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in faults, layer thicknesses and crystallite sizes and shapes. The observed textures
range fromweak (in Si and SiC films) to very strong (in ZnSe). In all films, crystallites are found anisotropic in
shapes and sizes. In nc-Si, no residual stress is observed, but the cell parameters deviate from bulk values due
to crystal size reduction. The layer thickness as probed by X-ray diffraction imposes films porosities. In
unstressed SiC films the two polymorph phases (hexagonal and cubic) are present and both are textured. In
ZnSe films, a ratio of around 55/45 for the cubic and hexagonal phases respectively is quantified and large
on, silicon carbide and zinc selenide sputtered films are chosen to illustrate the
ombined Analysis methodology in characterising textures, structures, residual

tensile in-plane residual stresses reaching several hundreds of MPa calculated.
© 2009 Elsevier B.V. All rights reserved.
1. Introduction
Thin film X-ray analysis is nowadays more and more confronted
with major problems when the elaborated films exhibit desired or not
preferred orientations. Indeed the intensity variations of the X-ray
reflections are dependent simultaneously on the texture and the
structure, and the texture is a priori unknown. This makes indis-
pensable a quantitative texture analysis (QTA) in order to interpret
correctly the diffraction diagrams in terms of structure analysis (and
this latter can deviate considerably from the bulk material). In turn,
without an exact knowledge of the structure, the quantitative texture
determination is for the less delicate to operate. All these difficulties
are emphasized alsowhen (i) the films are nanostructured, (ii) exhibit
a lot of inter- and intra-phases peak overlaps and (iii) when the
samples are composed of several layers of different crystallised phases
with a priori different textures. Volume and absorption corrections
become then necessary, which are not operated the same on a covered
layer, top film, substrate.., and which bias structural and textural
approaches. Finally, texture, structure … determinations remain
furthermore depending on the microstructural states, like crystalline
defects (point, linear, planar or volumic), composition variations,
microstrains and/or residual stresses. For instance, stacking faults or/
and finite and anisotropic crystallite sizes or/and residual stresses will
make inter- and intra-phase overlaps varying with hkℓ and sample
orientations, which in turn will be quantitatively determined only if
the other parameters are known satisfactorily.
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A new methodology called “Combined Analysis” [1] has been
recently developed and implemented in the MAUD software [2] in
order to determine as much as possible parameters accessible using
ray scattering, in the goal of optimising films properties. This
technique is based on cyclic refinements of the diffraction diagrams
measured for different sample orientations and by using the Rietveld
Method [3]. The texture is then modelled through the refinement of
the Orientation Distribution Function (ODF) of crystallites using
whichever implemented formalism (General spherical harmonics,
WIMV, E-WIMV, components [4]…), the anisotropic crystallite sizes,
shapes andmicrostrains using the Popa formalism [5] and the residual
stresses through the film elastic constants refinement from the ODF
and single crystal tensors using Voigt, Reuss, Hill or geometric mean
approaches [6]. The film thicknesses can also be refined by using the
absorption corrections [7]. In this program, a first Rietveld refinement
is operated in a cyclic manner on sets of diffraction diagrams
measured for as many as necessary sample orientations, Le Bail-
extracted intensities then serve a first QTA cycle, the result of which
serving to correct diagrams for the next Rietveld cycle... If residual
stresses are present, the macroscopic elastic tensors are calculated
after the ODF refinement in order to correct for diffraction peak
positions. The operation leads to the determination of the parameters
satisfying the best solution of the whole ensemble of measurements.

In this paper we illustrate the use of this combined approach in the
aim of optimising optical properties of micro- and nano-crystallised
(nc) thin films deposited by magnetron sputtering: (i) nc-Si crystal-
lites embedded in an amorphous SiO2 matrix and deposited on silica
glass and [100]-Si single crystal substrates, for which texture, film
thicknesses and anisotropic Si crystallite sizes determination are
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Fig. 1. Experimental (×) and fitted (line) 2θ patterns for selected χ-orientations of one
nc-Si/a-SiO2 sample. Large peaks (small crystallites) are observed and the presence of
texture is evidenced by peak intensity variations with χ (inset). Bottom pattern:
χ=0°; top pattern: χ=35°; Δχ=5°. Differences between measured and calculated
diagrams are shown for the bottom and top patterns and illustrate the fit quality.
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coupled; (ii) nc-SiC crystallites embedded in an amorphous SiCmatrix
and deposited on glass and [100]-Si single crystal substrates, as an
example of combined determination of texture, anisotropic SiC
nanosizes and phase percentage of the two SiC polytypes; (iii) Cr2+:
ZnSe thin films deposited on silica glass substrates to illustrate the
combined determination of texture-structure-phase amounts-crystal-
lite sizes, in the presence of both residual stresses and twin faults.

2. Experimental details

This methodology requires that datasets are measured in as many
sample orientations as necessary for a good ODF determination, i.e.
around 1000 2θ-scans given a reasonable grid resolution of 5°×5° for
that kind of films. Such a number of diffraction patterns to acquire
would already be unrealistic using point detectors. In this work we
used a Huber 4-circles X-ray diffractometer at the average Cu Kα

radiation (λCu=1.5418) equipped with a curved position sensitive
detector (INEL CPS 120) [8], which spans a 120° range in 2θ, allowing
the simultaneous recording of several pole figures and the full
diffraction diagram. These latter were measured for tilt (χ) and
azimuth (φ) angles in the 0–60° and 0–355° ranges respectively,
both using 5° steps. The instrumental resolution function was
determined by a full mapping (in ω, χ and 2θ ranges) of the
diffractometer space using the NIST LaB6 powder standard used for
the International Crystallographic round-robin. Preferred orienta-
tions are expressed in orientation density units, i.e. multiples of a
random distribution (m.r.d.). The Si [9], SiC [10] and Cr2+:ZnSe [11]
films investigated here were grown by reactive magnetron sputter-
ing as described in previous works. We complemented our
Combined Analysis characterisation by High Resolution Transmis-
sion Electron Microscopy (HRTEM) on films cross-sections using a
Topcon 002B microscope.

3. Results and discussion

3.1. nc-Si films: texture, anisotropic crystallite shapes, cell parameters
and thickness determination

Nanocrystalline silicon (nc-Si) thin films are promising structures
for a wide range of applications in micro- and opto-electronics [12]. In
such films a deposition temperature lowering is required in order to
enable the use of low cost substrates and to benefit of the peculiar
optical phenomena accompanying crystal sizes reduction, and still
remained the main challenge for large area microelectronic applica-
tions. We choose to deposit nc-Si films by the reactive magnetron
sputtering technique on [100]-Si single crystals and silica glass (a-
SiO2) substrates. As the films growth and crystallization mechanisms
strongly influence their resulting refractive indices, via crystallite
sizes and crystalline phase amounts modifications in the films, a
detailed structural and microstructural characterisation of the films is
required. For silicon the most intense diffraction lines are 111, 220 and
311, and we then measured X-ray diffraction patterns with an incident
angle corresponding to the Bragg angle of the 111 reflection
(ω=14.2°). Such patterns reveal that the films are made of
nanocrystalline silicon with multiple texture components and
anisotropic crystallite shapes (Fig. 1). When a textured film exhibit
anisotropic crystallite shape, if the texture information is not used (e.g.
when it is impossible as in random powders or when the textured
sample as been measured with too few orientations), the anisotropic
shape of the crystallites can be, at least partially, masked. Indeed for
one measured orientation the crystallite sizes are only estimated from
some {hkl} planes preferentially brought to diffraction while the
others are not detected, resulting in a systematic lowering of the shape
anisotropy. For the case of a textured sample having (111) planes
mostly parallel to the sample surface and [111] elongated crystallites
perpendicular to it, the long dimension of the crystallites is more
favoured than the short one, and this latter has to be probed with
other hkl lines. However, the long dimension is still underestimated if
low ω values are used, because this configuration does not ensure to
probe the maximum of the distribution of the crystallites orientation.
Such biased estimations are often encountered in works reporting
silicon crystallite size determination using the Scherrer formula,
resulting in overestimated sizes with underestimated shape aniso-
tropy [13–15]. The integral width approach used by Houben et al. [16]
or even the direct Fourier deconvolution of the signal from the X-ray
profile [17] gives results closer to the reality but are still however
lowering the shape anisotropy.

To overcome the above-mentioned problems, the use of the combined
approach is required with the simultaneous analysis of the anisotropic
shape using the Popa formalism based on the symmetrised spherical
harmonics and the quantitative texture using the WIMV approach. This
allows one to obtain a better estimate of the anisotropic shapes, weighted
by the volumic ratio of material in a given orientation and gives very
satisfactory fits (Fig. 1) with structural reliability factors RB, Rw and Rexp
around 5% and texture reliability factors RP0 [18] generally in the 1–3%
range. Such reliabilities, if they could be achieved by simple texture
parameter fits like used in the March–Dollase [19] or Lotgering [20]
approaches, would not correspond to a physically understandable model
of the texture inour case, because of the fairly complexODFof ourfilms, as
is seen on the inverse pole figure (Fig. 2(a)). Indeed multiple preferred
orientations are observed with texture strengths around 2 to 3 times a
random distribution, with a tendency to achieve lower strengths for films
grownona-SiO2 substrates. The texture components are evolvingwith the
substrate to target distance, with b110N and bhhlN (l larger than 2)
orientations favoured for smaller and larger distances respectively. For all
the studied films, no perfect b111N orientation is observed whereas a
systematic elongation of the anisotropic Si crystallites along one [111]
direction is present. Fig. 2(b) illustrates the mean anisotropic shape as
refined using the Combined Analysis that coincides perfectly with high
resolutionTEMmicroscopy images (Fig. 2(c)) inwhich elongated single Si
nanocrystals embedded in an amorphous SiO2 matrix are evidenced. As
schematically illustrated in Fig. 2(b), the average crystallite size along [111]
is around 9–10 nm which is around four times less than the value
estimated by the Scherrer formula, and 2–4 nm in the perpendicular
directions. The crystal shape anisotropy is therefore much larger than the
one deduced from single pattern analysis. The film structure is free of
stress and microstrain, and the unit-cell of the silicon nanopowders is
always larger than for bulk silicon. In given conditions, both the target to
substrate distance and the substrate nature control the crystalline fraction
of the films as well as their structural, textural and microstructural



Table 1
Thicknesses asmeasuredbyprofilometryand refinedby theCombinedAnalysis, compared
to the porosity as determined by X-ray reflectivity [9] on two Si nanocrystalline thin films
deposited on a-SiO2 substrates.

Profilometry thickness (nm) X-ray thickness (nm) Porosity (%)

1350 711 (50) 26 (3)
1470 1360 (80) 13 (3)

Parentheses indicate the standard deviations on the last digits.

Fig. 2. (a) Inverse pole figure (left) for the normal direction of the Si thin film of Fig. 1,
and calculated from the refined ODF and the corresponding pole locations (right) are
indicated by their Miller indices (linear density scale, equal area projection);
(b) schematic representation of the refined mean crystallite shape and (c) HRTEM
image of elongated Si nanocrystallites.
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features. Furthermore, the procedure enables to refine the film thickness
from the large angle part of the data, and since the films thickness are
“seen” under various incidences due to theχ rotation of the texture scans.
Such thicknesses are the ones as probed by X-rays, i.e. if strong porosity is
present the X-ray thickness appears smaller. This is evidenced on nc-Si
thin films deposited on a-SiO2 substrate for different inter-electrode
distance (Table 1) and forwhich the porosity has beenmeasured by X-ray
reflectivity [9].While profilometry indicates the full geometrical thickness
of the films, X-ray refinements measure their effective thickness, the
difference between the two approaches highlighting film porosities as
evidenced also in the cross-sectional TEM images.

The optical properties of the nc-Si films (refractive index and Tauc
gap values) are strongly correlated to their microstructural properties
[9], particularly to the nanocrystal sizes and to their porosity
(presence of numerous microcavities), showing that some nc-Si thin
film structures can be envisaged for example for the realisation of
microelectronic transistors.

3.2. Polytyped nanocrystalline SiC films: texture, anisotropic crystallite
shapes, cell parameters, phase percentage and thickness determination

For the development of a great variety of microelectronic and
optoelectronic devices such as bipolar transistors, photodetectors and
electroluminescent diodes, silicon carbide still remains the material of
choice among the available CMOS-integrated semiconductors [21]. In
order to achieve low-temperature growth of high quality crystallized
SiC, we investigated using X-ray analyses nc-SiC films deposited on a-
SiO2 or [100]-Si single crystal substrates at various deposition
temperatures Td in the 200–600 °C range. As previously seen for nc-
Si films, for TdN200 °C the nc-SiC film exhibit fibre-like texture
components. The X-ray diagrams (Fig. 3(a)) measured for ω=17.1°,
Bragg angle of the 111 reflection of cubic SiC, can be indexed in an
apparent cubic cell of the polytype 3C-SiC (F-43m space group).
These diagrams exhibit also strong and anisotropic broadening of the
diffracted lines due to the anisotropic shape of the SiC crystallites.
Upon decreasing Td, the intensity of all the diffraction lines is lowered,
indicating that the corresponding films are less and less crystallised or
the growing crystallites are smaller and smaller [10]. The relatively
large width of the diffraction lines, indicative of the presence of very
small SiC crystallites, cannot exclude a priori the presence of other
polytypes such as the hexagonal 6H-SiC (P63mc space group) most
commonly observed, and that can derive from 3C-SiC via stacking
faults occurring during the growth. In particular, the peak shoulder at
2θ≈35° cannot be indexed in the 3C-SiC cubic cell (Fig. 3(a)). In order
to overcome all these problems (strong peak overlaps, two textured
phases and anisotropic sizes), we use the Combined Analysis
Approach and in a first step, for the refinement of the XRD spectra,
we considered only the 3C-SiC phase with preferential orientations
and with anisotropic crystallite shapes. However, the discrepancies
between the calculated and the experimental diagrams suggest the
presence of another phase in the films, discrepancies more marked
when Td decreases. The 6H-SiC textured polytype was therefore
subsequently introduced with a proportion used as refinement fitting
parameter and with isotropic crystallite sizes. With these parameters,
a good agreement between experimental and calculated spectra
(Fig. 3(a)) is found for specific proportions of 6H-SiC, with
respectively Rietveld and texture reliability factors not exceeding
5.2% and 1.4% respectively. The refined a-cell parameter of the 3C-SiC
phase (Table 2) is around 4.38 Å whatever the Td values, while the a-
and c-cell parameters for 6H-SiC are refined to around 3.09 Å and
15.25 Å, respectively. These values are always larger than those for
the counterparts bulk SiC polytypes but no peak shift was observed
when tilting the samples in χ indicating that the measured cell
parameters correspond to the stress-free crystallised SiC layers. For all
Td values, whereas the crystallites of the hexagonal polytype exhibit
isotropic shape of nearly 5.6 nm, the mean shape of the 3C-SiC
crystallites corresponds to an ellipsoid elongated along the b111N
direction and almost isotropic in the other directions. When Td
reaches 600 °C the b111N size value is enlarged from 3 to 5 nm,
whereas the size dimension in the perpendicular directions remains
almost unchanged (~1.5 nm). The films exhibit also multiple texture



Fig. 3. (a) Experimental (×) and fitted (line) 2θ patterns for selected χ orientations
for a nc-SiC film deposited at Td=600 °C; Bottom pattern: χ=0°; top pattern:
χ=35°; Δχ=5°. Differences between measured and calculated diagrams are shown
for the bottom and top patterns and illustrate the fit quality. Recalculated inverse
pole figures for the film normal and for the 3C-SiC (b) and for (c) the 6H-SiC phases
(linear density scale, equal area projections). (d) Schematic representation of the
growth of a non faulted [111] elongated 3C-SiC crystallite that tends to agglomerate
along b102N.
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components. For the 3C-SiC polytype a main contribution is observed
around the b102N and b11lN texture components with high 1 values
(typically 10 or larger) (Fig. 3(b)) whereas the 6H-SiC phase exhibits a
main contribution around the b100N direction (Fig. 3(c)). For the two
polytypes, the observed texture strengths areweak and the pole figure
maxima do not exceed 4 m.r.d.

The [111] elongated 3C-SiC nanocrystals tend to agglomerate in a
columnar growth structure (Fig. 3(d)) mainly along the b102N
direction, without reaching the pure b111N texture component
generally observed for such a zinc-blende structure. The {111} planes
tilt with α=39° from the normal direction of the film has been yet
evidenced by Yasui et al. [22], but with only α=15.8°, when the 3C-
SiC film exhibits numerous stacking faults. At Td=600 °C the refined
proportion of 6H-SiC is about 33% and increases up to 70% when Td
decreases down to 300 °C (Table 2). In comparison with previous
works, the presence of the polytype 6H-SiC at such low temperature is
quite surprising and strongly suggests the presence of stacking faults
in the 3C-SiC, that cannot be modelled in the actual version of the
Maud software. This hypothesis has been asserted by HRTEM studies
in which filtered HRTEM images of supposed hexagonal nanocrystals
revealed tetrahedron stacking sequences not corresponding to a 6H-
SiC sequence but that can be better understood as a highly faulted 3C-
SiC phase [10].

Finally, the structure and phase modifications, in terms of crystal-
lization degree, compactness, composition..., on these films have been
found to be strongly correlated to the evolution of their optical
properties (optical gap and refractive index), that have been
optimized for the realization of an nc-SiC/c-SiC heterojunction
exhibiting promising properties [10].

3.3. Multiphased Cr2+:ZnSe films: texture, anisotropic crystallite sizes,
residual stresses, twin faults and phase analysis

The mid-infrared wavelength region (2–5 μm), which is also often
called “molecular fingerprint” region, is of special interest for many
important applications such as environmental sensing, infrared
countermeasures against heat-seeking missiles, and laser radar. For
such applications, robust, compact, solid-state, tunable laser sources
operating at room temperature in the mid-IR range are needed
leading to a great interest focussed on the transitionmetal doped II–VI
semi-conductors. Among this family, Cr2+:ZnSe is the most widely
used host material due to its favourable properties (flexible pumping
schemes, impressive output powers, wide tunability in the 2–3.1 μm
region and room-temperature operation).With the aim of realizing an
electrically pumped compact mid-infrared microlaser, Cr2+:ZnSe
films have been grown at room-temperature on various substrates
([100]-GaAs and [100]-Si single crystals and a-SiO2) by magnetron co-
sputtering of a SiO2 target covered by ZnSe chips and a variable
quantity of Cr chips [11,23]. As the production of quality films for
fluorescence and stimulated emission studies under optical and
electrical excitation is essential, the structural and microstructural
properties of theses films must be carefully investigated. We
performed X-ray diffraction experiments withω=13.65° correspond-
ing to the Bragg angle of the 111 reflection of cubic ZnSe.Whatever the
substrate, the X-ray diagrams exhibit both cubic (C-ZnSe) and
Table 2
Main refined parameters of the 3C-SiC phase and refined proportions of the two polytype
phases.

Td
(°C)

a3C-SiC
(Å)

6H-SiC
phase (%)

Anisotropic 3C-SiC sizes (Å)

[111] [200] [220] [311]

300 4.385 (3) 70 (1) 28 (1) 12 (2) 13 (2) 15 (1)
400 4.380 (1) 66 (1) 34 (2) 12 (1) 16 (2) 15 (2)
500 4.375 (2) 52 (1) 44 (1) 14 (1) 15 (1) 20 (1)
600 4.378 (4) 33 (2) 49 (2) 17 (1) 18 (1) 22 (2)

Parentheses indicate the standard deviations on the last digits.



Fig. 4. (a) 2D representation of selected diagrams for a ZnSe film deposited on silica glass at room temperaturewith a radiofrequency power of 250W, an Ar gaz pressure of 2 Pa and a
Cr quantity on the target of 0.17 g. Bottom diagrams: experiments, top diagrams: refinement. Low indices pole figures and inverse pole figures for the films normal, recalculated from
the ODFs for (b) C-ZnSe and (c) H-ZnSe. Equal area projections, logarithm density scale.
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hexagonal (H-ZnSe) ZnSe signatures with phase amounts varying
with the deposition conditions (radiofrequency power and Cr quantity
on the sputtered target). A two dimensional representation of the
diffraction diagrams (Fig. 4(a)) clearly demonstrates the achievement
of a strong texture of both phases in such films, within reliability factors
of Rw=25.7% and Rexp=11.1%. The C-ZnSe phase exhibits a strong
b111N fibre texture also evidenced in the TEM images (Fig. 5(a)),
culminating around 77 m.r.d. (Fig. 4(b)), with some residual



Table 3
Refined parameters for the two ZnSe phases (H-ZnSe and C-ZnSe).

Phase Cell parameters (Å) In-plane
stress
(MPa)

Anisotropic sizes (Å)

[111] [100] [110] [103]

C-ZnSe a=5.6497 (3) 263 (14) 112 (1) 117 (5) 85 (1) –

H-ZnSe a=3.9527 (6) c = 6.7154(8) 436 (25) – 244 (1) 244 (2) 20 (2)

Single-crystal elastic tensors used in the residual stress calculations are taken from Ref.
[23]. Parentheses indicate the standard deviations on the last digits.
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orientations (see inverse pole figure of Fig. 4(b)), while H-ZnSe shows a
unique b001N fibre texture with a maximum of nearly 64 m.r.d. (Fig. 4
(c)). At the first growth stage, an amorphous ZnSe thin layer on the
[100]-Si and [100]-GaAs substrates (around 3 nm) is observed in the
HRTEM images (Fig 5(b)) explaining why the texture is fibre-like
independently of the choice of the substrate. The two fibre axes are
parallel to the normal of the film plane, as would be expected for a film
growth sharing hexagonal planes in a columnar pattern. The C-ZnSe and
H-ZnSe phases exhibit anisotropic crystallite sizes (Table 3) also
evidenced in the corresponding HRTEM images. Furthermore, both
phases showstrong residual stresses, as can be seen from the peak shifts
with χ in Fig. 4(a). The geometric mean approach allowed to resolve
during the combined fit tensile in-plane stresses of several hundreds of
MPa in both phases (Table 3), using a biaxial model [24] with σ11=σ22

as imposed by the fibre character of the texture. The residual stresses in
H-ZnSe are about twice the ones of C-ZnSe. Such stress levels cannot be
achievedby the substrate influence since noheteroepitaxial relationship
is observed between films and substrates. The presence of residual
Fig. 5. (a) Bright-field TEM image and its corresponding selected area electron diffraction
pattern showing the columnar growth of a Cr2+:ZnSe thins film exhibiting strong b111N
fibre texture; (b) HRTEM image showing the amorphous layer invariably present at the
interface with the substrate (here GaAs), and explaining why the main texture b111N
component is constantly observed for single crystals or amorphous substrates.
stresses was also reported by Rizzo et al. in pure ZnSe sputtered films
onto [100]-Si substrates which also exhibited fibre textures, however
with no quantitative characterisation neither of the texture nor of the
stresses [25]. The authors attributed the stress achievement in their
films to the momentum transfer parameter (β) linked to energetic
transfers from incident particles sputtered to the growing films.
However, in our deposition conditions β as described by the authors
should place our film under compressive in-plane stress, contrarily to
our observations. These discrepancies could be explained either by a
stronger presence of H-ZnSe in our films (our refined value is 45.4 (5)%
of H-ZnSe in volume), or by the fact that the texture has to be taken into
account in the estimate of in-plane stresses and strains when estimated
from out of plane measurements.

Finally, one can observe that our fits are not optimum on this kind
of samples. In particular, the anisotropic Popa model cannot account
completely for the peak broadening of the H-ZnSe phase. In order to
better reproduce our diagrams the incorporation of twin faults
appeared necessary (stacking faults did not provide better refine-
ment) in this phase, with a probability of 45.7(6)%. Such twins are also
suggested by the bright field TEM image of Fig. 5(a) and would be
coherent with the observation of the two strongly linked fibre textures
corresponding to the classical scheme of cubic-hexagonal systems,
and with the occurrence of large residual stress states. However if the
introduction of twin faults in the H-ZnSe phase improves our fits for
2θN35°, the reproduction of the experimental data for 2θb35° is not
optimum (not represented here) with still discrepancies especially for
the 111-C and 002-H line fits. We could not further improve the fits
considering stacking faults (intrisinc or extrinsic), and microstrain
incorporation systematically gave rise to insignificant values (typically
less than 10−4 rmswithin as large standard deviations or even slightly
negative). This underlines that another still unidentified phenomenon
is not accounted for in the diagrams. In order to achieve large intensity
of the 111-C line, intergrowth between C and H phases could play a
rule. However such intergrowth still needs being implemented in the
combined algorithm.

The room temperature photoluminescence (PL) spectra under
direct excitation (1850 nm) revealed that chromium has been
incorporated in the Cr2+ active state leading to the mid-infrared
emission at about 2200 nm. The determination of the correlation
between the structural, microstructural and optical properties of the
films, in order to achieve the highest PL intensity in the infrared
region, is in progress at the light of the previous recent Combined
Analysis results.

4. Conclusion

TheX-raydiffractionCombinedAnalysis characterisation capabilities
have been demonstrated for micro- and nano-structured films. The
quantitative crystallographic texture determination can be carried out
even in films containing two crystalline phases. The ODF of the phases
can be used to calculate the residual stresses in the films, even if strong
peak overlaps occur due to large peak broadenings. Unit-cell parameters
are determined togetherwith phase volume percentages, and crystallite
sizes and shapes can be quantitatively estimated. When compared with
complementary techniques, films thicknesses deduced from our
analysis can be used as a characterisation of porosities in the layers.
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In nc-Si films no residual stress is observed andweak fibre textures
are stabilised. Elipsoidal crystallite shapes are observed, and a cell-
parameter weak expansion is measured due to smaller crystal sizes.
Films thicknesses as determined by X-ray diffraction prompt for
porosities in the films, when compared to other thickness determina-
tions. In stress-free SiC films, the observed textures are also fibre-like
for the two SiC polytypes, with however different fibre axes. Crystallite
sizes and shapes are similar to the ones of the Si films. In ZnSe films
strong tensile in-plane residual stresses are present which are linked
to the strongly developed textures of the cubic and hexagonal phases.
The hexagonal ZnSe phase represents around 45% of the volume of the
film, and crystallite sizes are anisotropic for both phases.

Throughout this work, the presence of crystallographic textures
places thematerials between a perfectly randomly oriented powder and
a perfect single crystal. This fact is used to provide better determinations
of anisotropic parameters.
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