
, ,H Illi[_

IIII1_Illll_IIII1_,_





./ /' /

Electron microscopy of AIN-SiC interfaces and solid solutions ,,,_ C_,,-I '_

I'Jnv 08 1 33

{.')ST/
J. Bentley, S. Tanaka* and R. F. Davis*

Metals and Ceramics Division, Oak Ridge National Laboratory, P.O.Box 2008, Oak Ridge, TN
37831-6376
*Department of Materials Science and Engineering, North Carolina State University, Box 7907,
Raleigh, NC 27695-7907

ABSTRACT: In a 2I-I AIN-SiC solid solution grown by MBE on a(6H)-SiC (3° from
[0(X)II), the epilayer contained a high densityof basal faults related to -5 nm stepson the
growth surface: no compositional inhomogeneity wasdetected by PEELS. In diffusion
couples of polycrystalline, sintered AIN on SiC annealed at 160{)and 1700°C. 8H sialon
[nominally (AIN)2AI20_I E_rmedat the interface of SiC and recD,stallized epitactic AIN
grains, and Si_N4-rich if' sialon particles formed in the SiC. No interdiffusion was
detected by PEELS in diffusion couples of MBE-grown AIN on SiC annealed at 17(X)and
1850°C. Irregular epilayer thicknessexplains companion Auger depth profile results.

1. INTRODUCTION

Aluminum nitrideandsiliconcarbidearestructuralceramicsandwidebandgapsemiconductors
which have similar hexagonal structures and a lattice mismatch in the basal plane of only 0.9%.
AIN-SiC materials are of interest as ceramic semiconductors (high power and ultraviolet
optoelectronic devices, use in severe environments) and as high temperature structural materials.
The tentative AIN-SiC phase diagram of Zangvil and Ruh (1988) shows a flat miscibility gap at
-i950°C between -20 and 80 % AIN with a 2H solid solution above this temperature. The
existence of the miscibility gap has been confirmed bv several investigators (see Kern et ai. 1993).
notably Chcn et al. ('1992). Interdiffusion data exisi for 1950°C and higher.

2. EXPERIMENTAL

Three AIN-SiC materials, each having a(6H)-SiC single crvstal substrates (Cree Research)
oriented 3-40 off (0001) toward [11"2",0],have been examined in cross section by analytical and
high-resolution electron microscopy (AEM and HREM): (1) an AIN-SiC solid solution grown at
10500C by plasma-assisted, gas-source molecular beam epitaxy (MBE) (Kern et al. 1993); (2)
diffusion couples of polycrystalline sintered AIN (Dow Chemical) on the above specified SiC
substrate, annealed at 1600 and 17000C: and (3) diffusion couples of MBE-grown AIN on SiC
annealed for 70 h at 1700°C or 25 h at 18500C. High-spatial-resolution parallel-detection
electron energy.loss spectrometry (PEELS) was performed at 100 kV with a Philips EM400T
equipped with a field emission gun and Gatan 666 spectrometer. Specimens were usually cooled
to -130°C in Gatan cooling holders and spectra acquired with probes of 2-nm diameter (FWTM),
-I nA, and incident and collection half-angles of 8 and 19 (or 30) mrad. Conventional diffraction
contrast and HREM was pertormed with Topcon 002B (NCSU) and Philips CM12 and CM30
instruments.

3. RESULTS

Examination of the AIN-SiC solid solution epilayer grown by MBE at 1050*C revealed a high
detect density (Fig. la). The predominant polytype was 2H determined by HREM and
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DISCLAIMER

This report was preparedas an account of work sponsored by an agency of the United States
Government. Neither the United States Governmentnor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product,or
process disclosed, or represents that its use would not infringe privately owned rights. Refer.
ence herein to any specific commercial product,process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Governmentor any agency thereof.
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