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RHEED Electron Density at Crystal Surface
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(Received November 29, 2002)

A method for calculating wave functions of RHEED based on a multiple scattering theory is described. Reflection
matrix is used, which makesit possible to avoid divergence problem when we take account of evanescent waves as well
as absorption effect. The electron density that isthe square of the absolute value of RHEED wave function is calculated
from Si(100)-c(4x 2) surface as an example. First the change of electron density with respect to the number of dif-
fracted beamsis studied, which showsiit is necessary for quantitative analysis to take many beams including evanescent
beams. Then the azimuthal dependence is shown. The maximum and minimum positions of the density in the azimuth
parallel to dimers are opposite to those in the azimuth normal to dimers. The density also changes as a function of the
glancing angle. The maximum density is several timeslarger than the minimum at the same position from the surface.
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Fig.1 Schematic diagram of traveling waves at n-th layer.
", and ", are the waves between (n 1)-th and
n-th layers, traveling into and out of the crystal. wn
consists of many diffracted beams and is aso ex-
pressed as yi(z.), where k represents a set of the two
dimensional reciprocal lattice vectors.
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Fig. 2 Electron density mapsin xz-plane (a) and yz-plane (b)
normal to the surface and normal to the incident beam
azimuth. The darker contrast represents the higher
electron density. Small circles indicate the atomic
rows of thefirst four layersin the Si(100)-c(4x 2). (a)
A cross section paralel to dimers (¢ O 90°). (b) A
cross section normal to dimers (¢ [0 0°).
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Fig. 3 The calculated electron density maps for different numbers of beams; (a) 3 beams, (b) 5 beams and (c) 7 beams. The

cross section parallel to dimers.
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Fig. 4 Electron density variations normal to the surface pass-
ing the origin of xy-plane, for the incident azimuth
@[ 0° and 90°. The ordinate is the electron densities
and the abscissais the depth.
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Fig.5 Electron density variations normal to the surface for a
wide range of depth z. The ordinate is logarithmic

scale.
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Fig.6 Incident angle dependence of electron density vari-
ations in xz-plane. The glancing angles are (a) 1.7°,
(b) 1.8°, (c) 1.9°, and (d) 2.0°.
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Fig. 7 Incident angle dependence of electron density vari-

ations normal to the surface (z-direction).
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