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1. Abstract
Low-k porous carbon-doped silicon dioxide (SiCOH)
thin films were deposited onto silicon substrate by
plasma enhancement chemical vapor deposition
(PECVD) method and then submitted to interaction with
Ar/N2- and Ar/H2-plasma in order to seal the superficial
region. These samples were characterized by XRR,
GISAXS and SEM and the results show that for sealing
task the Ar/N2-plasma is more suitable than Ar/H2 one.
This investigation shows that XRR and GISAXS are
powerful tools for microstructure characterization
because its ability to detect even small defect, as well as
the pore size and shape.

2. Introduction
Low-k dielectric materials have been identified as a
critical factor for improving the performance of
integrated circuits, as well as for enabling the
continuous miniaturization of the modern CMOS
devices. One example of this material is SiCOH in
which voids was included to achieve k < 2.0. However,
the material infiltration into the pores during the CMOS
process promotes the emergence of a current leakage
through the dielectric [1,2]. In order to overcome this
difficulty, it is necessary to find procedure that allows
the partial sealing of the porous structure, but avoiding
the loss of its dielectric properties. In this sense, porous
SiCOH have been introduced in modern integrated
circuit to reduce the parasitic capacitance between
interconnects metal lines [1,2]. Their electrical
properties are strongly linked to both the pores
geometry and porosity [2], but because of its weak
mechanical stability non-destructive techniques must be
employed for its characterization [1]. In this sense, those
based in X-ray is suitable because its great accuracy in
determining the electron density, thickness, pore feature
and porosity of the films [3].
3. Experimental procedures
Thin films of about 180 nm of thickness, nominal
porosity c.a 45%, and average pore diameter of 3.5 nm
were deposited onto polished silicon (100) by PECVD
deposition. In order to seal its surface, some of them
were submitted to Ar/N2- and Ar/H2-plasma. The effect
of this treatment upon the surface region was
investigated by X-ray reflectometry (XRR), Grazing

incidence small angle X-ray spectroscopy (GISAXS)
and scanning electron microscopy (SEM). The XRR
measurement was made focusing an X-ray beam with λ
= 0.1549 nm, keeping the sample-detector distance at
about 35 cm. For GISAXS experience, the incident
angle equal to 0.25° was chosen to maximize the
scattering intensity. The thickness (T) and critical angle
(θc) of them were computed by XRR, whereas the
GISAXS analysis were employed for computing the
porosity, pore shape and size as plasma treatment
function.
4. Results and discussions
In Fig. 1 is shown the XRR spectra from both
pristine and plasma treated samples. The non-regular
amplitude of them reveals anomalies within the
structure. In the case of the plasma-treated films, it
could happen due to the sealing effect of the plasma, but
in the case of the pristine one, it seems to be associated
to damage during storage or an undesirable effect during
the film growth.

Fig.1. XRR spectra from pristine and plasma treated films.
They were vertically shifted for better viewing.

In spite of it, the presence of two critical angles is
observed, one of them corresponding to Si (θc,Si) and the
other to the SiCOH film (θc,ALK). After treatment, the
θc,ALK is shifted to high values. The SEM image from
the pristine film (Fig. 2) shows a thin intermediate layer
(indicated by an arrow). This is the cause why the XRR
profile has non-regular behavior. The thickness
measured from SEM was about 174 nm.
On the other side, in first approach, the average
value of T and θc of the films were computed by the
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Fig.2. SEM image from cross-section of the pristine SiCOH
Table I. Thickness and critical angle extracted from XRR
Sample
plasma
Thickness Critical angle
(nm)
(°)
S04
pristine
176.8
0.120
S05
Ar/N2
166.5
0.143
S06
Ar/H2
171.1
0.136

According to the Table I, the effect of the plasma
treatment is to reduce the film thickness and it is more
marked when Ar/N2-plasma is used. This reduction
happens by densification effect of the upper region
forming a dense layer or/and removal as result of the
sputtering effect of the plasma ions, or even due to the
combination of both [5]. According to Puyrenier [6], the
contraction of T, as well as the rise of density of the
upper layer is an evidence of the pore sealing effect
during the plasma treatment. In this sense, an Ar/N2
plasma would be more efficient in pore sealing.
The structural features of the pores, as well as the
porosity of the films was extracted from GISAXS
spectra shown in Fig. 3. For this aim, the intensity-qy
curves were fitted regarding the coexistence of three
types of non-interacting pores into (2)
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this equation was obtained assuming that: (a) the total
scattering intensity of the system is the sum of the
individual contribution of each type of pores; (b) the
pores are locally non-interacting; (c) the scattering
intensity of each type of individual pores obeys the
generalized form of the Ornstein-Zernike. From it was
found that the film are composed by two spheres with
rougher interfaces (radius 1.01 to 1.28 nm) and one
cylinder (radius 1.28-1.33 nm and length about 39 nm)
which varies slightly after plasma exposition. The
porosity was found to be equal to 47% for the pristine
sample, while for the samples treated by Ar/N2- and
Ar/H2-plasma, it was about 42 and 39%, respectively.

Fig.3. GISAXS spectra from pristine (a) and Ar/N2-plasma
treated films.

5. Conclusions
Pores of the superficial region of SiCOH films were
successful sealed by plasma treatment forming a thin
layer whit features dependent on the plasma
composition. In this sense, it was fund that the Ar/N2plasma is more suitable for this task. In addition, the
GISAXS analysis reveals that the pore structure can be
modeled by two spheres and one cylinder with
geometrical dimensions remain almost constant in spite
of the plasma exposition. The porosity of these films are
modified by the plasma treatment, so that its changes
from about 47% (S04) to 42% (S05) and 39% (S06).
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