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Abstract

Multilayer structures consisting of several alternated layers of SiGe and SiO, with thickness ranging from <5 to
25 nm were deposited by LPCVD. The samples were analyzed by RBS to determine the composition and thickness
of each layer. The deposition of SiGe on SiO, or Si as well as the deposition of SiO, on Si show negligible incubation
times. The deposition of SiO, on SiGe, however, exhibits an incubation time of several minutes, which would be related
to the oxidation of the surface necessary for the SiO, deposition to start. In all cases the film thickness increases linearly
with deposition time, thus allowing the growth rates to be determined. These data allow the deposition process of these

very thin layers to be accurately controlled.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

SiGe/SiO, multilayers with film thicknesses
below 5 nm are of interest for the fabrication of
electronic and optoelectronic devices which can
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be easily integrated with the Si-based electronic
circuits. Photoluminescence and electrolumines-
cence emission via the interface states and the
recombination of electron—hole pairs in the Si lay-
ers has been observed in SiO,/Si/SiO, single and
multilayer structures [1] and nc-Si/SiO, super-lat-
tices [2]. These structures have been fabricated
by: sputtering and annealing [3], LPCVD and
thermal oxidation [1] and PECVD [4]. The key

0168-583X/$ - see front matter © 2005 Elsevier B.V. All rights reserved.

d0i:10.1016/j.nimb.2005.06.136


mailto:andresr@etsit.upm.es

396 A. Murioz-Martin et al. | Nucl. Instr. and Meth. in Phys. Res. B 240 (2005) 395-399

parameters to control the energy of emission in
these multilayers are the layer thickness, which af-
fect the carrier confinement characteristics, and the
materials properties. SiGe presents several advan-
tages respect to Si, e.g. the possibility to tune the
band gap by the control of the Ge fraction (x) of
the alloy, and the reduction of the exciton lifetime
with the corresponding increase of the radiative
recombination efficiency.

In this work we propose a simple and low cost
procedure for the fabrication of continuous
SiGe/SiO, multilayers with layer thickness in the
range of nm. Multilayers are deposited in a single
process at a constant temperature using a LPCVD
reactor equipped with a system for deposition of
SiO, at low temperature (LTO), compatible with
well established semiconductor device manufactur-
ing technologies. The thickness and composition
of the resulting multilayers are characterized using
RBS techniques.

2. Experimental

Multilayers consisting of a stack of alternated
amorphous SiGe and SiO, films were deposited
in a single run process using a hot wall LPCVD
reactor. Si wafers dipped in HF prior to their load-
ing in the reactor were used as substrates. The
SiGe films were deposited using pure disilane
(Si,Hg) and germane (GeHy) as precursor gases.
No carrier gas was used. The pressure was
300 mTorr, the temperature was 390 °C, the ger-
mane to disilane ratio was set to 0.82 and the total
flow was kept constant at 10 sccm. The SiO, films
were deposited using Si,Hg and O, as precursor
gases and N, as carrier gas. The flows were set
to 2, 10 and 90 sccm, respectively. The pressure
was 185 mTorr and temperature was also 390 °C,
so only a short purge time is needed for shifting
from one deposition type to another. More details
on the deposition system and processes are avail-
able elsewhere [5].

The samples were characterized using Ruther-
ford backscattering spectrometry (RBS) and the
collected spectra were analyzed using the RBX
code from Koétai [6]. In our experiment, a 2 MeV
4He" ion beam was used with an incident angle

of 75°. The detector, with a FWHM of 14 keV,
was placed at a scattering angle of —170° in IBM
geometry. This configuration, with the detector
at 5° from the surface of the sample, was chosen
to improve as much as possible the depth resolu-
tion of the technique. However, some problems re-
lated to the unambiguous determination of the
composition and thickness of the SiGe and oxide
films from the acquired spectra still hold. Some
strategies have been followed to try to circumvent
the difficulties associated to the determination of
the compositions of the layers, thus allowing the
spectra analysis to be mainly focused on the accu-
rate determination of the thickness of the SiGe and
SiO, layers. Concerning the oxide, it was previ-
ously established by Fourier transform infrared
spectroscopy that stoichiometric SiO, films are
grown using the selected gas flows, so the compo-
sition of the oxide was used as a data to fit the
RBS spectra. With regard to the SiGe films, the
samples were specifically designed to allow
the determination of the composition of the SiGe
alloy by including a thick layer at the bottom of
the stack. A first set of multilayers consisting of
Si (substrate)/SiO,/SiGe (thick and with constant
thickness)/Si0,/SiGe (thin and with variable
thickness)/SiO, were deposited (see inset of
Fig. 1). The deposition time for the inner SiGe
layer was selected to obtain a layer thick enough
to allow a clear determination of the composition
of the SiGe alloy and the layer thickness. The
thickness of the outer SiGe film, which differs from
sample to sample, was determined from the RBS
spectra fitting assuming the same composition
than that of the thick film located beneath, which
was deposited in the same conditions and in the
same run. The structure of the samples, with the
thin SiGe layer located near the surface of the sam-
ple, minimizes the effect of the energy straggling on
the determination of its thickness. The SiO, layers
allow to check for the repeatability of the oxide
deposition process within the sample and from
one sample to another as well as to determine pos-
sible differences in the deposition of SiO, on SiGe
and on Si. A second type of samples consisting of
Si (substrate)/SiGe/SiO, (thick and with constant
thickness)/SiGe/SiO, (thin and with variable
thickness)/SiGe were fabricated (see inset of
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