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α-Fe2O3 and c-CeO2 thin films have been epitaxially grown on α-Al2O3 and yttria- 
stabilized c-ZrO2 substrates, respectively, by oxygen plasma assisted molecular beam 
epitaxy (OPA-MBE).  The interface structural features between the films and the substrates 
were characterized by high resolution transmission electron microscopy (HRTEM), 
electron energy-loss spectroscopy (EELS), Rutherford backscattering spectrometry (RBS), 
and x-ray diffraction (XRD).  For the two systems studied, the interfaces are similarly 
characterized by coherent regions that are separated by misfit dislocations periodically 
distributed along the interface.  These results will be presented along with the results from 
molecular dynamics (MD) simulations of these interfaces. 
 
Thin solid films have a wide range of applications as both functional and structural 
materials[1-3].  In most cases, defects in a thin film are initiated from the interface 
between the film and the substrate.  Defects and their spatial distribution within a film 
may be controlled by carefully tailoring the factors which determine the interface 
structure.  These factors include the in-plane lattice mismatch, substrate surface 
termination and relaxation, crystallographic orientation and phase compatability between 
the film and the substrate, deposition temperature, and growth rate.  In this paper, we 
discuss our recent HRTEM, EELS, RBS and XRD investigation of the interface 
structural features between α-Fe2O3 and α-Al2O3 and that between c-CeO2 and c-ZrO2.  
These two systems of film-substrate pairs were commonly featured by the fact that the 
film and the substrate possess the same crystallographic structure.    
 
For the α-Fe2O3/α-Al2O3 pair, two films were analyzed, one with a film thickness of ~ 7 
nm and the other with a film thickness of ~ 70 nm.  In order to analyze the dislocation 
core structure for the 7 nm sample, two cross sectional thin foils were prepared for TEM 
observation of the interface.  One specimen was imaged along the ]1102[  zone axis and 
the other was viewed along the ]0101[  zone axis.  For the 70 nm specimen, one cross 
sectional thin foil was prepared such that the HRTEM image was taken along the 

]1102[ zone axis.  For the c-CeO2/ c-ZrO2 system, the film has a thickness of 58 nm and 
the HRTEM images were taken along the [100] zone axis, which is common to the film 
and the substrate [4,5]. 
 
Figure 1(a) is a low magnification TEM picture showing the general feature of the thin c-
CeO2 film on the c-ZrO2 substrate, which possess an orientation relationship as [100]CeO2

 
|| [100]ZrO2

 and (001)CeO2 
|| (001)ZrO2

.  Figure 1(b) shows a HRTEM image of the interface 
between cubic ZrO2 and cubic CeO2, revealing that the in-plane lattice mismatch between 
the c-CeO2 film and the c-ZrO2 substrate is fully accommodated in the interface region 
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by interface misfit dislocations.  These dislocations are periodically distributed along the 
interface with a dislocation spacing ~3.3 ± 0.5 nm when observed from the [100] 
direction.  This result is consistent with that calculated using the lattice mismatch 
measured by selected area electron diffraction. 
 
The in-plane lattice mismatch between the α-Fe2O3 film and the α-Al2O3 substrate is also 
similarly accommodated in the interface region by interface misfit dislocations with a 
dislocation spacing ~ 7 nm when observed from the ]1102[ direction and a dislocation   

(a) 

cubic-ZrO2 

Figure1. (a) TEM image of c-CeO2 film on c-ZrO2 and (b) HRTEM image revealing the 
interface misfit dislocation (arrowed). 

(b) 

1 nm 

cubic-ZrO2 

 
spacing of ~ 4.5 nm when observed from the ]0101[  direction.  It is clearly demonstrated 
that for this iso-structural film/substrate pair, interface misfit dislocations are the primary 
mechanism for accommodating the lattice mismatch. 
 
Acknowledgements: Partial support for this work was provided by the US Department of 
Energy (DOE), Office of Basic Energy Sciences, Division of Chemical Sciences.  The 
experiements were carried out at the Environmental Molecular Sciences Laboratory 
(EMSL), a National Scientific User Facility located at Pacific Northwest National 
Laboratory (PNNL) and supported by the US DOE Office of Biological and 
Environmental Research.  PNNL is operated by Battelle Memorial Institute for the US 
DOE under Contract DE-AC 06-76RLO 1830.  The authors gratefully acknowledge 
helpful suggestions from W. J. Weber (PNNL) and Y. J. Kim of  Dept. of Chemical 
Technology, Taejon National University of Technology, Taejon, Korea. 
 
References 
 
[1] W. Weiss and M. Ritter, Phys. Rev. B. 59, 5201-13(1996). 
[2] S. A. Chambers, Surf. Sci. Rep. 39, 105-80 (2000).  
[3] Y. Gao, G. S. Herman, S. Thevuthasan, C. H. F. Peden, and S. A. Chambers, J. Vac. 
Sci. Technol. A,  17, 961-69 (1999). 
[4] C. M. Wang, S. Thevuthasan, F. Gao, D. E. McCready, and S. A. Chambers, Thin 
Solid Films, in review. 
[5] C. M. Wang, S. Thevuthasan, and C. H. F. Peden, Mater. Sci. Eng. A, in review. 

1161CD

https://doi.org/10.1017/S1431927602107975 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927602107975

	HRTEM CHARACTERIZATION OF INTERFACE BETWEEN ISO-STRUCTURAL THIN SOLID FILM AND SUBSTRATE

