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International Tutorial Workshop on Piezoresponse Force Microscopy
Scope of Tutorial workshop

Nanoscale ferroelectrics and multiferroics are rapidly becoming the mainstay of information technology due to
emerging applications in FeERAM, data storage, and tunneling barriers. Utilization Applications of ferroelectrics in
electronic and electromechanical devices necessitates probing electromechanical activity, domain structure and
dynamics, polarization switching and fatigue mechanisms on the nanoscale, as well as understanding the role of surfaces,
interfaces, and defects on these processes. This workshop aims to provide in-depth description and recent advances in
Piezoresponse Force Microscope (PFM), including theory of operation, recent technical developments., and
multiferroics, polar nitrides, and biological systems. The workshop will introduce basic principles of PFM operation,
relevant instrumental aspects, and image interpretation. The theory of cantilever dynamics, PFM contact mechanics,
and resolution theory, as well as their implications for qualitative and quantitative data interpretation in PFM, will be
presented and illustrated experimentally. The recent technical advance in PFM, including high-frequency (1 -8 MHz)
imaging. Imaging and polarization switching in liquids, mapping polarization dynamics in ferroelectric capacitor
structures, and switching spectroscopy PFM will be presented. Applications of PFM for mapping nucleation centers in
ferroelectrics will be demonstrated. Finally, electromechanical probing of biological, electroactive polymer, and soft-
condensed matter systems beyond classical ferroelectric applications will be discussed.

The 3 day workshop aimed for intermediate and advanced PFM users will include lectures given by Dr. S.V. Kalinin
(ORNL), Prof. A. Gruverman (U. Nebraska-Lincoln), Prof. A. Kholkin (U. Aveiro,Portugal), Prof. V. Gopalan (Penn.
State U.). The lectures are complemented with experimental tutorials on PFM imaging and SS-PFM studies of
polarization dynamics. Ultimately, we aim to build a network of advanced PFM practitioners to promote rapid
dissemination of theoretical knowledge, experimental protocols, and novel technique development in this rapidly
growing area, as well as to establish links to areas such as electrophysiology and physical biology.

The workshop is supported by International Center for Materials Nanoarchitectronics and Optronic Material Center,
Sensor Materials Center of NIMS, The center for Materials Sciences at Oak Ridge National Laboratory, and by Asylum
Research Corporation.
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International Tutorial Workshop on Piezoresponse Force Microscopy

Date: August 19 (Wed) — 21 (Fri), 2009
Site: Namiki-site of National Institute for Materials Science (NIMS),
1-1 Namiki, Tsukuba, Japan
305 1-1

Organizers:  Kenji Kitamura MANA/NIMS, Japan
Kazuya Terabe MANA/NIMS, Japan
Naoki Ohashi  Optronic Materials Center/ NIMS. Japan
Kiyoshi Shimamura Optronic Materials Center/ NIMS. Japan
Haneda Hajime Sensor Materials Center/NIMS Japan
Sergei Kalinin  Oakridge National Laboratory

Support : WPI-MANA/NIMS
Optronic Materials Center/NIMS
Sensor Materials Center/NIMS
Asylum Research Corporation

S
ecretariat: Mieko ABE/ NIMS, Japan

E-mail: abe.mieko@nims.go.jp

Tel : +81-29-860-4692 / Fax : +81-29-851-6159

Registration fee 30,000 JY Student 10,000 JY
(with operation training)
10,000 JY Student 5,000 JY

(without operation training)
Registration fee includes texts of lectures, abstracts of topical talks, and operation guides

Workshop Dinner 2,000 JY
(On site, cash only)

Lecturers Alexei Gruverman (U. Nebraska-Lincoln)
Venkatran Gopalan (Penn. State Univ.)
Sergei Kalinin (ORNL)
Andrei Kholkin (University of Aveiro)

Topical speakers (Tentative)

James Gimjewski (UCLA)

Jiangyu Li (University of Washington)
Vankatran Gopalan (Penn. State Univ.)
Kenji Kitamura (NIMS)

Kiyoshi Shimamura (NIMS) Page 3



International Tutorial Workshop on
Piezoresponse Force Microscopy

August 19 ~21, 2009

Program

Wednesday, Aug. 19 Thursday, Aug. 20 Friday, Aug. 21
09:00 10:00~Registration Lecture 5 Topical Talk 1,2,3
10:30 Lecture 6
10:45 Lecture 1 Demo 2a Demo 2c Topical Talk 4,5,6
12:15 Lecture 2 Demo 2c¢

Lunch Lunch Lunch
13:30 Lecture 3 Lecture 7 Demo 4a Demo 4c¢
15:00 Lecture 4 Lecture 8 Demo 4b
15:30 Demo 1a Demo 1c Demo 3a Demo 3¢
17:00 Demo 1b Demo 3b

Workshop Dinner

8 lecture periods (45 minutes each, English) 4 demonstrations (90 minutes each, English & Japanese)

6 topical talks (30 minutes each, English)

Lectures

(2) Principle and Applications of Piezoresponse Force Microscopy (A. Gruverman)

(2) PFM Studies of Polarization Dynamics in Ferroelectrics (A. Gruverman)

(3) Deciphering Polarization Switching Mechanisms by Spectroscopic PFM (S.Kalinin)

(4) Novel Dynamic Modes in PFM (S.Kalinin)

(5) Contact Mechanics and Resolution in PFM (S.Kalinin)

(6) PFM Characterization for Disordered Materials (A. Kholkin)

(7) PFM Application for Nanostructures (nanorods, nanotubes). (A. Kholkin)

(8) Quantitative Piezoelectric Force Microscopy and Near-Field Scanning Optical
Ferroelectric Domain Walls (V. Gopalan)

Topical Talks
1.The Secret Life of Ferroelectric Domain Walls (V. Gopalan, Pennsylvania State University)
2. Fixing Charged Particles and Molecules on Patterned Domain Surfaces (K. Kitamura NIMS)

Microscopy of

3. (Jiangyu Li, University of Washignton)
4.Domain Switching of Ferroelectric Fluorides (K.Shimamura, NIMS)
5. (J. Gimjewski, UCLA)

6..Under negotiation

Demonstration and training

1. Piezoresponse force microscopy imaging and domain writing
PFM

2. Dynamic modes in PFM — dual ac resonance tracking (DART) and band excitation
PFM — AC (DART)
3. Piezoresponse Force Spectroscopy and spectroscopic mapping

4. Piezoelectric nanoindentation
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Profiles of lecturers

Sergei V. Kalinin

co-Theme Leader for Functional
Imaging on the Nanoscale

The Center for Nanophase
Materials Sciences

Materials Sciences and
Technology Division

Oak Ridge National Laboratory,

Alexei Gruverman

Associate Professor

Nebraska Center for Materials
and Nanoscience

Department of Physics

and Astronomy

University of Nebraska-Lincoln

Andrei L. Kholkin Venkatraman Gopalan

Principal Investigator Professor

Center for Research in Ceramic and Materials Science and
Composite Materials (CICECO) Engineering

& Department of Ceramics and College of Earth and Mineral
Glass Engineering Sciences

University of Aveiro Pennsylvania State University

Books Edited by lecturers:

1. "Scanning Probe Microscopy of Electrical and Electromechanical Phenomena at the
Nanoscale* edited by S.V.Kalinin and A.Gruverman (Springer, 2006).

2. "Ferroelectrics at Nanoscale: Scanning Probe Microscopy Approach”, edited by M. Alexe and
A.Gruverman (Springer, 2004).

Book Chapters and Review Papers:

3. A. Gruverman and A. Kholkin, “Nanoscale Ferroelectrics: Processing, Characterization and
Future Trends”, Rep. Prog. Phys. 69, 2443-2474 (2006).

4. A. Gruverman, O.Auciello and H. Tokumoto, "Imaging and Control of Domain Structures in
Ferroelectric Thin Films via Scanning Force Microscopy", Ann. Rev. of Mat. Science 28, 101-124
(1998).

5. S.V. Kalinin, B.J. Rodriguez, S. Jesse et al. “Nanoscale Electromechanics of Ferroelectric and
biological Systems,” Annu. Rev. Mat. Sci. 37, 189 (2007).

6. S.V. Kalinin, A. Rar, and S. Jesse, “A Decade of Piezoresponse Force Microscopy: Progress,
Challenges, and Opportunities”, IEEE Transactions on Ultrasonics and Ferroelectric Materials 53,
2226 (2006).

7. A.Gruverman, "Ferroelectric Nanodomains", in Encyclopedia of Nanoscience and Nanotechnology,
edited by H. S. Nalwa (American Scientific Publishers, Los Angeles, 2004), Vol. 3, pp.359-375.

8. S.V. Kalinin, S. Jesse, B.J. Rodriguez et al, “Recent Advances in Electromechanical Imaging on the
Nanometer Scale: Polarization Dynamics in Ferroelectrics, Biopolymers, and Liquid Imaging,” Jap. J.
Appl. Phys. 46, 5674 (2007).
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International Tutorial Workshop on Piezoresponse Force Microscopy

Registration Form

Registration fee 130,000 JY Student [110,000JY (with training)
1 10,000 JY Student 1 5,000JY (without training)
[
ITWS

Participants from abroad can use only On-site registration, and only cash in Japanese

Yen can be accepted,.)
Workshop Dinner 2,000 JY (On site, cash only)

Title Japanese
Name ( ) Prof.
Dr.

. . Mr.
First Middle Last Ms.

Affiliation | English

( ) Japanese
Address
( ) Tel Fax

E-mail address

Fax 029-851-6159

Please print out this page and fax to the number above.

Mieko Abe (Abe Mieko)
Inquiry E-mail: abe.mieko@nims.go.jp
Tel : +81-29-860-4692
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Independent Administrative Institute

National Institute for Materials Science

Traffic map
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Independent Administrative Institute
National Institute for Materials Science
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