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Symposium E: Photovoltaic Technologies — Materials, Devices and Systems

Objective

Our world is at the most crucial time to address the growing issues of global warming, climate change and
depletion of conventional energy sources. With the increasing public awareness and enormous investment on
developing the clean and sustainable energy sources, photovoltaics (PV), is no doubt one of the leading
technologies. Over the next several years, it is expected that there will be significant advances in science and
technology in the PV area. To engage and discuss the most recent developments in the field, this symposium
provided a forum to explore new materials, concepts and approaches to further push the efficiency of PV
devices towards the fundamental limit, as well as link multidisciplinary areas of research (physics, chemistry,
materials science) and engineering for advancing the state-of-the-art PV technology.

Many exciting reports on the progress of a broad range of photovoltaic materials, devices and systems were
presented. The following are a few highlights of the Symposium:

Harry Atwater (Caltech) shared his vision of achieving high solar cell efficiency beyond 50%; Paul Sharps
(emcore) delivered an excellent overview of the current status of the development of the world's most
efficient multifunction solar cells; and Lewis Fraas (JX Crystals) introduced the high efficiency GaSb IR cell for
thermophotovoltaic (TPC) applications. Another interesting paper worth mentioning was presented by Ph.D.
student Adem Yildirim from UNAM National Nanotechnology Research Center, Bilkent University, Turkey.
Yildirim described large-area, robust, broad-band and omnidirectional antireflective and superhydrophobic
coatings based on nanostructured organically modified silica colloids that have been developed; these coatings
enhance the efficiency of dye-sensitized solar cells (DSSCs) with important self-cleaning properties.

John Walls (Loughborough University, UK) and his co-workers combined TEM, EDX and XPS analysis to explain
the effect of chloride treatment on CdTe solar cells. They found 11.7% efficiency on chloride treated devices
compared to 0.1% on pristine thin films. However, grain size did change significantly after chloride treatment.
TEM images showed surface tilting in the (101) plane, with multiple lines corresponding to stacking. Voids and
stacking faults were found all over the surface, which decreased after chloride treatment. Annealing of the as-
deposited films at 4000C for different times showed that increase in annealing time decreased the defect
density; stacking faults were significantly reduced in chloride treated films. EDX chlorine maps indicated
decoration of grain boundaries with chlorine passivation. Walls concluded that pristine CdTe had a high density
of stacking faults, and that cadmium chloride removed these faults by relaxation. Stacking fault density
decreased with increase in annealing time. Cadmium chloride penetrated through the grain boundaries and
built up the CdS surface which, in return, dramatically increased the efficiency of the solar cells.

In his invited talk on “Towards Ultrahigh-efficiency Solar Cells Using Dielectric Light Scattering

Structures”, Albert Polman (AMOLF, Netherlands) talked about how nanophotonic design can help

overcome many of the fundamental limits that are encountered in solar cells. Seth Hubbard

(Rochester Institute of Technology) talked about the use of epitaxial InAs/GaAs quantum dots for

bandgap engineering and optimization of single and multi-junction quantum dot solar cells. Stephen

Forrest (University of Michigan) demonstrated a novel damage-free epitaxial lift-off process for multiple reuse
of the parent wafer of GaAs thin-film solar cells. Both Takashi Fukui (Hokkaido University) and Diana Huffaker’s
(UCLA) groups demonstrated high performance IllI-V nanowirebased solar cells, which stimulated lots of
interesting questions and discussions. In the contributed talks, many types of solar cells fabricated from
nanostructures such as quantum dots and nanowires were demonstrated.



Symposium M at the 2012 MRS Fall Meeting:
ARO Grant No. W911NF-13-1-0021

Objective

The goal of this symposium was to disseminate information related to directional surfaces
in nature, their experimental characterization and theoretical understanding. Additionally,
engineered directional surfaces and their experimental characterization, synthesis, and
theoretical design tools were the main themes of the meeting for fabricating next
generation device and technologies.

Summary
60 presenters and 16 internationally recognized invited speakers delivered talks and

posters on the fabrication, synthesis and design of biologically inspired asymmetric
surfaces. Experimental and theoretical approaches to the design, synthesis, and
characterization of both natural and engineered surfaces demonstrating unidirectional
surface properties were discussed. Directional textured surfaces on gecko, spider, and
lizard feet allow the animals to climb smooth vertical walls. Inspired by natural
directional surfaces, engineers have developed a myriad of synthetic surfaces with
precisely tuned physicochemical properties to transport water droplets and soft materials,
control imbibition, provide directional adhesion, and exhibit directional friction

Talks and highlights

There has been a growing interest to create eco-friendly materials from synthetic and
biological materials exhibiting multifunctional characteristics. Ideally, these materials
would be engineered using renewable resources and processing strategies. Inspired by
natural biological materials and methods, a myriad of biological and synthetic surfaces
have been developed with precisely tuned physicochemical properties to regulate wetting,
adhesion and transport. Directional surfaces not only mimic biological function of these
surfaces, but also open up new avenues for us to discover surface phenomenon that goes
beyond nature. (i.e. design of new devices). Such advanced devices will be of great value
to the energy and biomedical fields for applications such as directional syringes,
microprocessor cooling, high-efficiency hydropower turbines, and nanoscale digital
fluidics.

Submitted by:

Melik Demirel
Pennsylvania State University
May 30", 2013



Final Report to the Army Research Office

Symposium Z: Oxide Semiconductors Block Grant Funding
2012 Fall Meeting of the Materials Research Society (MRS)
Boston, MA USA
Grant Number: W911NF-13-1-0021
Amount Awarded: $2820. Award Period: 11/25/2012 to 6/30/2013

Prepared by: Steven M. Durbin
Department of Electrical Engineering and
Department of Physics
University at Buffalo
Buffalo, NY 14260
(716) 645-1024
sdurbin@buffalo.edu

On behalf of all Symposium Z Organizers:

Timothy Veal University of Liverpool (UK) — Lead Organizer
Steven Durbin University at Buffalo (USA) — Finances Contact
Martin Allen University of Canterbury (New Zealand)

Andre’ Schleife Lawrence Livermore National Laboratory (USA)

1. Background

This symposium was the fifth in a series of Fall MRS Meeting symposia, the first of which was
held in 2005 with a primary focus on ZnO. This symposium is distinct in focus from other
symposia which concentrated on oxide nanostructures and transparent conducting oxides for
contacts.

2. Symposium Goals

The organizers proposed the symposium to bring together researchers from around the world to
discuss the current understanding of fundamental optical and electronic properties of the broad
class of materials known as oxide semiconductors, as well as progress in device fabrication and
characterization. In looking beyond ZnO for this symposium, we seek to broaden the scope of
contributed and invited papers to include emerging materials which may prove to have more im-
mediate device applications. In addition, it is likely that a deeper understanding of experimental
observations of electrical and optical phenomena, interfacial and contact behavior, and device
characteristics can be more rapidly achieved by considering several of these materials in parallel.

3. Symposium Attendance

In total, 15 separate sessions were held, spanning four full days of the Fall Meeting. These
included 3 evening poster sessions. Sessions were very well-attended, in particular the high
quality invited talks. Even more so than last year, Q&A sessions led to many good discussions.

l1|Page



4. Symposium Highlights

We are happy to report that a very diverse set of talks was presented in the symposium, covering
a wide range of research at the forefront of oxide semiconductors. In particular, we highlight that
the excellent selection of experimentalists was complemented by a diverse group of theoreticians
and we believe that this turned out to be a successful approach that was highly beneficial for the
goals of Symposium Z. In particular, leading theoretical (e.g. Van de Walle, Lany, Wei, Walsh,
and Scanlon) as well as experimental (such as Hosono, Bierwagen, McCluskey, Hoffmann, and
Tuomisto) experts came together to discuss controversial topics in order to push the knowledge
in the field.

One of the most impressive experimental results presented at the symposium was the observation
of small polarons or self-trapped holes in Ga,Os using abberation-corrected high resolution
transmission electron microscopy (TEM). Samples with a thickness of 2.4 nm were prepared by
exfoliation, removing the deleterious effects of ion milling and enabling single atomic defects to
be studied. The TEM images were shown to match very well with an ab-initio contrast
simulation corresponding to the structure of the most stable of three different hole polarons.
Formation, recombination and transfer processes of these polarons was revealed in real time,
with the polaron lifetime being several seconds.

A promising identifiable trend in this year's symposium was a significantly greater number of
contributions concerned with designing, calculating or realising p-type (or bipolar) oxide
semiconductors. Within this theme, two classes of materials seem to dominate: (1) copper
containing materials, due to the high lying Cu d orbitals which result in a higher valence band
maximum on an absolute energy scale; and (2) layered oxychalcogenides. Many papers in the
symposium in fact were devoted to the issue of the dopability of oxide materials; beyond the
feasibility of p-type oxide semiconductors (such as ZnO, In,O3 and G,0s), the role of hydrogen,
oxygen vacancies and vacancy complexes in controlling the transport properties of oxide
materials, as well as the prospects for high quality multi-cation p-type oxide materials, were
actively discussed topics, with potential applications including the future fabrication of
transparent CMOS electronics for interactive optical displays, smart windows, and electronic
paper. A key trend established by a number of papers was the extension of material functionality
available by migrating from simple binary crystalline oxides to multi-cation amorphous oxide
semiconductors.

Many theorists and experimentalists challenged the now many hundreds of publications which
allege successful and reliable p-type doping of ZnO. Nitrogen, for example, has been found to be
a deep acceptor and from straightforward band lineup and energy level arguments, it was
reported that other candidate acceptors in ZnO are also highly likely to be deep. However,
reports of p-type doping of ZnO, which fail to convince many, continue to appear in the literature
every week. The possibility of p-type doping and p-type conductivity of ZnO in particular
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spurred vivid discussion amongst the speakers and the audience, and shows that the field of zinc
oxide is still evolving and deals with important open questions that are not well enough
understood.

Experimentalists and theoreticians also debated the origin of electron accumulation e.g. at
indium oxide surfaces and evaluated new insight into the different acceptor dopants and their
signatures in the photoluminescence spectra of ZnO. Results for oxide alloys such as MgZnO
and CdZnO were presented and the impact of radiation on ZnO was discussed. During this
symposium it became clear that the community seems to be moving towards a more complete
description of the fundamental band gap and the optical absorption edge by taking the influence
of free carriers into account, e.g. for CdO or CdZnO.

From a device perspective, key highlights were the rapid advances reported in the development
of transparent device technology based on amorphous zinc oxide based semiconductors such as
indium gallium zinc oxide (IGZO), zinc tin oxide, and zinc colbalt oxide. IGZO in particular was
only discovered in 2004 and is already being adopted by the semiconductor industry for
transparent electronic devices. A number of papers were presented on the performance
optimization of transparent amorphous oxide transistors targeted at next generation optical
display applications, e.g. ultra fast wide area displays and next generation 3-D displays.
Important issues discussed were the low temperature fabrication of transparent devices on
flexible substrates and their switching stability under gate bias and illumination stress.

5. Funding Allocation
The following invited speakers received conference fee waivers (totaling $2,645.00):

Martin Albrecht IKZ Berlin (Germany)

Roger Reeves University of Canterbury (New Zealand)
Matthew McCluskey Washington State University (USA)
Jeffrey Davis Swinburne University (Australia)

David Scanlon University College London (UK)

This was very helpful in ensuring these speakers attended. They were very accessible during the

meeting so that conference attendees had opportunities to speak with them in detail. In addition,

a poster prize was issued to doctoral student Shawn Ellis at Binghamton University for the poster
Z13.46 Correlating p-type Doping with the Charge State of Copper in BiCuOSe

Summary

Total Budget $2820

Fee waivers $2645

Poster award $ 75

Proceedings* $ 100 *required hard copy of MRS Proceedings Vol. 1494
Total expenses $2820

Remaining funds | $0.
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6. Future Directions

Based on the success of this symposium it was decided to continue, as many open issues remain
and new opportunities exist to further explore, in particular with respect to devices, but also in
terms of our understanding of fundamental properties and what happens in doped materials. We
have also extended the reach of this symposium for 2013 to include complex oxides, and plan a
joint session with another Symposium which is concentrating on interface electronic properties
of those materials. Durbin is lead organizer for the Fall 2013 symposium, with Veal remaining as
a co-organizer and new co-organizer Anderson Janotti (University of California, Santa Barbara)
bringing strong theory/computational expertise joining in addition to Marius Grundmann
(Universitdt Leipzig) returning to continue the strong device focus.
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Symposium GG: Mechanical Behavior of Metallic Nanostructured Materials
Effect of Second Phase Particles on Mechanical Behavior of Nanostructured Alloys—Experiments and
Modeling

Obijectives

This symposium primarily focused on the aspects of processing methods, microstructural features, and mechanical
behaviors of metallic nanostructured materials such as nanocrystalline materials, nanotwinned materials, nanopillars,
nanocompsites, nanoscale thin films and multilayers, and nanoporous materials. This symposium was a multi-day
program and its aims were two-fold:

1. One was to honor Professor Julia R. Weertman at Northwestern University for her tremendous contributions to
structural characterization and mechanical behavior studies of nanostructured materials. One day of this multi-
day symposium will be especially dedicated to this goal.

2. The other was to provide a platform for a group of researchers working in the field from all over the world to
promote idea exchanges and advance the understanding of processing, microstructures, and mechanical
behavior of metallic nanostructured materials.

Highlights, activities/findings
1. The symposium received a large number of abstracts and had 11 sessions. The symposium lasted for four and a
half days.
2. Three sessions were devoted to invited talks.
3. Interesting research findings were presented in the forms of oral presentations and posters, and the program
may be viewed at: www.mrs.org

Contributions to discipline
1. The symposium was utilized as a good platform for the interactions and communications among researchers in
metallic nanostructured materials from all over the world.
2. ARO funding provided support to cover the researchers’ registration fee, travel, etc., and thus supported the
dissemination of the scientific research results.
3. The communications improved the understanding of the theoretical and practical limits of these materials and
would allow engineers to optimize their performance.

Highlighted Presentation:

Malgorzata Landowska, Warsaw University of Technology

Malgorzata Lewandowska and her colleagues at Warsaw University of Technology have been putting grains inside of
grains, as a means of investigating the Hall-Petch relationship (as well as inverse Hall-Petch) between strength and size at
nano- and microscales. Their objective was to combine grain size refinement and nanoscale second phase particles to
improve material strength. By carefully designing annealing and water-quenching parameters for aluminum, the group
attained both macro- and nanoscale grains with nanoscale grains embedded inside of them. Both nanosctructured
materials exhibited strengthening. However, the nanoscale nanostructured aluminum grains exhibited less strengthening,
and showed more dislocations as well as clusters of nano-grains precipitated at grain boundaries. Lewandowska turned to
finite element modeling (FEM) to better understand the influence of nanograins at grain-boundaries. The model material
had similar geometry and properties to copper grains. Three types of model material were tested: one with grain
boundary material of greater strength than grain interiors, another with equal strength to grain interiors, and the third
with less strength than grain interiors. The distribution of embedded particles between grain interiors and grain
boundaries was also varied. Only when the grain boundary strength was less than the grain interior strength did the
embedded particles influence material stress. FEM computations revealed that when grain boundary sliding is the
dominant deformation mechanism, the nanoparticles clustered at grain boundaries may block motion of the grain
boundaries, reduce plastic deformation, and contribute to material strengthening. Lewandowska's work presents a
comprehensive exploration of the Hall-Petch relationship, and a promising means of strengthening metals through
nanostructuring.
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Final Report

2012 Acta Materialia Materials and Society Award
Symposium—Honoring Professor Mildred Dresselhaus, MIT

On November 25, 2012, 8:30 am to 5:00 pm Republic Ballroom, Sheraton Hotel at the MRS Fall
Meeting, November 25-30, 2012, Boston, Mass

Theme: Advanced Materials and their Impact on Society

Sponsored by: Acta Materialia, Inc, and Army Research Office

Chair: Jagdish (Jay) Narayan, North Carolina State University

This 2012 MRS Forum addressed the pioneering contributions of Professor Millie Dresselhaus in the
field of advanced materials with emphasis on thermoelectric and carbon related materials, and how
these contributions have resulted in the significant improvements in the quality of life. Throughout
human history materials, from Stone Age to Iron Age to Bronze Age to present Semiconductors and
Advanced Materials (Nanomaterials including), have defined major progress in our civilization. Because
for every technology, there is a materials science bottleneck which must be addressed and problems
solved. This MRS Forum brings together scientists and engineers of international repute to address the
contributions of Professor Dresselhaus in the context of 2012 Acta Materialia Award for Materials and
Society.

The MRS Forum was organized into three parts: (1) Plenary Session with about 11 Invited Talks; (2) Panel
Discussion on The Future of Materials Research and Education; and (3) Evening Reception with short
presentations and heavy aperitif and snacks.

Invited Speakers:
(1) Millie Dresselhaus (MIT): Acta Materialia Award Forum on Advanced Materials
(2) Bill Brinkman (US DOE): DOE Science and Impact on Society
(3) Dudley Herschbach (Harvard): Advanced Materials
(4) lan Robertson (NSF): NSF Initiatives on Advanced Materials

(5) George Crabtree and John Sarrao (ANL): From Quanta to the Continuum: Opportunities for
Mesoscale Science

(6) Gang Chen (MIT): Nanostructuring Approach to Thermoelectrics: Materials and Transport

(7) Joseph Heremans (Ohio State): Thermoelectric and Spin-Thermal Solid-state Energy Conversion
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(8) Marcos Pimenta (Universidade Minas Gerais, Brazil): Resonance Raman scattering in carbon
Nanomaterials

(9) Riichiro Saito (Tohoku University, Japan):Optical properties of carbon nanotubes and graphene
(10) Mauricio Terrones (Penn State): Adventures with Millie in Carbon Research and Beyond
(11) Ado Jorio (Universidade Minas Gerais, Brazil): Graphene based materials - Can we eat them?

Panel Discussion: The Future of Materials Research and Education; (Chair: Millie Dresselhaus and Bill
Brinkman)

Invited Participants:
(1) Marcie Black (Bandgap Engineering)
(2) Bob Brodersen (UC, Berkeley)
(3) Laurie McNeil (UNC, Chapel Hill)
(4) Lourdes Salammanca-Riba (University of Maryland)
(5) Georgy Samsonnidze (Bosch Research)
(6) Nai-Chang Yeh (Cal Tech)
Evening Reception: 6-9PM (November 25, 2012) Back Bay Ballroom, Sheraton

Emails: herschbach@chemistry.harvard.edu; jean-paul.issi@uclouvain.be; Crabtree@anl.gov;
gchen2@mit.edu; heremans.1@mecheng.ohio-state.edu; mpimenta@fisica.ufmg.br;
rsaito@flex.phys.tohoku.ac.jp; mtterrones@gmail.com; adojorio@fisica.ufmg.br; mrkarty@yahoo.com;
ncyeh@caltech.edu; Georgy.Samsonidze@us.bosch.com; rb@eecs.berkeley.edu; boblbro@yahoo.com;
riba@umd.edu; mcneil@physics.unc.edu; millie@mgm.MIT.EDU; narayan@ncsu.edu

Summary

The 2012 Acta Materialia Materials and Society Award Forum—Honoring Professor Mildred
Dresselhaus, MIT, went extremely well. The Symposium was well attended with insightful research
discussions. The delegates addressed cutting-edge research on thermoelectric and carbon related
materials, and how these contributions have resulted in the significant improvements in the quality of
life. The presentations made significant contributions to in the field of advanced materials with
emphasis on thermoelectric and carbon related materials. The Panel chaired by Professor Millie
Dresselhaus and Dr. Bill Brinkman focused on The Future of Materials Research and Education and its
Impact on Society at large. The ARO funds were used to support primarily the registration fees of the
participating delegates.
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