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Report:

GIXD on high-density silicon nanowire arrays wasfpened in the light of synchrotron radiation at an
energy E=10.8keVAE0.1148nm) in order to verify the nanowire crystedlquality and orientation. Figure 1
display SEM images from quasi perfect SINW arragwgh confined in (a) and after etching of (b) the
nanoporous alumina template, while Figure 2a dyspkd-20 diffraction pattern acquired near the (—-440)
reflection of the silicon substrate at q=5.657 " hmwith q as the scattering vector. Diffraction expents
were carried out using the GIXD geometry to avaahplete overload of the signal by the substrateo Tw
peaks are clearly visible in Figure 2, revealing tiontribution of the substrate at5g657nm-1 and one of
the nanowires at a lower gq. The presence of a namgueak ensures that the observed nanowires are
crystalline and oriented in the same crystallogm@ptirection than the substrate. Thus, the diffragt
nanowires are in epitaxy with the substrate, aed ttrystallographic growth direction is [100] iead of the
usual [111] direction. The confined growth therefdeads to silicon nanowires oriented in a difféeren
crystallographic direction than their preferentale without affecting their crystalline quality. it of the
GIXD pattern by Pearson VII phenomenological fumes shows the presence of multiple satellite peaks
both sides of the nanowires’ contribution. The pree of these satellites is due to the constanteter of
the nanowires within the array. The GIXD measureiatso highlight the presence of a mechanicainstna
the diffracting nanowires revealed by the differme the scattering vector of the nanowire and tsates
peaks. The lattice mismatch parameter expressad/as (ainws—asuy/asup Can indeed be related to the shift
of the scattering vector g. Since the nanowireftatition peak appears at a lower scattering vettan the
substrate one, the silicon lattice parameter ghtlr dilated in the nanowires compared to buliceit. The
calculated strain iaa/a=1.9x10° which is one order of magnitude greater than fod-gatalyzed silicon
nanowires which grew freely. This increased straguld be explained by the forced growth in the
nonpreferential [100] crystallographic direction by the effects at the interface between the grgwin
nanowires and their AI203 growth template, but 818 needs further investigation. We have als@asuee
this strain for GeNW (Figure 2b). The second pdrthe experiment has been devoted to the morpholgy
investigation. On the GISAXS images of (1 0 0) &hd 0) and their profile according to qy showrigure

3, we observe a large number of rods (respectivednd 18 rods). Such measurements was then pedorme
for different in-plane angle of rotation p. (table)
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Figure 2Grazing incidence X-ray diffraction of (a) a silitcmanowire array grown on a Si (100) substrate n&e (—440)
reflection of the substrate and (b) germanium narmarray grown on a silicon substrate. The fittbé diffraction pattern reveals
satellites of the nanowires’ peak (labeled S-2, S51, and S2) due to the good diameter homogeofetitye array.
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Figure 3Scattering image of a silicon nanowire arrays growrhe highly-organized alumina, images corresgngdo the plane
(1 0 0) and gcross section on rods.

Theory Sample
Angle Distance (nm) | Angle (°) | Distance (nm)

(100) 0 2278 0 234

8,2 35.6
(150) 10 40,9 10 41,6

12,2 505
(130) 14 63,2 15,6 32,2
(120) 20 56,1 19,1 859

215 26,5
(140) 23 49,7 245 32.7
(110) 30 1315 30 1288

Tableau 19 : Scattering of an arrays of silicon nanowires, Comparison of theoretical and measured
angles p and inter-rod distances (in nm).



