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Heteroepitaxial growth of Ge quantum dots (QDs) on Si substrates can be used to fabricate
quantum devices for future opto- and microelectronic applications. The lattice parameter mismatch
between Si and Ge (~4%) induces the well-known Stranski-Krastanow (SK) growth mode [1]. This
is a way of growing uniform, small and coherent QDs (base diameter > 30 nm) with a density of
~108–1010/cm2 [2,3]. However, for optoelectronic applications, the quantum confinement has to be
enhanced, so that the dots must be smaller (< 10 nm) and have still higher density. In order to solve
this issue, a new method of Ge QDs growth on (111) and (001) silicon surfaces through an ultrathin
interlayer of silicon oxide has recently been proposed [4,5]. Ge dots with a base diameter less than
10 nm and with a density of ~1012/cm2 can be obtained by this method [4–6]. These Ge dots are not
connected among each other by a SiGe wetting layer (WL) as is it is the case in the SK growth
mode. The structural and optical characteristics of dots grown by this technique are just starting to
be studied [7,8].
In this work we study the Ge dots growth as a function of the thickness of the silicon oxide
interlayer and the Ge deposition. Structural characterization was performed by Rutherford
Backscattering/Channeling (RBS/C) of 2.0 MeV He+ ions along the main crystal axes.
Photoluminescence (PL) was performed on a Bruker IFS 66v FTIR spectrometer using the 488 nm
line of an Ar+ laser for excitation. Hydrogen passivation was done in order to enhance the PL
intensity.
All samples were grown by MBE on (001) Si substrates. The SiO2 interlayer was formed at
400ºC. Then Ge was deposited at 550ºC. Finally, a 100 nm thick Si capping layer was deposited at
500ºC. The thickness of the SiO2 interlayer (dSiO2) amounted to 0.5, 0.75 or 1 monolayer (ML) and
that of the Ge film (dGe) was 0.3, 0.6 or 0.9 nm.
The PL spectra of the as-grown samples taken at helium temperatures contain: (i) several
sharp peaks due to radiation-induced defects, e.g., those centered at 0.767 and 0.926 eV [9]; (ii) a
broad emission at 0.8–0.9 eV; (iii) bound and free exciton-related emissions from the Si capping
layer and substrate at energies higher than 1 eV [9]. For the smallest Ge deposition (0.3 nm) the
broad emission essentially consists of the dislocation-related D1 band centered at 0.812 eV [10].
With increasing Ge thickness, a band centered at ~0.85 eV starts to grow, and is strongest for the
maximum Ge deposition (0.9 nm). We attribute it to the Ge QD luminescence [11,12]. An influence
of the SiO2 thickness on the intensity of the PL broad band is observed, too (not shown). For the
sample with 0.5 ML of SiO2 the PL spectra exhibit only the D1 band. With increasing SiO2
thickness, the band centered at ~0.85 eV starts to appear.
Fig. 1 shows a comparison between the PL spectra of as-grown and hydrogen passivated
(100ºC for 15 min) samples. We clearly distinguish the D1 band from the 0.85 eV band attributed to
the Ge QD emission.
The RBS spectra obtained in channeling and random directions for the sample with 1 ML of
SiO2 and 0.9 nm of Ge are shown in Fig. 2. The spectra clearly show a signal from the Ge layer.
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The shift to lower energies for larger tilt angles (q) is due to an increase of the path of the beam
particles, d = x cos q (x being the real thickness), inside the Si capping layer, which leads to a
decrease of the energy of the backscattered particles. The aligned spectrum for the <110> axis
(obtained at q = 44.9º) shows a peak at channel 467 due to the presence of the non-crystalline SiO2
interlayer. For the sample containing 0.5 ML of SiO2 this signal is very weak.
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Figure 1. Comparison between the PL spectra of Figure 2. RBS spectra of the sample with 0.9 nm
the as-grown and passivated samples with 1 ML of Ge and 1 ML of SiO2 for the channeling and
of SiO2 and with 0.3 nm and 0.9 nm of Ge. Tm = random directions at two different tilt angles.
5 K.
Angular scans along the main crystal axes (<100>, <110> and <111>) were performed for
samples with 1 ML of SiO2 and 0.3, 0.6 and 0.9 nm of Ge, and for samples with 0.9 nm of Ge and
0.5, 0.75 and 1 ML of SiO2.
Table 1. cmin and y1/2 for samples with 1 ML of SiO2 and 0.3, 0.6 and 0.9 nm of Ge, for
the <110> direction.
0.3 nm Ge 0.6 nm Ge 0.9 nm Ge
cmin
y1/2

Ge

5.9 %

32.0 %

48.6 %

Si (surface)

2.5 %

9.6 %

17.6 %

Ge

0.81º

0.96º

1.26º

Si (surface)

0.99º

0.96º

1.04º

In Table 1 we present the dechanneling yield (cmin) of the RBS spectra and the width at halfminimum of (y1/2) of angular scans related to the backscattering from Ge and Si for samples with
1 ML of SiO2 and 0.3, 0.6 and 0.9 nm of Ge, for the <110> direction. For the sample with the
thickest Ge-layer (0.9 nm) we observe that cmin for the Ge curve is almost 50%, indicating a
possible presence of strained Ge islands. This result also shows that as the Ge layer thickness
increases, cmin for the Ge-related curves is getting higher, indicating a crescent crystallographic
disorder. This disorder can be interpreted as a way of releasing the strain energy accumulated in the
Ge films due to the lattice mismatch between Si and Ge (~4%). An increase of the thickness of the
Ge layer also induces a broadening of the Ge angular scan curve from 0.81º for dGe = 0.6 nm to
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1.26º for dGe = 0.6 nm. The increase of the y1/2 value also suggests the presence of Ge islands.
However, the positions of the minima of both Si- and Ge-related curves are identical, which
suggests that, despite having a lower crystalline quality, the Ge film is coherently aligned with the
Si substrate.
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Figure 3. (a) Angular scan along <110> direction for sample with 1ML of SiO2 and 0.3 nm of Ge;
(b) Schematic diagram of the atomic structure of this sample.
For the sample with 1 ML of SiO2 and 0.3 nm of Ge, the Ge-related scans and the Si-related
ones are similar (see Fig. 3a). This is a clear indication that Ge atoms are incorporated
substitutionally in the Si lattice, excluding the formation of Ge islands. In Fig. 3b we present a
schematic drawing for a possible atomic structure of a sample with a thin Ge layer. Here, the Ge
atoms are incorporated into the Si lattice.
References
1. D.J. Eaglesham and M. Cerullo, Phys. Rev. Lett. 64 (1990) 1943.
2. P. Schnittenhelm, M. Gail, K. Brunner, J.F. Nutzel and G. Abstreiter, Appl. Phys. Lett. 67 (1995)
1292.
3. S.A. Chaparro, Y. Zhang and J. Drucker, Appl. Phys. Lett. 76 (2000) 3534.
4. A.A. Shklyaev, M. Shibata and M. Ichikawa, Phys. Rev. B 62 (2000) 1540.
5. A. Barski, M. Derivaz, J.L. Rouvière and D. Buttard, Appl. Phys. Lett. 77 (2000) 3541.
6. A.V. Kobolov, A.A. Skhlyaev, H. Oyanagi, P. Fons, S. Yamasaki and M. Ichikawa, Appl. Phys.
Lett. 78 (2001) 2563.
7. A.A. Shklyaev and M. Ichikawa, Surf. Science 514 (2002) 19.
8. M. Derivaz, P. Noé, R. Dianoux, A. Barski, A. Coati, Y. Garreau and C. Alandi, Appl. Phys.
Lett. 84 (2004) 3295.
9. G. Davies, Phys. Rep. 176 (1989) 83.
10. N.A. Drozdov, A.A. Patrin and V.D. Tkachev, Sov. Phys. JETP Lett. 23 (1976) 597.
11. see eg. P. Schittenhelm, M. Gail, K. Brunner, J.F. Nützel and G. Abstreiter, Appl. Phys. Lett. 67
(1995) 1293.
12. N.A. Sobolev, A. Fonseca, J.P. Leitão, M.C. Carmo, H. Presting and H Kibbel, Phys. Stat. Sol.
C4 (2003) 1267.

396

