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Initial growth stages of Ge on Si(ill) are studied from the viewpoint of intermixing of 5i into
the epitaxial Ge layer, Defect formation in the Ge islands was cheracterized by using moiré
patterns taken by transmission electron microscopy (TEM). Ge islande are grown by MBE on
Si(111) surfaces with an SPE-grown buffer layer, which is expected to prevent intermixing
between the epitaxial Ge layer and the Si substrate. Anomalous 51 incorporation into the Ge
islands is analyzed by TEM moiré {ringe analysis. Dislocations are visvalized by means of extra
‘half-lines’ of the moiré fringes, and thus Bargers vectors are determined. Stacking faults are
observed by a displacement of the fringe spacings Coalescence of the Ge islands and dislocation
generation from the contact part of the islands are detected.
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Fig. 1. A schematic illustration of surface structural changes of

a Ge deposited layer on Si(111)7x7. When the Ge coverage ¢
is below the critical thickness &, (a) T<200°C, amocrphous Ge
layer and & 77 at the interface, (b) T>220°C, 55 on the
surface caused by intermizing. Above the critical thickness
(8.<6<10A), (¢) T<200°C, amorphous Ge layer and § Tx7 at
the interface, (d} 200<T<4b60°C, 3D island and & 7x7 on the
surface excluding the island, (e) 450<CT<(6B0°C, 23D island and
55 caused by the intermixing of Ge atoms, which come from
the island by evaporation and/or surface diffusion, onto the Si

surface.
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Fig. 2, Double diffraction geometry and moiré
pattern formation. Large open (Ge) and filled
{Si) circles represent primary-220 diffraction
spots, Six double-diffraction spots (smallest
filled circle) are formed just adjacent to the
zero-order {000) beam. The moiré pattern was
taken under the conditien of selecting the 000
beam and the six double diffracted beams (bro-
ken c¢ircle) by inserting an aperture.
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Flg’ 3. Typmal TEM moiré patterns of “Ge”
islands grown on Si(111). {a) Large area of
islands. (b)) Magnified pattern of a “Ga” is-
land. All islands have moiré fringes which
indicate that the islands are relaxed from the
misfit lattice strain, Clear two dimensional
triangular fringe patterns are visible in {b).
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Fig. 4. Moiré patterns of “Ge” islands in lerge
areas at (a) low, and (b}, (¢} high magni-
fication. (b)) and {c¢} were obtained at the
central and peripheral regions of the island
indicated by an arrow in Fig. (a). The moi-
ré fringe spacing in {c¢) is much wider then
that in (h}.
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Fig. 5. Compositional Auger depth profiles
(a} on substrate and (b) on island. The
amorphous Ge cap layer was removed after 8-
min sputtering, as shown by arrows in {a)
and (b). The profile after 8~10-min sputter-
ing in (b} reflects the surface composition of
the island.
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substrate surface is evident.
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Fig. 8. Moiré pattern in the vicinity of a dis-
location. The dislocation of Burgers vector
afo[1107] gives rise to 2, 1, 1 terminating extra
‘half-lines’ in the projection of (220), {202),
(022) planes, respectively.
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Fig. 9, Coalescence of two “Ge” islands. Straight
moiré fringe connections at the coalesced part
A through A’ indicate a good coalescence.
Round shape of islands was likely caused by
minimizing the surface energy at the coales-
cence. ‘S shows a stacking fault.
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