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Principal Investigator (last name first):  Miller, Dean
Work Proposal Description: 
The mission of the Electron Microscopy Center creates and delivers world-class research to the international community through electron beam characterization.  Electron beam characterization provides structural and chemical information over critical length scales complementary to those probed by neutrons and photons.  The Electron Microscopy Center (EMC) at Argonne National Laboratory is committed to furthering these contributions by: 

• conducting and enabling materials research using advanced characterization methods

• maintaining unique resources and facilities for scientific research

• developing and expanding the frontiers of microanalysis through the development of new instrumentation, techniques and scientific expertise
Details Required:  
a. Facility Requirements: Not required. 
b. Publications:  67 
c. Purpose: 

• develop and test aberration correcting optics that correct for both spherical and chromatic aberrations

• develop new capabilities for in situ electron microscopy studies of catalytic behavior

• carry out in situ studies of magnetization processes, linking microstructural features to domain motion

• establish the correlation between medium-range order and radiation resistance for amorphous metals

• identify crystallographic defects responsible for enhanced flux pinning in high temperature superconductors

d. Background: Not required.
e. Approach: 

B. Kabius (100%), M.A. Kirk (100%), D.J. Miller (100%), N.J. Zaluzec (100%), R. Birtcher (35%); R. E. Cook (Scientific Associate, 100%), J. Hiller (Scientific Associate, 100%); A. Liu (Post-doc, 100%), R. Arenal de la Concha (Post-doc, 100%), X. Chen (Cedarville College, Visiting Scientist), Y. Ito (Northern Illinois Univ., Visiting Scientist); R. Koritala (Special Term Appointee, 50%), E. Ryan (Special Term Appointee, 35%).

f. Technical Progress: Supply a brief statement of highlights for FY2004-2005 progress.

It has been demonstrated that Cs-correction improves the analytical resolution in EFTEM mode by a factor of up to two, improving from 0.6nm to 0.3nm in measurements of concentration profiles of Ti and O across thin oxidized TiAl films on Si substrates.

A prototype method for measuring magnetic linear dichroism in an electron microscope has been developed.  This methodology complements the similar techniques that are performed on synchrotron sources and thus opens up a new avenue to explore magnetic properties at higher spatial resolution.

We have elucidated the role of microstructural defects on the performance of YBa2Cu3Ox (YBCO) superconducting tapes in applied magnetic field.  Our studies have revealed a subtle change in defect structure that explains how the critical current carried by a tape can vary as a function of composition.  The exchange of one defect type for another yields very different behavior in current-carrying capability and exposes a rich interplay between composition and processing that suggests new paths to understand this behavior more fully.

We probed the anisotropic electronic structure of hexagonal boron nitride (h-BN) using high angular resolution electron channeling electron spectroscopy (HARECES) technique. By studying both the core loss and low loss regions of an EEL spectrum we are able to derive complementary information of the electronic structure and dielectric response of this material. We investigated both core-loss and low-loss regions of the EEL spectra recorded at different scattering vectors on a single crystal of h-BN, and we interpret the different excitations by comparison with theoretical models. 
We recorded the first intensities of electron diffraction patterns (EDP) from individual nanotubes (single-, multi-walled) as well as from bundles of boron nitride nanotubes (BNNTs). Helicities have been systematically measured and the diameter of the NTs has been obtained in most cases. For single-walled and double-walled nanotubes we deduced the chiral indices using the kinematical electron theory to simulate the EDP of the tubes. We have not observed any difference between the EDP of a BNNT and that of a carbon nanotube. The analysis of the ED data revealed that 12 % of the BNNTs are zig-zag, while the distribution of the other helicities is uniform.

We correlated the short and medium range orders in a set of diamond-like carbon films using Electron Energy Loss Spectroscopy (EELS) and Fluctuation Electron Microscopy (FEM) respectively.  Previous studies have concentrated on only the short range ordering, that is, quantifying the absolute ratio of carbon sp3 bonding to carbon sp2 bonding.  However, two diamond-like carbon films may have the same absolute ratios of sp3 and sp2 bonding, but very different medium range orders, giving rise to striking differences in their properties.  This work demonstrates that the combination of EELS and FEM is a very powerful technique for uncovering structure-property relationships in amorphous carbon materials.

In recent experiments on ferritic alloys we have recently found a significant difference with alloy composition in the microstructural response to irradiation, which corresponds to a bulk mechanical property change at a similar composition.  The experiments, which employ the unique transmission electron microscope and in situ ion irradiation facility at ANL, were performed on a series of Fe-Cr alloys.  Enhanced nanometer-sized defect formation with Cr concentrations up to 11 % have been found and correlated with a decrease in mechanical hardening and embrittlement in similar alloys.

g. Future Accomplishments: 

The EMC maintains an active User program.  A key accomplishment will be the continued growth and improvement of capabilities with the EMC to support these research activities.  In addition to maintenance and growth of core capabilities, the EMC is pursuing the pursuing major new activities:

Through the Transmission Electron Aberration-corrected Microscope (TEAM) project, the EMC is developing the aberration-correcting optics that will revolutionize the capability to carry out experiments using electron probes.  Through the development of both spherical and chromatic aberration correction, the electron microscope can be redesigned to yield dramatic improvements in resolution while at the same time providing significantly more experimental space around the sample.  In association with the development of hardware, the EMC is identifying key new research opportunities that aberration-correction will offer and establishing the methodologies and approaches to exploit those new capabilities.

The EMC will develop a transmission electron microscope that will provide unprecedented capabilities for imaging and measurement of local magnetic/ferroelectric structure – an Aberration-corrected Lorentz TEM (ALTEM). The proposed instrument will be dedicated to magnetic/ ferroelectric imaging, with capabilities for both Lorentz microscopy and electron holography, and will be unique in the world. Specifically, the instrument will feature a newly designed lens developed at Argonne. The Lorentz Imaging System (LIS) provides a Lorentz lens capable of high-resolution imaging and complete control of magnetic/electric fields around the sample. External field generating coils will be integrated within the column, allowing precise control of applied magnetic field independent of the objective lens. This configuration will also allow low temperature stages to be developed to for independent control of temperature and applied fields.  Ultimately, incorporation of aberration-correcting optics will lead to world-class performance.

The EMC is developing time-resolved capabilities to allow studies of the dynamics of processes.  Initial work will focus on magnetization processes.  This work will ultimately benefit from the improved magnetic imaging provided by ALTEM described above.  Beyond magnetism, the EMC will develop new capabilities for in situ studies of catalysis, initially during gas-phase reactions but ultimately in liquid-phase processes.

Major research themes in the EMC are closely associated with strategic research activities at Argonne and across the scientific community, fostered through strong collaborative interactions.  The capabilities developed within the EMC lead to new opportunities for research that will be exploited by these programs.

 h. Relationships to Other Projects: 
The EMC is a collaborative partner in the Transmission Electron Aberration Corrected Microscope (TEAM) project.  Partners in this project include microscopy groups at awrence Berkeley National Lab, Oak Ridge National Lab, Brookhaven National Lab, and the Frederick Seitz Materials Research Laboratory at University of Illinois, Champaign-Urbana.
i. NEPA Requirements Required: NEPA review and assessment has been completed in accordance with DOE NEPA Compliance Order 451.1B

j. Explanation of Milestone:  N/A.
k. Deliverables: N/A

l. Performance Measures and Expectations: N/A.
m. ES&H Considerations: Normal ES&H considerations associated with laboratory work as outlined in Argonne’s ES&H manuals will apply
n. Human or Animal Subjects Activities: N/A.
o. Security Requirements: N/A.
