Office de la Proprieté Canadian CA 2898159 C 2017/09/19

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 898 1 59
Findustie Canada Industry Ganada 1R BREVET GANALIEN
CANADIAN PATENT
13) G
(86) Date de depot PCT/PCT Filing Date: 2014/02/26 (51) Cl.Int./Int.Cl. CO7B 33/035 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2014/09/25 | (72) Inventeurs/Inventors:
- . KLOSE, GORAN, DE;
(45) Date de délivrance/lssue Date: 2017/09/19 KRAUS HEINZ DE:
(85) Entree phase nationale/National Entry: 2015/07/14 WEISS, TOBIAS, DE
(86) N° demande PCT/PCT Application No.: EP 2014/053734 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2014/146876 WACKER CHEMIE AG, DE
(30) Priorité/Priority: 2013/03/18 (DE102013204730.4) (74) Agent: OSLER, HOSKIN & HARCOURT LLP

(54) Titre : PROCEDE SERVANT A DEPOSER DU SILICIUM POLYCRISTALLIN
(54) Title: POLYCRYSTALLINE SILICON DEPOSITION METHOD

2

Silanes 4+ H2 i J [ e SANEGS + H2
l- | /f' li
| | l
045 0-45°
| ¥
* l

45

Silanes + H2

(57) Abréegée/Abstract:

The subject matter of the invention Is a polycrystalline silicon deposition method carried out in a reactor delimited laterally and at the
top by a reactor wall and at the bottom by a bottom plate, slim rods being arranged on the bottom plate and heated, a silicon-
containing gaseous reaction mixture being introduced Iinto the reactor chamber through gas Iinlets in the reactor wall and In the
bottom plate, and silicon being deposited on the slim rods. The method according to the invention Is characterised in that the

sllicon-containing gaseous reaction mixture Is introduced through gas inlets in the reactor wall at an angle of 0-45° to the lateral
reactor wall.
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Abstract

The subject matter of the invention 1is a polycrystalline
silicon deposition method carried out in a reactor delimited
laterally and at the top by a reactor wall and at the bottom by

a bottom plate, slim rods being arranged on the bottom plate

and heated, a silicon-containing gaseous reaction mixture being

introduced into the reactor chamber through gas i1nlets 1n the

reactor wall and in the bottom plate, and silicon being

deposited on the slim rods. The method according to the
invention is characterised in that the silicon-contailning
gaseous reaction mixture is introduced through gas inlets 1in
the reactor wall at an angle of 0-45° to the lateral reactor

wall.
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Polycrystalline silicon deposition method

High-purity polycrystalline silicon (polysilicon) serves as a

~

starting material for production of monocrystalline silicon for

semiconductors by the Czochralski (CZ) or zone melting (FZ)

processes, and for production of mono- or polycrystalline

silicon by various pulling and casting processes for production

-

of solar cells for photovoltaics.

Polysilicon 1s typically produced by means of the Siemens

process. This 1involves 1ntroducing a reaction gas comprising

one oOor more sillicon-contalning components and optionally

hydrogen 1nto a reactor comprising support bodies heated by

direct passage of current, silicon being deposited in solid

form on the support bodies. The silicon-containing components

used are preferably silane (SiHs), monochlorosilane (SiHsCl),
dichlorosilane (SiH2Clz), trichlorosilane (SiHCls),
tetrachlorosilane (SiCls) or mixtures of the substances

mentioned.

The Siemens process 1s typilically conducted in a deposition

reactor (also called “Siemens reactor”). In the most commonly

used embodiment, the reactor comprises a metallic base plate

and a coolable bell jar placed onto the base plate so as to

form a reaction space within the bell jar. The base plate is

provided wilith one or more gas 1inlet orifices and one or more

o—
p—

offgas orifices for the departing reaction gases, and with

holders which help to hold the support bodies in the reaction

space and supply them with electrical current.

P

Each support body usually consists of two thin filament rods

and a bridge which connects generally adjacent rods at their

free ends. The filament rods are most commonly manufactured

from mono- or polycrystalline silicon; less commonly, metals,

alloys or carbon are used. The filament rods are inserted
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vertically i1nto electrodes present at the reactor base, through
which they are connected to the power supply. High-purity
polysilicon 1s deposited on the heated filament rods and the

—

horizontal bridge, as a result of which the diameter thereof

increases with time. Once the desired diameter has been

attalned, the process 1s stopped.

JP 2002241120 A2 discloses a deposition reactor 1n which
reaction gas 1s 1ntroduced at the top. The reaction gas mixes

above the silicon rods with ascendling reaction gas and then

descends at the reactor wall.

In the course of thils, fresh gas 1n a first embodiment 1s

injected at the top of the reactor in the direction of the base
plate, and 1n a 2nd embodiment at the upper end of the
cylindrical reactor section radially from the reactor wall 1in
horizontal direction toward the center of the reactor. Reaction
gas ascending as a result of natural convection at the hot rod

surface 1s supposed to mix with cold descending fresh gas. The

descending fresh gas causes a countercurrent flow to the

ascendlng reaction gas.

This creates a gas backup; the formation of additional gas

vortexes and heating of the reaction gas, popcorn growth and/or

dust deposition are the result. The specific energy demand

cannot be reduced 1n this way.

DD 04047 A describes a process for producing polysilicon, 1n

which the reaction gas i1is introduced at the top of the reaction

—

chamber via a gas line for protection of the wall from

deposits.

AT 220591 B discloses a vessel for production of high-purity
silicon, in which the input gas 1is blown directly onto the

heated silicon rod along various rod positions.

CN 201313954 Y discloses a deposition reactor in which reaction

gas 1s 1njected centrally from the top, and laterally from the

pottom. The gas flow generated 1s supposed to reduce the



10

15

20

23

30

35

CA 02898159 2015-07-14

23

thickness of the gas 1interface layer at the silicon rod. More

raplid and homogeneous silicon growth would be the result. The

injection centrally from the top and laterally from the bottom
described 1n CN201313954 Y results 1n a strong current toward

the silicon rod bridges. A disadvantage of this process 1s that

the opposing gas flows from the bottom and the top cancel out
the gas pulses therein. This results 1n thicker interface

layers at the silicon rods, which cause inhomogeneous and

slower sillicon growth on the rods.

Injection from the side (as described in AT220591 B) directly
(vertically) onto the silicon rod leads inevitably to
inhomogeneous rod growth and corresponding “dents” 1n the

sllicon rod.

US 2011229638 AZ describes a process for polysilicon

deposition, wherein the reactor 1s operated with various nozzle

groups which can be charged at different mass flow rates.

A standard way of producing peolysilicon 1s to use deposition
reactors 1in which the reaction gas 1s 1njected via nozzles in

the lower section, called the base plate.

With increasing reactor diameter and increasing reactor height,
1t 1s necessary to 1nject correspondingly large amounts of

reaction gas 1nto the reactor with correspondingly adjusted

pulse flow rate, 1n order to generate a sufficiently developed
circulation flow in the reactor. The downward flow 1s at the

reactor wall.

The high reaction gas and pulse flow rates required can lead to

thermal stress on the silicon rods in the reactor. This is

manlfested by i1nhomogeneous rods, undesirable rod morphology

(popcorn) and cracks/rod flaking. Regions with a very rough

surface (“popcorn”) have to be separated at a later stage from

the rest of the material, which is disadvantageous and worsens

the yield.
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Cracked and flaking rods can lead to electrical failure of the
plant. Plant shutdowns and material wastage lead to higher
production costs.

p—

One cause of energy consumption in deposition plants 1s the

convective release of heat via the reaction gas to the cooled

reactor wall.

This problem gave rise to the following objective of the
1nvention: the reaction gas has to be introduced into the
reactor 1n such a way that a maximum feed mass flow rate causes

relatively low thermal stress on the rods. The heat loss via

the wall resulting from the gas flow in the reactor i1is to be

minimized.

This object i1s achleved by a process for depositing
polycrystalline silicon in a reactor bounded laterally and at

the top by a reactor wall and at the bottom by a base plate on

which are mounted filament rods which are heated, with

introduction of a silicon-containing reactiocon gas mixture into

-

the reactor chamber by means of gas inlet orifices on the

1]

reactor wall and in the base plate, and with deposition of

silicon on the filament rods, wherein silicon-containing

p—

reaction gas mixture 1s introduced at an angle of 0-45°

relative to the lateral reactor wall through gas inlet orifices

in the reactor wall.

It has been found that such a wall injection at an angle of 0°-
45° relative to the lateral wall (= cylindrical part of the
bell jar) supports or maintains the circulation flow of the

gas.

Typically, the gas inlet orifices are holes. The geometry of

the hole may be selected as desired.
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Summary of the Invention

i

In one embodlment of the present invention there 1s provided a

pa—

process for depositing polycrystalline silicon 1n a reactor

bounded laterally and at the top by a reactor wall and at the

bottom by a base plate on which are mounted filament rods which

are heated, with introduction of a silicon-containing reaction

gas mixture into the reactor chamber by means of gas inlet

orifices on the reactor wall and in the base plate, and with

deposition of silicon on the filament rods, wherein silicon-

contalning reaction gas mixture 1s 1ntroduced at an angle of 0-

45° relative to the lateral reactor wall through gas inlet

orifices 1n the reactor wall.

In another embodiment of the present invention there 1is

provided a process for depositing polycrystalline silicon 1n a
reactor bounded laterally and at the top by a reactor wall and
at the bottom by a base plate on which are mounted filament
rods which are heated, with introduction of a silicon-
containing reaction gas mixture into the reactor chamber by

ﬁ

means of gas inlet orifices on the reactor wall and in the base

plate, and with deposition of silicon on the filament rods,
wherein silicon-containing reaction gas mixture 1s 1ntroduced

at an angle of 0-45° relative to the lower lateral reactor wall

through gas inlet orifices in the form of holes in the reactor
wall.

Brief Description of the Drawings

| 1

The invention 1s also illlustrated hereinafter with reference to
figs. 1 - 8.

Fig. 1 shows a Siemens deposition reactor with a wall film

introduced vertically in a downward direction.



10

15

CA 02898159 2016-11-29

_4b -

Fig. 2 shows two variants A and B of a Siemens deposition

reactor.

Fig. 3 shows an embodiment of a hole in the reactor wall.

Fig. 4 shows holes being horizontally arranged in the reactor

wall.

Fi1g. 5 shows holes being arranged
wall.

Fig. 6 shows holes being arranged

in the reactor wall.

Fi1g. 7 shows holes being arranged
wall.

F'lg. 8 shows holes being arranged
wall.

1in

in

in

in

two rows 1n the reactor

the form of a screw over

three rows in the reactor

two blocks 1n the reactor
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A hole may have two different angles relative to the lateral

reactor wall. Such an embodiment can be found in fig. 3. Both
the minimum hole angle and the maximum hole angle may vary only
within the angle range of 0-45°, in order to ensure that the
reaction gas mixture 1is introduced at an angle of 0° - 45°

relative to the lateral reactor wall.

By virtue of the reaction gas mixture beling 1ntroduced at an

angle of 0-45° relative to the lateral reactor wall, a wall

film 1s simultaneously produced, which distinctly reduces

convective heat exchange with the reactor wall. This wall film

1s a continuous gas film which forms from the reaction gas

injected from the outside and flows from the top downward along
the inner reactor wall. For this purpose, gas inlet orifices or

entry orifices mounted on the reactor wall allow the

application of a continuous wall fi1lm.

The reactor has a bell jar-shaped geometry (cylinder +
hemisphere, ellipsoidal head, torispherical head or similar

designs) and 1s bounded laterally by a cylindrical reactor wall

or another kind of reactor wall, at the top by reactor wall or
bell jar wall, and at the bottom by the base plate.

The uppermost entry orifices are within a region between 40%
and 100% of the height above the base plate based on the height

of the vertical reactor wall, preferably between 70% and 100%.

Preferably, a ratio Aini./Areac between an area of an individual

ﬁ

inlet orifice Ain; and a cross-sectional area of the reactor

interior Areac 1S greater than 107® and less than 1/1600.

More preferably 1/200 000 < (Aini.)/ (Areac) < 1/2500;
and most preferably 1/50 000 < (Ain1.)/ (Rreac) < 1/5000.

Ain1. corresponds to an area of an entry orifice 1n the reactor

e

wall; Arecac COrresponds to a cross-sectional area of the
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reactor, formed by the internal reactor diameter D, 1i.e.

Arcac=D?/4*m) .

Typically, the entry orifices are distributed homogeneously
over the circumference, but they may also be arranged

inhomogeneously.

The hole 1s typically circular 1n shape, but may also have

other shapes (e.g. elliptical or the like) and combinations

e
.

thereof.

It 1s likewlise possible to use several different hole forms in

one reactor (e.g. circular and elliptical).

The direct distance a of the holes (outer edge to outer edge;

see figs. 4 - 6) from one another is at least 3 mm, preferably

at least 10 mm, more preferably at least 20 mm. This gives rise

to a gas film which is homogeneously continuous over the

cilrcumference and minimizes the heat losses via the wall.

Preferably, the gas 1nlet orifices, called holes hereinafter,

are arranged 1n horizontal planes 1in the reactor wall (= row of

i

gas 1nlet orifices or row of holes) (see fig. 4).

-

A further embodiment of the row of holes is that of holes

arranged 1n the form of a screw over the circumference (see

fig. 6). However, combinations of various rows of holes in one

reactor are also conceilvable.

Individual rows of holes or several, optionally vertically

offset rows of holes may be provided in the reactor wall.

ga——

FEspecially rows of holes offset from one another in peripheral

direction produce a continuous wall film (see figs. 5 and 7).

P

Preference 1s given to the combination of 2 to 4 rows of holes

P

to form a hole block, more preferably of 2 - 3 rows of holes

(see fi1g. 7).
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The vertical distance “b” between adjacent rows of holes 1is

preferably a maximum of 5 reference hole diameters 1n each case

(see f1g. 5).

The following apply here:

Reference hole diameter mean hydraulic diameter of all

individual holes i1n the vertical reactor wall
Dy = 4x(D) A, /) U)

where

1

Dy hydraulic reference hole diameter

Ai = cross-sectional area of the individual hole 1 1n the

vertical reactor wall

Ui = circumference of the i1individual hole 1 1n the vertical

reactor wall

Preference 1s given to at least 2 blocks of holes having a

distance 1 from one another 1n vertical direction such that

0 < 1/D < 1, where D = internal reactor diameter (1 = center

line of hole block A to center line of hole block B, see fig.
8) .

F

Particular preference 1s given to 2 - 4 blocks of holes.

More preferably, the distance 1 between the blocks satisfies
the condition 0.2 < 1/D < 0.8;

and most preferably 0.3 < 1/D < 0.7.

In addition to the holes in the cylindrical reactor wall, a

P

portion of the reaction gas 1s introduced via nozzles in the

base plate of the reactor.
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The reaction gas which 1s introduced via the base plate flows
upward 1n the middle via at least one nozzle in the center and
optionally several nozzles 1n concentric circles in the base
plate, and laterally downward at the reactor wall. The
utilization of the nozzles in the base plate in addition to the

lateral wall nozzles plays an important role in this context.

It 1s only through the combination of the base plate injection

and the wall 1njection that the desired circulation flow 1is

malntained and, at the same time, a wall film for minimization

P

- the heat losses via the reactor wall 1s produced.

[ I_—

O

F

For minimization of wall heat losses, it is possible to

F

dispense with the introduction of reaction gas via nozzles in

the base plate toward the end of deposition.

P

The proportion of the reaction gas which is introduced via the

reactor wall 1s preferably between 30 and 100 percent by mass,
more preferably 50-90 percent by mass, based in each case on

the total addition of reaction gas.

Optimized injection 1s achieved through division of the volume
petween base plate and wall which is variable during the

pProcess.

In this way, the wall film produced is ideally matched to the

varying flow conditions in the reactor. A maximum reduction in

the energy requirement for production of polysilicon is the

consequence.

-

By virtue of this controlled introduction of the fresh gas

P

directed downward on the inside of the reactor, the wall film

(1.e. the gas flow directed downward close to the wall) 1is

influenced in such a way that the total energy requirement of

the reactor falls significantly.
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F

A significant advantage of the 1nvention 1s that the

circulation flow 1n the reactor i1is maintained. In contrast, in

the reactor according to JP2002241120 A2, for example, the

circulation flow of the reaction gas is not promoted but

hindered.

A further advantage of the invention 1s that only small amounts
of fresh gas have to be injected via the base plates to
malntain the circulation flow. The thermal stress on the

silicon rods 1s distinctly reduced. Cracks and flaking can be

minimlized, and more homogeneous rod growth is possible. The

total energy requirement of the process 1is significantly

lowered.

The 1nvention 1s 1i1llustrated hereinafter with reference to

examples. Reference 1s also made again to figs. 1 to 8.

Examples

In a Siemens deposition reactor (see fig. 1 to fig. 8),

polycrystalllne silicon rods having a diameter between 150 and

170 mm were deposited.

At the same time, several variants for application of a wall

film to the inner reactor wall were tested.

The parameters of the deposition process were the same in each

of the experiments.

P

The experiments differ only in the geometry and position of the

wall 1njectors, and in the mass flow division between base

plate and wall i1njection.

The internal reactor diameter in each of the examples was
1.7 m.

fr—

The deposition temperature in the course of the batch was
between 1000°C and 1100°C.
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During the deposition operation, a feed consisting of

trichlorosilane and hydrogen was added as carrler gas.

Example 1

CVD reactor configured according to fig. 1.

In this variant, the wall film 1s i1ntroduced vertically

downward, tangentilally to the cylindrical region of the bell

jar wall.

'
-

The injection was enabled by means of a retractable level

having 240 cylindrical injectors distributed over the

clrcumference.

The proportion of the total mass flow that was introduced at
the wall was between 60% and 90%, depending on the deposition

time (beginning at 60%, ending at 90%).

(Ainl.)/(Areac)z 1/20 000.

The distance of the wall inlet holes from the base plate was
2.3 m.

5 batches were run.

At the final diameter, an average reduction in the electrical

—
—

power consumption of 7% was measured compared to the injection

—

of the total amount of feed via the base plate.

Example 2

CVD reactor configured with variant A from fig. 2.

Positioning of the holes according to fig. 4.
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In this wvariant, the wall film 1s introduced through a row

comprising 180 holes distributed over the circumference at an

angle of 25°.

(Ainl.) / (Areac) =1/7000.

The distance of the entry holes from the base plate was 2.0 m.

P

The proportion of the total mass flow introduced at the wall

was between 50% and 90% depending on the deposition time

(beginning at 50%, ending at 90%).
10 batches were run.

At the final diameter, an average reduction 1n the electrical

power consumption of 5% was measured compared to the injection

P
e

of the total amount of feed via the base plate.

Example 3

CVD reactor configured with variant B from £fig. 2.

Positioning of the holes according to fig. 8.

In this variant, the wall film 1s I1Introduced 1nto the reactor

at the bell jar wall via two blocks of offset rows of holes,

each of 360 holes at an angle of 20°.

F

FEach block consists of 3 rows of holes, each of 120 holes. The

P

rows of holes each had a vertical distance of 3 hole diameters

from one another.

The ratio 1/D was 0.5.

(Ain1.) / (Areac)=1/44 000
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The distance between the base plate and the middle of the first
block of holes was 2.2 m.

The distance between the base plate and the middle of the

P

second block of holes from the base plate was 1.35 m.

The proportion of the mass flow introduced at the wall was
between 50% and 90% depending on the deposition time (beginning
at 50%, ending at 90%).

© batches were run.

At the final diameter, an average reduction 1n the electrical

power consumption of 11% was measured compared to the injection

of the total amount of feed via the base plate.
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The embodiments of the present invention for which an

exclusive property or privilege is claimed are defined as

follows:

1. A process for depositing polycrystalline silicon in a

reactor bounded laterally and at the top by a reactor

wall and at the bottom by a base plate on which are

mounted filament rods which are heated, with introduction

of a silicon-containing reaction gas mixture into the

reactor chamber by means of gas inlet orifices on the
reactor wall and in the base plate, and with deposition
of silicon on the filament rods, wherein silicon-

containing reactlon gas mixture is introduced at an angle

of 0-45° relative to the lower lateral reactor wall

S~

through gas inlet orifices in the form of holes in the

reactor wall.

2. The process as claimed in claim 1, wherein the ratio

Ainl/Breac Detween an area of an individual inlet orifice
Ainy in the reactor wall and a cross-sectional area of the

reactor interior Areac 18 greater than 107% and less than

1/1600.

3. The process as claimed in claim 1 or claim 2, wherein gas

inlet orifices are distributed homogeneously over the

o

circumference of the reactor wall.

4 . The process as claimed 1n any one of claims 1 to 3,

wherein a direct distance a between the gas inlet

orifices in the reactor wall 1s at least 3 mm.

5. The process as claimed in any one of claims 1 to 4,

wherein gas inlet orifices in the reactor wall,

i 1)

proceeding from the base plate and based on the length o
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the lateral reactor wall, are within a region between 40%

and 100% of the length of the lateral reactor wall.

The process as claimed 1in any one of claims 1 to 5,

whereln gas inlet orifices are present in the reactor

wall i1n the form of mutually vertically offset rows of

holes, one row of holes comprising a plurality of spaced-
apart holes introduced over the circumference of the

reactor wall.

The process as claimed in claim 6, wherein at least two

rows of holes are combined in each case to give at least
two blecks of holes, where a distance 1 between every two

blocks of holes satisfies the condition 0 < 1/D < 1,

where D corresponds to an internal diameter of the

reactor.

The process as claimed in any one of claims 1 to 7,

wherein mass flow rates are variable at gas inlet

orifices 1n the base plate and at the gas inlet orifices

in the reactor wall.

The process as claimed in claim 8, wherein at least 30

pr—

percent by mass of the reaction gas mixture introduced

into the reaction chamber is introduced via gas inlet

orifices in the reactor wall.
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Fig. 2
Reactor

variant A: variant B:
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