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Motivation

SiC is a promising material for optics, opto-electronic and spintronic applications [1,2]. resolution imaging of dopant structures. Z-contrast electron tomography was applied as
Doping with consequent controlled diffusion (e.g. metals for spintronics) should be the main method, which reveals the structural features not accessible by other means.
involved for the most interesting applications. Evaluation of tomographic data gave rise to a new understanding of diffusion processes
Due to SiC hardness and extremely low diffusion coefficients traditional doping and underlined akey role of linear defects as “diffusion pipes”.

approaches do not work and high energy ion implantation is one of a few methods .

which can be applied for those materials. High concentration of structural defects, Expe”mental

vacancies and interstitial atoms generated by high energy implantation dramatically Sample: hexagonal 4H-SiC, implantation of Er (10" cm®, 700°C) and annealing (3 min,
complicate diffusion processes and evolution of dopant species. 1600°C) [3, 4]

In order to understand the diffusion mechanisms of dopants in SiC matrix we studied Acquisition: FEI Titan 80-300 Schottky FEG @ 300 kV, Fischione tomography holder,
the model system: 4H-SiC implanted with Er. Erbium was selected because of its high HAADF-STEM, XPlore3D 2.0 Tomography Suite, spot size: < 0.2 nm, angular
atomic number and thus high contrastin HAADF-STEM, which allows atomic range=+75° (Saxton scheme)

Raw stack (HAADF-STEM, FEI XPLore3D tomo Alignment by cross-correlation and feature-tracking SIRT reconstruction (FEIl Inspect 3D);
suite) with the particles as markers (IMOD) visualizationin Amira
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° ° crystals q process of erbium nanocrystals within SiC. Future investigations will include the
improvement of tomogram resolution and TEM sample preparation techniques (FIB —

cutting of selected areas) clarifying our current picture of crystal growth mechanism.

. L : References
Sketch oft_he model for the crystal grow.th process of the erblum-smqlde pa_rtlcles. [1]S. Das-Sarma, American Scientist 89 (2001) 516.
- atannealing temperature vacancies diffuse towards surface and dislocation cores [2]H.-C. Weissker, J. Furthmiller, et al., physica status solidi (b) 224 (2001) 769-773.
(driven by strain gradient) [3]U. Kaiser, D.A. Muller, J.L. Grazul, A. Chuvilin, M. Kawasaki, Nature Materials 1 (2002) 102.
-accumulation (C|ustering) of vacancies leads to formation of voids [4] Schubert, Ch., Kaiser, U., Hedler, A., Wesch, W., et al. JAppl PhyS 91 (2002) 1520-1524.

[5] Ch. Kubel, U. Kaiser, Micr. and Microanal. 12 (2006) 1546.
[6]U. Kaiser, D.A. Muller,A. Chuvilin, G. Pasold, W. Witthuhn, Micr. and Microanal. 9 (2003) 36.

We are grateful to Prof. W. Wesch and co-workers from University of Jena for ion implantation and annealing.
We are grateful to Prof. W. Choyke from University of Pittsburgh for supplying excellent SiC substrates. This

- most interstitial Er atoms diffuse slowly to dislocation cores (driven by strain gradient)

- 1D- diffusion (driven by concentration gradient) along dislocations occurs much faster
due to wider internal space

- Er-atoms diffusing along pipes end up in previously formed voids and form crystals




