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Fig. Typical 2D GISAXS intensity maps of (a) as-grown and (b) anncaled Zn0)/
Al203 multilayered nanostructure. The inset shows simulated GISAXS map
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Abstract

M emory devices that use seminconductor nanocrystals (NC) for charge
storage began to receive considerable attention in recent years due to their
excellent performance, high capacity of memory and miniaturization. In order
to integrate these materials into devices, formation of NCs and oxide layers
with controlled stoichiometry, dimensions and homogeneity are required. The
optimization of nanoparticle synthesis by laser ablation requires the knowledge
of the temporal and spatial scales for nanoparticle formation, and how the
nanoparticles are transported and deposited. In this context, plasma optical
emission spectroscopy (OES) is a convenient technique to monitor in situ and
in real time the evolution of the induced plasma plume composition and species
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kinetics. In this work, OES is used to determine the composition and energy
of the plasma plume species obtained during ablation of seminconductor
targets using a KrF excimer ns-laser (=248 nm). We have characterized the
plasma plumes in vacuum, and in the presence of an argon atmosphere at
0.5 and 1 mbar. From registered emission spectra we obtained the electron
temperature and density for different distances to the target, and laser fluences.
The spatial dependence shows a decrease in electron temperature and density
with distance.

Acknowlegments: This work was supported by the project (PTDC/FIS/098943/2008)
funded by the Portuguese Foundation for Science and Technology (FCT).
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1.Introduction

Memory devices that use seminconductor nanocrystals (NC) for charge storage began to
receive considerable attention in recent years due to their excellent performance, high
capacity of memory and miniaturization. In order to integrate these materials into devices,
formation of NCs and oxide layers with controlled stoichiometry, dimensions and
homogeneity are required. The optimization of nanoparticle synthesis by laser ablation
requires the knowledge of the temporal and spatial scales for nanoparticle formation, and
how the nanoparticles are transported and deposited. In this context, plasma optical emission
spectroscopy (OES) is a convenient technigue to monitor in situ and in real time the evolution
of the induced plasma plume composition and species kinetics. In this work, OES is used to
determine the composition and energy of the plasma plume species obtained during ablation
of seminconductor targets using a KrF excimer ns-laser (=248 nm) . We have characterized
the plasma plumes in vacuum, and in the presence of an argon atmosphere at 0.5 and 1
mbar. From registered emission spectra we obtained the electron temperature and density for
different distances to the target, and laser fluences. The spatial dependence shows a

decrease in electron temperature and density with distance.

2. Experimental detalls

Pulsed Laser Deposition system

= Laser type

» Laser wavelength

= Laser energy
= Pulse duration

» Target/substrate dist.

= Targets
= Pressure
"Atmosphere

Excimer KrF
248 nm

400 - 600 mJ
/7 ns

6 cm

Si/Ge

106 -1 mbar
Argon

Spectroscopy equipment

Ocean Optics HR 4000
HC-1 (300g/mm)

0.5 nm

Uv-Vis (®=1 mm)

= Spectrometer
= Grating

= Resolution
=Optical fiber

4.1. Plasma plume Spectra
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4.3. Electronic Temperature. Boltzmann Plot.

The electron temperature was estimated through
the Boltzmann plot method. For Si plumes we
used Sill specie and for Ge plumes the Gell

specie.
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Results

3. Computational detalls

First principles calculations of Si,, Ge, and SiGe

clusters, were performed within the density
functional theory (DFT) formalism, as implemented

in the software tool Hyperchem 8.

We adopted the 6-311G base and the B3LYP for the
exchange-correlation functional. The calculations
reveal the interatomic distance, heat formation,

electron affinity and ionization potential of the

studied clusters

4.2. Ab —initio study of initial particle formation

Heat of Formation ranion Electron r cation lonization
r (A) (eV) Heat of Formation by ions (eV) A) Affinity A) Potential
(eV) (eV)
Si+Si --—-- > Si, Sit+ Si7 ----- > Si,
Si, 2.24 2.17 1.99 2.51 7.89
-3.71 -9.89
Ge + Ge ----- >Ge, | Ge'+Ge ----- > Ge,
Ge, 2.28 2.30 1.91 2.52 7.61
-2.56 -9.66
Si + Ge ----- > SiGe | Sit+ Ge™ ----- > SiGe | Si"+ Ge" ----- > SiGe
SiGe | 2.27 2.21 1.94 2.52 7.73
3.12 -9.88 9.63
Electron Affinity (eV)
Si 1,23
Ge 0,64

Other calculations (6-311G base and B3LYP functional) and experimental data.

ranion L Binding Energy (eV) Electron Electron Affinity (eV)
rA) (A) Binding Energy (eV) experimental Affinity (eV) experimental
Si,? 3.08
SiGe @ 2.22 2.9
Ge," 2.40 2.31 2.68 2,70+0,07 © 1.93 2,035+0,001
Ge P d
1.33 1,232712+0,000015 ¥

3 Edet F. Archibong and Alain St-Aman, J. Chem. Phys.109, 962 (1998)

b) Si-Dian Li, Zhi-Guang Zhao, Xiu-Feng Zhao, Hai-Shun Wu, Zhi-Hao Jin, Phys. Rev. B 64, 195312 (2001)
° |.E. Kingcade, H.M. Nagarathna-Naik, 1. Shim, K.A. Gingerich, J. Phys. Chem. 90, 2830 (1986).

d M. Scheer, R. C. Bilodeau, C. A.Brodie, H. K. Haugen, Phys. Rev. A 58, 2844 (1998)
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4.4. Electronic density. Stark broadening.

The electron density was estimated
through the stark broadening of line Sill
(385nmm) for Si plumes and line Gell

(602 nm) for Ge plumes.
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W is electron impact parameter, and Ne
the electron density in cm3,
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