
               

Diversity of approaches in silicon feedstock production

We use concentrated heating technologies as alternative to customary

inductive and resistive processes 

The aim of our company is to provide competitive silicon for growing single crystals

for various purposes. The most abundant production of single crystal silicon feedstock –

polycrystalline silicon includes: 

1) chlorination of raw material – metallurgical grade silicon

2) chlorosilanes rectification

3) consequent production of pure silicon from chlorosilanes either directly or through

production and further dissociation of monosilane.

Said processes are power-consuming and involve use of chlorine. 

Silicon  of  high  purity  deeply  doped  by  various  substances  during  single  crystal

growth can not be used further in electronics and in fact is used in the same way as initial

metallurgical  silicon  has  been  used  in  chlorination  process.  We  have  succeeded  in

purification  of  such  silicon  from  arsenic  and  antimony  contamination  without

introduction of any additional impurities, and use that silicon in single crystal growth for

photovoltaic applications.

Another process that we develop is a production of silicon rods for their subsequent

use in the float  zone (FZ) process. The FZ-method in addition to its  own technological

limitations  faces  restrictions  on  the  diameter  of  feedstock  rods  applicable  for  process

conduction.  Due to  stresses  arising in  the polycrystalline silicon rods  during vapor-phase

deposition rods collapse uncontrollably at various stages of further processing. In particular

there is still no information about the availability of polycrystalline rods with a diameter of

200 millimeters or more. We have pulled laboratory sample rods, which were shown to be

suitable  for  the  FZ-process,  but  it  is  necessary  to  continue  the  development  of  this

technology.

The results  of the research activities obtained in 2013-2014 at the enterprise were

presented at several international conferences [1-5] and briefly described below.
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Electron beam heating in silicon technologies

We produce competitive feedstock for silicon single crystal growth for

various applications

Silicon  purification  for  CZ&DSS
processes

Obtaining  of  feedstock  rods  for
FZ process

Process for refining secondary silicon doped

with  antimony,  arsenic  and  phosphorus  during

initial  processing  is  developed.  Purity  of  that

silicon is inferior compared to virgin polysilicon,

produced  by  rectification  and  processing  of

chlorosilanes, but is quite sufficient according to

requirements for solar grade silicon. 

 

Parameters of electron beam rectification processes

NN
Load

weight
(kg)

Melt surface
area (cm2)

Process
duration

(min)

Resistivity (Ω*cm) 

Initial Final

1 1 172 60 N0.005 N0.1-0.16

7 15 539 120 N0.02 N0.4-0.5

10 25 794 180 N0.02 N0.84-1.4

15 35 911 300  N<0.01 N0.2-4

16 50 1486 300 N<0.01 N0.2-6

Validation  processes  of  virgin  polysilicon

melting in the same conditions prove low level

of  contamination  introduced  during

technological process.

Impurities content in polysilicon after electron beam treatment

Raw polysilicon
(REC)

Silicon after
process

Requirements for
solar grade silicon

Donor dopants
(ppba)

0.1 <3 <3000

Acceptor dopants
(ppba)

0.03 - <5000

Resistivity
(Ω*cm)

500 80 >1

Rods  with  a  diameter  up  to  130  mm  and

weighing up to 23 kg were obtained on the first

generation  equipment.  Single  crystals  were

grown from these rods as shown on a figure with

parameters given in a table.

B-3-10 B-3-20

Seed end
Non-seed

end
Seed end

Non-seed
end

Conductivity
type

P P P N

Resistivity
(Ω*cm)

2.1 2.2 180 17

Lifetime (μs) 1780 1254 2279 300

Results encouraged us to develop technology

and equipment for its implementation.
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The prospects of development of chosen approach

Tests of obtained products reveal their practical applicability

Silicon  purification  for  CZ&DSS
processes

Obtaining  of  feedstock  rods  for
FZ process

The  testing  of  purified  silicon  in  various

companies,  such  as  Topsil  Semiconductor

Materials  A/S  (Poland),  PCMP  (Russia)  and

Prolog-Semicor  (Ukraine),  showed  the  same

result:  silicon  single  crystals  without

dislocations were obtained without difficulty as

in  the  processes  carried  out  using  standard

feedstock.

Electrical  properties  of

grown single crystals, e.g.

shown  in  table,  are  in

accordance  with

requirements  for  solar

silicon  for  PV  cells,

comparative  analysis  of

their efficiency is planned

for  2015  basing  on

156x156mm wafers. 

Parameters Ingot 1 Ingot 2

Length (mm) 184 223

Weight (kg) 14.9 17.3

Diameter (mm) 210.2 204-205

Conductivity type P P

Resistivity top (Ω*cm) 3.6-4.0 2.7-3.0

Resistivity bottom
(Ω*cm)

2.8-3.0 2.6-2.7

Lifetime (μs) 27-30

Shipping  of  pilot  refined  silicon  has

successfully started.

Possibility of growing single crystals with a

diameter up to 240 mm under manual process

control  has  been  demonstrated.  Also  said

process has no principal limitations for obtaining

rods with larger diameter.

Possibility  of  diameter  stabilization  of

growing rod has been shown. PID control based

on the difference between the diameter observed

from  the  camcorder  and  the

required  diameter  of  the  rod

was employed.

It  enables  recycling  unused  single  crystal

parts back in FZ process.
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Pilot equipment development

Silicon processed by our equipment possesses a number of technical and

economical advantages

Silicon  purification  for  CZ&DSS
processes

Obtaining  of  feedstock  rods  for
FZ process

 We  refine  our  equipment  along  with  our

technology.  Each  next  equipment  generation

enables obtaining of even more pure products.

Generation Cr Mn Fe Ni Mg Al Ca

1 0.5 0.06 30 0.3 0.4 0.2 3

2 0.06 0.02 0.2 0.02 0.04 0.06 0.5

Generation Sn Pb Sb Zn Cu Ti

1 0.04 0.06 0.02 0.1 0.03 0.2

2 0.02 0.02 0.02 0.07 0.01 0.06

One of the main positive features of electron

beam melting is  a direct impact  on the heated

object  resulting  in  a  low  electric  power

consumption.  The  graph  shows:  red  bars

represent  the  time  taken  to  clean  the  material

(minutes per kilogram) and green bars represent

electric power consumption (kWh per kilogram).

Pilot  equipment  for  pulling  rods  from  the

melt,  which  are  suitable  for  growing  single

crystals in the FZ process, has been developed.

      

Purity of pulled rods is on par with purity of a
standard polycrystalline silicon.

Semiquantitative
concentrations

Undoped polysilicon
chunks (ppmw)

Bottom part of puled
ingot (ppmw)

B 0.002 0.272

Al 0.0007 0.0018

Ti 0 0

Fe 0.0004 0.0007

Ni 0.0052 0.0007

Cu 0.024 0.01

As 0.001 0.0018

Sb 0.0005 0.0014
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New results

Functional applicability of rods for FZ single crystals growth.

Test dislocations free single crystals were grown in IKZ (Berlin) from samples cut from the

bottom of the rods pulled in new generation equipment (see the photo below). Full scale testing of

the rods is planned for 2015.

Sample Test results

Kepp-03_2V3534
dislocation  free
full length

Kepp-04_2V3536
dislocation free 
15 mm

Kepp-05_2V3537
dislocation  free
full length

Kepp-05_2V3537
resistivity, type
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