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0O O O The X-ray reflectivity analysis taking into account the grading surfaces has
been investigated. The density gradient has been treated as a multi-layered structure
composed of extremely thin slices with different densities. The calculation has been
carried out based on Parrattis theory, and the results indicate that the model neglecting
density gradient can sometimes lead wrong conclusion. It can reproduce similar X-
ray reflectivity profile, however, the parameters obtained do not give real surface;
the density of mid-layer is even larger than that of bulk, and the interface roughness
is large. The grading is needed to consider independently as well as the other surface
parameters.

[Key words][] X-ray reflectivity, X-ray specular reflection, Surface layer, Depth profile,
Surface morphology, Density gradient, Graded surface
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Fig.10 The X-ray reflectivity calculated on the synthetic quartz with the density graded models.
The thickness of the surface layer is 2.0nm, and the densities of the thin slices distribute
linearly, and the density of the out most layer is 10% of bulk. X-ray energy is 16 keV.
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Fig.2[J Simulated X-ray reflectivity profile of the synthetic quartz with density graded surface (2.0
nm). The insets show the density distribution, [J alJ linear and [J blJ Gaussian. Calculated

results of Silicon oxide layer (4.0 nm) with grading are also shown, for linear grading] c[] and
Gaussian grading(! d[J.
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Fig.3 The calculated results for the synthetic quartz with graded surface with density grading (solid
line) and fitting result using the model of 3 homogeneous layers (dashed line). The models are
shown as the inset (the dashed line is the electron density profile assumed from the 3 layer
model). The fitting results is shown in the table 1.
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Table 1  The parameters obtained by the model neglecting grading effects for synthetic quartz.

Linear grading Gaussian grading
Thickness | Roughness Density Thickness | Roughness Density
(nm) (nm) (g/ cm’ ) (nm) (nm) (g/ cm3)
Layer 1 1.24 0.10 0.93 1.56 0.1 0.93
Layer 2 1.07 0.83 2.95 0.56 0.39 3.13
Substrate — 0.21 2.65 — 0.21 2.65
Normal 1.56x 10 Normal 1.87x 107
R value
Log 9.51x 10° Log 1.35x 10
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Fig.40 The calculated results for the silicon oxide film on silicon substrarrte. Density gradient
was assumed for the oxide layer with density grading in linear] solid line[Jand fitting result
using 3 homogeneous layer] dashed linelJ. The simulation models are shown as the inset

U the dashed line is the electron density profile assumed form the 3 layer modell],[] and
fitting results is shown in the table 2.
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Table 2 The parameters obtained by the model neglecting grading effects for SiO,/Si.

Linear grading Gaussian grading
Thickness | Roughness Density Thickness | Roughness Density
(nm) (nm) (glem’) (nm) (nm) (g/em?)
Layer 1 2.40 0.10 0.93 1.03 0.10 1.00
Layer 2 2.02 1.51 2.47 1.92 0.71 1.43
Substrate — 0.20 2.33 — 0.55 2.33
Normal 1.56x 10 Normal 4.40x 107
R value
Log 137x 10 Log 1.48% 10™
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