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Government. While this document is believed to contain correct 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 warranty, 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. 



-1-

DISLOCA'l'ION CON'l'UAC'f NI' IlIGIl VOLTAGE:; 

R.Osiecki, L. C. De Jonghe~ W. L. Bell, andG. Thomas 
Department of Materials Science and Engineering, University of 

California, Berkeley, California 94720 

UCRL-20700 

Some results of up to 12 beam contrast calculations for systematic 
. .. 1· 

orientations have indicated that high order .reflections at high 

voltages may provide improved dislocation resolution. For exa.mple the 

contrast prof~les for dislocations show a decrease in image width for 

increasing order of reflection (Le. increasing i.B), thus enabling 

improved resolution of narrow dislocation dissociations and closely 

spaced dipoles or superdislocations~ 

This paper provides experimental confirmation that high order sys-

te.mat~c reflections do indeed result in an improvement in bright 

field image resolution e.g. image widths of dislocations can be reduced 

by a factor of -3. The results have been obtained from [bOl] foils 

of GaAs semiconducting d~vices in which dislocations are associated 

wi th surface and interfacial defects. In each case the crystal is 

set at the. exact Bragg condition for each reflection along the systematic 

row being used. The work was done on the Berkeley Hitachi microscope 

operated at 650 kV. 

Figure 1 shows a single dislocation in gallium arsenide and its 

projection under various operating reflections. In A and B, the opera-

ting reflections 040 and 080, because they have relatively large 

Bragg angles t even at high voltages (650 kV), approximate the low voltage 

two-beam conditions, i.e. no strong systematic influences are present. 

It can be seen that there is little change in image width by using 

the higher order reflection. The smaller Bragg angle of the. [220] 

*Now at: Gordon McKay Lab., Harvard University, Cambridge, Mass. 02138. 
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reflections allows many beams of the systematic set to operate. 

Figure lC-G show that the use of these systematic reflections leads 

to a marked decrease in dislocation image width, especially in C-E, 

which correspond to imaging of primarily the edge components of the 

dislocations. In F and Gthe contrast is primarily due to the screw 

components of the dislocation and, although not as marked as·in C"';E, 

there is again some decrease in image width with increasing g. Figure 2 

shows inclined arrays of dislocations imaged using various systematic 

<~20> conditions. The confusion due to oeeillator,r contrast which is 

present in A, especially where the dislocations intersect the surface 

or where they lie above one another, is sharply reduced as the order 

of the reflection at the Bragg condition increases. For example, the 

double dislocation images which are readily apparent in the lower 

portion' of B and C are extremely d1fficul t to resolve in A. Also, the 

image width decreases with increasing order of reflection, as expected. 

Not only is resolution improved, but the "noise" in the image due to 

contrast phenomena (e.g. oscillations in intensity} is largely reduced, 

i.e.,image confusion is reduced. 

These results seem to have broad application to studies of lattice 

defects and small coherent particles at high voltages and can be applied 

3 more generally than the "weak beam" method of Whelan etal. 

Dislocation image characteris.tics under systematic diffracting 

conditions have also been found useful for determining the magnitude 

of the product glb where gl is the first order reflection of the 

systematic set and thus can. be of tremendous help when it is necessary 

to choos,e between a number of different possibilities • For exa.rrtple, 
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in the tcc system, fOr an u.n4issociated41alocaticm with Burgers vector 

ot the type a/2<110>, when a 220 reflection is usee! the only three 

possib1litiesare glob equal to 0 .. 1, or 2. Figure 3' shows the image 

of a dislocation image profile and multiple beam bright-tield profiles 

obtained by computer methods for the ~osSibilities glob • 1 and 2. 

Comparing the trace of the image with the theoretical profiles it is 

clear that there is excellent correspondence for the width of the central 

minima and the positions of all extrema for the gl.b =2- case. Variations 

in relative intensities in the experimental image are ]lOst likely due 

to thickness variations and discrepancies in dislocation depth. An 

illustration that the glob -1 dislocatiOn exhibits only an observable 

central minimum is given in Figures ld and go Thus, there exists con-

firmation of the applicability of imq;es obtained using higher-order 

reflections to determine Burgers vectors in a system where the Burgers 

vector iawell characterized. The method can then be applied to a 

system where the Burgers vector has not been characterized and there is 

even extensive debate and confusion about the possible allowable Burgers 

vectors 0 In the' cobalt-ferrite spinels it is poSsible to determine which 

is the correct possibility. Figure 4 illustrates how the possibility 

of a gl.b=l dislocation is ruled out by comparing high~r-order bright 

~ield images to theOretical profiles and comparing the number and spacing 

of primary extrema. More details of this work will be published elsewhere. 

We thank the U.S. Atomic EnergyCoInmission for continued financial support 

through the Lawrence Radiation Laboratory~ Berkeley, California, 94720. 
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