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Device for Handling a Semiconductor Wafer in an Epitaxy Reactor and Method
for Producing a Semiconductor Wafer Having an Epitaxial Layer

The invention relates to a device for handling a semiconductor wafer in an epitaxy
reactor. The invention furthermore relates to a method for producing a semiconductor
wafer having an epitaxial layer, in which the device is used.

Prior Art/Problems
The deposition of an epitaxial layer on a semiconductor wafer is conventionally carried
out by means of CVD (chemical vapor deposition) in an epitaxy reactor, often in a

single-wafer reactor.

US 2014/0 251 208 A1 and US 2010/0 086 784 A1 contain descriptions of details of
such epitaxy reactors. One essential part of the handling of a semiconductor wafer
comprises placement of the semiconductor wafer on a susceptor before deposition of
the epitaxial layer, and raising of the semiconductor wafer with the epitaxial layer from
the susceptor after the deposition of the epitaxial layer. The device used therefor
comprises, besides the susceptor, a wafer lifting shaft and wafer lifting pins, a

susceptor carrying shaft, susceptor carrying arms and susceptor support pins.

The wafer lifting shaft has cross-members at the upper end, which extend laterally
upward and end below the wafer lifting pins. During lowering and raising of the wafer
lifting shaft, the wafer lifting pins and a semiconductor wafer, or respectively
semiconductor wafer with an epitaxial layer, possibly placed on the pins are also
lowered and raised. The wafer lifting pins are in this case fitted through holes which lie
in the susceptor carrying arms of the susceptor carrying shaft, as well as through
through-bores in the susceptor. A disadvantage with the described device is that its
use is liable to produce particles, and the particles contaminate the rear side of the
semiconductor wafer, which faces toward the susceptor. The particles are formed as
abraded material as a result of friction between the wafer lifting pins and the inner
surfaces of the holes in the susceptor carrying arms and the through-bores in the
susceptor. The friction is also due in particular to the fact that the device must remain

capable of functioning in a wide temperature range, and thermal expansion at a high
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temperature needs to be taken into account. The wafer lifting pins are also susceptible
to tilting from the vertical position. In such a situation, additional particles are formed.

This problem has given rise to the object of the invention.

The object of the invention is achieved by a device for handling a semiconductor
wafer in an epitaxy reactor, comprising

a susceptor;

longitudinal holes extending through the susceptor;

a wafer lifting shaft;

wafer lifting pins, which are guided through the longitudinal holes;

a susceptor carrying shaft;

susceptor carrying arms;

susceptor support pins;

guide sleeves, which are anchored in the susceptor carrying arms; and

guide elements, which protrude from the guide sleeves and, at upper ends, have
bores into which the wafer lifting pins are inserted, and which can be raised and
lowered together with the wafer lifting pins by means of the wafer lifting shaft.

The object is furthermore achieved by a method for producing a semiconductor wafer
having an epitaxial layer, comprising

provision of a device according to the invention in an epitaxy reactor;

placement of a semiconductor wafer on the wafer lifting pins;

placement of the semiconductor wafer on the susceptor by lowering the wafer lifting
pins;

deposition of the epitaxial layer on the semiconductor wafer;

raising of the resulting semiconductor wafer with the epitaxial layer from the susceptor
by raising the wafer lifting pins; and

removal of the semiconductor wafer with the epitaxial layer from the epitaxy reactor.

The use of the proposed device suppresses the formation of particles in the course of
the lowering of the semiconductor wafer onto the susceptor and the raising of the
semiconductor wafer with the epitaxial layer from the susceptor, and in particular
avoids the rear side of the semiconductor wafer, or the rear side of the semiconductor
wafer with the epitaxial layer, being contaminated by particles. Furthermore,
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properties such as eccentricity, radial play and vertical play of the device are
minimized because of its configuration.

The device is, in particular, configured in such a way that the wafer lifting pins are
moved while being linearly guided through longitudinal holes in the susceptor. Particle
formation due to friction is suppressed regardless of the prevailing operating
temperature.

At least three susceptor carrying arms are preferably formed by a one-piece element,
which is fastened on the upper end of the susceptor carrying shaft. A star-shaped
element made of quartz, which is screwed onto the susceptor carrying shaft, is
particularly preferred. The star-shaped element may, however, also be in multiple
parts and comprise struts made of quartz which are mounted, for example screwed,
onto the susceptor carrying shaft.

Guide sleeves are anchored, preferably screwed, in the susceptor carrying arms, so
that they can be replaced easily when required. The guide sleeves preferably have
ground inner faces, and preferably consist of quartz. The mean roughness Ra of the
inner faces is preferably not more than 0.4 um. The guide sleeves and guide elements
in the guide sleeves, which protrude out of the guide sleeves at both ends,
respectively form linear sliding bearings which ensure linearly guided movement of the
wafer lifting pins. The rod-shaped guide elements consist of the same material as the
guide sleeves, and have outer faces whose mean roughness Ra is preferably likewise
not more than 0.4 um. Scarcely any friction therefore takes place between the guide
sleeves and the guide elements, so that scarcely any particles are likewise formed,
and if at all only at a position at a sufficient distance from the susceptor and a
semiconductor wafer lying thereon, so that contamination of the rear side of the
semiconductor wafer by particles is precluded. In particular, the arrangement of guide
sleeves and guide elements and longitudinal holes prevents particles from being
produced in the immediate vicinity of the semiconductor wafer during the raising and
lowering of the wafer lifting pins. Furthermore, inadvertent tilting of the wafer lifting
pins from the vertical position is likewise not possible.

The wafer lifting pins, which preferably have upper ends with a T-shaped cross
section, are inserted into bores of the guide elements, which the guide elements have
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at upper ends. The wafer lifting pins and the bores of the guide elements are
preferably dimensioned in such a way that the wafer lifting pins are centred when they
are inserted into the bores of the guide elements at room temperature. According to a
preferred configuration, the wafer lifting pins are made of a different material with a
different thermal expansion than the guide elements, preferably of silicon carbide. In
this case, the manufacturing tolerances of the wafer lifting pins and of the guide
elements are furthermore dimensioned in such a way that, at temperatures which are
set up during the deposition of the epitaxial layer, the wafer lifting pins are connected
to the guide elements in a clamping fashion. Preferably, the clamping connection is
obtained at temperatures of more than 900°C. Because of the clamping connection,
the wafer lifting pins have no radial play, which contributes to suppressing the
formation of particles.

This configuration also ensures that the wafer lifting pins and the longitudinal holes in
the susceptor always remain aligned flush at least in a temperature range which
extends from room temperature to the deposition temperature. Furthermore, this
ensures that the T-shaped ends of the wafer lifting pins can synchronously be placed
on the susceptor and raised from the susceptor.

In order to move the wafer lifting pins, the wafer lifting shaft and the guide elements,
which bear on outer ends of cross-members of the wafer lifting shaft, are raised or
lowered.

Furthermore, upright elements are fastened height-adjustably, preferably screwed, to
the outer ends of the susceptor carrying arms. The upper ends of the upright elements
have axial bores into which susceptor support pins are inserted, the heads of the latter
preferably being spherically rounded. On the rear side of the susceptor, there are
blind holes with an elongate base surface for receiving the spherically rounded heads
of the susceptor support pins. The length and width of the blind holes increase in the
direction of the opening of the blind holes. Preferably, the blind holes form a base with
a prismatic contour for the susceptor support pins. This configuration allows low-
friction radial movement of the susceptor, in particular a self-centering movement
initiated by thermal expansion of the susceptor material.
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The susceptor preferably has a plate-shaped cross section, and comprises an annular
bearing surface configured as a ledge, as well as a susceptor bottom. The
semiconductor wafer bears in the edge region with the rear side on the annular
bearing surface, and is at a short distance from the susceptor bottom. The susceptor
may be configured in one piece or formed by a ring and a flat susceptor bottom, in
which case the ring bears on the flat susceptor bottom. The longitudinal holes and the
blind holes are arranged in the susceptor bottom.

The features indicated in relation to the aforementioned embodiments of the method
according to the invention may be applied correspondingly to the device according to
the invention. Conversely, the features indicated in relation to the aforementioned
embodiments of the device according to the invention may be applied correspondingly
to the method according to the invention. These and other features of the
embodiments according to the invention will be explained in the description of the
figures and in the claims. The individual features may be implemented either
separately or in combination as embodiments of the invention. Furthermore, they may
describe advantageous embodiments which are independently protectable.

Brief Description of the Figures

Fig. 1 is a sectional drawing through a device having the features according to the
invention.
Fig.2, Fig.3 and Fig.4 show individual features of the device according to Fig.1 in an

enlarged representation.

List of References Used

susceptor

wafer lifting shaft

wafer lifting pin
susceptor carrying shaft

susceptor carrying arm
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7 qguide sleeve

8 guide element

9 upright element

10 spherically rounded head
11 longitudinal hole

12 blind hole

Detailed Description of an Exemplary Embodiment According to the Invention

The device according to Fig.1 comprises a susceptor carrying shaft 4 and a wafer
lifting shaft 2. Susceptor carrying arms 5 with equal distances from one another are
combined to form a one-piece star-shaped element, which is screwed onto the upper
end of the susceptor carrying shaft 4. The wafer lifting shaft 2 comprises cross-
members protruding radially upward, on the ends of which platforms are provided for
supporting guide elements 8. The guide elements 8 are fitted through guide sleeves 7,
which are anchored in the susceptor carrying arms 5. The upper ends of the guide
elements 8 have bores, into which the wafer lifting pins 3 are inserted. The wafer
lifting pins 3 extend through longitudinal holes 11 in the susceptor 1. On the rear side,
the susceptor 1 has blind holes 12 with an elongate base surface, and bears there on
spherically rounded heads 10 of susceptor support pins 6. The susceptor support pins
6 are inserted into axial bores at upper ends of upright elements 9. The upright
elements 9 are fastened height-adjustably on the susceptor carrying arms 5 at the
outer ends of the latter.

Fig.2 shows an enlarged representation of the upper end of the guide element 8 with
the bore provided there, and the lower end of the wafer lifting pin 3 inserted into the
bore. This region is marked in Fig.1 with a circle and the letter A.

Fig.3 shows an enlarged representation of the guide sleeve 7, which is anchored in
the susceptor carrying arm 5, and a part of the guide element 8, which is fitted through
the guide sleeve 7 and is supported at the lower end on a platform of the cross-
member of the wafer lifting shaft 2. This region is marked in Fig.1 with a circle and the
letter B.
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Fig.4 shows an enlarged representation of the upper end of the susceptor support pin
6 and the spherically rounded head 10 of the susceptor support pin, which projects
into the blind hole 12 on the rear side of the susceptor 1. This region is marked in
Fig.1 with a circle and the letter C.

The above description of an exemplary embodiment is to be understood by way of
example. The disclosure thereby made on the one hand allows the person skilled in
the art to understand the present invention and the advantages associated therewith,
and on the other hand includes changes and modifications to the described structures
and methods which are also obvious within the understanding of the person skilled in
the art. All such changes and modifications, as well as equivalents, are therefore
intended to be covered by the protective scope of the claims.



10

15

20

25

30

35

Patent claims

1. A device for handling a semiconductor wafer in an epitaxy reactor, comprising
a susceptor;

longitudinal holes extending through the susceptor;

a wafer lifting shaft;

wafer lifting pins, which are guided through the longitudinal holes;

a susceptor carrying shaft;

susceptor carrying arms;

susceptor support pins;

guide sleeves, which are anchored in the susceptor carrying arms; and

guide elements, which protrude from the guide sleeves and, at upper ends, have
bores into which the wafer lifting pins are inserted, and which can be raised and

lowered together with the wafer lifting pins by means of the wafer lifting shaft.

2. The device as claimed in claim 1, wherein the susceptor carrying arms form a one-
piece star-shaped element, which is screwed onto the upper end of the susceptor
carrying shaft.

3. The device as claimed in claim 1 or claim 2, wherein the guide elements and the
wafer lifting pins have a different thermal expansion, and are manufactured with
tolerances which are dimensioned in such a way that a clamping connection is formed
between the guide elements and the wafer lifting pins at temperatures of more than
900°C.

4. The device as claimed in one of claims 1 to 3, comprising upright elements, which
are connected height-adjustably to the susceptor carrying arms at the outer ends of
the latter and have axial bores into which the susceptor support pins are inserted, the
susceptor support pins having spherically rounded heads.

5. The device as claimed in claim 4, comprising elongate blind holes on a rear side of
the susceptor for receiving the spherically rounded heads of the susceptor support
pins, the length and width of the blind holes increasing in the direction of the opening
of the blind holes.
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6. A method for producing a semiconductor wafer having an epitaxial layer,
comprising

provision of a device as claimed in one of claims 1 to 5 in an epitaxy reactor;
placement of a semiconductor wafer on the wafer lifting pins;

placement of the semiconductor wafer on the susceptor by lowering the wafer lifting
pins;

deposition of the epitaxial layer on the semiconductor wafer;

raising of the resulting semiconductor wafer with the epitaxial layer from the susceptor
by raising the wafer lifting pins; and

removal of the semiconductor wafer with the epitaxial layer from the epitaxy reactor.

7. The method as claimed in claim 6, comprising the deposition of an epitaxial layer of
silicon on a semiconductor wafer of monocrystalline silicon.



