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Member: Materials Research Society, AVS, and American Physical Society
Active in scientific outreach to K-12 students
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Research Synopsis

1. Domain Engineering: Ferroelectrics
Extensions of Piezoresponse Force Microscopy are used to examine switching, domain growth, and
domain control in thin film ferroelectrics.

2. Conductivity at Ferroelectric Domain Walls



We seek to identify and control the origins of enhanced conductivity observed at certain domain
walls in ferroelectric materials such as bismuth ferrite and lead zirconate titanate using local
conducting atomic force microscopy in a controlled environment.

Transport in non-metallic oxides

The transport of electrons in thin oxide films is mapped at nanometer length scales as a function of
temperature, applied voltage, and internal polarization in ultra high vacuum as a tool to understand
oxide behavior through injection, hopping, and vacancy motion.

lonic conductivity
Electrochemical Strain Microscopy has been developed to map ionic motion near surfaces for both Li
and oxygen vacancies. Materials useful for energy storage (batteries and fuel cells) are targeted.

Atomic structure of oxide surfaces and interfaces

Understanding and control of the wide range of properties discovered in oxide thin films and
interfaces depend critically on the exact atomic structure, which we explore using scanning tunneling
and non-contact force microscopies.

Energy flow at the nanoscale

We seek a fundamental understanding of energy flow and dissipation at nanometer scales using band
excitation techniques in atomic force microscopy (tip surface dissipation) and inelastic tunneling
spectroscopy in scanning tunneling microscopy (electronic excitation).

Patents

Asymmetric Ferroelectric Tunneling Element (AFTE) and Applications for Non-Volatile Random
Access Memory,
S. V. Kalinin, H. M. Christen, A. P. Baddorf, and V. Meunier, 2010.

Ultra-high Density Ferroelectronic Storage and Lithography by Second Order Ferroelectroelastic

Switching,
S. V. Kalinin, A. Gruverman, Junsoo Shin, H. N. Lee, H. M. Christen, A. P. Baddorf, E.
Karapetian, and

M. Kachanov, 2006.
Fourier Transform for Acoustic Microscopy, S. Jesse, A. P. Baddorf, and S. V. Kalinin, patent
disclosure.

Graduate and Postdoc Advisors

Past Ph.D. Students
J. Shin (2003-2007), Physics, The University of Tennessee-Knoxville with E. W. Plummer

Current Postdoctoral Scholars
Qing Li, Yunseok Kim, Thomas Arruda, Kendal Clark, Shengyong Qin, Amit Kumar

Recent Postdoctoral Scholars
Senli Guo (2009-2011), Bruker Research
Maxim Nikiforov (2008-2010), Hummingbird Scientific; Argonne National Laboratory
Katyayani Seal (2006-2009), University of Tennessee
Brian Rodriguez (2005-2007), Humboldt, Germany; University College Dublin
Stephen Jesse (2005-2007), Oak Ridge National Laboratory
Jing Zhou (2004-2006), University of Wyoming
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in Ferroelectric Nanodomains,” submitted to Nature Physics Sept. 2011.

Vilas Shelke, Dipanjan Mazumdar, Gopalan Srinivasan, Amit Kumar, Stephen Jesse, Sergei
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through Domain Engineering,” Adv. Mater. 23, 669 (2011). [Feb11]

Martyn A. McLachlan, David W. McComb, Mary P. Ryan, Anna N. Morozovska, Eugene A.
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P. Maksymovych, M. Pan, P. Yu, R. Ramesh, A. P. Baddorf, S. V. Kalinin, “Scaling and Disorder
Analysis of Local 1-V Curves from Ferroelectric Thin Films of Lead-Zirconate Titanate,”
Nanotechnology 22, 254031 (2011). [May11]

P. Maksymovych, M. Huijben, M. Pan, S. Jesse, N. Balke, Y. H. Chu, H. J. Chung, A. Y.
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Ultrathin Limit and Dead-layer Effects in Local Polarization Switching of BiFeOs,” submitted
to Physical Review B in review (September 2010).

P. Maksymovych, J. Seidel, Y. H. Chu, P. Wu, A. P. Baddorf, L.-Q. Chen, S. V. Kalinin, R.
Ramesh, “Dynamic Conductivity at Ferroelectric Domain Walls,” Nano Letters, 11, 1906
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A.-P. Li, S. Qin, T.-H. Kim, W. Ouyang, Y. Zhang, H. H. Weitering, C.-K. Shih, A. P. Baddorf, R.
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Wires,” Science, submitted.

J. Seidel, P. Maksymovych, Y. Batra, A. Katan, S. Y. Yang, Q. He, A. P. Baddorf, S. V. Kalinin, C.
H. Yang, J.-C. Yang, Y.-H. Chu, E. K. H. Salje, H. Wormeester, M. Salmeron, R. Ramesh,
“Domain Wall Conductivity in La-doped BiFeOs” Phys. Rev. Lett.,, 105, 197603 (2010).
[Nov10]

Junsoo Shin, Albina Y. Borisevich, Vincent Meunier, Jing Zhou, E. Ward Plummer, Sergei V.
Kalinin and Arthur P. Baddorf, “Oxygen-Induced Surface Reconstruction of SrRuO; and Its
Effect on the BaTiO; Interface.” ACS Nano 4, 4190 (2010). [Jul10]
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L. Kholkin, and R. Proksch, “Local Bias-Induced Phase Transitions, “ Materials Today, 11, 16
(2008).



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Z. Tan, A. L. Roytburd, I. Levin, K. Seal, B. J. Rodriguez, S. Jesse, S. Kalinin, and A. Baddorf,
“Piezoelectric response of nanoscale PbTiO; in composite PbTiOs-CoFe,O, epitaxial films,”
Appl. Phys. Lett. 93, 074101 (2008).

J. Shin, V.B. Nascimento, A.Y. Borisevich, E.W. Plummer, S.V. Kalinin, and A.P. Baddorf, “Polar
distortion in ultra-thin BaTiOs films by in situ LEED-IV,” Phys. Rev. B 77, 245437 (2008).

J. Zhou, A. P. Baddorf, D. R. Mullins, S. H. Overbury, “Growth and characterization of Rh and Pd
nanoparticles on oxidized and reduced CeOy(111) thin films by STM,” J. of Phys. Chem. C,
112, 9336 (2008).

K. Seal, P. Bintachitt, S. Jesse, A. Morozovska, A.P. Baddorf, S. Trolier-McKinstry, S.V. Kalinin,
“Local Polarization Dynamics in Chemical Solution Deposited PZT Capacitors by Switching
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