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The novel properties of nanoscale heterostructure materials depend strongly on their composition and nanostructure, with the chemical nature of the interfaces and surfaces being of critical importance. In addition, new technologies based on such nanostructures place ever-increasing demands for improved performance of materials. Providing materials to meet these challenges requires atomic-level knowledge of the interfaces and surfaces in order to predict and control their physical properties. In this program we are addressing this issue via atomic-scale three-dimensional chemical imaging of interfaces in nanostructures. To do this we are using electron tomography combined with electron energy loss spectroscopy (EELS) and transmission electron microscopy (TEM). The program is focusing on interfaces in oxide thin film heterostructures, and in particular on magnetic tunnel junction structures and piezoelectric thin films on ultrananocrystalline diamond (UNCD). The traditional 2D -analysis of interfaces requires very accurate edge-on alignment and the results are only reliable for atomically flat interfaces. The heterostructures mentioned above exhibit roughness on a nano-scale and therefore require tomographic methods combined with analytical electron microscopy.
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	b.  Publications
Members of the group published a total of 2 articles.

c.   Purpose
The goal of this program is to develop an understanding of the role that interface morphology and composition play in determining the functional properties of nanostructured materials. To do this we are developing atomic-scale three-dimensional chemical imaging capabilities via the use of electron tomography combined with electron energy loss spectroscopy (EELS) and transmission electron microscopy (TEM). The eventual aim is to reconstruct the chemical distribution in a single nanostructure or in arrays of nanostructures at high resolution. Our approach is based on analytical transmission electron microscopy techniques such as EELS and energy filtering TEM (EFTEM), which are being coupled with advances in data reconstruction to improve resolution, sensitivity and validity of data interpretation beyond what is currently available. By contributing to a detailed understanding of the chemical origins of the physical properties of materials at the atomic scale, this program will aid both basic scientific knowledge of the materials and also lead to new designs for future nanotechnological applications.
e.  Approach 
B. Kabius (8.3%; 92.7% EMC), X. Zhong (postodc; 100%), A.K Petford-Long(5%, 95% IMG).

f.  Technical Progress
We have prepared cross-section samples of UNCD on Si and Pt/PZT/Pt/TaAlO/UNCD on Si. Reference measurements using high-resolution TEM for atomic scale interface characterization and EFTEM for elemental mapping with a resolution from 0.6nm to 1.0nm have been recorded. The applied sample preparation technique (FIB and low-angle, low-energy ion sputtering) was optimized to achieve flat samples which are thin enough to allow high resolution for elemental mapping and structure imaging. The surface layers which were damaged by the FIB Ga-beam could be removed with low-angle, low-energy ion sputtering. The quality of the samples is sufficient for tomography EFTEM experiments.

Parallel to these efforts in sample preparation we have been preparing our Tecnai F20 (200kV, FEG) for tomography. This includes installing programs for remotely controlling stage, microscope and CCD camera for acquisition of tilt series. A stage has been purchased from Hummingbird Inc. which has been customized with a low-expansion shaft to minimize sample drift during the tilt experiments. This stage will require some further modifications in order to improve the compatibility with the FIB sample stage. First tests with this stage showed that the specified tilt range of (80( can be achieved (compared to (40( with conventional stages).

We intend to use the program “IMOD” for 3D reconstruction of tilt series which has been installed on a fast Windows-based system.

g. Future Accomplishments

This FWP is scheduled to terminate at the end of FY07

h. Relationships to Other Projects 

This FWP involves collaborations with ANL programs on Interfacial Materials (58307), the Electron Microscopy Center (58405) and LDRD 2004-133-R1.
i. NEPA Requirements Required
NEPA review and assessment has been completed in accordance with DOE NEPA Compliance Order 451.1B

m. ES&H Considerations 

Normal ES&H considerations associated with laboratory work as outlined in Argonne’s ES&H manuals will apply.


