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Report:
The aim of this experiment was to study porous silicon structure with grazing incidence
small angle x−ray scattering techniques. Due to its nanoporous structure, porous silicon has
important physical properties, such as luminescence at room temperature in the visible range
and well−defined optical index variations due to the modulated electron density [1]. The
material is easily obtained by the anodisation of a single−crystal silicon wafer in a HF
electrolyte and the properties of the elaborated layer can be well controlled by the adjustment
of the fabrication parameters. But the formation mechanisms of porous silicon are not
completely understood. For this reason an accurate knowledge of its nanoporous structure is
of great interest. For thin layers, results concerning the interface structures of the PS layer
can be obtained in a non destructive way, with specular and off−specular measurements,
performed in the incident plane. But for thicker layers, the nanoporous structure leads to a
strong bulk scattering contribution at larger values of momentum transfer q [2], only
accessible with out of plane geometry.
Nine samples were studied mostly with "thick" PS layers (in the micrometer range). A
specular reflectivity curve is first obtained to measure the critical angle ωc of the porous
silicon layer. Then, the GISAXS experiment is performed for several incidence angles
(smaller and larger than the critical one) in the (qz, q//) plane with a 2D detector (the indices z
and // describe respectively the direction perpendicular and parallel to the sample surface).
The first studied sample is a thick p− type PS layer (ωc = 0.16 deg) (this kind of sample has

already been characterised by other techniques, such as transmission electron microscopy [3]
and classical small angle x−ray scattering [4]). Figure 1 presents various scans obtained
from the 2D data, for two incidence angles (0.3 and 0.12 deg); a diffuse hump related to the
typical size of the porous structure is always observed (see for instance fig. (c)). Along q//,
for qz chosen at the maximum of the scattered intensity (fig. (a) and (b)), a strong in plane
correlation appears (the maximum of the correlation is marked with a vertical dotted line on
the graphs). For smaller angles, a Yoneda peak is also observed (fig (d)), which is the sign of
surface scattering.
From these scans, various quantitative results can be obtained, such as the in−plane
correlation length (around 14 nm) or the typical size of the scattering particles (5 nm). In the
latter case, one must pay attention to the contribution of the correlation signal which perturbs
the shape of the scattered intensity resulting from a single particle. This size agrees with
previous observations [3] but the correlation is a new effect.
The same technique has been applied to all typical kinds of porous silicon structures. The
corresponding typical size a of scattering particles and the in−plane correlation length ξ// are
reported in the following table [5]:
PS type
p−
p+
n+
n
n−

a
(nm)
5
11.5
6
5
5.5

ξ//
(nm)
14
22
15
11
14.5

In addition to the particle size which is a new result for most of n−type materials, a new
feature is the strong in plane correlation. In some case, a correlation ring indicates that the
particles are also correlated in the qz direction. It is some time possible to observe on the
transmitted beam the scattered signal from the cylindrical pores, which can not be observed
on the reflected one.
For thin PS layers, the same procedure has been applied. For incidence angles larger than the
critical one, the scattered intensity results mostly from a scattering phenomena at the
interface between porous silicon and bulk silicon : this is due to the weak absorption of the
beam and to a large interface roughness; moreover, the porous volume is limited (thin layer).
On the contrary, for incidence angles smaller than the critical one, the bulk scattering is
stronger as the surface scattering is weak (small roughness) and as the evanescent wave plays
the major role by probing the porous medium. For these samples, the cross−over between
bulk and surface scattering has been qualitatively observed [5], but other measurements with
optimised samples are needed to obtain more quantitative conclusions.
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Fig. 1 : Log−log scale representation of q// scans measured at qz ≅ 0 for incidence angles of
(a) 0.3 and (b) 0.12 deg and qz scans measured at various q// positions (indicated on the
graph) for incidence angles of (c) 0.3 and (d) 0.12 deg. All the results were obtained with a
thick p− type PS layer (2 µm, ωc = 0.16 deg). The indices z and // are related to the directions
perpendicular and parallel to the surface sample.
References :
[1] L.T. Canham, editor. Properties of porous silicon. EMIS Datareviews Series No. 18,
INSPEC, (The Institution of Electrical Engineers, London), 1997.
[2] V. Chamard, G. Dolino, and J. Stettner. Physica B., 283, 135 (2000)
[3] M. I. J. Beale, N. G. Chew, M. J. Uren, A.G. Cullis and J. D. Benjamin. Appl. Phys. Lett.,
46, 86 (1985).
[4] V. Vezin, P. Goudeau, A. Naudon, A. Halimaoui and G. Bomchil. Appl. Phys. Lett., 60,
2625 (1992).
[5] V. Chamard. PhD thesis, Joseph Fourier−Grenoble 1 University (October 2000).

