was observed that the Ag nanoparticles with 
average diameter 10 to 30 nm are uniformly distributed 
throughout	 the	 nanofibers.	 	 The	 formation	 of	 silver	
nanoparticle	 on	 the	 nanofiber	 was	 confirmed	 by	 X-ray	
diffraction	(XRD)	and	thermal	degradation	properties	were	
characterized	 by	 TGA.	 The	 nanofiber	 containing	 silver	
nanoparticles may have potential applications involving 
antibacterial activity.

 A02189-03959 

Fabrication of Distributed Feedback Grating from 
Polymer Hybrid which Showing Photo-pumped 
Lasing Action

Rahmat HIDAYAT1; Sahrul HIDAYAT2; FITRILAWATI2; 
HERMAN1; Masayoshi OJIMA3; Akihiko FUJII3; 
Masanori OZAKI3 
1. Physics of Magnetism and Photonics, Bandung 
Institute of Technology, Bandung, Indonesia
2. Department of Physics, Padjadjaran University, 
Bandung, Indonesia
3. Department of Electronic Engineering, Osaka 
University, Osaka, Japan

In this presentation, we will report the preparation of 
hybrid organic-inorganic polymer and the fabrication of 
distributed feed-back grating using those hybrid polymers. 
This hybrid polymer was synthesized by sol-gel route 
from trimethoxysilyl-propyl-methacrylate, producing gel 
precursor. Dye laser molecules were previously mixed 
into the sol during this synthesis. The gel precursor was 
spin casted on a glass substrate to form a thin layer of gel 
precursor. A grating structure on the top layer was then 
fabricated by employing laser interference technique. The 
THG output from a Nd-YAG laser was used to create an 
interference pattern. These grating were characterized 
by diffraction spectrum measurement and atomic force 
microscopy (AFM). The grating periodicity in the range 
400 – 1000 nm has been obtained, depending on the incident 
angle of laser beam. The AFM result shows that the grating 
forms a corrugated structure with the grating depth of 
about 20-60 nm. Under excitation of the SHG output from 
a Nd-YAG lasers, very narrow emission spectrum (FWHM 
< 1nm) was observed from those grating. The emission 
characteristics will be discussed in terms of photo-pumped 
lasing action in these grating.

 A02202-03783 

Optical and Field Emission Properties of ZnO 
Nanostructure Grown by Non-catalytic Thermal 
Evaporation Process

Ahmad UMAR1;3; A. Ali HAJRY2; Shafeequi ANSARI2; 
Yoon-Bong HAHN3 
1. Department of Chemistry, Najran University, Najran, 
Saudi Arabia
2. Department of Physics, Najran University, Najran, 
Saudi Arabia
3. School of Semiconductor and Chemical Engineering, 
Chonbuk National University, Jeonju, South Korea

The field	 emission	 property,	 one	 of	 the	 most	 important	
applications, of nanostructured materials, possesses a great 
commercial interest in displays and other electronic devices. 
Initially,	 the	 field	 emission	 research	 was	 just	 focused	
on	 the	 carbon-based	 materials	 because	 of	 their	 specific	
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properties; however, the oxide materials are also believed 
to be more stable in harsh environments and controllable 
in electrical properties. Among various oxide materials, 
the II-VI semiconductor ZnO recognize itself as one of the 
most exotic material in terms of properties, functionalities 
and morphologies. Therefore, by exploiting the excellent 
properties	of	ZnO,	we	fabricated	the	field	emission	devices	
(FEDs) by using various kinds of ZnO nanostructures such 
as	 aligned	 hexagonal	 nanorods,	 flower-shaped	 structures	
and microberets consist of hexagonal small nanorods. 
The nanostructures were synthesized by simple thermal 
evaporation process by using high purity metallic zinc 
powder and oxygen gas as source materials for zinc and 
oxygen, respectively in the temperature ranges of 450-
650 °C. The detailed structural and optical observations 
revealed that the grown products are possessing single 
crystallinity with the wurtzite hexagonal phase and good 
optical	properties.	The	performances	of	the	field-emission	
devices based on the as-grown products have also been 
characterized. Vertically-aligned hexagonal-shaped ZnO 
nanorods show the turn-on	electric	field	at	about	5.8	V/μm 
with the emission current density of 0.061 mA/cm2  which 
was	achieved	at	the	electrical	field	of	9.0	V/µm.	The current 
density shows no saturation in the current while the	field	
enhancement factor ‘β ’ was estimated to be about ~2.081 
×	 103. Flower-shaped nanostructures are exhibiting the 
turn-on	field	of	4.5	V/μm	with the emission current density 
of 0.073 mA/cm2 which was	achieved	at	the	electrical	field	
of 7.1 V/µm. In this case also, the current density shows no 
saturation in the current and the	field	enhancement	factor	
‘β ’ was estimated to be about ~2.9	×	103.

 A02215-03790 

New Design for Optical Filters Based on Photonic 
Crystals

Abderrahmane BREZINI1; Zou QIN2; Peter FULDE3 
1. Chemistry, University of Oran, Oran, Algeria
2. Electronic, Telecom Paris Sud, Paris, France
3. Physics fur Complexer Systems, Max Planck Institut, 
Dresden, Germany

Nowaday, photonic crystals appear to be challenging 
materials to observe and investigate the electromagnetic 
wave propagation with respect to the one dimensional 
(1d) Anderson localization. Such structures with spatially 
modulated dielectric properties attract an ever growing 
interest for technological aspects

Here, we consider a 1d photonic crystal with a period 
d in the z	 direction.	 Thin	 films	 of	 a	 dielectric	 material	
embedded between vacuum are regularly reproduced along 
N periods. Each element of the unit cell is characterized 
with its dielectric material constant and layer thickness a 
respectively.

The propagation of electromagnetic waves is then 
examined by means the transfer matrix formalism. A 
theoretical formalism is formulated throughout the light 
equation propagation in a 1d photonic crystal.

In particular the presence of correlation in disorder in 
the sample, it is shown the suppression of localization . 
This spectacular phenomenon is related to the short range 
intentionally binary disorder which induces resonances into 
the spectrum breaking down the Anderson localization. By 
properly adjusting the intrinsic dimer unit cell parameter 
i.e. dimer dielectric constants εd, light can be transmitted 
with	a	very	large	localization	length	ξ	through	a	ballistic	
canal, opening up new possibilities in  tailoring optical 
filter.	 Moreover	 with	 increasing	 the	 degree	 of	 disorder,	
via the dimer concentration cd and  the period number N, 
the quality in transmitting light around the resonance is 
improved.

On this basis, the conception of new class of devices based 
on these peculiar results and their physical implications on 
the propagation properties may be suggested. 

 A02241-04011 

Simulation of Si Quantum Dot with Ge Core 
Memory

Yudi DARMA; Rizal KURNIADI; Rena WIDITA 
Physics Department, Institut Teknologi Bandung, 
Bandung, Indonesia

Nanometer-scale Si structures on ultrathin SiO2 have 
been extensively studied because of their unique physical 
properties associated with quantum size effects and/
or Coulomb blockade which lead us to develop novel 
functional devices such as quantum dot memories. Metal-
oxide-semiconductor	 field-effect	 transistor	 (MOSFET)	
memory based on nanocrystals has been considered as a 
most promising application of nano-scale devices in the 
future VLSI.  However, on the quantum dot based memory 
devices, the trade-off between long retention characteristic 
and high speed memory operation remains as one of the 
main problems. 

In order to overcome this problem, we proposed using 
hetero-nanocrystal namely Si quantum dot with Ge core. 
The major concern of Ge core cladding by Si nanocrystals 
is	 to	 enhance	 the	 carrier	 confinement	 effect	 since	 the	
energy gap of Ge is narrower than that of Si, a compound 
potential well could be formed and the charge could be 
stored mainly in Ge core. As the result, the retention time 
could	 be	 increase	 significantly	 without	 deteriorating	 the	
writing/erasing time. Technically, Ge core cladding by Si 
also allows us to keep the good Si/SiO2 interface instead of 
poor Ge/SiO2 interface. 
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In this work, charge storage characteristic of Si quantum 
dot with Ge core in MOSFET memory are investigated by 
computer simulation. The time concept in memory device 
can	be	defined	as	the	inverse	of	the	tunneling	current	density	
and the writing/erasing tunneling current denstiy can be 
calculated by considering the quantization of carriers in the 
inversion/accumulation layer when the device is biased. 
The	simulation	shows	that	the	flash	memory	with	Si/Ge/Si	
(4nm/4nm/4nm)	hetero-nanocrystal	floating	gates	have	a	
retention time of about 109 s (ten years) with a tunnel oxide 
of only 2nm. The programming time that involving writing 
and erasing time is in the order of µs, which is similar to 
that in the memory based on Si nanocrystals only. Hence, 
this kind of memory is expected to have the advantages 
both of high-speed programming and long retention time.  

 A02298-04013 

Development of Transient Phase Change Analysis 
Method in Phase Change Devices

Eng Guan YEO1;2; Rong ZHAO1; Luping SHI1; 
Tow Chong CHONG1;3; Adesida ILESANMI2 
1. Data Storage Institute, Agency for Science, Technology 
and Research, Singapore
2. Department of Electrical and Computer Engineering, 
University of Illinois at Urbana-Champaign, IL, United 
States
3. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore

Phase change materials have been much studied due 
to their many applications in optical media and next 
generation non-volatile memory devices. Phase Change 
Random Access Memory (PCRAM) is a leading contender 
for next generation non-volatile memory due to its many 
good memory characteristics such as long data retention; 
high endurance and fast write performance. Phase 
change materials can change from the amorphous state to 
crystalline state and vice versa in nano-timescale. Use of a 
short, high amplitude electric pulse such that the material 
reaches melting point and rapidly quenched changes the 
material from crystalline phase to amorphous phase is 
widely termed as RESET current and use of a relatively 
longer, low amplitude electric pulse such that the material 
reaches only the crystallization point and given time to 
crystallize allowing phase change from amorphous to 
crystalline is known as SET current.

A big problem however for PCRAM is its high programming 
current which limits its density. However, its unique 
advantage over Flash and other next generation memories 
is its scalability. The programming current of PCRAM 
decreases as the size of the cell is scaled down. Hence, 
its performance actually improves as the dimensions are 
scaled down. Flash and other memories such as Magnetic 
Random Access Memory (MRAM) in contrast have poorer 
performance. This is a major advantage for PCRAM as it 
can technically scale with lithography. 

In this work, PCRAM devices were fabricated with 
Ge2Sb2Te5 (GST), which is a commonly used phase 
change material due to its fast and repeatable switching 
performance. The transient electrical waveform during 
the SET pulse was used to characterize the phase change 
phenomenon in the device and provide a link to the 
mechanism behind the phase change effect. Two time 
periods, named the delay time and current recovery time, 
were found during this transient electric analysis, which 
relate to nucleation and growth of the phase change 
material. This would allow better understanding of the 
mechanism involved during phase change. This transient 
effect was then used to investigate the scaling effect on 
device performance where the PCRAM device is scaled 
down and analyzed based on their transient electrical 
waveforms.	The	 time	 periods	 identified	 showed	 reduced	
times for smaller devices, which indicate higher speed 
phase change for smaller devices.

 A02308-03943 

Fabrication of Polythiophene Hybrid Structures 
on Silicon Surfaces by Covalent Molecular 
Assembly

Sundaramurthy JAYARAMAN; Rajarathnam D.; 
Srinivasan M. P. 
Department of Chemical and Biomolecular Engineering, 
National University of Singapore, Singapore

Hybrid	 polythiophene	 thin	 films	 possessed	 numerous	
applications ranging from optics to memory devices. Hybrid 
films	along	with	gold	nanoparticles	have	the	tendency	to	
sense the organic molecules and metallic ions. We employed 
covalent molecular assembly technique to buildup ultra 
thin polythiophene hybrid structures possessing electrical 
properties. The covalently immobilized nanostructured 
films	possess	good	thermal	and	chemical	stabilities.

Polythiophene hybrid structures have been fabricated 
on	 amine-modified	 substrates	 of	 silicon	 and	 quartz	
through alternate layer-by-layer (LBL) assembly of 
diaminodiphenylether (DDE), as interlayer link agent 
established by covalent bonds.  The amine surfaces and 
polythiophenes are linked through imine bonds between 
the amines in DDE and the bromine in polythiophenes. 
X-ray	 photoelectron	 (XPS)	 and	 UV-visible	 absorption	
spectroscopies, atomic force microscopy (AFM), and 
ellipsometry were employed to study the interfacial 
chemistry, growth, morphology, and thickness of the 
assembled	 film.	 XPS	 clearly	 indicated	 the	 formation	 of	
interlayer covalent linkages via imine bond and formation 
of functional surfaces for immobilization of the next 
layer. Further, a comparison has been made between 
interlayer linkers, DDE and a long chain diamine. Long 
chain diamines have the ability to functionalize the surface 
more effectively due to the reaction between amines and 
unconverted bromines which were unavailable due to 
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structural	 modifications.	 Electrical	 characterizations	
techniques such as electrochemical impedance 
spectroscopy, surface resistivity and four point probe 
methods have been carried out to study the conductivity 
and	the	electron	mobility	of	the	films.	Subsequently,	gold	
nanoparticles	were	incorporated	into	the	hybrid	films	where	
the sulphur and unreacted amines has the tendency to bind 
with gold nanoparticles. Thus, fabricated polythiophene 
hybrid structure can be used as sensors in sensing organic 
molecules and metallic ions.

 A02328-03983 

In-situ Study on Intrinsic Photoconductivity 
Properties for Individual CdS Nanobelts

Jin AN1; Jian-Bin XU1;2; Kun XUE1 
1. Department of Electronic Engineering, The Chinese 
University of Hong Kong, Shatin, Hong Kong
2. Materials Science and Technology Research Center, 
The Chinese University of Hong Kong, Shatin, Hong 
Kong

The carrier transport characteristics for individual CdS 
nanobelts under different above band-gap illuminations 
were studied. Measurements based on two-terminal 
electrodes were carried out to extract the resistance for both 
contacts and CdS nanobelts by photo-assisted scanning 
surface potential microscopy. The experimental results 
show that in the dark, the charge transport properties 
for the CdS nanobelt device are dominated by electron 
injection process at the electrode junction, while under 
high light-intensity, the charge transport is governed by 
the intrinsic photoconductivity nature of CdS nanobelt. 
The intrinsic photoconductivity properties for individual 
CdS nanobelt devices were investigated by examing the 
local surface band diagram with the aid of the scanning 
surface potential microscopy. A c.a. 0.50 eV upward band 
bending can be found in the dark, which is attributed to 
the oxygen adsorbates, generating the surface depletion 
region expansion and the conduction channel reduction. 
The	above	band-gap	illumination	or	the	oxygen-deficient	
environment can effectively reduce the surface band 
bending	and	decrease	the	depletion	length,	finally	result	in	
the conduction channel increase, which is one of the main 
origins for the large photosensitivity and high oxygen 
sensitivity for individual CdS nanobelt devices. 
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Transition Behavior from Coupled to Decoupled 
CdxZn1-xTe/ZnTe Double Quantum Dots 
Dependent on the ZnTe Spacer Thickness

Dong Hun KIM1; Jun Taek WOO1; Tae Whan KIM1; 
Hong Seok LEE2; Hong Lee PARK2; Ji Hye LEE3; 
Keon Ho YOO3 
1. Division of Electronics and Computer Engineering, 
Hanyang University, Seoul, South Korea
2. Department of Physics, Yonsei University, Seoul, 
South Korea
3. Department of Physics and Research Institute for Basic 
Sciences, Kyung Hee University, Seoul, South Korea

Double quantum dots (QDs), consisting of smaller bandgap 
QD arrays separated by a thin larger bandgap embedded 
barrier, have been currently receiving considerable 
attention for application in next-generation optoelectronic 
and quantum information processing devices. CdxZn1-xTe/
ZnTe QD systems have become particularly attractive 
because of their potential application in optoelectronic 
devices operating in the green region of the spectrum. Even 
though very few works on the optical properties of coupled 
CdxZn1-xTe/ZnTe QDs have been reported, systematic 
studies concerning the transition behavior from coupled to 
decoupled CdxZn1-xTe/ZnTe double QDs dependent on the 
ZnTe spacer thickness have net yet been performed.

This paper reports data for the transition behavior from 
coupled to decoupled CdxZn1-xTe/ZnTe double QDs 
dependent on the ZnTe spacer thickness grown by using 
molecular beam epitaxy. Atomic force microscopy 
measurements were performed to characterize the surface 
properties of CdxZn1-xTe QDs grown on ZnTe buffer 
layers. Photoluminescence measurements were carried 
out in order to investigate the coupling and decoupling 
behaviors in the vertically stacked CdxZn1-xTe/ZnTe double 
QDs. The electronic subband energies and wavefunctions 
of the CdxZn1-xTe/ZnTe double QDs were calculated by 
using	a	three-dimensional	finite	difference	method	(FDM)	
taking into account shape-based strain and nonparabolicity 
effects. The theoretical interband transition energies from 
the ground electronic band to the ground heavy-hole band 
(E1-HH1) were compared with the experimental excitonic 
transition energies, as determined from the PL spectra. 
The	 iso-surface	 on	 the	 probabilistic	 carrier	 confinement	
in each Cd0.6Zn0.4Te QD was determined and visualized. 
Half-cut diagrams of the bird’s-eye views for the electron 
ground-state probability density function at the conduction 
band were calculated with and without a strain effect. 
Because the deformation potential due the strain effects 
significantly	 increases	 along	 a	 concave	 boundary,	 the	
confinement	probability	of	the	electrons	around	the	center	
of the straight boundary increases. The coupling and 
decoupling behaviors in the CdxZn1-xTe/ZnTe double QDs 
with different spacer layers were numerically investigated. 
The electronic subband wavefunctions in the CdxZn1-xTe/
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ZnTe double QDs are clearly separated with increasing 
spacer layer thickness, which is in reasonable agreement 
with the PL spectra. The appearance of two peaks in the 
PL spectra for the CdxZn1-xTe/ZnTe double QDs with a 
thick spacer layer originates from the separation of the 
wavefunctions as results of the increase in the ZnTe spacer 
layer. These present observations can help to improve 
the understanding of transition behavior from coupled to 
decoupled CdxZn1-xTe/ZnTe double QDs dependent on the 
ZnTe spacer thickness.

This work was supported by the Korea Science and Engineering 
Foundation (KOSEF) grant funded by the Korea government 
(MEST) (No. R0A-2007-000-20044-0).
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Homogeneous, Surfactant-Free Metal and 
Semiconductor Nanoparticles Encapsulated by 
Polythiophene Analogues

Cheng-Hsuan LAI; Pi-Tai CHOU 
Chemistry, National Taiwan University, Taipei, Taiwan

A new approach to synthesize nanocrystal-polymer 
nanocomposite is reported, in which 2-(2-ethoxyethoxy)
ethoxy	modified	 polythiophene	 (P3EEET)	 serves	 as	 the	
protecting group for dispersion and homogeneous size 
distribution of metal and semiconductor nanoparticles. 
In	 the	 first	 part	 of	 the	 context,	 the	 synthesis	 of	 Au	
nanoparticle grabbed with P3HT analogues is described. 
The roles of the metal ions in the reaction system anchored 
with the polythiophene analogues have been reported 
as well. We accordingly propose that there exists a non-
covalent, electrostatic (ion-dipole) interaction among Au 
(III) ions, oxygen atoms on ether side chains and sulfur 
atoms of P3EEET. Moreover, this interaction has been 
proven to restrict the free rotation around the thiophene-
thiophene bond. Consequently, the backbone of P3EEET 
is forced to be in a non-planar conformation instead of 
a planar one. Further attempt to synthesize the P3EEET-
Au nanocomposite using Au (III) doped P3EEET as a 
precursor was carried out subsequently. After reaction, the 
Au nanoparticles are well dispersed in polymer matrix, 
and the size distribution is quite homogeneous, indicating 
excellent capping ability of P3EEET. In a preliminary 
examination, the electrical properties of the as-synthesized 
nanocomposite revealed great improvement of charge 
injection comparing with that of neat P3EEET. In the next 
part, we also synthesized ZnO-P3EEET nanocomposite 
with the similar approach. The result indicated that an 
emission in the yellow-green region resulted from the 
recombination of a shallowly trapped electron with a deeply 
trapped hole in neat ZnO nanoparticles was reduced after 
capping with P3EEET. As a result, a blue and prominent 
emission of the direct band gap of ZnO was  retrieved. The 
results presented herein thus demonstrate the potential of 
alkyloxyl	modified	polythiophenes-based	nanocomposites	

in	 the	 field	 of	 optoelectronics	 and	 microelectronics	
devices. 
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Functionalized Polymer Single Nanowires as 
Fast-Response High-Selectivity Optical Sensors

Fuxing GU1; Lei ZHANG2;	Xuefeng	YIN2; Limin TONG1 
1. Optical Engineering, State Key Laboratory of Modern 
Optical Instrumentation, Hangzhou/Zhejiang, China
2. Chemistry, Institute of Microanalytical Systems, 
Hangzhou/Zhejiang, China

We report a general route to optical sensing with 
waveguiding polymer single nanowires. Functionalized 
polymer single nanowires, drawn from solvated polymers, 
are	evanescently	coupled	to	nanoscale	fiber	tapers	for	optical	
launching and signal collection. Based on pronounced 
changes in waveguiding behavior of the nanowire when 
exposed to specimens, functionalized polymer nanowires 
are used for humidity sensing with a response time of 30 
ms and for NH3 detection down to subparts-per-million 
level. By using spectral analysis in the visible/near-
infrared region, we demonstrate highly selective detection 
of gas mixtures with a NH3 detection limit on parts-per-
million level and relative humidity sensing ranging from 
37%	 to	 84%.	The	 compact	 and	 flexible	 sensing	 scheme	
shown here may be attractive for fast response and highly 
selective detection in physical, chemical, and biological 
applications with small footprints.

 A02445-04172 

Carbon Nanotubes for Field Emission 
Applications

William MILNE; Mark MANN 
Electrical Division, Engineering Department, University 
of Cambridge, Cambridge, United Kingdom

Because of their high current carrying capability, chemical 
inertness, physical strength and high aspect ratio Carbon 
Nanotubes have proven useful for Field Emission 
applications in a variety of areas. Depending upon their 
applications it can be more advantageous to use either 
individual tubes or arrays of tubes.  Multiwall tubes or 
single wall tubes can also be utilised and in some instances 
aligned	 tubes	 are	 also	 necessary	 to	 provide	 the	 field	
emission currents required. 

This paper will present work on the growth, characterisation 
and the optimisation of Carbon Nanotubes for applications 
including,	 field	 emission	 displays	 including	 back	 lights,	
electron microscopes, electron beam lithography, sensors 
and microwave sources. Their application as the electron 
sources for portable x-ray systems will also be covered.



Symposium J - Nanodevices and Nanofabrication     63
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Surfactant Mediated Self-assembled 
Functionalized Periodic Mesostructured 
Organosilica Materials

Md Abdul WAHAB; Chaobin HE 
Department of Materials Synthesis and Integration, 
Institute of Materials Research and Engineering, 
Singapore

We report the use of surfactant self-assembly method 
to organize and covalently bind functionalized organic 
silane material into the organized mesochannels in the 
mesoporous framework. Characterization techniques 
such	 as	 X-ray	 diffraction	 (XRD),	 transmission	
electron microscopy (TEM), therrmogravimetric 
analysis (TGA), and nitrogen absorption/desorption 
(BET) have been used to show that the properties 
of self-assembled mesostructures are found to be 
dependant on the loading of functional silane. The 
functional	properties	of	final	mesostructures	could	be	
controlled by changing the experimental conditions.  

 A02480-04240 

Investigation of the Performance of Pair and 
Sandwich Superlattice-like Structures

Yew Hua CHUA1;2; Luping SHI1; Rong ZHAO1; 
Yee Chia YEO2 
1. Optical Materials and Systems, Data Storage Institute, 
Singapore
2. Electrical & Computer Engineering, National 
University of Singapore, Singapore

One type of non-volatile memory (NVM), called phase 
change random access memory (PCRAM), has been 
viewed as the most promising candidate to replace Flash 
memory in the future. This is because PCRAM has the 
advantages of high endurance, high scalability and low 
cost. In the application of PCRAM, phase change materials 
are used as they are able to swtich reversibly between 
two distinct states of high resistance amorphous state and 
low resistance crystalline state by using electrical pulses. 
Despite the advantages of PCRAM, issues such as the trade-
off between crystallization speed and stability, and high 
Reset current required to switch PCRAM from crystalline 
state back to amorphous state, have to be overcome before 
PCRAM can be optimised to its full potential.

In order to obtain high crystallization speed and high 
stability in PCRAM, the superlattice-like (SLL) structure 
has been implemented in PCRAM and a low Reset current 
is achieved. However, the properties of the PCRAM device 
may	vary	as	the	configuration	of	the	SLL	structure	changes	
and such knowledge of the structural dependence of the 
properties is not clearly understood as yet. 

In this paper, various types of SLL structures were 
being analyzed so as to gain an insight of the structural 
dependence of the properties which include the Reset 
current, write/erase endurance and also thermal stability. 
The type of phase change material that is in contact with 
the bottom and top electrodes may affect the properties of 
the PCRAM device because the electrodes act as heaters 
to heat up the device. In the Pair SLL structures, different 
phase change materials were in contact with both the top 
and bottom electrodes of the PCRAM device. On the other 
hand, in the Sandwich SLL structures, similar phase change 
material was in contact with both electrodes. The results 
showed that the Reset current and write/erase endurance 
were highly structure dependent. Of the various SLL 
structures, the PCRAM device with the Sb2Te3 Pair SLL 
structure exhibited the lowest Reset current and provided 
a large percentage of decrease when compared with the 
Reset current of the device with the Ge2Sb2Te5 bulk layer 
structure. In addition, the PCRAM device with the Sb2Te3 
Pair SLL structure has the largest number of write/erase 
endurance cycles and its Reset current remained relatively 
lower than the PCRAM devices with the other structures. 
Detailed results and discussion will be presented in the 
conference.

 A02481-04241 

Material Study for Line-type Phase Change 
Random Access Memory (PCRAM)

Leong Tat LAW1;2; Rong ZHAO1; Luping SHI1; 
Yee Chia YEO2 
1. Optical Materials & Systems, Data Storage Institute, 
Singapore
2. Electrical and Computing Engineering, National 
University of Singapore, Singapore

Phase change random access memory (PCRAM) has 
generated strong interests in the recent years as an 
alternative non volatile memory (NVM).  It is considered 
as one of the most potential candidates in replacing FLASH 
technology as FLASH is facing a scalability issue beyond 
22nm technology node.

Before PCRAM can become the next dominant NVM, it 
still has some challenges to overcome, that is to lower the 
programming current. In this paper, we will look at how 
these challenges are overcome by material engineering. 
Recently, line-type PCRAM is gaining interest because the 
area	which	the	current	flow	through	is	significantly	smaller	
than the conventional vertical type PCRAM structure. 
Hence, its current and power consumption can be reduced. 
However, line-type PCRAM’s performance is still not yet 
optimized. It has a poor life time of 106 compared to the 
conventional vertical PCRAM structure of 1012.

In this paper, improvement of lifecycle through selection 
of suitable phase change materials is examined. Though 
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GeSb is not a chalogenide, it is one of the most promising 
growth-dominated phase change material. In addition, 
nitrogen doping of phase change material can reduce the 
reset current as well. However, a characterization of GeSb 
and nitrogen-doped GeSb is not studied before. Beside 
GeSb,	 an	 artificial	 superlattice-like	 structure	 (SLL)	 is	
also being employed. Sb7Te3 and GeTe are alternatively 
deposited	 to	 form	 the	 artificial	 structure	 in	 the	 line-type	
PCRAM structure. GeTe possess a property of high 
stability and slow crystallization speed and Sb7Te3 is 
chosen because it is fast-growth material.

In this work, we investigated the crystallization temperature 
of GeSb and the various doping ratio of nitrogen. The results 
showed that the crystallization temperature increases as the 
nitrogen doping ratio increases. Furthermore, the roughness 
of the various nitrogen doping of GeSb is measured. The 
results revealed that a 0.2 doping ratio of nitrogen over 
argon has the minimum roughness value. In addition, the 
atomic percentage of nitrogen in the various doping in 
GeSb	is	measure	using	X-ray	Photoelectron	Spectroscopy.	
Different dimensions of line-type PCRAM device is also 
investigated with the SLL structure.  Detailed data and 
discussion will be presented in the conference. 

 A02508-04298 

High-Purity Separation of Gold Nanoparticle 
Dimers and Trimers

Gang CHEN1; Yong WANG1; Li Huey TAN1; 
Miaoxin YANG1; Lee Siew TAN1; Yuan CHEN2; 
Hongyu CHEN1 
1. Division of Chemistry and Biological Chemistry, 
Nanyang Technological University, Singapore
2. Division of Chemical and Biomolecular Engineering, 
Nanyang Technological University, Singapore

Size and geometric control of nanoassemblies are important 
to the investigation of intrinsic size/shape dependent 
properties and bottom up approaches for the fabrication of 
functional	nanodevices.	Specific	clustering	of	two	or	three	
nanoparticles (NPs) by solution methods has been a major 
challenge, which has been overcame by encapsulating the 
assembled AuNP clusters (AuNPn) with polystyrene-block-
poly(acrylic acid) (AuNPn@PSPAA) in our recent work: 
AuNPs surface-functionalized with 2-naphthalenethiol 
were induced to linearly aggregate by NaCl, and the 
solution species was preserved by polymer encapsulation. 
However,	 an	 efficient	 purification	method	 allows	 access	
to selective products from a non-ideal nanoassembly 
system; this is particularly important for isolating particle 
clusters formed by random aggregation. Here, we report 
the isolation of AuNP dimers and trimers in high purity 
(95.1% and 81%, respectively) by exploiting the different 
sedimentation velocity of various nanoclusters in high 
density of CsCl solutions, made possible by the extreme 

colloidal stability of AuNP@PSPAA. As at high pH, the 
extended hydrophilic PAA ionic chains of the amphiphilic 
diblock copolymers (e.g. PS154PAA60) could introduce 
charge and steric repulsion against aggregation, even in 
saturated CsCl solution. In sedimentation separation, both 
the higher density (i.e. larger fbuoyancy) and viscosity (ffriction) 
of CsCl solution could slow down the nanoclusters and, 
thus, enhance the relative difference in the sedimentation 
velocity, but fbuoyancy contributes more to the sedimentation 
rate difference than ffriction does. It is conceivable that this 
differential centrifugation method could be used to separate 
other types of NPs.

 A02510-04305 

Performance on Indium Nitride Nanorods / 
Polymer Photodiode

Wei-Jung LAI 
National Taiwan University, Taiwan

We have successfully grown various indium nitride (InN) 
one-dimensional nanostructures, including nanorods, 
nanotips and nanowires by metalorganic chemical vapor 
deposition (MOCVD). Conjugating polymer coated on 
InN nanostructures form a photodiode and heterojunction 
between polymer and semiconductor have many things 
need	 to	 be	 verified.	 The	 optical	 characterization	 of	 InN	
nanostructures before and after coated polymer has carrier 
out. Photoluminescence (PL) measurement has been 
utilized to characterize the infrared (IR) photoemission 
of InN to study if surface states of InN change. PL, 
photoluminescence excitation (PLE), and time-resolved PL 
(TRPL) measurements have been utilized to characterize 
the polymer emission. From these optical characterization, 
we can see the energy transfer between InN and polymer. 
Also, charge transport is important for the photodiode 
device so we use steady state photocurrent spectrum to 
verify the mechanism of photocurrent. Therefore, spectral 
response show us our device is NIR photodiode and 
transient photocurrent also help us determine the defect 
band emission of InN.

 A02581-04418 

High Efficient and Tunable Microlaser on Photonic 
Crystal Slab

Wanhua ZHENG; Mingxin XING; Wei CHEN; 
Wenjun ZHOU; Anjin LIU; Lianghui CHEN 
Nano-optoelectronics Lab, Institute of Semiconductor 
Chinese Academy of Sciences, Beijing, China

Photonic crystal (PhC) laser has received much attention 
since	the	first	demonstration	of	single	defect	laser	in	1999.	
Recently, much progress has been made in this subject. 
However,	these	lasers	operate	at	a	fixed	frequency.	In	many	
applications such as optical communication, information 
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processing, optical sensor and spectrum analysis, tunable 
laser is crucial. In this paper, we study the band edge mode 
of the PhC waveguide, propose and demonstrate a structure 
which can be used as tunable edge emitting laser. In such 
structure, tunable edge emitting microlasers were realized 
with a line defect waveguide, in which the radii of holes 
adjacent to the defect were varied gradually. A tunable 
range of 57 nm  from 1543 nm to 1600 nm was obtained 
experimentally.	 The	 experimental	 result	 confirmed	 our	
theoretical	analysis.	An	efficiency	over	20%	was	observed	
in such chirped structured microlaser. We can expect much 
finer	tuning	of	the	laser	based	on	both	fine	adjustment	of	
the	innermost	air-holes	and	fine	variation	of	the	pumping	
position. Moreover, from the wide spontaneous emission 
spectrum of the wafer used, a wide range tuning of 150 nm 
could be expected based in such design.

 A02596-04435 

Oxidation States of Conducting Polymer 
Composites PANI/PbS of Nano Crystallite Size

Upendra MAHATME1; Vilas TABHANE2; 
Subhash KONDAWAR3; Sunil DONGRE4; 
Ranjit MANDAL5 
1. Department of Physics, K. Z. S. Science College, 
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Polyaniline salt and its composites with lead sulphide were 
polymerized by chemical oxidation method in presence 
of ammonium persulphate [(NH4)2S2O8] as oxidant and 
sulfuric acid as dopant. All samples of dark green colour are 
found to be of salt nature. Homopolymer and its composites 
were	 characterized	 by	 UV-VIS	 and	 XRD	 spectroscopy.	
Different oxidation states (Quinoid / Benzonoid ratios) of 
samples	were	discussed	by	 their	UV-VIS	analysis.	XRD	
analysis reveals that all composites are of polycrystalline 
nature and of orthorhombic crystal structure. Calculated 
average crystallite size	 from	XRD	 spectra	 are	 found	 to	
be in the nano range. Temperature dependent electrical 
conductivity and activation energy of polymer and its 
composites has been estimated. All samples follow the 
Arrhenius type equation. Increment in conductivity of 
composites with rise in temperature (semiconductor 
nature) indicates that tunneling is the most prominent 
charge transport mechanism and also agreed with VRH 
model. The strong correlation between oxidation state and 
electrical conductivity of homopolymer and composites has 
been	observed.	All	these	composites	follow	the	equation	σ	
(ω)	=	A	ωs	for	their	ac	conductivity		[σ	(ω)]	and	for	each	

of these composite value of exponent ‘s’ found to be less 
than one which is independent of temperature. This is well 
agreement with the acceptance of quantum mechanical 
tunneling (QMT) of charge carriers in these composites 
as like PANI. The ac conductivity increases linearly with 
the frequency and it is the characteristics of the disordered 
type materials like conducting polymers.

 A02641-04537 

Electrical Properties of AlGaN/GaN Heterostructure 
Field Effect Transistors (HFETs) with and without 
Mg-doped Carrier Confinement Layer

Asaad HUSSEIN; Z. HASSAN; H. ABU HASSAN; 
S. THAHAB 
School of Physics, Universiti Sains Malaysia, Penang, 
Malaysia

AlGaN/GaN-based	 heterostructure	 field	 effect	 transistor	
(HFETs) with and without Mg-doped semi-insulating 
carrier	 confinement	 layer	 were	 simulated	 by	 using	 ISE	
TCAD software. The detailed study on the electrical 
properties of these samples was performed. The effect of 
inserting Mg-doped GaN layer on the source-drain (S-D) 
leakage current was investigated. Higher values of drain 
current and extrinsic transconductance were achieved with 
conventional HFETs (without Mg-doped). The source-to-
drain (S–D) leakage current of conventional HFETs was 
also higher. However, the S–D leakage current was reduced 
with the insertion of the Mg-doped semi-insulating carrier 
confinement	 layer.	 All	 our	 results	 were	 compared	 with	
experimental work and it’s in good agreement with the 
experimental results obtained by other researchers

 A02665-04653 

Structural and Optical Investigations on 
Nanocrystalline TiO2 Thin Films by Sol-gel Spin 
Coating Technique

Senthil SUBRAMANIYAM1; Muthu KUMARASAMY2; 
KVR MURTHY3; Bala SUNDARAPRABHU4 
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Nanocrystalline TiO2	thin	films	have	been	deposited	on	to	
well cleaned glass substrates by spin coating method using 
the sol-gel prepared TiO2 material. The prepared TiO2	films	
have been annealed at different temperatures. The chemical 
constituents present in the deposited TiO2	films	have	been	
identified	using	energy	dispersive	analysis	of	x-rays.	The	
optical	properties	of	the	films	were	characterized	by	UV-
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Vis transmittance spectra and Photo Luminance spectra. 
Film	thickness	and	Surface	morphology	of	the	films	were	
obtained by AFM and SEM. The structural properties of 
the	 films	 have	 been	 studied	 by	 using	 XRD	 and	 Raman	
spectra.	 The	 as	 deposited	 films	 have	 been	 found	 to	 be	
amorphous in nature. The crystalline quality has been 
observed to improve with annealing temperature. The 
annealed TiO2	 films	 have	 been	 found	 to	 exhibit	 anatase	
phase.  The crystallite size can be calculated from TEM 
and SEM images. 

 A02697-04637 

Separating Carbon Nanotubes: Connecting Single 
Molecule Electrical Measurements to Ensemble 
Spectroscopic Properties

Michael STRANO; Woo Jae KIM; Chang Young LEE; 
Richa SHARMA; Nitish NAIR 
Chemical Engineering, Massachusetts Institute of 
Technology, Cambridge, MA, United States

The separation and sorting of single-walled carbon 
nanotubes	(SWNTs)	is	one	of	the	most	significant	challenges	
in	 this	 rapidly	 progressing	 field.	 A	 variety	 of	 methods	
including density gradient centrifugation and free solution 
electrophoresis invariably utilize Raman, photoabsorption, 
or photoluminescent spectroscopy to benchmark the 
resulting separation. However, it is not clear how to 
relate these qualitative numbers to absolute quantities 
of individual SWNTs. Moreover, for nanoelectronic 
applications, separation and purity standards need to be 
studied using single molecule electrical measurements, 
and ensemble spectroscopic assessments are thus far 
uninformative for this purpose. There is also recent evidence 
that solution phase processing of the types employed 
for the above separation methods induces undesirable 
defects on SWNTs that adversely affect their electrical 
performance. However, there is currently no quantitative 
standard by which the degree of defect generation on 
individual SWNTs from solution phase processing is 
accessed. In this presentation, we directly compare, for the 
first	time,	the	ensemble	spectroscopic	measurements	to	a	
systematic and statistically rigorous counting of individual 
metallic and semiconducting SWNT devices using a 
high throughput electrical probe station. The comparison 
allows	us	for	the	first	time	to	report	an	accurate	extinction	
coefficient	ratio	for	metallic	and	semiconducting	SWNTs	
from HiPco and laser oven preparations. This parameter 
should greatly aid in the analytical chemistry of separation 
methods for SWNTs. The systematic counting of metallic 
and semiconducting types from solution also allows us to 
examine the variances associated with device properties 
and	therefore	provide	the	first	measure	of	potential	defect	
generation during processing.

 A02713-04663 

Synthesis of CdS Nanocrystalline Thin Films

M THAMBIDURAI1; N. MUTHUKUMARASAMY1; 
S. AGILAN1; Nadarajan MURUGAN2 
1. Physics, Coimbatore Institute of Technology, 
Tamilnadu, India
2. Mechanical, Coimbatore Institute of Technology, 
Tamilnadu, India

CdS	 nanocrystalline	 thin	 films	 have	 been	 deposited	 on	
to glass substrate using sol-gel process and spin coating 
method. The structure of the nanoparticles has been 
studied	 by	 X-ray	 diffraction	 method.	 The	 XRD	 results	
indicated the formation of CdS nanoparticles with 
hexagonal phase. The measurement of fourier transform 
infrared	 spectroscopy	 (FTIR)	 confirmed	 the	 formation	
of CdS. The CdS nanoparticles mean size has been 
estimated from HRTEM images and is around 5 nm. The 
surface	morphology	of	the	films	has	been	analyzed	using	
scanning	 electron	 microscope	 (SEM)	 and	 the	 films	 are	
found to exhibit smooth surface morphology. The surface 
topography	 of	 the	 films	 has	 been	 studied	 using	 atomic	
force microscope (AFM) and surface roughness has been 
found to be 37 nm. The UV-vis absorption spectra of the 
CdS	films	demonstrated	the	quantum	confinement	effect.

 A02883-04931 

Ion Assisted Deposition of HfO2 for CMOS Gate 
Dielectric Applications

J. BUJJAMMA; K. L. GANAPATHI; S. MOHAN 
Department of Instrumentation, Indian Institute of 
Science, Bangalore, India

The scaling down of Complementary Metal Oxide 
Semiconductor (CMOS) transistors to sub-100nm requires 
replacement of conventional Silicon dioxide layer with 
high dielectric constant (K) material for gate dielectric.  
High-K dielectrics like CeO2, Y2O3, HfO2, ZrO2 , Ta2O5 , 
TiO2 , Al2O3 , SrTiO3 (STO), and BaSrTiO3 (BST) have 
been already extensively studied. Among them, HfO2   is 
found to be a promising high-K gate dielectric candidate 
because of its high dielectric constant (~25),  large band 
gap (5.68 eV), thermodynamic stability and good interface 
with Si.  This paper covers the preparation of HfO2 films	
by Ion Assisted Deposition and characterization for their 
electrical and structural properties.

HfO2	films	were	deposited	on	p-type		Si	(100)	substrates	
maintained at ambient temperature by Ion assisted 
deposition.	By	keeping	deposition	rate	constant,	films	with	
thicknesses in the range of 12 to 32 nm have been deposited. 
MOS capacitors were fabricated with Aluminum as gate 
electrode deposited by thermal evaporation. Ellipsometry 
techniques have been used to measure the optical thickness, 
refractive	index	and	extinction	coefficient	of	the	films.	The	
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thickness values obtained from ellipsometry are compared 
with	the	measurements	on	film	thickness	probe	and	optical	
profilometer.	 The	 high	 frequency	 capacitance-voltage	
and DC leakage current characteristics were measured to 
analyze the electrical characteristics of MOS capacitors.  
The	 influence	 of	 the	 energy	 and	 current	 of	 the	 oxygen	
and	argon	ions	bombarding	the	growing	film	on	the	film	
properties are presented.

The	 effect	 of	 post	 deposition	 annealing	 of	 the	 films	 at	
700ºC	 and	 900ºC	 in	 N2 ambient was also investigated 
to observe the changes in electrical characteristics. The 
films	 had	 dielectric	 constant	 in	 the	 range	 9.4	 to	 10.7	
and equvivalent oxide thickness (EOT) around 4.97nm. 
Annealing	at	700ºC	improved	the	electrical	characteristics	
whereas	900ºC	annealing	showed	deterioration	in	the	film	
characteristics. This might be due to agglomeration or 
formation of voids and pits.

Keeping in mind the possibility of trace silicon oxides 
present as interfacial layers before the deposition of 
HfO2	 films,	 simulation	 of	 multilayer	 stack	 was	 carried	
out with SiO2 and HfO2 layers of different thicknesses 
in the stack. The simulated data has been compared 
with	 the	 experimentally	 observed	film	 thicknesses	 using	
ellipsometry and transmission electron microscopy and 
deduced values of EOT.

 A02889-04937 

The Effects of Addition Nano Powder (Cu), on the 
Structure and Properties of the Lead Free Nano 
Composites Solder

Aemi Nadia AHMAD SAUFFI 
Bachelor Degree of Material Engineering, University of 
Malaya, Malaysia

There has recently been a growing trend towards 
controlling the microstructure of materials at the nanometer 
level.	 Such	 ultrafine	microstructure	 can	 provide	 unusual	
and interesting properties not attainable in conventional 
materials.In order to meet the industry demand for high 
performance and environmentally friendly solders , this 
research was focusing to the possibility of replacing lead 
based solder to the nano composites solder. In this study, 
Copper nanopowder were incorporated into Sn and Ag 
solder paste, and were mechanically mixing to form the 
nano composite solder .The percentage of Cu varied from 
1wt%	to	3wt%	of	total	final	composites.	The	aim	of	this	
study was to identify the effects of nanoparticle additions 
to lead free solder on the microstructure and properties of 
the resulting composites. The formation of nanocomposite 
solder	is	analyzed	and	confirmed	by	using	X-ray	diffraction	
(XRD)	and	Transmission	Electron	Microscopy	(TEM).	The	
Differential Scanning Calorimeter (DSC) was performed 
to validate the thermal properties and melting point of the 
nanocomposite solders. The wetting angle, spreading area 

and intermetallic compound (IMC) formed were studied 
using optical microscope.

 A02936-05016 

“Zero Stitching Error” Nanofabrication Strategies 
for Nanodevice Performance Improvements

Frank NOUVERTNE; Axel RUDZINSKI; 
Guido PIASZENSKI 
Raith GmbH, Dortmund, Germany

Latest trends and applications in Nanotechnology 
research are driving leading edge commercial instrument 
development. These tools then serve as enabler for new 
nanofabrication schemes and processes beyond the limits. 
  
In today’s research and development based laboratories 
– of various disciplines – both electron beam lithography 
(EBL) and focused ion beam (FIB) based technologies 
are regarded as a “must have”. Providing nanopatterning 
resolution in the 10 nm regime and below, these techniques 
are	 cost	 effective,	 flexible	 and	 therefore	 well	 suited	 for	
nanoresearch. 
  
Usually, the smallest features within nanodevices form a 
functional unit, which typically extends over “small areas” 
in	the	order	of	~100μm	only.	Their	simple	connections	to	
the macroscopic world – such as contact pads - usually 
remain the largest part of the complete device design. 
  
Limitations however arise, whenever such small 
nanostructures extend over “large areas” exceeding the 
typical	 patterning	 field	 size	 of	 conventional	 lithography	
tools. These can’t be produced at once but have to be 
sequentially patterned by applying conventional stitching 
techniques during the lithography process. Even with 
state-of-the-art EBL tools, this may result in stitching 
errors in the order of the size of the nanostructure itself, 
which might have crucial impact on device quality and its 
performance. 
  
In this talk a few EBL and (low current) Focused Ion 
Beam Lithography techniques and applications will be 
illuminated in a little more detail, taking into account the 
specific	benefits	from	an	innovative	and	unique	exposure	
strategy using electrons or ions without stitching errors. 
These	 techniques	 find	 –	 amongst	 others	 -	 broad	 use	 in	
optoelectronic or magnetosensitive device prototyping 
but also in the exciting domain of exploration of Bose-
Einstein condensates such as have been realized in atom 
chip arrangements e.g.
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 A02938-05021 

Exploring Materials Heterogeneities with Kelvin 
Force Microscopy

S. MAGONOV;	Xiu-Qiang	TONG 
Nanotechnology Measurements Division, Agilent 
Technologies, Inc., Chandler, AZ, United States

Atomic force microscopy (AFM) is the most advanced 
scanning probe technique for high-resolution visualization 
of surfaces and examination of different local properties 
at the sub-micron scale. An AFM access to electric 
properties empowers with recent developments in Kelvin 
Force Microscopy (KFM) which allows high-resolution 
and quantitative studies of surface potential for a broad 
range of materials. Particularly, the use of frequency 
modulation detection of the tip-sample electrostatic 
forces was implemented in single pass measurements, 
which were performed in the intermittent contact mode. 
The value of this approach was validated in ambient 
conditions studies of different samples. They include 
metal	alloys,	semiconductor	structures,	fluorinated	organic	
materials and self-assembled CdTe nanowires. The surface 
potential maps reveal sample locations with different work 
function, doping density and strength and orientation of 
molecular dipoles. Such materials’ heterogeneities can be 
distinguished with spatial resolution of few nanometers. 
The potential KFM applications will be also reviewed.

 A02969-05079 

Nanofuel Cells and Experimental 
Nanomechanics

Jing ZHU1;2; Caofeng PAN1;2; Morigen HE1;2 
1. National Center for Electron Microscopy, Tsinghua 
University, Beijing, China
2. Laboratory of Advanced Materials, Department of 
Material Science and Engineering, Tsinghua University, 
Beijing, China

A great progress has been made in nanoscience and 
nanotechnology recently. Numerous investigations 
have demonstrated novel nanodevices and applications 
based on nanomaterials, such as biosensors, resonators, 
transistors, in-situ real-time biomedical monitoring and 
detection	and	optoelectronics	etc.	 In	 this	 talk,	 I	will	first	
focus on nanowire-based nano fuel cells, and then I will 
demonstrate the experimental nanomechanics which were 
carried out in-situ SEM. 
  
I) NANOWIRE BASED NANOFUEL CELLS
As we know that those devices mentioned above cannot 
work without external power supply, thus nano power 
source is urgently demanded accompanying with the 
increasing study on nanodevices. We present a novel design 
of	nanofuel	cell	based	on	Nafion®/Polyvinyl	Pyrrolidone	
compound nanowires (NPNW). One nanofuel cell has 

been successfully accomplished on an individual NPNW 
in our experiment. The high performance micro fuel cell is 
easy to fabricate and reproducible. The best performance 
of our nanofuel cell can be obtained: open circuit voltage 
430mV, maximum current density and power density 
about	4.33μA/μm2	and	0.44μW/μm2,	respectively,	which	
is enhanced by orders of magnitude compared with the 
traditional fuel cell. In addition, the proton conductivity 
of	an	individual	NPNW	ranging	from	500nm	to	16.6μm	in	
diameter has been measured, respectively. It is increasing 
dramatically with the decreasing diameters as the diameter 
is	smaller	than	2.5μm,	following	a	power	law.	The	nanofuel	
cell provides a potential future for integrated self-powered 
nanodevices.  
  
II)	EXPERIMENTAL	NANOMECHANICS
We have developed in situ nanomanipulator and 
nanopiezomotor under scanning electron microscope, 
based on which the elastic and strength properties of 
ZnO nanowires growing along [0001] axis were studied. 
Size effect of elastic modulus in ZnO nanowires should 
be addressed when the diameter comes down to tens of 
nanometers based on our research. The modulus shows 
weak size dependence for nanowires with diameter larger 
than 120nm, and tends to the bulk value E3=140GPa 
with increasing size. When the diameter decreases from 
120nm to 17nm, the modulus increases dramatically and 
is	 significantly	 higher	 than	 140GPa.	 The	 size	 effect	 is	
attributed	to	the	surface	modification	and	high	surface-to-
volume ratio of nanowires. A core-shell composite model 
in	 terms	 of	 surface	 stiffening	 correlated	with	 significant	
bond length contraction near the {10-10} free surfaces, 
which extend several atomic layers into the bulk, is 
developed	and	fits	our	experimental	results	well.	Besides,	
the fracture strains of freestanding ZnO nanocantilevers 
were quantitatively studied with in situ bending method, 
based	on	which	the	extraordinary	flexibility	of	nanowires	
is explained. 
  
Moreover, a uniaxial tensile testing system for 
individual nanowires was developed in combining the 
nanomanipulator and nanopiezomotor. Effective methods 
for alignment of individual nanowire and sensing of force 
signals were proposed. Stress-strain curves for individual 
ZnO nanowires were obtained, from which the tensile 
modulus, fracture strength and strain were derived. The 
size dependence of elastic modulus was investigated, and 
the	brittle	nature	of	ZnO	nanowires	was	identified,	while	
their	 tensile	 strength	 were	 significantly	 higher	 than	 the	
bulk counterpart. 
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 A02970-05080 

Chemically Active Plasma-aided Fabrication of 
Nanoscaled Materials

Shuyan XU1; K. OSTRIKOV2 
1. Plasma Sources and Applications Center, NIE, 
Nanyang Technological University, Singapore
2. Plasma Nanoscience Centre Australia, CSIRO 
Materials Science and Engineering, Sydney, NSW, 
Australia

This talk focus on the theoretical and experimental 
understanding of chemically active, inductively coupled 
plasma-aided fabrication of low dimensional nanostructures. 
Chemically active, low-temperature plasma is an ideal 
manipulation and control tool in lab-based nanofabrication. 
It offers a great deal of manipulation of plasma-generated 
building units and overall control of growth and self-
organization processes that are not otherwise available. In 
chemically active inductively coupled plasmas, generation, 
selection	and	control	of	densities	and	fluxes	of	the	radicals	
and ions can easily be realised by engineering the electron 
energy distributions and other plasma parameters. The 
electric	field	 and	 thermal	 forces	guide	 selective	delivery	
of	 the	 building	 units	 to	 the	 solid	 surface.	 Specific	
substrate activation and temperature determine the ion/
heat	 fluxes	 from	 the	 gas	 phase	 to	 the	 charged	 surfaces	
resulting in preferential growth and alignment of the 
nanostructures. Experimentally, the talk will discuss the 
connection between plasma diagnostics (Optical Emission 
Spectroscopy, Langmuir Probe diagnostics, and Quadruple 
Mass Spectrometry) and nonmaterial characterization 
(Field Emission Scanning Electron Microscopy, Raman 
Spectroscopy,	X-ray	Diffractometry	and	others),	together	
with the numerical simulation of the species composition 
in the ionized gas phase.  As an example, a wide range of 
nanostructures, including ordered carbon nanotip arrays, 
0-2D nanostructured silicon, semiconductor quantum 
dot, wires and superlattices will be presented. Special 
emphasis	is	paid	to	the	identification	and	control	strategies	
of the plasma-generated radicals/ions existed in both the 
ionized gas phase and on the deposition surfaces. The 
issues of tailoring the reactive plasma environments and 
development of plasma aided fabrication of nanostructured 
photovoltaic materials are also discussed. 

 A03012-05141 

Global NanoTech: The Equalizer Effect of 
NanoTech 

Mohamed ABDEL-MOTTALEB 
Director of Nano Materials Division, Nile University, 
Cairo, Egypt

Nanoscience offers a rare opportunity for the emerging 
economies,	 specifically	 the	middle	 east	 region,	 	 to	 close	
the	scientific	gap	between	 itself	and	 the	well	established	
industrialized markets. It is a new and invigorating science 
that offers many exciting possibilities for innovative and 
cost-effective solutions for issues common to emerging 
markets.

On the one hand, it is of great importance that the 
emerging markets realize and capture this rare opportunity 
to	accelerate	growth	based	on	scientific	and	industrialized	
bases. On the other hand, emerging market leaders must be 
very selective in the choosing the areas within the nanotech 
domain to focus resources on. The primary selection of 
these	 areas	 will	 greatly	 influence	 how	 the	 region	 will	
develop over the next few decades. The selection should be 
focused on areas where the region already has established 
some competency and will be able to compete. 

In this presentation, an overview of current initiatives in 
the Middle East will be presented. Further, a few possible 
areas of competency as well as some sub domains of 
nanotech that is thought to be well suited for the initial 
effort will be discussed.

 A03013-05142 

Novel Nanoelectronic Switching Devices with 
Three Terminal Semiconductor Nanowire Based 
T-shaped Hetero-junctions 

Lingchao CAO; Yunqi LIU; Dacheng WEI; Lei FU; 
Liping HUANG; Gui YU 
Beijing National Laboratory for Molecular Sciences, 
Institute of Chemistry, Chinese Academy of Sciences, 
Beijing, China

One dimentional nanostructures such as carbon nantubes 
(CNTs) or semiconductor nanowires (NWs) have been 
demonstrated as potentially ideal building blocks for the 
“bottom-up” assembly of nanoelectronic systems. NWs 
or CNTs based nanodevices have been based on different 
types of junctions; whether it be the Schottky junctions 
existed between the metal and semiconductor materials, 
such	as	Schottky	CNT-based	field	effect	transistors;	or	p-n	
junctions in diodes created by assembling two different types 
of nanowires/nanotubes into a “crossed-bar” architecture. 
Rather than the NWs or the CNTs, these formed junctions 
are actually the basic functional components in the devices 
and circuits to allow signal processing, due to their intrinsic 
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properties to cause nonlinear or asymmetric current-
voltage (I-V) characteristics. Even though impressive 
progresses have been made on demonstrating post-
assembled NWs or NTs junctions based devices including 
logic gates, and address decoders, it has been realized that 
the functional junctions formed by postassembly methods 
are	suffering	from	unreliability	&	contact	problems,	which	
has motivated great efforts to search for new strategies to 
build functional junctions based nanodevices. 

Intramolecular	 junctions,	defined	as	 junctions	 formed	by	
chemical bonds between nanowires or nanotubes, especially 
CNTs based intramolecular junctions, have attracted great 
attention recently due to their being able to provide a more 
reliable inter-connect between different wires and tubes 
to construct a more stable structure for nanodevices and 
circuits. Very recently, the possibility to tailor electronic 
properties of complex-shaped, intramolecular junction 
nanostructures has inspired a variety of device concepts. In 
particular,	nanodevices	such	as	rectifier,	switch,	and	logic	
gates, based on CNTs Y-junctions have been theoretically 
and experimentally exploited to be feasible. However, 
due to the huge challenge CNT components has been 
faced, that is not yet possible to control growth of CNTs 
with	 specifically	 semiconducting	 or	 metallic	 properties,	
the realistic application of CNTs as building blocks for 
electronic circuits has been largely limited. 

Here, we demonstrate a novel nanoelectronic switching 
devices with three terminal semiconductor nanowire based 
T-shaped hetero-junctions. We prepared T heterojunction 
with Sn doped In2O3 (Sn-In2O3) nanowire as main stem 
and In4Sn3O12 nanowire vertically branched from the 
the main stem by a catalysis-assistance CVD approach. 
Scanning electron microscopy (SEM) studies of the as 
prepared	 structures	 confirmed	 the	 formation	 of	 the	 T	
shaped junctions. High-resolution transmisssion electron 
microscopy	 (HRTEM)	 with	 energy-dispersive	 X-ray	
spectroscopy	(EDX)	analysis	of	 the	T	junctions	revealed	
the composition of branches of the junction and their crystal 
structures. We then fabricated a three terminal device with 
the as-synthesized T-shaped hetero-junction by depositing 
Pt lead wires on the terminal branches of the T junction 
via	a	focused	ion	beam	&	SEM	system,	and	measured	the	
electrical transport properties of the device in air at room 
temperature. The junction between one terminal of the Sn-
In2O3 nanowire main stem and the In4Sn3O12 branch has 
showed distinct nonlinear and asymmetric I-V behavior. 
And we also found the current between one terminal of the 
main stem and the In4Sn3O12 branch can be modulated by 
a voltage applied to the third terminal on the main stem. 
This switching effect could be used to construct logic gates 
without using an external gate as traditional FETs based 
circuits do. We believe that this could provide a brand 
new paradigm for bottom-up approaches to construct 
nanoelectronic devices and circuits. 

 A03026-05156 

Conductive AFM for Photosensitive (Solar) 
Materials 

David BECK 
Asylum Research, Kaohsiung City, Taiwan

The ability to make nanoscale electrical measurements on 
photosensitive materials is important for the development 
and characterization of new and advanced solar energy 
devices. Conductive mode AFM can ordinarily be used to 
study local electrical transport in appropriate samples by 
measuring	current	flowing	from	the	sample	into	the	tip.	For	
photosensitive samples, however, any current generated 
by the AFM optical lever light source also contributes to 
the total measured current. Thus, for nanoscale electrical 
measurements on many solar materials, it is critical to 
eliminate the AFM light source from the measurement. 
  
Eclipse ModeTM is an advanced conducting AFM technique 
from Asylum Research that provides the capability to 
toggle on and off the superluminescent diode (SLD) 
employed in the optical lever detection system. In Eclipse 
ModeTM, a dual-pass scanning technique is used. During 
the	first	pass,	the	system	measures	the	surface	topography	
and stores the data. During the second pass, the stored 
data is “replayed” to track the surface without feedback 
allowing the AFM light source to be turned off while 
making current measurements. This allows electrical 
transport in photosensitive samples to be characterized in 
the absence of any extraneous illumination. Results from 
several experiments will be presented. 
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