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Abstract

The paper presents Fourier transform infrared spectroscopy
investigations on composition bonds of polysilicon/Nitrogen
Doped Silicon PolySi/NIDOS film deposited by Low
Pressure Chemical Vapor Deposition or (LPCVD). These
films are annealed at 700°C for different duration from 15
min to 480 min. The FTIR results indicate the presence Si-N,
BN and B-N-B bonds located at different wavenumber. The
decomposition results show the existence of more complex c-
BN and h-BN peaks. In addition, The FTIR spectra of
polySi/NIDOS films annealed at different durations are used
to calculate bond densities of Si-N, B-N-B, h-BN and c-BN.
Moreover, after 60 min the films are dense by c-BN and h-
BN complexes. The strong concentration of these complexes
keeps the boron penetration in dioxide layer which improve
MOSFET component.
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1. Introduction

The excellent physical and chemical properties of the boron
nitride (BN) make this compound an attractive material in the
last 10 years [1-3]. In particularly BN exhibits extremely high
hardness, high electrical insulation, and good thermal
conductivity and parallels the crystalline structure [4-6]. The
main aim of these researches is to improve of the polysilicon
gate MOSFET structures by reducing the doped penetration in
oxide layer [7, 10]. For this we added new layer between oxide
and polysilicon layers. Nitrogen Doped Silicon NIDOS layer is
obtained by mixture disilane and ammonia, in order to obtain X-
N bonds and create insulator layer [11-14].

In order to improve the oxide quality of MOS component, the
authors in the present work study Fourier transform infrared
spectroscopy investigations on X-N bilayer films polySi/NIDOS
annealed at 700°C for different durations.

2. Experiments

Using low pressure chemical vapor deposition (LPCVD)
method two polysilicon layers are deposited on oxidized single
crystal silicon substrates (P-type, 25-n-oxide thick).

The first layer deposited from disilane (Si;Hg) and ammonia
(NH3) (about 200-n-thick), was in-situ nitrogen doped. On this
later, a second polysilicon layer deposited by the disilane and
boron trichloride (BCl;) was also in-situ boron doped (about
130-n-thick).

Finally the samples were thermally annealed at 700°C for
different duration. (See Fig. 1).
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Fig.1 Sample structure.

3. FTIR results

Figure 2 shows the IR transmittance spectra recorded
between 400 and 4000 cm™ of the polySi/NIDOS/SiO,/Si films.
These films are annealed at 700°C for different duration
between 15min and 480min.

We note that the signification transmittance peaks are located
between 600 and 1500 cm’™’. In what follows, we will make a
detailed study on this wavelength see figure 3.
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Fig. 2 IR transmittance spectra recorded between 400 and
4000 cm™' of the polySi/NIDOS/Si0,/Si films.

Figure 3 show the IR transmittance spectra recorded between
1500 cm™ and 600 cm™.

The FTIR obtained results show the appearance of several bands
detected in the material.
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Fig. 3 The principal peaks appear in the wave number located
between 600cm™ and 1500cm™ for PolySi/NIDOS films.

We noticed that the peaks detected in the films are nitrogen
type (X-N) as Si-N and BN. The peaks located around 1083 cm”
! assigned to cubic c-BN bond [15-17] and the bands positioned
at 1400 and 626 cm™ were assigned to hexagonal h-BN [18-20].
Moreover, the peaks situated at 950, 850, 480 and 830 cm’! were
assigned to stretching vibration mode Si-N (s) [21-23].

For our study, we focus on the domain 800-1350 cm™'. This
wide strip was divided into different Gaussian peaks (figure 4-6)
corresponding to the following bond (see table 1).
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Fig. 4 Deconvolution of the absorbance band located between
1500 and 750 cm™' for 15 min.

The deconvolution results show, appearance of different
kinds of peaks Si-N, B-N-B, h-BN and c¢-BN detected to 15
from 60min, we notice, the same bonds were found for durations
120 and 480 min [19]. In addition, the absorbance intensity of
the c-BN peak is two to three times greater than the Si-N bond
according annealing time.

The objective of this work is to calculate the density of each
bond in the films polySi/NIDOS for different annealing times,
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Fig. 5 Deconvolution of the absorbance band located between
1500 and 750 cm’! for 30 min.
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Fig. 6 Deconvolution of the absorbance band located between
1500 and 750 cm for 60 min.

Table 1: Wavenumbers for different bonds detected

Bond Wavenumber References
Si-N 840,860,890,950,1250,1150 | [21-23]

c-BN 1080 [15-17]

h-BN 1400, 1390, 1500 [18-20]
B-N-B | 735, 750, 811, 790 [171, [20] [23]

in order to optimize annealing condition. In what follows, we
will calculate the quantitative density of each link. This
calculation is based on decomposition band

The infrared absorption spectroscopy can not only identify
the vibrant connections but also to determine the concentration.
Based on the Lorentz model that considers the solid as a set of
oscillators, we can correlate the area of a characteristic
absorption band in conjunction with the concentration (or
density) of this bond, using the following relationship [24].



3.1 Densities of the Si—N bonds:

In the literature, the integrated absorptions of IR active
bands have been utilized for a quantitative determination; the
densities of the Si—N bonds were estimated from their stretching
vibration mode, using the following expression [25]

Ny = K&-NIM‘M) )
[

Where: Ngin the density of the Si-N bonds, K is a
proportionality coefficient linked to the bond oscillator force,
o) the absorption coefficient at the wavenumber o.

This equation can be given function of the area of the bond:

A
Ng_y =Kg_y S 2)

@

Where Ag.y the area of bonds and the value of the
proportionality coefficient Kgin = 6.30x10" cm™? [26] were
used to calculate the bond densities

3.2. Densities of the h-BN, c-BN and B-N-B bonds:

According S. Jéger and all, the oscillator concentration of N;,
can be calculated from the integrated absorption using almost
the same equation 1, except the calibration constant 4 which
relates the strength of the absorption mode to the concentration
of the corresponding element:

L)
[0}

N =4 (3)

Appv=1,71.10" cm™, Apy5 =9, 1. 10"%cm™ and 4, zy=1, 26
10" em?[23].

The figure 5 shows the calculated bond densities of the
Si-N, B-N-B, h-BN and ¢-BN bonds at 700°C for15, 30, 60, 120
and 480 min.

We observe, The B-N-B and Si-N densities bond decreased
according time increased. On the other hand, the c-BN and
h-BN bond densities increased according time. The results
indicate that the decrease of B-N-B and Si-N densities
encourages the formation of the h-BN and c¢c-BN bonds in the
films, this explained the densities augmentation.

In addition, we note that after 60 minutes the film will be
dense by c-BN and h-BN bond, the c-BN bond is twice as dense
than h-BN which make the stability of the film.

The formation of the complex cubic boron nitride (c-BN)
which exhibits a peculiarity in her physical and chemical
properties (hardness, high thermal conductivity, transparency)
and its higher chemical stability and lower reactivity at high
temperatures [28] reduce effectively the boron diffusion in the
Si0, layer by azote presence. This result is in good concordance
by Chao and all [29].
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Fig. 7 Bond densities of films annealed at 700°C
at different duration.

4. Conclusion

FTIR analysis investigations on h-BN and c-BN bilayer
films deposited by LPCVD have been presented. The films are
annealed at 700°C from different duration from 15min to 480
min. the transmittance spectra film confirm the presence of
diverse azote peaks. The decomposition of these bonds shows
the presence of more peaks and specially the cubic and
hexagonal BN bond. The bands densities calculated confirmed
that after 700°C/60 min the films will denser by the c-BN, it is a
barrier to the boron diffusion [27, 28]. Finally, the
polySi/NIDOS structure can be used as gate in micro technology
applications.
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