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Abstract—The photovoltaic and the semiconductor industries are 

in growth and it is necessary to supply a large amount of silicon to 
maintain this growth. Since silicon is still the best material for the 
manufacturing of solar cells and semiconductor components so the 
pure silicon like solar grade and semiconductor grade materials are 
demanded. There are two main routes for silicon production: 
metallurgical and chemical. In this article, we reviewed the 
electrotecnological installations and systems for semiconductor 
manufacturing. The main task is to design the installation which can 
produce SOG Silicon from river sand by one work unit. 
 

Keywords—Metallurgical grade silicon, solar grade silicon, 
impurity, refining, plasma. 

I. INTRODUCTION 

ILICON dioxide is a dielectric. This material is the most 
high-resistance dielectric which is used in 

microelectronics, compared with Al2O3, Si3N4. Silicon 
dioxide is the primary material for the production of high 
purity polysilicon. There are two main routes in the world for 
polysilicon production: chemical and metallurgical method. 
The most world common method for producing polysilicon is 
trichlorosilane process. 

Metallurgical grade silicon (MG-Si) produced through the 
reduction of silicon oxide (quartz) with carbon in submerged 
arc furnaces. The process is characterized by large emissions 
of carbon monoxide. The main cascade of chemical reactions 
can be written as: 

 

COSiCCSiO 232                           (1) 
 

SiOSiOSi  2
                                      (2) 

 
COSiCCSiO                                (3) 

 
COSiOSiCSiO 2

                            (4) 
 

COSiSiCSiO                                   (5) 
 

The form for the process can be written as: 
 

COSiCSiO 222                          (6) 
 

The obtained MG-Si is not pure, usually 99.0-99.9% Si, and 
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it contains a great number of impurities such as: Al, Fe, Ti, B, 
P, Mn, C and so on [1]. The minimum required purity of 
silicon for solar call applications is 6N- 99,9999% and for the 
semiconductor industry is 9N- 99,9999999%. The acceptable 
concentrations of each impurity in SOG-Si are determined by 
the conversion efficiency of solar cells. Traditionally, high 
pure SOG silicon has been produced through the well known 
Siemens process, which was developed in the 1950s. The 
production of silicon occurred by gasification of MG-Si, 
distillation and deposition of high pure silicon. Trichlorosilan 
(SiHCl3), TCS, is produced according to reaction (7) under 
high temperatures, typically at 500°C [1] and pressure near 
30MPa [1]. The redistribution of chlorine and hydrogen atoms 
from SiHCl3 to SiH2Cl2 is then carried out by reaction (8). 
The produced dichlorosilane gas is distilled to 
monochlorosilane gas, which again is transformed to silane 
gas according to reactions (9) and (10). Through distillation, a 
lot of impurities are removed. This is an important step in the 
process, as the impurities effect on electrical characteristics of 
materials. The main cascade of chemical reactions: 

 

423 64165 SiClHHSiClHClSi            (7) 

 

42232 SiClClSiHSiHCl                      (8) 

 

ClSiHSiHClClSiH 33222                       (9) 

 

42232 SiHClSiHClSiH                         (10) 

 
The pure gas is decomposed to pure Si on a U-shaped 

filament according to reaction (11) [1] this chemical vapor 
deposition (CVD) reaction takes place at 1000-1100°C [1]. 

 

HClSiHHSiCl 323                           (11) 

 
The major problem of the chemical route is that it involves 

the production of chemical compounds and reactions with 
hydrochloric acid [1]. These compounds are very toxic and 
corrosive which causing irritations of the skin and mucous 
membranes. Chemical emissions in SOG silicon production by 
the chemical route are take place several times. These 
problems are solved by using electrotechnology, to produce 
SOG Silicon by reduction of river sand by plasma generator 
and electric arc. 

Electrotechnology for Silicon Refining: Plasma 
Generator and Arc Furnace: Installations and 
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Crucible 3 is cooled by circulated hydrogen 4 which is 
supplied throw the inlet aperture 6. Therefore, the crucible is 
heated not more than 50% of the melt temperature, which 
improves its service life and do not contaminate the melt. The 
heated hydrogen is then supplied to the feedstock hopper for 
preheating and partial purification. Formed on the surface of 
the melt layer of impurities 5 is drained through the drain 
holes 8 and removed from the reactor through the channel 9. 
After impurities removing, drain apertures are closing by 
aperture cap, which is moving by the drive 7. Melt 
solidification rate is equal to the head velocity of the heater, 
resulting the directional solidification of silicon, and further 
purify. The technological process is additionally monitored 
visually, through the window 1. The heat stored in the reactor 
by the heat insulator 2. Crucible moved by roller. 

IV. CONCLUSIONS 

Advantages of the offered method for solar grade silicon 
production from its oxide: high operation resource; all 
processes occurred in one unit; all reactions take place in the 
environment of hydrogen. Application of hydrogen is 
conditioned by that hydrogen does not contaminate the 
product of reaction [10], the market price of hydrogen is not 
high; all passing processes are ecologically clean. The 
hydrogen is clean by transport reactions and use again; it is 
possible to make fully automated process; construction of the 
unit allows using unrefined sand as a feedstock. 

The main disadvantage is the complex protection unit. 
Protection block and automation systems must work in 
extreme conditions and ensure monitoring of all parameters 
continuously and with great precision, which ultimately affect 
on the quality of the manufactured products – silicon. 
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