Poster Session:

P1

Evaluation of Novel Post-CMP Cleaning Solutions

Lukasz Hupka, Jakub Nalaskowski and Jan D. Miller

Department of Metallurgical Engineering, University of Utah

As the wafer structures become smaller and more fragile, it is crucial to confront the impact of different manufacturing steps, including the process of cleaning, with the strength of wafer structures. The force required to remove a contaminant should be close to force that is damaging to a structure in order to maximize particle removal efficiency, but not higher than this force in order to avoid structure damage.


Interfacial interaction forces and adhesion between particulate contaminant and the surface play a key role in the understanding of post-CMP and post-lapping cleaning processes. In order to facilitate removal and prevent re-deposition of submicron particles on the surface understanding and regulation of these forces is required.


Atomic Force Microscopy (AFM) besides being an imaging tool proves to be an indispensable instrument to characterize interaction forces, lateral forces, and adhesion between micron and submicron contaminant particles and cleaned surfaces in air and liquid. Using the AFM colloidal probe technique interaction forces and adhesion can be measured between single particles of contaminant and the surface of interest. Influence of system variables, including type of surfactant (or other additive), pH, and ionic strength can be quantitatively measured and optimized at the fundamental level. 

Redeposition of particulates from cleaning bath is also discussed. 30-40 nm alumina contaminant particles suspended in different cleaning solutions were collided with wafer surface using impinging jet cell and the amount of contaminant left after impinging was investigated using AFM. These results are correlated with interfacial forces measured between the particles and the surface.

Keywords: wafer cleaning, post-CMP, AFM, interaction forces, SC1 alternative, cleaning solutions, colloidal probe, adhesion 

Broad area: Semiconductor

Specific area: Wafer Cleaning

Possible application(s): Alternative to SC1 cleaning (Better PRE, lower etch rate)

P2

Integrating biotechnology training, services and research at Utah State University

Kamal Rashid & Mark Signs

Center for Integrated Biosystems

Utah State University

Logan, Utah

The Center for Integrated BioSystems (CIB) at Utah State University represents a novel approach in bringing a broad spectrum of instrumental and intellectual resources to the needs of academic, industrial and governmental entities, both in the U.S. and internationally.

The Biotechnology and Bioprocessing Training Program annually offers a series of week-long hands-on courses in the traditional areas of animal cell culture, microbial fermentation, protein purification, plus new courses in proteomics, gene expression analysis, and bioinformatics. Outreach efforts have established collaborative training programs in Singapore, Thailand, and the Dominican Republic.

Built on the foundation of traditional core facility offerings, the CIB offers both bioprocessing capability to the industrial microbiological community and cutting edge analytical services in the fields of genomics, proteomics. metabolomics, and bioinformatics.

Using a unique integrated base of laboratory research capability and diverse analytical instrumentation, CIB personnel collaborate with researchers on-campus and around the world to tackle biological questions suited to the Center’s suite of expertise. This outreach both strengthens the research efforts at Utah State University and establishes bridges to institutions in other states and countries.

Keywords: BioSystems, Biotechnology, Bioprocessing, 
Genomics, Proteomics

Broad area: Life Sciences and Biological Engineering

Specific area: Systems Biology

Possible application(s): Academic, industrial and government 

entities both in US and internationally

P3

Fabrication of Glass Microfluidic Devices

Niel Crews†, Brian Baker‡, Bruce Gale†
†Department of Mechanical Engineering, University of Utah

‡University of Utah Nanofab

Abstract:

The University of Utah Microfabrication Core Laboratory now possesses the technical expertise to fabricate glass microfluidic devices. High quality microscope slides are being used as the substrate material. The glass is masked with layers of chromium and photoresist, and then patterned with a wet etchant solution. Glass to glass fusion bonding is used to enclose the etched troughs, forming microfluidic channels that can be accessed by through holes drilled in the glass. This fabrication protocol has been used to manufacture prototypes of varying geometry and complexity for affiliated research laboratories.

Keywords: Microfabrication, microfluidics, medical devices

Broad area: Fabrication

Specific area: Microfluidic devices

Possible application(s): Miniaturized medical diagnostics, micro- chemical reactors 

P4

Affect of silver and copper oxide nanoparticles on root colonizing bacteria, and plant growth.

Priyanka Gajjar1, Sara Parker1, Brian Pettee2, Charles Miller2, Anne Anderson2, Dave Hoyt1, Neil Etherington1, David Britt1
Biological and Irrigation Engineering1 and Biology2 Departments, Utah State University

Nanoparticles are produced for many purposes, yet little is understood about their impact on the environment. Metal nanoparticles are being examined for their antibacterial activity. In this study we compare the effect of silver and copper oxide nanoparticles on bacteria that colonize plant roots and the growth of barley and cucumber; plant growth can be affected by microbial root colonization. The affect of the nanoparticles on bacterial metabolism was studied in biosensors of the rhizosphere bacterium, Pseudomonas putida strain KT2440. This strain harbored a plasmid where a metal-responsive promoter was fused to luxAB genes endowing the cells with light production. Lux in the biosensor was decreased with Ag- and CuO-nanoparticles in a dose- and time-dependent manner; however, the cells were more responsive to the free metal ions. For the plant study, seeds were planted in sterile sand amended with nanoparticles. For both studies controls involved treatments with sterile water (control), the background solution for the Ag-nanoparticles and Ag+ or Cu++ free ions. Seedlings grown at 28 ºC had shoot height and root lengths assessed at harvest. In barley, shoot height was decreased by Ag- and CuO-nanoparticles; root length was reduced strongly by CuO. In cucumber there was little affect of nanoparticles on shoot height but there was a trend for reduced root length. The presence of metals as free ions or in nanoparticles did not prevent the colonization of the root surfaces by microbes that were seed-borne. The findings suggest that nanoparticles may have an impact on bacterial metabolism and root length dependent on composition and dose. 

Keywords: nanoparticles, antibacterial activity, plant growth, barley, cucumber

Broad area: metallic nanoparticles

Specific area: environmental impact

Possible application(s): seed treatments 

P5

Gold Nanocrescents with Highly Tunable Infrared Plasmonic Properties: Application in Spectroscopy

Authors: Rostislav Bukasov

Affiliation: UU Chemistry Dept., Dr.Jennifer Shumaker-Parry group 

Gold crescent-shaped nano-objects with tunable plasmon resonance properties were fabricated on a surface with well-defined size, shape and uniform orientation. The crescents exhibit strong  plasmon resonances in the near-infrared and infrared regions (1000-4050 nm) with higher experimentally obtained effective optical extinction cross section ( up to 40 with well polarized light ) than that for any nanoparticle previously reported in the literature. Those resonances are demonstrated by narrow peaks (WHM as narrow as 0.07eV) with very high (above 2) figures of merit. When NCs are probed as a substrate for surface enhanced infrared spectroscopy, high (about 1000) enhancement factors are obtained. The crescents also are highly sensitive to changes in the local dielectric environment (up to 880 nm/RIU), as much as any nano-object reported in literature. Decay length of this sensitivity (and so a sensing volume) is tunable and it may be higher than that for other NPs described in literature. At present it is under further investigation to pave a way for NC applications as a substrate for localized surface plasmon resonance (LSPR) spectroscopy and surface-enhanced Raman spectroscopy (SERS). 

Keywords: gold nanoparticles, plasmons, LSPR, infrared, SERS, thiol SAM

Broad area: plasmonics

Specific area: anisotropic nanoparticles 

Possible application(s):,SERS, LSPR and plasmon-enchanced fluorescence spectroscopy. 

P6

Out-of-Plane Cellular Manipulator: A MEMS Microinjector

Quentin Aten, Brian Jensen, Larry Howell, Sandra Burnett

Brigham Young University

Genetic and genomic research has expanded greatly in the last 20 years.  The introduction of foreign DNA and dsRNA into individual cells through microinjection has become an important aspect of genetic and genomic research.  These tools allow scientists to add new genes or silence existing genes within an organism.  The current techniques and equipment used in microinjection are complex, costly, and time intensive.  A partially compliant microelectromechanical systems (MEMS) device (The Out-of-plane Cellular Manipulator, or OPCeM) having the functionality of macro-sized microinjectors is presented.  Prototype devices have been fabricated using the PolyMUMPS fabrication process.  The prototypes have validated the mechanical design principles, and have validated electrostatic attraction and repulsion of DNA in hypotonic and isotonic solutions.  The OPCeM is smaller, simpler, more cost effective, and has the possibility of full automation with the addition of a suitable actuator.  

Keywords: MEMS, Microinjection, Nuclear Microinjection, DNA, Genetics

Broad area: MEMS

Specific area: Bio-MEMS

Possible application(s): Microinjection device for genetics and genomics research.

P7
Multifunctional Nanoparticles for Combining Ultrasonography with Ultrasound-Mediated Chemotherapy
Natalya Rapoport*, Zhonggao Gao, Anne Kennedy

Department of Bioengineering, University of Utah, Salt Lake City, Utah, USA

     natasha.rapoport@m.cc.utah.edu

rapoportnatalia@netscape.net

Multifunctional nanoparticles were developed that combine properties of drug carriers, ultrasound imaging contrast agents, and enhancers of ultrasound-mediated intracellular drug delivery. At room temperature, the formulations comprise mixtures of drug-loaded polymeric micelles and perfluoropentane (PFP) nanodroplets stabilized by the same biodegradable block copolymer.  At physiological temperatures, nanodroplets convert into echogenic nano/microbubbles. Phase state and sizes of the nanodroplets and microbubbles can be controlled by a copolymer/perfluorocarbon volume ratio. Drug (doxorubicin, DOX) was localized in the bubble walls. Cavitation activity under ultrasound depended on the type of bubble-stabilizing block copolymer. As indicated by ultrasound imaging of breast cancer tumor bearing mice, upon intravenous injections, drug-loaded nanobubbles extravasated selectively into the tumor interstitium presumably via the EPR effect; upon extravasation, nanobubbles coalesced or aggregated to produce a strong and long lasting ultrasound contrast. No accumulation of echogenic bubbles was observed in other organs. In vitro and in vivo results indicated that DOX was strongly retained by the microbubbles but was released in response to sonication by therapeutic ultrasound. Application of ultrasound significantly enhanced the intracellular DOX uptake by the tumor cells resulting in effective tumor chemotherapy. 

P8

The Effect of Viscous Dissipation on Two-Dimensional Microchannel Heat Transfer

Jennifer van Rij, Tim Ameel, Todd Harman

Department of Mechanical Engineering,

University of Utah, Salt Lake City, Utah


Microchannel convective heat transfer characteristics in the slip flow regime are numerically evaluated for two-dimensional, steady state, laminar, constant wall heat flux and constant wall temperature flows. The effects of Knudsen number, accommodation coefficients, viscous dissipation, pressure work, second-order slip boundary conditions, axial conduction, and thermally/hydrodynamically developing flow are considered. The effects of these parameters on microchannel convective heat transfer are compared through the Nusselt number. Numerical values for the Nusselt number are obtained using a continuum based three-dimensional, unsteady, compressible computational fluid dynamics algorithm that has been modified with slip boundary conditions. Numerical results are verified using analytic solutions for thermally and hydrodynamically fully developed flows. The resulting analytical and numerical Nusselt numbers are given as a function of Knudsen number, the first- and second-order velocity slip and temperature jump coefficients, the Peclet number, and the Brinkman number. Excellent agreement between numerical and analytical data is demonstrated. Viscous dissipation, pressure work, second-order slip terms, and axial conduction are all shown to have significant effects on Nusselt numbers in the slip flow regime.

Keywords: Microchannel, Slip, Viscous dissipation, Nusselt number, Brinkman number

Broad area: Microfluidics

Specific area: Rarefied gas flow

Possible application(s): Theoretical design of microscale heat exchangers, sensors, reactors, and power systems.

P9

Varying cone angle and tip diameter in chemical etch of single mode tapered optical fibers  

Jenny Yu, Advisor: Dr. K. Roper

University of Utah, Department of Chemical Engineering
Single-mode tapered optical fiber is widely used to image sample surfaces in near-field scanning optical microscopy (NSOM), because its resolution is not limited by conventional optical diffraction. Gold-coated tapered fiber tip also has application with molecular spectroscopy through scattering surface plasmon.  We varied exposure time of optical fiber to a silicone-oil/hydrofluoric (HF) acid etchant as well as composition of the etchant to obtain cone angles ranging from 16° to 36° and tip diameters from 70 nm to 1.13 µm.   We found smaller tip and cone angles could be fabricated reproducibly using buffered HF in a second etch. The degree of argon laser (514 nm) transmission through tapered tips increased as cone angle increased. Two mathematical models, phase-matching and asymmetric Young-Laplace equation, are used to compare and identify the optimal critical angle for surface plasmon.
Keywords: Single-mode tapered optical fiber, NSOM, tapered cone angle


Broad area: Bioinstrumentation


Specific area: Surface Plasmon Resonance


Possible application(s): biosensing

P10

PDMS Transfer in Microcontact Printing as a Contrast Agent for ToF-SIMS Imaging

Li Yang,1 Naoto Shirahata,2 Gaurav Saini,1 Takashi Nakanishi,2 Ken Sautter,3 Matthew R. Linford1,*

1Department of Chemistry and Biochemistry, Brigham Young University, Provo, UT 84602, 2National Institute for Materials Science, Tsukuba, Japan, 3Yield Engineering Systems, Livermore, CA

Here we describe a method for probing the surface free energies of materials by stamping them with planar, unpatterned polydimethylsiloxane (PDMS) stamps. Hydrophobic surfaces, e.g., alkyl monolayers with high advancing water contact angles, resist adsorption of PDMS, while PDMS adsorbs effectively onto hydrophilic or even moderately hydrophobic surfaces. For example, PDMS transfers to thin films of C60, while it does not transfer to thin films of molecules that contain long alkyl chains. In addition, PDMS transfers to hydrophilic spots patterned onto hydrophobic monolayers, but not onto the hydrophobic background, or it transfers more onto more hydrophilic monolayers. The PDMS transferred in these cases is easily detected by spectroscopic ellipsometry. It is also detected with imaging time-of-flight secondary ion mass spectrometry (ToF-SIMS) because of the sensitivity of this technique for this species. Wetting and principle components analysis of the ToF-SIMS data are further employed in this study.

P11

Studies of Size Selected Metal/Metal-Oxide Surfaces

Bill Kaden, Tianpin Wu, Will Kunkel, & Scott L. Anderson

Collaborative Work with: Jon Johnson, & Clayton Williams

University of Utah; Chemistry Dept. Graduate Student

Utilizing a laser vaporization cluster source in tandem with quadrupole ion guides, ion lenses, and a quadrupole mass filter, we deposit size selected metal clusters onto substrates of interest within UHV. Our main focus is in the study of metal/metal oxide catalysts. To that end we have surface sensitive instrumentation within the UHV chamber to analyze the surfaces created as well as the nature of any reactants throughout the course of their interaction with the surface. Such techniques include Ion Scattering Spectroscopy (ISS), X-Ray Photoemission Spectroscopy (XPS), Temperature Programmed Desorption (TPD) and Pulsed Dose Mass Spectrometry, as well as Infrared Reflection Absorption Spectroscopy (IRAS). We have also just completed the addition of a transfer case that can be used to take samples created within our chamber and bring them to another chamber under vacuum.

Keywords: nano-clusters; catalysts, single electron tunneling microscopy

Broad area: Energy

Specific area: Catalysis

Possible application(s): Production of better catalysts in the future.

P12

High Quality ZnO and CuMO2 (M=group III) based transparent conducting oxides deposited by pulsed laser deposition

Michael Snure and Ashutosh Tiwari

Nanostructure Materials Research Lab, University of Utah, Salt Lake City UT

Transparent conducting oxides (TCO) are of great technological importance for use in a number of optoelectronic applications. Traditionally TCOs are n-type wide band gap semiconductors, but in addition to the traditional TCO a number of p-type TCO also exist, which  pose a number of exciting applications. Here we report the growth of high quality n-type ZnO and p-type CuMO2 (M=group III) based transparent conducting oxides (TCO) deposited by pulsed laser deposition (PLD).  TCO films were deposited on c-plane sapphire substrates and were thoroughly characterized using several structural, electrical and optical characterization techniques. All the films were found to be transparent in the visible regime. 

P13

Single-cell electrophysiology and impedimetric chemical sensing on a chip

Gregory M. Dittami, H. Edward Ayliffe, Curtis S. King, Sameera S. Dharia, Jeffrey J. Wyrick, Patrick F. Kiser, Richard D. Rabbitt, 

Abstract: A MEMS chip for electrical and electrochemical measurements of individual cells has been fabricated using surface micromachining and thick film techniques.  Multilayered microfluidics enabled facilitated cell manipulation, selection, and immobilization.  Chamber dimensions (85 µm x 11 µm) were tailored specifically for recordings from sensory hair cells isolated from the mammalian inner ear.  Axially positioned electrodes allow for auditory frequency and DC voltage excitation of cells using patterned extracellular gradients.  Eight interdigitated (5 µm x 5 µm) microelectrodes, positioned transversely along the cell, provide for radio frequency (RF) fringe-field interrogation of passive and excitable cell membrane properties as a function of space and time.  An integrated, three electrode system provides the ability to record the time dependent concentrations of specific biochemicals in microdomain volumes near identified regions of the cell membrane.  Electromagnetic FEM modeling of cells in the device highlighted the potential for it to spatially resolve membrane dielectric properties and intracellular components.   Cytometric measurement capabilities were characterized using electric impedance spectroscopy (EIS, 1kHz-10MHz) of isolated outer hair cells (OHCs).  Chemical sensing capability within the recording chamber was characterized using cyclic voltammetry.  Overall, the chip shows promise in resolving the extremely fast kinetics of neurotransmitter release and cycle-by-cycle somatic motility exhibited by hair cells in the mammalian sound amplification process.  

Support: This work was supported in part by the National Institutes of Health, NIDCD R01 DC04928 and by National Science Foundation, IGERT NSF DGE-9987616.

P14

Time Resolved Dielectric Flow Cytometry

Wyrick, Jeff; Dittami, Greg; Dharia, Sameera; Rabbitt, Richard

Department of Bioengineering, University of Utah, Salt Lake City, UT, USA.

Source of Support: [supported by NIH R01 DC04928]

Dielectric flow cytometry is a method to interrogate the electrical properties of cells (membranes and structure) as they flow along a micro channel.   In the present work we fabricated micro-channels lined with a combination of planar and electroplated gold electrodes.  While flowing through the channel cells pass through four recording sites as well as a series of 10 µm thick electroplated electrodes designed to introduce a strong electric field for electroporating cells.  Cells are characterized using an AC spectra from 100kHz-10 MHz.  Changes in cell dielectric properties to chemical or electrical stimuli can be determined with time dependant characterization possible for the latter.  The device shown is designed to interrogate the human neuroblastoma cell line, SH-SY5Y -- a tumor cell line that is known for its expression of a variety of voltage gated ion-channels. 

P15

Controlled Assembly of Asymmetrically Functionalized Gold Nanoparticles 

Rajesh Sardar, Tyler B. Heap, Jong-Won Park, and Jennifer S. Shumaker-Parry*

Department of Chemistry, University of Utah, 315 S. 1400 E. RM 2020, Salt Lake City, UT-84112

            Metal nanoparticles have received great attention due to their unique optical properties and wide range of applicability. In this context, controlling the particle-particle interaction is a major challenge to generate programmable assembly of nanoparticles that shows potential usefulness in device fabrication and detection systems. Different methods have been developed to achieve asymmetrically functionalized gold nanoparticles. For example, DNA, oligonucleotide, and solid phase approaches have been used to fabricate gold nanoparticle dimer, trimer or tetramer assemblies. 


We have developed a simple, inexpensive, more versatile solid phase approach in the synthesis of different assemblies such as dimer and 1-D chain of gold nanoparticles (AuNPs) using commercially available organic reagents through an asymmetric functionalization pathway. The amide coupling reaction was performed between two asymmetrically functionalized nanoparticles. In addition, we demonstrate the synthesis of dimers consisting of two particles with different sizes. The dimer yield varies from ~30% to ~65% depending on the nanoparticle sizes. The dimers demonstrate remarkable stability in ethanol without further processing. We have also developed a simple synthetic route to achieve gold nanoparticle chains using asymmetrically functionalized AuNPs and poly(acrylic acid). The length of the synthesized nanoparticle chains varies from 256-400 nm with regular interparticle spacing (2.7 nm). The synthesized chain structure displays distinct optical properties compared to individual nanoparticles. This methodology is also applicable for gold nanoparticles with different size. We also control the interparticle spacing (2.7-5.4 nm) inside the chain structure.

Keywords: Gold nanoparticles, asymmetric functionalization, dimers, 1-D chain

Broad area: Materials Science

Specific area: Nanomaterials

Possible application(s): surface enhanced Raman substrate (SERS), fabrication of optoelectronic devices.

P16

Soot Formation in Laminar Pre-Mixed Flames

Carlos A. Echavarria, Adel F. Sarofim, JoAnn Slama Lighty

University of Utah, Department of Chemical Engineering

The main purpose of this study is to investigate soot particle size distributions (PSD) from a flat-flame burner fueled with benzene and ethylene and compare these results to a simulation. Transmission electron microscopy (TEM) measurements are also reported to show the characteristics of the particles. Temperature and PSD were measured using thermocouple particle densitometry (TPD) and a scanning mobility particle sizer (SMPS, over the size range of 3 to 80nm) respectively. Samples for TEM analysis were obtained using a rapid insertion sampling technique. 

A detailed kinetic mechanism was used to model the experimental data. The model includes reaction pathways leading to the formation of nano-sized particles and their coagulation to larger soot particles by using a discrete-sectional approach for the gas-to-particle process. Good predictions of particle-phase concentrations and particle sizes in the two flames are obtained without any change to the kinetic scheme. In agreement with experimental data, the model predicts a higher formation of particulate in the benzene flame respect to the ethylene flame. Furthermore the model predicts that in the ethylene flame small precursor particles dominate the particulate loading in the whole flame whereas soot is the major component in the benzene flame. 

Keywords: soot formation 

Broad area: Air pollution from combustion systems 

Specific area: soot 

Possible application(s): understanding the mechanisms of formation allow us to determine effective control strategies. 

P17

Functionalized boron and boron/CeO2 nanoparticles 

Brian Van Devener, Joseph Jankovich, Scott L. Anderson

University of Utah Department of Chemistry

Abstract:  The large energy density of boron has long made it an attractive material for consideration as a fuel additive.  By producing smaller, nanoscale material, the surface area to volume ratio is increased, thereby creating more reactive sites.  Our approach is to produce nano-powder boron and boron/CeO2 powder; with CeO2 being a known catalyst.  Furthermore, we have also functionalized these particles; both to stabilize the highly reactive boron powder and to render them soluble in hydrocarbon fuels.  Functionalized particles remain suspended in hydrocarbon solvents on a time scale of months.  Scanning electron microscopy results yield information on both size and structure, indicating that our particles are between 50 and 100 nm in diameter.  X-ray photoelectron spectra show chemical composition of the surfaces of our powders and confirm the formation of cerium borides with in our B/CeO2 powder.    

Keywords:  Soluble nano-particles, fuel additives, cerium oxide, boron.

Broad area: Jet-propulsion applications, explosives, neutron capture.

Specific area: Jet-propulsion applications.

Possible application(s): Jet-fuel additives

P18

Utah Microfabrication Lab: A Multi-user, open access lab for 

thin film deposition and patterning

Brian Baker, Staff Engineer,

Utah nanofab at the University of Utah

P19

Characterization opportunities at the Surface Science and nano Imaging Lab

Authors:  Loren Rieth

Affiliation:  University of Utah

Many fundamental benefits derived through nanotechnology depend on the morphology and composition/chemical arrangement of small structures.  The surface lab provides a state-of-the-art toolset to investigate and characterize nanoscale devices, with a variety of techniques at many different scales.  The Kratos Axis UltraDLD system is a state-of-the art imaging XPS/AES/ISS system for investigating the near-surface chemistry for a broad array of materials.  This will soon be complemented with an FEI Quanta 600 FEG field-emission environmental SEM.  This high-resolution SEM will also be equipped with an EDX detector for compositional analysis.  Other complementary tools include a Zygo Newview 5032 white-light optical profilometer, Woollam V-VASE ellipsometer, Veeco Dimension 3000 AFM, Tencor P-10 profilometer, and a Polyvar high-resolution optical microscope.  These tools can be used individually or in concert to generate a wealth of information about micro and nano-scale materials, structures, and devices.

Keywords: Characterization, XPS, ESCA, Auger, AES, AFM, Optical Profilometry, Surface Morphology, Ellipsometry, Microscopy, SEM

Broad area:  Characterization resourses

P20

Interferometric profiling for measurement of wear

Anthony Sanders

Ortho Development Corporation

12187 S. Business Park Dr.

Draper, UT 84020

phone: 801-619-3436

e-mail: tsanders@orthodevelopment.com

Measuring wear on the micro or nano scales can be a daunting challenge. Traditional methods of wear measurement have included gravimetric techniques and linear measurements that employ assumptions about the shape of wear zones. These techniques may fail to provide the needed accuracy to discriminate different wear properties in certain applications, e.g. the wear of thin coatings. A scanning white light interferometer (SWLI) in use at the University of Utah provides new wear measurement capabilities that

overcome some of the previous limitations. This instrument is providing wear measurements for current studies on wear properties of current and potential biomedical implant bearing materials. Further, a current study involving ballon- disk wear tests is quantifying the differences between the SWLI and a traditional technique.

P21

Lattice and aperture shape modulated optical second harmonic generation from sub-wavelength hole arrays

Tingjun Xu and Steve Blair

 University of Utah

We have measured optical second harmonic generation in transmission

from arrays of sub-wavelength apertures. The inversion symmetry of centro-symmetric

apertures was broken with off-axis illumination and off-axis detection. Strong angular

dependence of SHG is observed, with maxima located at angular positions that roughly

correspond to incidence angles of extraordinary optical transmission. By breaking the

inversion symmetry of the aperture itself, we have successfully generated and detected

SHG at normal incidence and detection.

P22

Visualizing Excitable Cell Membranes using Micro-Electric Impedance Tomography

S. Dharia, H.E. Ayliffe, C. King, G. Dittami, J. Wyrick, A. Pungor, R.D. Rabbitt

University of Utah

Micro Electric Impedance Tomography (-EIT) is a technique to image the effective conductance and capacitance of a cell membrane based on current and voltage measured in the extracellular space around a single cell. These electrical properties are dynamic in living cells and depend on the membrane configuration and on the state of integral proteins embedded in the membrane.  Micro Electric Impedance Tomography is distinct from conventional electrophysiological techniques, as it provides a method to continuously measure membrane dynamics with spatial resolution on the order of a tenth of the cell’s circumference.  To accomplish -EIT, a microsystem was developed using a combination of computer control, microfabrication, rapid prototyping and thick film technologies.  The electrode-array consists of eight, planar, evenly-space metal electrodes centered around a circular recording chamber.  Single cells are positioned between the electrodes, and radiofrequency (10kHz – 10MHz) signals are used to non-invasively interrogate the effective dielectric properties of the cell membrane in space and time.  Proof-of-concept results show that a  -EIT device can be used to construct a 2D image of a phantom in a saline.  Further results using Xenopus Oocytes demonstrate the potential of the 2D microsystem to noninvasively interrogate cell membrane electrical properties.  By generating regionally based impedance images of a cell membrane, this technique offers a new window to observe events associated with ion channels, protein conformational changes, and membrane-based endo/excocytosis.  

Support: This work was supported in part by the National Institutes of Health, NIDCD R01 DC04928 and by National Science Foundation, IGERT NSF DGE-9987616.

Keywords: Tomography, Single Cell, Protein, Impedance

Broad area:  Cellular Biophysics

Specific area:  Cell Membrane Visualization

Possible application(s):  An electrophysiological tool to monitor changes in cell membrane conformation in response to an excitable stimulus. 

P23

Topographic characterization of colloids metal films

Analía G. Dall’Asén and D. Keith Roper

Department of Chemical Engineering, 3290 MEB, 

University of Utah, Salt Lake City, Utah 84112, USA

We present a surface morphological study of colloid metal films (CMF) by Atomic Force Microscopy (AFM). The CMF samples were produced on silica substrates by plating gold for 1 to 60 minutes.

AFM images reveal CMFs consisting of nanoparticles ensembles with tunable particle dimensions, densities and distributions. Characteristic features of the samples surface (such as roughness, nanoparticles size and density) were studied as a function of the plating time. Effects of convolution between the conical AFM tip and the sample surface profiles on measured particle dimensions were analyzed. 

We observed that the average particle dimension increases (from (100 up to (700 nm) and particle density decreases (from (20 up to (1 particles/(m2) as plating time increases. The average roughness generally decreases (from (148 up to (35 nm) as particle distributions become more uniform. CMF samples plated for 1 and 8 minutes exhibited the most regular and uniform particle dimensions as well as low average roughness ((35 and (57 nm, respectively).      

Keywords: nano-scale gold films, AFM images, particle dimension, particle density, roughness film.   

Broad area: Nanoscience   

Specific area: Nano-scale metallic films 

Possible application(s): active substrates for surface-enhanced Raman spectroscopy, surface plasmon resonance sensors

P24

Resonant optical properties of electroless gold island thin films

Wonmi Ahn* and D. Keith Roper

Department of Chemical Engineering, 3290 MEB, 

University of Utah, Salt Lake City, UT 84112 USA

Two resonant optical properties exhibited by gold island thin films (GITF) formed by electroless deposition are characterized for the first time: plasmon excitation and photoluminescence.  As deposition time increases, GITF optical density increases, reaching a maximum near 650 nm that corresponds to excitation of localized surface plasmon polaritons (SPP).  Maximum optical density red-shifts with deposition time, but blue-shifts with thermal annealing, corresponding to surface features observed by Scanning Electron Microscopy (SEM).  Photoluminescence yields a minimum optical density near 500 nm that red-shifts with increasing deposition times.  Comparison with sputtering indicates the nonlinear rate of gold plating by electroless deposition, and suggests electroless gold island thin films may be more optically uniform.  These resonant photoluminescent and plasmon resonant properties have potential implications for optoelectronics and bio-/ chemical sensing.

Keywords:  Gold thin film, Plasmon excitation, Photoluminescence

Broad area:  Nanoscience

Specific area:  Nanoscale metallic structures 

Possible Applications: Opto-electronic, opto-thermal and spectroscopic applications.  SERS (Surface Enhanced Raman Scattering) applications

P25

Analysis and discussion of SEM and AFM microscopy data using various image processing algorithms

Ben Taylor, Dr. Keith Roper

University of Utah

Abstract:

The threshold method for particle analysis was compared with the watershed method for particle characterization. Au nanoparticle dimensions, count densities, and shape were analyzed after algorithm particle determination was completed. The study offers guidelines for improved accuracy by image overlaying, border stripping, and watershed analysis appropriateness. Au particle slides were also characterized with both SEM and AFM and the differences between results are explained and discussed.

Keywords:

Au nanoparticles, SEM, AFM, image processing, watershed, absorption optimization 

Broad area: Particle analysis and characterization

Specific area: Au nanoparticle analysis and process optimization

Possible application: 

Nano-scale gold (Au) structures on silicon (Si) substrates are important in electronics, MEMS devices, diagnostics, biosensing, spectroscopy and microscopy. Au thin films are applied in gateable electronic transistors, and conductors, optically-induced thermoplasmonic gratings for nanomanipulation of picoliter droplets, surface plasmon resonance (SPR) sensors (45-60-nm thickness), and SERS-active substrates, excited by visible (red), near-IR and IR light.

P26

Designing Novel Optical Phenomena in Nanostructured Materials
Jeremy W. Galusha, Jacqueline T. Siy, Moussa Barhoum, Matt Jorgenson, 

and Michael H. Bartl

Department of Chemistry, University of Utah

We will present an overview of the physical/materials chemistry-based research that is currently conducted in the Bartl group at the University of Utah, Chemistry Department. Our main research focus is directed towards novel optically active nanoscale materials, such as quantum confined nanocrystals and photonic band gap structures. In particular we are interested in understanding and controlling the chemistry and photophysics of these 3-dimensional nano-architectures with the unique capability of controlling light in new - non-classical - ways. These nanostructures are fabricated by simple materials chemistry techniques, such as colloidal crystallization, self-assembly, and sol-gel chemistry and their optical properties are studied by various micro-spectroscopy techniques in our lab.
Keywords: Nanoscience, sol-gel, photonic crystals, quantum dots, self-assembly

Broad area: Chemistry, Physics, Materials Science

Specific area: Materials Synthesis, Nanophotonics

Possible application(s): 
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Characterization and Testing Of a Microdeployable, Polysilicon Iris Structure
Authors:  Taylor Meacham, Ronnie Boutte, Clayton Butler, Brian Baker, Ian R. Harvey

Affiliation:  University of Utah, Department of Electrical and Computer Engineering

Abstract: During the Spring Semester of 2006, a micro-deployable iris structure was designed by a team of students from the University of Utah as part of an entry into the 2006 Sandia MEMS University Alliance Design Competition.  Sandia’s CAD tools were used to design the structure to be fabricated used the SUMMiT V™ process, a process using five mechanical polysilicon layers, four sacrificial silicon oxide layers, and CMP planarization to create complex mechanical systems on a micrometer scale.  The device was designed to be opened and closed by electrostatic comb-drive microengines.  The fabricated iris’s diameter is slightly less than the thickness of a dime, or approximately 1.2mm.

Construction analysis and characterization work has been performed on the microscale iris, using the facilities and equipment in the Utah Microfabrication Core Laboratory.  This work has included visual examination with the use of optical microscopy, scanning electron microscopy, and optical profilometry. Some destructive analysis techniques, such as manual polishing, were used to cross-section into specific areas of interest, such as the iris’s unique polysilicon pin hinges.  Analysis

Functional testing was also conducted using the facilities of Sandia National Laboratories in Albuquerque, NM.  Optical microscopy was again used to allow visual analysis during operation of the device and to capture video for later analysis.  During testing, the iris was successfully actuated as designed multiple times.  In addition, a few design problems were identified in order to improve the performance of the device for future applications.

Keywords: MEMS, micro-deployable structures, SUMMiT V Process

Broad area: Semiconductor Device Characterization


Specific area: Planarized Polysilicon MEMS Characterization

Possible application(s): 
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Giant Magnetoresistive Sensors for Biorecognition: Towards Chip-Scale Platforms 

with Ultrahigh Address Densities

Michael C. Granger,1 Nikola Pekas,1 Rachel L. Millen,2 Toshikazu Kawaguchi,2 John Nordling,2 Heather Bullen,2 Mark Tondra,3 and Marc Porter1*

(1) Center for Nanobiosensors, and the Department of Chemistry, University of Utah, Salt Lake City, UT  84108; (2) Departments of Chemistry and Chemical and Biological Engineering, Ames Laboratory-USDOE, and Institute for Combinatorial Discovery, Iowa State University, Ames, Iowa  50011; (3) NVE Corporation, Eden Prairie, Minnesota,  55433

Microfabricated devices formed from alternating magnetic and non-magnetic layers (several nanometers thick) exhibit a phenomenon known as giant magnetoresistance (GMR) where the resistance of the material is altered by a magnetic field.  A well known device that uses this phenomenon is the hard disk drive found in personal computers.  The read head is comprised of a GMR used to read magnetic bits nominally tens of nanometers in size.  Our work focuses on combining GMR sensors with magnetic labeling of biomolecules to create novel detection strategies of high sensitivity, small size, and fast overall analysis times – all of which are desirable features of portable bioanalytical sensors.  Our approach relies on the development of a “card-swipe” instrument by which an array of chip-scale, magnetically-tagged addresses can be interrogated in a manner analogous to a credit card reader.  We demonstrate the efficacy of this method by enumerating of fewer than 100 molecular binding events realized with a protein-protein capture strategy on this first iteration detection platform.
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Bulk separation of Carbon Nanotubes - Search for possible chemical routes using Density Functional Theory

Tapas Kar

Dept of Chemistry & Biochemistry, USU

Single-walled carbon nanotubes (SWCNTs) are typically grown as bundles of metallic and semiconducting tubes with varying lengths and diameters, which offer a hindrance to their widespread applications.  For SWCNTs to become useful they must be separated into individual molecules or bundles.  Chemical modification of SWCNTs is one of the most viable approaches for bulk separation.  Our approach is to determine the stability of metallic and semiconducting SWCNT-COOH (COOH at nanotube tips, side-walls with/without defects) and their conjugated bases in different organic solvents and reactivity with various chemicals. 

Keywords: Carbon nanotubes, SLDB technique, acidic nanotubes and conjugated bases. 

Broad area: Modeling & Simulation

Specific area: Chemical modifications of Carbon Nanotubes
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Characterization of water-soluble fullerol nanoparticles using Asymmetrical Flow Field-Flow Fractionation and Atomic Force Microscopy
Soheyl Tadjikia , Shoeleh Assemib,  Bogdan C.  Donosec, Anh Nguyenc   and  Jan.D. Millerb
a postnova Analytics, 230 South, 500 East, Suite 120, Salt Lake City, Utah 84102st@postnova.com b Department of Metallurgical Engineering , University of Utah, 135 South, 1460 East, Room 412, Salt Lake City, Utah, 84112sassemi@mines.utah.edu, jan.miller@mines.utah.edu c Department of Chemical Engineering, University of Queensland, St. Lucia, Queensland 4072, Australia b.donose@eng.uq.edu.au, Anh.Nguyen@eng.uq.edu.au
Size characterization of nanoparticles using methods such as light scattering often gives values in the order of tens or hundreds of nanometers. Interpretation of the results becomes even more complicated when the medium contains ions that result in aggregation of nanoparticles.  
In this study we used Asymmetrical flow field-flow fractionation (AsFlFFF), to determine the size distribution of soluble C60 (C60-OH) nanoparticles in aqueous solutions of different pH and ionic strength. In AsFlFFF the separation occurs in a thin channel without any packing media and size of the particles at each point of elution can be calculated from the first principals. 

Our results show that fullerols aggregate by increasing the salt concentration. A 100 times increase in the ionic strength, resulted in about 60% increase in the size of the nanoparticles.  However, changing the pH from 6 to 10 did not change the size distribution of fullerols significantly. The obtained particle size was verified using Atomic force microscopy for the lower salt concentration (1mM). At high salt concentrations the AFM imaging was hindered by the presence of salt crystals.

Keywords:
 flow field-flow fractionation, C60, atomic force microscopy, nanoparticle aggregation

Broad area: 
 
nanoparticle  characterization, FFF, AFM

Specific area:
nanoparticle aggregation, nanoparticle separation 

Possible applications: size characterization of nanoparticles, study aggregation of   

 water-soluble nanoparticles

