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Method for pulling a single silicon crystal by the Czochralski process

The invention provides a method for pulling a single silicon crystal having a resistivity
of not more than 20 mohmem by the Czochralski process from a melt.

Prior art/problems

The Czochralski process comprises the pulling of a single crystal from a melt which is
contained within a crucible. The single crystal is pulled from the melt in suspension on
a seed crystal. Generally speaking, a neck is first crystallized at the bottom end of the
seed crystal, so that dislocations move to the edge of the neck and in that way are

eliminated.

US2003 0 209 186 A1 advises a method whereby the neck is to be pulled in sections:
first one section at a pull rate R1, then a further section at a pull rate R2 which is lower
by at least 25%, and lastly a further section at the rate R1, the diameter of each of the
sections being at least approximately 5 mm.

US5 800 612 describes a method which provides for the formation of the neck to be

subdivided into sections and automated.

The frequency of the event wherein dislocations are not completely eliminated in spite
of the pulling of a neck is known to increase if highly doped single silicon crystals are
pulled, these being single crystals having a comparatively low resistivity, because they
contain an electrically active dopant at comparatively high concentration. On account
of their positioning, such dislocations are also called center dislocations and are
oftentimes only recognized in the form of center defects after the single crystal has
been pulled.

In order to counter this problem, US2010 0 089 309 A1 proposes limiting the pulling
velocity when pulling the neck to not more than 2 mm/min if the intention is to pull a

boron-doped single crystal having a resistivity of not more than 1.5 mQcm.
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In US2004 0 089 225 A1 it is said that the concentration of germanium in the single
crystal ought to be linked, within certain limits, to the concentration of boron if the
intention is to pull a single silicon crystal which includes a comparatively high
concentration of boron and additionally germanium, in order to prevent problems
arising from misfit dislocations in the deposition of an epitaxial layer on a

semiconductor wafer which is cut from such a single crystal.

It is an object of the present invention to achieve a further reduction in the frequency

of the stated event without being subject to particular restrictions.

The object is achieved by means of a method for pulling a single silicon crystal having
a resistivity of not more than 20 mQcm by the Czochralski process from a melt, which
comprises

pulling a first section of a neck at a first pulling velocity whereby the diameter of the
first section of the neck, in comparison to the diameter of a seed crystal, tapers at a
rate of not less than 0.3 mm per mm neck length to a target diameter of not more than
5mm;

pulling a second section of a neck at a second pulling velocity of less than 0.2 mm/min
over a period of not less than 3 min, without the diameter of the second section of the
neck increasing to more than 5.5 mm; and

pulling a third section of the neck at a third pulling velocity of more than 2 mm/min.

In accordance with the invention the diameter of the neck is tapered comparatively
quickly from the diameter of the seed crystal to the target diameter of the second

section. For this purpose, the first section of the neck is pulled at a pulling velocity
whereby the diameter of the neck tapers at a rate of not less than 0.3 mm per mm

neck length.

The seed crystal has a round, square or rectangular cross section. The diameter is
preferably 10 to 30 mm and, in the case of square or rectangular cross sections,

refers to the length of the longest edge.
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Furthermore, after the pulling of the first section of the neck, the pulling velocity must
temporarily be lowered significantly and at the same time provision has to be made for
the diameter of the neck not to increase substantially as a result. An enlargement of
the diameter to not more than 5.5 mm may be regarded as an enlargement which is
not yet substantial. In order to prevent the diameter becoming substantially larger
because of the significant lowering of the pulling velocity, the heating power for
heating the melt is preferably increased. The pulling of the second section of the neck
at significantly lowered pulling velocity is maintained over a period of not less than

3 min, preferably over a period of not less than 5 min and not more than 50 min.
During this period, the pulling velocity at which the second section of the neck is
pulled is less than 0.2 mm/min. The value of the pulling velocity during the pulling of
the second section of the neck is preferably in the range from 0.01 mm/min to less

than 0.2 mm/min.

The control of the pulling of the neck preferably also includes a monitoring function
which causes the pulling operation to be discontinued automatically if that diameter of

the second section of the neck that is deemed permissible has been exceeded.

After the pulling of the second section of the neck, the pulling velocity is increased to a
value of more than 2 mm/min, and a third section of the neck is pulled. The third
section of the neck preferably has a diameter of not less than 4 mm and not more
than 7 mm and a length of preferably not less than 100 mm and not more than

300 mm. Correspondingly, the heating power for heating the melt is preferably
adapted as well.

The further pulling of the single silicon crystal is continued in a conventional way,
specifically with the pulling of a conical section, a cylindrical section, and an end cone
of the single crystal. On the cylindrical section of the single crystal, monocrystalline

silicon semiconductor wafers are cut off and processed.

The melt is preferably subjected to a horizontal magnetic field, at least during the
pulling of the neck, of the initial cone, and of the cylindrical section of the single

crystal.
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The method described above is especially suitable for producing monocrystalline
silicon semiconductor wafers having a diameter of at least 200 mm, more particularly

having a diameter of at least 300 mm.

The efficacy of the invention was tested by pulling small test crystals of highly boron-
doped, monocrystalline silicon having a diameter of 40 mm in a test series under
various conditions during the neck-pulling phase. Test wafers having a diameter of

1 inch (approximately 25.4 mm) and a thickness of 1.8 mm were cut from each of the
single crystals and investigated by SIRD (Scanning Infra-Red Depolarization) for
lattice strains. Where procedure is in accordance with the invention, there is a fall in
the detection of center defects, and hence the probability of pulling a single crystal

with dislocations, to below 1%.

Three appended drawings, fig. 1, fig. 2, and fig. 3, provide a representative depiction,
over a length P of the neck, of operating conditions (fig. 1) according to the invention
and operating conditions (fig. 2 and fig. 3) which deviate from the former conditions, in
the test series. The drawings contain information on the pulling velocity v, the
diameter d of the neck, and the temperature T of the melt. The respective test wafers
were free from center defects only when the operating conditions according to the

invention were employed.

In the case of the operating conditions according to fig. 2, the rate of the tapering in
diameter was below the intended rate during the pulling of the first section of the neck.

In the case of the operating conditions according to fig. 3, the diameter exceeded the
diameter still deemed allowable, of 5.5 mm, during the pulling of the second section of
the neck.



10

15

20

25

What is claimed is:-

1. A method for pulling a single silicon crystal having a resistivity of not more than

20 mQcm by the Czochralski process from a melt, which comprises

pulling a first section of a neck at a first pulling velocity whereby the diameter of the
first section of the neck, in comparison to the diameter of a seed crystal, tapers at a
rate of not less than 0.3 mm per mm neck length to a target diameter of not more than
5mm;

pulling a second section of a neck at a second pulling velocity of less than 0.2 mm/min
over a period of not less than 3 min, without the diameter of the second section of the
neck increasing to more than 5.5 mm; and

pulling a third section of the neck at a third pulling velocity of more than 2 mm/min.

2. The method as claimed in claim 1, comprising subjecting the melt to a horizontal
magnetic field.

3. The method as claimed in claim 1 or claim 2, wherein the resistivity is established

by means of boron or arsenic with which the melt is doped.

4. The method as claimed in any of claims 1 to 3, wherein the melt is additionally
doped with germanium.

5. The method as claimed in any of claims 1 to 4, which comprises pulling a cylindrical
section of the single crystal and removing monocrystalline silicon semiconductor

wafers from the cylindrical section.



