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Susceptor for holding a semiconductor wafer, method for depositing an
epitaxial layer on a front side of a semiconductor wafer, and semiconductor
wafer with epitaxial layer

The invention relates to a susceptor for holding a semiconductor wafer during the
deposition of an epitaxial layer on a front side of the semiconductor wafer. The
invention furthermore relates to a method for depositing an epitaxial layer on a front
side of a semiconductor wafer, the susceptor being used in the course of said method,
and to a semiconductor wafer with epitaxial layer.

Prior art/problems

US 2008/0118712 A1 describes a susceptor, comprising a susceptor ring and a
susceptor base. The susceptor ring has a ledge for placing a semiconductor wafer in
the edge region of the rear side of the semiconductor wafer and is placed on the
susceptor base for the purpose of depositing a layer on the front side of the

semiconductor wafer.

US 2007/0227441 A1 draws attention to periodic fluctuations in the thickness of the
epitaxial layer in the edge region of epitaxially coated semiconductor wafers
composed of silicon. The reason is different growth rates at which the epitaxial layer
grows. The different growth rates are related to the crystal orientation of the front side
of the semiconductor wafer. The front side of the semiconductor wafer is that side
surface of the semiconductor wafer on which the epitaxial layer is deposited. In order
to make the thickness of the epitaxial layer more uniform in the edge region,

US 2007/0227441 A1 proposes altering the structure of the susceptor with the period
of the thickness fluctuations.

With the same objective, US 2013/0263776 proposes additionally arranging holes in
the susceptor at locations which lie symmetrically on the circumference of the
susceptor outside the radius of a semiconductor wafer placed on the susceptor.
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It is an object of the present invention to improve the flatness of semiconductor wafers
with deposited epitaxial layer in the edge region by modifying the susceptor, without
having to affect the thickness of the epitaxial layer. In particular, the present invention
demonstrates a way that does not make the edge roll-off (ERO) more uniform as a
result of the deposition of the epitaxial layer.

The object is achieved by means of a susceptor for holding a semiconductor wafer
during the deposition of an epitaxial layer on a front side of the semiconductor wafer,
comprising

a susceptor ring having a ledge for placing the semiconductor wafer in the edge
region of a rear side of the semiconductor wafer; and

a susceptor base, wherein the susceptor ring lies around a center of the susceptor
base on the susceptor base, characterized by

recesses in the susceptor base which are present below the susceptor ring and which
are arranged in a manner distributed rotationally symmetrically on the susceptor base
and each have a radial width that is greater than a radial width of the susceptor ring.

The invention furthermore relates to a method for depositing an epitaxial layer on a
front side of a semiconductor wafer, comprising

providing the semiconductor wafer;

arranging the semiconductor wafer on the ledge of a susceptor ring of a susceptor
according to the invention, wherein the susceptor base has a number of recesses
corresponding to a number of first of two alternating partial regions of the edge region
of the front side of the semiconductor wafer, and a growth rate of the epitaxial layer is
lower in the first partial regions than in the second partial regions owing to a crystal
orientation of the front side, in such a way that the first partial regions lie above the
recesses in the susceptor base; and

depositing the epitaxial layer on the front side of the semiconductor wafer.

Finally, the invention relates to a semiconductor wafer with epitaxial layer, wherein the
thickness of the epitaxial layer in first partial regions of the edge region of the
semiconductor wafer with epitaxial layer is thinner than in second partial regions of the
edge region, and material depositions are present on the rear side of the
semiconductor wafer, by means of which the total thickness of the semiconductor
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wafer with epitaxial layer in the first partial regions is matched to the total thickness of
the semiconductor wafer with epitaxial layer in the second partial regions.

The semiconductor wafer preferably has a local flatness in the edge region having a
maximum ESFQR value of not more than 12 nm for an edge exclusion of 2 mm,
preferably of not more than 10 nm for an edge exclusion of 2 mm.

The semiconductor wafer or at least one part thereof comprising the surface of the
semiconductor wafer is monocrystalline and preferably consists of silicon, germanium
or a mixture of these elements. The semiconductor wafer may consist completely of
one of the materials mentioned. However, this may also be an SOI wafer (silicon on
insulator), a bonded semiconductor wafer or a substrate wafer which has already
been coated with one or more epitaxial layers. The epitaxial layer preferably consists
of silicon, germanium or a mixture of these elements, and contains dopant if
appropriate.

The semiconductor wafer may be sliced from a single crystal that was crystallized
according to the FZ method (float zone) or according to the CZ method. The CZ
method comprises immersing a seed crystal in a melt contained in a crucible, and
raising the seed crystal and the single crystal crystallizing thereon from the melt.

The semiconductor wafer has a diameter of at least 200 mm, preferably at least
300 mm. The front side of the semiconductor wafer is preferably <100>-oriented or
<110>-oriented.

In the case of the <100> orientation of the front side, the edge region of the front side
of the semiconductor wafer may be subdivided into respectively four alternating first
and second partial regions. In the four first partial regions, the growth rate of an
epitaxial layer is lower than in the four second partial regions of the edge region. The
centers of the first partial regions each have an angle position 8 with respect to the
circumference of the semiconductor wafer. If an orientation notch identifies a <110>
direction perpendicular to the <100> orientation of the front side of the semiconductor
wafer and if the angle position 8 of 270° is assigned to said direction, the centers of
the four first partial regions have an angle position 0 of 45°, 135°, 225° and 315°,
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respectively, corresponding to the angle positions of the <100> directions
perpendicular to the <100> orientation of the front side of the semiconductor wafer.

In the case of the <110> orientation of the front side, the edge region of the front side
of the semiconductor wafer may be subdivided into respectively two alternating partial
regions. In the two first partial regions, the growth rate of an epitaxial layer on the front
side of the semiconductor wafer is lower than in the two second partial regions of the
edge region. If the orientation notch identifies a <110> direction perpendicular to the
<110> orientation of the front side of the semiconductor wafer and if the angle position
B of 270° is assigned to said direction, the centers of the two first partial regions have
an angle position 6 of 0° and 180°, respectively, corresponding to the angle positions
of the <100> directions perpendicular to the <110> orientation of the front side of the
semiconductor wafer.

During the deposition of an epitaxial layer on the front side of the semiconductor
wafer, the semiconductor wafer lies on the ledge of the susceptor ring, and the
susceptor ring lies on the upper placement area of the susceptor base. The
semiconductor wafer is arranged such that the first partial regions of the edge region
of the front side of the semiconductor wafer, in which first partial regions the growth
rate is lower owing to the crystal orientation of the front side, lie above the recesses in
the susceptor base.

One feature of the invention comprises placing the susceptor ring on the upper
placement area of the susceptor base and subsequently placing the semiconductor
wafer on the ledge of the susceptor ring such that the semiconductor wafer is
arranged in the required manner. An alternative feature of the invention comprises
placing the semiconductor wafer on the ledge of the susceptor ring and subsequently
placing the susceptor ring with the semiconductor wafer lying on the ledge on the
upper placement area of the susceptor base such that the semiconductor wafer is
arranged in the required manner.

The susceptor base preferably consists of graphite felt or of graphite felt coated with
silicon carbide, or of graphite coated with silicon carbide, or of silicon carbide, and the
susceptor ring preferably consists of silicon carbide or of some other material coated
with silicon carbide. The other material is preferably graphite or silicon. The susceptor
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ring has an internal diameter and an external diameter. The internal diameter is
smaller and the external diameter is larger than the diameter of the semiconductor
wafer on whose front side an epitaxial layer is intended to be deposited. The radial
width of the susceptor ring corresponds to half of the difference between external
diameter and internal diameter of the susceptor ring. The ledge of the susceptor ring
extends from the inner edge of the susceptor ring as far as a step which increases the
height of the susceptor ring. The ledge is preferably shaped in a manner falling inward
from the step.

The recesses in the susceptor base are arranged in a manner distributed rotationally
symmetrically. They each have a radial width and are preferably milled into the

susceptor base.

The radial width of the recess is in each case greater than the radial width of the
susceptor ring, preferably by not less than 10 mm and not more than 100 mm. For this
reason, the susceptor ring does not completely cover the recesses. Owing to the
recesses, during the deposition of the epitaxial layer on the front side of the
semiconductor wafer, material is additionally also deposited on the rear side of the
semiconductor wafer. According to the invention, care is taken to ensure that the
location of the additional deposition substantially lies below the first partial regions of
the edge region of the front side of the semiconductor wafer. Although an epitaxial
layer is deposited on the front side of the semiconductor wafer, which epitaxial layer is
beset by the deficiency that the thickness of the epitaxial layer in the first partial
regions of the edge region is thinner than the second partial regions; nevertheless, the
semiconductor wafer with deposited epitaxial layer has a particularly uniform total
thickness in the edge region because the deficiency loses importance owing to the
targeted deposition of additional material on the rear side of the semiconductor wafer.

The radial position of the additional deposition of material in the edge region of the
rear side of the semiconductor wafer can be influenced in a targeted manner. It
depends on the selection of length over which the ledge is covered by the
semiconductor wafer. The greater said length, the further inward the position of the
material deposition. The length of the covering is preferably not less than 0.5 mm and

not more than 3 mm.
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The recesses in the susceptor base each have a width in the circumferential direction
whose magnitude can be specified by a center angle. The two radii from the center of
the susceptor base to the two ends of a recess form the center angle of the recess.
The center of a recess lies on the angle bisector of the center angle.

If the intention is to deposit an epitaxial layer on a front side of the semiconductor
wafer which has a <100> orientation, the center angle of the four recesses in the
susceptor base is in each case preferably 60° to 70°, particularly preferably 65°. The
semiconductor wafer is preferably arranged on the ledge of the susceptor ring in such
a way that the centers of the four first partial regions of the edge region of the front
side of the semiconductor wafer lie above the centers of the four recesses.

If the intention is to deposit an epitaxial layer on a front side of the semiconductor
wafer which has a <110> orientation, the center angle of the two recesses in the
susceptor base is in each case preferably 90° to 110°, particularly preferably 100°.
The semiconductor wafer is preferably arranged on the ledge of the susceptor ring in
such a way that the centers of the two first partial regions of the edge region of the
front side of the semiconductor wafer lie above the centers of the two recesses.

The recesses in the susceptor base have a depth of preferably not less than 0.3 mm
and not more than 1.0 mm. The depth of a recess may be uniform. It is preferred,
however, for the depth to increase and decrease again in the circumferential direction
and for the cross section of the recesses in said direction to have a contour that is U-
or V-shaped.

The features specified with regard to the abovementioned embodiments of the
method according to the invention can be correspondingly applied to the device
according to the invention. Conversely, the features specified with regard to the
abovementioned embodiments of the device according to the invention can
correspondingly be applied to the method according to the invention. These and other
features of the embodiments according to the invention are explained in the

description of the figures and in the claims. The individual features can be realized
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either separately or in combination as embodiments of the invention. Furthermore,
they can describe advantageous embodiments which are independently protectable.

The invention is explained in greater detail below with reference to drawings.

Brief description of the figures

Fig. 1 is a depiction which represents the prior art and which shows the relative

arrangement of a susceptor base, a susceptor ring and a semiconductor wafer.

Fig. 2 and fig. 3 show orientation features of semiconductor wafers having (100) face
orientation of the front side (fig. 2) and having (110) face orientation of the front side

(fig. 3).

Fig. 4 shows a susceptor base according to the invention in plan view.

Fig. 5 and fig. 6 show radial vertical sections through the susceptor base at different
locations, fig. 5 vertical sections in the region between two recesses in the susceptor
base and fig. 6 vertical sections in the region of one recess in the susceptor base

(fig. 6).

Fig. 7, fig. 8 and fig. 9 show preferred forms of the contour of a cross section in the
circumferential direction through a recess in accordance with fig. 4.

Fig. 10 is a diagram showing the flatness of epitaxially coated test wafers in the edge
region. In the diagram, the ESFQR values are plotted against the angle position 6.

List of reference signs used
Susceptor base

Susceptor ring
Ledge

A WO DN =

Semiconductor wafer
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5 Recess

6 Orientation notch

7 Lifting pin hole

8 Inner edge of the recess

9 Inner edge of the susceptor ring

10  Upper placement area
11 Epitaxial layer

12 Material deposition

a Center angle

The arrangement in accordance with fig. 1 comprises a susceptor base 1 and a
susceptor ring 2 having an inner edge 9 with a ledge 3 adjacent thereto toward the
outside. A semiconductor wafer 4 can be placed on the ledge 3 in the edge region of
the rear side of the semiconductor wafer.

In the susceptor base 1 in accordance with fig. 4, there are present four recesses 5,
which are arranged in a manner distributed rotationally symmetrically on the upper
placement area 10 of the susceptor base 1, and also lifting pin holes 7 for raising and
lowering the semiconductor wafer. The recesses 5 each have an inner edge 8 and a
width in the circumferential direction corresponding to the magnitude of the center
angle a. The center of a recess lies on the angle bisector (dotted line) of the center
angle. The number of recesses corresponds to the number of four partial regions of
the edge region of the front side of a semiconductor wafer, in which partial regions the
growth rate of the epitaxial layer is lower than in the partial regions between the four
partial regions owing to the crystal orientation of the front side.

Fig. 2 shows orientation features of such a semiconductor wafer 4 having <100>
orientation of the front side. The orientation notch 6 marks an angle position 8 of 270°.
Accordingly, the centers of the four partial regions of the edge region with a lower
growth rate of the epitaxial layer are situated at the angle positions 45°, 135°, 225°
and 315° to which the tips of the dashed arrows point.
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Fig. 3 shows orientation features of a semiconductor wafer 4 having <110> orientation
of the front side. The orientation notch 6 marks an angle position 8 of 270°.
Accordingly, the centers of the two partial regions of the edge region with a lower
growth rate of the epitaxial layer are situated at the angle positions 0° and 180° to
which the tips of the dashed arrows point.

In order to deposit an epitaxial layer 11 on a front side of the semiconductor wafer, the
semiconductor wafer 4 having <100> orientation of the front side is arranged on the
ledge 3 of the susceptor ring 2 in such a way that the four first partial regions lie above
the four recesses 5 in the susceptor base 1, preferably such that the centers of the
four first partial regions lie above the centers of the four recesses.

In order to deposit an epitaxial layer on a front side of the semiconductor wafer, the
semiconductor wafer having <110> orientation of the front side is arranged on the
ledge of the susceptor ring in such a way that the two first partial regions lie above the
two recesses in the susceptor base, preferably such that the centers of the two first

partial regions lie above the centers of the two recesses.

Fig. 6 shows a cross section in a radial direction through the center of one recess in
the susceptor base, and fig. 5 shows the corresponding cross section between two
recesses.

Deposition gas passes on the path indicated by the shorter arrow to the front side of
the semiconductor wafer 4, on which the epitaxial layer 11 is deposited. Owing to the
recess 5, a further path is present for the deposition gas, said further path being
indicated by the longer arrow in fig. 6 and leading under the susceptor ring 2 through
to the rear side of the semiconductor wafer 4, such that the material 12 is deposited in
the edge region of the rear side of the semiconductor wafer 4. The double-headed
arrows denote the length of the covering of the ledge 3 by the semiconductor wafer 4.
The radial position of the material deposition 12 can be influenced by the choice of the
length of the covering and migrates inward as the length of the covering increases.
The shorter covering arises with the use of a susceptor ring 2 having a ledge 3 having
a comparatively small radial width, and the larger covering arises through the use of a

susceptor ring 2 whose ledge 3 is wider.
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The material deposition 12 on the rear side of the semiconductor wafer 4 is absent
where the susceptor ring 2 lies directly on the susceptor base because no recess is
present (fig. 5).

Fig. 7 shows the cross section in the circumferential direction through a recess in
accordance with fig. 4. The contour of the cross section is V-shaped because the
depth T of the recess along the center angle a of preferably 65° rises up to a
maximum of 0.3 mm to 1 mm and decreases again, preferably linearly rises and

decreases.

Fig. 8 shows the cross section in the circumferential direction through a recess in
accordance with fig. 4 with a contour deviating from fig. 7. The contour of the cross
section is trapezoidal because the depth T of the recess along the center angle a of
preferably 65° rises up to a maximum of 0.3 mm to 1 mm, preferably rises linearly,
remains at the maximum over a portion and decreases again, preferably decreases
linearly. This form of the contour is particularly preferred with regard to the way in
which the object is achieved.

Fig. 9 shows the cross section in the circumferential direction through a recess in
accordance with fig. 4 with a contour deviating from fig. 7 and fig. 8. The contour of
the cross section is U-shaped because the depth T of the recess along the center
angle a of preferably 65° rises rapidly up to a maximum of 0.3 mm to 1 mm, remains
at the maximum and decreases rapidly again, preferably abruptly rises and
decreases.

Description of exemplary embodiments according to the invention

Semiconductor wafers composed of monocrystalline silicon having a diameter of
300 mm and a <100> orientation of the front side were coated with an epitaxial layer
composed of silicon in a single-wafer reactor. One portion of the semiconductor
wafers (comparative wafers) was coated in a manner lying on a susceptor in
accordance with fig. 1. The susceptor base lacked recesses according to the
invention. Another portion of the semiconductor wafers was coated according to the
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invention, that is to say in a manner lying on a susceptor according to the invention.
The centers of the four partial regions with a lower growth rate of the epitaxial layer
lay above the centers of four recesses in the susceptor base.

Afterward, the local flatness of the coated semiconductor wafers in the edge region
was determined. Fig. 10 shows ESFQR values (edge exclusion 2 mm, laser marking
at © = 265°, sector length 30 mm) of respectively one of the coated semiconductor
wafers of said one portion and of the other portion. In the case of the semiconductor
wafer coated according to the invention, the ESFQR values (solid line) do not exhibit
the characteristic periodic fluctuations, whereas they can be seen in the case of the
comparative wafer (dotted line).

The above description of exemplary embodiments should be understood to be by way
of example. The disclosure made thereby firstly enables the person skilled in the art to
understand the present invention and the advantages associated therewith, and
secondly also encompasses, within the understanding of the person skilled in the art,
obvious alterations and modifications of the structures and methods described.
Therefore, all such alterations and modifications and also equivalents are intended to
be covered by the scope of protection of the claims.
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Patent claims

1. A susceptor for holding a semiconductor wafer during the deposition of an
epitaxial layer on a front side of the semiconductor wafer, comprising

a susceptor ring having a ledge for placing the semiconductor wafer in an edge
region of a rear side of the semiconductor wafer; and

a susceptor base, wherein the susceptor ring is positioned about a center of the
susceptor base on the susceptor base, wherein

the susceptor base contains recesses which are present below the susceptor
ring and which are arranged in a manner distributed rotationally symmetrically on the
susceptor base and each have a radial width that is greater than a radial width of the
susceptor ring.

2. The susceptor of claim 1, wherein the recesses in the susceptor base have the

shape of annulus segments.

3. The susceptor of claim 2, wherein the recesses have a center angle that is not

less than 60° and not more than 70° or not less than 90° and not more than 110°.

4. The susceptor of claim 1, wherein a cross section of the recesses in a

circumferential direction of the susceptor base has a contour that is V shaped.

5. The susceptor of claim 1, wherein a cross section of the recesses in a
circumferential direction of the susceptor base has a contour that is U shaped.

6. The susceptor of claim 1, wherein a cross section of the recesses in the
circumferential direction of the susceptor base has a contour that is trapezoidal.

7. A method for depositing an epitaxial layer on a front side of a semiconductor
wafer, comprising

providing the semiconductor wafer;

arranging the semiconductor wafer on a ledge of a susceptor ring of a susceptor
of claim 1, wherein the susceptor base has a number of recesses corresponding to a

number of first of two alternating partial regions of the edge region of the front side of
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the semiconductor wafer, and a growth rate of the epitaxial layer is lower in the first
partial regions than in the second partial regions owing to a crystal orientation of the
front side, in such a way that the first partial regions lie above the recesses in the
susceptor base; and

depositing the epitaxial layer on the front side of the semiconductor wafer.

8. The method of claim 7, further comprising providing a semiconductor wafer
having <100> orientation of the front side and arranging the semiconductor wafer

above four recesses in the susceptor base.

9. The method of claim 7, further comprising providing a semiconductor wafer
having <110> orientation of the front side and arranging the semiconductor wafer
above two recesses in the susceptor base.

10. The method of claim 7, wherein the semiconductor wafer is arranged on the
ledge in such a way that the ledge is covered by the semiconductor wafer over a length

of not less than 0.5 mm and not more than 3 mm.

11. A semiconductor wafer with an epitaxial layer, wherein the thickness of the
epitaxial layer in first partial regions of the edge region of the semiconductor wafer with
epitaxial layer is thinner than in second partial regions of the edge region, and material
depositions are present on the rear side of the semiconductor wafer, by means of
which the total thickness of the semiconductor wafer with the epitaxial layer in the first
partial regions is matched to the total thickness of the semiconductor wafer with the

epitaxial layer in the second partial regions.

12.  The semiconductor wafer of claim 11, which has a local flatness in the edge
region having a maximum ESFQR value of not more than 12 nm for an edge exclusion

of 2 mm.
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