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Abstract- In this work, we studied the effect of substrate type 

on structural and electrical properties of heavily in situ 

Boron doped polycrystalline silicon. The films have been 

elaborated by LPCVD technique, on monocrystalline silicon 

substrate oriented <111>, oxidized or bare, at deposition 

temperature 585°C and pressure of 700 mtorr. From the 

XRD spectra, it can be seen that the polycrystallized films B-

LPCVD/SiO2 possess (111) textured columnar grains, 

meanwhile the film deposited on bare monosilicon (B-

LPCVD/c-Si) is randomly oriented, although weakly, (111), 

(222) and (511) textures. The FTIR spectroscopy analysis 

reveals� changes in chemical bonding structure which is 

constituted of different bonds as: Si-Si, Si-O-Si, Si-O, Si-H, 

Si–OH and Si2O3. Overall, the associated intensity and wave 

number depend on the substrate type.�The characterization 

by Hall effect shows that the resistivity is two times more 

weakly for B-LPCVD/SiO2 films than for B-LPCVD/c-Si 

ones. In the other hand, the results pointed out a typical 

electrical behavior of the layers linked to intermediate oxide 

layer. The resistivity decreases greatly at low temperatures 

in c-Si substrate case, however this occurs at high 

temperatures in SiO2 substrate case.  

Keywords:� Si-LPCVD, monosilicon substrate, oxide, boron 

doping, resistivity, Hall effect, structure, XRD, FTIR. 

I. INTRODUCTION

Polycrystalline silicon has widely been used in the last 
few decades for different electronic applications in 
microelectronics and photovoltaic fields, like in 
microsystems and flat-faced screens [1,2]. The properties 
of this material depend strongly on the elaboration 
conditions and heat treatment. One meets polysilicon in the 
form of films deposited on substrates of various natures. It 
is generally obtained by crystallization of an amorphous 
precursor. Indeed, although it is possible to obtain 
polycrystalline material directly by chemical deposition in 
vapor phase (CVD) around  600° C, it has in general a 
rough surface quality which gives rise to bad electronic 
transport on surface [3]. 

II. EXPERIMENTAL PROCEDURE

In this study, we used polysilicon thin layers of 2000 Å 
thickness, square-shaped (15mm×15mm), elaborated by 
thermal decomposition of silane (SiH4) at low partial 
pressure of 700mtorr, and temperature 585°C. The films 
have been highly in situ boron doped (about 1022 cm-3) by 
means of boron trichloride (BCl3). Within the framework 
of this work we used two deposits series:  

a) The first deposits was carried out on oxidized 
single crystal silicon substrate (B-LPCVD/SiO2);�

b) The second deposit was carried out on bare single 
crystal silicon substrate (B-LPCVD/c-Si); 

Both substrates are of type p, and oriented <111>.  
The electrical parameters values were raised by Hall 

Effect technique, by means of HMS-300 Ver. 3.51.3 
apparatus type. The structural characterization was 
performed by X-Rays Diffraction, thanks to an X'Pert PRO 
PAN diffractometer type. Otherwise, the nature 
identification of the chemical bonds between films atoms 
has been achieved by Fourier Transform Infra-Red 
spectroscopy (FTIR) on an “IR Affinity-1 Shimadzu” 
spectrometer type. The recording was made in adsorption 
mode, for wavenumbers ranging from 500 to 4000 cm-1. 
Before any handling, the samples were passed into 
hydrofluoric acid HF bath (40%) during some seconds, to 
etch the oxide coating on surface, and then rinsed and 
dried.  

III. THEORETICAL ASPECT

The electrical properties of polycrystalline silicon 
depend strongly on the temperature. The presence of the 
grain boundaries in the polysilicon makes the properties 
for this material basically different from that of single 
crystal silicon. The electrical characteristics are principally 
the resistivity, the carriers’ concentration and the carriers’ 
mobility. The resistivity is described by the following 
relation (1):  
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Where Ea is the activation energy which takes into 
account the potential barrier height, and KB is the 
Boltzmann constant. 

The electrical conduction of the polycrystalline silicon 
layers is founded on the segregation of the doping agents 
and the carriers trapping [4]. It takes account of the two 
mechanisms of transport, by thermionic emission and 
tunnel effect.   

At low temperature, the conductivity of the grain 
boundaries is expressed by the following relation of mott 
[5]:  
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A is a constant and T0 is a quantity expressed by : 
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T0= 18�3/KB N(EF)                      (3)  

Where N(EF) is the localized states density at Fermi level, 
and � is the exponential weakening coefficient of the 
localized states, equal to 1,24 nm-1  [5].��
�

IV.  RESULTS AND DISCUSSION

�

A. Structural characterization by XRD 
The structure of polysilicon deposits and the crystalline 

orientation of their grains have been studied by x-rays 
diffraction.   

It appears on fig.1, that B-LPCVD/c-Si film 
crystallizes according to five crystallographic directions : 
[111], [511], [110], [222] and [332]. On the other hand, the 
film deposited directly on oxidized monoSi substrate, 
crystallizes according to two crystallographic directions, 
namely [111] and [110]. One can notice the same 
preferential orientation [111] in the case of the two 
deposits. Indeed, the most intense peak (111) corresponds 
to the cumulated reflexions on polysilicon layer and 
substrate, as it has been shown elsewhere [6,7]. Compared 
to film directly deposited on single-crystal silicon substrate 
(fig.2), it is noticeable that the peaks (222), (332) and 
(511) do not appear on the diffraction diagram of the B-
LPCVD/SiO2 films. This is explained by the role played 
by the oxide layer which prevents the appearance of grains 
of weak probability orientation in the films structure.

Figure 1. XRD spectrum of B-LPCVD films deposited on monosilicon 
substrate

Figure 2. XRD spectrum of B-LPCVD films deposited on oxidized 
monosilicon substrate  

B. Physicochemical characterization by FTIR 

spectroscopy  
The analysis of Si-LPCVD films by Fourier Transform 

Infra-red Spectroscopy (FTIR) enables us to identify the 
chemical bonds existing between the various atoms of 
these films. Fig.3 and 4 represent the infrared absorption 
spectra obtained for boron doped Si-LPCVD films and 
undoped ones, before heat treatment. We observed that the 
principal atoms being able to make bonds are: Si, O, H and 
B. It is known that the vibration mode of the bond Si-Si [8] 
is around 609-617cm-1.  

The bending mode of the bond Si-O [9] is localized 
around 743 cm-1. This vibration mode is not detectable in 
the case of B-LPCVD/c-Si films spectrum. This can be 
explained by a small quantity of oxygen associated with 
this vibration mode, or that oxygen bind by other 
configurations (Si-O-Si). The vibration of the Si-O-Si 
bond in stretching mode [8,10,11] is located around 1095-
1114 cm-1, in this case oxygen is inserted between two 
silicon atoms (interstitial site). The peak of this mode 
moves towards a higher wavenumber for the B-LPCVD/c-
Si deposit. We think this is due to the oxygen proportion 
which can bind with silicon, i.e. a great oxygen 
concentration contained within polysilicon film. The two 
peaks around 2309-2338 cm-1, of low intensity can 
correspond to the vibration mode of Si-H bond [12], and 
other peaks around 2362 cm-1 represent the vibration mode 
of Si-HX bonds [8]. The formation of these bonds is 
associated to hydrogen incorporation at the source of 
deposition. Two bonds characterized by low intensity 
appearing on these spectra, are localized around 2852-
2929 cm-1, and can correspond to OH grouping, according 
to the vibration mode of Si-OH [13]. The formation of this 
Si-OH connection is explained by water absorption which 
leads to films properties degradation [13]. We noticed that 
the vibration mode of the Si-O and Si2O3 bonds do not 
appear on the diffraction diagram of B-LPCVD/c-Si film. 
We think that the absence of the oxide doesn’t allow the 
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