wo 2017/103229 A1 || IO OO0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/103229 A1

22 June 2017 (22.06.2017) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
C30B 13/00 (2006.01) CO01B 33/037 (2006.01) kind of national protection available). AE, AG, AL, AM,
C30B 29/06 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. .. BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
(21) International Application Number: DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT.
PCT/EP2016/081607 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
(22) International Filing Date: KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
16 December 2016 (16.12.2016) MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
) NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
(25) Filing Language: English RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
(26) Publication Language: English TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.
(30) Priority Data: . L
15307021.4 16 December 2015 (16.12.2015) EP (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: TOTAL MARKETING SERVICES GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
[FR/FR]; 24 Cours Michelet, 92800 Puteaux (FR). TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Inventor: VERSTRAETEN, David; Résidence du parc du E‘;& TEI\E)’EESMS? e;ﬁ (élé’ ég;’ gg’ 38’ ICEHiSC}{l: ?ﬁ: 135’
chateau, Batiment 8, 3éme étage, 78430 Louveciennes 2 T B > > > 2T e e e
(FR). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(74) Agents: CROONENBROEK, Thomas et al.; 11 Avenue GW, KM, ML, MR, NE, SN, TD, TG).

des Tilleuls, 74200 Thonon Les Bains (FR).

[Continued on next page]

(54) Title: MANUFACTURING METHOD OF A SILICON SINGLE CRYSTAL AND SILICON WAFER PRODUCTION FA -
CILITY

-100-

al ingot.

-102-

-104-

Figure 1

(57) Abstract: The invention relates to a manufacturing method for a silicon
single crystal comprising the steps of: - providing (100) a silicon raw material
containing Si-kerf, - segregating and shaping (102) the silicon raw material as
raw material ingot for a floating zone melting method, - manufacturing (104) a
silicon single crystal by a floating zone melting method in using the raw materi-



WO 2017/103229 A1 W00V 00T A AE RO

Published: —  before the expiration of the time limit for amending the
—  with international search report (Art. 21(3)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




10

15

20

25

30

35

WO 2017/103229 PCT/EP2016/081607

1

Manufacturing method of a silicon single crystal and silicon wafer

production facility

FIELD OF THE INVENTION

The invention relates to a manufacturing method for a silicon single crystal and a

silicon wafer production facility.

BACKGROUND AND PRIOR ART

Semiconductor industries rely on manufacturing of high quality silicon wafers at
optimized cost.

During manufacturing, a silicon single crystal is manufactured from
polycrystalline silicon by known methods like floating zone melting method (or FZ
method in short) or Czochralski method (CZ method in short).

The silicon single crystal has the form of an ingot or a block, mostly with a general
cylindrical shape.

In order to obtain wafers, the single crystal ingot is sliced into thin wafers having
a thickness in the range of 200 um by a wire saw process.

However, such sawing process produces significant silicon waste which is known
as kerf silicon waste.

At present the kerf loss corresponds to about a thickness of 200um, meaning a
loss of about 40% per unit length.

Bearing in mind that the semiconductor industry, in particular the part dedicated
to photovoltaic tends to reduce the wafer thickness even more, the kerf losses might
become even higher.

As the raw material for manufacturing is already quite expensive, the important

kerf losses, which are discarded, become a quite important economic problem.

First attempts have proposed to recycle the kerf waste. But recycling is difficult
as kerf waste does not only contain silicon, but also, depending on the saw used and the
sawing process, metallic particles, carbon and organic compounds from the liquid
containing kerf (coolant or slurry). Such impurities, if not properly eliminated can lead
to SI wafers of poor quality or even unusable wafers in particular for photovoltaic

applications.
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WO02012/109459 relates to a method for recovering silicon value from kerf
silicon waste and discusses also other methods to recover kerf waste.

EP2 143 833 relates to a method for manufacturing FZ silicon single crystal by
using a silicon crystal material which has dislocation or is polycrystalline and is
manufactured by a CZ method. The aim ofthis document is to manufacture wafers having
a larger diameter, in particular of at least 200mm and the raw material for the CZ method
is polycrystalline silicon.

The present invention proposes a manufacturing method for a silicon single crystal
with less kerf losses.

To this extent, the present invention proposes a manufacturing manufacturing
method for a silicon single crystal comprising the steps of:

- providing a silicon raw material containing Si-kerf, wherein the silicon raw
material contains x% of Si-kerf and the rest is completed with polycrystalline silicon,

where x > 30%,

- segregating and shaping the silicon raw material as raw material ingot for a
floating zone melting method carried out by applying a Czochralski method to the silicon

raw material for growing an ingot of silicon,

- manufacturing a silicon single crystal by a floating zone melting method in using
the raw material ingot.
Thanks to the manufacturing method according to the invention Si-kerf waste can
be efficiently recycled and can contribute to cost reduction in Si wafer production.
The manufacturing method for a silicon single crystal according to the invention
may comprise one or several of the following features taken alone or in combination :
According to one aspect, the silicon raw material contains x% of Si-kerf and the
rest is completed with polycrystalline silicon, where x > 5%, in particular >20%,

specifically >30%, even >60% and may be x =100%.

According to another aspect, the Si-kerf results from diamond wire sawing

technique applied to a silicon ingot and diamonds particles are previously removed.

In some cases, it seems an advantage that the Si-kerf has been previously purified

from carbon residuals.
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The Si-kerf may have been previously washed to remove organic residuals.

The segregation and shaping step is carried out by applying a Czochralski method

or by applying an EMC method to the silicon raw material for growing an ingot of silicon.

The present invention also relates to a silicon wafer production facility comprising
- a sawing station where silicon single crystal ingots are sawed into wafers and the
Si-kerf is collected in order to be used as silicon raw material wherein the silicon
raw material contains x% of Si-kerf and the rest is completed with polycrystalline

silicon, where x > 30%,,

- a station configured to segregate and shape the silicon raw material as raw
material ingot for a floating zone melting method carried out by applying a

Czochralski method to the silicon raw material for growing an ingot of silicon,

- a floating zone melting station for manufacturing of a silicon single crystal,

where said stations form a production loop maintaining the Si-kerf in a closed

environment.

According to one aspect, said station configured to segregate and shape the silicon
raw material as raw material ingot is a Czochralski silicon melting and crystallization
station or an EMC silicon melting and crystallization station to form a silicon raw material

ingot.

BRIEF DESCRIPTIONS OF THE DRAWINGS

Other advantages and characteristics will appear with the reading of the description
of the following figures :
- Figure 1 shows an example of a flowchart of manufacturing method of a silicon
single crystal and

- Figure 2 shows a scheme of a silicon wafer production facility.

DETAILED DESCRIPTION



10

15

20

25

30

35

WO 2017/103229 PCT/EP2016/081607

4

The embodiment(s) in the following description are only to be considered as
examples. Although the description refers to one or several embodiments, this does not
mean inevitably that every reference concerns the same embodiment, or that the
characteristics apply only to a single embodiment. Simple characteristics of various
embodiments can be also combined to new embodiments that are not explicitly
described.

Figure 1 shows an example of a flow chart of a manufacturing method for a

silicon single crystal according to the invention.

In a first step 100, a silicon raw material containing Si-kerf is provided.

The Si-kerf results in particular from wafer sawing of Si single crystal ingots for

example photovoltaic industry.

As sawing techniques, steel wire sawing or diamond wire sawing can be used.
In case of application of steel wire sawing technique, no previous purification from

metallic particles of the Si-kerf is necessary.

In case of diamond wire sawing technique, most diamonds particles are previously

removed.

The Si-kerf has also been previously purified from carbon residuals (e.g. SiC
particles) if necessary, in particular when the Si-kerf results from steel wire sawing

technique.

In function of cutting fluid used for sawing the wafers, the Si-kerf has also been

previously washed to remove organic residuals.

The silicon raw material may contain x% of Si-kerf and the rest is completed with
polycrystalline silicon, where x > 5%, in particular >20%, specifically >30%, even >60%
and may be x =100%. It is clear, that the higher the percentage of Si-kerf, the better the
recycling rate.

However, in a Si wafer production facility, one may dispose of several production
lines and one may use for example one production line to use all Si-kerf resulting from

the other production lines that work on a traditional way.
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In a second step 102, the silicon raw material is segregated and shaped to be ready
as raw material ingot for a floating zone melting method.

This segregation and shaping step 102 may be carried out in one embodiment by
applying a Czochralski method to the silicon raw material for growing an ingot of silicon
as disclosed in EP 2 143 833.

According to another embodiment, the segregation and shaping step 102 may be
carried out by applying an EMC method (electromagnetic casting method) to the silicon
raw material for growing a single crystal ingot of silicon as disclosed for example in
US20130247618.

Then in a final step 104, a silicon single crystal is manufactured by a floating zone
melting method applied to the raw material ingot that has been realized by CZ method or
EMC method.

Figure 2 shows a silicon wafer production facility 1 allowing recycling of Si-kerf.

The silicon wafer production facility 1 comprises different stations 10, 20, 30 that
form a unit accomplishing a production cycle for manufacturing silicon wafers.

A first station 10 is a sawing station where silicon single crystal ingots are sawed
into wafers and the Si-kerf is collected in order to be used as silicon raw material.

The sawed wafers are stocked and/or taken away in order to be provided later on
to semiconductor industry for example for manufacturing of solar panels. The
manufacturing process of solar panels may be carried out in the same manufacturing
facility as the single silicon crystal facility in order to reduce transportation costs.
However, such production facilities are separated in different rooms or halls in order to
take into account the specific production conditions, in particular for solar panels.

Then, Si-kerf is provided as at least part of silicon raw material to station 20
configured to segregate and shape the silicon raw material as a raw material ingot for a
floating zone melting method.

Station 20 may be a Czochralski or an EMC silicon melting and crystallization
station to form a silicon raw material ingot.

The silicon raw material ingot is then handed over to a floating zone melting
station 30 for manufacturing of a silicon single crystal.

Once the silicon single crystal is built, it is handed back to sawing station 10 for
manufacturing of wafers out of the silicon single crystal by sawing. The different stations
10, 20 and 30 are organized to form a production loop maintaining the Si-kerf in a closed

environment and cycle.
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The present manufacturing method of a silicon single crystal ingot allows to
recycle efficiently Si-kerf waste and thus to reduce the amount of polycrystalline silicone
raw material.

Thanks to the segregation and shaping step, the Si — kerf of the raw material can
be refined and the use of FZ method allows to get a Si ingot of high purity and good
quality in particular for use as wafers for the photovoltaic industry.

The production facility as described above can be built as a loop allowing reduction
and efficient recycling of Si-kerf waste and where the Si-kerf is confined and hold in the

production loop to end up recycled as silicon in a silicon wafer.
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CLAIMS

1. Manufacturing method for a silicon single crystal comprising the steps of:
- providing (100) a silicon raw material containing Si-kerf, wherein the silicon
raw material contains x% of Si-kerf and the rest is completed with polycrystalline

silicon, where x > 30%,

- segregating and shaping (102) the silicon raw material as raw material ingot for
a floating zone melting method carried out by applying a Czochralski method to the

silicon raw material for growing an ingot of silicon,

- manufacturing (104) a silicon single crystal by a floating zone melting method

in using the raw material ingot.

2. Manufacturing method as to claim 1, wherein the silicon raw material contains x% of
Si-kerf and the rest is completed with polycrystalline silicon, where x>60% and may be

x =100%.

3. Manufacturing method as to claim 1 or 2, wherein the Si-kerf results from diamond
wire sawing technique applied to a silicon ingot and diamonds particles are previously

removed.

4. Manufacturing method as to any of claims 1 to 3, wherein the Si-kerf has been

previously purified from carbon residuals.

5. Manufacturing method as to any of claims 1 to 4, wherein the Si-kerf has been

previously washed to remove organic residuals.

6. Silicon wafer production facility comprising
- a sawing station (10) where silicon single crystal ingots are sawed into wafers
and the Si-kerf is collected in order to be used as silicon raw material wherein the
silicon raw material contains x% of Si-kerf and the rest is completed with

polycrystalline silicon, where x > 30%,

RECTIFIED SHEET (RULE 91) ISA/EP
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- a station (20) configured to segregate and shape the silicon raw material as raw
material ingot for a floating zone melting method carried out by applying a
Czochralski method to the silicon raw material for growing an ingot of silicon ,

- a floating zone melting station (30) for manufacturing of a silicon single crystal,

where said stations (10, 20, 30) form a production loop maintaining the Si-kerf in

a closed environment.

RECTIFIED SHEET (RULE 91) ISA/EP
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