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BioChips: Theory and Simulation

B. Montgomery Pettitt

Chemistry, Physics, Computer Science, Biology and Biochemistry

University of Houston

Biochips are important tools in biochemistry and genetics laboratories. The interface between high-tech media like silicon or silicon dioxide and biological media like proteins or nucleic acids forms a new hybrid technology area with immense possibilities for the future in the areas of diagnostics and combinatorial synthesis. Interfaces between disparate phases of matter offer large electrostatic fields and density gradients changing the local free energy surface and therefore form a challenging set of problems in current chemical physics relevant to design issues. We will present working theory and computer simulations of polyelectrolytes (DNA) near surfaces and compare with recent experiments. Recent results will be discussed in terms of their implications for the design of the next generation of chips. 

Nanomagnetism and Magnetic Nanoparticles for Biomedical Application*
You Qiang
Department of Physics, University of Idaho, Moscow, ID 83844-0903

Nanoparticles have gained incredible attention recently for biomedical and environmental applications. Biocompatible magnetic nanoparticles (MNPs) have been found promising in several biomedical applications for tagging, imaging, drug delivery, sensing and separation in recent years. Most magnetic particles or beads currently used in biomedical applications are based on iron oxides with low specific magnetic moments less than 50 emu/g. In this presentation, we report room-temperature synthesis of novel iron-iron oxide core-shell nanoparticles using a newly developed nanocluster source.  Monodispersive MNPs with mean size of diameters from 2 nm to 100 nm are produced in a source chamber and then transmitted into the reaction chamber where a small partial pressure of O2 is present so that the nanoclusters are coated with uniform iron oxide shell. These shells act as passivation layers preventing further oxidation of the cores upon subsequent or continued exposure to air.  The MNPs were characterized by XPS, XRD and HRTEM.  The bcc-Fe core with magnetite shells was observed by XRD and HRTEM. The core-shell nanoclusters are superparamagnetic at room temperature for sizes less than 15 nm, and then become ferromagnetic when the cluster size increases. The specific magnetic moment of core-shell MNPs is size dependent, and increases rapidly from about 80 emu/g at the cluster size of around 3 nm to over 200 emu/g up to the size of 100 nm. The use of high magnetic moment nanoclusters for biomedical applications dramatically enhanced the contrast for MRI, reduced the concentration of magnetic particle needs for cell separation, or made drug delivery possible with much lower magnetic field gradients. 

*Research supported by NIH, DOE-BES and DOE-EPSCoR.
Photonic metamaterials: transport properties and fabrication
Andrey Chabanov
Department of Physics and Astronomy, University of Texas at San Antonio, San Antonio, TX 78249, USA

The development of the full potential of photonics strongly depends upon the availability of advanced materials. Novel engineered photonic materials, or photonic metamaterials, are expected to open a gateway to unprecedented electromagnetic properties and functionality unattainable from naturally existing materials. The structural units of metamaterials can be tailored in shape and size; the composition and morphology can be artificially tuned, and inclusions can be designed and placed at desired locations. At the same time, the clarification of challenging questions regarding optical propagation can lead to enhanced imaging and communication, and control over the natural environment. Here we consider metamaterials geared to applications in signal processing and communications. Silicon inverted opals fabricated by using self-assembly and chemical vapor deposition exhibit a complete photonic band gap and are expected to serve as a backbone of a future all-optical "chip". Another class of periodic assemblies to be discussed are Degenerate Band Edge and Magnetic Photonic Crystals, which make it possible to manipulate the intensity and speed of electromagnetic waves.
Remarkable New Class of Ionic Conductive Oxide Thin Films for Intermediate Temperature Fuel Cells

C. L. Chen

Department of Physics and Astronomy, University of Texas at San Antonio, San Antonio, TX 78249, USA

Green energy conversion and storage devices require new materials and a better understanding of the fundamentals of mixed or ambipolar conductors.  The transport ions and electrons provide the critical interface between chemical and electrical energy in devices such as fuel cells and batteries. In the past ten years, we have fabricated and systematically studied ionic conductive and mixed-conducting non-stoichiometric perovskite oxide thin films.  It has been found that perovskite oxides with ordered A site cations have remarkably high oxygen ion conductivity and surface reaction rates for oxygen exchange relative to conventional materials. A representative example of this class of compounds, the oxygen diffusion coefficient measured in PrBaCo2O5+x (PBCO) as a function of temperature surpasses the diffusion coefficients of the compounds La0.5Sr0.5CoO3-x (LSCO) and La2NiO4+x (L2NO) which are among the highest of the known mixed conducting oxides.  Microstructural studies suggest that the PBCO films have excellent single-crystal quality and epitaxial nature. The PBCO films have high electronic conductivity and more rapid surface exchange kinetics than those of other perovskites. The surface exchange coefficient for oxygen exchange has been measured on thin films of PBCO by electrical conductivity relaxation.  Multilayered structural YSZ/Gd doped CeO2 (GCO) thin films have demonstrated an excellent ionic conductivity and high electronic resistivity over the traditional ionic conductive YSZ electrolyte material.  These excellent results suggest that PBCO and multilayered YSZ/GCO can be the good candidates of cathode and electrolyte for intermediate temperature solid state fuel cells, respectively.  

Study of CoFe2O4/perovskite multiferroic nanocomposite thin films
J.Y. Dai, J.X. Zhang, and H.L.W. Chan

Department of Applied Physics and Materials Research Centre,

 The Hong Kong Polytechnic University, 

Hung Hom, Kowloon, Hong Kong, China.

Email: apahlcha@inet.polyu.edu.hk

Multiferroic materials have attracted considerable research interests because of their potential applications in many multifunctional devices such as electromagnetic sensor and non-volatile memory.  Our recent studies focused on the fabrication and characterization of multiferroic nanocomposite thin films prepared by pulsed-laser deposition. Various nanostructures were obtained to study the influence of morphology and volume fraction in their properties.  Pb(Zr0.52Ti0.48)O3-CoFe2O4 (PZT-CFO) nanocomposite thin films with 2-2 and 0-3 nanostructures were deposited on different substrates (SrTiO3 and MgO).  The magnetic field modulated ferroelectric and dielectric properties were observed in PZT-SrRuO3-CFO heteroepitaxial structure. We have also designed epitaxial multilayer structures consisting of PZT-CFO thin films in nanometer scale and studied their microstructure, magnetic and electrical properties systematically.  The properties of these multilayer stacks were found to be strongly influenced by the number of layers.  Besides, after careful control and optimization of the experimental parameters, PZT-CFO thin films with 0-3 nanostructures were obtained by using a modified target during deposition.  We have also fabricated BaTiO3-CFO multiferroic superlattice structures by laser-MBE on SrTiO3 and MgO substrates. The reflected high-energy electron diffraction (RHEED) patterns and high-resolution transmission electron microscopy (HRTEM) images confirm the layer-by-layer growth mode in each layer and the existence of atomically abrupt interfaces, suggesting that the multiferroic superlattice structures of CFO/perovskite with different volume fractions can be achieved for potential applications.  
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Magnetic and transport properties in the field-induced phase transitions in Ni50Mn50-xInx Heusler alloys

X.X. Zhang 
Department of Physics and Institute of Nanoscience & Technology, The Hong Kong University of Science and Technology, Clear water Bay, Kowloon, Hong Kong, P. R. China
Ferromagnetic Heusler alloys have been intensively studied theoretically and experimentally in the last decades for their different properties, e.g. half metals and magnetic strains. High quality single crystals of Ni50Mn50-xInx were grown using a Czochralski instrument. Upon cooling, these alloys show a martensitic transformation, which is accompanied by a ferromagnetic metal ( ferrimagnetic poor-metal transition. This transformation is reversible with a thermal hysteresis. Most strikingly, the martensitic transformation can be shifted to lower temperature and even be totally suppressed, when cooled in an external magnetic field. The magnetic field-induced phase transformation leads to a colossal, negative magnetoresistance and a colossal magnetothermal conductivity up to 86% and 120% respectively in an abroad temperature range. To understand the origin or the mechanism(s), we have carried out different measurements. The heat capacity measurements under different magnetic fields indicate that the colossal magnetotransport properties are due to the increase of the free electronic density, which strongly suggests an existence of superzone gap in the low temperature, ferrimagnetic martensite.

Conjectures on exact solution of three - dimensional (3D) simple orthorhombic Ising lattices

Zhi-dong Zhang

Shenyang National Laboratory for Materials Science, Institute of Metal Research and International Centre for Materials Physics, Chinese Academy of Sciences, 72 Wenhua Road, Shenyang, 110016, P.R. China

We report the conjectures on the three-dimensional (3D) Ising model on simple orthorhombic lattices, together with details of calculations for a putative exact solution. Two conjectures, an additional rotation in the fourth curled-up dimension and the weight factors on the eigenvectors, are proposed to serve as a boundary condition to deal with the topologic problem of the 3D Ising model. The partition function of the 3D simple orthorhombic Ising model is evaluated by spinor analysis, by employing these conjectures. Based on the validity of the conjectures, the critical temperature of the simple orthorhombic Ising lattices could be determined by the relation of
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. For a simple cubic Ising lattice, the critical point is putatively determined to locate exactly at the golden ratio
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. If the conjectures would be true, the specific heat of the simple orthorhombic Ising system would show a logarithmic singularity at the critical point of the phase transition. The spontaneous magnetization of the simple orthorhombic Ising ferromagnet is derived explicitly by the perturbation procedure, following the conjectures. The putative critical exponents derived explicitly for the simple orthorhombic Ising lattices are ( = 0, ( = 3/8, ( = 5/4, ( = 13/3, ( = 1/8 and ( = 2/3, showing the universality behavior and satisfying the scaling laws. Based on the solution, it is found that the 3D – to – 2D crossover phenomenon differs with the 2D – to – 1D crossover phenomenon and there is a gradual crossover of the exponents from the 3D values to the 2D ones.   
Ferromagnetic Semiconductors - Physics and Material Science -

Hideo Ohno
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical Communication, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan 


    Ferromagnetism in Mn-doped III-V semiconductors is hole-induced [1, 2] and thus magnetism can be manipulated by changing its carrier concentration by electric field [3, 4]. In addition, it has been shown that spin-current flowing along with the electric current in these materials exerts torque on localized Mn spins, resulting in current induced domain wall motion [5, 6, 7]. This presentation reviews the recent developments on ferromagnetic III-V semiconductors. If time allows, remaining issues such as room-temperature ferromagnetism reported in various literatures will be discussed. 

[1] H. Ohno, Science, 281, 951 (1998).
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Wave transport in complex media the presence of disorder
Andrey Chabanov
Department of Physics and Astronomy, University of Texas at San Antonio, San Antonio, TX 78249, USA

A statistical description of wave propagation in random media is necessary to characterize large fluctuations found in these samples. The nature of fluctuations is determined by the closeness to localization transition. Signatures of photon localization are observed in a constellation of transport phenomena which reflect the transition from diffusive to localized waves. The dimensionless conductance and the ratio of the typical spectral width and spacing of quasimodes are key indicators of electronic and classical wave localization when inelastic processes are absent. However, these can no longer serve as localization parameters in absorbing samples. A robust determination of localization in the presence of absorption is found, however, in steady-state measurements of the statistics of radiation transmitted through random samples. This is captured in a single parameter, the variance of the total transmission normalized to its ensemble average value, which is equal to the degree of intensity correlation of the transmitted wave. 

The intertwined effects of localization and absorption can also be disentangled in the time domain since all waves emerging from the sample at a fixed time delay from an exciting pulse, t, are suppressed equally by absorption. As a result, the relative weights of partial waves emerging from the sample, and hence the statistics of intensity fluctuations and correlation, and the suppression of propagation by weak localization are not changed by absorption, and manifest the growing impact of weak localization with t.

Device Physics and Applications of Organic Thin Film Transistors
Feng Yan

Department of Applied Physics, The Hong Kong Polytechnic University, Hong Kong.

The study of using organic materials for applications in the electronics and semiconductor industry has been of great scientific and technological interest for several decades. The actively investigated organic materials have been conducting polymers or semiconducting polymers for thin film transistors, light emitters, photovoltaics and sensors, and dielectric polymers for capacitors and piezoelectric devices. The attraction of organic electronics is driven by the virtues of organic materials, including flexibility, low cost, light weight, solution-processibility and environmental friendliness. Up to now, various applications of organic devices on displays, sensors and actuators have been achieved with promising performance.

In this talk, I will focus on the device physics and applications of organic thin film transistors (OTFT). First, the organic materials and the current understanding conduction mechanism of organic semiconductors will be reviewed. Second, the device performance of an OTFT and several important issues, including the physics of the active semiconductor /dielectric interface, the relationship between microstructure and charge transport, the critical role of the gate dielectric, etc. will be explained. Third, the application of OTFTs on flexible display, memory, light sensor, chemical sensor and biosensor will be reviewed.
Making Ferromagnetic Metal MnSi ultrathin film Magnetic Semiconductor

Zhao-hua Cheng

State Key Laboratory of Magnetism, Institute of Physics, Chinese Academy of Sciences, Beijing 100080, P.R. China
     Magnetic semiconductors are attracting interest because they are more likely than ordinary metals to serve as spin injectors for spintronics application. Although it has been long known that bulk MnSi intermetallic compound with B20-type structure shows a weak itinerant ferromagnetism, epitaxial growth of MnSi on Si(111), which eliminates the lattice mismatch problem, makes this compound as promising candidate for spin injection in spintronics application. Furthermore, the first-principle band structure calculation suggests that the two monolayer of MnSi epitaxially grown on Si(100) shows a high spin polarization of up to 50%. Up to data, several studies have been carried out on Mn/Si interface formation, indicating that ultrathin film MnSi grown epitaxially on Si(111)-7×7 can result in 1×1 and (
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)R30o surface reconstructions, depending on deposition rate, annealing temperature and thickness[3], however, the magnetic and magnetotransport properties for the ultrathin film were not investigated in details. 

   In this talk, almost atomically flatMnSi ultrafilm on Si(111) surface were grown in a molecular-beam epitaxy (MBE) system combined with variable temperature scanning tunneling microscopy (STM) with a base pressure of 5×10-11Torr. Both scanning tunneling microscopy(STM) images and Low Energy Electron Diffraction (LEED) patterns demonstrated that the surface structure of the film is a (
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)R30o reconstruction. A large negative and positive magnetoresistance ratios of –5% and 15% were observed below and above the Curie temperature. A transition from semiconductor to metal with increasing the thickness is observed by electrical measurements. Our work suggest that MnSi ultrathin film possesses both the advantages of semiconductor and ferromagnetic properties by controlling its nanostructures, which might open up the exciting prospect of handling the novel classes of morphology-dependent transport phenomena. The well-defined, atomically sharp Mn/Si interface makes it suitable for spintronics application.
Science and Technology of Ultrananocrystalline Diamond Thin Films and Application to Multifunctional Devices 
O. Auciello

Materials Science Division, Argonne National Laboratory, 

Argonne, IL 60439

Nanocarbon materials in different allotropic forms such as nanocrystalline diamond thin films, carbon nanotubes, and fullerenes represent another material paradigm opening new avenues into revolutionary micro and nano-science / technologies. The fundamental and applied science of a novel ultrananocrystalline diamond (UNCD) material in thin film form developed and patented at Argonne National Laboratory will be reviewed, including the view to novel UNCD-based microelectromechanical (MEMS) and nanoelectromechanical (NEMS) devices. UNCD exhibit a unique combination of mechanical, chemical, tribological, electron transport and emission properties, and biocompatible properties that provide the bases for a new generation of multifunctional micro and nanodevices in inorganic form as well as implantable biodevices and biosensors. A discussion will be presented on the microfabrication processes and characterization of mechanical, tribological, electronic transport, and bio-compatible properties of UNCD films. Application of UNCD as hermetic corrosion resistant coating to enable an artificial retina to restore sight to people blinded by retina degeneration will be discussed as an example of application of UNCD to biodevices. The talk will finish with the presentation of a vision for the Center for Nanomaterials  at Argonne National Laboratory, which provide the platform for revolutionary nanoscience and nanotechnology and is a user facility open for use by researchers from Academia and Industry from all over the world.

* This work was supported by the US Department of Energy, BES-Materials Sciences, under Contract W-13-109-ENG-38.

Science and Technology of Multifunctional Oxide Thin Films Application to Multifunctional Micro and Nano-Devices 
O. Auciello

Materials Science Division, Argonne National Laboratory, 

Argonne, IL 60439

Complex oxide thin films provide a new platform material for novel micro- and nanoelectronics. This talk will focus on a review of research done in our Interfacial Materials Group at Argonne National Laboratory on the fundamental and applied science of ferroelectric and high-dielectric constant (k) oxides for advanced high frequency devices and the new generation of nanoscale CMOS devices. Ferroelectric thin films provide the platform material for the new generation of non-volatile ferroelectric random access memories (FeRAMS) that provides an alternative to current DRAM and flash memories and a serious competitor to emerging new non-volatile memories such as MRAMS and Phase Change Memories. High-K dielectric thin films provide platforms for a new generation of high-frequency devices and the solution to the problem faced by the CMOS technology of having to replace the SiO2 gate in the new nanoelectronics, since the low k of SiO2 requires a ≤ 10 Å thick film to maintain the capacitance of the CMOS gates, which results in an unworkable device. A novel TiAlOx amorphous high-k dielectric under development in our lab will be discussed as an excellent candidate for the new generation of gate oxides. The same material plays a critical role as a diffusion barrier for the integration of high-K dielectric capacitors for high-frequency devices with Cu electrodes to achieve high-performance devices up to high GHz frequency, and for integration of piezoelectric oxide with diamond layers to enable a new piezoactuated diamond MEMS/NEMS technology. This talk will include also a brief review of the evolution of the science of complex oxide thin films into the science of oxide nanostructures and the integration of multifunctional oxides such as ferroelectrics and magnetic layers and into nano-oxide-biointerfaces, which are opening new fields of research and device development.

The talk will include a brief overview of unique combinations of in situ and ex situ analytical techniques capable of providing information about thin film growth and interface processes at the atomic scale. The in situ techniques include time-of-flight ion scattering (TOF-ISARS) and mass spectroscopy of recoil ions  (MSRI), functional in relatively high background pressure environments such as growth of oxide films in oxygen atmospheres, angle XPS, and studies using the 3rd generation X-ray synchrotron at the Advanced Photon Source in Argonne. These techniques are not only powerful for understanding fundamental thin film science, but are also useful for establishing composition-microstructure-property relationships critical for the development of materials integration for fabrication of film-based micro and nanodevices. 

* This work was supported by the US Department of Energy, BES-Materials Sciences, under Contract W-13-109-ENG-38.
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