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Rémi Waché, Sebastian Risse, Manuel Schulze,
and Guggi Kofod

MATERIALS CHARACTERIZATION

Single Crystallization of Ba8AlxSi46-x Clathrate by Using
the Flux Czochralski Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .131

Yusuke Nakakohara, Naoki Mugita, Yuya Nagatomo,
Makoto Saisho, Teruaki Motooka, Ryo Teranishi,
and Shinji Munetoh

Electro-migration of Zinc During Current-assisted Pressure
Sintering of b-Zn4Sb3 – Effect of Process Parameters
and its Influence on the Thermoelectric Properties . . . . . . . . . . . . . . . .137

T. Dasgupta, C. Stiewe, L. Boettcher,
H. Yin, B.B. Iversen, and E. Mueller

Infrared Studies of the (1-x) PbTe – (x) PbSnS2 System . . . . . . . . . . . .143
Thomas C. Hasapis, Steven N. Girard,
Euripides Hatzikraniotis, Konstantinos M. Paraskevopoulos,
and Mercouri G. Kanatzidis

Materials Characterization of CIGS Solar Cells
on Top of CMOS Chips . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .149

J. Lu, W. Liu, A.Y. Kovalgin, Y. Sun,
and J. Schmitz

vii

https://doi.org/10.1557/opl.2011.1430 Published online by Cambridge University Press

https://doi.org/10.1557/opl.2011.1430


HEAT TRANSFER AND STORAGE

A Finite Element Model of Self-Resonating Bimorph
Microcantilever for Fast Temperature Cycling
in a Pyroelectric Energy Harvester. . . . . . . . . . . . . . . . . . . . . . . . . . . . .159

Salwa Mostafa, Nicolay Lavrik, Thirumalesh Bannuru,
Slo Rajic, Syed K. Islam, Panos G. Datskos,
and Scott R. Hunter

Characterization of Thermal Interface Resistance
in Thermoelectric Generators. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .165

C. Ramesh Koripella, Lon E. Bell,
Doug Crane, and Dazhi Wang

The Use of Ammonium Carbamate as a High Energy
Density Thermal Energy Storage Material. . . . . . . . . . . . . . . . . . . . . . .175

Joel E. Schmidt, Douglas S. Dudis,
and Douglas J. Miller

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .181

Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .183

viii

https://doi.org/10.1557/opl.2011.1430 Published online by Cambridge University Press

https://doi.org/10.1557/opl.2011.1430


PREFACE

The need for renewable energy, energy efficiency, and energy harvesting is

motivating the discovery of new materials and design of novel devices and systems. At

the 2011 MRS Spring Meeting, in San Francisco, California, April 25-29, Symposium E,

“Energy Harvesting—Recent Advances in Materials, Devices and Applications”

addressed the Energy Harvesting topic area with several innovative research topics and in

particular, emphasized the fact that nano-structured materials are becoming increasingly

attractive for such applications. This MRS symposium represents the third in a series,

including those held in Spring 2008 and Fall 2009. The present proceedings volume

captures some 25 papers out of over 100 presentations made during the Spring 2011

symposium, and highlights the increasing importance and interest in the field of energy

harvesting.

The proceedings volume, with its section on Thermoelectric Energy Harvesting,

contains a number of papers on emerging thermoelectric materials and devices as well as

applications in automotive waste heat recovery and in some military systems. There have

been a number of published reports describing the enhancement of the figure of merit

(ZT) of thermoelectric materials during the last decade. A set of papers in this

proceedings volume outline the progress in thin-film materials, bulk materials and device

design. The papers discuss the vision and necessity of energy harvesting to reduce the use

of fossil fuels, with some cutting-edge research on advanced nanostructured

thermoelectric materials with high ZT and also advanced lightweight photovoltaic

technologies for portable power and light-energy harvesting. Thermal-to-electric energy

harvesting efficiency not only depends on thermoelectric material ZT but also on device-

level architecture. The section on Heat Transfer and Storage for Harvesting discusses new

design of system components, storage and understanding of thermal interfaces.

The section on Photovoltaic and Light Energy Harvesting discusses ideas from the

fundamental science of photon processes to the technology of broadband anti-reflective

coatings and multi-functional fiber solar cells. The lighting/PV multifunctional device

appears to have the advantage of high efficiency light usage. There is also a discussion of

concentration cells for small scale Energy Harvesting based on reverse electro-dialysis.

The section on Mechanical Energy Harvesting spans the wide range of topics which

this type of energy harvesting encompasses. Piezoelectrics are involved in devices which

harvest wind at the larger scale and potentially could harvest energy from human motion

at the smaller scale. New devices which combine piezoelectric with other energy

harvesting modes such as magnetic harvesting are expected to play increasingly

important roles in the future. As the use of piezoelectrics continues to rise rapidly, the role

of Pb-free materials will also rise in importance, as illustrated by one of the papers in this

section. The harvesting of mechanical energy has merged with new composite design,

involving multi-functional materials and energy transfer. Computer simulations have

continued to enhance our understanding of the behavior of piezoelectric-based materials

and their properties as a component in a matrix. The efficiency of these devices is

continuously improving through a combination of simulation and experiments.

ix
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The role of new materials in energy harvesting cuts across all the sub-fields

represented here. The group of papers we have placed under Materials Characterization

illustrates the crucial role of understanding the basic material properties. The need for this

enhanced understanding will grow increasingly important as the role of nano-structered

materials increases within materials for energy harvesting.

The final section on Heat Transfer and Storage for Harvesting represents a new link

with traditional energy harvesting sub-fields. This topic was not specifically called out in

the first two MRS Symposia on the topic. However, this volume contains papers that

discuss the importance of thermal issues in thermoelectric and mechanical systems as

well as novel high energy density thermal storage materials.

This symposium proceedings volume emphasizes the importance of considering

energy harvesting as a cross-cutting and multi-disciplinary activity, and addresses the

importance of each of the sub-fields, represented by the topic headings, to understand and

incorporate advances across the field as a whole. We hope the proceedings volume will

undoubtedly indicate that the materials development for energy harvesting is heating up,

revving up, and lighting new pathways for a bright future in energy efficient systems!

Rama Venkatasubramanian

Harry B. Radousky

Hong Liang

September 2011
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