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Description
Technical Field

[0001] The present invention relates to a method for
preparing rod-shaped polysilicon. More particularly, the
presentinvention relates to a method which can minimize
difficulties in constructing and operating an electrical
heating system for heating a core means installed in a
silicon deposition reactor used for bulk production of rod-
shaped polysilicon (polycrystalline silicon, silicon poly-
crystal, multicrystalline silicon or poly-Si).

Background Art

[0002] In general, high-purity polysilicon comprising
polycrystalline structure is used as an important raw ma-
terial for semiconductor devices, solar cells, chemical
processing units, industrial systems, or small-sized and
other highly integrated precision devices, which are re-
spectively composed of a material with high purity or sem-
iconducting properties.

[0003] The polysilicon is prepared using a silicon dep-
osition method, wherein silicon atoms deposit continu-
ously on the surface of silicon by thermal decomposition
and/or hydrogen reduction of a highly-purified silicon at-
om-containing reaction gas.

[0004] Forbulk production of polysilicon, a bell-jar type,
a tube-type or a chamber-type deposition reactor has
been mainly used. According to the deposition reactor,
polysilicon is prepared generally in the shape of a rod
with a circular or oval cross-section whose diameter is in
the range of about 50 - 300 mm.

[0005] In the deposition reactor, a core means is basi-
cally installed for preparation of the silicon rod. For com-
mercial production, the core means is composed of a
plurality of core units respectively made of a core material
(i.e., core element), through which electricity can flow at
a deposition reaction temperature. The core units con-
stituting a core means are connected to electrode units,
respectively, to complete an electrical heating means in
the reactor shell. Then, silicon deposits continuously on
the surface of the electrically heated core means by a
deposition reaction of a reaction gas comprising a silicon-
containing component. As described above, the silicon
deposition output is formed and enlarged in a thickness
direction, that is, in an outward, radial direction of the
concentric cross-section of the deposition output, and
thus a rod-shaped polysilicon product can be obtained
finally.

[0006] To obtain a high-purity product with minimized
impurity contamination, the core units represented by a
core means may be made of or fabricated with a non-
contaminating core element. An ideal material for the
core element is high-purity silicon that is formed like a
rod, a wire or a filament, a hollow duct or a tube, a strip
or ribbon, a sheet, etc.

[0007] The polysilicon rods obtained finally by forming
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the deposition output around the core means are (i) di-
vided or pulverized into the shape of chunks, nuggets,
chips or particles, (ii) grouped according to size, (iii) sub-
ject to an additional step of cleaning, if required, to re-
move impurity components formed on the surface of sil-
icon fragments during the pulverizing step, (iv) melted in
a crucible which is heated above the melting point of sil-
icon, and then (v) formed into an ingot, a block, a sheet,
a ribbon or a film, etc., according to a use thereof.
[0008] An electrical heating means constructed within
the deposition reactor shell consists of a core means
which is electrically heated and an electrode means elec-
trically connecting the core means to an electric power
supply source located outside of the shell and/or electri-
cally connecting the core units with each other. This elec-
trical heating means serves to provide (i) an electrical
heating required for maintaining a deposition reaction
temperature, (ii) a starting substrate for silicon deposi-
tion, and (iii) a mechanical structure for stably supporting
the silicon rod that grows in diameter and weight as the
deposition continues.

[0009] Each of the core units constituting the core
means should be made of or fabricated with such a core
element material that satisfies the function and role of
the core means. To achieve this purpose, (i) a high-purity
silicon is melted alone or with a dopant component, (ii)
the silicon melt is subject to crystal growing or casting,
and (iii) the core element is prepared through a forming
process and/or a machining process, thereby shaping its
cross-section into a circle, an oval, a concentric circle or
a polygon, a triangle, a tetragon, a hexagon, etc.; its di-
ameter or diagonal length may be in the range of about
3 - 30 mm or 5 - 100 mm, respectively, with its length
being about 0.5 - 6 m.

[0010] There are several ways in preparing the core
element. Each piece of the core element may be pre-
pared in a sequential manner. Or, a plurality of core el-
ements with a uniform size and shape may be prepared
simultaneously by simply cutting a large-sized single
crystal ingot. Further, a long silicon core element may be
prepared by melt connection of a plurality of short pieces
of core element under a clean atmosphere.

[0011] According to the description in the reference
document of W.C. O’Hara, R.B. Herring and L.P. Hunt,
"Handbook of Semiconductor Silicon Technology", pp
46-48, Noyes, Publication, 1990, preparing a core ele-
ment made of the high-purity silicon material, such as a
core rod, a slim rod or a starter filament having a small
diameter, entails a great deal of economical and techno-
logical burden in a process of preparing polysilicon rod
using the deposition reactor. When the core element is
made of a high-purity silicon, whose resistivity is extreme-
ly high at room temperature and drastically decreases
with temperature increase, the core means begins to be
electrically heated due to the occurrence of an apparent
current through each core unit connected and fixed to a
pair of electrode units only after the core units constituting
the core means are preheated to a certain temperature
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or above by an additional heating means for lowering
sufficiently the value of silicon resistivity. As disclosed in
U. S. Patent Nos. 4,179,530 (1979) and 5,895,594
(1999), preheating the core means for preparing a poly-
silicon rod requires a separate, additional preheating
means and a complicated procedure.

[0012] Meanwhile, U.S. Patent Nos. 3,941,900 (1976)
and 4,215,154 (1990) disclose a technical solution to ap-
ply a direct electrical resistive heating to a core means
starting from room temperature using a properly con-
structed electric power supply system, instead of pre-
heating the high-purity silicon core element with a sepa-
rate, additional preheating means. However, this method
also has drawbacks that such an electric power supply
circuit and system is highly sophisticated and costly, and
requires very complicated and precise operation and
control.

[0013] Unlike those methods by which the core means
is preheated by a separate preheating means oris heated
directly at room temperature by resistive heating using a
sophisticated power supply system, incorporating a high
concentration of n- or p-type dopant artificially in the sil-
icon core element to greatly lower the resistivity enables
to electrically heat up the core means directly at room
temperature with high-voltage electricity. After being
heated up to a predetermined temperature range, the
core means can be easily heated as required with low-
voltage and high-current electricity. This method has a
drawback that it requires a complicated electric power
supply means and a precise operation over a wide range
of voltage and current.

[0014] On the other hand, if the core element is made
of a non-silicon resistive material such as a metal or a
carbon-based material with a resistivity value much lower
than that of silicon, a silicon deposition output formed on
an individual core unit can be contaminated by the im-
purity components generated and diffused from the core
element made of a non-silicon material. However, there
is an advantage that, by supplying a low-voltage electric-
ity, the core means can be easily heated up by a resistive
heating from room temperature over a deposition reac-
tion temperature without a separate, additional preheat-
ing step. According to U.S. Patent Nos. 5,277,934 (1994)
and 5,284,640 (1994), tungsten or tantalum can be used
as the core element instead of silicon. Meanwhile, U.S.
Patent No. 5,237,454 (1994) illustrates a core element
made of molybdenum, tungsten or zirconium instead of
high-purity silicon material.

[0015] The non-silicon core means made of aresistive
material as described above can be prepared conven-
iently and cost-effectively. However, the deposition out-
put obtained by silicon deposition cannot avoid being
contaminated by the impurity components contained in
the non-silicon core element for each of the core units
constituting the core means. Thus it is difficult to apply
the above method of using a non-silicon core means to
a commercial production of a high-purity polysilicon rod
because the purity requirement on the semiconductor-
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grade quality has recently become further stringent. Such
a fundamental problem has also been confirmed in the
prior art, as described in the above reference document
(1990) of O’Hara et al. In the event a wire-type non-sili-
con, metallic core unit is used for the core means instead
of the silicon-based core means, there is an advantage
that a silicon rod product can be obtained rather conven-
iently. However, this method also has several disadvan-
tages: first, when the silicon rod is finally formed as re-
quired, the deposition output and the core means includ-
ed in the silicon rod should be separated from each other
for the deposition output to be collected as silicon prod-
uct; secondly, the deposition output formed through the
silicon deposition process at high-temperature should
probably be contaminated by the impurity components
out of the metallic core element. US 3,128,154 shows a
process for producing crystalline silicon using a metal
filament coated with amorphous silicon or silicon powder.
[0016] To prepare high-purity polysilicon at a reason-
able costbased on the bell-jar deposition process without
any difficulties in the preheating of the silicon core means,
it is worthwhile to apply a non-silicon, resistive material
for the core element by solving the problems caused by
the replacement of the core material; the problems may
include a difficult step for separating the core means out
of the silicon rod output for collecting the silicon deposi-
tion output as product as well as a probable product con-
tamination by the metallic impurity components out of the
non-silicon core material. However, despite the impor-
tance of the preheating of the core means, there has not
been yet available a simple, cost-effective solution to
overcome those problems arising in applying the non-
silicon core means.

[0017] As described above, to develop an improved
method in preheating the core means in the bell-jar type
reactor is an important technical issue for commercial
bulk production of polysilicon in the form of a rod. The
technical solutions required for the improvement should
reduce investment costs for an electric power supply and
control system and a process for preparing and machin-
ing the core means, allow an easy operation and control
of the deposition reactor, enhance the reactor productiv-
ity, and ultimately lower the preparing cost.

WO 20071133025 discloses a method for preparing a
polycrystalline silicon rod using a mixed core means,
comprising:

(a) installing a first core means made of a resistive
material together with a second core means made
of a silicon material in an inner space of a deposition
reactor;

(b) electrically heating the first core means and pre-
heating the second core by the first core means
which is electrically heated;

(c) electrically heating the preheated second core
means; and

(d) supplying a reaction gas into the inner space in
a state where the first core means and the second
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core means are electrically heated for silicon depo-
sition.

Disclosure of the Invention

[0018] Accordingly, an objective of the present inven-
tion is to solve the problems arising when a core means
is constituted by using a metallic core element to enable
an electrical heating required for silicon deposition to in-
itiate and to enable the core means to support structurally
a silicon deposition output in a deposition reactor for pre-
paring rod-shaped polysilicon. Therefore, an objective of
the present invention is to minimize the contamination of
the deposition output caused by impurity components of
the metallic core element in the process of silicon depo-
sition at high temperature by forming a separation layer
on a surface of the metallic core element.

[0019] Another objective of the present invention is to
enable an easy separation of the core means and the
deposition output from a silicon rod output after complet-
ing the silicon deposition process.

[0020] In addition, unlike the conventional deposition
reactor in which a core means made of a high-purity sil-
icon material should be preheated through a separate
preheating process and then its electrical heating can be
started, a further objective of the present invention is to
heat up electrically the core means in a simple, straight-
forward manner from room temperature without any pre-
heating process.

[0021] A still further objective of the present invention
is to prepare cheaply a high-purity polysilicon rod, which
can be used for semiconductor devices or solar cells, by
using a deposition reactor designed and constructed in
a simpler manner based on a metallic core element,
whose physical properties are superior to that of a silicon
material.

[0022] In orderto achieve the above mentioned objec-
tives, the present invention discloses a method as de-
scribed in Claim 1.

[0023] Here, the reaction gas contains at least one sil-
icon-containing component selected from the group con-
sisting of monosilane (SiH,), dichlorosilane (SiH,Cl,),
trichlorosilane (SiHCl5), silicon tetrachloride (SiCl,) and
a mixture thereof.

[0024] Here, the reaction gas further contains at least
one gas component selected from the group consisting
of hydrogen, nitrogen, argon, helium, hydrogen chloride,
and a mixture thereof.

[0025] Also, the silicon deposition occurs in the inner
space at a reaction pressure in the range of 1-20 bar
absolute and a reaction temperature in the range of 650
- 1,300 °C based on the surface temperature of the dep-
osition output.

[0026] In addition, the metallic core element has a
shape selected from the group consisting of arod, awire,
a filament, a bar, a strip and a ribbon having a cross-
sectional shape of a circle, an oval or a polygon, and of
a conduit, a tube, a cylinder, and a duct having a cross-
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sectional shape of a concentric circle, a concentric oval
or a concentric polygon.

[0027] Also, the metallic core element is a metal or an
alloy comprising atleast one metal element selected from
the group consisting of tungsten (W), rhenium (Re), os-
mium (Os), tantalum (Ta), molybdenum (Mo), niobium
(Nb), iridium (Ir), ruthenium (Ru), technetium (Tc), hafni-
um (Hf), rhodium (Rh), vanadium (V), chromium (Cr), zir-
conium (Zr), platinum (Pt), thorium (Th), lanthanum (La),
titanium (Ti), lutetium (Lu), yttrium (Y), ferrum (Fe), nickel
(Ni), aluminum (Al) and a mixture thereof.

[0028] Further, the number of the separation layer(s),
each made of a different barrier component, is in the
range of 1 to 5.

[0029] In particular, a barrier component constituting
each layer of the separation layer(s) is selected from the
group consisting of silicon nitride, silicon oxide, silicon
carbide, silicon oxynitride and a mixture thereof.

[0030] Also, the barrier component constituting each
layer of the separation layer(s) is selected from a nitride,
an oxide, a silicide, a carbide, an oxynitride or an oxysil-
icide comprising atleast one metal element selected from
the group consisting of tungsten (W), rhenium (Re), os-
mium (Os), tantalum (Ta), molybdenum (Mo), niobium
(Nb), iridium (Ir), ruthenium (Ru), technetium (Tc), hafni-
um (Hf), rhodium (Rh), vanadium (V), chromium (Cr), zir-
conium (Zr), platinum (Pt), thorium (Th), lanthanum (La),
titanium (Ti), lutetium (Lu), yttrium (Y), and a mixture
thereof.

[0031] Also, the overall thickness of the separation lay-
er(s) is in the range of 10 nm to 20 mm.

[0032] In particular, the method according to the
present invention further comprises the step of adding a
silicon layer to the separation layer(s), wherein the silicon
layer has a thickness in the range of 1 pum - 10 mm and
the silicon is selected as the barrier component.

[0033] Here,thesilicon layeris added to the separation
layer(s) in a state that the metallic core means and the
electrode means are connected to each other and in-
stalled in the inner space of the deposition reactor, the
metallic core means is heated by supplying electricity
through the electrode means, and a feed gas for forming
the silicon layer is supplied into the inner space of the
deposition reactor at a reaction condition, wherein the
feed gas is selected from the components of the reaction
gas for forming the deposition output in preparing the
polysilicon rod, and the reaction condition is provided so
that the silicon layer and the deposition output can be
different each other in terms of crystal structure and ther-
mal expansion.

[0034] And, the metallic core element and the elec-
trode means are connected to each other and installed
in the inner space of the deposition reactor, the metallic
core element is heated by supplying electricity through
the electrode means, a feed gas for forming the separa-
tion layer(s) is supplied into the inner space, and the sep-
aration layer(s) is/are formed, thereby the core means
being prepared.
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[0035] In particular, a preliminary core means, pre-
pared in advance by forming part of the separation lay-
er(s) on the metallic core element, and the electrode
means are connected to each other and installed in the
inner space of the deposition reactor, the preliminary core
means s heated by supplying electricity through the elec-
trode means, a feed gas for forming an additional sepa-
ration layer(s) is supplied into the inner space, and an
additional separation layer(s) is/are formed, thereby the
core means being prepared.

[0036] Also,the core meansis prepared by assembling
a separation layer prepared in advance together with the
metallic core element in such a manner that the separa-
tion layer can encompass the metallic core element.

Brief Description of the Drawings

[0037] The above objectives, other features and ad-
vantages of the present invention will become more ap-
parent by describing the preferred embodiment thereof
with reference to the accompanying drawings, in which:

Fig. 1 is a structural view schematically showing a
structure of the deposition reactor capable of pre-
paring polysilicon rod according to the present in-
vention;

Fig. 2 is a structural view schematically showing an-
other structure of the deposition reactor capable of
preparing polysilicon rod according to the present
invention;

Fig. 3 is a plane view showing schematically an em-
bodiment in which the core mean is divided into six
kinds of core groups and the core groups are dis-
posed according to the present invention;

Fig. 4 is a plane view showing schematically an em-
bodiment in which the core mean consisting of the
core units having different two section surfaces is
divided into two kinds of core groups and the core
groups are disposed according to the presentinven-
tion and a shape the deposition output formed
through the above conditions;

Figs. 5 to 9 are cross-sectional views (a) and longi-
tudinal sectional views (b) showing schematically the
states that a silicon deposition output is formed in an
outward direction on the surface of the core means
constituted by forming a separation layer on the sur-
face of a core element according to the present in-
vention;

Fig. 5 is an illustrative view showing the process of
forming the deposition output in an outward direction
onthe surface of the core means constituted by form-
ing one separation layer on the surface of the rod-
shaped metallic core element having a circular
cross-section;

Fig. 6 is an illustrative view showing the process of
forming outward the deposition output on the surface
of the core means constituted by forming two kinds
of the separation layers on the surface of the rod-
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shaped metallic core element having a circular
cross-section;

Fig. 7 is an illustrative view showing the process of
forming outward the deposition output on the surface
of the core means constituted by forming two kinds
of the separation layers on the surface of the conduit
shaped or tube shaped metallic core element having
a concentric rectangular cross-section;

Fig. 8 is an illustrative view showing the process of
forming outward the deposition output on the surface
of the core means constituted by forming three kinds
of the separation layers on the surface of the rod-
shaped metallic core element having a circular
cross-section; and

Fig. 9 is an illustrative view showing the process
forming outward the deposition output on the surface
of the core means constituted by forming two kinds
of the separation layers on the surface of the plate
shaped metallic core element having a rectangular
cross-section.

Best Mode for Carrying Out the Invention

[0038] Reference will now be made in detail to a pre-
ferred embodiment of the present invention, examples
of which are illustrated in the accompanying drawings.
[0039] The present invention can be applied to all the
deposition reactors used for preparing polysilicon in the
form of a rod regardless of a shape and structure of the
deposition reactor such as bell-jar type, a tube type or a
chamber-type. Since the bell-jar type deposition reactor
which is also referred to as the Siemens reactor has most
widely been used for commercial purpose, the present
invention will be described with reference to such bell-
jar type deposition reactor (hereinafter, referred to as
"bell-jar type reactor") in this specification.

[0040] As shown schematically in Fig. 1 or Fig. 2, the
bell-jar type deposition reactor comprises a sealed inner
space Ri, formed by a shell Rs and a base unit Rb, and
a core means C consisting of one or a plurality of core
units installed in the inner space Ri.

[0041] The core units, mechanically fixed on corre-
sponding electrode units, are electrically connected to
each other by electrode units E to be represented by an
electrode means E. Electric power is supplied to the elec-
trode means E through an electric power transmitting
means T from an electric power supply source V installed
outside the shell Rs and the base unit Rb.

[0042] In a small, laboratory-scale deposition reactor,
a core means consists of only one or a small number of
core units, and each core unit is connected to a pair of
electrode units atits both ends. Otherwise, in adeposition
reactor used for a large-scale commercial production of
polysilicon, the core means C consists of several tens to
several hundreds of core units, which have convention-
ally been the same with each other in material or shape.
[0043] The keywords and descriptions in the present
invention are based on the following definitions: the "core
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means" indicates a group of one or a plurality of "core
units" constituting a substrate that is the starting point of
the formation of the silicon deposition output caused by
a deposition reaction; and each core unit is composed
of, constituted by, or fabricated from the material to be
represented by the "core element".

[0044] And,since a plurality of identically grouped core
units can be connected electrically to each otherin series
and/or in parallel, and the silicon deposition can occur
almost in the same manner on the identically grouped
core units, the operation method and a phenomenon or
a characteristic observed on an individual core unit may
be collectively described in terms of a "core means" rep-
resenting a group of the core units which are identically
grouped in the present invention.

[0045] Once the core means C is electrically heated
above the temperature required for silicon deposition and
the reaction gas Gf is supplied into the inner space Ri,
the silicon deposition initially starts on surfaces of the
core means C. Then, silicon the deposition output D is
formed in an outward direction on the core means C, with
polysilicon being ultimately prepared in the form of a rod.
In this process, each core unit also behaves as a struc-
turalframe of the respective polysilicon rod to be obtained
by the reactor operation.

[0046] In the conventional deposition reactor, accord-
ing to the prior art, the core means is prepared in the form
of a thin silicon filament, which is also called a slim rod
or a silicon core rod. This thin material can directly be
pulled from a high-purity silicon melt in the form of a thin
polycrystalline or single crystalline rod. Otherwise, a plu-
rality of the silicon core rods can be obtained simultane-
ously by machining a large polycrystalline or single crys-
talline silicon ingot to a predetermined core size. The
core units, made thereof and represented as the core
means C, is connected to the corresponding electrode
units represented by an electrode means E. If consisting
of the high-purity silicon core rods with a very high resis-
tivity at room temperature is used as, the core means is
installed within a large, bell-like dome called the "bell-jar"
made of quartz so that the reactor shell Rs made of a
metallic material can surround the silicon core rod. Fur-
ther, a preheating means installed additionally between
the quartz bell-jar and the reactor shell Rs for preheating
a plurality of core rods to a temperature of about 350-400
°C or above at which the resistivity becomes lowered to
about 2-5 onm-cm or below. Then, the core means starts
to be heated electrically by supplying electricity via the
electrode unit E with the potential difference imposed on
the core means being decreased consecutively with tem-
perature increase. Therefore, this preheating process re-
quires the configuration of the deposition reactor to be
more complicated than that of the reactor illustrated in
Fig. 1 or Fig. 2.

[0047] Ontheother hand, if the silicon core rod is highly
contaminated with a large amount of impurity compo-
nents for greatly lowering the resistivity, or if the core
element is composed of a resistive metallic material, it is
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possible to electrically heat up the core means C directly
from room temperature by supplying electricity via the
electrode means E without additionally installing the
quartz bell-jar and/or a separate preheating means within
the shell Rs of the reactor. This enables the geometry of
the deposition reactor to be simplified as illustrated in
Fig. 1 or Fig. 2. However, a silicon deposition output
formed outwardly on such a core means should possibly
be contaminated by the impurity components migrating
out of the resistive core means. It is therefore difficult to
use such a highly contaminated silicon or resistive me-
tallic material as the core element as mentioned above
for preparing a polysilicon output that requires a high de-
gree of purity.

[0048] Instead of selecting a high-purity silicon, a high-
ly contaminated silicon and a resistive metallic element
as the core element material for the core means C, the
present invention is characterized in that, as illustrated
in Fig. 5 to Fig. 9, the core means C is constituted by
forming one or a plurality of separation layer(s) Cb on
the surface of a metallic core element Ca.

[0049] In the present invention, regardless of the for-
mation of the separation layer on a surface of the metallic
core element, the resistive material-based metallic core
element Ca constituting the core means C can be elec-
trically heated easily and rapidly from room temperature
to a reaction temperature required for the deposition re-
action by introducing an electric current into the electrode
means E at a moderate potential difference. Here the
electric power is supplied from the electric power supply
source V, installed outside the deposition reactor, to the
electrode means E through an electric power transmitting
means T.

[0050] Therefore, the present invention comprises the
steps of installing a core means C in an inner space Ri
of a deposition reactor used for preparing the silicon rod,
wherein the core means C is constituted by forming one
or a plurality of separation layer(s) Cb on the surface of
a metallic core element Ca and is connected to an elec-
trode means E; heating the core means by supplying
electricity through the electrode means E; and supplying
areaction gas Gf into the inner space Ri for silicon dep-
osition, thereby forming a deposition output D in an out-
ward direction on the surface of the core means C.
[0051] In the process of electrically heating the core
means C from room temperature to a required reaction
temperature, no special constraint is imposed on pres-
sure in the inner space Ri. Instead, at high vacuum re-
quiring much more sophisticated set up, the heating can
be executed at a normal pressure. Otherwise, the pres-
sure may be selected in advance in the range of 1-20 bar
absolute where the operation of silicon deposition will be
executed. However, the present invention is not limited
thereto.

[0052] Insuchaheating process, itis preferred to main-
tain the inner space Ri under an atmosphere selected
from the group consisting of hydrogen, nitrogen, argon,
helium and a mixture thereof. The gas selected for main-
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taining the atmosphere may be introduced into the inner
space through the gas supply means Nf or an additional
gas supply means.

[0053] Further, during the process of electrically heat-
ing the core means C even before its heating up to the
reaction temperature, the reaction gas Gf may be sup-
plied through the gas supply means Nf or an additional
gas supply means to initiate the deposition reaction.
However, the present invention is not limited thereto.
[0054] While a temperature of the core means C is
maintained within a desired reaction temperature range,
silicon deposition proceeds in an outward direction on
the surface of the core means C by the reaction gas Gf
supplied through the gas supply means Nf comprising
one or a plurality of gas supply nozzle(s).

[0055] The reaction gas Gf used in the present inven-
tion gas contains at least one silicon-containing compo-
nent selected from the group consisting of monosilane
(SiHy,), dichlorosilane (SiH,Cl,), trichlorosilane (SiHCI5),
silicon tetrachloride (SiCl,) and a mixture thereof. Pyrol-
ysis and/or hydrogen reduction of the silicon-containing
component leads to silicon deposition that forms the sil-
icon deposition output D.

[0056] Although being composed of only the silicon-
containing component for preparing the rod-shaped poly-
silicon, the reaction gas Gf may further contain at least
one gas component selected from the group consisting
of hydrogen (H,), nitrogen (N,), argon (Ar), helium (He),
hydrogen chloride (HCI), and a mixture thereof to control
the characteristic of the deposition reaction and the com-
position of an off-gas Go.

[0057] In the present invention, the silicon deposition
preferably occurs in the inner space at a reaction pres-
sure in the range of 1-20 bar absolute and a reaction
temperature in the range of 650 - 1,300 °C based on the
surface temperature of the deposition output.

[0058] If the reaction pressure is less than 1 bar abso-
lute, the deposition rate of silicon on the deposition output
D and the reactor productivity becomes unfavorably low.
If not, the higher the reaction pressure, the more advan-
tageous the deposition reactor is with respect to produc-
tivity. This characteristic is more prominent especially
when trichlorosilane is selected as the silicon-containing
component than the case of monosilane. However, if the
reaction pressure is maintained at a level exceeding 20
bar to remarkably increase the reactor productivity, se-
rious problems are encountered as follows: the fabrica-
tion cost of the deposition reactor itself as well as the
subsidiary units in connection with the reactor becomes
excessive; it becomes more difficult to secure process
safety; and the feed rate (moles/hr) of the raw material
becomes too high for the surface temperature of the dep-
osition output D to be maintained within an allowable re-
action temperature range by the electrical heating of the
core means C.

[0059] Based onconvenience and reliability in temper-
ature measurement and considering the facts that silicon
should be continuously deposited on the surfaces of the
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deposition outputs in an outward direction on the core
means C and surface temperatures are different accord-
ing to the installed locations of the deposition output D
in the inner space R, it is preferred that a temperature
of the surface of the deposition output D is regarded as
a standard of the reaction temperature.

[0060] Although areaction temperature varies accord-
ing to the composition of reaction gas Gf to be used, the
rate of silicon deposition is significantly low or negligible
at a temperature less than 650 °C with the reactor pro-
ductivity being unfavorably low. Otherwise, the deposi-
tion rate increases with reaction temperature. However,
at temperatures exceeding 1,300 °C, the content of a
component that cannot be recycled increases excessive-
ly in the off-gas Go. Also, the temperature of central parts
of the core means C, that is, the temperature of the core
elements exceeding 1,400 °C may cause a collapse of
the silicon rod during the deposition process, and an
enormous heat loss through the reactor shell Rs. There-
fore, it is recommended to set the reaction temperature
representing an allowable temperature range for silicon
deposition within the range of 650 - 1,300 °C, considering
the conditions such as compositions of the reaction gas
Gf and the off-gas Go, pressure, silicon deposition rate,
energy efficiency and the like.

[0061] In a batchwise process for preparing rod-
shaped polysilicon according to the present invention,
the diameter and surface area of the deposition output
D, a heat load of the core means C, a heat loss through
the shell Rs of the deposition reactor increase with op-
erating time. It is then desirable to predetermine the op-
eration conditions such as the feed rate and composition
of the reaction gas Gf, the reaction temperature, the re-
action pressure, the electric power supply and the like.
It is also important to optimize the above conditions by
changing them with operating time.

[0062] Although, dependingonthereaction conditions,
the production capacity of the silicon deposition reactor
increases with the number of the core units constituting
the core means C in the inner space R, i.e., the surface
area of the deposition output D. Thus, the shell Rs of the
deposition reactor can be designed and constructed so
that several tens or several hundreds of the core units C
as well as the corresponding electrode means E can be
arranged and installed therein. However, the number of
the core units C is not limited in the present invention.
[0063] The metallic core element Ca is the material
constituting not only the central, major part of each of the
core units represented as a whole by the core means C,
but also a basic framework supporting mechanically the
silicon rod output to be manufactured according to the
present invention. Also, the metallic core element Ca is
required to be installed so that a resistive heating can
occur therein by its electrical connection to the electric
power supply source V viathe electrode meansE. Ifthese
requirements are satisfied, no special constraints are
needed on the shape of the metallic core element. How-
ever, considering the commercial availability, the metallic
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core element has a shape selected from the group con-
sisting of a rod, a wire, a filament, a bar, a strip and a
ribbon having a cross-sectional shape of a circle, an oval
or a polygon, and of a conduit, a tube, a cylinder, and a
duct having a cross-sectional shape of a concentric cir-
cle, a concentric oval or a concentric polygon.

[0064] For example, Fig. 5, Fig. 6 and Fig. 8 illustrate
the metallic core element Ca in the shape of a rod or a
wire or a filament having a cross-section of a circle. Fig.
7 illustrates a hollow shaped example of the metallic core
element in the shape of a conduit or a tube or a duct
having a hollow cross-section of a concentric rectangle.
Fig. 9 illustrates the metallic core element in the shape
of a strip or ribbon having a high-aspect-ratio cross-sec-
tion of a rectangle whose ratio between the width and
height (or thickness).

In the present invention, it is preferred that the melting
point of the material of the metallic core element Ca used
in constituting the core means is higher than the reaction
temperature by about at least 500-1,000 °C and its re-
sistivity is in the range of about 1 pohm-cm - 0.1 ohm-
cm, where the material of the metallic core element can
be a metal or an alloy comprising at least one metal el-
ement selected from the group consisting of tungsten
(W), rhenium (Re), osmium (Os), tantalum (Ta), molyb-
denum (Mo), niobium (Nb), iridium (Ir), ruthenium (Ru),
technetium (Tc), hafnium (Hf), rhodium (Rh), vanadium
(V), chromium (Cr), zirconium (Zr), platinum (Pt), thorium
(Th), lanthanum (La), titanium (Ti), lutetium (Lu), yttrium
(Y), ferrum (Fe), nickel (Ni), aluminum (Al) and a mixture
thereof.

[0065] As described above, the shape of the metallic
core element can be selected from the group consisting
of a rod, a wire, a filament, a bar, a strip and a ribbon
having a cross-sectional shape of a circle, an oval or a
polygon, and of a conduit, a tube, a cylinder, and a duct
having a cross-sectional shape of a concentric circle, a
concentric oval or a concentric polygon.

[0066] No special constraints are needed on the size
of the metallic core element Ca, if it behaves as a basic
framework supporting mechanically the silicon rod output
to be manufactured, and is installed so that a resistive
heating can occur therein by its electrical connection to
the electric power supply source V via the electrode
means E. However, in case of the metallic core element
Ca with a circular cross-section, it's diameter is preferred
to be in the range of 0.1 - 20 mm. Otherwise, a thickness
of the hollow cross-section is preferred to be in the range
of 0.1 - 10 mm. In case of the high-aspect-ratio cross-
section, a thickness (or height) and a width thereof are
preferred to be in the range of 0.1 - 10 mm and 1 - 200
mm, respectively.

[0067] Besides possessing excellent electrical proper-
ties for use in the present invention, the core element
needs preferably to be selected among high-purity ma-
terials comprising organic or inorganic impurity compo-
nents as less as possible. This can lead to a minimized
impurity contamination of the deposition output D formed
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outwardly on the core element.

[0068] Meanwhile, based on alongitudinal direction of
a core unit, a piece of core element can be formed in a
straight line-shape, U-shape, W-shape and the like, and
its both ends can be fixed to and installed on a pair of
corresponding electrode units E. The straight line-shape
can be preferably employed for an easy application in a
tubular- or a chamber-type deposition reactor. The W-
shape is employed popularly for resistive electrical heat-
ers; the W-shape core element installed and fixed on a
pair of electrode units can advantageously be prepared
sufficiently long as required, but unfavorably requires a
precautious design to withstand the weight of the depo-
sition output D increasing with deposition time.

[0069] The core units can also be installed so that a
U-shaped (hereinafter, referred to as the "single body
type") core unit C can be well fixed to a pair of corre-
sponding electrode units E as illustrated in Fig. 1. Also,
as illustrated Fig. 2, a pair of vertical core element parts
and a horizontal core element part serving as a bridge
connecting both upper ends of the vertical parts are as-
sembled together to form an electrically connected core
unit C (hereinafter, referred as the "assembled type"),
which is well fixed to a pair of corresponding electrode
units E.

[0070] The core units constituting an individual core
means C can be prepared by directly forming a single
core element like a single body type (U-shape) core unit,
or a plurality of core element parts can be connected to
each other to form the single body type (U-shape) core
unit.

[0071] In the case of the assembled type core unit,
where a core unit for the core means C consists of a
plurality of straight line-shape core element parts, two
vertical core element parts, which are mounted vertically
on a pair of corresponding electrode units E, should be
physically and electrically connected with the horizontal
core element part serving as a bridge. This can be exe-
cuted by: (i) mechanically processing a connecting por-
tion of the core element parts; (ii) welding or connecting
the connecting portion by using a welding means or plas-
ma/arc; (i) connecting the core element parts using a
connection fitting or coupling aid such as a wire-shaped
coupling material; or (iv) applying aforementioned meth-
ods in a combined manner.

[0072] Insuch an assembled type core unit, it is desir-
able for the vertical and horizontal core element parts to
have the same material and same cross-sectional dimen-
sion. However, there is no problem in carrying out the
presentinvention even though the vertical and horizontal
core element parts are made of different materials and
have different dimensions with each other. Here, their
physical specifications, including a cross-sectional di-
mension, a length and the like, can be determined in re-
lation to temperature-dependent electrical properties. It
is further recommended to fabricate both ends of the ver-
tical core element parts and thereby to enable an efficient
coupling with the horizontal core element part.
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[0073] In addition, although not illustrated in the draw-
ings, the cross-section of the metallic core element Ca
may vary along its longitudinal direction, but this does
not deteriorate the extent of application of the present
invention.

[0074] If the function and role of the core element, i.e.,
a basis of electrical heating and the basic mechanical
frame supporting the enlarging silicon rod, are fulfilled
without any problem, no constraints may be imposed on
the length of a core element Ca between its both ends
connected electrically to its corresponding electrode
units E. However, considering a minimum production ca-
pacity, a difference among the shapes of the deposition
outputs D depending on a location of the inner space Ri
of the deposition reactor, a construction cost of the reac-
tor, a weight of the silicon rod output to be handled after
the deposition process, etc., the respective length of the
metallic core element Ca may be selected in the range
of 0.5-20 m.

[0075] At the step of determining the size and the
length of the metallic core element Ca, the electrical heat-
ing characteristic according to the length and the cross-
sectional area of the metallic core element Ca may be
optimized in terms of the conditions of deposition reac-
tion, the shape and weight of the silicon rod to be ob-
tained, the reactor capacity and the like, to optimize the
size and the length of the metallic core element.

[0076] Various shapes of the electrode means em-
ployed in the conventional bell-jar type reactor can be
used in the present invention as they are. Each of the
electrode units, represented by an electrode means E,
may consist of all or part of the following elements: (i) an
electrode made of a metallic conductive material with a
low electrical resistance by which electrical self-heating
is weak; (ii) an electrical coupling unit or an electrical
connecting means which can interconnect mutually the
electrode and the corresponding electric power transmit-
ting means T such as a cable, a bar, a tube, a shaft, a
conduit, a shaped article and the like for supplying an
electric power: (iii) a coupling support or a chuck made
of a carbon-based material, which electrically connects
the core unit to the electrode or the electric power trans-
mitting means T, with physically supporting each of the
core units or fixing the electrode; (iv) a cooling means for
cooling the electrode or the coupling support with a cool-
ing medium such as gas, water, or oil and the like; (v) an
insulating means for electrically insulating the metallic
material constituting the shell Rs or the base Rb of the
deposition reactor; and (vi) a part, a fitting and the like
for coupling, sealing, insulating and assembling the ele-
ments as described hereinabove for constructing an in-
dividual electrode unit.

[0077] The shape and dimension of the corresponding
electrode units of the electrode means E may be deter-
mined by considering a diameter of the silicon rod to be
finally manufactured, the number and installation ar-
rangement of the core units, a space available for install-
ing all the required electrode units E, and their corre-
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sponding electric power transmitting means T, and a
cross-sectional area of an electrode of the electrode unit
by which electrical self-heating is weak.

[0078] It is permissible to install the electrode means
E on either of the shell Rs or the base unit Rb of the
deposition reactor. However, since a weight (load) of the
silicon rod output exerted on the core means C and elec-
trode means E should increase continuously with the re-
actiontime, it may be advantageous in a structural aspect
to install the electrode means E on the base unit Rb when
the shapes of the core units to be installed are simple or
linear as illustrated in Fig. 1 or Fig. 2. If the shape and
the structure of a group of core units are designed so that
each core unit can withstand the weight of the respective
silicon rod outputs, itis permissible to install the electrode
units E on either or both of the shell Rs and the base unit
Rb which are equipped with a cooling means.

[0079] In the present invention, the electrode means
E behave as electrical connecting means between an
electric power supply system and the core means C. A
pair of electrode units connected to each core unit serve
as the input and output terminals of the single core unit.
The construction of interconnections between the elec-
trode units or the electrical circuit structure of the whole
electrode units may be determined according to the in-
stallation arrangement, i.e., spatial layout of the core
means C as well as the specifications predetermined for
constructing their corresponding electric power supply
systems.

[0080] The electrode units constituting the electrode
means E and the corresponding electric power transmit-
ting means T may be installed individually and then finally
connected mechanically and electrically to each other.
However, itis also allowable to design, fabricate and pre-
assemble a plurality of electrode units E and the corre-
sponding electric power transmitting means T as a more
simplified and integrated body.

[0081] The coupling support and/or the electrical cou-
pling unit constituting an electrode unit are generally
made of a high-purity graphite material which can be eas-
ily fabricated. To prevent or reduce a carbon contamina-
tion of the silicon deposition output a layer of a functional
ceramic material, such as silicon carbide, is often formed
on the surface of such graphite-based elements. In as-
sembly and installation of the electrode units an electrical
insulation should be secured between such conductive
elements and the metal-based shell Rs and/or base unit
Rb of the deposition reactor.

[0082] During the reactor operation part of each elec-
trode unit may be exposed to high temperature of the
inner space Ri, by which the electrical insulating material
or the sealing material installed can be protected from
thermal degradation. Accordingly, it is preferred to cool
some or the entire area of the base unit Rb, the electrode
made of a metal material, the insulating parts and the
like by using a circulated cooling medium.

[0083] Since several tens to several hundreds of core
units are installed in the inner space Ri of the silicon dep-
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osition reactor according to the present invention, it is
not desirable to dispose all the core units in series and/or
parallel in constructing a power supply system for sup-
plying electricity to the core units. Therefore, it is pre-
ferred that the electrode units E connected to the core
means C be divided into one or a plurality of electrode
group(s). Then electricity can be supplied independently
to every electrode group, with the corresponding core
units being electrically heated with a potential difference
of about 100-200 volts or below and a current of about
1,000 amperes or below. Corresponding to the classifi-
cation of the electrode group(s), a plurality of core units
constituting the core means C are divided into one or a
plurality of core group(s).

[0084] In the present invention, as applied to the core
units, a plurality of core groups constituting the core
means can be electrically interconnected to each other
in series and/or parallel circuits as illustrated in Fig. 3 or
Fig. 4. According to such connection scheme, the electric
power transmitting means T for electrical connections of
the electric power supply source V to the electrode units
as well as of the electrode units to each other can be
installed or assembled in the deposition reactor and the
corresponding electric power supply system.

[0085] In alarge-sized reactor shell Rs where a large
number of core units can be installed, a considerable
temperature difference may occur between the core units
according to the location of their installation, depending
on the construction of the electric circuit for power supply
and the operation conditions. Further, this problem be-
comes more serious as the diameter of the deposition
output D becomes larger. Thus, concerning the core
groups or the corresponding electrode groups to be in-
stalled adjacent to the inner wall of the reactor shell Rs
which is cooled to prevent silicon deposition thereon, in-
stallation arrangement of the deposition reactor and con-
struction and operation of the electric power supply sys-
tem need to be performed so that an additional heat loss
from the deposition outputs D located adjacent to the
reactor shell can be compensated.

[0086] In the present invention, the electric power
transmitting means T electrically interconnecting the
electric power supply source V and the electrode units E
may be installed at an outside of the shell Rs and the
base unit Rb of the deposition reactor. Further, the elec-
tric power transmitting means T or the electrical connect-
ing means used for interconnecting the electrode units
E can be installed at any locations, i.e., inside or outside
the reactor provided that an appropriate electrical insu-
lation is secured against the metallic material of the re-
actor. When installed at an outside of the deposition re-
actor, the electric power transmitting means may com-
prise a commercially available connecting means or a
conductive metal such as a cable, a bar or a shaped body
with a small electric power loss.

[0087] In case when, following an appropriate electri-
cal insulation, the electric power transmission means T
or the electrical connecting means is installed within the
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deposition reactor, for example, just above the base unit
Rb for electrically connecting a plurality of electrode units
E, a body fabricated for that purpose by machining a
graphite material into a desired shape can be used on
behalf of a metal material. To prevent generation of im-
purity components or fine powders, the surface of the
graphite-based conductive body may preferably be sub-
ject to a physical and/or chemical processing to form a
functional ceramic layer, such as silicon carbide (SiC)
layer.

[0088] The electric power transmitting means T itself
or the electrical connecting means itself used for inter-
connecting the electrode units can be regarded as an
expanded electrode unit because they have something
in common in that the electricity flows through such a
large cross-sectional area as not to raise a remarkable
resistance heating. Accordingly, a plurality of electrode
units E as well as the electric power transmitting means
T or the electrical connecting means for interconnecting
the electrode units can be designed, fabricated and in-
stalled in the form of an integrated single body or an as-
sembly of multiple integrated components. This method
greatly reduces the space required for installing the elec-
tric power transmitting means T for a plurality of electrode
units E installed above or below the base unit Rb, pre-
cludes elements of electrical contact resistance due to
the connections between the electrode units and the cor-
responding electric power transmission means, allows
an easy and convenient assembling and dismantling of
the reactor, and enhances reliability in terms of safety.
[0089] A scheme how to electrically connect the elec-
trode groups for each of the core means C determines
how to constitute the electric circuits of the corresponding
core groups as described above. If the electricity can be
independently supplied to each of the electrode groups,
the respective starting time of electrical heating can be
set differently for each electrode group according to the
present invention. It is also possible for the voltage-cur-
rent condition for each of the core groups to be controlled
differently from each other, if necessary.

[0090] The electric power supply system allowing an
independent power supply to each of the electrode
groups can be constructed so that the groups can be
connected electrically in series and/or parallel circuits.
Such an electrical scheme may be determined based on
the electric power required in each core unit, the instal-
lation arrangement (spatial layout) and interconnection
method of the electrode units, the specification of the
electric power supply source, and the like.

[0091] The electric power supply source V comprises
an electric power converting system having a function
for converting an input electricity with a high voltage-low
current characteristic into an output electricity with a low
voltage-high current characteristic. In the present inven-
tion, the electric power supply source V can be construct-
ed as a single integrated electric power converting sys-
tem or as a plurality of electric power converting systems
can be constructed in a separate, independent manner
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for every core group, that is, for every electrode group.
[0092] During the silicon deposition process the elec-
trical heating of an individual core unit is subject to inter-
dependencies between a current passing through the
core unit and the corresponding silicon deposition output
D, an electric resistance of them, and a potential differ-
ence imposed between a pair of corresponding electrode
units. Based on the electricity characteristic it is possible
to control with time the rate of electrical heating of each
core means, each core group or each core unit. This can
be achieved by the operation and control of the electric
power supply source V as described above with either
voltage or current being selected as the control param-
eter.

[0093] The electric power supply source V for one dep-
osition reactor can possibly be assigned to another core
means C comprised in another deposition reactor. In this
case, one or a plurality of the core means C comprised
in one or a plurality of deposition reactor(s), including the
corresponding core group(s), core units and electrode
units, can be electrically interconnected to each other by
the corresponding electric power transmitting means T
in series and/or parallel circuits based on a single electric
power supply sources V1.

[0094] Following the basic characteristic of the bell-jar
type reactor, a cross-sectional size of the deposition out-
put D, that is, d1(t) and d2(t), increases with the reaction
time, t, of the deposition process, and differences in tem-
perature and physical shape between the silicon depo-
sition outputs can be observed according to an installa-
tion arrangement of the core units. Thus, in constructing
and operating the electrical power supply system for the
deposition reactor, it is worthwhile to consider that there
may exists differences in the electrical properties be-
tween the core units and the core groups, and that the
electrical properties can change with time.

[0095] If the deposition reactor is to be newly designed
to carry out the present invention more effectively, it is
necessary to reduce temperature difference and temper-
ature distribution which can be generated between the
deposition sections D according to the core group(s)
and/or the core units in the process of silicon deposition.
To satisfy this requirement, the core group(s) and the
core units comprised in the core means C should be ap-
propriately arranged considering the specification or the
characteristics of the elements constituting of the depo-
sition reactor such as: the shell Rs, the base unit Rb; the
gas supply means Gf; the gas outlet means No; a tem-
perature measuring and controlling system, etc. Also, a
spatial change with time due to the growing of the dep-
osition output D, a time-dependent pattern of gas flow
within the inner space Ri, a cooling by the heat transfer
through the reactor shell Rs, and the like can influence
the arrangement (spatial layout) of the core units.
[0096] In order to supply a controlled electric power
duly to each core group or core unit, it is important to
make use of a change of voltage-current characteristics
in the electric circuit that should be controlled. However,
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since it is also important to utilize a detected temperature
for controlling the electric power supply system, there is
a need to design the deposition reactor so that one or a
plurality of non-contact type temperature measuring
means, which is commercially available, such as the py-
rometer, atemperature-distribution measurementdevice
and the like can be employed by installing at proper lo-
cations of the shell Rs and/or the base unit Rb.

[0097] Meanwhile, the control parameters and proce-
dure for supplying electric power are normally predeter-
mined to minimize the temperature difference between
core units due to the installation arrangement within an
allowable temperature range during the operation of the
deposition reactor. According to such power supply
method, well-controlled electricity can be supplied inde-
pendently to each core group or core unit.

[0098] The electric power supply source V for supply-
ing electric powers to the corresponding core means C
through the corresponding electric power transmitting
means T can be constructed as a separate, independent
electric power supply system for each core group. On
the contrary, a plurality of the electric power supply sourc-
es may possibly be integrated as a combined, single ap-
paratus, from which electric power is supplied independ-
ently to each core group through the corresponding elec-
tric power transmitting means T. In the present invention,
"anindependent electric power supply" means that a cur-
rent or voltage can be adjusted and applied independ-
ently for each of the core groups or core units, irrespective
of the configuration of the electric power supply sources.
[0099] Unlike the conventional silicon rod preparing
method using the core means consisting of the silicon
corerods or metallic core elements, the presentinvention
is based on the core means C consisting of the metallic
core elements Ca each of which comprises the separa-
tion layer Cb formed on the surface thereof as illustrated
in Fig. 5 to Fig. 9. Thus, the deposition output D is formed
in an outward direction on the electrically heated core
means C the surface of which is covered by the separa-
tion layer, and thereby a high-purity polysilicon rod can
be manufactured. Here, the core means C provided in
the inner space Ri of the shell Rs of the deposition reactor
is installed so that both ends of the metallic core element
Ca constituting a major framework of the core means C
can be connected electrically or physically to the corre-
sponding electrode units E. An electrical heating per-
formed thereby maintains the deposition reaction tem-
perature on the surface of the deposition output D. In the
present invention, the separation layer Cb formed on the
surface of the metallic core element Ca serves as a sub-
strate on which formation of the deposition output D is
initiated, and also behaves like a major framework sup-
porting stably the deposition output D enlarged according
to the silicon deposition process.

[0100] In addition, in the process of silicon deposition
on the surface of the deposition output D at a reaction
pressure in the range of 1-20 bar absolute and a reaction
temperature in the range of 650 - 1,300 °C, the separation
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layer Cb constituting the surface of the metallic core el-
ement Ca acts as a barrier which prevents a diffusion of
the impurity components from the corresponding metallic
core element Ca to the deposition output D.

[0101] Also, the separation layer Cb and the deposition
output D can be easily separated from each other be-
cause the kind of material, structure and physical prop-
erties of the separation layer Cb differ from those of the
polysilicon of the deposition output D.

[0102] Formed on the surface of the metallic core ele-
ment Ca and constituting the core means C, the separa-
tion layer Cb according to the presentinvention may con-
sist of one or a plurality of layer(s). If the number of the
layers constituting the separation layer Cb exceeds 5,
there may be required a lot of time, labor and cost in the
separation layer forming process, deteriorating the eco-
nomical advantage of the presentinvention. Accordingly,
the number of the separation layer(s) is preferably in the
range of 1to 5, i.e., itis recommended that the separation
layer Cb consists of five kinds of layers or less.

[0103] The separation layer Cb, according to the
present invention, includes a function of a diffusion bar-
rier for preventing the diffusion of a specific component
or element between two metallic contact areas. Here, the
barrier component constituting each layer of the separa-
tion layer(s) Cb can be selected from (i) silicon nitride,
silicon oxide, silicon carbide or silicon oxynitride or (ii) a
nitride, an oxide, a silicide, a carbide, an oxynitride or an
oxysilicide comprising at least one metal element consti-
tuting the metallic core element and selected from the
group consisting of tungsten (W), rhenium (Re), osmium
(Os), tantalum (Ta), molybdenum (Mo), niobium (Nb),
iridium (Ir), ruthenium (Ru), technetium (Tc), hafnium
(Hf), rhodium (Rh), vanadium (V), chromium (Cr), zirco-
nium (Zr), platinum (Pt), thorium (Th), lanthanum (La),
titanium (Ti), lutetium (Lu), yttrium (Y), and a mixture
thereof.

[0104] Abarriercomponent constituting the separation
layer Cb, according to the present invention, comprises
a substance consisting of a nitride of silicon or an element
selected from metals constituting the metallic core ele-
ment Ca, such a nitride can comprise a single component
nitride such as Si-N, W-N, Os-N, Ta-N, Mo-N, Nb-N, Ir-
N, Ru-N, Tc-N, Hf-N, Rh-N, V-N, Cr-N, Zr-N, Pt-N, Th-
N, Ti-N, Lu-N, Y-N and the like and a mixed metal nitride
such as W-V-N, Ti-Si-N, Ti-C-N, Hf-Ta-Mo-N and the like.
[0105] Most of such nitride-based components have a
melting point of 2,000 °C or higher, where other physical
properties of such nitride-based components differ from
those of the metallic core element Ca or the deposition
output D. Such nitride-based components can combine
with metal impurity ions of the metallic core element Ca,
which enables such nitride-based components to be
used for forming the separation layer Cb. However, there
is little possibility of contaminating the deposition output
D with nitrogen component of the nitride-based separa-
tion layer Cb at a high reaction temperature, and so the
nitride-based separation layer can be used for forming
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one or a plurality of separation layer(s) Cb and can con-
stitute the metallic core means C, together with the oxide-
based, oxynitride-based, carbide-based, silicide-based
or oxysilicide-based separation layer Cb.

[0106] A barrier component constituting the separation
layer Cb according to the present invention comprises a
substance consisting of an oxynitride of silicon or an el-
ement selected from metals constituting the metallic core
element Ca, where such an oxynitride can comprise a
single component oxnitride such as Si-O-N, W-O-N, Os-
O-N, Ta-O-N, Mo-O-N, Nb-O-N, Ir-O-N, Ru-O-N, Tc-O-
N, Hf-O-N, Rh-O-N, V-O-N, Cr-O-N, Zr-O-N, Pt-O-N, Th-
O-N, Ti-O-N, Lu-O-N, Y-O-N and the like, and a mixed
metal oxynitride such as Si-Al-O-N, Hf-Zr-O-N, Mo-W-O-
N, V-Mo-W-O-N and the like.

[0107] Most of such oxynitride-based components
have a melting point of 2,000 °C or higher, where other
physical properties of the oxynitride-based components
differ from those of the metallic core element Ca or the
deposition output D, and the oxynitride-based compo-
nents can combine with metal impurity ions of the metallic
core element Ca, which enables the oxynitride-based
components to be used for forming the separation layer
Cb. However, there is little possibility of contaminating
the deposition output D with nitrogen component of the
oxynitride-based separation layer Cb, at a high reaction
temperature, and so the oxynitride-based separation lay-
er can be used for forming one or a plurality of separation
layer(s) Cb and can constitute the core means C together
with the nitride-based, oxide-based, carbide-based, sili-
cide-based or oxysilicide-based separation layer Cb.
[0108] A barrier componentconstituting the separation
layer Cb according to the present invention comprises a
substance consisting of an oxide of silicon or an element
selected from metals constituting the metallic core ele-
ment Ca, where such an oxide can comprise a single
component oxide such as Si-O, W-O, Ta-O, Nb-O, Hf-O,
Zr-0, Ti-O and the like, and a mixed metal oxide such as
W-V-0O, Ti-Si-O, Sr-Ti-O, Sr-Ti-Nb-O, Sr-La-Al-O, La-Mn-
O, Sr-Hf-O, Nb-Ta-0, Ba-Zr-O, Ba-Mo-0O, Ba-Ce-0O, Ba-
Ti-O, Ca-Ti-O, Sr-Zr-O, Sr-Mn-0O, Hf-Ta-Mo-O, Y-Zr-O
and the like.

[0109] Most of such oxide-based components have a
melting point of 1,420 °C or higher, where other physical
properties of the oxide-based components differ from
those of the metallic core element Ca or the deposition
output D which enables the oxide-based components to
be combined with metal impurity ions of the metallic core
element Ca, and so the oxide-based components can be
used for forming the separation layer Cb. However, there
is little possibility of contaminating the deposition output
D with oxygen component of the oxide-based separation
layer Cb ata high reaction temperature, and so the oxide-
based separation layer can be used for forming one or a
plurality of separation layer(s) Cb and can constitute the
core means C together with the nitride-based, oxynitride-
based, carbide-based, silicide-based or oxysilicide-
based separation layer Cb.
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[0110] Abarriercomponent constituting the separation
layer Cb, according to the present invention, comprises
a substance consisting of a carbide of silicon or an ele-
ment selected from metals constituting the metallic core
element Ca, where such a carbide can comprise a single
component carbide such as Si-C, W-C, Os-C, Ta-C, Mo-
C, Nb-C, Ir-C, Ru-C, Tc-C, Hf-C, Rh-C, V-C, Cr-C, Zr-C,
Pt-C, Th-C, Ti-C, Lu-C, Y-C and the like, a mixed metal
carbide such as Si-W-C, Ta-Hf-C, Si-Ti-C and the like,
and the transition metal carbon nitride such as W-C-N,
Ta-C-N, Zr-C-N, Ti-C-N and the like.

[0111] Most of such carbide-based components have
amelting pointof 2,000 °C or higher, where other physical
properties of the carbide-based components differ from
those of the metallic core element Ca or the deposition
output D, and the carbide-based components can com-
bine with metal impurity ions of the metallic core element
Ca, which enables the carbide-based components to be
used for forming the separation layer Cb. However, there
is a possibility of contaminating the deposition output D
with a carbon component of the carbide-based separa-
tion layer Cb at a high reaction temperature, and so it is
also desirable to isolate the deposition output D with the
nitride-based oxynitride-based, silicide-based, or oxysil-
icide-based separation layer Cb, rather than applying in
the form of a single separation layer Cb.

[0112] Abarriercomponent constituting the separation
layer Cb, according to the present invention, comprises
a substance consisting of a silicide of silicon or an ele-
ment selected from metals constituting the metallic core
element Ca, where such a silicide can comprise a single
component silicide such as W-Si, Os-Si, Ta-Si, Mo-Si,
Nb-Si, Ir-Si, Ru-Si, Tc-Si, Hf-Si, Rh-Si, V-Si, Cr-Si, Zr-Si,
Pt-Si, Th-Si, Ti-Si, Lu-Si, Y-Si and the like, mixed metal
silicide such as W-V-Si, W-Ti-Si-N, Ti-Zr-Si-C, Hf-Ta-Si-
N and the like, and such silicide based component can
comprises oxysilicide obtained by adding oxygen ele-
ment to a silicide mentioned above.

[0113] Content of components can be adjusted so that
suchsilicide-based or oxysilicide-based components can
have a melting point of 1,420 °C or higher, the physical
properties of such silicide-based or oxysilicide-based
components differ from those of the metallic core element
Ca or the deposition output D and that the silicide-based
oroxysilicide-based components can combine with metal
impurity ions of the metallic core element Ca, and so the
silicide-based or oxysilicide-based components can be
used forforming one or a plurality of the separation layers
Cb. The silicide-based or oxysilicide-based separation
layer can form the core means C together with the nitride-
based, oxide-based, oxynitride-based, or carbide-based
separation layer Cb.

[0114] As described above, a barrier component con-
stituting the separation layer Cb may comprise a boron-
containing component having an excellent physical prop-
erty such as a nitride, an oxide, a carbide or an oxynitride.
Since there is a possibility of contaminating the deposi-
tion output D with a boron component in the boron-based

10

15

20

25

30

35

40

45

50

55

13

separation layer Cb at high reaction temperature, the me-
tallic core element Ca should be isolated perfectly from
the deposition output D with the nitride-based oxynitride-
based, silicide-based, or oxysilicide-based separation
layer Cb rather than applying it in the form of a single
separation layer Cb.

[0115] According to the present invention, constitution
of the core means C by forming the separation layer Cb
on the surface of the core element Ca can be performed
in a variety of methods.

[0116] As an example of the separation layer forming
process, the core means C can be constituted by sur-
rounding the surface of the core element Ca with one or
a plurality of separation layer constituting unit(s) made
of a barrier component as described above. When such
separation layer constituting unit(s) is(are) to be assem-
bled into the separation layer Cb, each unit needs to be
prepared or coated in advance with the barrier compo-
nent at a predetermined dimension, shape and number.
Then, the core means C can be completed by assembling
them in layer(s) or by connecting them each other or by
forming further the thus prepared separation layer con-
stituting units in such a manner that the core element Ca
can be encompassed by the separation layer(s) Cb. This
method is especially suitable for a case when an assem-
bled type core unit is constructed by assembling a plu-
rality of core element units. Consisting of one or a plurality
of separation layer(s) Cb composed of the barrier com-
ponent in a thickness direction, each of the separation
layer constituting units may be independently prepared
in advance with a cross-sectional shape of a circle, a
polygon, a concentric circle or a concentric polygon. The
core unitcan now be constructed by assemblingin layers,
connecting in a concentric way the core element Ca to-
gether with thus prepared separation layer constituting
units. According to this method, a tiny space may exist
between the surface of the core element Ca and the sep-
aration layer, between the separation layers or between
the separation layer constituting units. However, if any,
the existence of the tiny space does not exert an adverse
effect on the formation of the deposition output in an out-
ward direction on the core element pursuant to the
present invention.

[0117] Unlike the above, the separation layer Cb is
formed by coating the barrier component on the surface
of the core element Ca. The direct coating of each of the
selected barrier components may be applied on its sur-
face in a predetermined thickness. If this direct coating
method is employed, the separation layer Cb consisting
of a plurality of layers may be formed in sequence even
within the same coating apparatus or may be formed in
a number of separate coating apparatus. According to
this method, the separation layer required can be formed
so dense and intimate that a tiny space between the sur-
face of the core element Ca and the separation layer or
between the separation layers can hardly be observed,
without causing any problems in the formation of the dep-
osition output D.
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[0118] On the other hand, each of the core units C,
consisting of the core element and the separation layer
formed thereon, may also be prepared by employing both
the scheme of assembling the separation layer consti-
tuting units with the core element and the scheme of the
direct coating of the separation layer.

[0119] Part of or the entire separation layer(s) Cb may
be formed on the surface of the core element Ca in an-
other kind of reactor or a special coating apparatus ac-
cording to the present invention. Otherwise, the same
work can also be executed in a silicon deposition reactor;
the work may also be carried out in the inner space Ri of
the deposition reactor used in the present invention or of
an existing conventional deposition reactor available.
Here, one or a plurality of the core elements Ca are in-
stalled on the corresponding electrode units of the dep-
osition reactor; the core elements become heated upon
supplying electricity through the electrode units; then a
raw material gas is supplied into the inner space of the
deposition reactor to form the separation layer Cb on the
surface of the core element Ca; and a completed set of
the core means C is finally obtained.

[0120] Meanwhile, the separation layer forming proc-
ess can also be executed by a combined use of the dep-
osition reactor and the other kind of coating apparatus in
sequence; for example, after forming part of the separa-
tion layer in a special coating apparatus, it is possible to
additionally form the remaining part of the separation lay-
er Cb in the deposition reactor pursuant to the present
invention or in the existing conventional deposition reac-
tor. In either of the deposition reactors, one or a plurality
of the uncompleted core elements Ca is(are) installed on
the corresponding electrode units, and will be heated up-
on supplying electricity through the electrode units; then
a raw material gas is supplied into the inner space of the
deposition reactor to additionally form the remaining part
of the separation layer Cb on the surface of the uncom-
pleted core elements Ca; and a completed set of the core
units represented by the core mean C is finally obtained.
[0121] In the process of forming the separation layer
Cb consisting of a single layer or a plurality of layers
according to the present invention, a method for forming
the separation layer(s) can be selected from a number
of well-established coating methods such as: (i) physical
vapor deposition method (including sputtering deposition
method, pulsed laser deposition method, ion injection
method and ion plating method, etc.); (ii) chemical vapor
deposition method (including normal pressure chemical
vapor deposition method, metallic organic chemical va-
por deposition method, plasma-enhanced chemical va-
por deposition method, etc.); (iii) melt spray coating meth-
od (including various kinds of spray methods and aerosol
deposition method); (iv) thermo-reactive deposition and
diffusion method (including molten salt method and pow-
dermethod); and (v) sol-gel method and solution method.
[0122] The thickness of the individual separation layer
Cb formed on the surface of the core element Ca for
constituting the core means C according of the present

10

15

20

25

30

35

40

45

50

55

14

invention depends on such factors as the type or material
of the of the core element Ca, the characteristic of impu-
rity components, the barrier component constituting the
separation layer and the method for forming the separa-
tion layer, etc. The thickness of the individual separation
layer may be in the range of several nanometers (nm) to
several millimeters (mm).

[0123] In general, the thicker separation layer is be-
lieved to more faithfully prevent the diffusion of impurity
components from the core element Ca to the deposition
output D. However, the separation layer Cb thicker than
about 20 mm would impose an excessive cost burden
and an unnecessarily large temperature gradient along
the separation layer Cb, which makes it very difficult to
maintain the temperature of the surface of the deposition
output D as required. Meanwhile, it is also possible to
employ here an advanced technology which has recently
been developed and used for forming an atomic layer or
thin film with a thickness of several nanometers (nm).
Such a thin layer with a thickness of 10 nm or less formed
by the sophisticated method may also prevent the diffu-
sion of the impurity components. However, considering
the dimension of a structural defect often detected on the
surface of the core element Ca and the separation layer
Cb and an actual roughness dimension of the interface
between the core element and the separation layer, the
thickness of the separation layer Cb should be greater
than 10 nm. Accordingly, the overall thickness of the sep-
arating layer(s) Cb formed on the core element Ca of the
core means C should preferably be in the range of 10
nm - 20 mm in the present invention.

[0124] The separation layer(s) Cb may have either an
electric conductivity or insulation property. This requires
a careful consideration of an electrical characteristic of
the outermost separation layer Cb of the core means C
when itis connected and fixed to the corresponding, high-
ly conductive electrode units. When the separation layer
Cb has an excellent electric conductivity, the core ele-
ment Ca is in good contact with the electrode units
through the separation layer Cb. However, in a case
where the separation layer Cb contains a barrier compo-
nent with an electric insulation property, such a separa-
tion layer should not be formed at both ends of the core
unit so that the conductive electrode units can contact
directly with the resistive core element instead of the sep-
aration layer that causes a serious contact resistance.
[0125] During migration from the core element Ca to
the deposition output D, the impurity components can
react well or combine with silicon atom. Thus, it does not
matter if the separation layer Cb further comprises a sil-
icon separation layer containing silicon as a barrier com-
ponent to constitute the core means C. To prevent the
deposition output D from being contaminated by the im-
purity components the silicon separation layer can be
placed between the core element Ca and the separation
layer Cb, between the separation layers Cb or at the out-
most of the separation layer Cb. If the silicon separation
layer is further added, the thickness of the silicon layer
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to be in the range of 1 um - 10 mm. If its thickness is less
than 1 um, the barrier which can prevent an impurity con-
tamination becomes insufficient. However, when the
thickness is greater than 10 mm, the barrier becomes
unnecessarily large and requires serious sacrifices in
various aspects such as the cost and productivity of the
reactor. Regarding the silicon separation layer Cb con-
taining silicon as the barrier component, it does not matter
if the separation layer Cb comprises the silicon separa-
tion layer Cb which is formed by using the reaction gas
Gf as the raw material gas. Here, the formation of the
silicon separation layer Cb needs to be optimized in terms
of crystal structure and the characteristic of thermal ex-
pansion so that the silicon deposition output D can be
easily separated from the silicon separation layer.
[0126] Accordingly, part of the separation layer(s) or
the entire separation layer(s) Cb of the barrier component
and/or silicon can be formed on the surface of the core
element Ca in a deposition reactor according to the
present invention, or in an existing conventional deposi-
tion reactor constructed by the prior art. The same work
can also be executed by using a special coating appa-
ratus, a thin layer forming apparatus or another kind of
reactor.

[0127] Asdescribed above, instead of being performed
in a separate apparatus, the work for adding the silicon
separation layer containing silicon as a barrier compo-
nent and constituting the core means C can be executed
in the inner space Ri of the deposition reactor used in
the present invention. Also, the silicon separation layer
may be formed on the core means C employing the re-
action gas Gf according to the present invention as a raw
material gas for the separation layer. Here, the formation
of the silicon separation layer Cb needs to be optimized
in terms of crystal structure and the characteristic of ther-
mal expansion so that the deposition output D can be
easily separated from the silicon separation layer.
[0128] Meanwhile, it is preferable to perform an heat
treatment at a temperature in the range of 400 - 3,000
°C to remove or to chemically convert the residual impu-
rity components during the process of preparing the core
unitused in the presentinvention, before/after machining
the core element Ca, or before/after or during the forma-
tion of the separation layer or before the operation of
silicon deposition. And, the heat treatment of the core
unit or the core element may be performed under the
gaseous atmosphere such as hydrogen, nitrogen, argon
or helium and the like. The heat treatment can be per-
formed in the deposition reactor used in the present in-
vention, the existing conventional deposition reactor con-
structed by the prior art, or in a special heat treatment or
coating apparatus.

[0129] As described above, after the core means is
electrically, rapidly and easily heated from room temper-
ature to the reaction temperature according to the
present invention, the silicon deposition output is formed
in an outward direction on the core means through the
supply of the reaction gas. This process of silicon depo-
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sition is substantially the same as that in the conventional
deposition reactor.

[0130] Accordingly, if an electrical heating can be per-
formed by use of the electrode units, itis possible to apply
the present invention without any difficulty in all kinds of
deposition reactors available, which are manufactured
and installed according to the methods in the prior art,
by employing the metallic core means by the present
invention on behalf of the conventional core means made
of silicon material.

[0131] Once the diameter or diagonal length of the sil-
icon rod reaches a maximum allowable value, the oper-
ation of silicon deposition is fulfilled according to the
presentinvention. Then the deposition operationis halted
before an unwanted contact between two adjacent dep-
osition outputs D occurs. Thereafter, the reactor is dis-
mantled and the deposition outputis collected as product.
[0132] Inorderto use the polysilicon outputs manufac-
tured according to the present invention as the raw ma-
terial for preparing polycrystalline or single crystalline in-
got, block, sheetor film, itis necessary to divide the silicon
rod output into the deposition output D and the core el-
ement and/or the separation layer Cb.

[0133] Following the present invention, the core ele-
ment Ca, the separation layer Cb and the deposition out-
put D are different from each other from the aspect of a
composition, a crystal structure or a physical character-
istic. Therefore, itis not so difficult to separate and collect
the deposition output D from the rod-shaped polysilicon
obtained by the present invention. In such separation
process, the core element Ca or the separation layer Cb
can be subject to a damage or breakage. However, if the
separation layer forming process is carried out in an op-
timum condition, itis possible to recoverthe core element
Ca and/or the separation layer Cb as it is and to recycle
them for a repeated use.

[0134] The high-purity polysilicon output manufac-
tured according to the present invention is employed as
a raw material for semiconductor devices, solar cells,
chemical processing units, industrial systems, or small-
sized and highly integrated precision devices, which are
respectively composed of a material with high purity or
semiconducting properties.

[0135] The polysilicon output prepared by the present
invention can be processed into a cylindrical or hexahe-
dral shape in accordance with the required size and then
packaged. Also, the polysilicon output can be pulverized
further into chunks, nuggets, chips or particle shaped sil-
icon products. If necessary, the product is cleaned further
and dried to remove the impurity components out of the
surface thereof contaminated during the pulverizing
process.

[0136] The product processed into a cylindrical shape
can be used for single crystal growth according to the
floating zone method. The pulverized product having ir-
regular shapes and various sizes may be melted in a
crucible and then formed into a single crystalline or poly-
crystalline ingot, block, sheet or film shaped article.
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[0137] The presentinvention is described in more de-
tail below taken in conjunction with the following embod-
iments. However, they should not be construed as limit-
ing the scope of the present invention.

[0138] Fig. 3 illustrates a planar arrangement of the
core means C consisting of 36 sets of core units having
the same shape, where each of the core units has a cir-
cular cross-section with the separation layer Cb being
formed on the surface of the metallic core element Ca
according to the present invention. In such a deposition
reactor, the electric power supply system can be consti-
tuted so that all the core units can be disposed in series
and/or parallel circuits. However, since the voltage for
the electricity supplied from the electric power supply
source V may be imposed too low or too high according
to the circuit configuration, the core means C in this em-
bodiment are divided into 6 kinds of core groups, core
group-A to core group-F, according to the installation ar-
rangement, i.e., spatial layout of the core means C. Here,
each of the core groups comprises 6 sets of core units.
The electrodes E of this embodiment are connected to
one electric power supply source or a plurality of electric
power supply sources through the electric power trans-
mitting means T based on the electric circuit configured
so that the core groups can be interconnected to each
other in parallel, while the core units comprised in each
core group can be interconnected to each other in series.
In such an electric power supply system, the electric cur-
rent flows along the path of A15>A2—A3—->A4—>A5—A6
in case of the core group-A, and it is preferred to provide
an electric power transmitting means T’ or an electrical
connecting means through which the adjacent electrode
units E can be electrically connected to each other ac-
cording to the circuit configuration constructed. Once the
reaction gas Gf is supplied into the inner space Ri of the
deposition reactor with the core means C being electri-
cally heated based on such installation arrangement of
the core means and the electric power supply system
constructed according to the arrangement, the silicon
deposition output D is formed and enlarged in an outward
direction on the core means C. During this deposition
process the deposition output D cannot be apparently
contaminated by the impurity components migrating from
the metallic core element Ca. Consequently, a rod-
shaped polysilicon having a near circle cross-section is
manufactured.

[0139] Fig. 4 illustrates a planar arrangement of the
core means C consisting of 12 sets of core units. Here,
employing two kinds of cross-sections according to the
present invention, the core units individually comprises
the separation layer Cb formed on the surface of the me-
tallic core element Ca. In such a deposition reactor, the
electric power supply system can be constituted so that
all the core units can be disposed in series and/or parallel
circuits. However, since the voltage for the electricity sup-
plied from the electric power supply source V may be
imposed too low or too high according to the circuit con-
figuration, the core means C in this embodiment are di-
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vided into the core group-A consisting of 8 sets of core
units and the core group-B consisting of 4 sets of core
units. Here, each core unit of the core group-A is com-
posed of the ribbon- or strip-shaped metallic core ele-
ment, while that of the core group-B is composed of the
hollow, concentric tube- or conduit-shaped metallic core
element. The electrodes E of this embodiment are con-
nected to one electric power supply source or a plurality
of electric power supply sources through the electric pow-
er transmitting means T based on the electric circuit con-
figured so that the core groups be interconnected to each
other in parallel, with the core units comprised in each
core group being interconnected to each other in series.
In such an electric power supply system, the electric cur-
rent flows along the path of B1—-B2—B3—B4 in case of
the core group-B, and itis preferred to provide an electric
power transmitting means T’ or an electrical connecting
means through which the adjacent electrode units E can
be electrically connected to each other according to the
circuit configuration constructed. Once the reaction gas
Gf is supplied into the inner space Ri of the deposition
reactor with the core means C being electrically heated
based on such installation arrangement of the core
means and the electric power supply system constructed
according to the arrangement, the silicon deposition out-
put D is formed and enlarged in an outward direction on
the core means C. During this deposition process the
deposition output D cannot be apparently contaminated
by the impurity components migrating from the metallic
core element Ca. Consequently, a rod-shaped polysili-
con having a near circle cross-section is manufactured.
[0140] In order to manufacture high-purity polysilicon
which can be used as a raw material for the semiconduc-
tor devices and/or the solar cells according to the present
invention, it is indispensable to form the separation layer
Cb on the surface of the metallic core element Ca.
[0141] As illustrated in Fig. 8, for example, if the sep-
aration layer Cb consisting of a Ti-N layer with a thickness
of about 30 um [=(db-da)/2], a silicon layer with a thick-
ness of about 50 um and a Si-N layer with a thickness
of about 10 um is formed on the surface of the rod-shaped
core element Ca made of tungsten with purity of 99%, it
is possible to prevent a contamination of the deposition
output D by the impurity components of the core element
Ca such as tungsten. Such beneficial effect of the sep-
aration layer can be verified easily by an analysis using
the Inductively Coupled Plasma Mass Spectrome-
try(ICP-MS) and the like.

[0142] As another example, as illustrated in Fig. 6, two
kinds of separation layers of a Ti-N layer Cb with a thick-
ness of about 30 wm [=(db-da)/2] and a W-Si layer Cb’
with a thickness of about 800 wm are formed on the sur-
face of the rod-shaped core element Ca made of tungsten
with purity of 99.9%, and thus it is possible to prevent a
contamination of the deposition output D by the impurity
components of the core element Ca such as tungsten.
[0143] When the silicon layer is added as described
above to the separation layer Cb, the reaction gas used
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in the present invention for the deposition process can
be supplied as the feed gas to form the silicon separation
layer for preparing the core means C.

[0144] The process for forming the silicon separation
layer or various kinds of separation layer on the surface
of the metallic core element Ca can be executed in a
special coating apparatus or reaction apparatus. Other-
wise, this process may be executed in a state that the
metallic core elements Ca and the electrode units E are
connected to each other and installed in the inner space
of the bell-jar type deposition reactor applicable to the
present invention, the metallic core elements Ca are
heated by supplying electricity through the electrode
units E, and a feed gas for forming the silicon layer or
the other separation layer is suppliedinto the inner space,
and thereby the core means C required in the present
invention can be prepared.

[0145] Meanwhile, it is also possible to prepare the
core means Crequired in the presentinvention by a meth-
od wherein a preliminary core means, prepared in ad-
vance by forming part of the separation layer(s) Cb’ on
the metallic core element, and the electrode means E
are connected to each other and installed in the inner
space of the deposition reactor, the preliminary core
means s heated by supplying electricity through the elec-
trode means E, a feed gas for forming an additional sep-
aration layer(s) Cb" is/are supplied into the inner space,
and thus the additional separation layer(s) Cb" compris-
ing silicon or other barrier components is/are formed on
the surface of the preliminary core means.

[0146] The beneficial effects by the separation layer
Cb can be achieved by applying the core element Ca
made of an alloy other than the high-purity transition met-
al. For example, when an alloy, in which elements of tho-
rium (Th), lanthanum (La), and/or titanium (Ti), etc., are
incorporated in tungsten (W) in the range of 0.2 - 3 wt%,
is used as the metallic core element Ca, the effect of the
separation layer Cb can be also obtained.

[0147] According to the present invention, various
modes of the separation layer formation are applicable
in preventing the contamination of the deposition output
D attributed to the components of the core element Ca
which can have various shapes such as: a rod, a wire or
a filament with a circular cross-section as illustrated in
Fig. 5, Fig. 6 and Fig. 8; a conduit, tube or a duct having
a cross-section of a concentric rectangle as illustrated in
Fig. 7; and a strip or a ribbon having a rectangular cross-
section as illustrated in Fig. 9.

[0148] In preparing the core means C impurity compo-
nents can also be incorporated into or be generated with-
in the core means C in the process of forming the sepa-
ration layer Cb or of machining the core unit into a shape
required for a tight installation on the corresponding elec-
trode units. Thus, for applying the metallic core means
C according to the present invention, It is preferred that
the core units constituting the core means C heat-treated
at a temperature in the range of 400 - 3,000 °C. The heat
treatment to remove or chemically convert residual im-
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purity components can be executed under vacuum or
under an atmosphere of high-purity hydrogen, nitrogen,
argon or helium.

[0149] As described above, after a rod-shaped polysil-
icon is obtained in the deposition reactor by means of
the core means C prepared according to the present in-
vention, it becomes necessary to separate the silicon
deposition output D to be used as the product from the
metallic core element Ca or the separation layer Cb or
the core means C. According to the present invention,
the above separation process can be carried out easily.
The core means C damaged in the above separation
process may be discarded. Further, the metallic core el-
ement Ca, the separation layer Cb or the core means C,
which is not damaged but separated and recovered, may
be used repeatedly to form the silicon deposition output
D after an appropriate cleaning process, if necessary.

Industrial Applicability

[0150] As described above, the method for preparing
the polysilicon rod according to the present invention has
the following advantages.

1) Preparation of the core means made of a high
purity-silicon material requires a relatively high ex-
pense for the low-productive process in forming and
machining the core means, thus increasing the eco-
nomic burden. On the contrary, the presentinvention
offers an economical and efficient preparation of the
core means based on cheaper core material, less
expense in forming and machining the core means
and increased productivity.

2) The separation layer formed on the surface of the
metallic core element according to the present in-
vention can prevent or deter the diffusion of the im-
purity components from the metallic core element to
the deposition output during the high-temperature
process of silicon deposition, thus capable of using
the metallic core element for preparing the high-pu-
rity polysilicon rod.

3) Contrary to the inevitable step of preheating the
conventional silicon-based core means based on an
complicated operation of an expensive electric pow-
er supply equipment, the core means according to
the present invention can be easily heated electri-
cally from room temperature to a reaction tempera-
ture based a simple operation of a common and in-
expensive electric power supply equipment. There-
fore, the present invention has an advantage with
respect to the cost of the equipment and the core
means, the rate of electrical heating, the operation
cycle of the deposition reactor for the same produc-
tion yield, and the productivity of the deposition re-
actor.

4) Since the metallic core element is superior to sil-
icon core material in physical strength, the structural
stability of the polysilicon rod obtained by the depo-
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sition is enhanced. Thereby, it is possible to manu-
facture the polysilicon rod having a larger diameter
and length, thus remarkably enhancing the produc-
tion capacity per each deposition reactor.

5) In the present invention, since the metallic core
element having a melting point much higher than that
of the silicon material can be used for constituting
the core means, a maximum allowable temperature
of the metallic core elementis higher than the melting
point of silicon so that it is possible to increase the
maximum diameter of the silicon rod and maintain
the temperature of surface of the silicon rod relatively
high when the core means is heated. As a result, the
productivity and economical efficiency of the silicon
deposition reactor can be enhanced significantly.
6) The metallic core means according to the present
invention is characterized in that the product con-
tamination can be minimized or prevented in spite
of the metallic core element. Thus, the present in-
vention can be widely applied to all kinds of deposi-
tion reactors for preparing a rod-shaped polysilicon
irrespective of a shape or a structure of the deposi-
tion reactor including the bell-jar type, tube type or
chamber type deposition reactor. The presentinven-
tion can be applied even to a conventional deposition
reactor manufactured and constructed by the prior
art, enhancing the reactor productivity.

[0151] While the presentinvention has been described
and illustrated herein with reference to the preferred em-
bodiment thereof, it will be apparent to those skilled in
the art that various modifications and variations can be
made therein without departing from scope of the inven-
tion. Therefore, it is intended that the present invention
covers the modifications and variations of this invention
that come within the scope of the appended claims and
their equivalents.

Claims

1. A method for preparing a polysilicon rod in a depo-
sition reactor by using a metallic core means, com-
prising
installing a core means in an inner space of a dep-
osition reactor used for preparing a silicon rod,
wherein the core means is constituted by forming
one or a plurality of separation layer(s) on the surface
of a metallic core element and is connected to an
electrode means, in an inner space of the deposition
reactor, which is heated by supplying electricity
through an electrode means connected to the me-
tallic core means, and by supplying a reaction gas
into the inner space for forming a deposition output
in an outward direction on the surface of the core
means,
wherein a barrier component constituting each layer
of the separation layer(s) is selected from the group

10

15

20

25

30

35

40

45

50

55

18

consisting of silicon nitride, silicon oxide, silicon car-
bide, silicon oxynitride and a mixture thereof, or from
a nitride, an oxide, a silicide, a carbide, an oxynitride
or an oxysilicide comprising at least one metal ele-
ment selected from the group consisting of tungsten
(W), rhenium (Re), osmium (Os), tantalum (Ta), mo-
lybdenum (Mo), niobium (Nb), iridium (Ir), ruthenium
(Ru), technetium (Tc), hafnium (Hf), rhodium (Rh),
vanadium (V), chromium (Cr), zirconium (Zr), plati-
num (Pt), thorium (Th), lanthanum (La), titanium (Ti),
lutetium (Lu), yttrium (Y), and a mixture thereof,
with the proviso that the said installing is not an in-
stalling of a first core means made of a resistive ma-
terial together with a second core means made of a
silicon material in an inner space of a deposition re-
actor.

The method for preparing the polysilicon rod using
the metallic core means according to claim 1, where-
in the reaction gas contains at least one silicon-con-
taining component selected from the group consist-
ing of monosilane (SiH,), dichlorosilane (SiH,Cl,),
trichlorosilane (SiHCI;), silicon tetrachloride (SiCly)
and a mixture thereof.

The method for preparing the polysilicon rod using
the metallic core means according to claim 2, where-
in the reaction gas further contains at least one gas
component selected from the group consisting of hy-
drogen, nitrogen, argon, helium, hydrogen chloride,
and a mixture thereof.

The method for preparing the polysilicon rod using
the metallic core means according to claim 1, where-
in the silicon deposition occurs in the inner space at
a reaction pressure in the range of 1-20 bar absolute
and a reaction temperature in the range of 650 -
1,300 °C based on the surface temperature of the
deposition output.

The method for preparing the polysilicon rod using
the metallic core means according to claim 1, where-
in the metallic core element has a shape selected
from the group consisting of a rod, a wire, a filament,
a bar, a strip and a ribbon having a cross-sectional
shape of a circle, an oval or a polygon, and of a con-
duit, a tube, a cylinder, and a duct having a cross-
sectional shape of a concentric circle, a concentric
oval or a concentric polygon.

The method for preparing the polysilicon rod using
the metallic core means according to claim 1 or claim
5, wherein the metallic core element is a metal or an
alloy comprising at least one metal element selected
from the group consisting of tungsten (W), rhenium
(Re), osmium (Os), tantalum (Ta), molybdenum
(Mo), niobium (Nb), iridium (Ir), ruthenium (Ru), tech-
netium (Tc), hafnium (Hf), rhodium (Rh), vanadium
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(V), chromium (Cr), zirconium (Zr), platinum (Pt), tho-
rium (Th), lanthanum (La), titanium (Ti), lutetium
(Lu), yttrium (Y), ferrum (Fe), nickel (Ni), aluminum
(Al) and a mixture thereof.

The method for preparing the polysilicon rod using
the metallic core means according to claim 1, where-
in the number of the separation layer(s), each made
of a different barrier component, is in the range of 1
to 5.

The method for preparing the polysilicon rod using
the metallic core means according to any one of
claim 7, wherein the overall thickness of the sepa-
ration layer(s) is in the range of 10 nm to 20 mm.

The method for preparing the polysilicon rod using
the metallic core means according to any one of
claim 7, further comprising the step of adding a sili-
con layer to the separation layer(s), wherein the sil-
icon layer has a thickness in the range of 1 um - 10
mm and the silicon is selected as the barrier com-
ponent.

The method for preparing the polysilicon rod using
the metallic core means according to claim 1, where-
in the metallic core element and the electrode means
are connected to each other and installed in the inner
space of the deposition reactor, the metallic core el-
ement is heated by supplying electricity through the
electrode means, a feed gas for forming the sepa-
ration layer(s) is supplied into the inner space of the
deposition reactor, and the separation layer(s) is/are
formed, thereby preparing the core means.

The method for preparing the polysilicon rod using
the metallic core means according to claim 1, where-
in a preliminary core means, prepared in advance
by forming part of the separation layer(s) on the me-
tallic core element, and the electrode means are con-
nected to each other and installed in the inner space
ofthe deposition reactor, the preliminary core means
is heated by supplying electricity through the elec-
trode means, a feed gas for forming an additional
separation layer(s) is supplied into the inner space,
and an additional separation layer(s) is/are formed,
thereby preparing the core means.

The method for preparing the polysilicon rod using
the metallic core means according to claim 1, where-
in the core means is prepared by assembling a sep-
aration layer prepared in advance together with the
metallic core element in such a manner that the sep-
aration layer encompasses the metallic core ele-
ment.
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Patentanspriiche

1.

Verfahren zum Herstellen eines Polysiliciumstabs in
einem Abscheidungsreaktor durch Anwenden eines
metallischen Kernmittels, umfassend

Installieren eines Kernmittels in einem Innenraum
eines zum Herstellen eines Siliciumstabs verwende-
ten Abscheidungsreaktors, wobei das Kernmittel
durch Bilden einer oder einer Vielzahl von Trenn-
schicht(en) auf der Oberflache eines metallischen
Kernelements aufgebaut ist und mit einem Elektro-
denmittel verbundenist, in einem Innenraum des Ab-
scheidungsreaktors, der erhitzt wird durch Zufiihren
von Elektrizitdt durch ein mitdem metallischen Kern-
mittel verbundenes Elektrodenmittel, und durch Zu-
fuhren eines Reaktionsgases in den Innenraum zum
Bilden einer Abscheideausgabe in einer Auswarts-
richtung auf der Oberflache des Kernmittels,

wobei eine Sperr-Komponente, die jede Schicht der
Trennschicht(en) aufbaut, ausgewahlt ist aus der
Gruppe, bestehend aus Siliciumnitrid, Siliciumoxid,
Siliciumcarbid, Siliciumoxynitrid und einem Gemisch
davon oder aus einem Nitrid, einem Oxid, einem Si-
licid, einem Carbid, einem Oxynitrid oder einem Oxy-
silicid, umfassend mindestens ein Metallelement,
ausgewahlt aus der Gruppe, bestehend aus Wolf-
ram (W), Rhenium (Re), Osmium (Os), Tantal (Ta),
Molybdan (Mo), Niob (Nb), Iridium (Ir), Ruthenium
(Ru), Technetium (Tc), Hafnium (Hf), Rhodium (Rh),
Vanadium (V), Chrom (Cr), Zirkonium (Zr), Platin
(Pt), Thorium (Th), Lanthan (La), Titan (Ti), Lutetium
(Lu), Yttrium (Y) und einem Gemisch davon,

mit der MaRgabe, dass das Installieren nicht ein In-
stallieren eines ersten aus einem Widerstandsma-
terial hergestellten Kernmittels zusammen mit einem
zweiten aus einem Siliciummaterial hergestellten
Kernmittel in einem Innenraum von einem Abschei-
dungsreaktor ist.

Verfahren zum Herstellen des Polysiliciumstabs un-
ter Verwendung des metallischen Kernmittels nach
Anspruch 1, wobei das Reaktionsgas mindestens ei-
ne Silicium-enthaltende Komponente enthélt, aus-
gewabhlt aus der Gruppe, bestehend aus Monosilan
(SiHy), Dichlorsilan (SiH,Cl,), Trichlorsilan (SiHCl3),
Siliciumtetrachlorid (Si Cl,) und einem Gemisch da-
von.

Verfahren zum Herstellen des Polysiliciumstabs un-
ter Verwendung des metallischen Kernmittels nach
Anspruch 2, wobei das Reaktionsgas weiterhin min-
destens eine Gaskomponente enthalt, ausgewahlt
aus der Gruppe, bestehend aus Wasserstoff, Stick-
stoff, Argon, Helium, Chlorwasserstoff und einem
Gemisch davon.

Verfahren zum Herstellen des Polysiliciumstabs un-
ter Verwendung des metallischen Kernmittels nach
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Anspruch 1, wobei die Siliciumabscheidung in dem
Innenraum bei einem Reaktionsdruck im Bereich
von 1-20 bar absolut und einer Reaktionstemperatur
im Bereich von 650-1300°C, basierend aufder Ober-
flachentemperatur der Abscheideausgabe, stattfin-
det.

Verfahren zum Herstellen des Polysiliciumstabs un-
ter Verwendung des metallischen Kernmittels nach
Anspruch 1, wobei das metallische Kernelement ei-
ne Gestalt, ausgewahlt aus der Gruppe, bestehend
aus einem Stab, einem Draht, einem Filament, einer
Stange, einem Streifen und einem Band mit einer
Querschnittsgestalt von einem Kreis, einem Oval
oder einem Polygon, und von einer Leitung, einem
Rohr, einem Zylinder und einer Fihrung mit einer
Querschnittsgestalt von einem konzentrischen
Kreis, einem konzentrischen Oval oder einem kon-
zentrischen Polygon, aufweist.

Verfahren zum Herstellen des Polysiliciumstabs un-
ter Verwendung des metallischen Kernmittels nach
Anspruch 1 oder Anspruch 5, wobei das metallische
Kernelement ein Metall oder eine Legierung ist, um-
fassend mindestens ein Metallelement, ausgewahlt
aus der Gruppe, bestehend aus Wolfram (W), Rhe-
nium (Re), Osmium (Os), Tantal (Ta), Molybdan
(Mo), Niob (Nb), Iridium (Ir), Ruthenium (Ru), Tech-
netium (Tc), Hafnium (Hf), Rhodium (Rh), Vanadium
(V), Chrom (Cr), Zirkonium (Zr), Platin (Pt), Thorium
(Th), Lanthan (La), Titan (Ti), Lutetium (Lu), Yttrium
(Y), Eisen (Fe), Nickel (Ni), Aluminium (Al) und ei-
nem Gemisch davon.

Verfahren zum Herstellen des Polysiliciumstabs un-
ter Verwendung des metallischen Kernmittels nach
Anspruch 1, wobei die Anzahl der Trennschicht(en),
hergestellt jeweils aus einer anderen Sperrkompo-
nente, im Bereich von 1 bis 5 liegt.

Verfahren zum Herstellen des Polysiliciumstabs un-
ter Verwendung des metallischen Kernmittels nach
einem von Anspruch 7, wobei die Gesamtdicke der
Trennschicht(en) im Bereich von 10 nm bis 20 mm
liegt.

Verfahren zum Herstellen des Polysiliciumstabs un-
ter Verwendung des metallischen Kernmittels nach
einem von Anspruch 7, weiterhin umfassend den
Schritt des Hinzufligens einer Siliciumschicht zu
der/den Trennschicht(en), wobei die Siliciumschicht
eine Dicke im Bereich von 1 pm - 10 mm aufweist
und das Silicium als die Sperrkomponente ausge-
wahlt ist.

Verfahren zum Herstellen des Polysiliciumstabs un-
ter Verwendung des metallischen Kernmittels nach
Anspruch 1, wobei das metallische Kernelement und
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das Elektrodenmittel miteinander verbunden sind
und in dem Innenraum des Abscheidungsreaktors
installiert sind, das metallische Kernelement durch
Zufuhren von Elektrizitdt durch das Elektrodenmittel
erhitzt wird, ein Zufuhrungsgas zum Bilden der
Trennschicht(en) in den Innenraum des Abschei-
dungsreaktors gespeist wird, und die Trenn-
schicht(en) gebildet wird/werden, wobei das Kern-
mittel hergestellt wird.

Verfahren zum Herstellen des Polysiliciumstabs un-
ter Verwendung des metallischen Kernmittels nach
Anspruch 1, wobei ein vorlaufiges Kernmittel, her-
gestellt im Voraus durch Bilden eines Teils der
Trennschicht(en) auf dem metallischen Kernele-
ment, und das Elektrodenmittel miteinander verbun-
den und in dem Innenraum des Abscheidungsreak-
tors installiert sind, das vorlaufige Kernmittel durch
Zufuhren von Elektrizitat durch das Elektrodenmittel
erhitzt wird, ein Zufiihrungsgas zum Bilden (einer)
zusatzlicher/n Trennschicht(en) in den Innenraum
gespeistwird, und eine zusatzliche Trennschicht(en)
gebildet wird/werden, wobei das Kernmittel herge-
stellt wird.

Verfahren zum Herstellen des Polysiliciumstabs un-
ter Verwendung des metallischen Kernmittels nach
Anspruch 1, wobei das Kernmittel durch Zusammen-
figen einer im Voraus zusammen mit dem metalli-
schen Kernelement hergestellten Trennschichtin ei-
ner derartigen Weise hergestellt wird, dass die
Trennschicht das metallische Kernelement umfasst.

Revendications

Procédé de préparation d’un barreau de silicium po-
lycristallin dans un réacteur de dép6t par I'utilisation
d’'un moyen a noyau métallique, comprenant
l'installation d’'un moyen a noyau dans un espace
interne d’un réacteur de dép6t utilisé pour préparer
un barreau de silicium, dans lequel le moyen a noyau
est constitué en formant une ou une pluralité de cou-
che(s) de séparation sur la surface d’un élément a
noyau métallique et est connecté a un moyen a élec-
trode, dans un espace interne du réacteur de dépot,
qui est chauffé enfournissantde I'électricité atravers
un moyen a électrode connecté au moyen a noyau
métallique, et en introduisant un gaz réactionnel
dans I'espace interne pour former un produit de dé-
p6t dans une direction vers I'extérieur sur la surface
du moyen a noyau,

dans lequel un composant barriére constituant cha-
que couche de la couche de séparation ou des cou-
ches de séparation est sélectionné dans le groupe
constitué par le nitrure de silicium, 'oxyde de sili-
cium, le carbure de silicium, I'oxynitrure de silicium
et un mélange de ceux-ci, ou parmi un nitrure, un
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oxyde, un siliciure, un carbure, un oxynitrure ou un
oxysiliciure comprenant au moins un élément métal-
lique sélectionné dans le groupe constitué par le
tungsténe (W), le rhénium (Re), 'osmium (Os), le
tantale (Ta), le molybdéne (Mo), le niobium (Nb), I'iri-
dium (Ir), le ruthénium (Ru), le technétium (Tc), le
hafnium (Hf), le rhodium (Rh), le vanadium (V), le
chrome (Cr), le zirconium (Zr), le platine (Pt), le tho-
rium (Th), le lanthane (La), le titane (Ti), le lutétium
(Lu), I'yttrium (Y), et un mélange de ceux-ci,

a condition que ladite installation ne soit pas une
installation d’'un premier moyen a noyau fait d’'un ma-
tériau résistif conjointement avec un second moyen
anoyau faitd’'un matériau de siliciumdans un espace
interne d’un réacteur de dépot.

Procédé de préparation du barreau de silicium po-
lycristallin utilisant le moyen a noyau métallique se-
lon la revendication 1, dans lequel le gaz réactionnel
contient au moins un composant contenant du sili-
cium sélectionné dans le groupe constitué par le mo-
nosilane (SiH4), le dichlorosilane (SiH2CI2), le tri-
chlorosilane (SiHCI3), le tétrachlorure de silicium
(SiCl4) et un mélange de ceux-ci.

Procédé de préparation du barreau de silicium po-
lycristallin utilisant le moyen a noyau métallique se-
lon la revendication 2, dans lequel le gaz réactionnel
contient en outre au moins un composant gazeux
sélectionné dans le groupe constitué par I'hydroge-
ne,l'azote, 'argon, I'hélium, le chlorure d’hydrogene,
et un mélange de ceux-ci.

Procédé de préparation du barreau de silicium po-
lycristallin utilisant le moyen a noyau métallique se-
lon la revendication 1, dans lequel le dépét de sili-
cium se produit dans I'espace interne a une pression
réactionnelle située dans la plage allant de 1 a 20
bar absolu et une température réactionnelle située
dans la plage allant de 650 a 1300 °C sur la base
de la température de surface du produit de dépét.

Procédé de préparation du barreau de silicium po-
lycristallin utilisant le moyen a noyau métallique se-
lon la revendication 1, dans lequel I'élément a noyau
métallique a une forme sélectionnée dans le groupe
constitué par un barreau, un fil, un filament, une bar-
re, une bande et un ruban dont la forme en coupe
transversale est un cercle, un ovale ou un polygone,
et par une conduite, un tube, un cylindre, et un con-
duitdontlaforme en coupe transversale estun cercle
concentrique, un ovale concentrique ou un polygone
concentrique.

Procédé de préparation du barreau de silicium po-
lycristallin utilisant le moyen a noyau métallique se-
lon la revendication 1 ou la revendication 5, dans
lequel I'élément a noyau métallique est un métal ou
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un alliage comprenant au moins un élément métal-
lique sélectionné dans le groupe constitué par le
tungsténe (W), le rhénium (Re), 'osmium (Os), le
tantale (Ta), le molybdéne (Mo), le niobium (NDb), l'iri-
dium (Ir), le ruthénium (Ru), le technétium (Tc), le
hafnium (Hf), le rhodium (Rh), le vanadium (V), le
chrome (Cr), le zirconium (Zr), le platine (Pt), le tho-
rium (Th), le lanthane (La), le titane (Ti), le lutétium
(Lu), I'yttrium (Y), le fer (Fe), le nickel (Ni), 'alumi-
nium (Al) et un mélange de ceux-ci,

Procédé de préparation du barreau de silicium po-
lycristallin utilisant le moyen a noyau métallique se-
lonlarevendication 1, dans lequel le nombre de cou-
che (s) de séparation, chacune faite d’'un composant
barriére différent, est situé dans la plage allant de 1
ab.

Procédé de préparation du barreau de silicium po-
lycristallin utilisant le moyen a noyau métallique se-
lon la revendication 7, dans lequel I'épaisseur glo-
bale de la couche de séparation ou des couches de
séparation est située dans la plage allant de 10 nm
a 20 mm.

Procédé de préparation du barreau de silicium po-
lycristallin utilisant le moyen a noyau métallique se-
lon la revendication 7, comprenant en outre I'étape
d’ajout d’'une couche de silicium a la couche de sé-
paration ou aux couches de séparation, dans lequel
la couche de silicium a une épaisseur située dans la
plage allant de 1 pum a 10 mm et le silicium est sé-
lectionné en tant que composant barriere.

Procédé de préparation du barreau de silicium po-
lycristallin utilisant le moyen a noyau métallique se-
lon la revendication 1, dans lequel I'élément a noyau
métallique et le moyen a électrode sont connectés
I'un a l'autre et installés dans I'espace interne du
réacteur de dépdt, I'éléement a noyau métallique est
chauffé en fournissant de I'électricité a travers le
moyen a électrode, un gaz d’alimentation pour for-
mer la ou les couches de séparation est introduit
dans I'espace interne du réacteur de dépét, et la ou
les couche(s) de séparation est/sont formée(s), pour
ainsi préparer le moyen a noyau.

Procédé de préparation du barreau de silicium po-
lycristallin utilisant le moyen a noyau métallique se-
lonlarevendication 1, dans lequel un moyen a noyau
préliminaire, préparé a l'avance par la formation
d’une partie de la couche de séparation ou des cou-
ches de séparation sur I'élément a noyau métallique,
et le moyen a électrode sont connectés I'un a l'autre
et installés dans I'espace interne du réacteur de dé-
pot, le moyen a noyau préliminaire est chauffé en
fournissant de I'électricité a travers le moyen a élec-
trode, un gaz d’alimentation pour former une ou plu-
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sieurs couche(s) de séparation supplémentaires est
introduit dans I'espace interne, et une ou plusieurs
couche(s) de séparation supplémentaire(s) est/sont
formée(s), pour ainsi préparer le moyen a noyau.

Procédé de préparation du barreau de silicium po-
lycristallin utilisant le moyen a noyau métallique se-
lon la revendication 1, dans lequel le moyen a noyau
est préparé par I'assemblage d’'une couche de sé-
paration préparée al'avance avec I'élément a noyau
métallique de telle maniére que la couche de sépa-
ration englobe I'élément a noyau métallique.
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[Fig. 1]
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[Fig. 2]
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[Fig. 3]

[ D& Ad
T~ - "
D6 =———a o—e D3 A3 +——e g A
e D2 A2
\\ bt =" — S s /

25



EP 2 027 303 B1

[Fig. 4]
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[Fig. 5]
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[Fig. 7]
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[Fig. 8]
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[Fig. 9]
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