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- Ge/Si based devices rely on high quality Ge/Si
heterostructures. The atomic morphology and the
interdiffusion mechanisms of such heterostructures
should be carefully controlled durind their growth.

- These phenomena were investigated by in situ
photoelectron diffraction (XPD), electron diffraction
(RHEED), XAS (x-ray absorption) and ex-situ
techniques (TEM and luminescence). |
The intensity anisotropy of Si and Ge photoelectron
was used to follow in detail the growth of Ge atoms
deposited on Si(C01) 2x1 surfaces in an MBE chamber
fully operating at the Camerino University
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Figure 2.18 Empirical pseudapotential results for the energy bands of the ele-
mental semiconductors Si and Ge. [After M. L. Cohen and T. K. Bergstresser,
Phys. Rev. 141, 789 (%966).]
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Figure 2.19  Enery v bands for the -V compound semiconductors GaAs and
GaP. [Alter M. L. Cohen and T. K. Bergstresser, Phys. Rev. {4/, 789 (1966).]

Diamond Structure

The diamond lattice*  (formed by the carbon atoms in a diamond crystal) consists of
two interpenctrating face-centerd cubic Brava's lattices, displaced along the body
diagonal of the cubic cell by one quarter the length of the diagonal. It can be regarded
as a face-centered cubic lattice vith the two-point basis 0 and (a/4)(% 4 § -- 7). The
coordination number is 4 (Figt . ¢ 4.18). The diminond latlice is not a Bravais latlice,

Figure 4.18

Conventional cubic cell of the diamond latlice.
For clarily, siles corresponding lo one of the
two interpenctrating face-centered cubic lattices
are vnshaded. (In the zincblende structure the
shaded sites are occupicd by one kind of ion,
and the unshaded by another.) Nearest-neighbor
bond: have been drawn in, The four nearest
neighbors of each point form the vertices of a
regular tetrahedron.
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Fiqure 3t Brillauin zone iolding of a Si-like band structure
inl: oduced by 3 superlatlice wilh a period of L = 5a,

{a, = 0.5451 -, lattice constant of Si). The band struciure
is folded ir' e i"ret minizo e (boid curves), which has
lhe extensic,: af 2¥¢5, = 2{r/Ga,), being 1/5th af the or'ginal
zona. By Whis precess e eriginal band siructure with tha
indirect bandgap transforms into a band struclure with a

dircct bandgap at k = 0,
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Figure 21. (¢') Compariscn of the r. signal of a Si,Ge, sLa
with a S, ;Ge, , alloy sampla. Tke photolumin@scence was
excile T ue line (4 = 457.9 nm) of an Ar* laser
wilh an intansity of rouchly 100 mW cm = and measured
al * = 5 K. The inset showsthe correspending Raman
spaclrum where the oceur-ence of 'ha folded acoustic
mode proves. lhe exislence ol lhe superlattice pericdicity
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".contrast STEM image of a nominal (SisGes)s: superlattice showing interfacial ordering. The [001] ¢
top of the image with the samyle thickness increasing toward the lower left-hand corner. Our interpre
ure based on the image simulation indicates the sequential deposition of Si and Ge layers together witi
‘d A resulting from the atom pump mechanism. Open circles represent Ge columns; solid circles, Si

yy columns. Simulation parameters are C; =1.3 mm, convergence angle =10.3 mrad, and defocus ="

for all of the various image forms and
e asymmetric interiacial abruptness. The
wa in Fig. | was grown by MBE directly
itrate at 350°C with a depesition rate of
he presence of significant quantities of Ge
s is therefore of considerable surprise for
arature growth. Strain-enhanced interdif-
to Si is expected to be small or negligible
1 temperature'? and the alternative ex-
e islanding during growth can be immedi-
from the compositional uniformity of our
low temperaturés the surface diffusion
ynsiderably smaller than the typical dis-
steps so that growth occurs via 1nonolay-
1d formation and the consecutive inter-
:1) and (1%2) domains.'> At 350°C tais

the interchange of relatively weakly bou
neighbor atoms at the step edge. ‘We note,
an interchange of Si and Ge awms at the
Fig. 2(b) will not siguificantly affect the str:
reduce the numbcr of unsaturated bonds,
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Formation of the GeSi alloy: 5x5 reconstruction

Vb= O.QV
| =1 nA
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5A Ge + annealing 790 C

Si (111) 7x7 +
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R. Gunnella et al. Fig. 4
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XPD Intensity (arb. units)

R. Gunnella et al. Fig. 2
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Conglusions

= Intermixing in Ge/Si(001) system has been recently
observed and has emerged as a crucial and
controversial topic in the study of the first stage of
interface formation.

e We have discussed the structure of Ge overlayers
epitaxially grown on Si(001) substrates. We have used
the XPD spectroscopy from Ge core levels to check the
film tetragonal distortion and the pseudomorphic
growth morphology.

== Evidence for an interfacial intermixing has been found
by means of the observation of the angular behaviour
of the intensity of the emitted electrons. We have also
investigated the effects of Sb as a surfactant on such an
interface obtaining a reduced intermixing and a
laminar growth of strained Ge overlayer.

== XAS spectra recorded at the Ge L3 edge at LURE have
been directly compared to several Ge near edge
features calculated for different Ge/Si(001) growth
models making use of a multiple-scattering approach.

== Also this analysis clearly excludes a layer-by-layer Ge
laminar growth and confirms the occurrence of
intermixing processes. Information on the interface
structure has been evidenced and the occurrence of a
preferential double-layer ordering mechanism along
the <111> crystallographic direction has been singled
out.



