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Semiconductor wafer with epitaxial layer

The invention provides a semiconductor wafer of monocrystalline silicon, comprising a
substrate wafer of monocrystalline silicon and a layer of monocrystalline silicon that
lies atop the substrate wafer, which is referred to hereinafter as semiconductor wafer
of silicon with epitaxial layer (silicon epitaxial wafer).

The production of such semiconductor wafers of silicon with an epitaxial layer
comprises the deposition of the epitaxial layer on a substrate wafer by means of gas
phase deposition (chemical vapor deposition, CVD). A particularly suitable CVD is one
conducted in a single-wafer reactor under standard pressure (atmospheric pressure).

US5355831 discloses typical process parameters for such a process, which can be

regarded as illustrative.

Demanding applications require semiconductor wafers of silicon with an epitaxial layer
having particularly uniform edge geometry. A prerequisite for this is that the thickness

of the epitaxial layer is particularly uniform.

US 2007/0227441 A1 points out periodic variations in the thickness of the epitaxial
layer in the edge region of such semiconductor wafers of silicon. The reason is
different growth rates at which the epitaxial layer grows. The different growth rates are
correlated with the crystal orientation of the semiconductor wafer. In order to
homogenize the thickness of the epitaxial layer in the edge region, US 2007/0227441
A1 proposes altering the structure of the susceptor by the period of the thickness

variations.

This proposal can attenuate the problem, but is inadequate with regard to future

expectations from manufacturers of electronic components.

It is an object of the present invention to make a proposal that better meets the

demands.
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The object is achieved by a semiconductor wafer of monocrystalline silicon,
comprising a substrate wafer of monocrystalline silicon and a layer of monocrystalline
silicon that lies on a front side of the substrate wafer, said substrate wafer having a
crystal orientation, wherein an averaged front side-based ZDD of the semiconductor
wafer, with a division of the surface of the epitaxial layer into 16 sectors and an edge
exclusion of 1 mm, is not less than -30 nm/mm? and not more than 0 nm/mm?, and the
ESFQRmax of the semiconductor wafer, with an edge exclusion of 1 mm and 72

sectors each with a length of 30 mm, is at most 10 nm.

ZDD and ESFQR are parameters that characterize the edge geometry of a
semiconductor wafer, which are also addressed by SEMI standards (ZDD (SEMI M68-
1015), ESFQR (SEMI M67-1015)). Front side-based ZDD describes the average
near-edge curvature of the surface. ESFQRa« denotes the ESFQR of that sector in
which ESFQR is at its greatest.

A semiconductor wafer of the invention with an epitaxial layer shows virtually no
angle-dependent variations in the edge geometry of the epitaxial layer, because the
production thereof envisages preventing such variations from occurring. In a
departure from the customary procedure, the epitaxial layer covers virtually only the
main surface of the front side of the substrate layer that determines the crystal
orientation of the substrate wafer and virtually no regions of the front side that have a
different crystal orientation, because an oxide layer provided at the edge of the
substrate layer largely prevents the epitaxial layer from being deposited in such
regions. Expressed in terms of the front side-based ZDD (the double derivative of the
height perpendicularly from the median plane to the surface of the epitaxial layer) and
expressed as the average ZDD of sectors in which ZDD is determined, the edge
geometry of the semiconductor wafer with an epitaxial layer, with a division of the
surface of the epitaxial layer into 16 sectors and observing an edge exclusion of

1 mm, is not less than -30 nm/mm? and not more than 0 nm/mm?. The oxide layer on
the back side additionally prevents material from being deposited on the back side
while an epitaxial layer is being deposited on the front side, hence worsening the
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ESFQR. Therefore, the ESFQRmax of the semiconductor wafer is at most 10 nm, with
an edge exclusion of 1 mm and 72 sectors each having a length of 30 mm.

The diameter of a semiconductor wafer of the invention is preferably not less than
300 mm, more preferably 300 mm.

The production of a semiconductor wafer of the invention preferably comprises the
following steps:

providing of a substrate wafer of monocrystalline silicon;

producing of an oxide layer on the substrate wafer;

asymmetric double-sided polishing of the substrate wafer that partly removes the
oxide layer and restricts the extent thereof on the back side and on the surface of an
edge region of the substrate wafer;

CMP on the front side of the substrate wafer;

depositing of the epitaxial layer of monocrystalline silicon on the front side of the
substrate wafer; and

removing of the oxide layer from the substrate wafer.

According to the invention, the region of the edge and the back side of the substrate
wafer is masked with an oxide layer, and the CMP (chemical mechanical polishing)
step creates a mirror-polished front side of the substrate wafer consisting for the most
part of a main surface with uniform crystal orientation. The crystal orientation of the
main surface of the front side of the substrate wafer is preferably a {100} orientation or
a {110} orientation. The epitaxial layer is subsequently deposited on the front side.
There is now barely any occurrence of angle-dependent variations in the thickness of
the epitaxial layer. Such variations originate from the deposition of the epitaxial layer
on surfaces with different crystal orientation and at different deposition rates
associated therewith. The presence of the oxide layer prevents deposition of an
epitaxial layer thereon.

Asymmetric double-sided polishing here means double-sided polishing in which
material is removed more quickly on the front side than on the back side, and at the

end of which the oxide layer has been completely polished away from the front side,
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while it is still present on the back side. EP 0 857 542 A1, for example, describes how

asymmetric removal of material can be brought about.

The oxide layer is a layer of silicon dioxide and is preferably produced by means of
CVD, more preferably by means of AP-CVD (atmospheric pressure CVD).
Alternatively, the oxide layer can also be produced by means of LP-CVD (low
pressure CVD) or thermally. The oxide layer preferably has a thickness of not less
than 5 nm and not more than 100 nm. The substrate wafer is at first fully covered by
the oxide layer. Subsequently, the substrate wafer is subjected to asymmetric DSP
polishing, in the course of which the oxide layer on the front side of the substrate
wafer is removed, but the oxide is conserved on the back side and in the region of the
edge. This is followed by single-sided CMP polishing of the front side of the substrate
wafer. The result of this procedure is that no oxide layer is present any longer in the
CMP-polished regions of the substrate wafer.

The epitaxial layer is deposited on the front side of the substrate wafer which is free of
the oxide layer. Native oxide may be removed prior to the deposition of the epitaxial
layer by a treatment of the front side with hydrogen (Hz bake). On deposition of the
epitaxial layer, the substrate wafer lies on the susceptor of a CVD reactor such that
the front side is exposed to the deposition gas. Since the crystal orientation of the
front side is virtually uniform and is preferably a {100} crystal orientation or a {110}
crystal orientation, the epitaxial layer grows with a virtually uniform deposition rate on
the front side of the substrate wafer. Accordingly, the thickness of the epitaxial layer is
essentially uniform. Angle-dependent variation in the thickness of the epitaxial layer in
the edge region is virtually undetectable because the oxide layer is a barrier to

epitaxial deposition in the edge region that is the cause thereof.

The thickness of the epitaxial layer of silicon is preferably 1 to 15 um, more preferably
1 to 7 um. The deposition temperature is preferably in the range from 900°C to
1250°C. The deposition gas contains a silane, preferably trichlorosilane, as silicon
source and hydrogen.
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After the epitaxial layer has been deposited, the oxide layer is removed, preferably by
a wet-chemical route by means of a chemical containing hydrogen fluoride and
optionally hydrogen chloride and/or ammonium fluoride. The concentration of
hydrogen fluoride is preferably 0.2% by weight to 49% by weight. The wet-chemical
step may be part of a cleaning sequence, in the course of which the semiconductor
wafer is treated with further chemicals, for example with ozone water and/or with SC1
solution. In a departure from this, the oxide layer can also be removed under dry
conditions, for example by means of plasma etching or reactive ion etching (RIE).

Example:

A substrate wafer of monocrystalline silicon having a diameter of 300 mm and {100}
orientation of the front side was fully coated with an oxide layer in a CVD reactor.
Thereafter, the substrate wafer was subjected first to polishing by means of DSP (with
a hard (more material-removing) polishing cloth on the front side and a soft (less
material-removing) polishing cloth on the back side) and then to polishing of the front
side by means of CMP, and cleaned.

This was followed by the deposition of an epitaxial layer of monocrystalline silicon on
the front side of the substrate wafer by means of CVD in an Applied Materials
Centura® single-wafer reactor. The thickness of the epitaxial layer was 2.8 pm.
Subsequently, the oxide layer was removed from the edge and the back side of the
resultant epitaxially coated semiconductor wafer in a bath that contained hydrogen
fluoride.

The semiconductor wafer was cleaned and dried and subjected to a measurement of
edge geometry. With an edge exclusion of 1 mm and a division of the epitaxial layer
into 16 sectors, the average front side-based ZDD, measured with a KLA-Tencor
Wafersight instrument, was -27 nm/mm?; the ESFQRmax Was 8 nm with an edge

exclusion of 1 mm and 72 sectors each with length 30 mm.

Comparative example:

A further substrate wafer of monocrystalline silicon having the properties of that from
the example was coated as in the example with an epitaxial layer of monocrystalline
silicon. However, production of the oxide layer was omitted. Omitting this had a clear

adverse effect on the edge geometry of the resultant semiconductor wafer: the



corresponding front side-based average ZDD had a value of -120 nm/mm? and a
corresponding ESFQRyax of 23 nm.
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Claims

1. A semiconductor wafer of monocrystalline silicon, comprising a substrate wafer of
monocrystalline silicon and an epitaxial layer of monocrystalline silicon that lies on a
front side of the substrate wafer, said substrate wafer having a crystal orientation,
wherein an averaged front side-based ZDD of the semiconductor wafer, with a
division of the surface of the epitaxial layer into 16 sectors and an edge exclusion of 1
mm, is not less than -30 nm/mm? and not more than 0 nm/mm?2, and the ESFQRmax of
the semiconductor wafer, with an edge exclusion of 1 mm and 72 sectors each with a
length of 30 mm, is at most 10 nm.

2. The semiconductor wafer of monocrystalline silicon as claimed in claim 1, wherein
the crystal orientation is a {100} orientation.

3. The semiconductor wafer of monocrystalline silicon as claimed in claim 1 or claim
2, wherein the crystal orientation is a {110} orientation.

4. The semiconductor wafer of monocrystalline silicon as claimed in any of claims 1 to
3, characterized by a diameter of the semiconductor wafer of not less than 300 mm.





