“The Birth of the Nano Engineer”

Anthony Laviano

Abstract

A new foundation technology, Nanotechnology, is sweeping into the reach of System Architects.  It will have as profound an effect on the development of space, defense and

commercial  systems as the transistor and the integrated-circuit before it.  How do we prepare experienced Engineers as well as students to exploit the benefits and meet the challenges of conceptualizing, designing, implementing, and testing products based on this new technology?  Technology past, Nanotechnology now, and the role of Engineering designing Nanotechnology  into products will be addressed. 

                                                           Speaker Biography

Dr. Anthony F. Laviano is Managing Director and founder of NANOWorldSM, an applied Nanotechnology service. He was formally a Program Manager for Advanced Technical Programs and a member of the Patent Committee for Raytheon Space and Airborne Systems and established the Nano Engineering and Science Technology Interest Group (NEST).  His focus is Advanced Technologies and Products for ground, air and space, and dual-use applications, that is, identifying, organizing, and transitioning technology into military and commercial applications. Dr. Laviano is the past Chairman of the IEEE Power Electronics Society for Southern California, a member of the IEEE Standards Association, the IEEE Los Angeles Council, the Academy of Management, the Los Angeles Regional Technology Alliance (LARTA) Nanotechnology Working Group, the editorial board of the Journal of Public Administration and a former member of the National Faculty of Nova Southeastern University Graduate School of Business and Hughes Aircraft Company Technology Staff.  Dr. Laviano has lectured both in the United States and United Kingdom on the subject of “Growing Nano Engineers to Apply and Use Nanotechnology” and currently serves on the National Academy of Sciences, National Research Council for Nanotechnology. 

Making Functional Materials with Conducting Polymer Nanofibers

Alan R. Hopkins, Ph.D.

Materials Chemistry Department, The Aerospace Corporation, El Segundo, CA

Abstract

Polymer based nano-sized materials and their synthesis routes have matured enough to provide an alternate, next generation polymer composite system.  While many challenges remain in the synthesis, characterization and fabrication of polymer-based nanofibers, a critical aspect of their success involves incorporation into an insulating polymer to yield optically transparent, low color conductive blends. The challenge to successfully construct a nanofiber composite is also coupled with the necessity to arrange these nano-sized fibers into specific geometries in order to render them useful for mitigating electrical charge build-up in large ultra-lightweight structures and components such as sunshades and booms.

Our work has focused on the influence of various synthetic conditions to yield uniform, semi-conducting, nano-sized fibers as candidate materials for charge mitigation and sensor applications.   Specifically, polyaniline has been used to fabricate conducting nanofibers which can be synthesized inside bulk materials and on metal surfaces such as gold to yield molecular resists.  I will discuss the chemical techniques to fabricate such polymer architectures and how understanding the self-organization of these nanofibers can aid in the design of nanocomposites for the purpose of charge mitigation and sensing ability.  

Carbon Nanotubes for Molecular Sensors and Electronic Circuit Elements

Michael J. Bronikowski (presenter),

D.S. Choi, A.M. Fisher, M.E. Hoenk, R.S. Kowalczyk, E.W. Wong and B.D. Hunt

Jet Propulsion Laboratory/California Institute of Technology

Pasadena, CA

Abstract:

This talk will focus on recent efforts at JPL's Microdevices Laboratory in developing several different types of nano-scale electronic devices based on carbon nanotubes (CNT). CNT exhibit a coupling between electronic structure and mechanical deformations: mechanical stress or deformation can result in charge injection into the nanotube, or likewise, charging of a nanotube can result in mechanical deformations. This electromechanical coupling can form the basis for nanotube-based oscillators, signal processors, and RF rectifiers. Nanotube electronic properties, specifically their resistance and current-voltage characteristic, can also change when various molecules bind to their surfaces. This property can form the basis for CNT-based chemical and molecular sensors. For both types of device, CNT are grown directly on silicon substrates in pre-patterned device structures: nanotubes grow by CVD from patterned arrays of particles of catalytic metals, with the pattern of the catalyst determining the pattern of CNT. Of key importance to producing devices by this means is controlled placement of catalyst on the substrate: several methods for generating catalyst patterns on surfaces and devices will be demonstrated and discussed.

Si Nanocrystal Devices for Memory and Detector Applications

L. Douglas Bell, JPL, Harry A. Atwater, Caltech

Abstract


Currently accepted scaling laws for Si MOS device technology predict approximately a 50 nm limit for conventional dynamic random-access memories (DRAMs), corresponding to several Gbit/cm2.  This limitation is primarily due to the area required for the storage capacitors for these devices.  Floating gate non-volatile random-access memories (NVRAMs), using nanocrystalline Si quantum dots and shape-engineered tunnel barriers, provide a way to surpass this limitation without the usual tradeoff in write/erase speed.


The memory units consist of Si nanocrystals that can be fabricated with sizes of less than 2 nm.  Read/write is performed by the charging and discharging of these nanocrystals.  We have used the technique of vapor deposition of Si nanocrystals from an aerosol and have achieved size control of 10-15% in the 2-10 nm size range.


An untried but exciting concept involves the use of a peaked tunnel barrier for charge injection/discharge (write/erase) applications.  A standard oxide tunnel barrier is a "square" barrier, with some rounding produced by an image potential contribution.  The barrier height changes very slowly with applied voltage.  Ideally, electron transport through the barrier should be turned "on" and "off" as completely as possible using as small a voltage as possible.  This requires that conductance through the barrier change by many orders of magnitude over a small voltage range.  The inability of conventional tunnel barriers to achieve this performance is responsible for the slow write/erase speeds of conventional NVRAMs, due to the long charge/discharge times.  A tunnel barrier which is peaked at the center is lowered by voltage much more quickly, allowing orders of magnitude improvement in charge/discharge times.  In practice, such a barrier will be approximated by a stepped heterostructure barrier.

A related device is aimed at photon detection and charge storage in solid state devices: a Si nanocrystal hyperspectral imager.  This device is a nanocrystal nonvolatile memory with a Si quantum dot array floating gate that can function as a pixel-addressable image sensor.  Nonvolatile memory and image sensor functions are merged at the pixel level, enabling monolithic integration of a highly sensitive, radiation-hard imager with an ultradense nonvolatile memory.  Development of a layered tunneling barrier has the potential to enable a new type of imager with gate voltage-tunable spectral response.

 Nanocarbon Materials for Active Electronics and 

Bio-Nanotechnology

Cengiz S. Ozkan
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University of California, Riverside, CA 92521

Abstract

Conventional device fabrication strategies must be augmented by new techniques including self assembly methods in order to truly take advantage of the quantum nature of novel nanoscale electronic devices and systems and permit the use of these properties for “real” applications in a larger system (> 10 nm and < 1 m). In this talk, I will describe a novel technique for the fabrication of nano-assemblies of carbon nanotubes (CNT) and quantum dots (QD) -formation of CNT-QD conjugates-. Heterojunctions of QD’s and MWCNT’s could become better alternatives for the synthesis of nanoscale devices which would preserve the electronic properties of MWCNT’s compared to configurations that depend on the bending or overlapping of CNT’s. Such configurations could be useful for the bottom-up assembly of nanoscale circuits or as drop-in technologies for the existing device platforms. During processing, CNT’s are primarily functionalized with carboxylic end groups by oxidation in concentrated sulfuric acid. Thiol stabilized QD’s in aqueous solution with amino end groups were conjugated to carbon nanotubes using the ethylene carbodiimide coupling reaction. Detailed chemical and physical characterization of the heterojunctions have been conducted using Fourier transform infrared spectroscopy, transmission electron microscopy and energy dispersive spectroscopy. Next, I will discuss the possibilities of using carbon nanotubes for encapsulation and mass transport applications and present our first observations in this area. Potential applications of our studies include the fabrication of novel electronic and spintronic devices and biosensors.

Short curriculum vitae: Ph.D. 1997, Stanford University. Appointments: Assistant Professor of Mechanical Engineering, University of California, Riverside, 2001-current; Research Fellow, Max Planck Institute, Germany, Summer 2002; Consulting Professor of Mechanical Engineering, Stanford University, 2000-2002; Senior Device Engineer, Applied Micro Circuits Corporation, San Diego, 1997-2001; Postdoctoral Scientist, University of California, San Diego, 1997; Process Engineer, Intel Corporation, Santa Clara, 1994. Expertise: Nanoelectronics,NEMS, Fabrication/Synthesis of Nanomaterials, Analytical materials characterization.

Contact e-mail: cozkan@engr.ucr.edu, Tel: 909-787-5016.

Hybrid Nanosystems: Their applications in Biology and Engineering

Mihri Ozkan
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Abstract

Hybrid systems such as organic and inorganic material composites are adopted by many objects in nature for example seashells, and tooth. The main advantage of these systems is improved physical, chemical and even electrical properties compared to homogenous systems. To this end, we have used similar principles of building hybrid systems in nature to fabricate new novel nanoprobes for imaging of DNA or RNA inside live cells and also novel electronic devices with improved functioning. First, organic fluorophore in molecular beacons (commercially used probes for DNA-RNA sequence detection) were replaced with an inorganic nanocrystal.  After doing so, the stability of these new probes against photobleaching was improved together with potential simultaneous multiplexed imaging property. Here, I will demonstrate making of these hybrid probes and their performance during the DNA sequence detection. Similarly, nanocrystals used for molecular beacons are mixed with polymers and organic materials to fabricate true-color, bright and potentially flexible displays. The straightforward fabrication technique that we have developed enables the fabrication of these displays at various scales such as displays on a wrist watch or on an active wall paper that can cover very large surface. The opto-electrical performance of these new devices will be demonstrated. As a conclusion, by mimicking the assembly concepts in nature one can fabricate objects or devices that can be used in various fields including biology and engineering.

Robotics at the Nanoscale

Ari Requicha

Laboratory for Molecular Robotics

University of Southern California

Abstract

Nanorobotics is concerned with (i) manipulation and assembly of nm-scale objects with macro or micro devices, (ii) construction of robots with overall dimensions in the nm range, or of robots with m sizes but nm-scale components, and (iii) programming of large numbers of nanorobots. This paper discusses the state-of-the-art in nanorobot construction, and then focuses on the manipulation of nanoscale objects with Scanning Probe Microscopes (SPMs). Nanomanipulation has important applications in prototyping of nanodevices and systems, and in repair and modification of nanostructures built by other means. High-throughput SPM manipulation may be achieved by using multi-tip arrays.

Experimental results are presented which show that interactive SPM manipulation can be used to accurately and reliably position molecular-sized components. These can then be linked by chemical means to form subassemblies, which in turn can be further manipulated. 

Challenges and directions for future research are identified. They range from building and testing of prototypes for NEMS (nanoelectromechanical systems) with biomedical applications to automation of SPM manipulation and construction of three-dimensional nanostructures.

Biographical Information

Aristides A. G. Requicha is the Gordon Marshall Professor of Computer Science and Electrical Engineering at the University of Southern California, where he also directs the Laboratory for Molecular Robotics. He received the Engenheiro Electrotécnico degree from the Instituto Superior Técnico, Lisbon, Portugal, in 1962, and the Ph.D. in Electrical Engineering from the University of Rochester in 1970. He was a college and high school Valedictorian, and is a Fellow of the IEEE. Dr. Requicha has authored some 150 scientific papers, and has served in numerous conference program committees and journal editorial boards. His past research focused on geometric modeling of 3–D solid objects and spatial reasoning for intelligent engineering systems. Currently he is working on robotic manipulation of nanometer-scale objects using scanning probe microscopes, and on its applications in nanoelectronics, NEMS (nanoelectromechanical systems), and nanobiotechnology. The long-term goals are to build, program, and deploy nanorobots and sensor/actuator networks for applications such as the environment or health care.

Nano-Materials and their Potential Aerospace Applications

John A. Starkovich, Edward M. Silverman 

Structures and Mechanisms Product Center

Northrop Grumman Space Technology

Redondo Beach, CA
Abstract

NanoTechnology affords access to matter and its interactions on a dimension scale which            has not been readily possible until recently and has consequently been largely untapped.            With emerging availability of nanometer feature materials such as carbon nanotubes, fibers, plates, films and particles and a growing ability to characterize and manipulate materials at this scale,  NanoTechnology(NT) could hold the key to future development and use of advanced super-performing composite materials and components for several aerospace applications. Many future aerospace missions require order-of-magnitude higher performing systems and NT-based materials are being looked to for their enhanced physical, mechanical and transport properties as well as their potential multi-functionality capability. This paper will focus on efforts at NGST to better understand the nature of nano-materials and early progress being made toward developing an appreciation and assessment of their potential for a variety of advanced electrical, thermo-mechanical and structural spacecraft applications.

How Are Universities Preparing Undergraduates for A Nanotech World: 

A Perspective from Cal Poly

Richard Savage and Linda Vanasupa

Materials Engineering Department

California Polytechnic State University, San Luis Obispo, CA, 93407

ABSTRACT

There is no doubt that the science and engineering community is riding a nanotechnology funding wave of epic proportions.  Within universities and globally, several nanotechnology research centers have been established.  Certainly many graduate programs have already infused nanotechnology research initiatives into their programs.  Nanotechnology at the undergraduate level, however, presents some major challenges.  It is inherently a cross-disciplinary technology requiring students and faculty to develop multi-disciplinary curriculums involving math, chemistry, physics, materials and biology.  At Cal Poly, the Biology and Materials Engineering departments are working together to develop a course that will introduce students to technologies at the nanometer scale in the context of living systems.  Students will explore cellular machines as micro-systems, molecular tool kits for targeted drug delivery and the role of lab-on-a-chip devices in pharmacogenomics.  The goal is not to make experts, but to foster a cross-disciplinary mode of thinking that emphasizes the systems nature of life and organisms at the nanometer scale.  rsavage@calpoly.edu, lvanasup@calpoly.edu

Radiation tolerance of Nano-crystalline Si NVM

Mihail P. Petkov, L. Douglas Bell,

Jet Propulsion Laboratory

 Harry A. Atwater,
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Abstract


The research provides results from radiation tests on prototype nanocrystalline Si (nc-Si) non-volatile memory devices.  nc-Si crystals are formed in a thin SiO2 blanket layer on a Si wafer by Si implantation and subsequent high-temperature anneal.  This structure is patterned into ring-gate field-effect transistors (FET) with different width-to-length ratio of the gate.  The active part of the gate contains large number of nc-Si domains, on each of which charge can be deposited by suitable electric fields.  The novelty of this technology is in the statistical approach to assessing bit status (open/closed FET).  It is believed that the radiation-induced loss of charge on a large fraction of the crystals may not necessarily lead to information loss (bit flip).  Yet, the radiation tolerance of ns-Si has not been evaluated to this date.


The Ids-Vg hysteresis memory effect is monitored to assess the FET performance in radiation environments.  In addition, complementary gate-substrate C-V measurements were conducted on areas outside the FET active region, as well as using metal dots deposited on non-patterned wafers.  The devices were irradiated to doses >12 Mrad(Si) by a 60Co source with a dose rate of 25 Mrad/s.  I-V and C-V characteristics were measured ex-situ.  During the irradiation, a square-wave write/erase potential was applied to the gates of all transistors in order to enhance the degradation effect due to trapping of charge carriers.  The preliminary results show no significant changes in the memory-related hysteresis in both the I-V and C-V characteristics.  Photoluminescence measurements have also confirmed that the nc-Si domains remain unaffected up to at least 1 Mrad cumulative dose.  

Challenges with MEMS/NEMS Technology Development for Space Applications at NASA/JPL
Thomas George

Jet Propulsion Laboratory

Abstract

Micro/Nano Electro Mechanical Systems (MEMS/NEMS) technologies are ideally matched to the demanding needs of space applications. These technologies promise the development of high capability devices and instruments with ultra-low mass and power consumption. However, very few of these technologies have the necessary maturity (defined by NASA's Technology Readiness Levels (TRLs)) for insertion into space missions. This talk examines some of the many challenges facing MEMS/NEMS development at JPL.
The MEMS Technology Group, in collaboration with other research groups at JPL and with outside institutions, pursues the development of a wide range of exciting MEMS/NEMS technologies. The broad classes of technologies being developed include inertial guidance devices, micro-propulsion devices, adaptive optics for telescope applications, micro-instruments, nanowire devices and nano-mechanical resonator devices. These technologies also span the range of technological maturity from low to high TRL. The group is also actively pursuing the establishment of a rapid, low-cost, space-testing program, in an effort to overcome the traditional barriers to the insertion of new technologies into space missions.
