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A conventional method of solv1ng the image problem utilizes Eq. (2) and an y

A COMPUTATIONAL METHOD FOR. IMAGD "ANALYSIS OF A CRYSTAL CONTALNIVG DVFEC”S

T. Y. Ten end W. L. Bell

Department of Materials Science and Englneerlng, University of Californla9
Berkeley, CaliIornia oLT20 : :

Within the scope of column approximation, imege. analysis of crystals qgg;aih—
ing defects eamounts to solving the set of linear differential equations for
all appreciably excited Bragg beams: (1) :
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(here all quantities have their usual definitions as in the literatures).
Within a thin slice Az, =z - 2z _) vhere R(F) can be approxlmated as a
constant Rm then Eq. l) has the solution

Agmdim’

‘%\(i )= = \l’h (Rwar ) | @)

Besx,
apnrox1mate series expansion form of the dispersion matrix, i. e.,EB(A% =3 S

~ L1 ARAREhls method suffers from two major shortcomings: 1) it requires
very loﬁ% computing time, since now Az has to be kept as very small, 2) due
to the presence of the terms Sy + d(h+R)/dz in the diagonal elements in the
matrix ~', the total electron intensity (aside from the parts due to absorp-
tions) iIs not conserved, since now the quantity Sy can be very large for high
order beams and on crossing slices W1th an ebrupt change in R (e.g., stacking
Taults and antiphase bqundarles) d(h-R)/dz may become a §-function. To avoid
the second difficulty it is necessary to solve the problem as a standard eig-
envalue problem slicewise. This method is, however, even more time consuming.
We present in this paper a method which retains the mathematical rigor of

the eigen-solution method yet simultaneously considerable amount of computing
time can be saved. Eq. (1) may be written in a slight different form to yield
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It is a straight forward matter to show that

Jat. (Ag- ALY = &X. (A“—A )‘, )

where
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- Eq. (%) implies that the elgenvalues of A and hence that of €§(R“<LEW\)
are indepent of R and are Jjust those of %he perfect crystal. However for
slices hav1ng dl*ferent values of R, thelr correspondlng eigenvectors must
change. It is -alsd-easily-'seen’that’in aislice<of dlsplacement R and
thlckness Az n®
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The above discussions suggest that once the dispersion matrix for the perfect
crystal is found and with the computed results kept in the wave forms, then
that of any slice of a deformed crystal can be obtained by Eq. (5), which
involves only two matrix multiplications. The waves leaving one slice is
simply obtained by multiplying the dispersion matrix by the waves entering

this slice. Upon iterating through the crystal, even further simplifications

ocecur: At the exit surface of the crystal of thickness t
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just a single matrlx..
Because this method is a modified eigen-solution method based on the special
property of the scattering matrix [Eq. (4)], thus on one hand it naturelly
avoided all the difficulties associated with the fundamental 1ncremental
method, yet on the other hand considerable amount of computing time can be
saved in comparison with the standard eigen-solution method. This is so be-
cause in general if the standard eigen-solution method amounts to solve J
elgenvalue problems for the j slices of the crystal, this method converts it
into a task of solving one eigenvalue problem plus 23 simple matrix multi-
plications. It may be further noticed that the accuracy of the solution
depends only upon the incremental dlsplacement AR , not Az .
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