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 PS1-1: Three-Dimensional Ultraviolet Picosecond Laser-Assisted
 Atom-Probe Tomographic Studies of Electronic Materials

David N. Seidman
Department of Materials Science and Engineering and

Northwestern University Center for Atom-Probe Tomography (NUCAPT), Northwestern University
Email: d-seidman@northwestern.edu, Web: http://nucapt.northwestern.edu

Abstract

In this talk I discuss the utilization of three-dimensional (3-D) ultraviolet (UV) 
picosecond laser-assisted atom-probe tomography (APT) as an instrument for the 

characterization of a wide range of materials on a subnanoscale with atomic ppm 
sensitivity, for all elements in the periodic table, with very good mass resolving powers, 
Dm/m, in direct space with minimal amounts of data deconvolution. All elements in 
the periodic table are determined with equal sensitivity as this is a time-of-flight mass 
spectrometric technique, which does not depend on knowledge of cross-sections.
The many recent successes of 3-D APT are due to dual-beam focused-ion beam (FIB) 
microscopes for preparing the requisite specimens. The specific examples discussed to 
different levels of depth are: (1) silicide-phase evolution and Pt redistribution during 
silicidation of Ni0.95Pt0.05/Si(100); (2) atom-by-atom mapping of isotopically modulated 
Si nanoscopic layers; (3) preparation of nanowire specimens for atom-probe tomography; 
(4) colossal injection of catalyst atoms into epitaxial silicon nanowires; (5)  tomographic 
imaging of sub-10 nm Al-O precipitates in Si; (6) atomic intermixing in short-period 
InAs/GaSb superlattices; (7) interfacial intermixing and segregation in InAs/GaSb 
superlattices; (8)  interfaces of Cu2ZnSnS4 (CZTS) photovoltaic cells; and (9) atomic-
scale chemical maps of impurities in chemical vapor deposition (CVD) grown graphene.

Biography
David Seidman is a Walter P. Murphy professor of materials science & 
engineering and is the founding director of the Northwestern University Center 
for Atom-Probe Tomography. He was awarded a Ph.D. degree from UIUC 
and B.S. and M.S. degrees from N.Y.U. Seidman is a fellow of the American 
Academy of Arts & Sciences, American Association for the Advancement of 
Science, American Physical Society, ASM International, Materials Research 
Society, John Simon Guggenheim Memorial Foundation, Microscopy Society 
of America, and TMS (Minerals•Metals•Materials). Seidman is a recipient of 

the following awards: AIME Honorary Member Award (TMS), Albert Sauveur Achievement 
Award (ASM International), Alexander Von Humboldt Stiftung Prize, David Turnbull Lecturer 
Award (MRS), Edward DeMille Campbell Memorial Lectureship (ASM), Institute of Metals 
Lecture & Robert Franklin Mehl Award (TMS), Max-Planck Research Prize of the Max-Planck-
Gesellschaft and Alexander Von Humboldt Stiftung, Robert Lansing Hardy Gold Medal (TMS),  
and Sackler Lecturer (Sackler Institute of Advanced Studies). He is or was on the editorial boards 
of: Journal of Materials Science, Materials Research Letters, Materials Today, MRS Bulletin, 
NanoLIFE, NANO Science and NANO Technology series, and Review of Scientific Instruments. 
Seidman is a co-founder of NanoAl, which develops new high-temperature Al-based alloys for 
a wide range of demanding technological applications.

mailto:d-seidman@northwestern.edu
http://nucapt.northwestern.edu
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PS1-2: Nanowires go Electrostatic

 Yossi Rosenwaks
 Department of Physical Electronics, School of Electrical Engineering & Department 

of Materials Science and Engineering, Tel-Aviv University

Abstract

Controlled dopant profiles and abrupt electrical junctions are essential for the operation of 
current and future semiconductor devices, and represent one of the major challenges that 

the semiconductor industry and scientific community is facing.  

We use quantitative Kelvin probe force microscopy (KPFM) and nano-probe scanning Auger 
spectroscopy to measure both the longitudinal and radial dopant distribution in vapor-liquid-
solid (VLS) grown doped Si nanowires [1]. We find that both VLS and vapor-solid (VS) doping 
mechanisms result in very inhomogeneous doping distribution.  These results are compared to 
measurements conducted on monolayer doped NWs [2]. This process makes an advantage of the 
selectivity and controllability of chemical monolayer formation to produce tailor-made dopant 
profiles.  
In the last part of the talk I will present an electrostatically formed nanowire (EFN) which 
is a nanowire-like charge conducting channel that is not physically fabricated, but rather, 
electrostatically formed post-fabrication [3]. The fabrication and comparison with bottom-up 
grown nanowires will be discussed.      
[1] I. Amit, Uri Givan, Justin G. Connell, Dennis F. Paul, John S. Hammond, Lincoln J. Lauhon 
and Y. Rosenwaks, Nanoletters,   dx.doi.org/10.1021/nl4007062 .
[2] O. Hazut, A. Agarwala, I. Amit, T. Subramani, S. Zaidiner, Y. Rosenwaks, and R. Yerushalmi, 
ACS Nano 6, 10311-18 (2012).
[3] G. Shalev, G. Landman, I. Amit, Y. Rosenwaks, and I. Levy, Asia Nature Materials, 3, (2013).
* This work is in collaboration with I. Amit, E. Koren, E. Halpern, G. Shalev and A. Henning, 
Tel-Aviv University; U. Givan, E. Hemesath and L.J. Lauhon, Northwestern University, Illinois, 
USA, O. Hazut and R. Yerushalmi, Hebrew University, Jerusalem, Israel.

Biography
Prof. Rosenwaks received his Ph. D. (cum laude) in 1992 working on 
time-resolved photoluminescence of II-VI and III-V semiconductor, 
and then spent three years as a postdoctoral research fellow in NREL 
(USA).  In 1996 he joined the Faculty of Engineering at Tel-Aviv 
University, where he is a Professor of Electrical Engineering since 
2005.  Prof. Rosenwaks is heading a research group of 10 graduate 
students and scientists and his current research interests include:  
nanoscale electrical measurements using mainly Kelvin probe force 
microscopy, novel photovoltaic devices based on inorganic and organic 

materials, nanowires and nanowire devices, organic and molecular transistors, and novel 
biosensors and memory devices.  Prof. Rosenwaks has supervised more than 50 graduate 
students, edited two books, published over 140 peer-reviewed journal articles, presented 
over 60 invited talks at international scientific meetings, and organized 7 international 
conferences.  He has served as the president of the Israel Vacuum Society (2003-2006), 
and as the director of Tel-Aviv University Wolfson applied materials research center, 
and Gordon center for energy research, and as the head of the Physical Electronics 
department 2011-4.  He currently serves as the Dean of the Faculty of Engineering, and 
the head of Tel Aviv University Renewable Energy research center.
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PS1-3: Visualizing Nanoscale Structure and Function
in Low-Dimensional Materials 

Lincoln J. Lauhon
 Department of Materials Science and Engineering and Materials

 Research Center, Northwestern University
Email: lauhon@northwestern.edu, Web: http://lauhon.mccormick.northwestern.edu/

Abstract

T he Lauhon group focuses on structural and functional imaging of 1-D and 2-D 
semiconducting nanostructures and devices in which the interaction between 

light and matter is strongly influenced by size, shape, and interfaces. Semiconductor 
nanowires, for example, are candidates for next generation solid-state lighting and 
solar cells, and a fundamental understanding of their structure property relationships is 
essential to understanding and maximizing their potential. To reveal how “bottom-up” 
semiconductor nanowires grow, and control their electrical properties, we have used 
atom probe tomography to visualize the distribution of atoms in three dimensions with 
nanoscale resolution, providing new insights into growth mechanisms and the resulting 
the distribution of dopant atoms. To better understand how nanowires convert light to 
electrical energy and vice versa, we have implemented scanning photocurrent microscopy 
(SPCM), in which energy conversion mechanisms are visualized by integrating spatial, 
spectral, and temporal resolution into scanned probe measurements of operating devices. 
We have recently extended SPCM to the analysis of 2-D semiconducting materials and 
devices produced in our laboratory and in collaborations within the Materials Research 
Center. 2-D materials provide opportunities to engineer function through coupling 
mechanical, electronic, and optical properties in new ways.

Biography
Prof. Lauhon is a Professor and Associate Chair in the Department 
of Materials Science and Engineering at Northwestern University. 
He received a Ph.D. in Physics from Cornell with Wilson Ho (2000) 
and a B.S. in Physics from the University of Michigan (1993). Prior 
to joining Northwestern in 2003, he was a postdoctoral research-
er in the Department of Chemistry and Chemical Biology at Har-
vard University with Charles Lieber. At Northwestern, the Lauhon 
group investigates novel structure-property relationships that arise 
in nanostructured materials with an emphasis on spatially resolved 

measurements. His work has been recognized with an NSF CAREER Award, a Sloan 
Fellowship in Chemistry, and a Camille Dreyfus Teacher Scholar Award.

mailto:lauhon@northwestern.edu
http://lauhon.mccormick.northwestern.edu/
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PS1-4: Synthesis and Characterization
of 2D Atomic-Crystals 

 Ariel Ismach
Department of Materials Science and Engineering, Tel Aviv University

Email: aismach@post.tau.ac.il, Web: http://www.eng.tau.ac.il/~aismach/ 

Abstract

F ollowing the recent exciting scientific results on graphene, 2D atomic-films 
in general have attracted extensive interest in the scientific and technological 

communities due to the wide range of potential properties and thus applications these 
materials (and their combination) have.  Despite the increased interest, the rational growth 
of such materials with desired properties, a prerequisite for their successful integration 
into novel devices, remains a challenge and the growth mechanism studies are still in 
their infancy. In this talk I will review the advances in the growth and characterization of 
single- and few-layer graphene (SLG and FLG, respectively). These studies have enabled 
to obtain millimeter-scale and single-crystal SLG by understanding and controlling the 
chemistry and critical parameters during growth. I will then compare the growth and 
characterization of graphene with other 2D atomic-crystals, with emphasis on hexagonal 
boron nitride (h-BN). I will show how the surface chemistry plays an important role 
in facilitating the growth of large and single-crystal h-BN domains. Thereafter, the 
assembly and direct growth of atomic-crystal heterostructures will be presented and 
methodologies to study their complex interfaces will be discussed. 

Biography
Dr. Ariel Ismach immigrated to Israel from Argentina. He holds 
a BEng in Materials Engineering from Ben Gurion University of 
the Negev, and an MA and PhD in Materials and Surfaces from 
the Faculty of Chemistry, Weizmann Institute. He was awarded 
a prize from the Israel Chemistry Society for his doctoral thesis 
on “epitaxial approaches for the self-organization of single-
wall carbon nanotubes”.  Dr. Ismach hold a joint post-doctoral 
position at the Department of Electrical Engineering, University 
of California–Berkeley and the Materials Science Division of the 

Lawrence Berkeley Laboratory; and as part of a leading group studying two-dimensional 
materials at the Department of Mechanical Engineering, University of Texas–Austin. 
He joined the Materials Science and Engineering department at Tel Aviv University in 
October 2014 where he is establishing a laboratory dedicated to study the growth of 2D 
atomic-crystals. 

mailto:aismach@post.tau.ac.il
http://www.eng.tau.ac.il/~aismach/
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PS2-1: Functional Hybrid Nanophotonic

Materials and Devices 

Koray Aydin
Department of Electrical Engineering and Computer Science, Northwestern University

Email: aydin@northwestern.edu,  Web: http://eecs.northwestern.edu/~aydin

Abstract

N anophotonic materials enable strong light-matter interactions at subwavelength 
scales and provide unique opportunities to control and manipulate photonic 

properties of materials. In this talk, I will present functional and active nanophotonic 
materials where plasmonic nanostructures are combined with semiconductors or 
tunable materials to form hybrid nanophotonic devices. Tunable infrared broadband 
absorber and a narrowband absorber based on vanadium dioxide phase transition will 
be demonstrated. VO2 is a phase change material that undergoes a phase transition at 
68 Co. By combining VO2 with metallic nanostructures and ultrathin metallic films, 
we realized tunable absorbers that operate at near and mid-IR wavelengths. Enhanced 
photoluminescence enhancement from a single monolayer MoS2 via plasmonic 
nanostructures will be discussed. 2D layered materials received great attention due to 
their unique optical, electrical and mechanical properties however, due to their thickness 
light-matter interactions is rather weak. We utilize plasmonic nanostructures to strongly 
enhance electric fields locally at subwavelength scales therefore facilitating increased 
light emission and absorption in 2D semiconducting materials. I will also present visible 
frequency metasurfaces for broadband phase control and anomalous reflection, which 
can be used as directional couplers, emitters and absorbers.

Biography
Dr. Koray Aydin is an Assistant Professor in the Electrical Engineering 
and Computer Science Department at Northwestern University and 
leading the Metamaterials and Nanophotonic Devices Laboratory. He 
has received his B.S. and Ph.D. degrees in Physics from the Bilkent 
University in 2002 and 2008, respectively. During his PhD, he studied 
novel electromagnetic phenomena, such as negative refraction, 
subwavelength imaging, and enhanced transmission, in microwave 
metamaterials and photonic crystals. He has worked as a postdoctoral 
researcher between 2008-2010 and a research scientist between 2010-
2011 at the California Institute of Technology under the supervision 

of Prof. Harry Atwater. Dr. Aydin’s postdoctoral research has focused on the experimental and 
theoretical investigation of active optical metamaterials and functional plasmonic nanostructures. 
His research interests are in the general area of nanophotonics, with a specific focus towards the 
realization of nanophotonic devices for use in energy conversion, and biosensing applications. 
Dr. Aydin is an Associate Member of the Turkish Academy of Sciences and the recipient of the 
SPIE Educational Scholarship in 2007.

mailto:aydin@northwestern.edu
http://eecs.northwestern.edu/~aydin
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PS2-2: Holographic Beam Shaping in Nonlinear
Optics, Plasmonics and Electronics 

Ady Arie
School of Electrical Engineering, Tel Aviv University

Email: ady@eng.tau.ac.il

Abstract

O ptical holograms enable storing the amplitude and phase of a waveform. The 
waveform can then be reconstructed by illuminating the object with a reference 

beam. Originally, these holograms were obtained by interfering the image and reference 
beam on a light-sensitive film, but in the 1960s computer-generated holography was 
introduced, where the required modulation pattern is computed and printed directly on 
a mask. 

Here we will report recent results that show how the concept of computer generated 
holograms can be extended to new regimes – nonlinear optics, plasmonics and electronics. 
In nonlinear optics, the required modulation pattern is recorded by modulating the 
quadratic nonlinear coefficient of the crystal, so that when a reference wave illuminates 
the crystal, the desired beam shape is reconstructed at the second harmonic frequency. In 
plasmonics, a metal grating replaces the traditional holographic plate, so that when it is 
illuminated by a reference free-space wave, only the desired plasmonic beam is excited. 
Alternatively, the plasmonic beam can serve as the reference wave, thereby coupling 
it to a free-space beam with a desired shape. Finally, electron beams can be arbitrarily 
shaped by focused ion beam milling of a thin SiN membrane.  

Biography
Prof. Ady Arie joined Tel-Aviv in 1993 and in 2006 he became a Professor 
of Electrical Engineering. Presently he serves as the Head of the School 
of Electrical Engineering at Tel-Aviv University. He is a Fellow of the 
Optical Society of America and Chair of the Israel Section of IEEE-
Photonics. In the years 2008-2014 he was also a topical editor of Optics 
Letters. Prof. Arie is the co-author of more than 140 publications in 
peer-reviewed scientific journals, 2 book chapters and 5 patents. His 

research in the last years is in the areas of nonlinear optics, electron microscopy and 
plasmonics.

mailto:ady@eng.tau.ac.il
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PS2-3: New Directions in Precision Metrology:
Compton Frequency Collective States Superluminal 

Ring Lasers and Ultra-High

Selim M. Shahriar 
Department of Electrical Engineering & Computer Science

 and Physics & Astronomy, Northwestern University 
 Email: shahriar@northwestern.edu, Web: http://lapt.eecs.northwestern.edu

Abstract

P recision metrology has many practical applications.  It has also played an important 
role in testing the fundamental laws of physics with ever increasing accuracy.  In 

this talk, I will describe two new tools of precision metrology.  First, I will describe the 
superluminal ring laser (SRL), inside which the group velocity of light may be as high as 
a million times larger than that of the vacuum speed of light, without violating causality 
or relativity.  The SRL and related effects can be tailored to make general purpose, ultra-
precise fiber-optic sensors for measuring strain, as well as for vibrometry, precision tests 
of General Relativity and detection of gravitational waves.  Second, I will describe how 
interferometry at a Compton frequency as high as ten nonillion Hz (10^31 Hz) or a de 
Broglie wavelength as small as ten atto meter (10^-17 m) can be observed by measuring 
the collective states of an ensemble of a million non-interacting cold atoms, behaving 
as a single particle.   I will describe how this process can be used to make novel types 
of atom interferometers and atomic clocks, with significant enhancement in sensitivity 
over their conventional counterparts.  

Biography
Dr. Selim Shahriar is a Professor in the Departments of Electrical 
Engineering and Computer Science and Physics and Astronomy at 
Northwestern University.  His received his Ph.D. from MIT in 1992. 
His research interests include Applications of Slow and Fast Light, 
Quantum Computing with Trapped Atoms, Gravitational Wave 
Detection, Tests of General Relativity, Holographic and Polarimetric 
Image Processing, Atomic Clocks and Atom Interferometry.  He has 

published 390 journal and conference papers. He is a member of the LIGO Scientific 
Collaboration and a Fellow of SPIE and OSA.

mailto:shahriar@northwestern.edu
http://lapt.eecs.northwestern.edu
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PS2-4: Nano-Antennas at Optical Frequencies: 
Devices and Applications

Jacob Scheuer
School of Electrical Engineering, Tel Aviv University

Email: kobys@eng.tau.ac.il,  Web: www.eng.tau.ac.il/~kobys/

Abstract

A lthough there is no basic difference between radio waves and light, the means 
employed to manipulate, generate and detect these waves are completely different. 

Light waves are generally handled by dielectric components such as lenses and fibers 
and semiconductor materials while radio waves are handled with metallic antennas and 
transmission lines. Recent advances in the field of micro and nano-fabrication facilitate 
the downscaling the concept of metallic antennas to submicron dimensions for operation 
at optical frequencies and offers unique advantages for numerous photonic applications. 
Such nano-antennas support unique hybrid electric-electromagnetic modes often 
referred to as surface plasmon polaritons, which exhibit extremely short wavelengths 
and strong confinement of the electromagnetic field on the nanometer scale. Employing 
nano-antennas at optical frequencies is highly attractive for numerous applications such 
as Holography, ultra-sensitive sensing, nano-scale light sources, spectroscopy, imaging, 
photo-detection, particle trapping, nonlinear optics, and many more In this talk, I will 
present our work on nano-antenna based devices for various applications, in particular, 
holography, sensing and particle trapping.

Biography
Jacob "Koby" Scheuer received the B.Sc. degree (summa cum laude) in 
electrical engineering and in physics, and the Ph.D. degree in electrical 
engineering from the Technion-Israel Institute of Technology, Haifa, 
Israel, in 1993 and 2001, respectively. He was a Chief Designer 
with Lambda crossing-an optical component startup specializing in 
microring resonators for two years. Then, he joined the Center for the 
Physics of Information and the Department of Applied Physics, the 
California Institute of Technology, Pasadena, as a Research Associate. 

Currently, he is an associate professor with the School of Electrical Engineering, Tel-
Aviv University, Ramat-Aviv, Tel-Aviv, Israel. His main fields of research involve 
plasmonics, nano-antennas, micro and nano-sensors and telecommunications. Prof. 
Scheuer is the author or co-author of more than 80 scientific paper in peer-review 
journal, 4 book chapters, more than 60 papers in conference proceeding, and 10 patent 
applications. He is a member of the OSA and SPIE and senior member of the IEEE.

mailto:kobys@eng.tau.ac.il
http://www.eng.tau.ac.il/~kobys/
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PS3-1: Nanoparticles and Nanoplasmonics

Laurence D. Marks

Department of Materials Science and Engineering, Northwestern University
Email: L-marks@northwestern.edu, Web: www.numis.northwestern.edu 

Abstract

N anoparticles are important in many areas ranging from their role as tribocorrosion 
debris or as precipitates in physiological responses to metal implants to 

applications as heterogeneous catalysts. A more recent area has been their use in a range 
of nanoplasmonic based research exploiting developments in methods of producing in 
relatively high yields specific shapes. One perplexing question has been how the shape 
of nanoparticles depends in detail upon the nucleation and growth processes in solution 
as well as how this in turn influences their plasmonic behavior. This talk will focus on our 
recent progress in understanding both of these via reducing the complexity of multiple 
synthetic methods to more fundamental growth models and the plasmonic properties to 
the underlying length of the dipole oscillations.

Biography
Laurence Marks is a Professor of Materials Science and Engineering 
at Northwestern University. He has active research programs in a 
range of different topics including anything and everything involving 
electron microscopy, oxide surface structure and thermodynamics, 
high-temperature oxidation and aqueous corrosion, nanoscale 
tribology, tribocorrosion and related problems for implant materials, 
the structure and thermodynamics of nanoparticles with a particular 
emphasis on nanoplasmonics and catalysis as well as quasi-Newton 

methods for density functional models. He is author of co-author of more than 300 papers 
in refereed journals, and his awards include being elected a Fellow of the American 
Physical Society, the Burton Medal of the Electron Microscopy Society of America and 
the Warren Award of the American Crystallographic Association. He is currently a co-
Editor of Acta Cryst A.

mailto:L-marks@northwestern.edu
http://www.numis.northwestern.edu
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PS3-2: 30 Years of Electroless Plating for
Semiconductor and Polymer Micro-Systems 

Yosi Shacham-Diamand
Chair for Nano Scale Information Technologies, Department of Physics 

& Department of Materials Science and Engineering, Tel Aviv University
Email: yosish@eng.tau.ac.il,  Web: http://www.eng.tau.ac.il/~yosish/ 

Abstract

E lectroless deposition (ELD) is a well-known method for preparing thin films of 
metals and their alloys. It is a highly selective method allowing additive patterning 

of isolated and embedded structures on insulating substrates, e.g. glass, plastic or ceramic. 
It is a relatively low temperature (less than the boiling point of the electrolyte) and low cost 
process compared to other physical and chemical vapor deposition methods. ELD features 
uniform and normally conformal deposition (additives may affect its conformality) with 
low defect density and some unique material properties. In the last 30 years electroless 
plating of metals (e.g. copper, gold, nickel, cobalt, palladium, iron, silver, etc.) and their 
alloys, was demonstrated for micro system applications: microelectronics, micro electro 
mechanics, micro electro optics and microfluidics, micro fuel cells, micro batteries etc. 
Electroless plating was also demonstrated on nano structures, both artificial and natural. 
In this paper we present a short tribute to the recent advances in electroless plating in 
the last 30 years. The progress in electroless plating followed the need and the trend for 
better metallization technologies for complex structures with critical dimensions that 
had been shrinking continuously in the last few decades.

Biography
D.Sc. EE 1983, M.Sc. EE 1978, and B.Sc. EE (summa cum 
laude) 1974, all in Technion, Israel.  1983-1986 post-doctorate at 
U.C. Berkeley. 1987- 1989 Senior Lecturer, the Technion, Israel. 
1989-1996 Assistant Professor at Cornell University, 1997-2001 
Associate Professor and since 2001 a full professor at the School 
of Electrical Engineering, Dept. Physical Electronics, Tel-Aviv 
University. He was the director of the Tel-Aviv University Center 
for Nanoscience and Nanotechnology (2001-2004), head of the 
Dept. Electrical Engineering – Physical Electronics (2006-2010), 

Vice Dean of the Faculty of Engineering (2010-2013), Member of the Board of Directors 
of the Tel Aviv University Technology Transfer Corporation Ramot Ltd. (2008-2014) 
and the Teal Aviv University Patent Committee (2007-2013). He is a Visiting Professor, 
CNR-IMM, Rome, Italy, Visiting Professor, Waseda University, Tokyo, Japan and a 
distinguished international chair professor, Feng Chia University. He has published 205 
journal papers, >300 conference papers in registered proceedings, 4 chapters in books, 
20 patents, edited two conference proceedings books, and two books. Currently, he is a 
member of the Israeli National Committee for Generic Technology (MAGNET), Office 
of the Chief Scientist, Ministry of Economy.

mailto:yosish@eng.tau.ac.il
http://www.eng.tau.ac.il/~yosish/
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 PS3-3: Electroless Plating and Electrodeposition of
Rhenium-Based Alloys for High-Temperature Applications

Noam Eliaz
Department of Materials Science and Engineering, Tel-Aviv University, Tel Aviv

Email: neliaz@eng.tau.ac.il, Web: http://www.eng.tau.ac.il/~neliaz

* This work is in collaboration with Prof. Eliezer Gileadi from the School of Chemistry, Tel-Aviv 
University, and is funded by the U.S. AFOSR (grant FA9550–10-1-0520) and the Israel DoD (grant 
number 4440258441). Atom-probe tomography (APT) characterization was conducted in collaboration 
with Prof. David Seidman from the Department of Materials Science and Engineering at Northwestern 
University during my sabbatical as an Eshbach Scholar of the McCormick School of Engineering and 
Applied Science.

Abstract

R henium (Re) is a refractory metal with a unique combination of properties. It has 
high melting point and excellent wear properties, it does not form carbides and 

does not have a ductile to brittle transition, it has excellent mechanical properties at high 
temperatures, and attractive catalytic properties. For these reasons, Re and its alloys 
have attracted much interest in many industrial applications, such as aerospace, nuclear, 
electrical, chemical, and biomedical.
 In this presentation, I will review our six-year study of the electrodeposition and
 electroless plating of Re-based alloys. Issues such as the catalytic effect of iron-group
 metals on the deposition of rhenium, the early stages of deposition, the effects of bath
 deposition and pulse plating, electroless plating on carbons, and the microstructure of
  .wthin films, will be discussed

Biography
Professor Noam Eliaz is the founding Head of the Department of 
Materials Science and Engineering at Tel-Aviv University (TAU). He 
received his B.Sc. and Ph.D. (direct track) in Materials Engineering 
as well as M.B.A., all cum laude from Ben-Gurion University. He 
served for three years in the Department of Materials and Failure 
Analysis of the Israel Air Force. He is the founding Director of the 
Biomaterials and Corrosion Laboratory, and leads a large, successful 
research group. He has published over 300 research publications, 
and is Editor-in-Chief of the journal Corrosion Reviews. To date, 

Prof. Eliaz and his colleagues have raised over $3.2 million for research and equipment. 
He has served as the founding Head of the Materials and Nanotechnologies graduate 
program at TAU, Chairman of the 14th Israel Materials Engineering Conference, and 
Chairman of Central Committee for Chemistry Standards at the Standards Institution 
of Israel. He has won many prestigious awards, including the Fulbright and Rothschild 
postdoctoral scholarships (working at the H.H. Uhlig Corrosion Laboratory of M.I.T); 
Eshkol and Dan David scholarships; T.P. Hoar Award for the best paper published in 
Corrosion Science during 2001; Eshbach Scholarship from Northwestern University; 
JSPS fellowship, Japan; and NACE International’s Uhlig (2010), Fellow (2012), and 
Technical Achievements (2014) Awards in corrosion.

mailto:neliaz@eng.tau.ac.il
http://www.eng.tau.ac.il/~neliaz/index.html
http://www6.tau.ac.il/matnano
http://www6.tau.ac.il/matnano
http://www.eng.tau.ac.il/imec14
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PS4-1: Spintronic Devices and Spin Amplification

 in InMnAs/InAs Heterojunction Devices 

Bruce. W. Wessels
Department of Materials Science and Engineering, Northwestern University

 Email: b-wessels@northwestern.edu
 Web: http://www.matsci.northwestern.edu/people/faculty/profiles/bruce-w-wessels.html

Abstract

N arrow gap III-V semiconductors have been investigated for semiconductor 
spintronics. By alloying these semiconductors with manganese, magnetic 

semiconductors result. Giant magnetoresistance has been observed in narrow gap 
magnetic semiconductor p-n heterojunctions. The giant magnetoresistance which is 
positive above 17 K is attributed to spin selective carrier scattering in the magnetic 
semiconductor.   For a InMnAs/InAs heterojunction diode a giant magnetoresistance 
of 2680 % is observed at room temperature. This work indicates that highly spin-
polarized magnetic semiconductor heterojunctions can be realized that operate at room 
temperature. Devices based on the giant magnetoresistance include spin diodes and 
bipolar magnetic junction transistors (MJT). The n-p-n bipolar transistor shows a gain 
of 20 at 298 K. Upon applying a magnetic field the gain decreases indicating a negative 
magnetoamplification. We utilize the diode magnetoresistance states to create a binary 
spin logic family.

Biography

Bruce Wessels is the W.P. Murphy Professor of Materials Science and 
Engineering, and Electrical Engineering and Computer Science at 
Northwestern University. He received his undergraduate degree from 
U. of Pennsylvania and Ph.D. degree in Materials Science from MIT. 
He is a fellow of APS, OSA and ASMI. He is author/co-author of 340 
articles on electronic, magnetic and optical properties materials and 
devices. He is the holder of 15 U.S. patents. He is a former president 

of TMS.

mailto:b-wessels@northwestern.edu
http://www.matsci.northwestern.edu/people/faculty/profiles/bruce-w-wessels.html
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PS4-2: 2D to 1D Oxide Interfaces: Superconductivity, 
Magnetism and Ballistic Transport Effects  

Yoram Dagan

School of Physics and Astronomy & the Department of Materials 
Science and Engineering, Tel Aviv University

Email: yodagan@post.tau.ac.il , Web: http://physics.tau.ac.il/dagan/

Abstract

O xide interfaces can have physical properties, which are very different from 
their constituent materials. These properties can manifest themselves in various 

orders such as superconductivity, magnetism, and ferroelectricity. Of these interfaces 
probably the most studied one is the interface between the two insulating perovskites: 
SrTiO3 and LaAlO3, which exhibits properties of a two dimensional (2D) electron gas, 
superconductivity strong spin-orbit interaction and magnetism. 
In our laboratory we study the nature of collective electronic orders at this interface 
and develop methods to create nanowires and quantum wires from this interface. The 
nanowires have a unique superconducting and magnetic ground state. The quantum-
wires exhibit long ballistic transport and spin polarization and can therefore become an 
important component in future spin-electronic-devices.

Biography
Professor Yoram Dagan finished his PhD entitled: "Anisotropic 
tunneling into YBa2Cu3O7-δ epitaxial films" in condensed matter 
physics in 2002.  He then moved to the University of Maryland college 
Park where he studied electron-doped cuprate superconductors.  
In October 2005 he became a senior lecturer and then and assoc. 
professor at the physics department at Tel Aviv University. His 
research interests are unconventional superconductors, topological 
insulators, oxide interfaces and organic-oxide interfaces. For more 

details see:
 http://scholar.google.com/citations?user=n_IADUEAAAAJ&hl=en. 
Prof. Dagan is also the head of the Lautman program for excellent students and the 
Gordon center for energy research. He is the recipient of the Rector award for excellence 
in teaching and the Israeli Physics Society award for a young faculty member. 

mailto:yodagan@post.tau.ac.il
http://physics.tau.ac.il/dagan/
http://scholar.google.com/citations?user=n_IADUEAAAAJ&hl=en
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PS4-3: Hall Effect Spintronics

 Alexander (Sasha) Gerber

School of Physics and Astronomy, Tel Aviv University
Email: gerber@post.tau.ac.il

Abstract

S pintronics is a new branch of electronics in which electron spin, in addition to 
charge, is manipulated to yield a desired outcome. Since the Nobel Prize winning 

discovery in the late 80s the mainstream fundamental and applied research in spintronics 
is based on the Giant Magnetoresistance (GMR) and Tunneling Magnetoresistance 
(TMR) phenomena in heterogeneous multilayer magnetic structures. Our work is mainly 
focused on a different spin-dependent phenomenon: the so-called Extraordinary Hall 
effect (EHE) that generates electric field proportional to magnetization across a current 
carrying magnetic films. The effect can be used for fundamental studies of nanoscopic 
magnetic objects, but also for development of highly sensitive magnetic sensors and 
multi-bit magnetic random access memory.

Biography
Alexander (Sasha) Gerber is professor of physics and head of 
the Spintronics and High Magnetic Field Laboratory at Tel Aviv 
University. After receiving his Ph.D. in physics at Tel Aviv University 
in 1989 he worked as a post-doctoral researcher at Laboratoire Louis 
Neel, CNRS, Grenoble (1989–1991) and at Van der Waals–Zeeman 
Laboratory, University of Amsterdam (1991–1993). 

mailto:gerber@post.tau.ac.il
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PS5-1: Atomistic Simulation of Materials:  
Multifunctional Oxide Films

Oswaldo Diéguez

Department of Materials Science and Engineering,
 Tel Aviv University, Tel Aviv, Israel 

Email: dieguez@tau.ac.il ,  Web: http://www.eng.tau.ac.il/~dieguez/ 

Abstract

I n this talk I will introduce the research activities of the Atomistic Simulation of 
Materials group at the Department of Materials Science and Engineering of Tel Aviv 

University. First, I will discuss the general concepts of our subject of research. Then, I 
will illustrate these concepts by using recent examples of our research in multifunctional 
oxide films, including ferroelectric and multiferroic materials.

Biography
Dr. Oswaldo Dieguez is a member of the new Department of Materials 
Science and Engineering at Tel Aviv University, where he heads the 
Atomistic Simulation of Materials group. Dr. Dieguez holds a PhD 
in Physics from the University of Santiago de Compostela, Spain, 
and he was a postdoctoral researcher at the University of Cambridge, 
Rutgers University, and MIT. Dr. Dieguez was a senior researcher 
(Ramón y Cajal Fellow) at the Institut de Ciencia de Materials de 

Barcelona before joining TAU in October 2013.

mailto:dieguez@tau.ac.il
http://www.eng.tau.ac.il/~dieguez/
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PS5-2: Reimagining Electronic Materials
 Discovery in Layered Oxides

James M Rondinelli
Department of Materials Science and Engineering, Northwestern University

Email: jrondinelli@northwestern.edu,   Web: http://mtd.mccormick.northwestern

Abstract

T raditional approaches to create and control functional electronic materials have 
focused on new phases in previously unknown bulk minerals. More recently, 

interlayer physics has spawned interest in known materials in unexplored atomic scale 
geometries, especially in complex transition metal oxides (TMO), where heterostructures 
and superlattices with abrupt interfaces and ordered cation sublattices can be created on 
demand. In this talk, I describe how dimensionality control in artificial and naturally 
layered oxides in combination with anharmonic lattice distortions opens a structural 
“sand box” from which to design and discover ferroic functionality. Three examples 
are discussed within the context of new forms of ferroelectricity  identified from first-
principles electronic structure calculations: (a) emergent ferroelectricity in perovskite 
superlattices comprised of bulk materials without tendency to polar ground states, 
(b) ferrielectric-to-ferroelectric transitions with large electromechanical coupling, 
and (c) generalization of the lattice-mode anharmonicity method for lifting inversion 
symmetry to n=1 Ruddlesden-Popper oxides, where until recently there was a dearth of 
noncentrosymmetric materials. In some cases, I also discuss the subsequent experimental 
validation. I conclude by showing that an equal-footing treatment of the atomic and 
electronic structure provides a realistic strategy to tailor the structure-based electronic 
properties of known materials, and discover yet-to-be realized novel oxides.

Biography
Dr. James Rondinelli is currently an Assistant Professor in 
the Materials Science and Engineering (MSE) Department at 
Northwestern University, where he leads the Materials Theory and 
Design Group. His interests are in the first-principles design and 
understanding of functional complex oxide- and fluoride-based 
materials—inorganic compounds that are expected to be key in next 
generation electronic and optical de-vices. In 2014 he received the 
Ross Coffin Purdy Award from the American Ceramic Society for 
making the most valuable contribution to the ceramics literature in 
2012. He has received the DARPA Young Faculty Award (2012) and 

ARO Young Investigator Program (YIP) award (2012). Dr. Rondinelli has (co)-authored 
more than 50 peer-reviewed publications with more than 1000 citations. He is a member of 
the APS, MRS, ACS, and ACerS, and has organized multiple symposia for these societies 
on the physics and chemistry of transition metal oxides. He received a B.S. in MSE from 
Northwestern (2006) and a Ph.D. in Materials from the University of California, Santa 
Barbara (2010). From 2010-2011, he was the Joseph Katz Named Fellow in the X-ray 
Science Division at Argonne National Laboratory. Prior to joining Northwestern, he was 
assistant professor at Drexel University, Philadelphia, PA (2011-14).

mailto:jrondinelli@northwestern.edu
http://mtd.mccormick.northwestern
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PS5-3: A State Representation Approach for Atomistic Time-
Dependent Transport Calculations in Molecular Junctions

Oded Hod
Department of Chemical Physics, School of Chemistry, Tel Aviv University

Email: odedhod@tau.ac.il, Web: http://www.tau.ac.il/~odedhod/

Abstract

A new method for simulating electron dynamics in open quantum systems out of 
equilibrium, which is motivated by the intuitive and practical nature of the damped 

Liouville von-Neumann equation approach of Sánchez et al. [J. Chem Phys. 124, 
214708 (2006)], will be presented. The new approach is based on a transformation of the 
Hamiltonian matrix from an atomistic to a state representation of the molecular junction. 
This enables us to uniquely define the bias voltage across the system while maintaining a 
proper thermal distribution within the lead models. Furthermore, it allows us to investigate 
time-dependent effects in non-linear and multi-lead configurations. We investigate the 
degree of conservation of exact conditions such as the N-representability and positivity 
of the density matrix. We believe that the new approach offers a practical and physically 
sound route for performing atomistic time-dependent transport calculations in realistic 
models of molecular electronics junctions.

* This work is in collaboration with T. Zelovich, School of Chemistry, Tel Aviv 
University; L. Kronik, Department of Materials and Interfaces, Weizmann Institute of 
Science

Biography
Oded Hod received his B.Sc. from the Hebrew University, Israel, in 
1994 and his Ph.D. from Tel-Aviv University, Israel, in 2005. After 
completing a postdoctoral term at Rice University, USA, he joined 
Tel-Aviv University in 2008. His research involves computational 
nanomaterials science including electronic structure, mechanical and 
electromechanical properties, density functional theory, molecular 
electronics and spintronics, and electron dynamics in open quantum 
systems. Prof. Hod is a member of the Global Young Academy, 

the Israeli Young Academy, and the Lise-Meitner–Minerva Center for Computational 
Quantum Chemistry. He has established the Israeli CECAM node at Tel-Aviv University 
and served as its Director until 2014. He received Tel-Aviv University’s 2012 Rector’s 
Award for Excellence in Teaching. Prof. Hod has published 45 scientific papers and two 
book chapters with a total of more than 2000 citations and an h-index of 19.

mailto:odedhod@tau.ac.il
http://www.tau.ac.il/~odedhod/
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PS5-4: Simulating materials and
 processes at different scales

Amir Natan

Department of Physical Electronics, Tel-Aviv University 
Email: amirnatan@tau.ac.il , Web: http://www.eng.tau.ac.il/~amirn

Abstract

T heoretical understanding of devices such as photovoltaic cells, batteries and nano-
junctions requires modeling of materials and processes at different scales. In our 

group we use a variety of methods from quantum methods such as Density Functional 
Theory (DFT), TDDFT and GW, through classical atomistic methods such as Molecular 
Dynamics (MD) to continuum models such as Poisson-Boltzmann and the Boltzmann 
transport equation. In this talk I will review some of our main projects – high throughput 
analysis of new metal oxides, analysis of processes for Li-air and Na-air fuel cells, and 
finally modeling the interaction of electromagnetic fields with nano-size objects with 
applications to nano-antennas and non-linear light matter interaction.

Biography
Amir Natan got his B.Sc. In Physics and Mathematics from the 
Hebrew University, M.Sc. in Electrical Engineering from Tel-Aviv 
University and PhD in Chemistry from the Weizmann Institute of 
Science. After a Post-doc in Northwestern University he has joined 
the Department of Physical Electronics in Tel-Aviv University (Oct 
2011). His research is focused on multi-scale methods for materials 
and devices for photovoltaics and energy storage. The group uses 
existing tools of quantum and classical simulation methods and also 

develops DFT and TDDFT codes and formalism. The group research focuses on novel 
metal oxides and 2D materials.

mailto:amirnatan@tau.ac.il
http://www.eng.tau.ac.il/~amirn
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PS5-5: Vapor-Liquid-Solid Growth: 
Twins and Wire Composition

Peter W. Voorhees

Department of Materials Science and Engineering, Northwestern University
Email: p-voorhees@northwestern.edu, Web: www.speedy.ms.northwestern.edu 

Abstract

D uring vapor-liquid-solid (VLS) growth of nanowires, molecules from the vapor 
contact a liquid catalyst, decompose, and feed the growth of the solid wire. This 

yields wires that are of nanometers diameter and microns length. A twin-plane based 
nanowire growth mechanism is established using Au catalyzed Ge nanowire growth as a 
model system. Unlike to bulk crystals, the nanowire geometry allows steady state growth 
with a single twin boundary at the nanowire center. We suggest that the nucleation barrier 
at the twin-plane re-entrant groove is effectively reduced by a line energy, and hence the 
twin acts as a preferential nucleation site that dictates the lateral step flow cycle that 
constitutes nanowire growth.  Wires have also been used as substrates to create novel 
optoelectronic devices by depositing AlGaAs alloy layers on the sides of GaAs wires.  
The origin of the strongly non-uniform composition fields that form during this growth 
process will be discussed. 

Biography
Peter Voorhees is the Frank C. Engelhart Professor of Materials 
Science and Engineering at Northwestern University, and Professor 
of Engineering Sciences and Applied Mathematics.  He is co-director 
of the Northwestern-Argonne Institute for Science and Engineering. 
He received his Ph.D. in Materials Engineering from Rensselaer 
Polytechnic Institute.  He was a member of the Metallurgy Division 
at the National Institute for Standards and Technology until 
joining the Department of Materials Science and Engineering at 

Northwestern University in 1988.    He has received numerous awards including the 
National Science Foundation Presidential Young Investigator Award, ASM International 
Materials Science Division Research Award (Silver Medal), the TMS Bruce Chalmers 
Award, the J. Willard Gibbs Phase Equilibria Award from ASM, the McCormick School 
of Engineering and Applied Science Award for Teaching Excellence, and is listed as a 
Highly Cited Researcher by the Institute for Scientific Information. Professor Voorhees 
is a fellow of ASM International, the Minerals, Metals and Materials Society, and 
the American Physical Society. He has published over 200 papers in the area of the 
thermodynamics and kinetics of phase transformations.

mailto:p-voorhees@northwestern.edu
http://www.speedy.ms.northwestern.edu
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PS5-6: Electronic Structure and Properties
 of Transition-Metal Oxide Films for 

Applications in Memristor Technology

Ilan Goldfarb

Department of Materials Science and Engineering,
 Faculty of Engineering, Tel Aviv University

Email: ilang@eng.tau.ac.il, Web: http://www.eng.tau.ac.il/~ilang

Abstract

T ransition-metal oxides (TMO) play an increasingly important role in contemporary 
devices and oxide electronics, in particular in memristor technology for resistive 

switching.  By combining in situ chemical state and electronic band structure studies 
from x-ray photoelectron spectroscopy (XPS) with temperature-dependent transport 
measurements, we explored the relationship between electronic structure and conduction 
mechanisms in thin sputtered films of three representative binary Me-O (Me=Ta, W, and 
Nb) systems, as a function of oxygen content.  These amorphous films displayed Fermi 
glass behavior following an oxidation-induced transition from metallic to hopping 
conduction, down to a sub-percolation threshold.  The hopping sites were created by 
neutral in-plane oxygen vacancy defects. The electron localization estimated from the 
band structure was in agreement with that from the transport measurements, and the 
two were used to construct phase diagrams of conduction in the degree of oxidation-
conductivity coordinates.  To increase the versatility of implementation in device 
technology, we have then proceeded to grow thin oxide film heterostructures for band 
gap engineering.

Biography
Ilan Goldfarb is a Full Professor at the Department of Materials Science 
and Engineering at Tel Aviv University.  After obtaining his doctorate in 
growth and transmission electron microscopy of thin multilayered films 
with Prof. Danny Shechtman at Technion’s Department of Materials 
Engineering in 1994, he was granted a British Council Post-Doctoral 
Award joined the Department of Materials at Oxford University (UK), 
where he spent five years as a Research Fellow specializing in surface 
science, epitaxial growth, and scanning tunneling microscopy.  He joined 
Tel Aviv University in 1999, and spent his 2010-2011 sabbatical year at 

the Nanoelectronics Research Group at Hewlett-Packard Laboratories in Palo Alto (Ca, USA) 
exploring electronic structure and conduction mechanisms in amorphous materials.  Until 
recently, he has headed the TAU Materials & Nanotechnologies Graduate Program, and at 
present he is heading the TAU Wolfson Applied Materials Research Centre.  Prof. Goldfarb’s 
current research focuses on self-organization of magnetic epitaxial nanostructures by scanning 
tunneling microscopy, electron diffraction, and photoemission methods, and on electronic 
structure of amorphous oxide films.  He is on the Editorial Board of Applied Physics A.

mailto:ilang@eng.tau.ac.il
http://www.eng.tau.ac.il/~ilang
http://www.tau.ac.il/institutes/wamrc/
http://www.springer.com/materials/journal/339
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PS6-1: Pencils, Paper and Movie Discs: 
          Curious Minds and Materials

Jiaxing Huang

 Department of Materials Science and Engineering, Northwestern University
Email: Jiaxing-huang@northwestern.edu, Web: http://jxhuang.mccormick.northwestern.edu/

Abstract

C uriosity is a fundamental driving force for scientific research. In this talk, I will 
discuss a few materials discoveries and innovations inspired by non-scientific 

sources. For example, aggregation is a major problem during the manufacturing and 
processing of graphene-based materials, which can be solved by solutions inspired by 
crumpled up papers in a waste basket. Crumpled graphene particles have very weak inter-
particle interactions, therefore they become aggregation resistant, and exhibit nearly 
universal solvent processability. Next, I will show how movie discs were found useful 
as nanoimprinting patterns for improving the performance of solar cells through light 
trapping. The last story is about how a question asked by students after class inspired 
their creation of sensors from ordinary office supplies. 

Keywords: Graphene-based materials, van der Waals attraction, aggregation-resistance, 
energy storage, nanoimprinting, quasi-random patterns, light trapping, chemiresistors.

Biography
Jiaxing Huang is an Associate Professor of Materials Science and 
Engineering at Northwestern University. He received his B.S. degree 
in Chemical Physics from University of Science and Technology of 
China (USTC) in 2000, Ph.D. in chemistry from UCLA in 2004, 
and became a Miller Postdoc Fellow at UC Berkeley before joining 
Northwestern in 2007. His main research interest is in the general 
area of material chemistry, processing and manufacturing. Some of 
the examples include 2D soft materials, organic nanocrystals and 

metal nanostructures. He is also interested in using them as a platform for materials 
education. Recent recognition of his work includes an NSF CAREER Award, a Sloan 
Fellowship, an Outstanding Young Manufacturing Engineer Award from the Society of 
Manufacturing Engineers, a quadrennial Fissan-Pui-TSI Award from the International 
Aerosol Research Assembly, being named by Thompson Reuters as a Highly Cited 
Researcher in Chemistry, and a Guggenheim Fellowship. 

mailto:Jiaxing-huang@northwestern.edu
http://jxhuang.mccormick.northwestern.edu/
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PS6-2: Contacts to High Resistivity Semiconductors

Arie Ruzin

Department of Physical Electronics,
 School of Electrical Engineering, Tel Aviv University

Email: ruzin@tauex.tau.ac.il , Web: http://www.eng.tau.ac.il/~aruzin

Abstract

H igh resistivity semiconductors are essential for numerous applications, e.g. 
sensors, microwave components, etc. Electrical contacts play a major role in these 

devices and often determine the overall device performance; more than in low resistivity 
semiconductors (e.g. even low level injection in high purity semiconductor modifies 
its resistivity drastically).  The understanding and modeling of such contact-materials 
systems are most challenging.

The various methods of obtaining high resistivity in semiconductors are reviewed. This 
study mainly focuses on calculations of ohmic and Schottky contacts to compensated 
and high purity semiconductors. Results related to contact scaling, recombination veloc-
ity, polarization, and velocity saturation effects are presented and discussed. It is demon-
strated that the first order, "text-book" approximations are often inadequate to describe 
the electrical properties of devices on high resistivity semiconductors.

Biography

I graduated B.Sc., M.Sc., and D.Sc. degrees at the Faculty of Electrical 
Engineering at Technion. The M.Sc. and the D.Sc. theses dealt with 
epitaxial layer growth by MOCVD (metal-organic chemical vapor 
deposition), and gamma-ray detectors, respectively. During the post-
doctorate fellowship at CERN (European center for nuclear research) 
I specialized in radiation-induced damage to semiconductors and 
devices. When I joined the Tel Aviv University in 1999, I continued 

working on various detectors (from infrared to particle detectors) and developed new 
interests including semiconductor characterization by deep level transient spectroscopy, 
atomic force microscopy, and device calculations and modeling.

mailto:ruzin@tauex.tau.ac.il
http://www.eng.tau.ac.il/~aruzin
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PS6-3: Can We “Cheat” Absorption?

Alon Bahabad

Department of Physical Electronics,
 School of Electrical Engineering, Tel-Aviv University

Email: alonb@eng.tau.ac.il, Web: http://www.eng.tau.ac.il/~alonb/ 

Abstract

O vercoming absorption in dielectric materials is a long-standing problem in optics. 
A known way to overcome absorption is to induce transparency through coherent 

control of the medium properties.  Here we suggest theoretically and numerically 
another possible route for overcoming absorption. In essence, we show that local optical 
oscillation at the absorbing resonance of a given material can be delivered through 
that material over macroscopic length scales if these oscillations are super-oscillations 
constructed of the interference of optical modes which are only slightly absorbed. 
Crucially, this is made possible due to ordered revivals of the superoscillation along the 
propagating coordinate.  

Biography

I did my PhD in Tel-Aviv University, 2004-2008 with the group of 
Ady Arie, focusing on quasi periodic nonlinear photonic crystals. 
Between the years 2008-2010 I was a Fulbright research associate 
with the Kapteyn-Murnane group in JILA – CU Boulder and NIST, 
where I did research on extreme nonlinear optics. Starting 2010, I 
am a faculty member in the department of physical electronics, Tel-
Aviv, doing research in various fields of optics. 

http://www.eng.tau.ac.il/~alonb/
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PS6-4: Moving Heat Sideways with
 Transverse Thermoelectrics

Matthew Grayson
Department of Electrical Engineering & Computer Science,

Northwestern University
Email: m-grayson@northwestern.edu, Web: http://eecs.northwestern.edu/mgrayson 

Abstract

A new class of electronic materials has been identified [1] with promising thermoelectric 
applications due to its scalability, geometric figure-of-merit enhancement, and ability 

to operate at cryogenic temperatures.  The so-called p x n–type transverse thermoelectric 
(“p-cross-n”) with p-type Seebeck in one direction and n-type orthogonal is a narrow 
gap semiconductor with both electrons and holes carrying comparable magnitudes 
of orthogonally directed heat currents. Off-diagonal terms in the Seebeck tensor can 
drive the net heat flow transverse to the net electrical current. Whereas thermoelectric 
performance is normally limited by the figure of merit ZT, these p × n type materials can 
be geometrically shaped for enhanced performance equivalent to an increased effective 
figure of merit. The single-leg nature of these thermoelectric devices allows for integrated 
device applications, leading to simpler, more compact, and efficient thermal elements for 
Peltier cooling or waste heat generators.  Anisotropic p x n-type materials which show 
promise include type II InAs/GaSb superlattices and non-cubic bulk crystals of narrow-
gap semiconductors such as CeBi(4)Te(6) and ReSi(1.75). Unconventional geometries 
for possible detector pixel cooling, and solar cell waste heat recovery are described.

[1] C. Zhou, M. Grayson, et al. PRL 110, 227701 (2013), “Driving perpendicular heat 
flow - (p x n)-type transverse thermoelectrics for microscale and cryogenic Peltier 
cooling.”

Biography
Matthew Grayson is an Associate Professor of Electrical Engineering 
and Computer Science, and Co-Director of the Global McCormick 
initiative to increase international networking opportunities for students 
and faculty. Prof. Grayson engineers semiconductor nanosystems where 
interactions and unconventional electron transport can be controlled 
and studied. Systems of interest are quantum wires, quantum wells, 
superlattices and quantum Hall effect. Other research areas of interest 

include thermal transport, thermoelectricity, thermoelectrics, particularly the field of 
transverse thermoelectrics, and amorphous oxide semiconductors.

mailto:m-grayson@northwestern.edu
http://eecs.northwestern.edu/mgrayson
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PS6-5: Optimizing Electronic Performance
 in Thermoelectric Materials

G. Jeffrey Snyder

Department of Materials Science and Engineering, Northwestern University
Email: jeff.snyder@northwestern.edu , Web: www.thermoelectrics.caltech.edu 

Abstract

E fficient operation of a thermoelectric device requires many variables to optimize. 
Achieving the maximum zT of a typical thermoelectric semiconductor requires 

optimization of the carrier concentration. Assuming the carrier concentration can be 
optimized the maximum zT  is then determined by the quality factor which depends on 
the material parameters of the semiconductor – effective mass, carrier pocket degeneracy, 
deformation potential, lattice thermal conductivity which leads to a rational consideration 
of the trade-offs. For example, many unconventional electronic structures that increase 
effective mass are being studied or proposed for high efficiency thermoelectric materials.  
However high effective mass of the carriers due to flat bands results in low mobility, 
which leads to lower zT. Instead, high DOS effective mass due to high valley degeneracy 
leads to high zT.  Alloying with point defects is another example where both benefit and 
detriment occur from the same process. By analyzing the effect on the quality factor a 
rational criteria can be derived to determine and quantify the benefit of alloying. Using 
such alloying for band structure engineering the overall efficiency of thermoelectric 
semiconductors can be engineered.

Biography
G. Jeffrey Snyder interests are focused on the materials physics and 
chemistry for thermoelectric engineering, such as semiconductor 
physics for band engineering, design of complex Zintl compounds 
and use of nanostructured composites.  His interdisciplinary 
approach stems from studies of Solid State Chemistry at Cornell 
University and the Max Planck Institute for solid state research, 
Applied Physics at Stanford University and thermoelectric materials 
& device engineering at NASA/Jet Propulsion Laboratory. He was a 

Faculty Associate at the California Institute of Technology (Caltech) before moving to 
Northwestern MSE.

mailto:jeff.snyder@northwestern.edu
http://www.thermoelectrics.caltech.edu
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PS6-6: Time-Resolved Optical Characterizations of Excitons and 
Phonons in Semiconductor Nanomaterials

Richard D. Schaller
Department of Chemistry, Northwestern University

The Center for Nanoscale Materials, Argonne National Laboratory
Email: schaller@northwestern.edu, 

Web: http://sites.northwestern.edu/schaller 

Abstract

C olloidally prepared semiconductor nanomaterials comprising materials such as CdSe, PbSe, 
and InSb offer size-controlled band gap, intense absorption features, and in some cases 

large photoluminescence quantum yields. Such desirable light-absorbing and emitting properties, 
in addition to facile solution processing, make these materials attractive for photocatalysis, 
solid-state lighting, detectors, and photovoltaics. We use time-resolved optical spectroscopy in 
order to elucidate the movement and fate of carriers and phonons within quantum-confined 
semiconductor materials. Using transient absorption and time-resolved emission, we have 
examined elevated temperature performance of quantum-confined semiconductor nanocrystals. 
Our measurements reveal reversible as well as irreversible exciton quenching pathways and 
note particular relevance of the surface termination on exciton integrity with temperature. We 
investigated lattice thermalization following above gap photoexcitation utilizing femtosecond 
stimulated Raman spectroscopy in order to characterize longitudinal optical (LO) phonon 
production and dissipation throughout the process of confinement-enhanced, ultrafast intraband 
carrier relaxation. Upon photoexcitation, we observe a decrease in stimulated Raman amplitude, 
a size-independent LO phonon formation time, and multiple timescales of LO phonon decay, 
which we explain. Mode softening is observed as is evidence of phonon down-conversion 
processes. Finally, we have begun examinations of novel material compositions such as InSb 
nanospheres and energy movement in 2-dimensional binary semiconductors of CdSe and CdSe/
CdS.

Biography
Prof. Richard D. Schaller obtained a combined BA/MS from Northwestern University in 

chemistry in 1997, and completed his doctorate in physical chemistry 
in the area of resonant and transient nonlinear optical imaging using 
near-field scanning optical microscopy from the University of 
California, Berkeley in 2002.  Following his PhD, he was selected as 
a Reines Distinguished postdoctoral fellow at Los Alamos National 
Lab in the group of Dr. Victor Klimov prior to becoming a permanent 
staff member at Los Alamos. Schaller moved to Argonne National 
Lab’s Center for Nanoscale Materials and Northwestern University 
in 2010. His main research efforts presently focus on elucidating 

the electronic and thermal properties of nanomaterials using combinations of transient 
absorption and time-resolved emission as functions of temperature, pressure, and 
magnetic field. Dr. Schaller has published 87 papers and holds 3 US patents.  

mailto:schaller@northwestern.edu
http://sites.northwestern.edu/schaller
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PS7-1: Nanomaterial Heterostructures
 for Electronic and Energy Technologies

Mark C. Hersam
Department of Materials Science and Engineering, Northwestern University

Email: m-hersam@northwestern.edu, Web: http://www.hersam-group.northwestern.edu/

Abstract

I mprovements in nanomaterial purity have yielded corresponding enhancements in 
the performance of electronic, optoelectronic, sensing, and energy technologies.  

However, as purities approach 100%, other strategies are required to achieve further 
improvements in device performance.  Towards this end, our laboratory has focused 
on the integration of disparate nanomaterials into heterostructures with well-defined 
interfaces. For example, organic self-assembled monolayers on graphene act as effective 
seeding layers for atomic layer deposited (ALD) dielectrics, resulting in metal-oxide-
graphene capacitors with wafer-scale reliability and uniformity. Similarly, the traditional 
trade-off between on/off ratio and mobility in semiconducting carbon nanotube (CNT) 
thin-film transistors (TFTs) is overcome by replacing conventional inorganic gate 
dielectrics with hybrid organic-inorganic self-assembled nanodielectrics. By utilizing 
unconventional gate electrode materials, the threshold voltage of semiconducting CNT 
TFTs can be further tuned, thus enabling CNT CMOS logic gates with sub-nanowatt 
power dissipation and full rail-to-rail voltage swing. Finally, p-type semiconducting 
CNT thin films are integrated with n-type single-layer MoS2 to form p-n heterojunction 
diodes. This device geometry enables gate-tunability of the diode rectification ratio in 
addition to anti-ambipolar behavior when operated as a three-terminal device. Overall, 
this work establishes that nanomaterial applications can be enhanced and diversified 
through precise integration into heterostructure devices.

Biography
Mark C. Hersam is the Bette and Neison Harris Chair in Teaching 
Excellence, Professor of Materials Science and Engineering, Chem-
istry, and Medicine, and Director of the Materials Research Center at 
Northwestern University. He earned a B.S. in Electrical Engineering 
from the University of Illinois at Urbana-Champaign (UIUC) in 1996, 
M.Phil. in Physics from the University of Cambridge in 1997, and 
a Ph.D. in Electrical Engineering from UIUC in 2000. As a faculty 
member, Dr. Hersam has received several awards including the NSF 

CAREER, Sloan Fellowship, Presidential Early Career Award for Scientists and Engi-
neers, AVS Peter Mark Award, MRS Outstanding Young Investigator, and six Teacher of 
the Year Awards. Dr. Hersam is the co-founder of NanoIntegris, which is a commercial 
supplier of carbon nanomaterials. Dr. Hersam is a Fellow of MRS, AVS, APS, and SPIE, 
and serves as Associate Editor of ACS Nano.
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PS7-2: Bio-Molecular Electronics:
 Materials and devices

Shachar Richter
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Abstract

I n bio-electronics one attempts to explore the nature of conductivity in biological 
systems such as DNA, Peptide and proteins. Since some of these macromolecules 

are relatively large and can be easily attached to metal leads, one can investigate their 
electrical properties in the solid-phase and construct nano-sized devices in which 
the biological layers serve as the active part of the device. In this talk I will describe 
our experimental approaches in bio- electronics and bio-optoelectronics materials 
and devices. Specifically several examples of systems and devices will be shown: (i) 
Engineered Light-emitting bio-materials, which are made using the efficient nanometric 
separation in certain type of proteins, (ii) Control over the electrical properties of nano-
sized junctions via “natural” and site-controlled doping of proteins monolayers, and (iii) 
construction and operation of reliable and reproducible bio-transistors.
1. J Am Chem Soc. 136:6151 (2014).
2. Adv. Mater. 23:4261 (2011).
3. Chem. Commun. 47 : 7419 (2012).
4. Nano Lett. 9:1296-1300.
5. J. Am. Chem. Soc. 134, 8468–8473 (2012)

Biography
Assoc. Prof. Shachar Richter is a faculty member at the newly-
established Department of Materials Science and Engineering at 
Tel Aviv University. He earned his BSc in Chemistry from Tel-Aviv 
University and his MSc and PhD (Chemical Physics and Materials 
Science) from The Weizmann Institute of Science, Rehovot. During 
1998-2001 Dr. Richter was a postdoctoral scholar and a staff member 
(MTS) at Bell-Laboratories (NJ, USA). In 2001 he joined Tel-Aviv 
University where he established the Nano-Electronics lab at the Center 
for Nanoscience and Nanotechnology, as a core member of the Center. 

During 2003-3013 he was a faculty member at the School of Chemistry. Prof Richter is 
the author of more than 55 peer reviewed publications and patents. His current research 
interests are molecular- and bio-electronics, bio-nanocomposites and novel patterning 
technologies. His group consists of ~10 members, including graduate students, postdocs 
and engineers with diverse backgrounds in chemistry, biology, physics and engineering.
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PS7-3: Energy Conversion Materials from 
Catalytic Coatings, Fibers, and Cloths 
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Abstract

T he rational design of energy conversion materials often requires a compromise 
between high catalytic activity and the high pressure drops associated with 

powdered materials. Fibers and cloths offer ease-of-handling, short diffusion distances, 
and a low flow resistance.  As a result, structured catalyst geometries such as fibers and 
cloths can satisfy both requirements; however, their activity under operational conditions 
often does not correlate with the results from controlled diagnostic experiments. 
This is particularly true for electrochemical devices in the case of oxygen reduction 
materials studied at a rotating disc compared to the same material bound to a fibrous gas 
diffusion layer. We are interested in studying the properties of catalytic coatings, fibers, 
and cloths for (1) the dry reforming of methane and (2) the electrochemical reduction 
oxygen.  We use pulse electrodeposition (PED) to deposit binary and ternary metallic 
alloys as catalytically active phases for CH4 and O2 conversion. PED can allow for 
novel microstructures unattainable through d.c. plating. In-situ probing of CH4 and 
O2 conversion over electrodeposited catalysts can be a powerful tool to evaluate their 
activity and stability. Furthermore, in-situ techniques can offer insight describing the 
contribution of microstructure, active site distribution, and understanding the diminished 
performance of catalytic materials under operational conditions. 

Biography
Dr. Rosen received his Bachelors from the University of Delaware and 
his MS and PhD from the University of Illinois at Urbana-Champaign in 
Chemical Engineering.  His doctoral work focused on low overpotential 
CO2 conversion to CO utilizing ionic liquid electrolytes. This work was 
published in 2011 in Science, and in 2013 in Nature Communications. Dr. 
Rosen has co-authored over 10 patents describing the use of this novel co-
catalyst system, utilizing both an adsorbed ionic liquid layer and a metal 
nanoparticle electrode. This research has also brought about the creation of 
a start-up company Dioxide Materials (Champaign, IL, USA) whose goal 
is the development of CO2 electrolyzers that utilize this new chemistry. 

Dr. Rosen was named as U.S. Department of Energy Office of Science Graduate Fellow (DOE-
SCGF) in 2010. Dr. Rosen was awarded both the Fulbright Postdoctoral Fellowship as well 
at the TAU Nanoscience and Nanotechnology Postdoctoral Fellowship. His postdoctoral work 
investigated the use of pulse electrodeposition for the fabrication of Ni-Re alloys for aerospace 
applications. As a post doctorate, he was awarded the Colton-Nadal grant to investigate the use 
of Ni-Re alloys as materials for methane dry reforming catalysts in an effort to advance gas-to-
liquid (GTL) technology. 
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Abstract

T he magnetic tunnel junction (MTJ) is a magneto-resistive device based on spin 
dependent tunneling between two ferromagnetic electrodes through an ultrathin 

insulating film. The MTJ serves as the read head sensor in hard disk drives and shows 
potential for use as a non-volatile memory unit.

We characterize experimentally, mostly by analytical transmission electron microscopy, 
the influence of nanoscale chemical ordering on the magneto-transport properties of 
these MTJ devices. 

I will review our work examining various components of the MTJ, such as the 
ferromagnetic electrode, the terminating layer between the electrode and barrier, and the 
use of interfacial exchange-bias for pinning magnetic moments in one of the electrodes. 

Biography
Amit Kohn is currently an Associate Professor at the Materials 
Engineering Department and a member of the Ilse Katz Institute 
for Nanoscale Science and Technology at Ben-Gurion University. 
He completed his Ph.D. at the Technion under the guidance of 
Prof. Moshe Eizenberg and Prof. Yosi Shacham-Diamand. He then 
joined the group of Prof. Amanda Petford-Long at the Materials 
Department at Oxford University. From 2005, Amit was a Senior 
Research Fellow (Royal Academy of Engineering) at Oxford 
University, leading the Magnetic Materials Group. Amit joined the 

Materials Engineering Department at Ben-Gurion University in 2010. Amit’s research 
projects are in the field of magnetic and electronic materials used for information storage 
devices. The contribution of the research is to relate between structure and composition of 
these materials to the magneto-transport properties of devices. The objective is therefore 
to improve on, or design new so-called ‘spintronic’ devices. Structural and chemical 
characterization is mostly achieved by analytical transmission electron microscopy, 
which probes the properties of the materials up to the atomic level. In addition, Amit 
applies and develops Lorentz electron microscopy and electron holography to image 
magnetic and electrostatic fields in materials and devices at the nanometer scale. 
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Abstract

I n this talk I will present an overview of my research program centered on the main 
theme of thermal and power awareness in high performance integrated circuits and 

systems. Our ultimate goal is to analyze, predict, and prevent adverse effects of high 
operating temperatures on the performance and efficiency of integrated circuits. Some 
of the techniques we have developed to address thermal issues are directly related to 
physical properties of the underlying system. For instance, we observed that there is a 
large variation in DRAM chip temperatures. Our analysis collected from measurements 
on a real system indicating that temperatures across DRAM chips can vary by over 
10°C. We have designed a variety of hardware and software techniques to minimize 
this variation as well as the peak DRAM temperature.  I will highlight some of our 
ongoing work on mitigating the thermal effects of emerging integrated circuits and 3D 
integration of many-core and main memory chips. 

Biography
Seda Ogrenci-Memik received her BS degree in Electrical and 
Electronic Engineering from Boğaziçi University, Istanbul, Turkey 
and her PhD in Computer Science from University of California, 
Los Angeles. She is currently an Associate Professor at the Electrical 
Engineering and Computer Science Department of Northwestern 
University. Her research interests include thermal-aware design 
and management of high performance system, embedded and 
reconfigurable computing, and thermal sensing technologies. 
She received the National Science Foundation Early Career 

Development (CAREER) Award in 2006. Dr. Ogrenci-Memik has served as technical 
program committee member, organizing committee member, and track chair of several 
conferences, including ICCAD, DAC, DATE, FPL, GLSVLSI, and ISVLSI and she is 
currently serving on the Editorial Board of IEEE Transactions on VLSI.
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Abstract

T his talk will serve to give an overview of the Electrical Engineering division at 
Northwestern Faculty in the division are grouped into two research interests groups: 

“Solid state and photonics” and “Signals and Systems;” research activities in both of 
these groups will be discussed as well as the undergraduate and graduate curriculum.  
Optoelectronics research of Prof. Hooman Mohseni will be highlighted as will the 
quantum optics research of Prof. Prem Kumar, as they were both unable to attend this 
workshop.  This talk is intended to have a more administrative flavor representing my 
role as Division Head of the Electrical Engineering Division of the EECS department.

Biography
Randall Berry received his PhD in Electrical Engineering and 
Computer Science from the Massachusetts Institute of Technology in 
2000. Subsequently, he joined Northwestern University, where he is 
currently a Professor in the Department of Electrical Engineering and 
Computer Science, Director of the Electrical Engineering division 
and the Associate Department Chair for Undergraduate Studies. His 
research interests span topics in wireless communications, computer 
networking, network economics, and information theory. Dr. Berry’s 
honors include being the recipient of a 2003 NSF CAREER award, 

being elected Fellow of the IEEE and being nominated as a IEEE Communications 
Society Distinguished Lecturer for 2013-14. He has served as an editor for the IEEE 
Transactions on Wireless Communications (2006-2009) and the IEEE Transactions on 
Information Theory (2009-2011) as well as a member of the program and organizing 
committees of numerous conferences including serving as the co-chair of the 2012 
IEEE Communication Theory Workshop and the technical co-chair of 2010 IEEE ICC 
Wireless Networking Symposium.
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