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This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain COlTect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any walTanty, express or implied, or 
assumes any legal responsibility 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. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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STACKING SEQUENCE PERIODICITIES IN SILICON CARBIDE 

David R. Clarke and Gareth Thomas 

Department of Materials Science and Engineering and MHRD of the Lawrence 
~erkeley Laboratory, University of California, Berk~ley, CA 94720 

In the last few years the pursuit of higher conversion efficiency devices has led 
to the serious re-;-evaluation of the possibility of using refractory nnd brittle mater
ials in high temperature gas and steam turbines in order to take advantage of their 
higher potential operating temperatures (1). Amongst the lc,ading candidate materials 
for the "hot" end of these turbines are t'he ceramics, silicon carbi.de and silicon 
nitride. They have been chosen on account of their combination 'of excellent stability 
to oxidation and corrosion, outstanding thermal shock res1.c,tance and high temperature 
strength. 

Despite the enormous amount of development ,.,ork currently being devoted to 
producing suitable powders and in fabricating turbine components having the requisite 
properties,very little effort is being expended in characterizing their microstruc-, 
tures or in identifying those microscopic mechanisms responsible for determining their 
macroscopic mechanical behaviour. Our work is aimed at providing some of this vital 
information for the silicon carbide and silicon ni~ride ceramics. 

We have been investigating a particularly fine grained «lpm) silicon carbide 
compact manufactured, by hot pressing sub-micron silicon carbide powders with a 
small (_0.4%) addition of boron, in a process developed, by General Electric 
(Schenectady) (2,3). Bulk x-ray diffraction analysis of the starting powders and of 
the resulting compacts indicates that they are entirely composed of the cubic 
(sphalerite) crystal structure. In the work to be described here, we have been using 
a combinatl.on of direct lattice imaging by transmission electron microscopy and 
optical diffraction techniques to elucidate the st.,cking sequences thnt are to be 
found in the material. 

Although the crystal structure of silicon carbide is very simple, being based on 
the tetrahedral coordination of silicon atoms around a carbon atom and visa versa, 
the observed microstructure does not reflect thi,s simplici ty. It is of ten composed 
of long, parallel and closely spaced striation contrast effects, some of which have 
been identified as exceedingly fine micro-twins (4) and stacking faults. When 
observed at the highest magnifications these striations can SOIHetimes be seen to 
consist oi ~eriodic fringes and calibration indicates that they occur with spacings 
that are mUltiples of the basic (111) layer Si-C separation (2.5lSX). 
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Figure 1 is a high resolution micrograph of part of a [011] oriented silicon car
bide grain showing a number of direct lattice images of various periodicities. The 
associated electron diffraction pattern [Ill] row from this region is presented in 
Figure 2. This is a particularly simple, and easily interpt"etable, reciprocal 
lattice row and indicates that stacking periodicites of six and seven Si-C composite 
layers exist in the grain. Careful visual inspection of the magnification calibrated 
lattice image confirms that these periodicities do in fact occur, but that they are 
accompanied by an addi~ional periodicity of five composite Si-C layers. With single, 
isolated polytype microstructures, visual inspection of the lattice image and analy
sis of the Periodicities in the electron diffraction pattern suffice to identify the 
particular polytype present (7). However, in the more complex stacking sequence 
structures present in the G. E: material, the longer period structures cannot be 
easily seen in the image and the electron diffraction patterns are usually too 
complex to identify the constituent periodicities. In addition, if the volume 
fraction of a stacking sequence is small, then its contribution to the total 
intensity in the diff~action pattern may well be too small for it to be recognized. 
A number of examples of this latter effect are illustrated in Figure 1. When the 
negative is interrogated by selected area opti.cal diffraction other, longer, 
periodicities can be seen to exist. After calibrating the optical diffraction 
patterns the stacking sequences giving rise to the diffracted beams can be identified 
from the ratio of their positions in the diffraction pattern. This is done in 
Figure 3 where the d·ashed line represents the effective camera constant for the 
optical diffractometeT obtained from a known lattice spacing. In this manner 
additional stacking sequences having periodicities of eight, twenty-four, thirty-six 
and forty-eight composite Si-C layers can be/recognized. 

Although the use of optical diffraction in conjunction with lattice fringe 
imaging is a powerful method for identifying image periodicities there are two 
inherent limitations to its application. Firstly, it can only provide information 
about spatial periodicities in the fringe image and does not provide any indication 
of the crystallography of the stacking layers. Secondly, the total information in 
the optical diffraction pattern does not exceed that present in the electron 
diffraction pattern, although as we have shown here it can often be more easily 
interpreted and analysed. 

In summary, the combination of optical diffraction and lattice imaging allows 
the identification of stacking sequences that can not readily be recognized in the 
lattice image. In addition, it also enables those periodicities that occupy a 
small volume fraction to be detected and identified. 

The authors are pleased to acknowledge the financial support for this work from 
the U.S. Energy Research and Development Administratiori through the Materials and 
Molecular Research Division of the Lawrence Berkeley Laboratory. 
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Fig. 1. Lattice image of [110] oriented silicon carbide grain together 
with the selected area optical diffractograms taken from the areas 
indicated by the circles. 

Fig. 2. [111] Reciprocal 
lattice row of the electron 
diffraction pattern of 
Fig. 1. Subsidary spots 
are due to 6 and 7 compos
ite layers in the image. 
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Fig. 3. Stacking periodicities found in the 
micrograph of Fig. 1 using optical diffraction. 
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This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned righ ts. 
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