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Recent studies of eledronic properties of self-
assembled Ge Quantum Dots (QD) on Si (001) produced
by moleaular beam epitaxy processhave demonstrated the
existence of discrete spedra of zero- dimensional hole
states in the Ge dusters[1]. The geterostructures of this
type naturally formed as large-scde dense arays can be
easly built into existing paradigm of silicon integrated
systems for eledronic memories, optoeledronic devices
and for quantum transistor. Due to the 4% larger lattice
constant and interatomic distances of Ge, strain evolving
during growth of Ge films on Si(001) causes a series of
criticd morphologicd and some locd spatial structure
changes.

The locd microstructure parameters of Ge were
determined in Ge films on Si(001) produced by molecular
bean epitaxy processat 300°C. Spatial parameters of Ge
atoms surrounding were determined from GeK EXAFS
(extended X-ray absorption fine structure) spedroscopy
data using EXCURV92 program. X AFS measurements
were performed at the VEPP-3 storage ring at the Budker
Ingtitute of Nuclea Physicsin Novosibirsk. XAFS spedra
were measured in surfacesensitive mode based on total
eledron yield and fluorescent detedion. The sample
positions were kept to provide angles 0 and 90° between
the normal of the Si(001) plane and the dedric field
vedor E to determine structural parameters anisotropy.

Eledron diffracion and scanning tunneling
microscopy results analysis reveded thicknessof wetting
layers (4-5- monolayer thick) and average meaningsin
plane dimension and height of the dots formed during
strained layer epitaxy (Stranski-Krastanov growth mode).
Two structures were formed in parall el on two part of
Si(001) substrate. Both structures contained Ge layers
separated by blocking Si layers 10 rm thick and differed
only in the thicknessof the deposited germanium layers.
Thefirst type of the structure @ntains pseudomorphous
4-monolayer Ge (2D) film. The second structure type
contains pyramid-like (3D) islands formed in Stranski-
Krastanov growth in addition to the flat criticd thickness
4-5- monolayer Ge film in order to reduce ahigh strain
energy. This slf-organized uniform Ge nanostructures
have lateral sizes~15nmand height ~ 1.5 nm for the film
with effedive thicknessequals 10 monolayers.
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Fig. 1. Circuit of Ge nanocluster (QD) on Si(001)
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Fig.2. Bar chart of interatomic bord lengths distributions in
Ge QD on Si(001) obtained by VFF method cdculation. N -
number of interatomic bonds, R — interatomic distances.

For analyzing the environment of Ge aoms
Fourier—filtered EXAFS data y(k) were fitted with k and
Kk’ weighing in the range of phatoeledron wave vedors
from 2.5 A to 13A™. Thelocd microstructure
parameters (interatomic distances, Ge aordination
numbers) are linked to nanostructures morphology and
adequate models are suggested and dscussed.

Whil e the experimental functions ky(k) of GeK
EXAFSdiffer widely between the fil ms of Ge Si,, solid
solution of different stoichiometry, the function are
absolutely similar for a Gey 50Sig50 thick film and four-
monolayer films. Thisindicaes a pronounced interphase
exchange of Si and Ge @oms leading to relaxation of
elastic strains in the system due to the gplication of
blocking Si layer at 500°C. It was established, that
pseudomorphous 4-monolayer Ge (2D) films, asit is
cdled, contains about 50% Si atoms. The pure Ge
nanoclusters covered by 2-monolayer film with about
50% Si atoms impurity from blocking Si layers.

The EXAFS spedrafor samples with
pseudomorphous films and nanoclusters, measured with
different E vedor orientation relative to Si(001) plane, are
almost indistinguishable.

Pyramid-like (3D) pure Ge idandsformed in
Stranski-Krastanov growth are charaderized by
interatomic Ge-Ge distances 2.41 A, 0.04 A lessthanin
bulk Ge (2.45A) and Ge-Si distances 2.37 A.

Elastic deformation spatial distribution caculation
procedure of coherent strained heterostructures was
developed by valenceforcefield (VFF) method [2].
Elastic deformation spatial distributionsin Ge QD on
Si(001) and in their environment were obtained. The
values of Ge-Ge and Ge-Si interatomic distances obtained
by procesing EXAFS data within the limits of
experimental error (0.01 A) coincide with interatomic
bond lengths obtained by VFF method cdculation and
allowed an urderstanding of previous cgpadtance
spedroscopy results for system with QD.
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