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Method and Apparatus for Depositing an Epitaxial Layer on a Substrate Wafer of
Semiconductor Material

The invention relates to a method for depositing an epitaxial layer on a substrate
wafer of semiconductor material, which has a wedge-shaped cross section with a
thinner and a thicker edge. The invention also relates to an apparatus which is

suitable for carrying out the method.

Prior Art/Problems

Deposition of the epitaxial layer on a substrate wafer of semiconductor material is
conventionally carried out by means of CVD (chemical vapor deposition) in a
deposition apparatus that can accommodate a substrate wafer. During the deposition
of the epitaxial layer, the substrate wafer rests on a susceptor which is held by a
supporting shaft and is rotated, a deposition gas being passed over a free upper
surface, the front side of the semiconductor wafer. The deposition apparatus
conventionally also has a preheating ring, which is arranged around the susceptor
while being separated by a gap. An upper dome and a lower dome define a reaction
space, inside which the epitaxial layer is deposited on the substrate wafer. Radiant
heat of banks of lamps is introduced through one or both domes in order to provide a
required deposition temperature. A deposition apparatus having these features is
described, for example in US 2016 0 010 239 A1.

Semiconductor wafers with an epitaxial layer (epitaxial wafers) are required for
particularly demanding applications in the electronics industry. Correspondingly, the
requirements relating to the uniformity of the thickness of such a semiconductor wafer

are particularly challenging, for example.

Irregularities in the thickness of the substrate wafer are generally preserved even after
the deposition of the epitaxial layer, particularly if the epitaxial layer has a uniform
thickness. There are, however, also approaches which have the purpose of improving

the thickness uniformity by the deposition of the epitaxial layer.
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DE 11 2018 001 223 T5 discloses that a flushing gas, which is passed through the
deposition apparatus along a lower side of the preheating ring and a lower side of the
susceptor, influences the thickness of the epitaxial layer as well as the width of the

gap between the preheating ring and the susceptor.

In US 2009 0 269 861 A1, it is proposed to select the process conditions during the
deposition of the epitaxial layer as a function of the planarity of the substrate wafer.
Similar proposals are made in WO 2018 117 402 A2 and in JP 2002 43 230 A.

A common feature of these proposals is that they use an effect which occurs as a
result of the rotation of the substrate wafer during the deposition of the epitaxial layer:
a change of process conditions causes a rotationally symmetrical change of the
thickness distribution of the epitaxial layer. These proposals are therefore suitable
only for substrate wafers in which the irregularity of the thickness is distributed

rotationally symmetrically.

There are, however, also substrate wafers with a thickness distribution that is not
rotationally symmetrical. They have a wedge-shaped cross section when the
thickness decreases from one region of the circumference to the region of the
circumference lying 180° opposite. The cross section from the thinner to the thicker
region of such substrate wafers has the shape of a wedge with a thinner edge and a
thicker edge. The deposition of an epitaxial layer with a rotationally symmetrical

thickness distribution cannot eliminate the wedge-shaped structure.

It is an object of the invention to improve the uniformity of the thickness of
semiconductor wafers with an epitaxial layer when the substrate wafer has a wedge-

shaped cross section.

The object is achieved by a method for depositing an epitaxial layer on a substrate
wafer of semiconductor material, which has a wedge-shaped cross section with a
thinner and a thicker edge, comprising
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arranging of the substrate wafer and of a susceptor in a deposition apparatus so that
the substrate wafer rests concentrically on the susceptor and the susceptor is held by
a supporting shaft;

rotating of the supporting shaft with a time period;

passing of deposition gas over the substrate wafer in a direction from a gas inlet to a
gas outlet;

passing of flushing gas with a flow rate along a lower side of a preheating ring and a
lower side of the susceptor;

displacing of the supporting shaft with the time period along a displacement path in
the direction starting from an initial position, in which the thinner edge has a smallest
distance from the gas inlet, to a final position in which the thinner edge has a largest
distance from the gas inlet, and back to the initial position.

It is observed that flushing gas sometimes enters through the gap between the
preheating ring and the susceptor and dilutes the deposition gas, with the effect that
the rate of the material deposition decreases. The effect increases with the width of

the gap, and this is used according to the invention.

The width of the gap is periodically increased with the distance of the thinner edge
from the gas inlet, and the time period is synchronized with the duration of a rotation
of the susceptor, specifically in such a way that the thinner edge of the substrate
wafer has the smallest distance from the gas inlet at the start of the period. At this
time, the dilution effect is the least and the rate of the material deposition is relatively
high. One half of a revolution of the susceptor later, when the thicker edge has the
smallest distance from the gas inlet, the gap at this position is relatively large, the
dilution effect is relatively pronounced and the material deposition is relatively low.
Owing to the procedure according to the invention, the epitaxial layer deposited on the
substrate wafer has a thickness distribution which also has a wedge-shaped cross
section. The latter is complementary to that of the cross section of the substrate
wafer, however, so that the wedge shape of the semiconductor wafer with an
epitaxially deposited layer is at least less pronounced than that of the substrate wafer.
The method according to the invention is also suitable for converting a substrate wafer

with a wedge-like shape into a semiconductor wafer that has an epitaxial layer and a
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shape which corresponds to that of a wafer with an approximately plane-parallel front
side and back side.

The substrate wafer has a wedge-shaped cross section in the sense of the present
invention when the edges of the cross section have different thicknesses. A constant
increase in the thickness from the thinner edge to the thicker edge is preferred, but
not necessary.

The substrate wafer is placed on a susceptor. The susceptor has a circular outer
circumference in plan view, and preferably has a pocket and a bearing surface, on
which the substrate wafer rests in the edge region of its back side. The substrate
wafer lies concentrically with the outer circumference of the susceptor, and preferably
rests on its bearing surface in such a way that there is a distance between the back
side of the substrate wafer and a bottom delimiting the pocket. Holes may be formed
in the bottom of the pocket in order to facilitate the transport of dopants from the back
side of the substrate wafer into the reaction space below the susceptor. Instead of the
holes, the bottom may consist of a material containing fibers and ensure the transport
of dopants because of the porosity of the material.

In order to achieve variation of the width of the gap between the preheating ring and
the susceptor in the intended way during the deposition of the epitaxial layer, the
supporting shaft, by means of which the susceptor is held, is periodically displaced
from an initial position to a final position and back to the initial position. The
displacement of the supporting shaft is carried out by means of at least one actuator,
for example via one or more piezoelectric adjusting elements. The displacement path
between the initial position and the final position runs along a direction between the
gas inlet and the gas outlet. As observed over the duration of a revolution of the
susceptor, the thinner edge of the cross section of the substrate has the smallest
distance from the gas inlet in the initial position and the largest distance from the gas
inlet in the final position.

The length of the displacement path from the initial position to the final position is

preferably not less than 30% and not more than 130% of the gap width that exists



10

15

20

25

30

when the outer circumference of the susceptor and the inner circumference of the
preheating ring are arranged concentrically. The length of the displacement path is
preferably proportional to the difference of the thicknesses at the thicker edge and at

the thinner edge of the cross section.

The susceptor is rotated with a rotational speed of preferably from 30 rpm to 60 rpm.
With such a rotational speed, the time period of the displacement movement of the
susceptor is from 1 sto 2 s.

Preferably, the shape of the substrate wafer is measured before the deposition of the
epitaxial layer and process parameters of the deposition, such as the speed of the
displacement movement and the flow rate of the flushing gas, are adapted to the

shape.

The speed of the displacement movement may be substantially constant or varied in
accordance with the profile of the thickness change along the circumference of the
substrate wafer.

The flow rate of the flushing gas, which jointly determines the radial range of the effect
associated with the dilution of the deposition gas, is preferably not less than 5 sim and
not more than 30 sIm. It may be constant or varied in accordance with the profile of
the thickness change along the circumference of the substrate wafer.

The substrate wafer consists of semiconductor material, preferably monocrystalline
silicon, as well as the epitaxial layer which is deposited on the front side of the
substrate wafer. The diameter of the substrate wafer is preferably at least 200 mm,
particularly preferably at least 300 mm.

The deposition gas contains a compound, for example silane or a chlorosilane, for
example trichlorosilane, that contains the semiconductor material, and the flushing
gas preferably contains hydrogen.
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The periodic displacement according to the invention of the supporting shaft need not
be carried out continuously during the deposition of the epitaxial layer. It may also be
carried out only temporarily. Thus, according to a further embodiment of the invention,
the epitaxial layer is deposited up to a particular layer thickness without the supporting
shaft being periodically displaced, and then the deposition of the epitaxial layer is
continued while the supporting shaft is displaced according to the invention. This
procedure may also be modified in such a way that the epitaxial layer is initially
deposited while the supporting shaft is periodically displaced, and the deposition of
the epitaxial layer is thereupon continued without the supporting shaft being
displaced. Carrying out one of these embodiments is particularly expedient when the
wedge shape of the substrate wafer is relatively weakly pronounced.

The object is furthermore achieved by an apparatus for depositing an epitaxial layer
on a substrate wafer of semiconductor material, comprising

a susceptor,

a preheating ring,

a supporting shaft,

at least one actuator for displacement of the supporting shaft, and

a control device configured for periodic displacement of the supporting shaft by means
of the actuator along a direction from a gas inlet to a gas outlet.

According to one preferred embodiment, the apparatus also comprises at least one
actuator for tilting of the supporting shaft. After the tilting of the supporting shaft, the
rotation axis of the supporting shaft is no longer vertical but is tilted toward the
preheating ring.

The invention will be described in more detail below with reference to drawings.

Brief Description of the Figures

Fig. 1 shows an apparatus, which is suitable for carrying out the method according to
the invention, in a sectional representation.

Fig. 2 shows further details of the apparatus.

Figs 3 show the start and the end of the displacement of the supporting shaft in the
course of a 180° rotation of the susceptor.
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Fig. 4 shows, for comparison, the cross section of a wedge-shaped substrate wafer

and that of a substrate wafer coated according to the invention.
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Detailed Description of an Exemplary Embodiment According to the Invention

Fig. 1 shows an apparatus for depositing an epitaxial layer on a substrate wafer of
semiconductor material, which is suitable for carrying out the method according to the
invention, in a sectional representation. The reaction space of this deposition
apparatus 20 is delimited at the top by an upper dome 17 and at the bottom by a
lower dome 18. A supporting shaft 9, from which supporting arms 10 branch off at an
upper and, protrudes into the middle of the reaction space. The supporting arms 10
support a susceptor 2, on which a substrate wafer 1 rests during the deposition of an
epitaxial layer. In the embodiment shown, provision is made in the course of loading
the deposition apparatus 20, for the substrate wafer 1 to be placed on a lifting shaft 11
and placed on the susceptor 2 by lowering the lifting shaft 11. A preheating ring 3 is
arranged between the side wall of the deposition apparatus and the susceptor 2. The
deposition gas is passed over a front side of the substrate wafer, facing toward the
upper dome 17, from a gas inlet 15a to a gas outlet 16a, which are arranged at a side
wall of the deposition apparatus. Furthermore provided are also a corresponding gas
inlet 15b and gas outlet 16b for flushing gas, which is passed through the reaction
space below the preheating ring 3 and the susceptor 2. Arrows indicate the flow
direction of the gas streams. Depending on the width of a gap 5 between the
preheating ring and the susceptor, a part of the flushing gas enters the stream of the
deposition gas and dilutes the deposition gas. The reaction space is heated from the
outside by banks of lamps 19, which introduce radiant energy through the upper and
lower domes 17 and 18. The lower dome 18 of the deposition apparatus 20 is
connected to the base 12 by a bellows 25, in order to permit the movement of the
supporting shaft 9 and in order to seal the internal space thereby provided against
ambient atmosphere flowing in.

A particular feature of the apparatus is a control device 21, which is configured to
displace the supporting shaft 9 periodically by means of at least one actuator 13 along
a direction from the gas inlet 15a, 15b to the gas outlet 16a, 16b. The embodiment
shown has two actuators 13 and 14 which, with the same type of activation, displace
the supporting shaft 9. Furthermore, tilting of the supporting shaft 9 is also possible
when the activation is different. During tilting, the rotation axis 22 of the supporting
shaft 9 is inclined from the vertical toward the preheating ring 3. The additional tilting
of the supporting shaft 9 may, for example, be useful in order to bring the substrate
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wafer 1 into a horizontal position if it is not resting horizontally on the susceptor 2 as
intended.

It is therefore also advantageous to provide a camera system 7 having image
processing 8 in order to check the position of the substrate wafer 1. The camera
system 7 shown in Fig. 2 comprises a camera for the observation of an image section
6 during the rotation of the susceptor 2 by means of the supporting shaft 9. The image
section 6 acquires a radially extending region which preferably includes a section of
the outer circumference of the substrate wafer 1, a section of the outer circumference
of the susceptor 2 and a section of the inner circumference of the preheating ring 3,
and therefore also a section of the gap 5 between the susceptor 2 and the preheating
ring 3. The substrate wafer 1 rests in a pocket of the susceptor 2 on a bearing surface
4, so that the back side 23 of the substrate wafer 1 has a distance from the bottom 24
of the susceptor 2. The information contained in the image section 6 is evaluated by
means of the image processing 8, particularly in relation to the width of the gap 5 and
the distance of the camera system 7 from the susceptor 2. By means of the control
device 21, a check is made as to whether there is an incorrect arrangement of the
susceptor 2, and if appropriate a signal is generated which tilts the supporting shaft 9
to such an extent that the substrate wafer moves from the incorrect arrangement into
the intended horizontal position.

According to the invention, the supporting shaft is periodically displaced along a
displacement path from an initial position to a final position and back to the initial
position. The start (above) and the end (below) of such a movement as far as the final
position of the supporting shaft 9 are outlined in Figs 3. The substrate wafer 1 rests
centrally on the bearing surface of the susceptor 2. It has a wedge-shaped cross
section with a thinner edge 26 and a thicker edge 27. In the course of a rotation of the
susceptor 1, the thinner edge has the smallest distance from the gas inlet 15a,b in the
initial position of the supporting shaft 9 and the largest distance from the gas inlet
15a,b in the final position of the supporting shaft 9. Because of the displacement of
the supporting shaft 9, the gap 5 between the preheating ring 3 and the susceptor 2 is
smaller on the side of the gas inlet 15a,b in the initial position of the supporting shaft
9, and the effect of dilution by flushing gas which enters the space above the
susceptor along the arrow shown as a divided arrow is less. When the thicker edge of
the substrate wafer enters the vicinity of the gas inlet 15a,b during the rotation of the



10

10

susceptor 2, the gap 5 is larger and so is the dilution effect. This means that more
material is deposited overall in the region of the thinner edge 26 than in the region of
the thicker edge 27 of the substrate wafer 1.

Fig. 4 represents the way in which the cross section of the substrate wafer with a
deposited epitaxial layer (below) changes in comparison with the cross section of the
substrate wafer (above). The epitaxial layer 28 likewise has a wedge-shaped cross
section, but one which is complementary to that of the substrate wafer 1 so that the
coated substrate wafer in the ideal case has plane-parallel side surfaces.



10

15

20

25

30

35

11

Patent Claims

1. A method for depositing an epitaxial layer on a substrate wafer of semiconductor
material, which has a wedge-shaped cross section with a thinner and a thicker edge,
comprising

arranging of the substrate wafer and of a susceptor in a deposition apparatus so that
the substrate wafer rests concentrically on the susceptor and the susceptor is held by
a supporting shaft;

rotating of the supporting shaft with a time period;

passing of deposition gas over the substrate wafer in a direction from a gas inlet to a
gas outlet;

passing of flushing gas with a flow rate along a lower side of a preheating ring and a
lower side of the susceptor;

displacing of the supporting shaft with the time period along a displacement path in
the direction starting from an initial position, in which the thinner edge has a smallest
distance from the gas inlet, to a final position in which the thinner edge has a largest
distance from the gas inlet, and back to the initial position.

2. The method as claimed in claim 1, wherein the length of the displacement path
from the initial position to the final position is proportional to the difference of the
thicknesses at the thicker edge and at the thinner edge of the cross section.

3. The method as claimed in claim 1 or claim 2, wherein the shape of the substrate
wafer is measured before the deposition of the epitaxial layer, and the speed of the
displacement of the supporting shaft is varied as a function of the shape.

4. The method as claimed in one of claims 1 to 3, wherein the shape of the substrate
wafer is measured before the deposition of the epitaxial layer, and the flow rate of the
flushing gas is varied as a function of the shape.

5. The method as claimed in one of claims 1 to 4, wherein the supporting shaft is tilted
toward the preheating ring.

6. An apparatus for depositing an epitaxial layer on a substrate wafer of
semiconductor material, comprising



10

12

a susceptor,

a preheating ring,

a supporting shaft,

at least one actuator for displacement of the supporting shaft, and

a control device configured for periodic displacement of the supporting shaft by means
of the actuator along a direction from a gas inlet to a gas outlet.

7. The apparatus as claimed in claim 6, characterized by at least one further actuator
for tilting of the supporting shaft towards the preheating ring.

8. The apparatus as claimed in claim 6 or claim 7, characterized by a camera system
for the observation of an outer edge of the substrate wafer and of a gap between the
susceptor and the preheating ring.



