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Abstract: Single-step synthesis of one-dimensional Ge/SiC,N, core—shell nanocables was achieved by
chemical vapor deposition of the molecular precursor [Ge{N(SiMes).}]. Single crystalline Ge nanowires
(diameter ~60 nm) embedded in uniform SiC,N, shells were obtained in high yields, whereby the growth
process was not influenced by the nature of substrates. The shell material exhibited high oxidation and
chemical resistance at elevated temperatures (up to 250 °C) resulting in the preservation of size-dependent
semiconductor properties of germanium nanowires, such as intact transport of charge carriers and reduction
of energy consumption, when compared to pure Ge nanowires.

Germanium nanowires have been successfully grown by
physical and chemical vapor transport reactions; however, most
of the synthesis requires high temperature8@0°C) in order
to carry out the vapor liquid — solid (VLS) transformation
associated with catalytic growtf:12 As a result, contamination
in Ge nanowires, due to diffusion of heteroatoms, and surfacial
oxidation at high processing temperature are difficult to a¥®id.

In order to achieve low-temperature synthesis of Ge nanowires,
several approaches such as supercritical filiglid—solid
(SFLS) (306-450°C)!* and chemical vapor deposition (CVD)
(~300 °C)15-18 have been developed. Given the fact that Ge
easily forms unstable oxides on the surface and Ge oxides are
soluble in watet? effective diameters of Ge nanowires and the
corresponding quantum physical properties are expected to

otential as interconnects or active components in nanosc:aledC hange during device operation, and therefore passivation of
P P individual nanowires to prevent the oxidation process is

electronic and optoelectronic devices, once economically viable . - .
synthesis rocezures and utilization ,conce ts for thesguni ueessentlal. Several reports describing the surface chemistry
b)l/,li|din brocks become availab¥eRecentIp a number qu electrical property relationship have appeared in the recent
. 9 Y, __past®*?4Their results led to successful passivations toward air-
innovative approaches have been demonstrated for synthesizin
functional nanowires of different compositions; however, modu-
lation of one-dimensional (1D) nanostructures toward controlled
; H ; ; H P Nanotechnology006 17, 231.

dlme_n3|onal and chem|cal configurations remains the mpst (10) Morales, A. M- Lieber. G. MSciencel998 279, 208.
crucial step underlying the technology transfer issues, which (11) wu, Y.; Yang, P. DChem. Mater200Q 12, 605.

i ; ; i ; (12) Gu, G.; Burghard, M.; Kim, G. T.; Dusberg, G. S.; Chiu, P. W.; Krstic,
mandate detailed understanding and simplification of the growth V.: Roth, S.. Han, W. QJ. Appl. Phys2001 90, 5747.
proceduré’:g (13) Zhang, Y. F.; Tang, Y. H.; Wang, N.; Lee, C. S,; Bello, I.; Lee, S. T.

Phys. Re. B: Condens. Mater. Phy200Q 61, 4518.
Hanrath, T.; Korgel, B. AJ. Am. Chem. So@002 124, 1424.

1. Introduction

Semiconducting nanowires (NWSs) represent a distinct class
of matter because their unique size- and dimensionality-
dependent electrical, optical, and chemical properties can be
substantially modified relative to the bulk counterparts due to
the quantum confinement of conduction carriers in reduced
dimensions® Germanium is one of the important semiconduc-
tors with larger excitonic Bohr radius~4.3 nm) and higher
electron mobility (3900 citV s) when compared to silicon
(~4.9 nm, 1400 crV s), which results in more prominent
quantum size effects and leads to technologically important
applications such as high-performance field-effect transistors
and infrared photodetectotd. Germanium nanowires with
reproducible size, structure, and function offer promising

(9) Fan, H. J.; Fuhrmann, B.; Scholz, R.; Himcinschi, C.; Berger, A.; Leipner,
H.; Dadgar, A.; Krost, A.; Christiansen, S.;"&te, U.; Zacharias, M.

T Leibniz Institute of New Materials.
*Wuerzburg University.
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Kim, F.; Yan, H.Adv. Mater. 2003 15, 353.
(2) Wu, Y.; Yan, H.; Huang, M.; Messer, B.; Song, J. H.; Yang, PClhem.
Eur. J.2002 8, 1261.
(3) Huang, Y.; Duan, X.; Lieber, C. MSmall2005 1, 142.
(4) Lu, J. G,; Chung, P.; Fan, Mater. Sci. Eng. R006 52, 49.
(5) Liu, Y. J.; Ma, Z. W.; Ramakrishna, £urr. Nanosci.2006 2, 71.
(6) Sze, S. MPhysics of Semiconductor bDiees Wiley: New York, 1981.
(7) Zhang, L.; Tu, R.; Dai, H. JNano Lett.2006 6, 2785.
(8) Dick, K. A.; Deppert, K.; Larsson, M. W.; Martensson, T.; Seifert, W.;
Wallenberg, L. R.; Samuelson, Nat. Mater.2004 3, 380.

9746 m J. AM. CHEM. SOC. 2007, 129, 9746—9752

Wang, D. W.; Dai, H. JAngew. Chem., Int. EQ002 41, 4783.

Mathur, S.; Shen, H.; Sivakov, V.; Werner, Ghem. Mater.2004 16,

2449,

(17) Adhikari, H.; Marshall, A. F.; Chidsey, C. E. D.; Mcintyre, P. 8ano
Lett. 2006 6, 318.

(18) Kodambaka, S.; Tersoff, J.; Reuter, M. C.; Ross, FSklence2007, 316,
729

14
15
16

)
)
)
)
(14)
(15)
(16)
)

(19) Wang, D. W,; Chang, Y. L.; Wang, Q.; Cao, J.; Farmer, D. B.; Gordon, R.
G.; Dai, H. J.J. Am. Chem. So@004 126, 11602.

(20) Hanrath, T.; Korgel, B. AJ. Am. Chem. So@Q004 126, 15466.

(21) Hanrath, T.; Korgel, B. AJ. Phys. Chem. B005 109, 5518.

(22) Wang, D. W.; Chang, Y. L.; Liu, Z.; Dai, H. J. Am. Chem. So@005
127, 11871.

10.1021/ja071931e CCC: $37.00 © 2007 American Chemical Society



Chemical Vapor Growth of Ge/SiC,N, Nanocables

ARTICLES

N A/Me
Si=Me
\Me

Ge, Me
\ Si<Me
N, Me

N _..—NVe
Si=Me 1

\Me

Intensity (a.u.)

T
20 40 60 80 100 120 140 160 180 200
Mass Number (m/z)

0

nsime, (®)

Me
i<Me
§<Me
N ..—Me
Si=Me
\Me

H—N

Intensity (a.u.)

NSi,Me,

. SiMe.2 NSi,Me, l NSi,Me,
CH, SiMe \S'I\Aea \NSizMe{ J
T II‘”I| LI I \I T II T
20 40 60 80 100 120 140 160 180 200
Mass Number (m/z)

Figure 1. Mass spectra of (a) [G&(SiMes)2}2] and (b) [HN(SiMe)2]
precursors recorded during the CVD process.

0

Zn,Cd;—,Sed and SiC/SiQ.34 Preparation of CdS/ZnS core
shell nanowires has been achieved via a one-step fratgédnic
CVD process with a co-fed single molecular source of CdS and
ZnS35 We report here the first example of a one-step and
catalyst-free growth of Ge/Sjfly core—shell nanostructures
through CVD of a single molecular precursor [BESiMes).} 2].

2. Experimental Section

Synthesis of [G§N(SiMes),}2] Precursor. Tri-n-butyltin hydrid
(68.1 g, 0.233 mol) was added to the germanium (IV) chloride (50 g,
0.233 mol) and 1,4-dioxane (40 mL) in a mixture of diethyl ether (50
mL) andn-hexane (100 mL) at ambient temperature. Mixing was mildy
exothermic, and a white precipitate was immediately formed. The
reaction mixture was stirred under nitrogen at room temperature for
24 h. The white precipitate was filtered off, washed three times with
n-hexane, freed from solvents in vacuum (40orr), and identified
by element analysis (exp. (calc.): Ge, 30.8% (31.3%); Cl, 30.1%
(30.6%); C, 20.44% (20.7%); H, 3.57% (3.48%)) as the essentially pure
GeCh*C4Hs0; (36.67 g, 73% based on Galt® The synthesis of Ge-
[N(SiMe3),]>. was achieved by salt elimination reaction between
anhydrous GeGtC4HsO; (9.923 g; 0.043 mol) and 2 equiv of LiN-
(SiMes)2 (14.34 g; 0.086 mol) in EO and GHe.*” The reaction mixture
was heated up to 60C and stirred under nitrogen for 24 h. The
precipitated LiCl was removed by filtration. The removal of excess
solvent in vacuum gave a yellow-orange viscous liquid which could
be distilled under vacuum (1® Torr) at 90 °C to obtain Ge-
[N(SiMe3);]2. The reaction yield was 75% based on G&CLHsO.

Instrumentation. Ge/SiGNy nanowires were synthesized in a
horizontal CVD reactor in which a high-frequency field was used to
inductively heat the substrates by placing them on a graphite susceptor

stable, high-performance functional devices. Surface passivation(700-900°C). [GE[N(SiMes).} o] was introduced in the reactor through
and modification can conserve the electrical transport behavior & 91ass flange by applying dynamic vacuum (10orr) and heating

of nanowires, which is strongly influenced by depletion layer
induced by adsorbed oxygen species and photon inter&étion.
Coaxial core-shell semiconductor heterostructures formed by
the growth of a chemically stable overlayer on nanowire cores
are generally fabricated byultistep depositions?6-28 however,

the precursor reservoir to the desired temperature-8B0°C). The
precursor flux was regulated following the feedback of the pressure
measurement in the reactor during the CVD process. The gaseous
byproducts were detected by an online quadruple mass spectrometer
coupled to the CVD reactor. Room-temperature powder X-ray diffrac-
tion (XRD) was obtained on a Siemens D-500 diffractometer using

synthesis of 1D coreshell heterostructures with Ge as coré ¢y Ky radiation. Scanning electron microscopy (SEM) analysis was

material is not established technology largely due to complexity performed on an EDX-coupled scanning electron microscope JSM-
of multistep processes, the unavailability of precursors with 6400F (JEOL). The substrate-bound nanowires were mechanically
suitable vapor pressure, and the lack of established syntheticscraped and sonicated in ethanol and deposited on copper grids for
principles for growth of the shell material. TEM measurements performed on a Philips 200 FEG (200 kV)

CVD of a single-molecule precursor (SMP-CVD) is a bottom-  transmission electron microscope. The composition of Gel§i@as
up technique to produce large-quantity and high-quality nano- determined by XPS which was performed on a Surface Science

structures with controllable composition, phase, and dimension. Instrlurpent, fME)Péc’b\?' operating with an AloKradiation and total
Several reports have showed that the molecular approach is®?1"°" © — ev. _ _ _ )
For determining the electrical behavior, a suspension of the nanowires

useful to grow nanowires at low temperature and of various i g e > s
compositions such as G216 GaN2° Ir0,%0 CoSi?#! SiC32 was applled.between |nterQ|g|taI electrodes (II.DE). using a glass capillary.

A suspension of nanowires was made in isopropyl alcohol by
ultrasonication of nanowire samples for several seconds. The IDEs were
fabricated on quartz substrates by sputtering a platinum film of 50-nm
thickness. Each IDE is composed of 50 pairs of comb electrodes with
a pitch of~1 um. IDE was connected to an external circuit by mounting
on an 8-pin IC socket (DIP) using conducting adhesives. The samples
were built in a chamber of a homemade sensing characterization system
in which the samples can be heated (up to 2501 h) and regenerated

(23) Wang, D. W.; Dai, H. JAppl. Phys. A2006 85, 217.

(24) Adhikari, H.; Mcintyre, P. C.; Sun, S. Y.; Pianetta, P.; Chidsey, C. E. D.
Appl. Phys. Lett2005 87, 263109.

(25) Kolmakov, A.; Moskovits, MAnnu. Re. Mater. Res2004 34, 151.

(26) Lauhon, L. J.; Gudiksen, M. S.; Wang, C. L.; Lieber, C.Nature2002
420, 57.

(27) Wang, D. W.; Wang, Q.; Javey, A.; Tu, R.; Dai, H. J.; Kim, H.; Mcintyre,
P. C.; Krishnamohan, T.; Saraswat, K.&ppl. Phys. Lett2003 83, 2432.

(28) Greytak, A. B.; Lauhon, L. J.; Gudiksen, M. S.; Lieber, C.Appl. Phys.
Lett. 2004 84, 4176.

(29) Khanderi, J.; Wohlfart, A.; Parala, H.; Devi, A.; Hambrock, J.; Birkner,
A.; Fischer, R. AJ. Mater. Chem2003 13, 1438.

(30) zZhang, F. Y.; Barrowcliff, R.; Stecker, G.; Pan, W.; Wang, D. L.; Hsu, S.
T. Jpn. J. Appl. Phys., Part 2005 44, L398.

(31) Schmitt, A. L.; Zhu, L.; Schmeisser, D.; Himpsel, F. J.; JinJSPhys.
Chem. B2006 110, 18142.

(32) Fu, Q. G; Li, H. J.; Shi, X. H.; Li, K. Z.; Wie, J.; Hu, Z. BJater. Chem.
Phys.2006 100, 108.

(33) Shan, C. X.; Liu, Z.; Ng, C. M.; Hark, S. KAppl. Phys. Lett2005 87,
033108.
(34) Cai, K. F.; Lei, Q.; Zhang, L. Cl. Nanosci. Nanotechna005 5, 1925.
(35) Hsu, Y. J.; Lu, S. YChem. Commur2004 18,2102.
(36) Fjeldberg, T.; Haaland, A.; Schilling, B. E. R.; Lappert, M. F.; Thorne, A.
J.J. Chem. Soc., Dalton Tran$986 1554.
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Figure 2. (a) SEM and (b,c) TEM images of Ge/SN, nanowires obtained at 85€. (d) Elemental distribution of Ge and Si obtained by nanoprobe EDX
analysis.

with 100 sccm synthetic ait—V curves were obtained under different  crystallization of Ge core apparently due to higher sticking
heat-treatment conditions monitored by a PC-controlled HP 2400 source coefficient and mobility of ad-atoms. In a later step, ;Mﬁf

meter. species condense on the growing Ge NWs to form a homoge-
3. Results and Discussion neous overlayer. Since the concentration of Ge andMsi"
species in the gas phase is constant, the growth process is self-
terminating. The amount of atomic hydrogen plays an important
role in the control of radial dimensions and uniform growth of
Ge nanowires$? it is thus possible that atomic hydrogen plays

Chemical Vapor Deposition of Ge/SiGNy Nanowires. The
decomposition behavior of [G8&I(SiMes),} 2] was studied by
on-line mass spectral analysis, which revealedM8&;j species
with high spectral weight (Figure 1a). For comparison and .
differential peak analysis, the mass spectrum of the free ligand a ro[e in the growth procegs of Ge/SiG, core—shell struc.;tures.
[HN(SiMes);] was recorded under similar CVD conditions, Microstructure Analysis. The CVD deposits on different
which showed a high peak for atomic hydrogen in the case of Substrates (Si, Fe, ADs;, and MgO) exhibited wire-like
[Ge{N(SiMes)3} 2], whereas this peak was less prominent in the Morphology, indicating a single-step growth of Ge/di¢
case of the free ligand [HN(SiMp] (Figure 1b). Based on the nanowires and substrate-independent nature of the observed
fact that Ge-N bonds are more labile than-SN bonds (Ge- structural features. Morphology and microstructure analyses
N: 55 kcal/mol; Si-N: 78 kcal/mol)3 the decomposition  (Figure 2) confirmed a catalyst-free growth and cesaell
pattern of the precursor molecule can be outlined as follows configuration where single crystalline Ge core was covered by

(eq 1): an amorphous SiBly overlayer. The HR-TEM image (Figure
o 2c) of individual wires revealed single crystalline Ge witc
[Ge{N(SiMe3)} 5l oo o00c structure and a preferred growth direction[L1Elemental

mapping using EDX analysis (spot diameter, 5 nm), performed
perpendicular to the wire axis (Figure 2b), displayed a Ge-rich

The analysis of gaseous byproducts suggested that decomSore. whereas Si was found to be concentrated in the overlayer
position produced Ge feedstock which led to the preferential (Figureé 2d). In order to perform a 3D analysis of the eere

Ge" +NSi,Me," +H," +... (1)

(38) Baldwin, J. C.; Lappert, M. F.; Pedley, J. B.; Poland, JJ.&hem. Soc., (39) Lauhon, L. J.; Gudiksen, M. S.; Lieber, C. Fhilos. Trans. R. Soc. London,
Dalton Trans.1972 18, 1943. Ser. A2004 362 1247.
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Figure 3. XPS spectra of Ge/Sifly nanowires: (a) Ge 3d, (b) Si 2p, and

(c) N 1s.
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shell NWs, cross-sectional lamellae of Ge/MENWSs spread

on a Si substrate were prepared using focused ion beam
technique followed by HR-TEM analysis. Figure 2b (inset)

confirmed the core (Gejshell (SiGNy) configuration of our

nanowires.

Chemical composition of the shell material was unambigu- Figure 4. TEM images of the tips of Ge/Sifl, nanowires.

ously identified by high-resolution XPS analysis, which deliv-

ered chemical shifts of Ge 3d, Si 2p, and N 1s peaks as fingernature of the shell material and also to the reduced dimensions
prints for the chemical bonding within the cershell structure
(Figure 3). Compared to polycrystalline GeZ9 eV), the Ge

3d peak in Ge/SiNy NWs is shifted toward higher binding

of nanowires. The chemical configuration of Si is complex due
to the broadness of the peak which is probably due to the
overlapping of Si-N and Si-C features; however, a comparison

energy (~29.7 eV), which can be attributed to the insulating with chemical shifts observed in the Si/Si@ference sample

J. AM. CHEM. SOC. = VOL. 129, NO. 31, 2007 9749
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Figure 6.

|-V characteristics and the corresponding XPS spectra of Ge 3d peaks of $&/&iGnd c) and Ge (b and d) nanowires.

suggests that Si is bonded to less electronegative partners (Ction of the amorphous overlayer to be @iy, whereas the core
N) than O. The sharp N 1s peak at 397.8 eV indicates a single consisted of pure Ge. Since CVD of the protonated ligand (HN-
Si—N phase in the samples. The carbon has at least two distinct

configurations which can be assigned to graphitic carbon (40) vu, M. B.; Li, R.; Yoon, S. F.: Chew, K.; Cui, J.; Ahn, J.; Zhang, Thin
(contamination due to residual organics) and carbidic phases, ., Solid Films200Q 177 377.

i A X _7'(41) Blaszczyk-Lezak, I.; Wrobel, A. M.; Kivitorma, M. P. M.; Vayrynen, I. J.
respectively?® The above data confirmed the chemical composi- Chem. Vap. DepositioB005 11, 44.
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{SiMes}2) has been shown to produce QI films,*! it can be the higher binding energy corresponding to oxidized Ge species
envisaged that the ligand moietiesN{ SiMes},) present in the in pure Ge NWSs, whereas the G@hase in Ge/Si(,
precursor molecule decompose to similar composition due to asamples showed no change before and after heat-treatment
preformed N-Si—C backbone in the molecule. Higher partial (Figure 6c,d).

pressure of hydrogen in the synthesis of Ge NWs has been The charge carrier transport in nanowires depends on the
shown to have a diameter-governing influence due to the surface states and potential distribution between the material
passivation of NW surface by H atorfsThe high amount of surface and surroundings. The unique structural and electrical
atomic hydrogen (Figure 1a) observed in the CVD of [Ge- properties of Ge/Sid, nanowires exhibit promising potential
{N(SiMe3);} ] is responsible for the uniformity of the NW  for device applications, such as the following:

diameter, and the SjBly coating is apparently controlled by (i) effective passivation of germanium nanostructures by the
the chemical reaction between terminal H atoms and unsaturatedSiC,Ny shell necessary for preserving size-dependent semicon-
ligand fragments. ductor properties of germanium nanowires, enabling ballistic

Growth Mechanism. Core—shell nanostructures were grown  transport of charge carriers and reduction of energy consump-
on various substrates (Si, Fe,»®, and MgO) without any ~ tion,
external catalyst or template. Despite the absence of any catalytic (i) the insulating and barrier propert#sof the SiGNy
metal nanoparticles or growth templates, the as-grown nanowirescoating would not only minimize the surfacial roughness but
displayed a spherical tip that showed no difference in chemical also prevent the diffusion of foreign ions/atoms, thereby
composition compared to the body of the nanowire (Figure 4). reducing the background current (noise) in nanowire-based
Further, the lattice fringes of the wires (Figure 4c) were devices,
epitaxially extended to the tips without depicting any variation  (iii) the surface passivation of Ge by SI, can lead to
in contrast due to composition variation. SEM analysis of time- €nhancement of emission performance. Direct optical emission
dependent nanowire growth stages (Figure 5) showed 1D of germanium due to size confinement is usually quenched due
morphology to be pertinent from the onset of the deposition to the coexistence of surface defects and interface states. In
process. High-resolution SEM images of the sample deposited@ddition, the broad band gap in SIG (~3.8 eV)? when
in 5 s (Figure 5) showed that nanowires preferentially nucleate compared to that of Ge makes the shell material optically
at defect sites, steps, and/or grain boundaries of the polycrys-transparent which would allow directly addressing the core
talline alumina substrate with unusually high growth rates Without substantial influence of the shell material.
(~1 gm/min). The growth of Ge/Sidly nanowires is possibly
initiated by randomly formed Ge droplets, which are liquefied
at the growth temperatures (76900°C) and used as “catalysts” In summary, we have reported on the first self-controlled and
to promote anisotropic growth due to the dissolution of precursor Single-step synthesis of Ge-based 1D coaxial heterostructures.
fragments followed by precipitation due to supersaturation. Since both Ge and the organic part of the single meteganic
The axial growth is kinetically driven, which was examined by source are consumed in the formation of the eateell
a systematic temperature variation. We assume that in our casétructure, it is a simple and cost-effective strategy to grow Ge-
the rate-determining step of the nanowire growth is the based nanostructures in high yield with a greater degree of
preferential decomposition of precursor molecules on initially 'eproducibility when compared to other reported procedures.
formed Ge droplets (Figure 5). In view of the favorable The directive force of chemical configuration is obvious in the

intermixing of Si-Ge, a possible alloying of Si-containing —conformal coverage of the Ge core with Qi shell, which is

organic fragments with Ge can be ruled out by Raman chemically resistant. Given the choices available for tuning the
investigation (Supporting Information) because the finger organic periphery (nature of the ligand), this molecular approach
print of Ge 300 cnT?) instead of SiGe {400 cntl) was would be useful for targeted construction of inorganic nanostruc-
observed. tures?*3-45 For instance, the replacement of hexamethyldisilazane

ligands in [G§ N(SiMej3),} 5] with cyclopentadienyl groups ([Ge-
(CsHs)2]) produced pure Ge nanowires because the chemical
bonding of the departing &y ligands on Ge surface is
energetically less favorablé.In addition, the strength of the
metal-ligand bond can be modulated by an appropriate choice
of ligand moieties, which could produce high-purity nanowires
at low synthesis temperatures and which influence the local
atomic arrangement and dimensions (radial and axial) of the
fanostructures.

4, Conclusion

Oxidation Resistance Finally, the superior potential of Ge/
SiCNy core—shell structure against pure Ge nanowires (grown
by CVD of [Ge(GHs)z])1® was demonstrated by recording
|-V characteristics (Figure 6a,b) of both systems under ambient
and high temperatures (25C). Upon heating, the resistance
of Ge/SiGNy wires decreases, indicating the typical thermo-
electronic behavior of semiconductors. The original resistance
value was recovered upon cooling the sample to room temper-
ature. On the contrary, the resistance of pure Ge wires decrease
at 250 °C and exhibited further irreversible decrease after  Acknowledgment. We gratefully acknowledge the Saarland
cooling down to room temperature. The experiment showed state and central government for providing the financial as-
that electrical properties of Ge/Sig, nanowires were relatively
unaltered due to the protective function of the Bigoverlayer, (42) Du, X.; Fu, Y.; Sun, J.; Yao, R.. Appl. Phys2006 99, 093503.

. . R . (43) Mathur, S.; Shen, H. IEncyclopedia of Nanoscience and Nanotechnaglogy
whereas pure Ge nanowires suffered rapid oxidation resulting " Nalwa, H. S., Ed.; American Scientific Publisher: Stevenson Ranch, CA,
in thickening of the native germanium oxide on the surface (44) %\/(I)gtﬁ;u\r/,og.fégr%ril's.; Shen, H.: Pyun, 3. C.: WernerStiall 2005 1,
and less conduction (Figure 6a,b). Phase evaluation in both 713.
systems by surface-sensitive X-ray photoemission spectro-(45) Hernandez-Ramirez, F.; Tarancon, A.; Casals, O.; Rodriguez, J.; Romano-
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