
International Journal of ChemTech Research
CODEN( USA): IJCRGG         ISSN : 0974-4290

                                                                                                           Vol.2, No.4, pp 2109-2112,      Oct-Dec 2010

Nano Structural Properties of TiN in Integrated
Chemical Systems
A. Bahari*  and  S.Ghadipasha

Department of physics, University of Mazandaran, Iran

*Corres.author : a.bahari@umz.ac.ir

Abstract: In the last decade due to tunneling and leakage current as well as boron diffusion through the ultra thin gate
SiO2, some high-k dielectrics have been introduced for replacing conventional SiO2 as the gate dielectric in sub-0.1 μm
complementary metal-oxide-semiconductor-Field-Effect-Transistors. TiN film is one of these materials which can fill
this gap due to the reasonably high dielectric constant, large band gap, high heat of formation and superior
thermodynamic stability.
In this work we have thus demonstrated the series of CVD experiments to growth nano-scale TiN film in an Ar/N2
media to see the effect of Ar/N2 flow rate on the nano structural properties of TiN film with analyzing ZAF and
photoemission spectra.
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Introduction
With the continued downscaling and shrinking the
nano electronic devices scales, in particularly,
MOSFET (Metal-Oxide-Semiconductor-Field-
Effect-Transistor). Gate dielectric, high-dielectric
constant (high-k) gate materials, as alternatives to
SiO2, have been extensively investigated. In addition,
we  are  walking  to  a  new  area  in  where  the  rapid
growth of the semiconductor industry demands
technical capabilities [1-7]. In fact, when SiO2 film
thickness is thinned to 1 nm, which corresponds to
only 4-5 atoms layer, the new technology problems
arose.
Shrinking this thickness can result in changes in the
device operation condition, making it extremely
difficult to maintain device tolerances.
On the other hands, some issues such as
exponentially increase in the gate-dielectric leakage
current has caused significant concern regarding the
operation of CMOS devices, in particularly with
regard to standby powder dissipation, reliability and
lifetime [9-15]. These issues induced to search the
other good gate dielectric. From the view point of
gate fabrication, TiN can be introduced as a good
gate dielectric for the future of CMIS generations.
However, TiN should be grown on the silicon

substrate without any impurity and dirty. Researchers
believe that Ar and N2 gasses do not affect on the
thin film growth procedure. The present work shows
that the Ar/N2 flow rate could significantly influence
the nano structural properties of TiN.

Experimental procedure and details
The n-type silicon samples with resistivity of 5 Ω-cm
and size of 3 cm×1 cm were cut out of the wafer then
rinsed with ethanol in an ultrasonic bath and then
introduced in the UHV chamber. The chamber was
then baked before the measurements. The
background pressure was 2×10 -10 Torr after baking.
All further cleaning was done inside the UHV
chamber by heating with a direct current through the
sample, initially up to 1200 oC and later at higher
temperatures to restore a clean Si surface. Earlier
measurements with a residual gas mass spectrometer
in the line of the beam have shown that a very high
proportion (about 50 percent) of oxygen is produced
with this setup. Typical total pressure in the chamber
during exposure was around 5× 10 -7 Torr.
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Discussion
It is clear from the ZAF spectrum that the flow rate
can influence the film growth due to the small peaks
around the huge peaks. These peaks are due to the
other transitions like kβ, kγ and etc. The huge peak
indicates the kα transition. However, the background
shows that Ar/N2 flow rate is included, meaning this
ratio influences the nano structural properties of TiN
film. For this purpose, the Si, Ti and N peaks in
photoemission spectra, have been plotted with Fit
XPS [2] method [shown in Figs.1 through 3.

Both Ti and N make bonds with silicon atoms as
shown in Fig.2, 3 and 4. Si diagram shows an
exponentially decay behavior, whereas Ti and N

are self-limiting growth. The Boltazmann
behavior of Ti and N are not exactly similar.
The broader peak-width in Fig.1 suggests that
TiN film has been affected with Ar/N2 flow rate.
This might result in a positive effect on its
mechanical properties. Relatively, the
multilayered coatings prepared at lower Ar/N2
flow rate exhibit lower residual stress, which is
beneficial to inhibiting coating elimination. The
larger  curve    slope  in  Fig.2respect  to  that  in
Fig.3 shows the higher hardness based on the
Oliver Formula [16].
Whilst the same we larger curve slopes.

Fig.1. Si behavior in TiN/Si structure

Fig.2. Ti  behavior in TiN/Si structure
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Fig.3. N  behavior in TiN/Si structure

Fig. 4. ZAF spectrum indicate the effect of Ar/N 2 flow rate on the film growth

Conclusion
As stated above, the Ar/N2 flow rate changes the
nano structural properties of TiN film. The N2
molecules are dissociated into atomic nitrogen in that

Ti-N-Si bonds could be formed. This film can be
used as a good gate dielectric for the next nano
transistor devices due to high-k dielectric and thicker
equivalent oxide thickness.
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