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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
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. . 
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DYNAMICAL THEORY OF NIKUCHI ELECTRONS UCRL-19631 

T. Y. Tan 

Inorganic Materials Research Division, La,wrence Radiation Laboratory, 
Department of Materials Science and Engineering, University of California, 
Berkeley, California 94720 

In tran~mission electron microscopy it is generally believed that for the 
pairs of Kikuchi lines resulting from inelastic scattering, the line nearer 
Ithe transmitted spot on the diffraction pattern should always be associated 
with deficiency of electrons while the other should always contain excess 
elec,trons. However, Thomas and Bell OJ demonstrated experimentally that in 
a case where the incident beam occurs at an exact Bragg angle; the intensities 
iofthe lines ina pair reversed, depending only on foil thickness. This color 
Teversal of the Kikuchi line pair is associated with the dynamical behavior 
of,the Kikuchi electrons where crystal absorption plavs an essential role. 

Based on the two-beam dynamical theory for elastic electrons, a corresponding 
(two-beam) theory on the fine structures of the Kikuchi electron intensity 
distributions l.n relation to the vadous diffraction and absorption parameters 
has been formulated (2). In this theory, the Kikuchi electrons were taken to 
be those inelastic electrons generated in an infinitesimal thickness of the 
'specimen which subsequently underwent Bragg diffraction. 'nle initial inelas
tic electron wave amplitudes generated at any position inside the crystal 
were obtained phenomenologically by conSidering the decrease in amplitude of 
the elastic electrons due to absorption by the crystal. Appropriate scatter
ing factors for the inelastic electrons were also phenomenologically intro- , 
duced for the proper Bragg diffractions being considered. A scattering matrix 
similar to that used in dynamical scattering calculations (with absorption 
included) was used to describe the effects upon these newly generated inelas
tic electrons as they traveled through the crystal. 

'It can be shown that the asymmetrical nature in 'angular distributions of the 
Kikuchi electron intensities is due to anomalous absorption of the electrons 
by the crystal. With correctly chosen absorption parameters, specimen thick
nes$,etc., the color reversal experiment of Thomas and Bell (1) can be 
explained. It is well known that the intensity within the Kikuchi band, i.e •. 
;the relion bounded by the pair of Kikuchi lines, may change from a deficiency 
to an excess of electrons when the eneray of ~e incident electrons is 
,increased or the crystal thickness decreased (3,4). This phenomenon can also 
he explained in terms of the anomalous absorption of electrons. 

Finally, and also contrary to general assumption, the angular separation 
between the two lines of the Kikuchi pair has been shown to be thickness 
dependent and therefore may be appreciable different from the observed line 
spacing between the Kikuchi pair and the corresponding diffraction spot pat
:tern (figs. 1 and 2). This phenomenon is also associated with anomalous 
'absorption. Thus, the principal experimental behavior of Kikuchi electrons 
is quite well explained by the theory. 

~The research is being .performed in partial fulfillment of the Ph. D. degree, 
University of California Berkeley, under the direction of Professor Gareth 
Thomas. I acknowledge the contributions of Dr. W. L. Bell. This work is 
!supported by the U.S. Atomic Energy Commission through the Lawrence Radiation 
!Laboratory. . 
II. G.Thoaas andW.L. Bell, European Regional Conference on !.M. 283, 1968,RomeL :2. Ca.plete det4irs of the theory are to be published, see T. Y. Tan, W.L. Be1~ 
iand G. Tho .... UCRL-19020 (1970). 
13. H. Boersch, Phys.Z. 38, 1000, 1937. 
t 
:4.8. •. rf1,.t~_r-!.. ,~n •. __ P.~ys •. Lpz '._ 11, 293. 1953. 
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Fig. 1. Computed intensity curves showing the possible Kikuchi line spacing 
as a function of the inelastic electron deviation parameter W for two 
different foil thickness. The Kikuchi line snacing in (a) is larger than 
that of.· 26

B 
and in (b) smaller than that of 28

B
. . 

Fig. 2. Observed silicon 551 Kikuchi line spa~ingvariation with increasing 
thickness. The Kikuchi line spacing in (a) is larger than that of 28

B
, in 

(b) and(c) are equal and smaller than that of 28
B

, respectively. 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report. may not in
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or con tractor of the Commission, or employee of 
such contractor, to the extent that such employee or con.tractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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