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Beam energies from 10 keV up to sl er
Beam currents from 100 micro-amps up
lon species, including H, He, B, P, As 3 nd ¢
Single wafer or batch processing of wafer: ”»

In-air or in-vacuum cassette-to-cassette wafer hand

»
Electrostatic and/or mechanical wafer clamping‘ﬂ,

High Voltage
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'?\, 2018 M|R[S| FALL MEETING & EXHIBIT
‘." November 25-30, 2018 | Boston, Massachusetts

PREREGISTRATION

Fall Meeting registrations include MRS Membership January — December 2019

BROADER IMPACT
BIO1  Sustainable Development in Materials Science and Related Societal Aspects
BI02 The Future of Materials Science Academia—

Preparing for a Career in Higher Education

BIOMATERIALS AND SOFT MATERIALS
BMO1 3D Printing of Passive and Active Medical Devices
BMO02 Electronic and Coupled Transport in Biology
BMO03 Multiscale Modeling of Soft Materials and Interfaces
BMO04 Biomaterials for Regenerative Engineering
BMO05 Advanced Manufacturing Technologies for Emulating Biological Tissues
BMO06 Plasma Processing and Monitoring for Bioengineering
and Biomedical Engineering
BMO7 Bioelectronics—Fundamentals, Materials and Devices
BMO08 Materials-to-Devices for Integrated Wearable Systems—
Energy Harvesting and Storage, Sensors/Actuators and Integration
BMO09 Bioinspired Macromolecular Assembly and Inorganic Crystallization—
From Tissue Scaffolds to Nanostructured Materials

CHARACTERIZATION, MECHANICAL PROPERTIES AND
STRUCTURE-PROPERTY RELATIONSHIPS
CMO01 Solid-State Chemistry of Inorganic Materials
CMO02 Structure—Property Relations in Non-Crystalline Materials
CMO3 /n Situ/Operando Analysis of Electrochemical Materials and Interfaces
CMO04 Ultrafast Optical Probes for Advanced Materials Characterization
and Development
CMO05 Fundamentals of Materials Property Changes Under Irradiation

ELECTRONIC, PHOTONIC AND MAGNETIC MATERIALS
EPO1 New Materials and Applications of Piezoelectric, Pyroelectric
and Ferroelectric Materials
Materials for Manipulating and Controlling Magnetic Skyrmions
Beyond-Graphene 2D Materials—
Synthesis, Properties and Device Applications
EP04 Novel Photonic and Plasmonic Materials Enabling New Functionalities
EP05 Excitons, Electrons and lons in Organic Materials
EP06 Coherent Electronic Spin Dynamics in Materials and Devices
EPO7 Tailored Disorder—Novel Materials for Advanced Optics and Photonics
EP08 Ultra-Wide-Bandgap Materials and Devices
EP09 Diamond Electronics, Sensors and Biotechnology—
Fundamentals to Applications

EP02
EPO3

MEETING CHAIRS
Kristen H. Brosnan GE Global Research

David LaVan National Institute of Standards and Technology
Patrycja Paruch University of Geneva

Joan M. Redwing The Pennsylvania State University
Takao Someya The University of Tokyo

www.mrs.org/fall2018

2018 iMatSci Innovator Showcase

Connect with innovators from around the world and learn
about their up-and-coming materials technologies

www.mrs.org/imatsci

gnline by Cambridge University Press

OPENS
MID-SEPTEMBER

ENERGY—TRANSFER, STORAGE AND CONVERSION
ETO1 Solid-State Batteries—Materials, Interfaces and Performance
ET02 Silicon for Photovoltaics
ETO3 Application of Nanoscale Phenomena and Materials to Practical Electrochemical
Energy Storage and Conversion
ET04 Perovskite Solar Cells—Challenges and Opportunities
ETO5 Fundamental Aspects of Halide Perovskite (Opto)electronics and Beyond
ET06 Advanced Materials and Chemistries for High-Energy
and Safe Rechargeable Batteries
ETO7 Advanced Processing and Manufacturing for Energy Conversion,
Storage and Harvesting Devices
ETO8 Emerging Materials and Characterization for Selective Catalysis
ETO9 Materials for Chalcogen Electrochemistry in Energy Conversion
and Storage
ET10 Redox Active Materials and Flow Cells for Energy Applications
ET11 Emerging Materials and Device Concepts for Flexible, Low-Cost Photovoltaic
Technologies
ET12 Harvesting Functional Defects in Energy Materials
ET13 Materials for Multifunctional Windows
ET14 Materials Science Facing Global Warming—Practical Solutions for Our Future
ET15 Scientific Basis for Nuclear Waste Management

GENERAL INTEREST

GI01  Machine Learning and Data-Driven Materials Development and Design

G102 Materials for Next-Generation Robotics

GI03  Synthetic Biology—An Accelerator of Materials Research and Development @

NANOMATERIALS
NMO1 Carbon Nanotubes, Graphenes and Related Nanostructures
NMO02 Nanometal—Synthesis, Properties and Applications
NMO3 Nanowires and Related 1D Nanostructures—
New Opportunities and Grand Challenges
NMO04 Nanomaterials and Nanomanufacturing for Sustainability

PROCESSING AND MANUFACTURING
PMO1 Architected Materials—
Synthesis, Characterization, Modeling and Optimal Design
PMO02 Conductive Materials Reliability in Flexible Electronics
PMO3 Hierarchical, Hybrid and Roll-to-Roll Manufacturing for Device Applications
PMO04 High-Entropy Alloys
PMO05 Electromagnetic Fields in Materials Synthesis—Far from Equilibrium Effects
PMO06 Advances in Intermetallic-Based Alloys for Structural
and Functional Applications
PMO07 Plasma-Based Synthesis, Processing and Characterization
of Novel Materials for Advanced Applications

THERMAL PROPERTIES AND THERMOELECTRIC MATERIALS
TPO1 Caloric Materials for Highly Efficient Cooling Applications
TP02 Thermal Analysis—Materials, Measurements and Devices
TP03 Emerging Low-Temperature Thermal Energy Conversion Technologies

FOLLOW THE MEETING!
#F1svRrs (@ 3
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Data-centric science for materials innovation
Isao Tanaka, Krishna Rajan, and Christopher Wolverton,
Guest Editors

Harnessing the Materials Project for machine-
learning and accelerated discovery

Weike Ye, Chi Chen, Shyam Dwaraknath, Anubhav Jain,
Shyue Ping Ong, and Kristin A. Persson

Data-driven design of inorganic materials
with the Automatic Flow Framework for
Materials Discovery

Corey Oses, Cormac Toher, and Stefano Curtarolo

NOMAD: The FAIR concept for big data-driven
materials science
Claudia Drax| and Matthias Scheffler

Strategies for accelerating the adoption of
materials informatics

Logan Ward, Muratahan Aykol, Ben Blaiszik,

lan Foster, Bryce Meredig, James Saal,

and Santosh Suram

Progress in nanoinformatics and
informational materials science

Atsuto Seko, Kazuaki Toyoura, Shunsuke Muto,
Teruyasu Mizoguchi, and Scott Broderick

Provenance, workflows, and crystallographic
tools in materials science: AiiDA, spglib,
and seekpath

Giovanni Pizzi, Atsushi Togo, and Boris Kozinsky
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Editorial
Energy provisioning in the developing world
Subhash L. Shinde

Energy Sector Analysis

Understanding corrosion of flexible pipes at
subsea oil and gas wells

Melissae Fellet

ADVISOR: Rolf Nyborg

Regional Initiative

Renewable energy in Kazakhstan rises in the
shadow of fossil fuels

Eva Karatairi

FEATURE EDITORS: Luis R. Rojas-Sol6rzano

and Aiymgul Kerimray

Soe: Energy Quarterl |

MRSBulletin

Data-centric science

for materials innovation

ON THE COVER

Data-centric science for materials
innovation. With the development and
availability of high-speed computers,
networks, and huge data storage,
researchers can utilize a large volume and
wide variety of materials data generated by
experimental facilities and computations.
The emergence of these big data as well
as advanced analytical techniques has
opened unprecedented opportunities
for materials research. The cover shows
miscibility maps for various combinations of elements in binary
alloys. The maps are constructed using data derived from
experimental thermodynamic databases, electronic-structure
databases, along with data predicted by harnessing machine-
learning methods on existing repositories of electronic-structure
data. Red and green symbols indicate immiscible and miscible
systems, respectively. The white symbols represent systems
without available experimental data, while the blue symbols
indicate the boundary of alloys consisting of dissimilar elements.
The background shows 5000 predicted thermal conductivity
results. See the technical theme that begins on p. 659.
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DEPARTMENTS . @ DIVERSITY IN MS&E:

703 Professional societies and African American
engineering leaders: Paving pathways and
empowering legacies

O NEWS & ANALYSIS::

645 Materials News Christine S. Grant and Tonya Peeples
= Research Highlights: Perovskites : Feature Editor: Lynnette D. Madsen
Prachi Patel :

FEATURE EDITOR: Pabitra K. Nayak

= Semitransparent organic PV generates power while 0 FEATURES i
reducing heat :
Rahim Munir : 712 Book Reviews
: = QLED Displays and Lighting
Mitsuhiro Koden
Reviewed by Pramod H. Borse

= Gold nanoheaters enable optically controlled
soft robots
Boris Dyatkin

® Thermoelectrics: Design and Materials
HoSung Lee
Reviewed by George S. Nolas

= Remote-controlled wearable tribo-sensor is
compatible with water
Tianyu Liu

m Nanostructured Energy Devices:
Foundations of Carrier Transport
Juan Bisquert
Reviewed by Gen Long

= Multi-material 3D printing produces expandable
microlattices
Hortense Le Ferrand

650 Science Policy
= US National Academies report recommends changes
to graduate STEM education
Jennifer A. Nekuda Malik

719 Posterminaries
The Karasian grad model
D.E. Karas

@ SOCIETY NEWS

710 = [nforming the next R&D generation: The Erice School
on Materials for Renewable Energy and Sustainability :
Antonio Terrasi ADVERTISERS IN THIS ISSUE Page No.

[ 714 CAREER CENTRAL:

n Rigoberto Advincula elected to National Academy of : American Elemenlts....._ ........................................... Outs'ide back cover
Sci d Technol : High Voltage Engineering .... Inside front cover
cience and lechnology Janis Research Company, LLC ... 663

= Materials for sustainable energy—JUAMI
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About the Materials Research Society

The Materials Research Society (MRS), a not-for-profit scientific
association founded in 1973 and headquartered in Warrendale,
Pennsylvania, USA, promotes interdisciplinary materials research.
Today, MRS is a growing, vibrant, member-driven organization of
over 16,000 materials researchers spanning over 80 countries, from
academia, industry, and government, and a recognized leader in
the advancement of interdisciplinary materials research.

The Society’s interdisciplinary approach differs from that of
single-discipline professional societies because it promotes informa-
tion exchange across many scientific and technical fields touching
materials development. MRS conducts three major international
annual meetings and also sponsors numerous single-topic scientific
meetings. The Society recognizes professional and technical excel-
lence and fosters technical interaction through University Chapters.
In the international arena, MRS implements bilateral projects with
partner organizations to benefit the worldwide materials commu-
nity. The Materials Research Society Foundation helps the Society
advance its mission by supporting various projects and initiatives.

2018 MRS BOARD OF DIRECTORS

President Sean J. Hearne, Sandia National Laboratories, USA
Immediate Past President Susan Trolier-McKinstry,

The Pennsylvania State University, USA
Vice President and President-Elect Michael R. Fitzsimmons,

Oak Ridge National Laboratory and The University of Tennessee, USA
Secretary Eric A. Stach, University of Pennsylvania, USA
Treasurer David J. Parrillo, The Dow Chemical Company, USA
Executive Director Todd M. Osman, Materials Research Society, USA

Griselda Bonilla, IBM T.J. Watson Research Center, USA

Li-Chyong Chen, National Taiwan University, Taiwan

Matt Copel, IBM T.J. Watson Research Center, USA

Paul S. Drzaic, Apple, Inc., USA

Dawnielle Farrar-Gaines, Johns Hopkins University, USA

Yury Gogotsi, Drexel University, USA

Claudia Gutiérrez-Wing, Instituto Nacional de Investigaciones Nucleares, Mexico

Young-Chang Joo, Seoul National University, South Korea

Lincoln J. Lauhon, Northwestern University, USA

Paul C. Mclntyre, Stanford University, USA

Christopher A. Schuh, Massachusetts Institute of Technology, USA

Rachel A. Segalman, University of California, Santa Barbara, USA

Magaly Spector, The University of Texas at Dallas, USA

Molly M. Stevens, Imperial College London, UK

Ehrenfried Zschech, Fraunhofer Institute for Ceramic Technologies
and Systems, Germany

MRS OPERATING COMMITTEE CHAIRS

Academic Affairs Bruce M. Clemens, Stanford University, USA

Awards Albert Polman, FOM Institute AMOLF, The Netherlands
Government Affairs David P. Norton, University of Florida, USA
Meetings Terry Aselage, Sandia National Laboratories, USA

Member Engagement Sossina M. Haile, Northwestern University, USA
Public Outreach Elizabeth Kupp, The Pennsylvania State University, USA
Publications Shefford P. Baker, Cornell University, USA

MRS HEADQUARTERS

Todd M. Osman, Executive Director

J. Ardie Dillen, Director of Finance and Administration
Damon Dozier, Director of Government Affairs
Patricia Hastings, Director of Meetings Activities
Eileen M. Kiley, Director of Communications

MRS Bulletin (ISSN: 0883-7694, print; ISSN 1938-1425, online) is published monthly by the Materials Research Society, 506 Keystone Drive, Warrendale, PA 15086-7573. © 2018 Materials
Research Society. Permission required to reproduce content. Periodical postage paid at New York, NY, and at additional mailing offices. POSTMASTER: Send address changes to MRS Bulletin
in care of the Journals Department, Cambridge University Press, 100 Brook Hill Drive, West Nyack, NY 10994-2113, USA. Printed in the U.S.A.

Membership in MRS is $130 annually for regular members, $32 for students, and includes an electronic subscription to MRS Bulletin. Print subscriptions are available to MRS members
for an additional $25. Individual member subscriptions are for personal use only. Non-member subscription rates are $560 (USD) for one calendar year (12 issues). Requests from subscribers
for missing journal issues will be honored without charge only if received within six months of the issue’s actual date of publication.

MRS Bulletin is included in Current Contents®/Engineering, Computing, and Technology; Current Contents®/Physical, Chemical, and Earth Sciences, the SciSearch® online database,
Research Alert®, Science Citation Index®, and the Materials Science Citation Index™. Back volumes of MRS Bulletin are available on microfiche through University Microfilms Inc.,

300 North Zeeb Road, Ann Arbor, MI 48106, USA.

Authors of each technical article appearing in MRS Bulletinare solely responsible for all content in their article(s), including accuracy of the facts, statements, and citing resources. Facts and
opinions are solely the personal statements of the respective authors and do not necessarily represent the views of the editors, the Materials Research Society, or Cambridge University Press.
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Editor Guest Editors
Gopal R. Rao, rao@mrs.org Isao Tanaka, Krishna Rajan, and

Managing Editor Christopher Wolverton
Lori A. Wilson, lwilson@mrs.org Special Consultant

News Editor Angelika Veziridis

Judy Meiksin, meiksin@mrs.org Energy Quarterly

Andrea Ambrosini (Chair),

Monika Backhaus, Kristen Brown,
David Cahen, Russell R. Chianelli,
George Crabtree, Elizabeth A. Kécs,
Shirley Meng, Sabrina Sartori,

Anke Weidenkaff, M. Stanley
Whittingham, and Steve M. Yalisove

Technical Editor
Lisa C. Oldham, oldham@mrs.org

Editorial Assistants
Michelle S. Raley, raley@mrs.org
Mary Wilmoth

Associate Technical Editor
Tim Palucka Advertising/Sponsorship
Mary E. Kaufold, kaufold@mrs.org

Production/Design Donna L. Watterson, watterson@mrs.org

Rebecca Tokarczyk,
Felicia Turano, and TNQ

Associate Production Editor
Katie Wurtzel

Member Subscriptions
Michelle Judt, judt@mrs.org

Non-Member Subscriptions

A i subscriptions_newyork@cambridge.org
Principal Development Editor

Elizabeth L. Fleischer

Director of Communications
Eileen M. Kiley

EDITORIAL BOARD

Fiona C. Meldrum (Chair), University of Leeds, UK

llke Arslan, Pacific Northwest National Laboratory, USA

V.S. Arunachalam, Center for Study of Science, Technology & Policy, India
N. (Balu) Balasubramanian, Bangalore, India (retired)

Christopher J. Bettinger, Carnegie Mellon University, USA

Tommie Kelley, 3M, USA

Igor Lubomirsky, Weizmann Institute, Israel

Amit Misra, University of Michigan, USA

Steven C. Moss, The Aerospace Corporation, USA (retired)

Julie A. Nucci, Cornell University, USA

Linda J. Olafsen, Baylor University, USA

Boaz Pokroy, Technion-Israel Institute of Technology, Israel

Zhiwei Shan, Xi’an Jiaotong University and Hysitron, China

Subhash L. Shinde, University of Notre Dame, USA

James W. Stasiak, HP Inc., USA

Carol Trager-Cowan, University of Strathclyde, UK

Eric Werwa, Washington, DC, USA

M. Stanley Whittingham, Binghamton University, The State University of New York, USA
Steve M. Yalisove, University of Michigan, USA

VOLUME ORGANIZERS

2018 Karsten Albe, Technische Universitat Darmstadt, Germany
Hiroshi Funakubo, Tokyo Institute of Technology, Japan
Michael Hickner, The Pennsylvania State University, USA
Bethanie Stadler, University of Minnesota, USA

2019 Craig B. Arnold, Princeton University, USA
Claus Daniel, Oak Ridge National Laboratory and The University of Tennessee,
Knoxville, USA
Seung Min Han, Korea Advanced Institute of Science and Technology, Republic of Korea
Gabriel Montafio, Los Alamos National Laboratory/Northern Arizona University, USA

2020 Hongyou Fan, Sandia National Laboratories, USA
Oleg Gang, Brookhaven National Laboratory, USA
Seokwoo Jeon, Korea Advanced Institute of Science and Technology, Republic of Korea
Tae-Woo Lee, Seoul National University, South Korea

Send Letters
to the Editor to
Bulletin@mrs.org.
Include your name,
affiliation, and full
contact information.
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