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Investigations of the atomic structure of Si-Si02 interfaces have mostly been performed with high 
resolution transmission electron microscopy. However, the interpretation of the phase contrast in the 
amorphous phase at the interface is not unique. While Ourmazd et a1.l concluded on a crystalline 
phase at the Si-Si02 interface, Akatsu and Ohdomari2 attributed the same contrast to an interface 
roughness parallel to the incident electrons. 
We investigated the Si-Si02 interface by studying the ELNES of the 0-K edge with the spatial difference 
technique3 with a dedicated STEM with lOOkV (VG HB501 UX). Also the interface was studied by 
Z-contrast imaging with a 300 kV dedicated STEM (VG HB603 U). Silicon wafers (110) were first 
thermally oxidised to produce a Si02 layer, The thermally grown oxide was used as a substrate for 
liquid phase epitaxy of silicon, given two { 111) Si-Si02 interfaces5 in the sample grown by two different 
techniques (see fig. 1). Both interfaces are atomically abrupt, as seen in the high resolution Z-contrast 
image of Fig. 2. 
The interface related ionization edge, extracted by spatial difference, shows a similar ELNES (Fig. 3) 
at both interfaces. The intensity of the first peak is reduced at the interface, as expected for silicon 
rich oxide following the work of Batson6 on the ELNES of the Si-L edge. The shift of the second peak 
compared to  Si02 is related to a widening of the Si0;- tetrahedra. 
The only difference beween the spectra of both the interfaces is the slight shift in energy of the first 
peak of the oxygen K edge ELNES (Fig. 3 c,d). Interpreting this in terms of Si-0 bond angles suggests 
a model shown schematically in Fig. 4. The Si0;- tetrahedra are positioned on top of a silicon atom 
with a bond angle of about 180°, much higher than in stochiometric Si02. 
The combination of Z-contrast imaging and EELS studies excludes the possibility of three dimensional 
ordering at the interface. Furthermore, the atomic structure is revealed to be a one dimensional ordering 
of the SiOi- tetrahedra. Experiments in progress with Z-contrast imaging should verify the proposed 
atomic model. 
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United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or ~ M c e  by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, morn- 
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Fig. 1: Z-contrast image of both interfaces in low resolution. 
Fig. 2: High resolution Z-contrast image of the thermally grown interface. 
Fig. 3: EELS spectra and spatial difference of the thermally grown (a,c) and LPE grown (b,d) 

interfaces in integral (a,b) and in first derivative (c,d) mode. 
Fig. 4: Schematic drawing of the atomic structure of the Si-SiO, interface (bulk Si02 not shown). 


