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METHOD OF FORMING A SEMICONDUCTOR STRUCTURE
INCLUDING A VERTICAL NANOWIRE

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION5

Generally, the present disclosure relates to the field of integrated circuits, and, more

particularly, to integrated circuits including vertical nanowires.

2. DESCRIPTION OF THE RELATED ART

Integrated circuits typically include a large number of circuit elements, which include, in10

particular, field effect transistors. In a field effect transistor, a gate electrode is provided that

can be separated form a channel region by a gate insulation layer providing electrical insulation

between the gate electrode and the channel region. Adjacent the channel region, a source region

and a drain region are provided.

15

The channel region, the source region and the drain region can be formed of a

semiconductor material, wherein the doping of the channel region is different from the doping

of the source region and the drain region. Depending on an electric voltage applied to the gate

electrode, the field effect transistor can be switched between an on-state and an off-state.

20

Field effect transistors can be planar field effect transistors, wherein the source region,

the channel region and the drain region are formed in a semiconductor substrate or in a layer of

a semiconductor material provided above a substrate.  The source region, the channel region and

the drain region are arranged along a horizontal direction of the substrate that is substantially

perpendicular to a vertical direction being a thickness direction of the substrate. Above the25

channel region, a gate electrode is formed, and a gate insulation layer may be provided between
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the gate electrode and the channel region for electrically insulating the gate electrode from the

channel region.

For increasing the speed of operation of field effect transistors and for providing a

higher density of integration of integrated circuits including field effect transistors, a reduction5

of the size of the field effect transistors may be required. If the size of a planar field effect

transistor is reduced, a gate length corresponding to a distance between the source region and

the drain region of the transistor is also reduced. This can lead to short channel effects, which

include an increased leakage current and a worse sub-threshold slope of the field effect

transistor.10

For addressing some performance issues that can occur if planar field effect transistors

are employed in an integrated circuit, it has been proposed to use FinFET or tri-gate transistors,

respectively, instead of planar field effect transistors. In FinFET and tri-gate transistors, the

channel region and/or the source and drain regions, or portions of the source and drain regions,15

are formed in fins, which are elongated semiconductor elements extending along a horizontal

direction of a substrate on which the transistors are formed. The gate electrode can be formed

on two sides of the fins and, in the case of tri-gate transistors, also on top of the fins, so that the

gate electrode is provided on three sides of the fins.

20

Thus, an electric voltage applied to the gate electrode of a FinFET or tri-gate transistor is

provided on two or three sides of the channel region, respectively, which can improve the

controllability of the channel region. However, similar to planar transistors, in FinFET and tri-

gate transistors, the source, channel and drain regions are arranged along a horizontal direction

of the substrate, requiring a relatively large amount of space for providing electrical contacts to25

the source and drain regions and for the gate length.

25perpendicular to a vertical direction being a thickness direction of the
substrate. Above the channel region, a gate electrode is formed, and a gate
insulation layer may be provided between  the gate electrode and the
channel region for electrically insulating the gate electrode from the
channel region. For increasing the speed of operation of field effect
transistors and for providing a  5 higher density of integration of
integrated circuits including field effect transistors, a reduction of the
size of the field effect transistors may be required. If the size of a
planar field effect transistor is reduced, a gate length corresponding to a
distance between the source region and the drain region of the transistor
is also reduced. This can lead to short channel effects, which include an
increased leakage current and a worse sub-threshold slope of the field
effect 10transistor.       For addressing some performance issues that can
occur if planar field effect transistors are employed in an integrated
circuit, it has been proposed to use FinTET or tri-gate transistors,
respectively, instead of planar field effect transistors. In FinTET and
tri-gate transistors, the  15 channel region and/or the source and drain
regions, or portions of the source and drain regions, are formed in fins,
which are elongated semiconductor elements extending along a horizontal
direction of a substrate on which the transistors are formed. The gate
electrode can be formed on two sides of the fins and, in the case of
tri-gate transistors, also on top of the fins, so that the gate electrode
is provided on three sides of the fins. 20       Thus, an electric voltage
applied to the gate electrode of a FinFET or tri-gate transistor is
provided on two or three sides of the channel region, respectively, which
can improve the controllability of the channel region. However, similar to
planar transistors, in FinTET and trigate transistors, the source, channel
and drain regions are arranged along a horizontal direction 25of the
substrate, requiring a relatively large amount of space for providing
electrical contacts to 
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In view of the situation described above, methods that overcome or at least reduce some

or all of the above-mentioned issues are provided. In particular, the present disclosure provides

methods that may be employed for forming field effect transistors wherein the source, channel

and drain region are arranged along a vertical direction of a substrate on which the transistors5

are formed. This may allow a reduction of the extension of the field effect transistors in

horizontal directions of the substrate, without requiring a scaling of the gate length of the

transistors. Furthermore, the present disclosure provides methods that may allow the formation

of field effect transistors having an improved controllability of the channel.

10

SUMMARY OF THE INVENTION

The following presents a simplified summary of the invention in order to provide a

basic understanding of some aspects of the invention.  This summary is not an exhaustive

overview of the invention. It is not intended to identify key or critical elements of the

invention or to delineate the scope of the invention.  Its sole purpose is to present some15

concepts in a simplified form as a prelude to the more detailed description that is discussed

later.

An illustrative method disclosed herein includes providing a semiconductor structure.

The semiconductor structure includes a substrate and a nanowire provided above the substrate.20

The nanowire includes a first semiconductor material and extends in a vertical direction of the

substrate. A material layer annularly enclosing the nanowire is formed above the substrate. A

first part of the nanowire is selectively removed relative to the material layer. A second part of

the nanowire is not removed. A distal end of the second part of the nanowire distal from the

substrate is closer to the substrate than a surface of the material layer, so that the semiconductor25

structure has a recess at a location of the nanowire. The distal end of the nanowire is exposed at

the source and drain regions and for the gate length.         In view of
the situation described above, methods that overcome or at least reduce
some or all of the above-mentioned issues are provided. In particular, the
present disclosure provides methods that may be employed for forming field
effect transistors wherein the source, channel 5 and drain region are
arranged along a vertical direction of a substrate on which the transistors
are formed. This may allow a reduction of the extension of the field effect
transistors in horizontal directions of the substrate, without requiring a
scaling of the gate length of the transistors. Furthermore, the present
disclosure provides methods that may allow the formation of field effect
transistors having an improved controllability of the channel. 10 SUMMARY
OF THE INVENTION        The following presents a simplified summary of the
invention in order to provide a basic understanding of some aspects of the
invention. This summary is not an exhaustive overview of the invention. It
is not intended to identify key or critical elements of the 15 invention or
to delineate the scope of the invention. Its sole purpose is to present
some concepts in a simplified form as a prelude to the more detailed
description that is discussed later. An illustrative method disclosed
herein includes providing a semiconductor structure. 20 The semiconductor
structure includes a substrate and a nanowire provided above the substrate.
The nanowire includes a first semiconductor material and extends in a
vertical direction of the substrate. A material layer annularly enclosing
the nanowire is formed above the substrate. A first part of the nanowire is
selectively removed relative to the material layer. A second part of the
nanowire is not removed. A distal end of the second part of the nanowire
distal from the 25substrate is closer to the substrate than a surface of
the material layer, so that the semiconductor structure has a recess at a
location of the nanowire. The distal end of the nanowire is exposed at 
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the bottom of the recess. The recess is filled with a second semiconductor material. The second

semiconductor material is differently doped than the first semiconductor material.

A further illustrative method disclosed herein includes providing a semiconductor-on-

insulator structure including a substrate, a dielectric layer on the substrate and a first5

semiconductor layer on the dielectric layer. A thickness of the first semiconductor layer is

reduced. After reducing the thickness of the first semiconductor layer, a second semiconductor

layer is epitaxially deposited on the first semiconductor layer. The second semiconductor layer

includes a first portion provided on the first semiconductor layer and a second portion provided

on the first portion of the second semiconductor layer. A doping of the first portion of the10

second semiconductor layer is different from a doping of the second portion of the second

semiconductor layer. The second portion of the second semiconductor layer is patterned. The

patterning forms a nanowire extending in a vertical direction of the substrate. A part of the first

portion of the semiconductor layer that is adjacent the nanowire and is not covered by the

nanowire remains in the semiconductor structure.15

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the following description taken in

conjunction with the accompanying drawings, in which like reference numerals identify like

elements, and in which:20

Figure 1 shows a schematic cross-sectional view of a semiconductor structure in a stage

of a method according to the present disclosure;

Figure 2 shows a schematic cross-sectional view of a semiconductor structure in a stage25

of a method according to the present disclosure;

the bottom of the recess. The recess is filled with a second semiconductor
material. The second semiconductor material is differently doped than the
first semiconductor material. A further illustrative method disclosed
herein includes providing a semiconductor-on-  5 insulator structure
including a substrate, a dielectric layer on the substrate and a first
semiconductor layer on the dielectric layer. A thickness of the first
semiconductor layer is reduced. After reducing the thickness of the first
semiconductor layer, a second semiconductor layer is epitaxially deposited
on the first semiconductor layer. The second semiconductor layer includes a
first portion provided on the first semiconductor layer and a second
portion provided  10 on the first portion of the second semiconductor
layer. A doping of the first portion of the second semiconductor layer is
different from a doping of the second portion of the second semiconductor
layer. The second portion of the second semiconductor layer is patterned.
The patterning forms a nanowire extending in a vertical direction of the
substrate. A part of the first portion of the semiconductor layer that is
adjacent the nanowire and is not covered by the 15nanowire remains in the
semiconductor structure. BRIEF DESCRIPTION OF THE DRAWINGS            The
disclosure may be understood by reference to the following description
taken in conjunction with the accompanying drawings, in which like
reference numerals identify like 20elements, and in which:       Figure 1
shows a schematic cross-sectional view of a semiconductor structure in a
stage of a method according to the present disclosure; 25Figure 2 shows a
schematic cross-sectional view of a semiconductor structure in a stage of a
method according to the present disclosure;  
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Figures 3a and 3b show schematic views of a semiconductor structure in a stage of a

method according to the present disclosure, wherein Figure 3a shows a schematic top view and

Figure 3b shows a schematic cross-sectional view;

5

Figure 4 shows a schematic cross-sectional view of a semiconductor structure in a stage

of a method according to the present disclosure;

Figure 5 shows a schematic cross-sectional view of a semiconductor structure in a stage

of a method according to the present disclosure;10

Figures 6a and 6b show schematic views of a semiconductor structure in a stage of a

method according to the present disclosure, wherein Figure 6a shows a schematic top view and

Figure 6b shows a schematic cross-sectional view;

15

Figure 7 shows a schematic cross-sectional view of a semiconductor structure in a stage

of a method according to the present disclosure;

Figure 8 shows a schematic cross-sectional view of a semiconductor structure in a stage

of a method according to the present disclosure;20

Figure 9 shows a schematic cross-sectional view of a semiconductor structure in a stage

of a method according to the present disclosure; and

Figures 3a and 3b show schematic views of a semiconductor structure in a
stage of a method according to the present disclosure, wherein Figure 3a
shows a schematic top view and Figure 3b shows a schematic cross-sectional
view; 5       Figure 4 shows a schematic cross-sectional view of a
semiconductor structure in a stage of a method according to the present
disclosure;               Figure 5 shows a schematic cross-sectional view
of a semiconductor structure in a stage 10of a method according to the
present disclosure;       Figures 6a and 6b show schematic views of a
semiconductor structure in a stage of a method according to the present
disclosure, wherein Figure 6a shows a schematic top view and Figure 6b
shows a schematic cross-sectional view; 15       Figure 7 shows a schematic
cross-sectional view of a semiconductor structure in a stage of a method
according to the present disclosure;               Figure 8 shows a
schematic cross-sectional view of a semiconductor structure in a stage 20of
a method according to the present disclosure;       Figure 9 shows a
schematic cross-sectional view of a semiconductor structure in a stage of a
method according to the present disclosure; and         Figures 10a-10c
show schematic views of a semiconductor structure in a stage of a method
according to the present disclosure, wherein Figure 10a shows a schematic
top view and Figures 10b and 10c show schematic cross-sectional views.
5While the subject matter disclosed herein is susceptible to various
modifications and 
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Figures 10a-10c show schematic views of a semiconductor structure in a stage of a

method according to the present disclosure, wherein Figure 10a shows a schematic top view and

Figures 10b and 10c show schematic cross-sectional views.

While the subject matter disclosed herein is susceptible to various modifications and5

alternative forms, specific embodiments thereof have been shown by way of example in the

drawings and are herein described in detail.  It should be understood, however, that the

description herein of specific embodiments is not intended to limit the invention to the

particular forms disclosed, but on the contrary, the intention is to cover all modifications,

equivalents, and alternatives falling within the spirit and scope of the invention as defined10

by the appended claims.

DETAILED DESCRIPTION

Various illustrative embodiments of the invention are described below.  In the

interest of clarity, not all features of an actual implementation are described in this15

specification.  It will of course be appreciated that in the development of any such actual

embodiment, numerous implementation-specific decisions must be made to achieve the

developers’ specific goals, such as compliance with system-related and business-related

constraints, which will vary from one implementation to another.  Moreover, it will be

appreciated that such a development effort might be complex and time-consuming, but20

would nevertheless be a routine undertaking for those of ordinary skill in the art having the

benefit of this disclosure.

The following embodiments are described in sufficient detail to enable those skilled

in the art to make and use the invention.  It is to be understood that other embodiments25

alternative forms, specific embodiments thereof have been shown by way of
example in the drawings and are herein described in detail. It should be
understood, however, that the description herein of specific embodiments is
not intended to limit the invention to the particular forms disclosed, but
on the contrary, the intention is to cover all modifications,
10equivalents, and alternatives falling within the spirit and scope of the
invention as defined by the appended claims. DETAILED DESCRIPTION  Various
illustrative embodiments of the invention are described below. In the  15
interest of clarity, not all features of an actual implementation are
described in this specification. It will of course be appreciated that in
the development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve the developers'
specific goals, such as compliance with system-related and business-related
constraints, which will vary from one implementation to another. Moreover,
it will be  20 appreciated that such a development effort might be complex
and time-consuming, but would nevertheless be a routine undertaking for
those of ordinary skill in the art having the benefit of this disclosure.
The following embodiments are described in sufficient detail to enable
those skilled 25in the art to make and use the invention. It is to be
understood that other embodiments would be evident based on the present
disclosure, and that system, structure, process or mechanical changes may
be made without departing from the scope of the present disclosure. In the
following description, numerous specific details are given to provide a
thorough understanding of the disclosure. However, it will be apparent that
the  5 embodiments of the disclosure may be practiced without these
specific details. In order to avoid obscuring the present disclosure, some
well-known circuits, system configurations, structure configurations and
process steps are not disclosed in detail. Figure 1 shows a schematic
cross-sectional view of a semiconductor structure 100 in a 
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would be evident based on the present disclosure, and that system, structure, process or

mechanical changes may be made without departing from the scope of the present

disclosure.  In the following description, numerous specific details are given to provide a

thorough understanding of the disclosure.  However, it will be apparent that the

embodiments of the disclosure may be practiced without these specific details.  In order to5

avoid obscuring the present disclosure, some well-known circuits, system configurations,

structure configurations and process steps are not disclosed in detail.

Figure 1 shows a schematic cross-sectional view of a semiconductor structure 100 in a

stage of a method according to an embodiment. The semiconductor structure 100 includes a10

substrate 101 that may be formed of a semiconductor material, for example, silicon. The

substrate 101 has a thickness direction 130 (vertical in the plane of drawing of Figure 1) or

vertical direction, respectively. An extension of the substrate 101 in the vertical direction 130

may be smaller than extensions of the substrate 101 in a first horizontal direction 128 and a

second horizontal direction 129 which are perpendicular to each other and to the vertical15

direction 130 of the substrate 101.

In the figures, directions that are perpendicular to the plane of drawing are shown as

arrows, a direction pointing towards the viewer is shown as a circle with a dot, and a direction

pointing away from the viewer is shown as a circle with an “x”.20

The substrate 101 may have a top surface and a bottom surface that are substantially

perpendicular to the vertical direction 130 of the substrate 101. The substrate 101 may have the

shape of a disc or a plate.

25

10 stage of a method according to an embodiment. The semiconductor
structure 100 includes a substrate 101 that may be formed of a
semiconductor material, for example, silicon. The substrate 101 has a
thickness direction 130 (vertical in the plane of drawing of Figure 1) or
vertical direction, respectively. An extension of the substrate 101 in the
vertical direction 130 may be smaller than extensions of the substrate 101
in a first horizontal direction 128 and a 15second horizontal direction 129
which are perpendicular to each other and to the vertical direction 130 of
the substrate 101.           In the figures, directions that are
perpendicular to the plane of drawing are shown as arrows, a direction
pointing towards the viewer is shown as a circle with a dot, and a
direction 20pointing away from the viewer is shown as a circle with an
The substrate 101 may have a top surface and a bottom surface that are
substantially perpendicular to the vertical direction 130 of the substrate
101. The substrate 101 may have the shape of a disc or a plate. 25
The semiconductor structure 100 further includes a semiconductor layer 103
and a dielectric layer 102. The dielectric layer 102 is provided between
the semiconductor layer 103 and the substrate 101. The dielectric layer 102
separates the semiconductor layer 103 from the substrate 101, and provides
electrical insulation between the semiconductor layer 103 and the  5
substrate 101. The dielectric layer 102 may include a dielectric material
such as silicon dioxide, silicon oxynitride and/or silicon nitride, and the
semiconductor layer 103 may include a semiconductor material, such as
silicon, silicon/germanium, silicon carbide and/or a III-V semiconductor
such as gallium arsenide. The semiconductor layer 103 may be substantially
undoped. The substrate 101, the dielectric layer 102 and the semiconductor
layer 103 form a 10semiconductor-on-insulator (SOT) structure.       The
semiconductor structure 100 further includes a trench isolation structure
104. The trench isolation structure 104 may be a shallow trench isolation
structure. The trench isolation structure 104 may enclose the portion of
the semiconductor layer 103 shown in Figure 1 and 15may provide electrical
insulation between the enclosed portion of the semiconductor layer 103 
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The semiconductor structure 100 further includes a semiconductor layer 103 and a

dielectric layer 102. The dielectric layer 102 is provided between the semiconductor layer 103

and the substrate 101.  The dielectric layer 102 separates the semiconductor layer 103 from the

substrate 101, and provides electrical insulation between the semiconductor layer 103 and the

substrate 101. The dielectric layer 102 may include a dielectric material such as silicon dioxide,5

silicon oxynitride and/or silicon nitride, and the semiconductor layer 103 may include a

semiconductor material, such as silicon, silicon/germanium, silicon carbide and/or a III-V

semiconductor such as gallium arsenide. The semiconductor layer 103 may be substantially

undoped. The substrate 101, the dielectric layer 102 and the semiconductor layer 103 form a

semiconductor-on-insulator (SOI) structure.10

The semiconductor structure 100 further includes a trench isolation structure 104. The

trench isolation structure 104 may be a shallow trench isolation structure. The trench isolation

structure 104 may enclose the portion of the semiconductor layer 103 shown in Figure 1 and

may provide electrical insulation between the enclosed portion of the semiconductor layer 10315

and other portions of the semiconductor layer 103 that are not shown in Figure 1.

The formation of the semiconductor structure 100 may include applying techniques for

forming a semiconductor-on-insulator structure that may include providing a first semiconductor

wafer and a second semiconductor wafer. The first semiconductor wafer includes the20

semiconductor material of the substrate 101 and the second semiconductor wafer includes the

semiconductor material of the semiconductor layer 103. One of the wafers, or both wafers, may

have a layer of the dielectric material of the dielectric layer 102 formed thereon. The wafers

may be bonded to each other, wherein the dielectric layer 102 is located between the wafers.

Then, the second wafer including the semiconductor material of the semiconductor layer 10325

may be cleaved. Thereafter, a polishing process, for example, chemical mechanical polishing

and other portions of the semiconductor layer 103 that are not shown in
Figure 1.       The formation of the semiconductor structure 100 may
include applying techniques for forming a semiconductor-on-insulator
structure that may include providing a first semiconductor  20 wafer and a
second semiconductor wafer. The first semiconductor wafer includes the
semiconductor material of the substrate 101 and the second semiconductor
wafer includes the semiconductor material of the semiconductor layer 103.
One of the wafers, or both wafers, may have a layer of the dielectric
material of the dielectric layer 102 formed thereon. The wafers may be
bonded to each other, wherein the dielectric layer 102 is located between
the wafers. 25Then, the second wafer including the semiconductor material
of the semiconductor layer 103 may be cleaved. Thereafter, a polishing
process, for example, chemical mechanical polishing  (CMP), may be
performed to provide a substantially smooth surface of the semiconductor
layer 103.           After the formation of the semiconductor-on-insulator
structure, the trench isolation 5structure 104 may be formed by means of
processes for forming a shallow trench isolation including
photolithography, etching, oxidation and/or deposition.       In the
configuration shown in Figure 1, the semiconductor layer 103 may have a
thickness in a range from about 10 nm, corresponding to a thickness of a
semiconductor layer in  10 an ultra-thin body semiconductor-on-insulator
wafer (UTB-SOI-wafer), to about 100 nm, corresponding to a thickness of a
semiconductor layer in a normal semiconductor-on-insulator wafer. 
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(CMP), may be performed to provide a substantially smooth surface of the semiconductor layer

103.

After the formation of the semiconductor-on-insulator structure, the trench isolation

structure 104 may be formed by means of processes for forming a shallow trench isolation5

including photolithography, etching, oxidation and/or deposition.

In the configuration shown in Figure 1, the semiconductor layer 103 may have a

thickness in a range from about 10 nm, corresponding to a thickness of a semiconductor layer in

an ultra-thin body semiconductor-on-insulator wafer (UTB-SOI-wafer), to about 100 nm,10

corresponding to a thickness of a semiconductor layer in a normal semiconductor-on-insulator

wafer.

Figure 2 shows a schematic cross-sectional view of the semiconductor structure 100 in a

later stage of the manufacturing process. A thickness of the semiconductor layer 103, being an15

extension of the semiconductor layer 103 in the vertical direction 130, may be reduced. After

the reduction of the thickness of the semiconductor layer 103, the semiconductor layer 103 may

have a thickness in a range from about 5-10 nm.

The reduction of the thickness of the semiconductor layer 103 may include an etch20

process adapted to selectively remove the semiconductor material of the semiconductor layer

103 relative to the material of the trench isolation structure 104. In the selective etching of a

first material relative to a second material, both materials are exposed to an etchant adapted to

remove the first material at a greater etch rate than the second material. The etch rate of a

material specifies a thickness of a portion of a layer of the material that is removed per time unit25

Figure 2 shows a schematic cross-sectional view of the semiconductor
structure 100 in a  15 later stage of the manufacturing process. A
thickness of the semiconductor layer 103, being an extension of the
semiconductor layer 103 in the vertical direction 130, may be reduced.
After the reduction of the thickness of the semiconductor layer 103, the
semiconductor layer 103 may have a thickness in a range from about 5-10 nm.
20The reduction of the thickness of the semiconductor layer 103 may include
an etch process adapted to selectively remove the semiconductor material of
the semiconductor layer 103 relative to the material of the trench
isolation structure 104. In the selective etching of a first material
relative to a second material, both materials are exposed to an etchant
adapted to remove the first material at a greater etch rate than the second
material. The etch rate of a 25material specifies a thickness of a portion
of a layer of the material that is removed per time unit  when the material
is exposed to the etchant, wherein the thickness is measured in a direction
perpendicular to the surface of the material. The etch process used for
reducing the thickness of the semiconductor layer 103 may be  5 a dry etch
process, for example, a reactive ion etch (RIE) process adapted to
selectively remove the material of the semiconductor layer 103 relative to
the material of the trench isolation structure 104. For example, in
embodiments wherein the semiconductor layer 103 includes silicon and the
trench isolation structure 104 includes silicon dioxide, the etch process
may be a reactive ion etch process wherein an etch gas including CF4 is
used. The thickness of the  10 semiconductor layer 103 need not be reduced
by means of an etch process. Alternatively or additionally, a chemical
mechanical polishing process may be used. In chemical mechanical polishing,
the semiconductor structure 100 is moved relative to a polishing pad, and a
slurry is supplied to an interface between the semiconductor structure 100
and the polishing pad. Materials on the surface of the semiconductor
structure 100, in particular the material of the  15 semiconductor layer
103, are removed by chemical reactions between the material of the
semiconductor layer 103 and chemical compounds in the slurry and/or by
mechanical interactions between the material of the semiconductor layer 103
and the polishing pad. In the chemical mechanical polishing process, a part
of the trench isolation structure 104 may also be removed, so that the
thickness of the trench isolation structure is reduced. 20 
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when the material is exposed to the etchant, wherein the thickness is measured in a direction

perpendicular to the surface of the material.

The etch process used for reducing the thickness of the semiconductor layer 103 may be

a dry etch process, for example, a reactive ion etch (RIE) process adapted to selectively remove5

the material of the semiconductor layer 103 relative to the material of the trench isolation

structure 104. For example, in embodiments wherein the semiconductor layer 103 includes

silicon and the trench isolation structure 104 includes silicon dioxide, the etch process may be a

reactive ion etch process wherein an etch gas including CF4 is used. The thickness of the

semiconductor layer 103 need not be reduced by means of an etch process. Alternatively or10

additionally, a chemical mechanical polishing process may be used. In chemical mechanical

polishing, the semiconductor structure 100 is moved relative to a polishing pad, and a slurry is

supplied to an interface between the semiconductor structure 100 and the polishing pad.

Materials on the surface of the semiconductor structure 100, in particular the material of the

semiconductor layer 103, are removed by chemical reactions between the material of the15

semiconductor layer 103 and chemical compounds in the slurry and/or by mechanical

interactions between the material of the semiconductor layer 103 and the polishing pad. In the

chemical mechanical polishing process, a part of the trench isolation structure 104 may also be

removed, so that the thickness of the trench isolation structure is reduced.

20

After the reduction of the thickness of the semiconductor layer 103, an epitaxial growth

process may be performed for epitaxially depositing a semiconductor layer 105 on the

semiconductor layer 103. Due to the epitaxial deposition of the semiconductor layer 105, the

semiconductor material of the semiconductor layer 105 may adapt to the crystalline structure of

the semiconductor material of the semiconductor layer 103. Thus, a substantially single-25

crystalline structure of the semiconductor layer 105 may be obtained.

After the reduction of the thickness of the semiconductor layer 103, an
epitaxial growth process may be performed for epitaxially depositing a
semiconductor layer 105 on the semiconductor layer 103. Due to the
epitaxial deposition of the semiconductor layer 105, the semiconductor
material of the semiconductor layer 105 may adapt to the crystalline
structure of 25the semiconductor material of the semiconductor layer 103.
Thus, a substantially single- crystalline structure of the semiconductor
layer 105 may be obtained.         The epitaxial growth process may be
adapted for selectively depositing semiconductor material on the
semiconductor layer 103, wherein substantially no semiconductor material is
deposited on exposed surface portions of the trench isolation structure 104
and/or only a small 5amount of semiconductor material is deposited on
exposed surface portions of the trench isolation structure 104.       In
some embodiments, portions of the semiconductor structure 100 on which no
semiconductor material is to be deposited (not shown in Figure 1) may be
covered by a mask,  10 for example, a hardmask including silicon nitride or
silicon dioxide, while the semiconductor layer 105 is deposited. Due to the
selectivity of the epitaxial growth process, substantially no semiconductor
material or only a small amount of semiconductor material is deposited on
the mask. Moreover, the portion of the semiconductor structure 100 shown in
Figure 2 may be covered by a mask while a selective epitaxial growth
process for depositing semiconductor 15material in other portions of the
semiconductor structure is performed.       Thus, different semiconductor
materials and/or differently doped semiconductor material may be provided
in different portions of the semiconductor structure 100. Differently doped
semiconductor materials may be used for forming N-channel transistors and
P-channel 20transistors in portions of the semiconductor structure 100. 
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The epitaxial growth process may be adapted for selectively depositing semiconductor

material on the semiconductor layer 103, wherein substantially no semiconductor material is

deposited on exposed surface portions of the trench isolation structure 104 and/or only a small

amount of semiconductor material is deposited on exposed surface portions of the trench5

isolation structure 104.

In some embodiments, portions of the semiconductor structure 100 on which no

semiconductor material is to be deposited (not shown in Figure 1) may be covered by a mask,

for example, a hardmask including silicon nitride or silicon dioxide, while the semiconductor10

layer 105 is deposited.  Due to the selectivity of the epitaxial growth process, substantially no

semiconductor material or only a small amount of semiconductor material is deposited on the

mask. Moreover, the portion of the semiconductor structure 100 shown in Figure 2 may be

covered by a mask while a selective epitaxial growth process for depositing semiconductor

material in other portions of the semiconductor structure is performed.15

Thus, different semiconductor materials and/or differently doped semiconductor

material may be provided in different portions of the semiconductor structure 100.  Differently

doped semiconductor materials may be used for forming N-channel transistors and P-channel

transistors in portions of the semiconductor structure 100.20

The selective epitaxial growth process may be a chemical vapor deposition process or a

plasma enhanced chemical vapor deposition process, wherein parameters of the deposition

process, such as composition and pressure of a reactant gas, temperature and/or a power of an

electric discharge created in the reactant gas, are adapted such that a selective deposition of25

semiconductor material on the semiconductor layer 103 is obtained.

The selective epitaxial growth process may be a chemical vapor deposition
process or a plasma enhanced chemical vapor deposition process, wherein
parameters of the deposition process, such as composition and pressure of a
reactant gas, temperature and/or a power of an 25electric discharge created
in the reactant gas, are adapted such that a selective deposition of
semiconductor material on the semiconductor layer 103 is obtained.
For example, in embodiments wherein the semiconductor layers 103, 105
include silicon, the selective epitaxial growth process used for forming
the semiconductor layer 105 on the semiconductor layer 103 may be a
chemical vapor deposition process or plasma enhanced  5 chemical vapor
deposition process wherein an etch gas including a chemical compound
including silicon and chlorine, for example SiC14, SiHC13 and/or SiH2C12,
is used. Alternatively, the etch gas can include a mixture of a chemical
compound including silicon, for example, SifI4, and a substance including
chloride, for example, HC1 and/or C12. 10The chlorine may react chemically
with silicon atoms on the surface of the trench isolation structure 104
and/or the mask, wherein gaseous reaction products that are not bound to
the surface are formed so that the silicon atoms are removed. Silicon atoms
deposited on the surface of the semiconductor layer 103 and/or on silicon
already deposited on the semiconductor layer 103 react with chlorine to a
lower extent, so that growth of silicon is obtained on the 15surface of the
semiconductor layer 103.       The selective epitaxial growth process need
not be a chemical vapor deposition process or a plasma enhanced chemical
vapor deposition process. Alternatively, molecular beam epitaxy (MBE) or
metal organic chemical vapor deposition (MOCVD) may be used. 20       The
semiconductor layer 105 may include portions 106, 107, wherein a doping of
the portion 106 is different from a doping of the portion 107. The portion
106 may be provided between the semiconductor layer 103 and the portion 107
of the semiconductor layer 105 and may be P-doped or N-doped. In some
embodiments, the portion 106 of the semiconductor layer 25105 may include
an N-type dopant, such as arsenic (As), or a P-type dopant, such as boron
(B). 
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For example, in embodiments wherein the semiconductor layers 103, 105 include

silicon, the selective epitaxial growth process used for forming the semiconductor layer 105 on

the semiconductor layer 103 may be a chemical vapor deposition process or plasma enhanced

chemical vapor deposition process wherein an etch gas including a chemical compound5

including silicon and chlorine, for example SiCl4, SiHCl3 and/or SiH2Cl2, is used.  Alternatively,

the etch gas can include a mixture of a chemical compound including silicon, for example, SiH4,

and a substance including chloride, for example, HCl and/or Cl2.

The chlorine may react chemically with silicon atoms on the surface of the trench10

isolation structure 104 and/or the mask, wherein gaseous reaction products that are not bound to

the surface are formed so that the silicon atoms are removed. Silicon atoms deposited on the

surface of the semiconductor layer 103 and/or on silicon already deposited on the semiconductor

layer 103 react with chlorine to a lower extent, so that growth of silicon is obtained on the

surface of the semiconductor layer 103.15

The selective epitaxial growth process need not be a chemical vapor deposition process

or a plasma enhanced chemical vapor deposition process. Alternatively, molecular beam

epitaxy (MBE) or metal organic chemical vapor deposition (MOCVD) may be used.

20

The semiconductor layer 105 may include portions 106, 107, wherein a doping of the

portion 106 is different from a doping of the portion 107. The portion 106 may be provided

between the semiconductor layer 103 and the portion 107 of the semiconductor layer 105 and

may be P-doped or N-doped. In some embodiments, the portion 106 of the semiconductor layer

105 may include an N-type dopant, such as arsenic (As), or a P-type dopant, such as boron (B).25

A concentration of the dopant may be in a range from about 1015 cm-3 to about the solid

A concentration of the dopant may be in a range from about 1015 cm3 to
about the solid  solubility limit of each dopant (which can be
approximately 10213), for example about 1020 cm 3. The portion 107 of the
semiconductor layer 105 that is provided above the portion 106 may be
substantially undoped or the portion 107 may be doped inversely to the
doping of the portion 106 of the semiconductor layer 105. In embodiments
wherein the portion 107 of the  5 semiconductor layer 105 is doped
inversely to the doping of the portion 106, the portion 107 may be P-doped
if the portion 106 is N-doped, and the portion 107 may be N-doped if the
portion 106 is P-doped. As will be detailed in the following, a transistor
may be formed in the semiconductor  10 structure 100, wherein a drain
region of the transistor is formed from the portion 106 of the
semiconductor layer 105, and a channel region is formed from the portion
107. In embodiments wherein the transistor to be formed is an N-type
transistor, the portion 106 of the semiconductor layer 105 may be N-doped,
and in embodiments wherein the transistor to be formed is a P-channel
transistor, the portion 106 of the semiconductor layer 105 may be P-doped.
15       A thickness of the portion 106 of the semiconductor layer 105,
measured in the vertical direction 130 of the substrate 101 (vertical in
the plane of drawing of Figure 2) may be greater than the reduced thickness
of the semiconductor layer 103 that is obtained after reducing the
thickness of the first semiconductor layer 103. 20 
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solubility limit of each dopant (which can be approximately 1021 cm-3), for example about 1020

cm-3. The portion 107 of the semiconductor layer 105 that is provided above the portion 106

may be substantially undoped or the portion 107 may be doped inversely to the doping of the

portion 106 of the semiconductor layer 105. In embodiments wherein the portion 107 of the

semiconductor layer 105 is doped inversely to the doping of the portion 106, the portion 1075

may be P-doped if the portion 106 is N-doped, and the portion 107 may be N-doped if the

portion 106 is P-doped.

As will be detailed in the following, a transistor may be formed in the semiconductor

structure 100, wherein a drain region of the transistor is formed from the portion 106 of the10

semiconductor layer 105, and a channel region is formed from the portion 107. In embodiments

wherein the transistor to be formed is an N-type transistor, the portion 106 of the semiconductor

layer 105 may be N-doped, and in embodiments wherein the transistor to be formed is a

P-channel transistor, the portion 106 of the semiconductor layer 105 may be P-doped.

15

A thickness of the portion 106 of the semiconductor layer 105, measured in the vertical

direction 130 of the substrate 101 (vertical in the plane of drawing of Figure 2) may be greater

than the reduced thickness of the semiconductor layer 103 that is obtained after reducing the

thickness of the first semiconductor layer 103.

20

In some embodiments, the thickness of the portion 106 of the semiconductor layer 105

may be greater than five times the reduced thickness of the semiconductor layer 103 and/or

greater than ten times the reduced thickness of the semiconductor layer 103. For example, the

reduced thickness of the semiconductor layer 103 may be in a range from about 5-10 nm, and

the portion 106 of the semiconductor layer 105 may have a thickness in a range from about 50-25

60 nm.

In some embodiments, the thickness of the portion 106 of the semiconductor
layer 105 may be greater than five times the reduced thickness of the
semiconductor layer 103 and/or greater than ten times the reduced thickness
of the semiconductor layer 103. For example, the reduced thickness of the
semiconductor layer 103 may be in a range from about 5-10 nm, and 25the
portion 106 of the semiconductor layer 105 may have a thickness in a range
from about 50- 60 nm.         Thus, a drain region of the transistor formed
in the semiconductor structure 100 that is located close to the dielectric
layer 102 may be obtained. A relatively low thickness of the portion of the
semiconductor layer 103 remaining in the semiconductor structure 100 after
the  5 reduction of the thickness of the semiconductor layer 103 may be
sufficient to provide a substantially single crystalline structure of the
semiconductor layer 105, while having only a small or substantially no
influence on the electric characteristics of the transistor. The thickness
of the portion 107 of the semiconductor layer 105 may be greater than the
10 thickness of the portion 106 of the semiconductor layer 105 and/or
greater than twice the thickness of the portion 106. In some embodiments,
the portion 107 of the semiconductor layer 105 may have a thickness in a
range from about 130-150 nm, for example, a thickness of about 140 nm.
15The thickness of the portion 107 of the semiconductor layer may be
greater than a sum of a gate length and a thickness of a source spacer of a
transistor to be formed in the semiconductor structure 100. In an
embodiment, the gate length may be approximately 26 nm (22nm-Node), the
thickness of the source spacer may be approximately 20 nm and the thickness
of the portion 107 of the semiconductor layer 105 may be approximately 140
nm 20to provide additional tolerance. The gate length and the source spacer
will be explained below. 
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Thus, a drain region of the transistor formed in the semiconductor structure 100 that is

located close to the dielectric layer 102 may be obtained. A relatively low thickness of the

portion of the semiconductor layer 103 remaining in the semiconductor structure 100 after the

reduction of the thickness of the semiconductor layer 103 may be sufficient to provide a5

substantially single crystalline structure of the semiconductor layer 105, while having only a

small or substantially no influence on the electric characteristics of the transistor.

The thickness of the portion 107 of the semiconductor layer 105 may be greater than the

thickness of the portion 106 of the semiconductor layer 105 and/or greater than twice the10

thickness of the portion 106. In some embodiments, the portion 107 of the semiconductor layer

105 may have a thickness in a range from about 130-150 nm, for example, a thickness of about

140 nm.

The thickness of the portion 107 of the semiconductor layer may be greater than  a sum15

of a gate length and a thickness of a source spacer of a transistor to be formed in the

semiconductor structure 100. In an embodiment, the gate length may be approximately 26

nm (22nm-Node), the thickness of the source spacer may be approximately 20 nm and the

thickness of the portion 107 of the semiconductor layer 105 may be approximately 140 nm

to provide additional tolerance.  The gate length and the source spacer will be explained20

below.

The doping of the portions 106, 107 of the semiconductor layer 105 may be provided by

in situ doping the material of the semiconductor layer 105 during the deposition process.  For

this purpose, a dopant or a chemical compound comprising the dopant may be supplied during25

the deposition of the material of the semiconductor layer, so that the dopant is included into the

The doping of the portions 106, 107 of the semiconductor layer 105 may be
provided by in situ doping the material of the semiconductor layer 105
during the deposition process. For 25this purpose, a dopant or a chemical
compound comprising the dopant may be supplied during the deposition of the
material of the semiconductor layer, so that the dopant is included into
the  semiconductor layer 105.For forming a substantially undoped portion
107 of the semiconductor layer 105, a supply of dopant or chemical compound
comprising a dopant may be omitted during the formation of the portion 107.
5Figures 3a and 3b show schematic views of the semiconductor structure 100
in a later stage of the manufacturing process. Figure 3a shows a schematic
top view, and Figure 3b shows a schematic cross-sectional view along the
line A-A in Figure 3a, corresponding to the cross-sectional views shown in
Figures 1 and 2. 10A first patterning of the portion of the semiconductor
layer 105 enclosed by the trench isolation structure 104 is performed. In
the first patterning process, a dummy structure 108 is formed on the
semiconductor layer 105. The dummy structure 108 may include silicon
nitride. Alternatively, the dummy structure 108 may include silicon dioxide
or silicon oxynitride. The dummy structure 108 may have an elongated shape,
wherein an extension of the dummy  15 structure 108 in the first horizontal
direction 128 (horizontal in the view of Figure 3a) is greater than an
extension of the dummy structure 108 in the second horizontal direction 129
(vertical in the view of Figure 3a). In the first horizontal direction 128,
the dummy structure 108 may extend across the 
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semiconductor layer 105.  For forming a substantially undoped portion 107 of the

semiconductor layer 105, a supply of dopant or chemical compound comprising a dopant may

be omitted during the formation of the portion 107.

Figures 3a and 3b show schematic views of the semiconductor structure 100 in a later5

stage of the manufacturing process. Figure 3a shows a schematic top view, and Figure 3b shows

a schematic cross-sectional view along the line A-A in Figure 3a, corresponding to the cross-

sectional views shown in Figures 1 and 2.

A first patterning of the portion of the semiconductor layer 105 enclosed by the trench10

isolation structure 104 is performed.  In the first patterning process, a dummy structure 108 is

formed on the semiconductor layer 105. The dummy structure 108 may include silicon nitride.

Alternatively, the dummy structure 108 may include silicon dioxide or silicon oxynitride. The

dummy structure 108 may have an elongated shape, wherein an extension of the dummy

structure 108 in the first horizontal direction 128 (horizontal in the view of Figure 3a) is greater15

than an extension of the dummy structure 108 in the second horizontal direction 129 (vertical in

the view of Figure 3a).

In the first horizontal direction 128, the dummy structure 108 may extend across the

portion of the semiconductor layer 105 enclosed by the trench isolation structure 104, and/or20

ends of the dummy structure 108 may overlap with the trench isolation structure 104. The

extension of the dummy structure 108 in the second horizontal direction 129 may be smaller

than the extension of the portion of the semiconductor layer 105 enclosed by the trench isolation

structure 104 in the second horizontal direction 129, so that a part of the portion of the

semiconductor layer 105 enclosed by the trench isolation structure 104 is not covered by the25

dummy structure 108.

20 portion of the semiconductor layer 105 enclosed by the trench isolation
structure 104, and/or ends of the dummy structure 108 may overlap with the
trench isolation structure 104. The extension of the dummy structure 108 in
the second horizontal direction 129 may be smaller than the extension of
the portion of the semiconductor layer 105 enclosed by the trench isolation
structure 104 in the second horizontal direction 129, so that a part of the
portion of the 25semiconductor layer 105 enclosed by the trench isolation
structure 104 is not covered by the dummy structure 108.         The dummy
structure 108 need not be located at the center of the portion of the
semiconductor layer 105 enclosed by the trench isolation structure 104. As
shown in Figures 3a and 3b, a greater part of the portion of the
semiconductor layer 105 enclosed by the trench  5 isolation structure 104
may be located on a first side of the dummy structure 108 (below the dummy
structure 108 in the view of Figure 3a and to the right of the dummy
structure 108 in the view of Figure 3b) than on a second side of the dummy
structure 108 (above the dummy structure 108 in the view of Figure 3a and
on the left of the dummy structure 108 in the view of Figure 3b). 10
As will be detailed below, a drain contact via of the transistor to be
formed in the semiconductor structure 100 may be provided in the part of
the semiconductor structure 100 on the first side of the dummy structure
108. By not providing the dummy structure 108 at the center of the portion
of the semiconductor layer 105 enclosed by the trench isolation structure
15104, more space for forming the drain contact via may be provided
compared to an arrangement in the center.       For forming the dummy
structure 108, a layer of a material of the dummy structure 108, for
example a layer of silicon nitride, silicon dioxide or silicon oxynitride,
may be deposited by  20 means of a deposition process, for example, by
means of chemical vapor deposition or plasma enhanced chemical vapor
deposition. Thereafter, the layer of the material of the dummy structure
108 may be patterned. 
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The dummy structure 108 need not be located at the center of the portion of the

semiconductor layer 105 enclosed by the trench isolation structure 104. As shown in Figures 3a

and 3b, a greater part of the portion of the semiconductor layer 105 enclosed by the trench

isolation structure 104 may be located on a first side of the dummy structure 108 (below the5

dummy structure 108 in the view of Figure 3a and to the right of the dummy structure 108 in the

view of Figure 3b) than on a second side of the dummy structure 108 (above the dummy

structure 108 in the view of Figure 3a and on the left of the dummy structure 108 in the view of

Figure 3b).

10

As will be detailed below, a drain contact via of the transistor to be formed in the

semiconductor structure 100 may be provided in the part of the semiconductor structure 100 on

the first side of the dummy structure 108. By not providing the dummy structure 108 at the

center of the portion of the semiconductor layer 105 enclosed by the trench isolation structure

104, more space for forming the drain contact via may be provided compared to an arrangement15

in the center.

For forming the dummy structure 108, a layer of a material of the dummy structure 108,

for example a layer of silicon nitride, silicon dioxide or silicon oxynitride, may be deposited by

means of a deposition process, for example, by means of chemical vapor deposition or plasma20

enhanced chemical vapor deposition. Thereafter, the layer of the material of the dummy

structure 108 may be patterned.

The patterning of the layer of the material of the dummy structure 108 may include a

photolithography process. In some embodiments, a width of the dummy structure 108 in the25

second horizontal direction 129 may substantially correspond to a resolution of the

The patterning of the layer of the material of the dummy structure 108 may
include a 25photolithography process. In some embodiments, a width of the
dummy structure 108 in the second horizontal direction 129 may
substantially correspond to a resolution of the  photolithography process
employed in the formation of the dummy structure 108. For example, the
width of the dummy structure 108 in the second horizontal direction 129 may
be less than twice the resolution of the photolithography process. The
width of the dummy structure 108 in the second horizontal direction 129 may
be in a range from about 30-40 nm. S       In other embodiments, the width
of the dummy structure 108 in the second horizontal direction 129 may be
smaller than the resolution of the photolithography process used for
forming the dummy structure 108. In such embodiments, the dummy structure
108 may first be formed with a greater width in the second horizontal
direction 129, for example a width that 10  substantially corresponds to
the resolution of the photolithography process, and an etch process may
then be performed for reducing the width of the dummy structure 108 in the
second horizontal direction 129. Alternatively, multiple patterning
processes may be employed for forming the dummy structure 108. 15After the
formation of the dummy structure 108, spacers 109, 110, 111, 112 may be
formed adjacent the dummy structure 108. The spacers 110, 112 may be formed
of substantially the same material as the dummy structure 108. The spacers
109, 111 may be formed of a material that can be selectively etched
relative to the material of the dummy structure 108 and the spacers 110,
112. 20       In embodiments wherein the dummy structure 108 and the
spacers 110, 112 are formed of silicon nitride, the spacers 109, 111 may
include silicon dioxide or silicon oxynitride. In embodiments wherein the
dummy structure 108 and the spacers 110, 112 are formed of silicon dioxide,
the spacers 109, 111 may include silicon nitride or silicon oxynitride, and
in 
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photolithography process employed in the formation of the dummy structure 108. For example,

the width of the dummy structure 108 in the second horizontal direction 129 may be less than

twice the resolution of the photolithography process.  The width of the dummy structure 108 in

the second horizontal direction 129 may be in a range from about 30-40 nm.

5

In other embodiments, the width of the dummy structure 108 in the second horizontal

direction 129 may be smaller than the resolution of the photolithography process used for

forming the dummy structure 108. In such embodiments, the dummy structure 108 may first be

formed with a greater width in the second horizontal direction 129, for example a width that

substantially corresponds to the resolution of the photolithography process, and an etch process10

may then be performed for reducing the width of the dummy structure 108 in the second

horizontal direction 129. Alternatively, multiple patterning processes may be employed for

forming the dummy structure 108.

After the formation of the dummy structure 108, spacers 109, 110, 111, 112 may be15

formed adjacent the dummy structure 108. The spacers 110, 112 may be formed of substantially

the same material as the dummy structure 108.  The spacers 109, 111 may be formed of a

material that can be selectively etched relative to the material of the dummy structure 108 and

the spacers 110, 112.

20

In embodiments wherein the dummy structure 108 and the spacers 110, 112 are formed

of silicon nitride, the spacers 109, 111 may include silicon dioxide or silicon oxynitride. In

embodiments wherein the dummy structure 108 and the spacers 110, 112 are formed of silicon

dioxide, the spacers 109, 111 may include silicon nitride or silicon oxynitride, and in

embodiments wherein the dummy structure 108 and the spacers 110, 112 are formed of silicon25

oxynitride, the spacers 109, 111 may include silicon nitride or silicon dioxide.

25embodiments wherein the dummy structure 108 and the spacers 110, 112 are
formed of silicon oxynitride, the spacers 109, 111 may include silicon
nitride or silicon dioxide.         Each of the spacers 109, 110, 111, 112
may be formed by substantially isotropically depositing a layer of the
material of the respective spacer over the semiconductor structure 100 and
then performing an anisotropic etch process. S       In the anisotropic
etch process, portions of the layer of the material of the spacer on
substantially horizontal portions of the semiconductor structure 100, for
example on the surface of the semiconductor layer 105, the top surface of
the dummy structure 108 and the top surface of the trench isolation
structure 104, are removed at a greater etch rate than portions of the
layer 10on inclined portions of the semiconductor structure 100, such as
the sidewalls of the dummy structure 108 and/or sidewalls of spacers that
have already been formed.       The anisotropic etch process may be adapted
to selectively remove the material of the spacer being formed relative to
other materials on the semiconductor structure 100, in particular 15
relative to the semiconductor material of the semiconductor layer 105
and/or the material of the feature adjacent the spacer to be formed, which
can be the dummy structure 108 or another one of the spacers 109 to 112.
The anisotropic etch process may be stopped as soon as portions of the
layer of the 20  material of the spacer on substantially horizontal
portions of the semiconductor structure 100 are removed. Due to the
anisotropy of the etch process, portions of the material layer on inclined
portions of the semiconductor structure 100 are not removed and form one of
the spacers 109, 110, 111, 112. 
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Each of the spacers 109, 110, 111, 112 may be formed by substantially isotropically

depositing a layer of the material of the respective spacer over the semiconductor structure 100

and then performing an anisotropic etch process.

5

In the anisotropic etch process, portions of the layer of the material of the spacer on

substantially horizontal portions of the semiconductor structure 100, for example on the surface

of the semiconductor layer 105, the top surface of the dummy structure 108 and the top surface

of the trench isolation structure 104, are removed at a greater etch rate than portions of the layer

on inclined portions of the semiconductor structure 100, such as the sidewalls of the dummy10

structure 108 and/or sidewalls of spacers that have already been formed.

The anisotropic etch process may be adapted to selectively remove the material of the

spacer being formed relative to other materials on the semiconductor structure 100, in particular

relative to the semiconductor material of the semiconductor layer 105 and/or the material of the15

feature adjacent the spacer to be formed, which can be the dummy structure 108 or another one

of the spacers 109 to 112.

The anisotropic etch process may be stopped as soon as portions of the layer of the

material of the spacer on substantially horizontal portions of the semiconductor structure 100 are20

removed. Due to the anisotropy of the etch process, portions of the material layer on inclined

portions of the semiconductor structure 100 are not removed and form one of the spacers 109,

110, 111, 112.

Figure 4 shows a schematic cross-sectional view of the semiconductor structure 100 in a25

later stage of the manufacturing process. After the formation of the dummy structure 108 and

25Figure 4 shows a schematic cross-sectional view of the semiconductor
structure 100 in a later stage of the manufacturing process. After the
formation of the dummy structure 108 and  the spacers 109, 110, 111, 112, a
planarization of the semiconductor structure 100 may be performed. The
planarization may include a chemical mechanical polishing process. In some
embodiments, after the formation of the dummy structure 108 and the spacers
5 109-112 and before the planarization, a sacrificial layer (not shown) of
substantially the same material as the spacers 109, 111 may be formed over
the semiconductor structure 100. The sacrificial layer may help to protect
the semiconductor layer 105 and the trench isolation structure 104 during
the planarization process and may be removed later in the manufacturing
process, as will be detailed below. In other embodiments, the sacrificial
layer may be omitted. 10       In the planarization, portions of the dummy
structure 108 and the spacers 109-112 may be removed, so that the dummy
structure 108 and the spacers 109-112 obtain a substantially equal
thickness in the vertical direction 130 and each of the dummy structure 108
and the spacers 109-112 is exposed at the surface of the semiconductor
structure 100. In embodiments  15 wherein a sacrificial layer as described
above is used, in the planarization, a portion of the sacrificial layer on
top of the dummy structure 108 and the spacers 109-112 may be removed,
whereas a portion of the sacrificial layer directly on the semiconductor
layer 105 may remain on the semiconductor structure 100. 20After the
planarization process, the spacers 109, 111 and the optional sacrificial
layer may be removed for exposing the semiconductor layer 105 with the
exception of those portions that are covered by the dummy structure 108 and
the spacers 110, 112. These features form masks extending across the
portion of the semiconductor layer 105 enclosed by the trench isolation
structure 104 along the first horizontal direction 128, as can be seen by
comparing 25Figure 4 with Figures 3a and 3b. Widths of the masks correspond
to the widths of the dummy 
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the spacers 109, 110, 111, 112, a planarization of the semiconductor structure 100 may be

performed. The planarization may include a chemical mechanical polishing process.

In some embodiments, after the formation of the dummy structure 108 and the spacers

109-112 and before the planarization, a sacrificial layer (not shown) of substantially the same5

material as the spacers 109, 111 may be formed over the semiconductor structure 100. The

sacrificial layer may help to protect the semiconductor layer 105 and the trench isolation

structure 104 during the planarization process and may be removed later in the manufacturing

process, as will be detailed below. In other embodiments, the sacrificial layer may be omitted.

10

In the planarization, portions of the dummy structure 108 and the spacers 109-112 may

be removed, so that the dummy structure 108 and the spacers 109-112 obtain a substantially

equal thickness in the vertical direction 130 and each of the dummy structure 108 and the

spacers 109-112 is exposed at the surface of the semiconductor structure 100.  In embodiments

wherein a sacrificial layer as described above is used, in the planarization, a portion of the15

sacrificial layer on top of the dummy structure 108 and the spacers 109-112 may be removed,

whereas a portion of the sacrificial layer directly on the semiconductor layer 105 may remain on

the semiconductor structure 100.

After the planarization process, the spacers 109, 111 and the optional sacrificial layer20

may be removed for exposing the semiconductor layer 105 with the exception of those portions

that are covered by the dummy structure 108 and the spacers 110, 112. These features form

masks extending across the portion of the semiconductor layer 105 enclosed by the trench

isolation structure 104 along the first horizontal direction 128, as can be seen by comparing

Figure 4 with Figures 3a and 3b. Widths of the masks correspond to the widths of the dummy25

structure 108 and the spacers 110, 112.  At the locations of the spacers 109, 111, gaps between

structure 108 and the spacers 110, 112. At the locations of the spacers
109, 111, gaps between  the masks are provided, wherein a width of the gaps
corresponds to the widths of the spacers 109, 111. Figure 5 shows a
schematic cross-sectional view of the semiconductor structure 100 in a  5
later stage of the manufacturing process. An etch process may be performed
for partially removing portions of the semiconductor layer 105 that are not
covered by the masks provided by the dummy structure 108 and the spacers
110, 112 (see Figure 4). The etch process may be adapted to selectively
remove the material of the semiconductor layer 105 relative to the
materials of the dummy structure 108, the spacers 110, 112 and the trench
isolation structure  10 104. In embodiments wherein the semiconductor layer
105 includes silicon and the dummy structure 108, the spacers 110, 112 and
the trench isolation structure 104 include silicon dioxide, silicon
oxynitride and/or silicon nitride, the etch process may be adapted to
selectively etch silicon relative to silicon dioxide, silicon oxynitride
and/or silicon nitride. 15The etch process may be an anisotropic etch
process wherein portions of the semiconductor layer 105 that are below the
dummy structure 108 and the spacers 110, 112 are substantially not etched,
so that the portions of the semiconductor layer 105 below the dummy
structure 108 and the spacers 110, 112 remaining in the semiconductor
structure 100 after the etch process form elongated semiconductor
protrusions having substantially vertical sidewalls 20that extend along the
vertical direction 130.       The portions of the semiconductor layer 105
that are not covered by the dummy structure 108 and the spacers 110, 112
are not completely removed in the etch process. Instead, the etch process
may be adapted to substantially completely remove parts of the portion 107
of 25the semiconductor layer 105 that are not covered by the dummy
structure 108 and the spacers 
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the masks are provided, wherein a width of the gaps corresponds to the widths of the spacers

109, 111.

Figure 5 shows a schematic cross-sectional view of the semiconductor structure 100 in a

later stage of the manufacturing process. An etch process may be performed for partially5

removing portions of the semiconductor layer 105 that are not covered by the masks provided

by the dummy structure 108 and the spacers 110, 112 (see Figure 4). The etch process may be

adapted to selectively remove the material of the semiconductor layer 105 relative to the

materials of the dummy structure 108, the spacers 110, 112 and the trench isolation structure

104. In embodiments wherein the semiconductor layer 105 includes silicon and the dummy10

structure 108, the spacers 110, 112 and the trench isolation structure 104 include silicon dioxide,

silicon oxynitride and/or silicon nitride, the etch process may be adapted to selectively etch

silicon relative to silicon dioxide, silicon oxynitride and/or silicon nitride.

The etch process may be an anisotropic etch process wherein portions of the15

semiconductor layer 105 that are below the dummy structure 108 and the spacers 110, 112 are

substantially not etched, so that the portions of the semiconductor layer 105 below the dummy

structure 108 and the spacers 110, 112 remaining in the semiconductor structure 100 after the

etch process form elongated semiconductor protrusions having substantially vertical sidewalls

that extend along the vertical direction 130.20

The portions of the semiconductor layer 105 that are not covered by the dummy

structure 108 and the spacers 110, 112 are not completely removed in the etch process. Instead,

the etch process may be adapted to substantially completely remove parts of the portion 107 of

the semiconductor layer 105 that are not covered by the dummy structure 108 and the spacers25

110, 112, whereas at least parts of the portion 106 of the semiconductor layer 105 may remain in

110, 112, whereas at least parts of the portion 106 of the semiconductor
layer 105 may remain in  substantially the entire area of the semiconductor
structure 100 enclosed by the trench isolation structure 104. Moreover, the
semiconductor layer 103 may remain in the semiconductor structure 100.
5After the etch process, elongated semiconductor protrusions including
parts of the portion 107 of the semiconductor layer 105 extend across the
semiconductor structure 100 along the first horizontal direction 128. In
the etch process, the semiconductor material of the semiconductor layer 105
may be etched to a greater depth than the thickness of the portion 107 of
the semiconductor layer 105, so that the elongated semiconductor
protrusions include parts of  10 the portion 106 of the semiconductor layer
105, and there is a transition between the differently doped portions 106,
107 of the semiconductor layer 105 within each of the elongated
semiconductor protrusions. The width of the elongated semiconductor
protrusions in the second horizontal direction  15 129 substantially
corresponds to the width of the dummy structure 108 and the spacers 110,
112. Between the elongated semiconductor protrusions, there are grooves
having a width substantially corresponding to a width of the spacers 109,
111. Thus, the width of the elongated semiconductor protrusions and the
spacing between the elongated semiconductor protrusions may be controlled
by selecting corresponding widths of the dummy structure 108 and the
20spacers 109-112.       In some embodiments, the width of the spacers 110,
112 may be substantially equal to a width of the dummy structure 108, so
that all the elongated semiconductor protrusions have substantially the
same width. In other embodiments, the width of the spacers 110, 112 may be
25smaller than the width of the dummy structure 108, so that the elongated
semiconductor  
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substantially the entire area of the semiconductor structure 100 enclosed by the trench isolation

structure 104. Moreover, the semiconductor layer 103 may remain in the semiconductor

structure 100.

After the etch process, elongated semiconductor protrusions including parts of the5

portion 107 of the semiconductor layer 105 extend across the semiconductor structure 100 along

the first horizontal direction 128. In the etch process, the semiconductor material of the

semiconductor layer 105 may be etched to a greater depth than the thickness of the portion 107

of the semiconductor layer 105, so that the elongated semiconductor protrusions include parts of

the portion 106 of the semiconductor layer 105, and there is a transition between the differently10

doped portions 106, 107 of the semiconductor layer 105 within each of the elongated

semiconductor protrusions.

The width of the elongated semiconductor protrusions in the second horizontal direction

129 substantially corresponds to the width of the dummy structure 108 and the spacers 110, 112.15

Between the elongated semiconductor protrusions, there are grooves having a width

substantially corresponding to a width of the spacers 109, 111. Thus, the width of the elongated

semiconductor protrusions and the spacing between the elongated semiconductor protrusions

may be controlled by selecting corresponding widths of the dummy structure 108 and the

spacers 109-112.20

In some embodiments, the width of the spacers 110, 112 may be substantially equal to a

width of the dummy structure 108, so that all the elongated semiconductor protrusions have

substantially the same width. In other embodiments, the width of the spacers 110, 112 may be

smaller than the width of the dummy structure 108, so that the elongated semiconductor25

protrusion formed below the dummy structure 108 is wider than the elongated
semiconductor protrusions formed below the spacers 110, 112. The width of
the spacers 109-112 depends on the thicknesses of the material layers that
5 are isotropically deposited in the formation of the spacers 109-112 and
the degree of anisotropy of the etch process performed in the formation of
the spacers 109-112. Thus, the width of the spacers 109-112 is not limited
by properties of a photolithography process, so that the widths of the
elongated semiconductor protrusions formed below the spacers 110, 112 and
the distance between the elongated semiconductor protrusions may be smaller
than a resolution of the 10photolithography process employed in the
formation of the dummy structure 108. In some embodiments, the spacers
109-112 may have a width in a range from about 5-20 nm.       After the
etch process, the dummy structure 108 and the spacers 110, 112 that were
used as a mask in the first patterning process may be removed. This can be
done by means of an etch  15 process adapted to selectively remove the
material of the dummy structure 108 and the spacers 110, 112 relative to
the materials of the semiconductor layer 105 and the trench isolation
structure 104. In embodiments wherein the dummy structure 108 and the
spacers 110, 112 include silicon nitride, the trench isolation structure
104 includes silicon dioxide and the semiconductor layer 105 includes
silicon, the etch process may be adapted to selectively remove 20silicon
nitride relative to silicon and silicon dioxide.       After the removal of
the dummy structure 108 and the spacers 110, 112, the grooves between the
elongated semiconductor protrusions formed from the semiconductor layer 105
and the space between the elongated semiconductor protrusions and the
trench isolation structure 25104 may be filled with a fill material 113. In
some embodiments, this may be done by depositing a layer of the fill
material 113 over the semiconductor structure 100. Thereafter, a
planarization process, for example, a chemical mechanical polishing
process, may be performed for providing a substantially planar surface of
the semiconductor structure and for exposing the elongated semiconductor
protrusions and/or for exposing the trench isolation structures 104. 
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protrusion formed below the dummy structure 108 is wider than the elongated semiconductor

protrusions formed below the spacers 110, 112.

The width of the spacers 109-112 depends on the thicknesses of the material layers that

are isotropically deposited in the formation of the spacers 109-112 and the degree of anisotropy5

of the etch process performed in the formation of the spacers 109-112. Thus, the width of the

spacers 109-112 is not limited by properties of a photolithography process, so that the widths of

the elongated semiconductor protrusions formed below the spacers 110, 112 and the distance

between the elongated semiconductor protrusions may be smaller than a resolution of the

photolithography process employed in the formation of the dummy structure 108. In some10

embodiments, the spacers 109-112 may have a width in a range from about 5-20 nm.

After the etch process, the dummy structure 108 and the spacers 110, 112 that were used

as a mask in the first patterning process may be removed. This can be done by means of an etch

process adapted to selectively remove the material of the dummy structure 108 and the spacers15

110, 112 relative to the materials of the semiconductor layer 105 and the trench isolation

structure 104. In embodiments wherein the dummy structure 108 and the spacers 110, 112

include silicon nitride, the trench isolation structure 104 includes silicon dioxide and the

semiconductor layer 105 includes silicon, the etch process may be adapted to selectively remove

silicon nitride relative to silicon and silicon dioxide.20

After the removal of the dummy structure 108 and the spacers 110, 112, the grooves

between the elongated semiconductor protrusions formed from the semiconductor layer 105 and

the space between the elongated semiconductor protrusions and the trench isolation structure

104 may be filled with a fill material 113. In some embodiments, this may be done by25

depositing a layer of the fill material 113 over the semiconductor structure 100. Thereafter, a

5The present disclosure is not limited to embodiments wherein the dummy
structure 108 and the spacers 110, 112 are removed by means of an etch
process as described above. Alternatively, the dummy structure 108 and the
spacers 110, 112 may remain on the semiconductor structure 100 during the
deposition of the fill material 113 and may be removed during the
subsequent chemical mechanical polishing process. 10       Figures 6a and
6b show schematic views of the semiconductor structure 100 in a later stage
of the manufacturing process. Figure 6a shows a schematic top view, and
Figure 6b shows a schematic cross-sectional view along the line A-A shown
in Figure 6a, corresponding to the cross-sections shown in Figures 1, 2,
3b, 4 and 5. 15       A second patterning process of the portion of the
semiconductor layer 105 enclosed by the trench isolation structure 104 is
performed for forming a plurality of nanowires 114 extending in the
vertical direction 130 of the substrate 101. A length of the nanowires 114
in the vertical direction 130 may be greater than widths of the nanowires
114 in the first horizontal  20 direction 128 and the second horizontal
direction 129 of the substrate 101. In some embodiments, the length of the
nanowires 114 in the vertical direction 130 may be more than twice, more
than three times, more than five times and/or more than ten times the
widths of the nanowires 114 in the first horizontal direction 128 and/or
the second horizontal direction 129. 25The portion 106 of the semiconductor
layer 105 may be exposed between the nanowires 114, wherein substantially
no residues of the portion 107 (see Figure 4) of the semiconductor  layer
105 remain in the gaps between the nanowires 114 and in the space between
the nanowires 114 and the trench isolation structure 104. The nanowires 114
may include an upper portion formed of material from the portion 107 of the
semiconductor layer 105. The length of the nanowires 114 in the vertical
direction 130 of the substrate 100 may be greater than the  5 thickness of
the portion 107 of the semiconductor layer 105, so that each of the
nanowires 114 includes a lower portion formed from material of the portion
106 of the semiconductor layer 105. 
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planarization process, for example, a chemical mechanical polishing process, may be performed

for providing a substantially planar surface of the semiconductor structure and for exposing the

elongated semiconductor protrusions and/or for exposing the trench isolation structures 104.

The present disclosure is not limited to embodiments wherein the dummy structure 1085

and the spacers 110, 112 are removed by means of an etch process as described above.

Alternatively, the dummy structure 108 and the spacers 110, 112 may remain on the

semiconductor structure 100 during the deposition of the fill material 113 and may be removed

during the subsequent chemical mechanical polishing process.

10

Figures 6a and 6b show schematic views of the semiconductor structure 100 in a later

stage of the manufacturing process. Figure 6a shows a schematic top view, and Figure 6b shows

a schematic cross-sectional view along the line A-A shown in Figure 6a, corresponding to the

cross-sections shown in Figures 1, 2, 3b, 4 and 5.

15

A second patterning process of the portion of the semiconductor layer 105 enclosed by

the trench isolation structure 104 is performed for forming a plurality of nanowires 114

extending in the vertical direction 130 of the substrate 101. A length of the nanowires 114 in

the vertical direction 130 may be greater than widths of the nanowires 114 in the first horizontal

direction 128 and the second horizontal direction 129 of the substrate 101. In some20

embodiments, the length of the nanowires 114 in the vertical direction 130 may be more than

twice, more than three times, more than five times and/or more than ten times the widths of the

nanowires 114 in the first horizontal direction 128 and/or the second horizontal direction 129.

The portion 106 of the semiconductor layer 105 may be exposed between the nanowires25

114, wherein substantially no residues of the portion 107 (see Figure 4) of the semiconductor

Thus, in each of the nanowires 114, a transition between a first doping
corresponding to  10 the doping of the portion 106 of the semiconductor
layer 105 and a second doping corresponding to the doping of the portion
107 of the semiconductor layer 105 may be provided. In particular, each of
the nanowires 114 may include a transition between a P-doped or an N-doped
region, respectively, and a substantially undoped region, wherein the
substantially undoped region is provided at a greater distance to the
substrate 101 than the P-doped or N-  15 doped region. Alternatively, each
of the nanowires 114 may include a PN transition, if the nanowires are
formed from a semiconductor layer 105 wherein the portion 107 is doped
inversely to the doping of the portion 106. In the second patterning
process, a dummy structure similar to the dummy structure 108  20 (Figures
3a-3b) may be formed over the semiconductor structure 100. Similar to the
dummy structure 108, this second dummy structure may have an elongated
shape, wherein a width of the second dummy structure is substantially equal
to or slightly greater than a resolution of a photolithography process
employed for the formation of the second dummy structure. In embodiments
wherein the width of the second dummy structure is reduced after the
formation of 25the second dummy structure and/or wherein multiple
patterning processes are employed for the  formation of the second dummy
structure, the width of the second dummy structure may be smaller than the
resolution of the photolithography process. However, the arrangement of the
second dummy structure relative to the substrate 101 is  5 different from
the arrangement of the dummy structure 108. Whereas, as described above,
the length direction of the dummy structure 108 extends along the first
horizontal direction 128, the length direction of the second dummy
structure may extend along the second horizontal direction 129. Thus, the
second dummy structure extends across the portion of the semiconductor
structure 100 enclosed by the trench isolation structure 104 in the second
10 horizontal direction 129, and the width of the second dummy structure
extends along the first horizontal direction 128. Hence, compared to the
dummy structure 108, the arrangement of the second dummy structure is
rotated by an angle of approximately 90 degrees. Further features of the
second patterning process may correspond to the first patterning 
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layer 105 remain in the gaps between the nanowires 114 and in the space between the nanowires

114 and the trench isolation structure 104.  The nanowires 114 may include an upper portion

formed of material from the portion 107 of the semiconductor layer 105.  The length of the

nanowires 114 in the vertical direction 130 of the substrate 100 may be greater than the

thickness of the portion 107 of the semiconductor layer 105, so that each of the nanowires 1145

includes a lower portion formed from material of the portion 106 of the semiconductor layer

105.

Thus, in each of the nanowires 114, a transition between a first doping corresponding to

the doping of the portion 106 of the semiconductor layer 105 and a second doping10

corresponding to the doping of the portion 107 of the semiconductor layer 105 may be provided.

In particular, each of the nanowires 114 may include a transition between a P-doped or an N-

doped region, respectively, and a substantially undoped region, wherein the substantially

undoped region is provided at a greater distance to the substrate 101 than the P-doped or N-

doped region. Alternatively, each of the nanowires 114 may include a PN transition, if the15

nanowires are formed from a semiconductor layer 105 wherein the portion 107 is doped

inversely to the doping of the portion 106.

In the second patterning process, a dummy structure similar to the dummy structure 108

(Figures 3a-3b) may be formed over the semiconductor structure 100. Similar to the dummy20

structure 108, this second dummy structure may have an elongated shape, wherein a width of

the second dummy structure is substantially equal to or slightly greater than a resolution of a

photolithography process employed for the formation of the second dummy structure.  In

embodiments wherein the width of the second dummy structure is reduced after the formation of

the second dummy structure and/or wherein multiple patterning processes are employed for the25

15 process described above with reference to Figures 3a-5. In particular,
spacer elements and/or a sacrificial material layer may be formed adjacent
the second dummy structure, a planarization may be performed, some of the
spacers and/or the optional sacrificial layer may be selectively etched
relative to the material of the second dummy structure and one or more
other spacers, and an etch process for selectively etching the material of
the semiconductor layer 105 relative  20 to the materials of the second
dummy structure, the spacers remaining on the semiconductor structure 100
and/or the trench isolation structure 104 may be performed. A depth of the
etch process may be approximately equal to the depth of the etch process
employed in the first patterning process. 25Thus, the nanowires 114 are
formed at locations at which the semiconductor layer 105 is covered during
both patterning processes by a respective dummy structure and/or a
respective  one of the spacers that remain on the semiconductor structure
100 when the material of the semiconductor layer 105 is etched. The second
dummy structure need not be arranged at the center of the portion of the  5
semiconductor structure 100 enclosed by the trench isolation structure 104.
Thus, a space for providing a gate contact via providing an electric
contact to the gate electrode of the transistor to be formed in the
semiconductor structure 100 may be provided on one side of the nanowires
114. For example, the space for providing the gate contact via may be
located on the right side in the top view shown in Figure 6a. 10       The
present disclosure is not limited to embodiments wherein the first dummy
structure 108 and the second dummy structure remain on the semiconductor
structure 100 in the first and the second patterning process when the
material of the semiconductor layer 105 is etched. Alternatively, in one of
the patterning processes, or in both patterning processes, the dummy  15
structure may be removed, and spacers adjacent the dummy structure formed
of a different material than the dummy structure, for example the spacers
109, 111, may remain on the semiconductor structure 100 and may be used as
a mask when the material of the semiconductor layer 105 is etched. 20For
example, in the first patterning process, the dummy structure 108 may be
removed 
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formation of the second dummy structure, the width of the second dummy structure may be

smaller than the resolution of the photolithography process.

However, the arrangement of the second dummy structure relative to the substrate 101 is

different from the arrangement of the dummy structure 108. Whereas, as described above, the5

length direction of the dummy structure 108 extends along the first horizontal direction 128, the

length direction of the second dummy structure may extend along the second horizontal

direction 129. Thus, the second dummy structure extends across the portion of the

semiconductor structure 100 enclosed by the trench isolation structure 104 in the second

horizontal direction 129, and the width of the second dummy structure extends along the first10

horizontal direction 128. Hence, compared to the dummy structure 108, the arrangement of the

second dummy structure is rotated by an angle of approximately 90 degrees.

Further features of the second patterning process may correspond to the first patterning

process described above with reference to Figures 3a-5. In particular, spacer elements and/or a15

sacrificial material layer may be formed adjacent the second dummy structure, a planarization

may be performed, some of the spacers and/or the optional sacrificial layer may be selectively

etched relative to the material of the second dummy structure and one or more other spacers,

and an etch process for selectively etching the material of the semiconductor layer 105 relative

to the materials of the second dummy structure, the spacers remaining on the semiconductor20

structure 100 and/or the trench isolation structure 104 may be performed. A depth of the etch

process may be approximately equal to the depth of the etch process employed in the first

patterning process.

Thus, the nanowires 114 are formed at locations at which the semiconductor layer 105 is25

covered during both patterning processes by a respective dummy structure and/or a respective

and the spacers 109, 111 may be used as an etch mask, and the second
patterning process may be performed as described above. Thus, different
from the configuration shown in Figure 6a, only four rows of nanowires 114,
the rows of nanowires being arranged along the first horizontal direction
128, may be formed. 25         In further embodiments, a greater or smaller
number of spacers similar to spacers 109 to 112 may be formed for providing
a different number of nanowires. Figure 7 shows a schematic cross-sectional
view of the semiconductor structure 100 in a  5 later stage of the
manufacturing process. After the formation of the nanowires 114, a drain
spacer 115 may be formed. The drain spacer 115 may be formed of a
dielectric material having a relatively low dielectric constant, for
example, silicon dioxide. Alternatively, the drain spacer 115 may be formed
of silicon nitride or silicon oxynitride. The formation of the drain spacer
115 may include an anisotropic deposition process. In the anisotropic
deposition process, a  10 layer of a drain spacer material is deposited
over the semiconductor structure 100, wherein a deposition rate of the
drain spacer material over substantially horizontal portions of the
semiconductor structure 100 is greater than a deposition rate of the drain
spacer material over inclined portions of the semiconductor structure 100.
15The substantially horizontal portions of the semiconductor structure 100
include the surface of the portion 106 of the semiconductor layer 105
exposed between the nanowires 114 and in the space between the nanowires
114 and the trench isolation structure 104, as well as top surfaces of the
nanowires 114 and the trench isolation structure 104. The inclined portions
of the semiconductor structure 100 include sidewalls of the trench
isolation structure 104 and the 20nanowires 114.       The layer of drain
spacer material formed in the anisotropic deposition process has a greater
thickness on the horizontal portions of the semiconductor structure 100
than on the inclined portions, the thickness being measured in a direction
substantially perpendicular to the 25surface of the respective portion of
the semiconductor structure 100. In particular, a portion of 
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one of the spacers that remain on the semiconductor structure 100 when the material of the

semiconductor layer 105 is etched.

The second dummy structure need not be arranged at the center of the portion of the

semiconductor structure 100 enclosed by the trench isolation structure 104. Thus, a space for5

providing a gate contact via providing an electric contact to the gate electrode of the transistor to

be formed in the semiconductor structure 100 may be provided on one side of the nanowires

114.  For example, the space for providing the gate contact via may be located on the right side

in the top view shown in Figure 6a.

10

The present disclosure is not limited to embodiments wherein the first dummy structure

108 and the second dummy structure remain on the semiconductor structure 100 in the first and

the second patterning process when the material of the semiconductor layer 105 is etched.

Alternatively, in one of the patterning processes, or in both patterning processes, the dummy

structure may be removed, and spacers adjacent the dummy structure formed of a different15

material than the dummy structure, for example the spacers 109, 111, may remain on the

semiconductor structure 100 and may be used as a mask when the material of the semiconductor

layer 105 is etched.

For example, in the first patterning process, the dummy structure 108 may be removed20

and the spacers 109, 111 may be used as an etch mask, and the second patterning process may

be performed as described above.  Thus, different from the configuration shown in Figure 6a,

only four rows of nanowires 114, the rows of nanowires being arranged along the first

horizontal direction 128, may be formed.

25

the layer of drain spacer material on the surface of the exposed portion
106 of the semiconductor layer 105 between the nanowires 114 has a greater
thickness than a portion of the layer of drain spacer material on the
sidewalls of the nanowires 114. The anisotropic deposition process used for
forming the layer of drain spacer material  5 may be a high density plasma
chemical vapor deposition process. In embodiments wherein the drain spacer
115 includes silicon dioxide, in the high density plasma chemical vapor
deposition process, a reactant gas including silane (SiH4), oxygen (02) and
a noble gas, for example, argon (Ar) or helium (He), may be used. Oxygen
molecules and noble gas atoms in the reactant gas may be excited by the
high density plasma source so that ions are formed. 10       A bias voltage
applied to the semiconductor structure 100 and/or an electrode in the
vicinity of the semiconductor structure 100 pulls the ions towards the
surface of the semiconductor structure 100. Oxygen ions react with silane
to form silicon dioxide that is deposited on the semiconductor structure
100, while the noble gas ions simultaneously sputter 15deposited material
away. The rate at which material is sputtered may be particularly high in
the vicinity of edges of the nanowires 114 and/or the trench isolation
structure 104.       Parameters of the high density plasma chemical vapor
deposition process, such as plasma density, bias voltage, composition of
the reactant gas, pressure and temperature, may be  20 adapted such that a
net deposition of silicon dioxide on the semiconductor structure 100
occurs, whereas the simultaneous sputtering of the deposited material
prevents a formation of overhangs at the edges of the nanowires 114 and/or
the trench isolation structure 104. Thus, deposition of material in the
gaps between the nanowires 114 and the space between the nanowires 114 and
the trench isolation structure 104 may be obtained substantially without a
formation of voids. 25  
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In further embodiments, a greater or smaller number of spacers similar to spacers 109 to

112 may be formed for providing a different number of nanowires.

Figure 7 shows a schematic cross-sectional view of the semiconductor structure 100 in a

later stage of the manufacturing process.  After the formation of the nanowires 114, a drain5

spacer 115 may be formed. The drain spacer 115 may be formed of a dielectric material having

a relatively low dielectric constant, for example, silicon dioxide. Alternatively, the drain spacer

115 may be formed of silicon nitride or silicon oxynitride. The formation of the drain spacer

115 may include an anisotropic deposition process. In the anisotropic deposition process, a

layer of a drain spacer material is deposited over the semiconductor structure 100, wherein a10

deposition rate of the drain spacer material over substantially horizontal portions of the

semiconductor structure 100 is greater than a deposition rate of the drain spacer material over

inclined portions of the semiconductor structure 100.

The substantially horizontal portions of the semiconductor structure 100 include the15

surface of the portion 106 of the semiconductor layer 105 exposed between the nanowires 114

and in the space between the nanowires 114 and the trench isolation structure 104, as well as top

surfaces of the nanowires 114 and the trench isolation structure 104.  The inclined portions of

the semiconductor structure 100 include sidewalls of the trench isolation structure 104 and the

nanowires 114.20

The layer of drain spacer material formed in the anisotropic deposition process has a

greater thickness on the horizontal portions of the semiconductor structure 100 than on the

inclined portions, the thickness being measured in a direction substantially perpendicular to the

surface of the respective portion of the semiconductor structure 100. In particular, a portion of25

the layer of drain spacer material on the surface of the exposed portion 106 of the semiconductor

After the anisotropic deposition of the layer of drain spacer material, an
isotropic etch process, which may, for example, be a dry etch process, may
be performed. In the isotropic etch process, an etch rate of portions of
the layer of drain spacer material on the inclined surface portions of the
semiconductor structure 100 may be substantially equal to an etch rate of
5portions of the layer of drain spacer material on the substantially
horizontal portions of the surface of the semiconductor structure 100.
In the isotropic etch process, portions of the layer of drain spacer
material on top surfaces of the nanowires 114 and/or the top surface of the
trench isolation structure 104 may be  10 affected by an etchant used in
the isotropic etch process to a greater extent than portions of the layer
of drain spacer material on the surface of the portion 106 of the
semiconductor layer 105 exposed between the nanowires 114. The etchant may
interact with the top surface and the side surfaces of the portions of the
layer of drain spacer material on top of the nanowires 114 and the trench
isolation structure 104. To the contrary, there are no such side surfaces
at the portions of  15 the layer of drain spacer material on the portion
106 of the semiconductor layer 105 between the nanowires 114. Due to the
relatively small extension of the nanowires 114 and the trench isolation
structure 104 in the horizontal directions 128, 129, the areas of the side
surfaces of the portions of the layer of drain spacer material on top of
the nanowires 114 and the trench isolation structure 104 may be of about
the same order of magnitude than the area of the top  20 surfaces.
Therefore, a faster removal of drain spacer material may be obtained at the
top surfaces of the nanowires 114 and the trench isolation structure 104
than at the portions between the nanowires 114 and in the space between the
nanowires 114 and the trench isolation structure 104. 25The isotropic etch
process may be performed until the layer of drain spacer material is
present substantially only on the surface of the portion 106 of the
semiconductor layer 105  between the nanowires 114 and in the space between
the nanowires 114 and the trench isolation structure. The remaining
portions of the layer of drain spacer material form the drain spacer 115,
as shown in Figure 7. The drain spacer 115 may cover the surface of the
portion 106 of the semiconductor layer 105, wherein the nanowires 114
extend through openings in the drain 5spacer 115, and side surfaces and top
surfaces of the nanowires 114 are exposed. Thus, the 
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layer 105 between the nanowires 114 has a greater thickness than a portion of the layer of drain

spacer material on the sidewalls of the nanowires 114.

The anisotropic deposition process used for forming the layer of drain spacer material

may be a high density plasma chemical vapor deposition process. In embodiments wherein the5

drain spacer 115 includes silicon dioxide, in the high density plasma chemical vapor deposition

process, a reactant gas including silane (SiH4), oxygen (O2) and a noble gas, for example, argon

(Ar) or helium (He), may be used. Oxygen molecules and noble gas atoms in the reactant gas

may be excited by the high density plasma source so that ions are formed.

10

A bias voltage applied to the semiconductor structure 100 and/or an electrode in the

vicinity of the semiconductor structure 100 pulls the ions towards the surface of the

semiconductor structure 100. Oxygen ions react with silane to form silicon dioxide that is

deposited on the semiconductor structure 100, while the noble gas ions simultaneously sputter

deposited material away. The rate at which material is sputtered may be particularly high in the15

vicinity of edges of the nanowires 114 and/or the trench isolation structure 104.

Parameters of the high density plasma chemical vapor deposition process, such as

plasma density, bias voltage, composition of the reactant gas, pressure and temperature, may be

adapted such that a net deposition of silicon dioxide on the semiconductor structure 100 occurs,20

whereas the simultaneous sputtering of the deposited material prevents a formation of overhangs

at the edges of the nanowires 114 and/or the trench isolation structure 104.  Thus, deposition of

material in the gaps between the nanowires 114 and the space between the nanowires 114 and

the trench isolation structure 104 may be obtained substantially without a formation of voids.

25

drain spacer 115 annularly encloses each of the nanowires 114.       After
the formation of the drain spacer 115, gate insulation layer 116 may be
formed on the exposed surfaces of the nanowires 114. In embodiments wherein
the nanowires 114 include  10 silicon, the gate insulation layer 116 may
include silicon dioxide and may be formed by a thermal oxidation process.
In some embodiments, the gate insulation layer 116 may be a silicon dioxide
layer having a thickness of about 2 nm and may be formed by a thermal
oxidation process performed for about 20 seconds at a temperature of about
850C in an oxidizing ambient, such as a gas comprising oxygen and/or water.
In other embodiments, the gate  15 insulation layer 116 may include a
high-k material such as, for example, hafnium dioxide and may be formed by
means of techniques for forming a high-k gate insulation layer on a
semiconductor surface similar to techniques employed in the formation of
planar field effect transistors comprising a gate insulation layer formed
of a high-k material. 20Figure 8 shows a schematic cross-sectional view of
the semiconductor structure 100 in a later stage of the manufacturing
process. After the formation of the gate insulation layer 116, a gate
electrode 117 may be formed over the semiconductor structure 100.
The gate electrode 117 may include a metal. The metal of the gate electrode
117 may be 25selected for adapting a work function of the gate electrode
117 to a work function of the semiconductor material of the nanowires 114.
The material of the gate electrode 117 may depend on whether the transistor
to be formed in the semiconductor structure 100 is a P-channel transistor
or an N-channel transistor. In embodiments wherein an N-channel transistor
is to be formed and wherein the portion 106 of the semiconductor layer 105
includes an N-type dopant, the metal of the gate electrode 117 may include
La, LaN or TiN. In embodiments wherein a P-  S channel transistor is to be
formed and wherein the portion 106 of the semiconductor layer 105 is
P-doped, the metal of the gate electrode 117 may include Al, UN or TiN. In
further embodiments, the gate electrode 117 may be formed of a
semiconductor material, for example, polysilicon. 10Similar to the drain
spacer 115, the gate electrode 117 may be formed by anisotropically 
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After the anisotropic deposition of the layer of drain spacer material, an isotropic etch

process, which may, for example, be a dry etch process, may be performed. In the isotropic etch

process, an etch rate of portions of the layer of drain spacer material on the inclined surface

portions of the semiconductor structure 100 may be substantially equal to an etch rate of

portions of the layer of drain spacer material on the substantially horizontal portions of the5

surface of the semiconductor structure 100.

In the isotropic etch process, portions of the layer of drain spacer material on top

surfaces of the nanowires 114 and/or the top surface of the trench isolation structure 104 may be

affected by an etchant used in the isotropic etch process to a greater extent than portions of the10

layer of drain spacer material on the surface of the portion 106 of the semiconductor layer 105

exposed between the nanowires 114. The etchant may interact with the top surface and the side

surfaces of the portions of the layer of drain spacer material on top of the nanowires 114 and the

trench isolation structure 104. To the contrary, there are no such side surfaces at the portions of

the layer of drain spacer material on the portion 106 of the semiconductor layer 105 between the15

nanowires 114. Due to the relatively small extension of the nanowires 114 and the trench

isolation structure 104 in the horizontal directions 128, 129, the areas of the side surfaces of the

portions of the layer of drain spacer material on top of the nanowires 114 and the trench

isolation structure 104 may be of about the same order of magnitude than the area of the top

surfaces. Therefore, a faster removal of drain spacer material may be obtained at the top20

surfaces of the nanowires 114 and the trench isolation structure 104 than at the portions between

the nanowires 114 and in the space between the nanowires 114 and the trench isolation structure

104.

The isotropic etch process may be performed until the layer of drain spacer material is25

present substantially only on the surface of the portion 106 of the semiconductor layer 105

depositing a layer of the material of the gate electrode 117 over the
semiconductor structure 100 and performing an isotropic etch process to
remove portions of the layer of the material of the gate electrode 117 on
sidewalls and top surfaces of the nanowires 114 and the trench isolation
structure 104. The gate electrode 117 covers a surface of the drain spacer
115, wherein the 15nanowires 114 and the gate insulation layer 116 extend
through openings in the gate electrode 117. Thus, the gate electrode 117
annularly encloses each of the nanowires 114.       After the formation of
the gate electrode 117, portions of the gate insulation layer 116 that are
not covered by the gate electrode 117 may be removed by means of an etch
process. In  20 embodiments wherein the gate insulation layer 116 includes
silicon dioxide, this may be done by means of a wet etch cleaning process
wherein the semiconductor structure 100 is exposed to diluted hydrofluoric
acid.           Thereafter, a source spacer 118 may be formed. Similar to
the drain spacer 115, the 25source spacer 118 may be formed of silicon
dioxide, and techniques for forming the source spacer 118 may correspond to
techniques employed in the formation of the drain spacer 115. In
particular, the formation of the source spacer 118 may include an
anisotropic deposition of a layer of the material of the source spacer 118
and an isotropic etch process. The anisotropic deposition process may be a
high density plasma chemical vapor deposition process and the isotropic
etch process may be a dry etch process. 5       The thickness of the source
spacer 118 need not be substantially equal to a thickness of the drain
spacer 115. In some embodiments, the source spacer 118 may have a greater
thickness than the drain spacer 115. Thus, on the source side of the
nanowires 114, more space may be provided for forming a source contact of
the transistor to be formed in the semiconductor 10structure 100. For
example, in some embodiments, the thickness of the source spacer 118 may 
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between the nanowires 114 and in the space between the nanowires 114 and the trench isolation

structure.  The remaining portions of the layer of drain spacer material form the drain spacer

115, as shown in Figure 7. The drain spacer 115 may cover the surface of the portion 106 of the

semiconductor layer 105, wherein the nanowires 114 extend through openings in the drain

spacer 115, and side surfaces and top surfaces of the nanowires 114 are exposed. Thus, the5

drain spacer 115 annularly encloses each of the nanowires 114.

After the formation of the drain spacer 115, gate insulation layer 116 may be formed on

the exposed surfaces of the nanowires 114. In embodiments wherein the nanowires 114 include

silicon, the gate insulation layer 116 may include silicon dioxide and may be formed by a10

thermal oxidation process. In some embodiments, the gate insulation layer 116 may be a silicon

dioxide layer having a thickness of about 2 nm and may be formed by a thermal oxidation

process performed for about 20 seconds at a temperature of about 850°C in an oxidizing

ambient, such as a gas comprising oxygen and/or water. In other embodiments, the gate

insulation layer 116 may include a high-k material such as, for example, hafnium dioxide and15

may be formed by means of techniques for forming a high-k gate insulation layer on a

semiconductor surface similar to techniques employed in the formation of planar field effect

transistors comprising a gate insulation layer formed of a high-k material.

Figure 8 shows a schematic cross-sectional view of the semiconductor structure 100 in a20

later stage of the manufacturing process. After the formation of the gate insulation layer 116, a

gate electrode 117 may be formed over the semiconductor structure 100.

The gate electrode 117 may include a metal. The metal of the gate electrode 117 may be

selected for adapting a work function of the gate electrode 117 to a work function of the25

semiconductor material of the nanowires 114. The material of the gate electrode 117 may

be about twice the thickness of the drain spacer 115.       Figure 9 shows
a schematic cross-sectional view of the semiconductor structure 100 in a
later stage of the manufacturing process. After the formation of the source
spacer 118, an etch 15 process adapted to selectively remove the material
of the nanowires 114 relative to the materials of the source spacer 118 and
the trench isolation structure 104 may be performed. In embodiments wherein
the source spacer 118 and the trench isolation structure 104 include
silicon dioxide and the nanowires 114 include silicon, the etch process may
be an isotropic etch process adapted to selectively etch silicon relative
to silicon dioxide. 20       In the etch process, a part of each of the
nanowires 114 is removed. Another part of each of the nanowires 114 remains
in the semiconductor structure 100. In Figure 9, reference numeral 119
denotes distal ends of the parts of the nanowires 114 that remain in the
semiconductor structure 100 after the etch process. The distal ends 119 of
the parts of the 25nanowires 114 remaining in the semiconductor structure
100 after the etch process may be closer to the substrate 101 than the
horizontal top surface of the source spacer 118. Thus, after the etch
process, a recess is provided at the location of each of the nanowires 114,
wherein the distal ends 119 of the nanowires 114 are exposed at the bottoms
of the recesses and sidewalls of the recesses are formed by the source
spacer 118. 5After the etch process, the recesses may be filled with a
semiconductor material 120. The semiconductor material 120 may include the
same semiconductor material as the nanowires 114. For example, in
embodiments wherein the nanowires 114 include silicon, the semiconductor
material 120 may also include silicon. However, a doping of the
semiconductor material 120 may be different from a doping of portions of
the nanowires 114 adjacent the 10semiconductor material 120 that have been
formed from the portion 107 of the semiconductor layer 105. 
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depend on whether the transistor to be formed in the semiconductor structure 100 is a P-channel

transistor or an N-channel transistor. In embodiments wherein an N-channel transistor is to be

formed and wherein the portion 106 of the semiconductor layer 105 includes an N-type dopant,

the metal of the gate electrode 117 may include La, LaN or TiN. In embodiments wherein a P-

channel transistor is to be formed and wherein the portion 106 of the semiconductor layer 105 is5

P-doped, the metal of the gate electrode 117 may include Al, AlN or TiN. In further

embodiments, the gate electrode 117 may be formed of a semiconductor material, for example,

polysilicon.

Similar to the drain spacer 115, the gate electrode 117 may be formed by anisotropically10

depositing a layer of the material of the gate electrode 117 over the semiconductor structure 100

and performing an isotropic etch process to remove portions of the layer of the material of the

gate electrode 117 on sidewalls and top surfaces of the nanowires 114 and the trench isolation

structure 104. The gate electrode 117 covers a surface of the drain spacer 115, wherein the

nanowires 114 and the gate insulation layer 116 extend through openings in the gate electrode15

117. Thus, the gate electrode 117 annularly encloses each of the nanowires 114.

After the formation of the gate electrode 117, portions of the gate insulation layer 116

that are not covered by the gate electrode 117 may be removed by means of an etch process. In

embodiments wherein the gate insulation layer 116 includes silicon dioxide, this may be done20

by means of a wet etch cleaning process wherein the semiconductor structure 100 is exposed to

diluted hydrofluoric acid.

Thereafter, a source spacer 118 may be formed. Similar to the drain spacer 115, the

source spacer 118 may be formed of silicon dioxide, and techniques for forming the source25

spacer 118 may correspond to techniques employed in the formation of the drain spacer 115. In

A type of dopant in the semiconductor material 120 may be the same as the
type of dopant in the portion 106 of the semiconductor layer 105. In
particular, in embodiments  15 wherein an N-channel transistor is to be
formed in the semiconductor structure 100 and the portion 106 of the
semiconductor layer 105 includes an N-type dopant, the semiconductor
material 120 may be N-doped. In embodiments wherein a P-channel transistor
is to be formed in the semiconductor structure 100 and the portion 106 of
the semiconductor layer 105 is P-doped, the semiconductor material 120 may
include a P-type dopant. In some embodiments  20 wherein the semiconductor
material 120 is N-doped, the semiconductor material 120 may include arsenic
at a dopant concentration in a range from about 1015 - 1021 cni3 (solid
solubility limit), for example, a concentration of about 1021 cni3. The
dopant concentration in the semiconductor material 120 may be greater than
the dopant concentration in the portion 106 of the semiconductor layer 105.
The portion 106 of the semiconductor layer 105 may receive a 25higher
thermal budged, and its dopants may show more diffusion into the portion
107 of the semiconductor layer 105.         As will be detailed below, a
drain region of a transistor to be formed in the semiconductor structure
100 may be formed from the portion 106 of the semiconductor layer 105, a
channel region may be formed from portion 107, and a source region may be
formed  5 from the semiconductor material 120. Providing a lower dopant
concentration in the portion 106 of the semiconductor layer 105 may help to
avoid or at least reduce dopants floating the channel region. Source
regions with less thermal budged may be produced with a doping of 1021  10
(solid solubility limit) to receive the best source resistance. A low drain
resistance may be provided by providing a relatively thick portion 106 of
the semiconductor layer 105 from which the drain region is formed.
In embodiments wherein the semiconductor material 120 is P-doped, the
semiconductor 15material 120 may include boron at a concentration in a
range from about 1019 - 1021 cm3, for 
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particular, the formation of the source spacer 118 may include an anisotropic deposition of a

layer of the material of the source spacer 118 and an isotropic etch process. The anisotropic

deposition process may be a high density plasma chemical vapor deposition process and the

isotropic etch process may be a dry etch process.

5

The thickness of the source spacer 118 need not be substantially equal to a thickness of

the drain spacer 115. In some embodiments, the source spacer 118 may have a greater thickness

than the drain spacer 115. Thus, on the source side of the nanowires 114, more space may be

provided for forming a source contact of the transistor to be formed in the semiconductor

structure 100. For example, in some embodiments, the thickness of the source spacer 118 may10

be about twice the thickness of the drain spacer 115.

Figure 9 shows a schematic cross-sectional view of the semiconductor structure 100 in a

later stage of the manufacturing process. After the formation of the source spacer 118, an etch

process adapted to selectively remove the material of the nanowires 114 relative to the materials15

of the source spacer 118 and the trench isolation structure 104 may be performed. In

embodiments wherein the source spacer 118 and the trench isolation structure 104 include

silicon dioxide and the nanowires 114 include silicon, the etch process may be an isotropic etch

process adapted to selectively etch silicon relative to silicon dioxide.

20

In the etch process, a part of each of the nanowires 114 is removed. Another part of

each of the nanowires 114 remains in the semiconductor structure 100. In Figure 9, reference

numeral 119 denotes distal ends of the parts of the nanowires 114 that remain in the

semiconductor structure 100 after the etch process. The distal ends 119 of the parts of the

nanowires 114 remaining in the semiconductor structure 100 after the etch process may be25

closer to the substrate 101 than the horizontal top surface of the source spacer 118. Thus, after

example, at a concentration of about 1020 cm 3.       The semiconductor
material 120 may be deposited by means of a selective epitaxial growth
process, for example, chemical vapor deposition process, a plasma enhanced
chemical  20 vapor deposition process, a molecular beam epitaxy process or
a metal organic chemical vapor deposition process, as described above in
the context of the formation of the semiconductor layer 105. Thus, in the
deposition of the semiconductor material 120, substantially no
semiconductor material or only a small amount of semiconductor material is
deposited on the surface of the source spacer 118 and the trench isolation
structure 104. The semiconductor 25material 120 may have a thickness in a
range from about 5-15 nm, for example, a thickness of about 10 nm.
The semiconductor material 120 may be in situ doped. For this purpose, a
dopant or a chemical compound comprising a dopant may be supplied during
the deposition of the semiconductor material 120. 5       After the
deposition of the semiconductor material 120, an annealing process may be
performed. The annealing process may activate dopants in the semiconductor
material 120. Moreover, the annealing process may cause some diffusion of
dopants from the semiconductor material 120, so that a smoother transition
between the doping of the semiconductor material 10120 and the adjacent
portions of the nanowires 114 formed from the portion 107 of the
semiconductor layer 105 is obtained.       The annealing process may employ
a combination of a rapid thermal annealing (RTA) process and a laser spike
annealing (LSA) process, wherein the rapid thermal annealing process 15may
be performed for about 5 seconds at a temperature of about 920C, and the
laser spike 
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the etch process, a recess is provided at the location of each of the nanowires 114, wherein the

distal ends 119 of the nanowires 114 are exposed at the bottoms of the recesses and sidewalls of

the recesses are formed by the source spacer 118.

After the etch process, the recesses may be filled with a semiconductor material 120.5

The semiconductor material 120 may include the same semiconductor material as the nanowires

114. For example, in embodiments wherein the nanowires 114 include silicon, the

semiconductor material 120 may also include silicon. However, a doping of the semiconductor

material 120 may be different from a doping of portions of the nanowires 114 adjacent the

semiconductor material 120 that have been formed from the portion 107 of the semiconductor10

layer 105.

A type of dopant in the semiconductor material 120 may be the same as the type of

dopant in the portion 106 of the semiconductor layer 105. In particular, in embodiments

wherein an N-channel transistor is to be formed in the semiconductor structure 100 and the15

portion 106 of the semiconductor layer 105 includes an N-type dopant, the semiconductor

material 120 may be N-doped. In embodiments wherein a P-channel transistor is to be formed

in the semiconductor structure 100 and the portion 106 of the semiconductor layer 105 is P-

doped, the semiconductor material 120 may include a P-type dopant. In some embodiments

wherein the semiconductor material 120 is N-doped, the semiconductor material 120 may20

include arsenic at a dopant concentration in a range from about 1015 – 1021 cm-3 (solid solubility

limit), for example, a concentration of about 1021 cm-3. The dopant concentration in the

semiconductor material 120 may be greater than the dopant concentration in the portion 106 of

the semiconductor layer 105.  The portion 106 of the semiconductor layer 105 may receive a

higher thermal budged, and its dopants may show more diffusion into the portion 107 of the25

semiconductor layer 105.

annealing process may be performed for about 0.002 seconds at a temperature
of about 1225C.       Figures 10a, 10b and 10c show schematic views of the
semiconductor structure 100 in a later stage of the manufacturing process.
Figure 10a shows a schematic top view. Figure 10b 20 shows a schematic
cross-sectional view of the semiconductor structure 100 along the line A-A,
corresponding to the cross-sectional views of Figures 1, 2, 3b, 4, 5, 6b,
7, Sand 9. Figure 10c shows a schematic cross-sectional view along the line
B-B. Thus, Figure 10c shows a cross-sectional view of the semiconductor
structure 100 along a plane that is perpendicular to the plane of the
cross-section of Figure 10b. 25         After the deposition of the
semiconductor material 120, a source contact layer 123 may be formed. The
source contact layer 123 may include a silicide. For forming the source
contact layer 123, a silicon layer, for example a layer of polysilicon, may
be formed over the semiconductor structure 100. Thereafter, a layer of a
metal, for example a layer of nickel,  5 tungsten and/or titanium, may be
deposited on the silicon layer. Thereafter, an annealing process, for
example a rapid thermal annealing process, may be performed for initiating
a chemical reaction between the metal and the silicon. In the chemical
reaction, silicide is formed. In addition to the material of the silicon
layer deposited over the semiconductor structure 100, a part of the
semiconductor material 120 may also react with the metal and form a  10
silicide. Thus, an interface between silicide and doped semiconductor
material may be provided more closely to the substrate 101 than the surface
of the semiconductor material 120 that is obtained directly after the
deposition of the semiconductor material 120. However, a portion of
unreacted doped semiconductor material 120 may remain on the nanowires 114,
so that there is a transition between differently doped semiconductor
materials at the distal ends 119 of the 15nanowires 114.       After the
annealing process performed for forming silicide, excess metal may be
removed by means of a cleaning process. 20After the formation of the source
contact layer 123, the semiconductor structure 100 includes a transistor
131. The portion 106 of the semiconductor layer 105 below the nanowires 114
forms a drain of the transistor 131. Portions of the nanowires 114 that
have been formed from the portion 107 of the semiconductor layer 105
provide a channel region of the transistor 131 and a source of the
transistor 131 is provided by the semiconductor material 120 and the 
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As will be detailed below, a drain region of a transistor to be formed in the

semiconductor structure 100 may be formed from the portion 106 of the semiconductor layer

105, a channel region may be formed from portion 107, and a source region may be formed

from the semiconductor material 120.  Providing a lower dopant concentration in the portion5

106 of the semiconductor layer 105 may help to avoid or at least reduce dopants floating the

channel region.

Source regions with less thermal budged may be produced with a doping of 1021 cm-3

(solid solubility limit) to receive the best source resistance.  A low drain resistance may be10

provided by providing a relatively thick portion 106 of the semiconductor layer 105 from which

the drain region is formed.

In embodiments wherein the semiconductor material 120 is P-doped, the semiconductor

material 120 may include boron at a concentration in a range from about 1019 – 1021 cm-3, for15

example, at a concentration of about 1020 cm-3.

The semiconductor material 120 may be deposited by means of a selective epitaxial

growth process, for example, chemical vapor deposition process, a plasma enhanced chemical

vapor deposition process, a molecular beam epitaxy process or a metal organic chemical vapor20

deposition process, as described above in the context of the formation of the semiconductor

layer 105. Thus, in the deposition of the semiconductor material 120, substantially no

semiconductor material or only a small amount of semiconductor material is deposited on the

surface of the source spacer 118 and the trench isolation structure 104. The semiconductor

material 120 may have a thickness in a range from about 5-15 nm, for example, a thickness of25

about 10 nm.

25source contact layer 123.         The transistor 131 may be switched
between an electrically conductive on-state and an off-state having only a
relatively low electrical conductivity by applying an electric voltage to
the gate electrode 117. The gate electrode 117 is electrically insulated
from the channel region in the nanowires 114 by the gate insulation layer
116, and is isolated from the drain region and  5 the source region by the
drain spacer 115 and the source spacer 118, respectively. Since the channel
region of the transistor 131 is provided in the nanowires 114, and the gate
electrode 117 annularly encloses the nanowires 114, the gate electrode 117
extends all around the channel region, which can improve the
controllability of the channel that is obtainable by applying a voltage to
the gate electrode 117. 10       Moreover, in the transistor 131, the drain
region 106, the channel region in the nanowires 114 and the source provided
in the form of the semiconductor material 120 and the source contact layer
123 are arranged along the vertical direction 130. A gate length of the
transistor 131 may substantially correspond to a thickness of the gate
electrode 117. For  15 reducing an extension of the transistor 131 in the
horizontal directions 128, 129, a scaling of the gate length of the
transistor 131 is not necessary. Shrinking the extension of the transistor
131 in the horizontal directions 128, 129 may be limited only by the
diameter and the pitch of the nanowires 114. 20An interface between the
doped semiconductor material in the drain of the transistor 131 and the
substantially undoped or inversely doped semiconductor material in the
channel of the transistor 131 is provided by the interface between the
portions 106 and 107 of the semiconductor layer 105. An interface between
the doped semiconductor material in the source of the transistor 131 and
the substantially undoped or inversely doped semiconductor material in
25the channel region is provided by the interface between the semiconductor
material 120 and the nanowires 114.  



35

The semiconductor material 120 may be in situ doped.  For this purpose, a dopant or a

chemical compound comprising a dopant may be supplied during the deposition of the

semiconductor material 120.

5

After the deposition of the semiconductor material 120, an annealing process may be

performed.  The annealing process may activate dopants in the semiconductor material 120.

Moreover, the annealing process may cause some diffusion of dopants from the semiconductor

material 120, so that a smoother transition between the doping of the semiconductor material

120 and the adjacent portions of the nanowires 114 formed from the portion 107 of the10

semiconductor layer 105 is obtained.

The annealing process may employ a combination of a rapid thermal annealing (RTA)

process and a laser spike annealing (LSA) process, wherein the rapid thermal annealing process

may be performed for about 5 seconds at a temperature of about 920°C, and the laser spike15

annealing process may be performed for about 0.002 seconds at a temperature of about 1225°C.

Figures 10a, 10b and 10c show schematic views of the semiconductor structure 100 in a

later stage of the manufacturing process. Figure 10a shows a schematic top view. Figure 10b

shows a schematic cross-sectional view of the semiconductor structure 100 along the line A-A,20

corresponding to the cross-sectional views of Figures 1, 2, 3b, 4, 5, 6b, 7, 8 and 9. Figure 10c

shows a schematic cross-sectional view along the line B-B. Thus, Figure 10c shows a cross-

sectional view of the semiconductor structure 100 along a plane that is perpendicular to the

plane of the cross-section of Figure 10b.

25

The location of the interface between the source region and the channel
region of the transistor 131 relative to the gate electrode 117 may be
controlled by selecting the thickness of the source spacer 118 and the
amount of semiconductor material that is removed in the etching  5 of the
nanowires 114 that is performed after the formation of the source spacer
118. Thus, the location of the interface between the channel region and the
source region may be relatively precisely controlled. After the formation
of the source contact layer 123, the source contact layer 123, the  10
source spacer 118, the gate electrode 117 and the drain spacer 115 may be
removed in a region 132 of the semiconductor structure 100, so that the
portion 106 of the semiconductor layer 105 forming the drain of the
transistor 131 is exposed in the region 132. In a region 133, the source
contact layer 123 and the source spacer 118 may be removed, so that the
gate electrode 117 is exposed in the region 133. The regions 132, 133 may
be located adjacent the trench isolation  15 structure 104. In Figure 10a,
the location of the trench isolation structure 104 is schematically
indicated by dashed lines 121, 122. The removal of material in the regions
132, 133 may be performed by means of techniques of photolithography and
etching. Thereafter, an interlayer dielectric 124 may be deposited over the
semiconductor  20 structure 100. In some embodiments, the interlayer
dielectric 124 may include silicon dioxide and may be deposited by a
chemical vapor deposition or plasma-enhanced chemical vapor deposition
process. Optionally, after the deposition of the interlayer dielectric 124,
a chemical mechanical polishing process may be performed for planarizing
the surface of the interlayer dielectric 124. 25         Thereafter, a
source contact via 125 may be formed over the source contact layer 123, a
drain contact via 126 may be formed in the region 132 of the semiconductor
structure 100, and a gate contact via 127 may be formed in the region 133
of the semiconductor structure 100 for providing electrical contact to the
source, drain and gate of the transistor 131. The contact vias  5 125, 126,
127 may be filled with an electrically conductive material, for example
tungsten. The contact vias 125, 126, 127 may be formed by means of
processes of photolithography, etching and deposition. The particular
embodiments disclosed above are illustrative only, as the invention 
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After the deposition of the semiconductor material 120, a source contact layer 123 may

be formed. The source contact layer 123 may include a silicide. For forming the source contact

layer 123, a silicon layer, for example a layer of polysilicon, may be formed over the

semiconductor structure 100. Thereafter, a layer of a metal, for example a layer of nickel,

tungsten and/or titanium, may be deposited on the silicon layer. Thereafter, an annealing5

process, for example a rapid thermal annealing process, may be performed for initiating a

chemical reaction between the metal and the silicon. In the chemical reaction, silicide is

formed. In addition to the material of the silicon layer deposited over the semiconductor

structure 100, a part of the semiconductor material 120 may also react with the metal and form a

silicide. Thus, an interface between silicide and doped semiconductor material may be provided10

more closely to the substrate 101 than the surface of the semiconductor material 120 that is

obtained directly after the deposition of the semiconductor material 120. However, a portion of

unreacted doped semiconductor material 120 may remain on the nanowires 114, so that there is

a transition between differently doped semiconductor materials at the distal ends 119 of the

nanowires 114.15

After the annealing process performed for forming silicide, excess metal may be

removed by means of a cleaning process.

After the formation of the source contact layer 123, the semiconductor structure 10020

includes a transistor 131. The portion 106 of the semiconductor layer 105 below the nanowires

114 forms a drain of the transistor 131. Portions of the nanowires 114 that have been formed

from the portion 107 of the semiconductor layer 105 provide a channel region of the transistor

131 and a source of the transistor 131 is provided by the semiconductor material 120 and the

source contact layer 123.25

10 may be modified and practiced in different but equivalent manners
apparent to those skilled in the art having the benefit of the teachings
herein. For example, the process steps set forth above may be performed in
a different order. Furthermore, no limitations are intended to the details
of construction or design herein shown, other than as described in the
claims below. It is therefore evident that the particular embodiments
disclosed above may be 15altered or modified and all such variations are
considered within the scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the claims below.  CLAIMS WHAT
IS CLAIMED 1. A method, comprising: 5providing a semiconductor structure
comprising a substrate and a nanowire above said substrate, the nanowire
comprising a first semiconductor material and extending in a vertical
direction of said substrate; forming a material layer above said substrate,
the material layer annularly enclosing said nanowire; 10selectively
removing a first part of said nanowire relative to said material layer,
wherein a second part of said nanowire is not removed, a distal end of said
second part of said nanowire distal from said substrate being closer to
said substrate than a surface of said material layer so that said
semiconductor structure has a recess at a location of said nanowire, the
distal end of said nanowire being exposed at the 
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The transistor 131 may be switched between an electrically conductive on-state and an

off-state having only a relatively low electrical conductivity by applying an electric voltage to

the gate electrode 117. The gate electrode 117 is electrically insulated from the channel region

in the nanowires 114 by the gate insulation layer 116, and is isolated from the drain region and

the source region by the drain spacer 115 and the source spacer 118, respectively. Since the5

channel region of the transistor 131 is provided in the nanowires 114, and the gate electrode 117

annularly encloses the nanowires 114, the gate electrode 117 extends all around the channel

region, which can improve the controllability of the channel that is obtainable by applying a

voltage to the gate electrode 117.

10

Moreover, in the transistor 131, the drain region 106, the channel region in the

nanowires 114 and the source provided in the form of the semiconductor material 120 and the

source contact layer 123 are arranged along the vertical direction 130. A gate length of the

transistor 131 may substantially correspond to a thickness of the gate electrode 117. For

reducing an extension of the transistor 131 in the horizontal directions 128, 129, a scaling of the15

gate length of the transistor 131 is not necessary. Shrinking the extension of the transistor 131

in the horizontal directions 128, 129 may be limited only by the diameter and the pitch of the

nanowires 114.

An interface between the doped semiconductor material in the drain of the transistor 13120

and the substantially undoped or inversely doped semiconductor material in the channel of the

transistor 131 is provided by the interface between the portions 106 and 107 of the

semiconductor layer 105. An interface between the doped semiconductor material in the source

of the transistor 131 and the substantially undoped or inversely doped semiconductor material in

the channel region is provided by the interface between the semiconductor material 120 and the25

nanowires 114.

15bottom of said recess; and filling said recess with a second
semiconductor material, the second semiconductor material being differently
doped than said first semiconductor material. 2. The method of claim 1,
wherein said semiconductor structure further 20comprises: a gate electrode
annularly enclosing said nanowire; and a gate insulation layer between said
nanowire and said gate electrode; wherein said material layer comprises an
electrically insulating material and is formed above said gate electrode.
25          3. The method of claim 2, wherein said semiconductor structure
further comprises an electrically insulating first spacer annularly
enclosing said nanowire, said first spacer being provided between a
semiconductor layer provided below said nanowire and said gate electrode,
said material layer forming a second electrically insulating spacer
annularly enclosing said 5nanowire. 
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The location of the interface between the source region and the channel region of the

transistor 131 relative to the gate electrode 117 may be controlled by selecting the thickness of

the source spacer 118 and the amount of semiconductor material that is removed in the etching

of the nanowires 114 that is performed after the formation of the source spacer 118. Thus, the5

location of the interface between the channel region and the source region may be relatively

precisely controlled.

After the formation of the source contact layer 123, the source contact layer 123, the

source spacer 118, the gate electrode 117 and the drain spacer 115 may be removed in a region10

132 of the semiconductor structure 100, so that the portion 106 of the semiconductor layer 105

forming the drain of the transistor 131 is exposed in the region 132. In a region 133, the source

contact layer 123 and the source spacer 118 may be removed, so that the gate electrode 117 is

exposed in the region 133. The regions 132, 133 may be located adjacent the trench isolation

structure 104. In Figure 10a, the location of the trench isolation structure 104 is schematically15

indicated by dashed lines 121, 122. The removal of material in the regions 132, 133 may be

performed by means of techniques of photolithography and etching.

Thereafter, an interlayer dielectric 124 may be deposited over the semiconductor

structure 100. In some embodiments, the interlayer dielectric 124 may include silicon dioxide20

and may be deposited by a chemical vapor deposition or plasma-enhanced chemical vapor

deposition process. Optionally, after the deposition of the interlayer dielectric 124, a chemical

mechanical polishing process may be performed for planarizing the surface of the interlayer

dielectric 124.

25

4. The method of claim 1, wherein forming said material layer comprises
anisotropically depositing a material of said material layer and performing
an isotropic etch process to remove a portion of the material of said
material layer on sidewalls of said nanowire. 10         5. The method of
claim 1, wherein removing said first part of said nanowire comprises
performing an isotropic etch process selectively removing said first
semiconductor material relative to a material of said material layer.
156.The method of claim 1, wherein filling said recess comprises performing
a deposition process, said second semiconductor material being in situ
doped during said deposition process. 7.A method, comprising: 20providing a
semiconductor-on-insulator structure comprising a substrate, a dielectric
layer on said substrate and a first semiconductor layer on said dielectric
layer; reducing a thickness of said first semiconductor layer; after
reducing the thickness of said first semiconductor layer, epitaxially
depositing a second semiconductor layer on said first semiconductor layer,
the second 25semiconductor layer comprising a first portion on said first
semiconductor layer and a second portion on the first portion of said
second semiconductor layer, wherein a doping of the first portion of said
second semiconductor layer is different from a doping of a second portion
of said second semiconductor layer; and 
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Thereafter, a source contact via 125 may be formed over the source contact layer 123, a

drain contact via 126 may be formed in the region 132 of the semiconductor structure 100, and a

gate contact via 127 may be formed in the region 133 of the semiconductor structure 100 for

providing electrical contact to the source, drain and gate of the transistor 131. The contact vias

125, 126, 127 may be filled with an electrically conductive material, for example tungsten. The5

contact vias 125, 126, 127 may be formed by means of processes of photolithography, etching

and deposition.

The particular embodiments disclosed above are illustrative only, as the invention

may be modified and practiced in different but equivalent manners apparent to those skilled10

in the art having the benefit of the teachings herein.  For example, the process steps set forth

above may be performed in a different order.  Furthermore, no limitations are intended to

the details of construction or design herein shown, other than as described in the claims

below. It is therefore evident that the particular embodiments disclosed above may be

altered or modified and all such variations are considered within the scope and spirit of the15

invention.  Accordingly, the protection sought herein is as set forth in the claims below.

patterning said second portion of said second semiconductor layer, the
patterning  5 forming a nanowire extending in a vertical direction of said
substrate, wherein a part of said first portion of said semiconductor layer
that is adjacent said nanowire and is not covered by said nanowire remains
in said semiconductor structure. 108.The method of claim 7, wherein a
thickness of said first portion of said second semiconductor layer is
greater than at least one of the reduced thickness of said first
semiconductor layer, five times the reduced thickness of said first
semiconductor layer and ten times the reduced thickness of said first
semiconductor layer. 159.The method of claim 8, wherein a thickness of said
second portion of said second semiconductor layer is greater than at least
one of the thickness of said first portion of said second semiconductor
layer and twice the thickness of said first portion of said second
semiconductor layer. 2010.The method of claim 7, wherein said first portion
of said second semiconductor layer is one of P-doped and N-doped, and
wherein said first semiconductor layer and said second portion of said
second semiconductor layer are substantially undoped. 11.The method of
claim 7, further comprising forming a first spacer annularly 25enclosing
said nanowire, the first spacer comprising an electrically insulating
material.           12. The method of claim 11, further comprising: 
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CLAIMS

WHAT IS CLAIMED:

1. A method, comprising:

providing a semiconductor structure comprising a substrate and a nanowire above said5

substrate, the nanowire comprising a first semiconductor material and extending

in a vertical direction of said substrate;

forming a material layer above said substrate, the material layer annularly enclosing said

nanowire;

selectively removing a first part of said nanowire relative to said material layer, wherein10

a second part of said nanowire is not removed, a distal end of said second part of

said nanowire distal from said substrate being closer to said substrate than a

surface of said material layer so that said semiconductor structure has a recess at

a location of said nanowire, the distal end of said nanowire being exposed at the

bottom of said recess; and15

filling said recess with a second semiconductor material, the second semiconductor

material being differently doped than said first semiconductor material.

2. The method of claim 1, wherein said semiconductor structure further

comprises:20

a gate electrode annularly enclosing said nanowire; and

a gate insulation layer between said nanowire and said gate electrode;

wherein said material layer comprises an electrically insulating material and is formed

above said gate electrode.

25

forming a gate insulation layer on a portion of said nanowire that is not
covered by said first spacer; and              after the formation of said
gate insulation layer, forming a gate electrode above said first 5spacer,
the gate electrode annularly enclosing said nanowire.         13. The
method of claim 12, further comprising removing a portion of said gate
insulation layer that is not covered by said gate electrode after the
formation of said gate electrode. 10         14. A method of claim 12,
further comprising forming a second spacer above said gate electrode, the
second spacer annularly enclosing said nanowire, the second spacer
comprising an electrically insulating material. 1515.The method of claim
14, further comprising selectively removing a first part of said nanowire
relative to said second spacer, wherein a second part of said nanowire is
not removed, a distal end of said second part of said nanowire distal from
said substrate being closer to said substrate than a surface of said second
spacer so that a recess is provided at a location of the nanowire, the
distal end of said nanowire being exposed at the bottom of said recess. 20
16.The method of claim 15, further comprising filling said recess with a 
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3. The method of claim 2, wherein said semiconductor structure further comprises

an electrically insulating first spacer annularly enclosing said nanowire, said first spacer being

provided between a semiconductor layer provided below said nanowire and said gate electrode,

said material layer forming a second electrically insulating spacer annularly enclosing said

nanowire.5

4. The method of claim 1, wherein forming said material layer comprises

anisotropically depositing a material of said material layer and performing an isotropic etch

process to remove a portion of the material of said material layer on sidewalls of said nanowire.

10

5. The method of claim 1, wherein removing said first part of said nanowire

comprises performing an isotropic etch process selectively removing said first semiconductor

material relative to a material of said material layer.

6. The method of claim 1, wherein filling said recess comprises performing a15

deposition process, said second semiconductor material being in situ doped during said

deposition process.

7. A method, comprising:

providing a semiconductor-on-insulator structure comprising a substrate, a dielectric20

layer on said substrate and a first semiconductor layer on said dielectric layer;

reducing a thickness of said first semiconductor layer;

after reducing the thickness of said first semiconductor layer, epitaxially depositing a

second semiconductor layer on said first semiconductor layer, the second

semiconductor layer comprising a first portion on said first semiconductor layer25

and a second portion on the first portion of said second semiconductor layer,

semiconductor material, the semiconductor material being doped with a
dopant of the same type as said first portion of said second semiconductor
layer. 2517.The method of claim 16, further comprising performing an
annealing process after filling said recess with said semiconductor
material.  of a rapid thermal anneal and a laser spike anneal. 519.The
method of claim 17, further comprising forming a silicide at said recess
filled with said semiconductor material. 20.The method of claim 7, wherein
a plurality of nanowires are formed on a contiguous portion of said first
semiconductor layer in the patterning of said second portion of  10 said
semiconductor layer, and wherein a channel region of one field effect
transistor is formed from said plurality of nanowires, said contiguous
portion of said first semiconductor layer providing one of a source and a
drain of said field effect transistor. 15 20 
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wherein a doping of the first portion of said second semiconductor layer is

different from a doping of a second portion of said second semiconductor layer;

and

patterning said second portion of said second semiconductor layer, the patterning

forming a nanowire extending in a vertical direction of said substrate, wherein a5

part of said first portion of said semiconductor layer that is adjacent said

nanowire and is not covered by said nanowire remains in said semiconductor

structure.

8. The method of claim 7, wherein a thickness of said first portion of said second10

semiconductor layer is greater than at least one of the reduced thickness of said first

semiconductor layer, five times the reduced thickness of said first semiconductor layer and ten

times the reduced thickness of said first semiconductor layer.

9. The method of claim 8, wherein a thickness of said second portion of said15

second semiconductor layer is greater than at least one of the thickness of said first portion of

said second semiconductor layer and twice the thickness of said first portion of said second

semiconductor layer.

10. The method of claim 7, wherein said first portion of said second semiconductor20

layer is one of P-doped and N-doped, and wherein said first semiconductor layer and said

second portion of said second semiconductor layer are substantially undoped.

11. The method of claim 7, further comprising forming a first spacer annularly

enclosing said nanowire, the first spacer comprising an electrically insulating material.25

25 
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12. The method of claim 11, further comprising:

forming a gate insulation layer on a portion of said nanowire that is not covered by said

first spacer; and

after the formation of said gate insulation layer, forming a gate electrode above said first

spacer, the gate electrode annularly enclosing said nanowire.5

13. The method of claim 12, further comprising removing a portion of said gate

insulation layer that is not covered by said gate electrode after the formation of said gate

electrode.

10

14. A method of claim 12, further comprising forming a second spacer above said

gate electrode, the second spacer annularly enclosing said nanowire, the second spacer

comprising an electrically insulating material.

15. The method of claim 14, further comprising selectively removing a first part of15

said nanowire relative to said second spacer, wherein a second part of said nanowire is not

removed, a distal end of said second part of said nanowire distal from said substrate being closer

to said substrate than a surface of said second spacer so that a recess is provided at a location of

the nanowire, the distal end of said nanowire being exposed at the bottom of said recess.

20

16. The method of claim 15, further comprising filling said recess with a

semiconductor material, the semiconductor material being doped with a dopant of the same type

as said first portion of said second semiconductor layer.

17. The method of claim 16, further comprising performing an annealing process25

after filling said recess with said semiconductor material.
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18. The method of claim 17, wherein said annealing process comprises at least one

of a rapid thermal anneal and a laser spike anneal.

19. The method of claim 17, further comprising forming a silicide at said recess5

filled with said semiconductor material.

20. The method of claim 7, wherein a plurality of nanowires are formed on a

contiguous portion of said first semiconductor layer in the patterning of said second portion of

said semiconductor layer, and wherein a channel region of one field effect transistor is formed10

from said plurality of nanowires, said contiguous portion of said first semiconductor layer

providing one of a source and a drain of said field effect transistor.

15

20

25


