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Susceptor for holding a semiconductor wafer with an orientation notch during
the deposition of a layer on a front side of the semiconductor wafer and method
for depositing the layer by using the susceptor

The invention relates to a susceptor for holding a semiconductor wafer with an
orientation notch during the deposition of a layer on a front side of the semiconductor
wafer. The invention also relates to a method for depositing the layer on a front side of
a semiconductor wafer with an orientation notch by using the susceptor, the
semiconductor wafer having a <100> orientation.

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 back 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. The placed semiconductor wafer is located in a pocket of the
susceptor, the radius between the middle of the susceptor ring and the inner edge of
the outer delimitation defining the radius of the pocket. The susceptor ring and the
susceptor base form a two-part unit.

The susceptor ring and the susceptor base may also be formed as a one-part
susceptor. US 2007/0227441 A1 describes such a susceptor, and this document
draws attention to periodic fluctuations in the thickness of the epitaxial layer in the
edge region of epitaxially coated semiconductor silicon wafers. The reason for this is
different growth rates at which the epitaxial layer grows. The different growth rates are
related to the crystal orientation. In an edge region that adjoins the front side of the
semiconductor wafer, crystal planes that have different crystal orientations are
exposed. In the case of semiconductor wafers of monocrystalline silicon with <100>
orientation, the crystal orientations change periodically along the circumference of the
semiconductor wafer. There are four locations in the edge region, spaced apart

respectively by 90° with <110> orientation, at which an epitaxial layer grows
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comparatively quickly and four further locations, spaced apart respectively by 45° in
relation to the other four locations, at which an epitaxial layer grows comparatively
slowly. 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.

This teaching disregards the fact that semiconductor wafers for which the thickness
fluctuations mentioned are considered to be problematic are provided with an
orientation notch in the edge region. In the case of silicon semiconductor wafers with
<100> orientation of the front side, the orientation notch is usually located at one of
the four locations at which an epitaxial layer grows comparatively quickly and marks
one of four <110> crystal directions. The orientation notch is occasionally also located

45° away from such a location and marks one of four <100> crystal directions.

The object of the present invention is to make allowance for the presence of the
orientation notch and to provide suitably appropriate growth conditions at the locations
mentioned in the edge region.

The object of the invention is achieved by a susceptor for holding a semiconductor
wafer with an orientation notch during the deposition of a layer on a front side of the
semiconductor wafer, comprising a susceptor ring and a susceptor base, the
susceptor ring comprising a placement area for placing the semiconductor wafer in
the edge region of a back side of the semiconductor wafer and a step-shaped outer
delimitation of the susceptor ring adjoining the placement area, wherein the susceptor
has four positions at which the structure of the susceptor differs from the structure of
the susceptor at four further positions, the spacing from one of the four positions to
the next of the four positions being 90° and the spacing from one of the four positions
to the next further position being 45°, and one of the four positions being a notch
position, at which the structure of the susceptor differs from the structure of the
susceptor at the three other positions of the four positions of the susceptor.

The susceptor ring and the susceptor base may be formed as a one-part unit or as a

two-part unit. A two-part configuration is preferred, the susceptor base preferably
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consisting of graphite felt or of graphite felt that is coated with silicon carbide, or of
graphite that is coated with silicon carbide, or of silicon carbide, and the susceptor ring
preferably being of silicon carbide or some other material that is coated with silicon

carbide. The other material is preferably graphite or silicon.

The susceptor ring comprises a placement area (ledge) for placing a semiconductor
wafer in the edge region of the back side of the semiconductor wafer and a step-
shaped outer delimitation adjoining the placement area. The placed semiconductor

wafer is located in a pocket of the susceptor.

The placement area has a radial width and extends inwardly from the inner edge of
the outer delimitation. The placement area is preferably formed as sloping down in the

inward direction in an inner-lying partial region or completely.

The outer delimitation has a radial width that corresponds to the distance between the
inner edge and an outer edge of the outer delimitation. The outer delimitation has an
upper delimiting surface and a height at the inner edge that extends from the
placement area up to the upper delimiting surface. At the inner edge and at the outer
edge of the outer delimitation, the susceptor respectively has a thickness.

At four positions of the susceptor that are distributed over the circumference, the
structure of the susceptor is different than the structure of the susceptor at four further
positions of the susceptor that are distributed over the circumference. The four
positions respectively have a spacing of 90° from the next of the four positions and
respectively have a spacing of 45° from the next of the four further positions. In
addition, the structure of the susceptor differs at three of the four positions from the

structure at the fourth position, the notch position.

The structure of the susceptor preferably remains unchanged in the circumferential
direction over a lateral extent of + 22.5° from three of the four positions. It is
particularly preferred, however, to design the susceptor in such a way that the
structural change in the circumferential direction begins in the direct proximity of three

of the four positions, for example at a distance of no more than * 1°, and proceeds
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rapidly, preferably so quickly that the structure of the four further positions is already
achieved at a distance of no more than + 5°.

The susceptor is used in a method for depositing a layer on a front side of a
semiconductor wafer with an orientation notch. The semiconductor wafer has a <100>
orientation, and the method comprises placing the semiconductor wafer on the
placement area of the susceptor ring in such a way that the orientation notch and the
notch position of the susceptor are arranged on a line that is directed toward the
middle of the semiconductor wafer; and coating the front side of the semiconductor

wafer in a single-wafer reactor.

The front side of the semiconductor wafer is the upper main surface of the
semiconductor wafer, on which the epitaxial layer is deposited, for example the (100)
surface. The orientation notch is an indentation in the edge region of the
semiconductor wafer at the place where a <110> direction points away from the edge,
that is to say at one of the locations at which the epitaxial layer grows comparatively
quickly.

The semiconductor wafer preferably consists of silicon, germanium or a mixture of
these elements. It may however also be an SOI wafer (silicon on insulator), a bonded
semiconductor wafer or a substrate wafer that 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 possibly contains a dopant.

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

melt the seed crystal and the single crystal crystallizing on it.

The semiconductor wafer has a diameter of at least 200 mm, preferably at least 300
mm.
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The arrangement according to the invention of the semiconductor wafer on the
placement area in combination with the structure of the susceptor provides adapted
conditions for the growing of the epitaxial layer. Three of the four locations at which
the epitaxial layer grows comparatively quickly correspond to three of the four
positions of the susceptor. The fourth location, which corresponds to that location
where the orientation notch is also located, corresponds to the fourth of the four
positions of the susceptor, the notch position. The structure of the susceptor at the
notch position differs from the structure of the susceptor at the three of the four
positions of the susceptor. According to one refinement of invention, the structure of
the susceptor at the notch position corresponds to the structure of the susceptor at the
further four positions of the susceptor. According to another refinement of the
invention, the structure at the fourth position of the susceptor is also a different

structure than at the four further positions of the susceptor.

The features specified with regard to the embodiments set out above of the device
according to the invention can be correspondingly 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 either separately or in combination as embodiments of the
invention. Furthermore, they can describe advantageous embodiments which are

independently protectable.

Brief description of the figures

Fig. 1 shows a susceptor comprising a susceptor ring and a susceptor base.

Fig. 2 shows a semiconductor wafer with <100> orientation in plan view.

Fig. 3 and Fig. 4 show a susceptor and a semiconductor wafer placed on the
placement area of the susceptor ring in vertical section.

Fig. 5 shows a detail of the susceptor ring 6 and a semiconductor wafer 2 lying on the
placement area 8 of the susceptor ring 6 in plan view.

Fig. 6 shows the side view of part of the placement area and of the inner edge of the
outer delimitation of a susceptor ring.
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Fig. 7 and Fig. 8 show in each case the topography of the back side of semiconductor
wafers after the deposition of an epitaxial layer on the front side.

List of reference signs used

Susceptor

Semiconductor wafer

Orientation notch of the semiconductor wafer
Layer

Outer edge of the semiconductor wafer
Susceptor ring

Susceptor base
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Placement area of the susceptor ring

©

Inner edge of the placement area

iy
o

Outer delimitation of the susceptor ring

—t
—t

Inner edge of the outer delimitation

iy
N

Outer edge of the outer delimitation

iy
w

Protuberance of the placement area

—h
E =Y

Protuberance of the outer delimitation

Detailed description of exemplary embodiments according to the invention

Fig. 1 shows the relative arrangement of the susceptor base 7, the susceptor ring 6
and a semiconductor wafer 2 with an orientation notch 3. During use, the susceptor
ring 6 lies on the susceptor base 7 and the semiconductor wafer 2 lies on a placement
area 8 of the susceptor ring 6. The diameters of the susceptor base 7 and the
susceptor ring 6 may be identical. The diameter of the susceptor base 7 may,
however, also be greater than the diameter of the susceptor ring 6. As a departure
from the representation, the susceptor ring 6 and the susceptor base 7 may also form

a one-part unit.
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Fig. 2 shows a semiconductor wafer 2 with an orientation notch 3. The semiconductor
wafer 2 has a <100> orientation. The upper side surface of the semiconductor wafer 2
is for example the (100) plane. The orientation notch 3 marks one of four <110>
crystal directions that point to corresponding planes in the region of the edge of the
semiconductor wafer, distributed around the circumference of the semiconductor
wafer spaced apart by 90°, on which an epitaxial layer grows with a comparatively
higher rate than on planes in the region of the edge to which four <100> crystal
directions point.

Corresponding thereto, a susceptor 1 according to the invention has four positions at
which the structure of the susceptor differs from the structure that the susceptor has at
four further positions. The spacing from one of the four positions to the next position is
90° and the spacing from one of the four positions to the next further position is 45°. In
addition, the structure of the susceptor at one of the four positions differs from the
structure that the susceptor has at the three other positions. This one position is
referred to hereinafter as the notch position, because it is intended during the use of
the susceptor to place a semiconductor wafer with <100> orientation on the
placement area of the susceptor ring in such a way that its orientation notch 3 and the
notch position are arranged on a line that is directed toward the middle of the
semiconductor wafer.

Fig. 3 shows a susceptor 1 and a semiconductor wafer 2 placed on the placement
area 8 of the susceptor ring 6 in vertical section. The vertical section passes through
the notch position, identified by 0°, and through the position that lies opposite the
notch position and is identified by 180°.

A first embodiment of a susceptor according to the invention provides that the
distance A between the outer edge of the semiconductor wafer 5 and the inner edge
11 of the outer delimitation 10 of the susceptor ring 6 at the three of the four positions
of the susceptor 1 is less than at the fourth position, the notch position, and is less
than at the further four positions of the susceptor. At the notch position, the susceptor
may have the same structure as at the further four positions, or have a structure that

is additionally characterized by an inwardly directed protuberance of the placement
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area 13 (Fig. 5), or have a structure that is additionally characterized by the inwardly
directed protuberance of the placement area 13 and by an inwardly directed
protuberance of the outer delimitation 14 (Fig. 6).

A second embodiment of a susceptor according to the invention provides that the
radial width W of the placement area 8 of the susceptor ring 6 at the three positions of
the four positions of the susceptor 1 is less than at the fourth position, the notch
position, and is less than at the further four positions of the susceptor. At the notch
position, the susceptor may have the same structure as at the further four positions, or
have a structure that is additionally characterized by an inwardly directed
protuberance of the placement area 13 (Fig. 5), or have a structure that is additionally
characterized by the inwardly directed protuberance of the placement area 13 and by

an inwardly directed protuberance of the outer delimitation 14 (Fig. 6).

A third embodiment of a susceptor according to the invention provides that the height
H of the outer delimitation of the susceptor ring at the three positions of the four
positions of the susceptor 1 is greater than at the fourth position, the notch position,
and is greater than at the further four positions of the susceptor 1. At the notch
position, the susceptor may have the same structure as at the further four positions, or
have a structure that is additionally characterized by an inwardly directed
protuberance of the placement area 13 (Fig. 5), or have a structure that is additionally
characterized by the inwardly directed protuberance of the placement area 13 and by

an inwardly directed protuberance of the outer delimitation 14 (Fig. 6).

A fourth embodiment of a susceptor according to the invention provides that the
thickness D of the susceptor 1 at the three positions of the four positions of the
susceptor 1 is less than at the fourth position, the notch position, and less than at the
further four positions of the susceptor 1. At the notch position, the susceptor may have
the same structure as at the further four positions, or have a structure that is
additionally characterized by an inwardly directed protuberance of the placement area
13 (Fig. 5), or have a structure that is additionally characterized by the inwardly
directed protuberance of the placement area 13 and by an inwardly directed

protuberance of the outer delimitation 14 (Fig. 6).
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A fifth embodiment of a susceptor according to the invention provides that the radial
width B of the outer delimitation of the susceptor ring 6 at the three positions of the
four positions of the susceptor 1 is less than at the fourth position, the notch position,
and less than at the further four positions of the susceptor. At the notch position, the
susceptor may have the same structure as at the further four positions, or have a
structure that is additionally characterized by an inwardly directed protuberance of the
placement area 13 (Fig. 5), or have a structure that is additionally characterized by the
inwardly directed protuberance of the placement area 13 and by an inwardly directed
protuberance of the outer delimitation 14 (Fig. 6).

A sixth embodiment of a susceptor according to the invention provides that the outer
delimitation 10 of the susceptor ring 6 at the three other positions of the four positions
of the susceptor 1 decreases from the inner edge 11 of the outer delimitation 6 to the
outer edge 12 of the outer delimitation 6 from a height H, to a height Hy, and stays at
the height Hy at the notch position of the susceptor 1 and the further four positions of
the susceptor (Fig. 4). The height H, preferably reaches over the plane of the upper
side surface of a semiconductor wafer lying on the placement area of the susceptor
ring. At the notch position, the susceptor may have the same structure as at the
further four positions, or have a structure that is additionally characterized by an
inwardly directed protuberance of the placement area 13 (Fig. 5), or have a structure
that is additionally characterized by the inwardly directed protuberance of the
placement area 13 and by an inwardly directed protuberance of the outer delimitation
14 (Fig. 6).

Fig. 5 shows a detail of the susceptor ring 6 and a semiconductor wafer 2 lying on the
placement area 8 of the susceptor ring 6 in plan view. The region around the notch
position of the susceptor is shown. The orientation notch 3 of the semiconductor wafer
2 may be underlaid by a protuberance 13 of the placement area 8 of the susceptor
ring 6. In this case, without the protuberance 13, the orientation notch 3 would
protrude inwardly beyond the inner edge of the placement area 8. In the regions
outside the protuberance 13, that is to say also at the other three positions of the four
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positions and the further four positions of the susceptor 1, the radial width W of the
placement area 8 is less than at the notch position.

Fig. 6 shows the side view of part of the placement area 8 and the inner edge 11 of
the outer delimitation 10 of the susceptor ring 6. The region around the notch position
of the susceptor is shown. At this position of the susceptor 1 there may be a
protuberance 14 of the outer delimitation 10 in the inward direction. The protuberance
14 is preferably formed in such a way that it protrudes into the orientation notch 3 of a

semiconductor wafer placed on the placement area 8.

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

The above description considers the situation when the orientation notch marks one of
four <110> crystal directions. If the orientation notch marks one of four <100> crystal
directions, one of the following conditions preferably applies instead:

a) in the state of a semiconductor wafer lying on the placement area, the distance A
that there is between the outer edge of the semiconductor wafer and the inner edge of
the outer delimitation of the susceptor ring at the three other positions of the four
positions of the susceptor is greater than at the notch position of the susceptor and
greater than at the further four positions of the susceptor;

b) the radial width W of the placement area of the susceptor ring at the three other
positions of the four positions of the susceptor is greater than at the notch position of
the susceptor and greater than at the further four positions of the susceptor;

c) the height H of the outer delimitation of the susceptor ring at the three other
positions of the four positions of the susceptor is less than at the notch position of the
susceptor and less than at the further four positions of the susceptor;
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d) the thickness D of the susceptor at the three other positions of the four positions of
the susceptor is greater than at the notch position of the susceptor and greater than at
the further four positions of the susceptor;

e) the radial width B of the outer delimitation of the susceptor ring at the three other
positions of the four positions of the susceptor is greater than at the notch position of
the susceptor and greater than at the further four positions of the susceptor; and

f) the outer delimitation of the susceptor ring stays at the height Hy at the three other
positions of the four positions of the susceptor from the inner edge of the outer
delimitation to the outer edge of the outer delimitation, and decreases from the height
H> to the height Hy at the notch position of the susceptor and the further four positions

of the susceptor.

Example:

Semiconductor wafers of monocrystalline silicon with <100> orientation and a
diameter of 300 mm were coated with an epitaxial layer of silicon in a single-wafer
reactor. The thickness of the epitaxial layer was 2 um. The susceptor was formed
according to the sixth embodiment. The semiconductor wafers had an orientation
notch marking a <110> direction and were placed onto the susceptor in such a way
that the orientation notch and the notch position of the susceptor were arranged on a
line that is directed toward the middle of the semiconductor wafer. In addition, there
were on the susceptor at the notch position both a protuberance of the placement
area in the inward direction and a protuberance of the outer delimitation in the inward

direction.

With this configuration of the susceptor it was possible to achieve a flatness in the
edge region, expressed as ESFQRmax and an edge exclusion of 1 mm, of no more
than 150 nm. In particular, it was also possible in this way to suppress the occurrence
of a growth on the back side of the semiconductor wafer in the region of the

orientation notch, known as a “notch bump”.

Fig. 7 shows the topography of the back side of such a semiconductor wafer and Fig.
8 shows by way of comparison that of a semiconductor wafer with a “notch bump”
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which could not be suppressed because the susceptor did not have the protuberances
at the notch position.
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Patent claims

1. A susceptor for holding a semiconductor wafer with an orientation notch during the
deposition of a layer on a front side of the semiconductor wafer, comprising a
susceptor ring and a susceptor base, the susceptor ring comprising a placement area
for placing the semiconductor wafer in the edge region of a back side of the
semiconductor wafer and a step-shaped outer delimitation of the susceptor ring
adjoining the placement area, wherein the susceptor has four positions at which the
structure of the susceptor differs from the structure of the susceptor at four further
positions, the spacing from one of the four positions to the next of the four positions
being 90° and the spacing from one of the four positions to the next further position
being 45°, and one of the four positions being a notch position, at which the structure
of the susceptor differs from the structure of the susceptor at the three other positions
of the four positions of the susceptor.

2. The susceptor as claimed in claim 1, wherein, in the state of a semiconductor wafer
lying on the placement area, a distance A that there is between an outer edge of the
semiconductor wafer and an inner edge of the outer delimitation of the susceptor ring
at the three other positions of the four positions of the susceptor is less than at the
notch position of the susceptor and less than at the further four positions of the

susceptor.

3. The susceptor as claimed in claim 1, wherein a radial width W of the placement
area of the susceptor ring at the three other positions of the four positions of the
susceptor is less than at the notch position of the susceptor and less than at the

further four positions of the susceptor.

4. The susceptor as claimed in claim 1, wherein a height H of the outer delimitation of
the susceptor ring at the three other positions of the four positions of the susceptor is
greater than at the notch position of the susceptor and greater than at the further four
positions of the susceptor.
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5. The susceptor as claimed in claim 1, wherein a thickness D of the susceptor at the
three other positions of the four positions of the susceptor is less than at the notch
position of the susceptor and less than at the further four positions of the susceptor.

6. The susceptor as claimed in claim 1, wherein a radial width B of the outer
delimitation of the susceptor ring at the three other positions of the four positions of
the susceptor is less than at the notch position of the susceptor and less than at the
further four positions of the susceptor.

7. The susceptor as claimed in claim 1, wherein the outer delimitation of the susceptor
ring decreases from a height Hy to a height Hy at the three other positions of the four
positions of the susceptor from the inner edge of the outer delimitation to the outer
edge of the outer delimitation, stays at the height Hy at the notch position of the
susceptor and the further four positions of the susceptor.

8. The susceptor as claimed in one of claims 1 to 7, wherein at the notch position of
the susceptor there is a protuberance of the placement area in the inward direction.

9. The susceptor as claimed in claim 8, wherein at the notch position of the susceptor
there is a protuberance of the outer delimitation in the inward direction.

10. A method for depositing a layer on a front side of a semiconductor wafer with an
orientation notch, the semiconductor wafer having a <100> orientation, comprising
placing the semiconductor wafer on a susceptor ring as claimed in one of claims 1 to
9 in such a way that the orientation notch and the notch position of the susceptor are
arranged on a line that is directed toward the middle of the semiconductor wafer;

and coating the front side of the semiconductor wafer in a single-wafer reactor.



