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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a silicon single
crystal growth method, which grows a high-quality silicon
single crystal by controlling the concentration of oxygen
inflowed into a silicon single crystal during growth of the
silicon single crystal by a Czochralski process using a
strong horizontal magnetic field.

BACKGROUND OF THE INVENTION

[0002] In growth of a silicon single crystal by a Czo-
chralski process, a quartz crucible is required to receive
a silicon melt melted by a heater. However, the quartz
crucible reacts with the silicon melt and is dissolved in
the melt. Consequently, oxygen is eluted from the cruci-
ble and inflowed into a single crystal through a solid-liquid
interface. The oxygen inflowed into the single crystal in-
creases the strength of a wafer and creates a bulk micro
defect (BMD) in the wafer, which acts as a gettering site
of metal impurities during a semiconductor process and
causes various crystal defects and segregation, thereby
reducing yield of semiconductor devices. Therefore, dur-
ing growth of a silicon single crystal by a Czochralski
process, concentration of oxygen inflowed into a single
crystal through a solid-liquid interface should be appro-
priately controlled.
[0003] Conventionally, a crucible rotation rate, an
amount of argon (Ar) gas inflow or pressure was control-
led for oxygen concentration control. And, conditions of
a cusp magnetic field were changed to vary oxygen con-
centration while little degrading the crystal defect level.
Further, it has been reported that oxygen concentration
is influenced by a crucible rotation rate under the condi-
tions of a strong horizontal magnetic field by use of a
superconductive horizontal magnet.
[0004] As a technique related to oxygen concentration
control, Japanese Laid-open Patent Publication No.
9-235192 discloses control of rotation rate of a crucible
and a single crystal to a predetermined range when pull-
ing up a silicon single crystal by MCZ (Magnetic Field
Applied Czochralski Method) so as to reduce oxygen
concentration and oxygen concentration deviation in a
radial direction. According to this technique, for a small-
diameter silicon single crystal of about 150 mm (6 inch)
diameter, level of oxygen concentration deviation in a
radial direction can reach up to 60.5 ppma. However,
for a large-diameter silicon single crystal of about 300
mm (12 inch) diameter, level of oxygen concentration
deviation in a radial direction may be deteriorated.
[0005] As another example, Korean Patent No.
735902 teaches a technique that controls a crucible ro-
tation rate and additionally controls an amount of argon
(Ar) gas inflow and pressure so as to effectively control
the oxygen concentration according to length of a single
crystal under the conditions of a strong horizontal mag-

netic field. However, this technique is suitable to control
the oxygen concentration of a small-diameter silicon sin-
gle crystal of about 200 mm (8 inch) diameter.
[0006] The conventional technique for controlling the
oxygen concentration by application of a strong horizon-
tal magnet field mainly intends to grow a single crystal
of 200 mm (8 inch) diameter or less using a crucible of
about 61 cm (24 inch) diameter or less containing a small
volume of silicon melt. If the above-mentioned technique
is used to grow a single crystal of 300 mm (12 inch) di-
ameter or more using a crucible of about 81 cm (32 inch)
diameter, oxygen concentration control may fail. This is
because an increase of 80% or more in volume of a silicon
melt results in an unsteady flow of the melt. That is, as
volume of a melt is larger, flow of the melt is unsteadier,
and consequently oxygen behavior becomes complicat-
ed. Thus, simply changing an amount of argon gas inflow
or pressure according to length of a single crystal (volume
of a melt) does not lead to a proper control of oxygen
concentration. Meanwhile, disorder occurs to oxygen be-
havior under the conditions of a strong horizontal mag-
netic field. A scheme should fundamentally solve the dis-
order problem and improve the width of change in pulling
speed caused by a severely unsteady flow of a melt.
[0007] As length of an ingot is larger, a contact area
between a melt and a crucible reduces. To overcome the
reduction effect, the conventional technique increased
gradually a crucible rotation rate (set a crucible rotation
rate in the range between 0.1 rpm and 0.9 rpm or between
0.3 rpm and 0.7 rpm). In this case, as shown in FIG. 1,
oxygen concentration reduces according to probability
at an intermediate stage of a body of an ingot. In FIG. 1,
a section between upper and lower horizontal reference
lines (as indicated by one-dotted chain lines) means a
preferable oxygen concentration range. Application of
the above-mentioned crucible rotation rate results in ox-
ygen concentration of 11 ppma or more for a single crystal
of 200 mm (8 inch) diameter or less, however it results
in a very unsteady oxygen concentration profile for a sin-
gle crystal of 300 mm (12 inch) diameter or more because
the large-diameter single crystal uses a large volume of
melt.
[0008] And, in the case that an amount of argon gas
inflow and pressure are controlled according to the
above-mentioned technique so as to control the oxygen
concentration (an amount of argon gas inflow is de-
creased from 160 Ipm to 140 lpm, and pressure is in-
creased from 6666.6 Pa (50 Torr) to 7999.92∼9333.24
Pa (60∼70 Torr)), oxygen concentration reduces at an
intermediate stage of a body of an ingot as shown in FIG.
2.
[0009] Analysis tells that the above-mentioned phe-
nomenon is resulted from split of a melt into a low oxygen
melt and a high oxygen melt under the conditions of a
strong horizontal magnetic field. That is, according to a
Czochralski process not using a magnetic field or a cusp
or vertical MCZ having a rotational symmetry, rotational
symmetry can be maintained by rotation of a single crys-
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tal and a crucible, and thus a melt is not split into two
type melts. However, according to a horizontal MCZ hav-
ing a mirror symmetry, Lorentz force is generated in the
opposite (right and left) direction due to rotation of a single
crystal and a crucible, and thus a melt is split into two
types of melts. On this condition, the behavior of oxygen
inflowed into a single crystal is influenced according to
how a low oxygen melt and a high oxygen melt govern
a lower portion of an interface of the single crystal. For
example, for a 3rd Run of FIG. 1, a high oxygen melt is
dominant in ingot length between 800mm and 900mm
and a low oxygen melt is dominant in ingot length be-
tween 1000mm and 1300mm. It was found that the type
of a dominant melt is influenced by a crucible rotation
rate. The frequency of a low oxygen melt is 0.005Hz,
which corresponds to a crucible rotation rate of about 0.3
rpm. Therefore, when a crucible rotation rate is about 0.3
rpm, a resonance phenomenon with a low oxygen melt
occurs, which makes it difficult to grow a crystal of high
oxygen.
[0010] EP 0 745 706 A1 discloses a silicon single crys-
tal growth method, which uses a Czochralski process by
dipping a seed into a silicon melt received in a quartz
crucible and pulling up the seed while rotating the quartz
crucible at a constant rate of 0.6 rpm and applying a hor-
izontal magnetic field with an intensity between 0.4 and
0.6 T.
[0011] EP 1 811 065 A1 uses for the same method a
rotation rate of 1.5 rpm or less and a magnetic field in-
tensity of 0.35 T. Another similar method is described in
EP 1 087 040 A1 with a rotation rate of 1 rpm and a
magnetic intensity of 0.4 T.
[0012] All methods as described in the afore-men-
tioned publications do not overcome the drawback of too
high oxygen concentrations. Therefore, under certain cir-
cumstances, high quality silicon single crystals cannot
always be ensured.

SUMMARY OF THE INVENTION

[0013] The present invention is designed to solve the
above-mentioned problems. Therefore, it is an object of
the present invention to provide a silicon single crystal
growth method that suggests crucible rotation conditions
capable of controlling the oxygen concentration to reduce
the oxygen concentration deviation in a prime length dur-
ing growth of a large-diameter single crystal of, for ex-
ample, 300 mm (12 inch) diameter.
[0014] It is another object of the present invention to
provide a silicon single crystal growth method that im-
proves the width of change in pulling speed during growth
of a large-diameter single crystal of, for example, 300
mm (12 inch) diameter, thereby ensuring process stabil-
ity.
[0015] In order to achieve the object of the present in-
vention, the present invention provides a silicon single
crystal growth method, which uses a Czochralski process
for growing a silicon single crystal through a solid-liquid

interface by dipping a seed into a silicon melt received
in a quartz crucible and pulling up the seed while rotating
the quartz crucible and applying a strong horizontal mag-
netic field as set forth in claim 1 wherein the seed is pulled
up while the quartz crucible is rotated with a rate between
0.6 rpm and 1.5 rpm, and wherein
the quartz crucible is rotated with a rate between 0.6 rpm
and 0.8 rpm at an initial stage of a body of the silicon
single crystal.
[0016] A rotation rate of the quartz crucible is gradually
increased to minimize a width of change in oxygen con-
centration according to single crystal growth length.
[0017] The strong horizontal magnetic field may be ap-
plied with an intensity of 0.2T or more.
[0018] The strong horizontal magnetic field may be ap-
plied with an intensity between 0.25T and 0.35T.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention will be more fully de-
scribed in the following detailed description, taken ac-
companying drawings, however, the description pro-
posed herein is just a preferable example for the purpose
of illustrations, not intended to limit the scope of the in-
vention.

FIGs. 1 and 2 are graphs of oxygen concentration
profile according to ingot length, provided by a con-
ventional silicon single crystal growth method.
FIG. 3 is a schematic configuration diagram of a sil-
icon single crystal growth apparatus according to the
present invention.
FIG. 4 is a graph of oxygen concentration profile var-
iable according to crucible rotation rate.
FIG. 5 is a graph showing the results of application
of a crucible rotation rate according to a preferred
embodiment of the present invention and the con-
ventional art.
FIG. 6 is a graph of a pulling speed profile by appli-
cation of a crucible rotation rate according to a pre-
ferred embodiment of the present invention.
FIG. 7 is a graph of a pulling speed profile by appli-
cation of a crucible rotation rate according to the con-
ventional art.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings.
[0021] The present invention performs a silicon single
crystal growth method by a Czochralski process that
grows a silicon single crystal through a solid-liquid inter-
face by dipping a seed into a silicon melt received in a
quartz crucible and pulling up the seed while rotating the
quartz crucible and applying a strong horizontal magnetic
field of 0.2T or more, and in particular, pulls up the seed
while rotating the quartz crucible with a rate between 0.6
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rpm and 1.5 rpm. Here, it is preferable to apply the strong
horizontal magnetic field with an intensity between 0.25T
and 0.35T in consideration of optimum temperature dis-
tribution in the melt and oxygen dissolution from the Q’z
glass crucible.
[0022] FIG. 3 is a schematic configuration diagram of
a silicon single crystal growth apparatus according to the
present invention.
[0023] Referring to FIG. 3, the silicon single crystal
growth apparatus includes a quartz crucible 10 for re-
ceiving a silicon melt (SM) melted from a poly-silicon at
a high temperature; a crucible support 20 surrounding
an outer periphery of the quartz crucible 10 for supporting
the quartz crucible 10 with a predetermined shape at a
high atmosphere; a crucible rotating means 30 installed
under the crucible supporter 20 for rotating the quartz
crucible 10 together with the crucible supporter 20; a
heater 40 spaced apart with a predetermined distance
from the wall of the crucible supporter 20 for heating the
quartz crucible 10; an adiabatic means 50 installed
around the heater 40 for preventing heat generated from
the heater 40 from emitting outwards; a single crystal
pulling means 60 for pulling up a silicon single crystal 1
from the silicon melt (SM) received in the quartz crucible
10 using a seed crystal that rotates in a predetermined
direction; a heat shield structure 70 spaced apart with a
predetermined distance from an outer periphery of the
silicon single crystal 1 pulled by the single crystal pulling
means 60 for shielding heat emitted from the silicon sin-
gle crystal 1; an inert gas providing means (not shown)
for providing an inert gas (for example, Ar gas) to an
upper surface of the silicon melt (SM) along the outer
periphery of the silicon single crystal 1; and a magnetic
field applying means having a coil assembly 80 for gen-
erating a strong horizontal magnetic field in the quartz
crucible 10. The components of the apparatus for grow-
ing a silicon single crystal correspond to typical compo-
nents of a silicon single crystal growth apparatus using
a Czochralski process, known well in the art, and their
detailed description is herein omitted.
[0024] The present invention controls the crucible ro-
tating means 30 of the growth apparatus to grow the sil-
icon single crystal 1 while rotating the quartz crucible 10
with a rate between 0.6 rpm and 1.5 rpm. When the cru-
cible rotating means 30 is controlled to gradually increase
a rotation rate of the quartz crucible 10 in the above-
mentioned range, the width of change in oxygen concen-
tration can be minimized according to growth length of a
single crystal.
[0025] FIG. 4 is a graph of oxygen concentration profile
according to ingot length during growth of a silicon single
crystal of about 300 mm (12 inch) diameter using two
types of rotation rate ranges of the quartz crucible 10. In
FIG. 4, 1st Run displays an oxygen concentration profile
when a crucible rotation rate is set between 1 rpm and
1.2 rpm, and 2nd Run displays an oxygen concentration
profile when a crucible rotation rate is set between 0.7
rpm and 1.2 rpm.

[0026] As mentioned above, a resonance phenome-
non occurs when a crucible rotation rate is about 0.3 rpm,
and a little resonance phenomenon occurs when a cru-
cible rotation rate is about 0.5 rpm. And, in the case that
a crucible rotation rate is excessively high, oxygen con-
centration increases excessively. In consideration of the
above-mentioned matters, the present invention de-
signed a crucible rotation rate in the range between 0.6
rpm and 1.5 rpm. In particular, if a crucible rotation rate
is increased by 1 rpm or more from an initial stage of a
body corresponding to ingot length of about 400mm, ox-
ygen concentration is increased excessively as shown
in 1 st Run. Thus, it is preferable to maintain a crucible
rotation rate in the range between 0.6 rpm and 0.8 rpm
at an initial stage of a body of an ingot. By application of
the above-mentioned crucible rotation rate, oxygen con-
centration ranges between 10.6 ppma and 12.8 ppma
(indicated by a one-dotted chain line in FIG. 4), and a
high-quality silicon single crystal of 300 mm (12 inch)
diameter or more having small distribution can be man-
ufactured.
[0027] The present invention designs a crucible rota-
tion rate in the range between 0.7 rpm and 1.3 rpm to
compensate for reduction of oxygen concentration in the
ingot length between 900mm and 1300mm as shown in
3rd Run of FIG. 5, and to manufacture a silicon single
crystal of higher quality having oxygen concentration be-
tween 11 ppma and 12.4 ppma than the conventional art.
[0028] In the case that a crucible rotation rate is in the
range between 0.6 rpm and 1.5 rpm as mentioned above,
the width of change in pulling speed is remarkably de-
creased as shown in FIG. 6 to ensure process stability,
for example, to reduce the change in heater power.
[0029] On the contrary, in the case that a crucible ro-
tation rate is in the range between 0.1 rpm and 0.5 rpm
according to the conventional art, a low oxygen melt and
a high oxygen melt interfere with each other, which re-
sults in a large width of change in pulling speed as shown
in FIG. 7.
[0030] Therefore, the present invention avoids a res-
onance phenomenon under the conditions of a strong
horizontal magnetic field, and can grow a high-quality
silicon single crystal of 300 mm (12 inch) diameter or
more having oxygen concentration between 10.6 ppma
and 12.8 ppma and a small distribution. The present in-
vention is advantageous for growth of a silicon single
crystal having oxygen concentration of about 11.7 ppma
suitable for an NAND flash device.
[0031] And, the present invention reduces the width of
change in pulling speed of a single crystal to stably and
easily perform a silicon single crystal growth process.
[0032] Hereinabove, preferred embodiments of the
present invention has been described in detail with ref-
erence to the accompanying drawings.
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Claims

1. A silicon single crystal growth method, which uses
a Czochralski process for growing a silicon single
crystal (1) through a solid-liquid interface by dipping
a seed into a silicon melt received in a quartz crucible
(10) and pulling up the seed while rotating the quartz
crucible (10) and applying a strong horizontal mag-
netic field,
wherein the seed is pulled up while the quartz cru-
cible (10) is rotated with a rate between 0.6 rpm and
1.5 rpm,
wherein the quartz crucible is rotated with a rate be-
tween 0.6 rpm and 0.8 rpm at an initial stage of a
body of the silicon single crystal to grow a single
crystal with oxygen concentration between 10.6 pp-
ma and 12.8 ppma;
wherein a rotation rate of the quartz crucible is grad-
ually increased to minimize a width of change in ox-
ygen concentration according to single crystal
growth length, and
the crucible rotation rate ranges from 0.7 rpm to 1.3
rpm to compensate for reduction of oxygen concen-
tration in the ingot length between 900 mm and 1300
mm.

2. The silicon single crystal growth method according
to claim 1,
wherein the horizontal magnetic field is applied with
an intensity of 0.2 T or more.

3. The silicon single crystal growth method according
to claim 2,
wherein the horizontal magnetic field is applied with
an intensity between 0.25 T and 0.35 T.

Patentansprüche

1. Siliziumeinkristallines Wachstumsverfahren, das ein
Czochralski-Verfahren zum Wachsen eines Halblei-
tereinkristalls (1) über eine Festkörper-/Flüssigkeits-
Grenzfläche, indem ein Keim in eine Siliziumschmel-
ze eingetaucht, die in einem Quarz-Schmelztiegel
(10) aufgenommen ist, und der Keim gezogen wird,
während der Quarz-Schmelztiegel (10) rotiert und
ein starkes horizontales Magnetfeld angelegt ist, wo-
bei der Keim hochgezogen wird, während sich der
Quarz-Schmelztiegel (10) mit einer Rate zwischen
0,6 und 1,5 Umdrehungen pro Minute dreht, wobei
der Quarz-Schmelztiegel mit einer Rate zwischen
0,6 und 0,8 Umdrehungen pro Minute während eines
Anfangsstadiums eines Körpers des Siliziumeinkris-
talls gedreht wird, um ein Siliziumeinkristall mit einer
Sauerstoffkonzentration zwischen 10,6 ppma und
12,8 ppma wachsen zu lassen; wobei die Rotations-
rate des Quarz-Schmelztiegels schrittweise erhöht
wird, um das Maß der Änderung in der Sauerstoff-

konzentration gemäß der Länge des einkristallinen
Wachstums zu minimieren, und wobei die Rotations-
rate des Schmelztiegels in einem Bereich von 0,7
bis 1,3 Umdrehungen pro Minute liegt, um eine Re-
duktion der Sauerstoffkonzentration innerhalb der
Rohlinglänge zwischen 900 mm und 1300 mm zu
kompensieren.

2. Siliziumeinkristallines Wachstumsverfahren nach
Anspruch 1, bei dem das horizontale Magnetfeld mit
einer Intensität von 0,2 T oder darüber angelegt wird.

3. Siliziumeinkristallines Wachstumsverfahren nach
Anspruch 2, bei dem das horizontale Magnetfeld mit
einer Intensität zwischen 0,25 T und 0,35 T angelegt
wird.

Revendications

1. Procédé de croissance de monocristal de silicium,
qui utilise un procédé de Czochralski pour faire croî-
tre un monocristal de silicium (1) à travers une inter-
face solide-liquide en plongeant un germe dans du
silicium fondu dans un creuset de quartz (10) et en
extrayant le germe tout en faisant tourner le creuset
de quartz (10) et en appliquant un champ magnéti-
que horizontal fort, dans lequel le germe est extrait
pendant que le creuset de quartz (10) tourne à une
vitesse comprise entre 0,6 tpm et 1,5 tpm,
dans lequel le creuset de quartz est mis en rotation
à une vitesse comprise entre 0,6 tpm et 0,8 tpm à
un stade initial d’un corps du monocristal de silicium
afin de développer un monocristal présentant une
concentration en oxygène comprise entre 10,6 ppma
et 12,8 ppma ;
dans lequel une vitesse de rotation du creuset de
quartz est progressivement accrue afin de minimiser
une largeur de variation de la concentration en oxy-
gène selon la longueur de croissance du
monocristal ; et
le creuset tourne à une vitesse comprise entre 0,7
tpm et 1,3 tpm afin de compenser la réduction de la
concentration en oxygène dans la longueur de lingot
entre 900 mm et 1 300 mm.

2. Procédé de croissance de monocristal de silicium
selon la revendication 1, dans lequel le champ ma-
gnétique horizontal est appliqué avec une intensité
supérieure ou égale à 0,2 T.

3. Procédé de croissance de monocristal de silicium
selon la revendication 2, dans lequel le champ ma-
gnétique horizontal est appliqué avec une intensité
comprise entre 0,25 T et 0,35 T.
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