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1. Title: Interfacial Materials 
2. Contact: Amanda Petford-Long, George Crabtree, MSD

3. ANL Divisions Involved: MSD, CNM, APS, ET
4. Sponsor: DOE, BES
5. Outside Collaborations and Especially Interested Parties: ORNL, SNL and LLNL, universities, information storage, memory and MEMS/NEMS technology industries.

6. Goal: To provide fundamental insights into the synthesis mechanisms and interfacial driving forces that control composition and microstructure and thus properties of nanoscale oxide thin film heterostructures. We combine advanced materials synthesis, complementary in situ and ex situ characterization and property measurement techniques with computer simulations. A major goal is to develop novel techniques that allow us to extend scientific knowledge, e.g. via X-ray nanofocusing (APS), aberration-corrected Lorentz TEM, local electrical measurements using scanning probes, and in situ growth and characterization using X-ray scattering at the APS.
7. Costs: $2M continuing operational funding; $6M equipment funds for Lorentz TEM; $1M to expand program for studying novel oxide heterostructures for solar energy applications.
8. Status: 

· Amanda Petford-Long hired from Oxford University in August 05 as Group Leader. New TEM-based research on oxide heterostructures has been initiated.
· Currently searching for simulation expert to enhance theoretical component of program.  
· Aberration-corrected Lorentz TEM pre-proposal to BES, awaiting approval for full proposal. Scientific goal is to study domain dynamics in oxide heterostructures. Proposal on 3D chemical imaging, for study of oxide tunneling heterostructures, accepted by BES as funded seed program, with approval for full proposal (collaborations with EMC).

· 
· 
· 
· Collaborating with CNM on x-ray nanofocusing and scanning probe facilities, and new MBE synthesis capabilities; developing integrated MBE / in situ analysis system.
· Program on applied science of UNCD thin films for MEMS/NEMS and integration with piezoelectric oxide thin films funded by DARPA, leveraged from DOE-funded basic science.
9. Next Steps: Increasing research emphasis on in situ domain dynamics studies in ferroelectric and ferromagnetic materials, using x-rays, electrons and scanning probes; integration of oxides with dissimilar materials; fundamental aspects of oxide heterostructures integration into solar energy systems. Further leverage of BES funding through proposal to OBER to expand program on artificial retinas and to DARPA for 
10. fundamental studies of materials and interfaces for next generation MEMS/NEMS devices.
11. 
12. Expectations: Maintaining a world-class program in this field will enable us to make predictions of behavior based on detailed understanding of film synthesis, interface processes and nanoscale functional properties.
13. Benefit Perspective: This program is an important component in MSD’s strategic thrust areas related to X-ray and electron scattering science, in situ experiments, and emerging science
14. Risk Perspectives: 
a. Hardware: Moderate – Facilities for in situ x-ray studies are fully functioning; additional facilities for in situ electron microscopy studies are being developed.
b. Funding: High–BES must find additional resources to fund program at an adequate level. 
c. Scientific: Moderate–Unique combination of experimental and theoretical expertise is enabling the program to have major impact in the field of functional nanoscale oxide materials. New opportunities and challenges exist related to our developing interests involving integration of oxides with materials such as diamond and soft materials.
d. 
e. 
f. 
15. Discussion: 
16. This program goal is well positioned to keep Argonne at the forefront in research on nanoscale oxide heterostructures.
