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Field of Invention 

 

The present invention relates to the manufacture of a field-effect transistor in a silicon-

on-insulator structure and, in particular, to a system-on-chip comprising densely 

packed field-effect transistors that may share functional regions. 

 

 

Background of the invention 

 

Semiconductor-On-Insulator (SeOI) and, in particular, Silicon-On-Insulator (SOI) 

semiconductor devices are of increasing interest in present and future semiconductor 

manufacturing, for example, in the context of the Complementary Metal Oxide Semi-

conductor (CMOS) technology. In modern integrated circuits, a very high number 

of individual circuit elements, such as field effect transistors in the form of 

CMOS, NMOS, PMOS elements, resistors, capacitors, and the like are formed 

on a single chip area. Typically, feature sizes of these circuit elements are 

steadily decreasing with the introduction of every new circuit generation, to 

provide currently available integrated circuits with an improved degree of per-

formance in terms of speed and/or power consumption. A reduction in size of 

transistors is an important aspect in steadily improving device performance of 

complex integrated circuits, such as CPUs. The reduction in size commonly 

brings about an increased switching speed, thereby enhancing signal process-

ing performance. 

 

During the fabrication of complex integrated circuits using CMOS technology, 

millions of transistors, i.e., n-channel transistors and p-channel transistors, are 
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formed on a substrate including a crystalline semiconductor layer.  Transistor 

elements are the dominant circuit element in highly complex integrated circuits which 

substantially determine the overall performance of these devices. 

 

A MOS transistor, irrespective of whether an n-channel transistor or a p-

channel transistor is considered, comprises so-called pn-junctions that are 

formed by an interface of highly doped drain and source regions with an in-

versely or weakly doped channel region disposed between the drain region 

and the source region.  The conductivity of the channel region, i.e., the drive 

current capability of the conductive channel, is controlled by a gate electrode 

formed near the channel region and separated therefrom by a thin insulating 

layer.  The conductivity of the channel region upon formation of a conductive 

channel due to the application of an appropriate control voltage to the gate 

electrode, depends on the dopant concentration, the mobility of the majority 

charge carriers, and – for a given extension of the channel region in the tran-

sistor width direction – on the distance between the source and drain regions, 

which is also referred to as channel length. 

 

Due to the decreased dimensions of circuit elements, not only the performance of the 

individual transistor elements may be increased, but also their packing density may be 

improved, thereby providing the potential for incorporating increased functionality into 

a given chip area.  For this reason, highly complex circuits have been developed, 

which may include different types of circuits, such as analogue circuits, digital circuits 

and the like, thereby providing entire systems on a single chip (SoC).   

 

The continuing shrinkage of the transistor dimensions, however, involves a 

plurality of issues associated therewith that have to be addressed so as to not 

unduly offset the advantages obtained by steadily decreasing the channel 

length of MOS transistors.  One major problem in this respect is to provide for 

low sheet and contact resistivity in drain and source regions and any contacts 

connected thereto and to maintain channel controllability.  For example, reduc-

ing the channel length may necessitate an increase of the capacitive coupling 

between the gate electrode and the channel region, which may call for re-
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drain and source regions with an inversely or weakly doped channel region disposed between the drain
region and the source region. The conductivity of the channel region, i.e., the drive current capability of
the conductive channel, is controlled by a gate electrode formed near the channel region and separated
therefrom by a thin insulating layer. The conductivity of the channel region upon formation of a conductive
channel due to the application of an appropriate control voltage to the gate electrode, depends on the
dopant concentration, the mobility of the majority charge carriers, and - for a given extension of the
channel region in the transistor width direction - on the distance between the source and drain regions,
which is also referred to as channel length. Due to the decreased dimensions of circuit elements, not only
the performance of the individual transistor elements may be increased, but also their packing density
may be improved, thereby providing the potential for incorporating increased functionality into a given chip
area. For this reason, highly complex circuits have been developed, which may include different types of
circuits, such as analogue circuits, digital circuits and the like, thereby providing entire systems on a
single chip (SoC). The continuing shrinkage of the transistor dimensions, however, involves a plurality of
issues associated therewith that have to be addressed so as to not unduly offset the advantages obtained
by steadily decreasing the channel length of MOS transistors. One major problem in this respect is to
provide for low sheet and contact resistivity in drain and source regions and any contacts connected
thereto and to maintain channel controllability. For example, reducing the channel length may necessitate
an increase of the capacitive coupling between the gate electrode and the channel region, which may call
for re-  3 duced thickness of the gate insulation layer. Presently, the thickness of silicon dioxide based
gate insulation layers is in the range of 1 to 2 nanometers, wherein a further reduction may be less
desirable in view of leakage currents which typically exponentially increase when reducing the gate
dielectric thickness. However, the interface of the gate dielectric and polysilicon that is conventionally
used for the manufacture of the gate electrode is characterized by grain boundaries affecting a uniform
dopant profile and resulting in poor adhesion properties and reliability failures. Moreover, given the
continually decreased dimensions of circuit elements and despite the recent engineering progress, there
is still a need for more compact configurations of transistor elements of different performance properties.
In view of the above, the present disclosure relates to methods for the manufacture of semiconductor
devices and semiconductor devices in which transistors may be formed in a space efficient manner and
improved properties with respect to the gate dielectric - gate electrode interface. 
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duced thickness of the gate insulation layer.  Presently, the thickness of sili-

con dioxide based gate insulation layers is in the range of 1 to 2 nanometers, 

wherein a further reduction may be less desirable in view of leakage currents 

which typically exponentially increase when reducing the gate dielectric thick-

ness.  

 

However, the interface of the gate dielectric and polysilicon that is conventionally used 

for the manufacture of the gate electrode is characterized by grain boundaries affect-

ing a uniform dopant profile and resulting in poor adhesion properties and reliability 

failures. Moreover, given the continually decreased dimensions of circuit elements and 

despite the recent engineering progress, there is still a need for more compact con-

figurations of transistor elements of different performance properties. 

 

In view of the above, the present disclosure relates to methods for the manufacture of 

semiconductor devices and semiconductor devices in which transistors may be 

formed in a space efficient manner and improved properties with respect to the gate 

dielectric – gate electrode interface. 

 

 

Description of the Invention 

 

In order to address the above-mentioned objects, it is provided a semiconductor de-

vice according to claim 1, comprising 

 

a semiconductor-on-insulator, in particular, a silicon-on-insulator, SOI, structure com-

prising a substrate, an oxide layer (BOX layer) on the substrate and a semiconductor 

layer, in particular, a single crystal silicon layer, on the oxide layer; with 

 

a field-effect-transistor, FET, wherein the FET comprises  

 

a channel region in the substrate; 

 

Description of the Invention In order to address the above-mentioned objects, it is provided a
semiconductor device according to claim 1, comprising a semiconductor-on-insulator, in particular, a
silicon-on-insulator, SOI, structure comprising a substrate, an oxide layer (BOX layer) on the substrate
and a semiconductor layer, in particular, a single crystal silicon layer, on the oxide layer; with a
field-effect-transistor, FET, wherein the FET comprises  4 a dielectric being at least a part of the oxide
layer of the semiconductor-on-insulator structure; and a gate at least partially being a first part of the
semiconductor layer of the semiconductor-on-insulator structure. In one particular embodiment the
dielectric is a gate dielectric and the gate is a gate electrode that, in particular, may further comprise a
layer of polysilicon on the first part of the semiconductor layer (for example, the single crystal silicon layer)
of the semiconductor-on-insulator structure, for example, SOI structure, that at least partially forms the
gate. 
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a dielectric being at least a part of the oxide layer of the semiconductor-on-insulator 

structure; and 

 

a gate at least partially being a first part of the semiconductor layer of the semiconduc-

tor-on-insulator structure. 

 

In one particular embodiment the dielectric is a gate dielectric and the gate is a gate 

electrode that, in particular, may further comprise a layer of polysilicon on the first part 

of the semiconductor layer (for example, the single crystal silicon layer) of the semi-

conductor-on-insulator structure, for example, SOI structure, that at least partially 

forms the gate. 

 

In the following, description is made for an SOI structure comprising a single crystal 

layer. However, it is to be understood that any semiconductor-on-insulator structure 

without restriction to silicon can is encompassed in the present invention. 

 

Thus according to the present invention, FETs with gate dielectrics in form of parts of 

initial BOX layers of SOI structures are provided that, furthermore, have gate elec-

trodes that at least partially are formed from parts of the single crystal silicon layers of 

the SOI structures. Thereby, improved electrode characteristics due to the single crys-

tal silicon are provided (in the art, usually, polysilicon only is used for the gate mate-

rial) and the material properties of the interface between the dielectric and the gate 

electrode is significantly improved. In the art, a polysilicon – oxide interface is provided 

between the gate electrode and the gate dielectric. According to the present invention, 

a single crystal silicon – oxide interface is provided between the gate electrode and 

the gate dielectric, thereby avoiding grain boundaries resulting in inhomogeneous do-

pant profiles and affecting the long time operation reliability of high-performance tran-

sistors, as well as contributing to VT variability. Thus the provided transistors are par-

ticularly suitable for high-voltage applications, for example, in the context of RF de-

vices and electrostatic discharge (ESD) protections, 

 

In another particular embodiment the FET is a floating-gate FET and the dielectric is a 

tunnel dielectric and the gate is a floating-gate. The floating-gate FET may further 

In the following, description is made for an SOI structure comprising a single crystal layer. However, it is
to be understood that any semiconductor-on-insulator structure without restriction to silicon can is
encompassed in the present invention. Thus according to the present invention, FETs with gate
dielectrics in form of parts of initial BOX layers of 501 structures are provided that, furthermore, have gate
electrodes that at least partially are formed from parts of the single crystal silicon layers of the 501
structures. Thereby, improved electrode characteristics due to the single crystal silicon are provided (in
the art, usually, polysilicon only is used for the gate material) and the material properties of the interface
between the dielectric and the gate electrode is significantly improved. In the art, a polysilicon - oxide
interface is provided between the gate electrode and the gate dielectric. According to the present
invention, a single crystal silicon - oxide interface is provided between the gate electrode and the gate
dielectric, thereby avoiding grain boundaries resulting in inhomogeneous do-pant profiles and affecting
the long time operation reliability of high-performance transistors, as well as contributing to VT variability.
Thus the provided transistors are particularly suitable for high-voltage applications, for example, in the
context of RF devices and electrostatic discharge (ESD) protections, 5 comprise a gate dielectric on the
floating gate and a gate electrode, in particular, made of polysilicon, on the gate dielectric. Again, a single
crystal silicon - oxide interface can be provided this time between the floating gate and the tunnel
dielectric. The single crystal silicon - oxide interface results in improved charge/data retention as
compared to the conventional polysilicon - oxide interface. Thus, this embodiment is particularly suitable
for the manufacture of high-voltage FLASH memory devices. Manufacture of the floating-gate FET is
compatible with the manufacture of the FET comprising a part of the BOX layer as a gate dielectric and a
gate electrode that is at least partly made of single crystal silicon as described above. It should be noted
that in the above-described examples the substrate of the SOI structure may be a polysilicon substrate
and the BOX layer may be provided in form of a silicon dioxide layer, for example. The SOI structure may
be obtained by the SMARTCUT(c) process. The above-described examples for the inventive FET are
particular suitable for co-integration with conventional bulk transistors on SOI (MOSFETs). Thus, the
semiconductor device according to one of the above-described examples may further comprise another
FET comprising a channel region and source-drain regions both made of a second part of the silicon layer
of the SOI structure. Additionally, the other FET may comprise a dielectric layer, particularly, comprising a
low-k material, formed on the channel region that is located in the single crystal silicon layer of the SOI
and a gate metal layer formed on this gate dielectric layer. According to an embodiment, the first part of
the silicon layer of the SOI structure is different from the second part of the silicon layer of the SOI
structure and an insulator region, in particular, a shallow trench isolation, is provided separating the FET
comprising the dielectric that is made from a part of the oxide layer of the SOI structure from the other
FET comprising a channel region and source-drain regions both made of the second part of the single
crystal silicon layer of the SOI structure. Alternatively, the first part of the single crystal silicon layer of the
SOI structure and the second part of the single crystal silicon layer of the SOI structure at least partially
overlap each other. In particular, the first part of the single crystal silicon layer of the SOI structure 6
(functioning as a gate for the inventive transistor) may form at least partially a source or drain region of
the other (conventional) FET. 



 

 

5 

 

comprise a gate dielectric on the floating gate and a gate electrode, in particular, 

made of polysilicon, on the gate dielectric. Again, a single crystal silicon – oxide inter-

face can be provided this time between the floating gate and the tunnel dielectric. The 

single crystal silicon – oxide interface results in improved charge/data retention as 

compared to the conventional polysilicon – oxide interface. Thus, this embodiment is 

particularly suitable for the manufacture of high-voltage FLASH memory devices. 

Manufacture of the floating-gate FET is compatible with the manufacture of the FET 

comprising a part of the BOX layer as a gate dielectric and a gate electrode that is at 

least partly made of single crystal silicon as described above. 

 

It should be noted that in the above-described examples the substrate of the SOI 

structure may be a polysilicon substrate and the BOX layer may be provided in form of 

a silicon dioxide layer, for example. The SOI structure may be obtained by the 

SMARTCUT© process. 

 

The above-described examples for the inventive FET are particular suitable for co-

integration with conventional bulk transistors on SOI (MOSFETs). Thus, the semicon-

ductor device according to one of the above-described examples may further com-

prise another FET comprising a channel region and source-drain regions both made 

of a second part of the silicon layer of the SOI structure. Additionally, the other FET 

may comprise a dielectric layer, particularly, comprising a low-k material, formed on 

the channel region that is located in the single crystal silicon layer of the SOI and a 

gate metal layer formed on this gate dielectric layer.  

 

According to an embodiment, the first part of the silicon layer of the SOI structure is 

different from the second part of the silicon layer of the SOI structure and an insulator 

region, in particular, a shallow trench isolation, is provided separating the FET com-

prising the dielectric that is made from a part of the oxide layer of the SOI structure 

from the other FET comprising a channel region and source-drain regions both made 

of the second part of the single crystal silicon layer of the SOI structure. Alternatively, 

the first part of the single crystal silicon layer of the SOI structure and the second part 

of the single crystal silicon layer of the SOI structure at least partially overlap each 

other. In particular, the first part of the single crystal silicon layer of the SOI structure 

In both cases the process flow for the manufacture of the transistors readily allows for the co-integration
of both transistor devices. When the first part of the single crystal silicon layer of the SOI structure forms
at least partially a source or drain region of the other FET a very compact configuration arises that allows
for minimizing the necessary space. Moreover, the semiconductor device may comprise the FET
comprising the dielectric that is made from a part of the oxide layer of the SOI structure, a conventional
MOSFET separated from that FET and an additional conventional MOSFET with a source or drain region
shared with the gate of the inventive FET comprising the dielectric that is made from a part of the oxide
layer of the SOI structure. In order to address the above-mentioned object the present invention also
provides a method for manufacturing a semiconductor device, comprising providing a silicon-on-insulator,
SOI structure comprising a substrate, an oxide layer on the substrate and a single crystal silicon layer on
the oxide layer; forming a polysilicon layer on the single crystal silicon layer to obtain a polysilicon on SOI
structure; and etching the polysilicon on SOI structure to form a FET comprising a channel region in the
substrate, a gate dielectric made from a part of the oxide layer of the SOI structure and a gate electrode
at least partially made of a first part of the single crystal silicon layer of the SOI structure and a part of the
polysilicon layer formed on the single crystal silicon layer. The etching may be performed based on a
photoresist formed and patterned on the polysilicon layer on the SOI structure.  7 ide layer, in principle,
any other suitable semiconductor material can be used. Thus, it is tio be understood that the invention
covers a semiconductor-in-insulator structure, for example, comprising germanium or silicon-germanium
on an oxide layer, and is not restricted to an SOI structure. 
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(functioning as a gate for the inventive transistor) may form at least partially a source 

or drain region of the other (conventional) FET. 

 

In both cases the process flow for the manufacture of the transistors readily allows for 

the co-integration of both transistor devices. When the first part of the single crystal 

silicon layer of the SOI structure forms at least partially a source or drain region of the 

other FET a very compact configuration arises that allows for minimizing the neces-

sary space. 

 

Moreover, the semiconductor device may comprise the FET comprising the dielectric 

that is made from a part of the oxide layer of the SOI structure, a conventional MOS-

FET separated from that FET and an additional conventional MOSFET with a source 

or drain region shared with the gate of the inventive FET comprising the dielectric that 

is made from a part of the oxide layer of the SOI structure. 

 

In order to address the above-mentioned object the present invention also provides a 

method for manufacturing a semiconductor device, comprising 

 

providing a silicon-on-insulator, SOI structure comprising a substrate, an oxide layer 

on the substrate and a single crystal silicon layer on the oxide layer; 

 

forming a polysilicon layer on the single crystal silicon layer to obtain a polysilicon on 

SOI structure; and 

 

etching the polysilicon on SOI structure to form a FET comprising a channel region in 

the substrate, a gate dielectric made from a part of the oxide layer of the SOI structure 

and a gate electrode at least partially made of a first part of the single crystal silicon 

layer of the SOI structure and a part of the polysilicon layer formed on the single crys-

tal silicon layer. The etching may be performed based on a photoresist formed and 

patterned on the polysilicon layer on the SOI structure. 

 

Whereas in the following embodiments of the inventive methods are described with 

reference to an SOI structure comprising a single crystal silicon layer on a buried ox-

The method may further comprise the steps forming a mask layer on the SOI structure; forming a shallow
trench isolation through the mask layer extending to the substrate and separating a first region of the SOI
structure from a second region of the SOI structure; removing the mask layer from the second region of
the SOI structure; subsequently forming a dielectric layer on the second region of the SOI structure;
forming a metal layer on the dielectric layer; and removing the mask layer from the first region of the SOI
structure; and etching the metal layer, the dielectric layer and the SOI structure in the second region to
form a MOSFET in the second region of the SOI structure; and wherein the polysilicon layer is formed on
the single crystal silicon layer in the first region of the SOI structure to obtain the polysilicon on SOI
structure and on the metal layer. 
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ide layer, in principle, any other suitable semiconductor material can be used. Thus, it 

is tio be understood that the invention covers a semiconductor-in-insulator structure, 

for example, comprising germanium or silicon-germanium on an oxide layer, and is 

not restricted to an SOI structure. 

 

The method may further comprise the steps 

 

forming a mask layer on the SOI structure; 

 

forming a shallow trench isolation through the mask layer extending to the substrate 

and separating a first region of the SOI structure from a second region of the SOI 

structure; 

 

removing the mask layer from the second region of the SOI structure; 

 

subsequently forming a dielectric layer on the second region of the SOI structure; 

 

forming a metal layer on the dielectric layer; and 

 

removing the mask layer from the first region of the SOI structure; and  

 

etching the metal layer, the dielectric layer and the SOI structure in the second region 

to form a MOSFET in the second region of the SOI structure; and wherein 

 

the polysilicon layer is formed on the single crystal silicon layer in the first region of the 

SOI structure to obtain the polysilicon on SOI structure and on the metal layer. 

 

Co-integration with a conventional MOSFET can easily be realized. Thus, the method 

according to the above examples may further comprise manufacturing a MOSFET on 

the SOI structure comprising the steps of 

 

forming a gate dielectric on the single crystal silicon layer of the SOI structure; 

 

Co-integration with a conventional MOSFET can easily be realized. Thus, the method according to the
above examples may further comprise manufacturing a MOSFET on the SOI structure comprising the
steps of  8 forming a gate electrode on the gate dielectric; and forming source and drain regions such that
one of the source and drain regions is at least partly formed of at least a part of the gate electrode that is
at least partially made of the first part of the single crystal silicon layer of the SOI structure. Moreover, it is
provided a method for manufacturing a semiconductor device, comprising providing a silicon-on-insulator,
SOI structure comprising a substrate, an oxide layer on the substrate and a single crystal silicon layer on
the oxide layer; forming a dielectric layer on the single crystal silicon layer; forming a polysilicon layer on
the dielectric layer to obtain a multilayer structure; and 
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forming a gate electrode on the gate dielectric; and 

 

forming source and drain regions such that one of the source and drain regions is at 

least partly formed of at least a part of the gate electrode that is at least partially made 

of the first part of the single crystal silicon layer of the SOI structure. 

 

Moreover, it is provided a method for manufacturing a semiconductor device, compris-

ing 

 

providing a silicon-on-insulator, SOI structure comprising a substrate, an oxide layer 

on the substrate and a single crystal silicon layer on the oxide layer; 

 

forming a dielectric layer on the single crystal silicon layer; 

 

forming a polysilicon layer on the dielectric layer to obtain a multilayer structure; and 

 

etching the multilayer structure to form a floating-gate FET comprising a channel re-

gion in the substrate, a tunnel dielectric made from a part of the oxide layer of the SOI 

structure, a floating gate made of a first part of the single crystal silicon layer of the 

SOI structure, a gate dielectric made of a part of the dielectric layer formed on the sin-

gle crystal silicon layer and a gate electrode comprising a part of the polysilicon layer 

formed on the dielectric layer. 

 

Again, the etching step may be performed based on a photoresist formed and pat-

terned on the polysilicon layer on SOI structure 

 

This method including the formation of a floating-gate transistor may also comprise 

the steps of 

 

forming a mask layer on the SOI structure; 

 

etching the multilayer structure to form a floating-gate FET comprising a channel region in the substrate, a
tunnel dielectric made from a part of the oxide layer of the SOI structure, a floating gate made of a first
part of the single crystal silicon layer of the SOI structure, a gate dielectric made of a part of the dielectric
layer formed on the single crystal silicon layer and a gate electrode comprising a part of the polysilicon
layer formed on the dielectric layer. Again, the etching step may be performed based on a photoresist
formed and patterned on the polysilicon layer on SOI structure This method including the formation of a
floating-gate transistor may also comprise the steps of  9 forming a shallow trench isolation through the
mask layer extending to the substrate and separating a first region of the SOI structure from a second
region of the SOI structure; removing the mask layer from the second region of the SOI structure;
subsequently forming another dielectric layer on the second region of the SOI structure; forming a metal
layer on the other dielectric layer; 
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forming a shallow trench isolation through the mask layer extending to the substrate 

and separating a first region of the SOI structure from a second region of the SOI 

structure; 

 

removing the mask layer from the second region of the SOI structure; 

 

subsequently forming another dielectric layer on the second region of the SOI struc-

ture; 

 

forming a metal layer on the other dielectric layer;  

   

removing the mask layer from the first region of the SOI structure;  and  

 

etching the metal layer, the other dielectric layer and the SOI structure in the second 

region to form the MOSFET in the second region of the SOI structure; and wherein 

 

the dielectric layer is formed on the single crystal silicon layer and the polysilicon layer 

is formed on the dielectric layer to obtain a multilayer structure in the first region of the 

SOI structure.  

 

Again, co-integration with a conventional MOSFET can easily be realized. Thus, the 

method related to a floating-gate transistor according to the above examples may fur-

ther comprise manufacturing a MOSFET on the SOI structure comprising the steps of 

 

forming a gate dielectric on the single crystal silicon layer of the SOI structure; 

 

forming a gate electrode on the gate dielectric; and 

 

forming source and drain regions such that one of the source and drain regions is at 

least partly formed of at least a part of the floating gate that is at least partially made 

of the first part of the single crystal silicon layer of the SOI structure. 

 

removing the mask layer from the first region of the SOI structure and etching the metal layer, the other
dielectric layer and the SOI structure in the second region to form the MOSFET in the second region of
the SOI structure; and wherein the dielectric layer is formed on the single crystal silicon layer and the
polysilicon layer is formed on the dielectric layer to obtain a multilayer structure in the first region of the
SOI structure. Again, co-integration with a conventional MOSFET can easily be realized. Thus, the
method related to a floating-gate transistor according to the above examples may further comprise
manufacturing a MOSFET on the SOI structure comprising the steps of forming a gate dielectric on the
single crystal silicon layer of the SOI structure; forming a gate electrode on the gate dielectric; and
forming source and drain regions such that one of the source and drain regions is at least partly formed of
at least a part of the floating gate that is at least partially made of the first part of the single crystal silicon
layer of the SOI structure.  10 



 

 

10 

 

In the above-described examples of the inventive semiconductor device and method 

an SOI structure is involved. The SOI structure may have a BOX layer with varying 

thickness. In particular, the thickness of the BOX layer may be adapted to be suitable 

for a dielectric layer of a high-performance FET or a tunnel dielectric of a floating-gate 

FET.  

 

An SOI structure with a varying thickness of the BOX layer may be obtained by 

 

providing an SOI stack comprising a substrate layer, a first silicon (di)oxide layer on 

the substrate layer and a single crystal silicon layer on the first silicon (di)oxide layer; 

 

forming a second oxide layer on the single crystal silicon layer and a mask layer on 

the second oxide layer; 

  

patterning the second oxide layer and the mask layer to expose a first part of the sin-

gle crystal silicon layer;  

 

subjecting the resulting structure to an anneal process thereby partially dissolving the 

part of the first silicon (di)oxide layer beneath the exposed first part of the single crys-

tal silicon layer in order to obtain a thinned silicon (di)oxide layer; and 

 

removing the second oxide layer and the mask layer. 

 

The thinned silicon (di)oxide layer can subsequently serve as a dielectric layer or tun-

nel dielectric in the above-described examples of the present invention, i.e. the part of 

the oxide layer of the SOI structure the gate dielectric or floating dielectric is made 

from is at least a part of the thinned silicon (di)oxide layer.  

 

The high-temperature anneal process can be performed at a temperature of 900 °C to 

1200 °C in an anneal ambient comprising Ar and/or N 2, thereby partially dissolving the 

part of the first oxide layer beneath the first thinned silicon layer in order to obtain a 

first thinned silicon oxide layer. 

 

In the above-described examples of the inventive semiconductor device and method an SOI structure is
involved. The SOI structure may have a BOX layer with varying thickness. In particular, the thickness of
the BOX layer may be adapted to be suitable for a dielectric layer of a high-performance FET or a tunnel
dielectric of a floating-gate FET. An 501 structure with a varying thickness of the BOX layer may be
obtained by providing an 501 stack comprising a substrate layer, a first silicon (di)oxide layer on the
substrate layer and a single crystal silicon layer on the first silicon (di)oxide layer; forming a second oxide
layer on the single crystal silicon layer and a mask layer on the second oxide layer; patterning the second
oxide layer and the mask layer to expose a first part of the single crystal silicon layer; subjecting the
resulting structure to an anneal process thereby partially dissolving the part of the first silicon (di)oxide
layer beneath the exposed first part of the single crystal silicon layer in order to obtain a thinned silicon
(di)oxide layer; and removing the second oxide layer and the mask layer. The thinned silicon (di)oxide
layer can subsequently serve as a dielectric layer or tunnel dielectric in the above-described examples of
the present invention, i.e. the part of the oxide layer of the 501 structure the gate dielectric or floating
dielectric is made from is at least a part of the thinned silicon (di)oxide layer. The high-temperature anneal
process can be performed at a temperature of 900 C to 1200 C in an anneal ambient comprising Ar
and/or N2, thereby partially dissolving the part of the first oxide layer beneath the first thinned silicon layer
in order to obtain a first thinned silicon oxide layer. 
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Thus, synergetically the advantage is provided to obtain an SOI structure with a BOX 

layer of varying thickness such that the thickness of the BOX layer can properly be 

adapted to fulfill standards for a gate dielectric or tunnel dielectric of a FET or floating-

gate FET, respectively, that is manufactured according to the present invention. 

 

Moreover, the thickness of the single crystal silicon layer can be adjusted to the par-

ticular needs for a reliably operating gate electrode or floating gate, respectively. In 

particular, the SOI structure in the above-described examples may be formed com-

prising the steps of 

 

providing an SOI stack comprising a substrate layer, a first oxide layer on the sub-

strate layer and a single crystal silicon layer on the first oxide layer; 

 

forming a second oxide layer on the single crystal silicon layer and a mask layer on 

the second oxide layer; 

 

patterning the second oxide layer and the mask layer to expose a first part of the sin-

gle crystal silicon layer;  

 

thermally oxidizing the exposed single crystal silicon layer to form a silicon oxide layer 

on the previously exposed single crystal silicon layer and a first thinned single crystal 

silicon layer; and 

 

removing the second oxide layer and the mask layer and the silicon oxide layer 

formed on the previously exposed single crystal silicon layer;  

 

and wherein first part of the silicon layer of the SOI structure is at least a part of the 

first thinned single crystal silicon layer.  

 

The thermal oxidation processing can be performed in an oxygen atmosphere, in par-

ticular, comprising O2/H2 or O2/H2/HCl or O2/HCl and/or at a temperature of 800 °C to 

1000 °C. 

 

11 Thus, synergetically the advantage is provided to obtain an SOI structure with a BOX layer of varying
thickness such that the thickness of the BOX layer can properly be adapted to fulfill standards for a gate
dielectric or tunnel dielectric of a FET or floating-gate FET, respectively, that is manufactured according to
the present invention. Moreover, the thickness of the single crystal silicon layer can be adjusted to the
particular needs for a reliably operating gate electrode or floating gate, respectively. In particular, the 501
structure in the above-described examples may be formed comprising the steps of providing an 501 stack
comprising a substrate layer, a first oxide layer on the substrate layer and a single crystal silicon layer on
the first oxide layer; forming a second oxide layer on the single crystal silicon layer and a mask layer on
the second oxide layer; patterning the second oxide layer and the mask layer to expose a first part of the
single crystal silicon layer; thermally oxidizing the exposed single crystal silicon layer to form a silicon
oxide layer on the previously exposed single crystal silicon layer and a first thinned single crystal silicon
layer; and removing the second oxide layer and the mask layer and the silicon oxide layer formed on the
previously exposed single crystal silicon layer; 
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The mask layers can be nitride layers, in particular, silicon nitride layers or a stack of 

oxide/nitride layers. Steps of the above examples for adjusting the thickness of the 

BOX layer or of the single crystal silicon layer can be repeated. Thus the method 

comprising the anneal processing for thinning the BOX layer may further comprise the 

steps of forming a third oxide layer and another mask layer on the exposed first part of 

the single crystal silicon layer; patterning the third oxide layer and the other mask 

layer to expose a second part of the single crystal silicon layer; and subjecting the 

resulting structure to another anneal process thereby partially dissolving the part of 

the first thinned silicon oxide layer beneath the exposed second part of the single 

crystal silicon layer in order to obtain a second thinned silicon oxide layer. 

 

Similarly, the method comprising the step of thermal oxidation for forming a thinned 

single crystal silicon layer may further comprise the steps of forming a second mask 

layer on a part of the silicon oxide layer and thermally oxidizing a part of the first 

thinned silicon layer located beneath the part of the silicon oxide layer that is not cov-

ered by the second mask layer thereby forming another silicon oxide layer and a sec-

ond thinned single crystal silicon layer. 

 

It should be noted that, in particular, dissolution dissolution of the buried oxide in the 

SOI structure is performed before the further processing comprising STI formation and 

dopant implantation and diffusion. The STI is arranged at the transition zones between 

the dissolved and originally provided BOX. layer  

 

Additional features and advantages of the present invention will be described with ref-

erence to the drawings. In the description, reference is made to the accompanying 

figures that are meant to illustrate preferred embodiments of the invention. It is under-

stood that such embodiments do not represent the full scope of the invention. 

 

Figures 1a - 1g illustrate an example for the method for manufacturing a semiconduc-

tor device according to the present invention, wherein an FET is formed that com-

prises a part of a BOX layer of an SOI structure as a gate dielectric.  

 

and wherein first part of the silicon layer of the 501 structure is at least a part of the first thinned single
crystal silicon layer. The thermal oxidation processing can be performed in an oxygen atmosphere, in
particular, comprising 02/H2 or 02/H2/HCI or 02/HCI and/or at a temperature of 800 C to 1000 C.  12 The
mask layers can be nitride layers, in particular, silicon nitride layers or a stack of oxide/nitride layers.
Steps of the above examples for adjusting the thickness of the BOX layer or of the single crystal silicon
layer can be repeated. Thus the method comprising the anneal processing for thinning the BOX layer may
further comprise the steps of forming a third oxide layer and another mask layer on the exposed first part
of the single crystal silicon layer; patterning the third oxide layer and the other mask layer to expose a
second part of the single crystal silicon layer; and subjecting the resulting structure to another anneal
process thereby partially dissolving the part of the first thinned silicon oxide layer beneath the exposed
second part of the single crystal silicon layer in order to obtain a second thinned silicon oxide layer.
Similarly, the method comprising the step of thermal oxidation for forming a thinned single crystal silicon
layer may further comprise the steps of forming a second mask layer on a part of the silicon oxide layer
and thermally oxidizing a part of the first thinned silicon layer located beneath the part of the silicon oxide
layer that is not covered by the second mask layer thereby forming another silicon oxide layer and a
second thinned single crystal silicon layer. It should be noted that, in particular, dissolution dissolution of
the buried oxide in the SOI structure is performed before the further processing comprising STI formation
and dopant implantation and diffusion. The STI is arranged at the transition zones between the dissolved
and originally provided BOX. layer Additional features and advantages of the present invention will be
described with reference to the drawings. In the description, reference is made to the accompanying
figures that are meant to illustrate preferred embodiments of the invention. It is understood that such
embodiments do not represent the full scope of the invention. Figures 1a - 1g illustrate an example for the
method for manufacturing a semiconductor device according to the present invention, wherein an FET is
formed that comprises a part of a BOX layer of an SOI structure as a gate dielectric. 
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Figures 2a to 2g illustrate further examples for the method for manufacturing a semi-

conductor device according to the present invention, wherein a floating-gate FET is 

formed that comprises a part of a BOX layer of an SOI structure as a tunnel dielectric.  

 

Figure 3 illustrates an example of a semiconductor device according to the present 

invention comprising a MOSFET and a lower positioned FET wherein the drain of the 

MOSFET also functions as a gate  

of the lower positioned FET.  

 

Figures 4a, 4b und 4c illustrate an example for the method for manufacturing a semi-

conductor device according to the present invention, wherein a floating-gate FET is 

formed that comprises a part of a BOX layer of an SOI structure as a tunnel dielectric. 

 

 

In Figures 1a – 1g show stages of an embodiment of manufacturing a semiconductor 

device according to the invention are shown. It is provided an SOI structure compris-

ing a polysilicon substrate 1, an oxide layer 2 (BOX layer), for example, made of sili-

con dioxide, and a single crystal silicon layer 3. As shown in Figure 1b a hard mask 

layer 4 is grown or deposited atop of the silicon layer 3. In the shown example the 

hard mask layer comprises a thin oxide layer 5 and a silicon nitride layer 6. A photore-

sist is deposited on the hard mask layer 4 and patterned for the formation of shallow 

trench isolations 7. For this purpose, the hard mask layer 4, the silicon layer 3 and the 

BOX layer 2 are etched and the resulting trench is extended partly into the substrate 

1. Then, the trench is filled by one or more dielectric materials, for example, silicon 

dioxide, and excess dielectric is removed from the surface of the mask layer 5 by 

chemical-mechanical planarization. 

 

As shown in Figure 1c, the hard mask layer 4 is removed from regions A and C to ex-

pose the single crystal silicon layer 1 in these regions. Then, a high-k dielectric layer 8 

(for example, with a dielectric constant k more than 3.9 is formed on the exposed sur-

faces of the single crystal silicon layer 3 and silicon nitride layer 6 of region B as well 

as atop of the shallow trench isolations 7 and, subsequently a metal layer 9 is formed 

atop of the high-k dielectric layer 8 (see Figure 1d). The high-k dielectric layer 8 may 

13 Figures 2a to 2g illustrate further examples for the method for manufacturing a semiconductor device
according to the present invention, wherein a floating-gate FET is formed that comprises a part of a BOX
layer of an SOI structure as a tunnel dielectric. Figure 3 illustrates an example of a semiconductor device
according to the present invention comprising a MOSFET and a lower positioned FET wherein the drain
of the MOSFET also functions as a gate of the lower positioned FET. Figures 4a, 4b und 4c illustrate an
example for the method for manufacturing a semiconductor device according to the present invention,
wherein a floating-gate FET is formed that comprises a part of a BOX layer of an 501 structure as a
tunnel dielectric. In Figures la- lg show stages of an embodiment of manufacturing a semiconductor
device according to the invention are shown. It is provided an 501 structure comprising a polysilicon
substrate 1, an oxide layer 2 (BOX layer), for example, made of silicon dioxide, and a single crystal silicon
layer 3. As shown in Figure lb a hard mask layer 4 is grown or deposited atop of the silicon layer 3. In the
shown example the hard mask layer comprises a thin oxide layer 5 and a silicon nitride layer 6. A
photoresist is deposited on the hard mask layer 4 and patterned for the formation of shallow trench
isolations 7. For this purpose, the hard mask layer 4, the silicon layers and the BOX layer 2 are etched
and the resulting trench is extended partly into the substrate 1. Then, the trench is filled by one or more
dielectric materials, for example, silicon dioxide, and excess dielectric is removed from the surface of the
mask layer 5 by chemical-mechanical planarization. As shown in Figure lc, the hard mask layer 4 is
removed from regions A and C to expose the single crystal silicon layer 1 in these regions. Then, a high-k
dielectric layer 8 (for example, with a dielectric constant k more than 3.9 is formed on the exposed
surfaces of the single crystal silicon layer 3 and silicon nitride layer 6 of region B as well as atop of the
shallow trench isolations 7 and, subsequently a metal layer 9 is formed atop of the high-k dielectric layer 8
(see Figure 1d). The high-k dielectric layer 8 may  
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be made of silicon nitride or a composite material (SiON, Al2O3, HfO2, etc...) and the 

metal layer 9 may be made of  TiN, W, TaN, and ternary components (Ti-Ta-N) etc., 

for example  

 

In the stage shown in Figure 1e, the layers 8 and 9 are removed from the region B 

between the shallow trench isolations 7 and from the shallow trench isolations 7 and 

the remaining mask layer 4 is removed from the region B between the shallow trench 

isolations 7. Subsequently, a polysilicon layer 10 is deposited as it is shown in Figure 

1f. A photoresist (not shown) is formed atop the resulting structure and patterned for 

etching to form gate electrodes in the regions A, B and C (see Figure 1g). In the ex-

ample, shown in Figure 1g three FETs are formed. In regions A and C conventional 

MOSFETs 20 on SOI result. The channel regions of the conventional MOSFETs 20 

are located below the gate dielectrics 8 in the silicon layer 3. Adjacent to the channel 

regions source and drain regions are formed by n or p carrier type dopants as known 

in the art. Gate electrodes of the MOSFETs 20 are formed from the metal layer 9 and 

also include the etched polysilicon material 10’’. 

 

The inventive FET 30 is formed separated from the conventional MOSFETs 20 by the 

trench isolations 7. The inventive FET 30 is characterized by a gate dielectric  formed 

from the original BOX layer 2 provided in the SOI structure shown in Figure 1a and a 

gate electrode that comprises single crystal silicon 3’ formed from the original single 

crystal silicon layer 3 provided in the SOI structure shown in Figure 1a. Polysillicon 

layer 10’ is also formed as part of the gate electrode. N or P dopants adjacent to the 

channel region provided in the substrate 1 below the gate dielectric provide source 

and drain regions. As compared to the art and MOSFETs 20 in Figure 1g in the inven-

tive FET the BOX layer of an SOI structure is used as the gate dielectric and the sin-

gle crystal silicon of the SOI structure is used as part of the gate electrode. Thereby, a 

better interface between the gate dielectric (silicon dioxide) and the gate electrode 

(single crystal silicon) as compared to the art is achieved. Operation of high-voltage 

high performance transistors can, thereby, be made more reliable. It is noted that de-

pending on the desired properties of the gate dielectric the BOX layer 2 may be pro-

vided with a lower thickness in region B than in regions A and C. 

 

14 be made of silicon nitride or a composite material (SiON, Al203, Hf02, etc...) and the metal layer 9 may
be made of TiN, W, TaN, and ternary components (Ti-Ta-N) etc., for example In the stage shown in
Figure le, the layers 8 and 9 are removed from the region B between the shallow trench isolations 7 and
from the shallow trench isolations 7 and the remaining mask layer 4 is removed from the region B
between the shallow trench isolations 7. Subsequently, a polysilicon layer 10 is deposited as it is shown in
Figure 1f. A photoresist (not shown) is formed atop the resulting structure and patterned for etching to
form gate electrodes in the regions A, B and C (see Figure 1g). In the example, shown in Figure 1g three
FETs are formed. In regions A and C conventional MOSFETs 20 on SOI result. The channel regions of
the conventional MOSFETs 20 are located below the gate dielectrics 8 in the silicon layer 3. Adjacent to
the channel regions source and drain regions are formed by n or p carrier type dopants as known in the
art. Gate electrodes of the MOSFETs 20 are formed from the metal layer 9 and also include the etched
polysilicon material 10". The inventive FET 30 is formed separated from the conventional MOSFETs 20
by the trench isolations 7. The inventive FET 30 is characterized by a gate dielectric formed from the
original BOX layer 2 provided in the SOI structure shown in Figure la and a gate electrode that comprises
single crystal silicon 3' formed from the original single crystal silicon layer 3 provided in the SOI structure
shown in Figure 1a. Polysillicon layer 10' is also formed as part of the gate electrode. N or P dopants
adjacent to the channel region provided in the substrate 1 below the gate dielectric provide source and
drain regions. As compared to the art and MOSFETs 20 in Figure 1g in the inventive FET the BOX layer
of an SOI structure is used as the gate dielectric and the single crystal silicon of the SOI structure is used
as part of the gate electrode. Thereby, a better interface between the gate dielectric (silicon dioxide) and
the gate electrode (single crystal silicon) as compared to the art is achieved. Operation of high-voltage
high performance transistors can, thereby, be made more reliable. It is noted that depending on the
desired properties of the gate dielectric the BOX layer 2 may be provided with a lower thickness in region
B than in regions A and C.  15 Figures 2a und 2b illustrate another example for the method for
manufacturing a semiconductor device according to the present invention. According to this example, a
floating-gate FET is formed that comprises a part of a BOX layer of an 501 structure as a tunnel dielectric
and a part of a single crystal silicon layer of the 501 structure as a floating gate. One may start from the
configuration shown in Figure le. The exposed surface of the single crystal silicon layers is thermally
oxidized at some 700 C to 900 C, for example, in order to grow oxide dielectric layer 11 (see Figure 2a).
Alternatively, a dielectric layer 11, for instance, a silicon oxide layer, may be grown or deposited on the
exposed surface of the single crystal silicon layer 3. Subsequently, a polysilicon layer 10 is deposited on
the metal layer 9 in regions A and C and on the dielectric layer 11. As it was described above with
reference to Figure lg the configuration shown in Figure 2a is etched in order to form two MOSFETs 20 in
regions A and B. In addition a floating-gate FET 40 is formed that is separated from the MOSFETs 20 by
the shallow trench isolations 7. Due to the above-described processing steps the floating-gate FET 40 in
region B comprises a channel region in the substrate 1 below the tunnel dielectric 2'. At both sides of the
channel region source and drain regions are provided by appropriate doping of the substrate 1. The
floating-gate FET 40, furthermore, comprises a floating gate 3' above the tunnel dielectric 2'. The floating
gate 3' is separated from the gate electrode 10' by the gate dielectric 11'. As compared to conventional
floating-gate FETs the better single crystal silicon - oxide (floating gate - tunnel dielectric) interface allows
for improved data retention when the floating-gate FET is used as a memory device. A reliable
high-voltage FLASH device can, thus, be provided. It is noted that depending on the desired properties of
the tunnel dielectric the BOX layer in the starting SOI structure may be provided with a lower thickness in
region B than in regions A and C. An alternative example for the manufacture of s semiconductor device
according to the present invention is illustrated in Figures 2c to 2g. The process flow starts from the
structure shown in Figure 1c. A high-k dielectric layer 8 is grown or deposited on single crystal silicon
layers in regions A and C. A metal gate layer 9 is formed atop of the high-k dielectric layer 8 (see Figure
2c). Subsequently, a thin polysilicon layer 13 is 
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Figures 2a und 2b illustrate another example for the method for manufacturing a semi-

conductor device according to the present invention. According to this example, a 

floating-gate FET is formed that comprises a part of a BOX layer of an SOI structure 

as a tunnel dielectric and a part of a single crystal silicon layer of the SOI structure as 

a floating gate. One may start from the configuration shown in Figure 1e. The exposed 

surface of the single crystal silicon layer 3 is thermally oxidized at some 700 °C to 900 

°C, for example, in order to grow oxide dielectric layer 11 (see Figure 2a). Alterna-

tively, a dielectric layer 11, for instance, a silicon oxide layer, may be grown or depos-

ited on the exposed surface of the single crystal silicon layer 3. Subsequently, a 

polysilicon layer 10 is deposited on the metal layer 9 in regions A and C and on the 

dielectric layer 11. 

 

As it was described above with reference to Figure 1g the configuration shown in Fig-

ure 2a is etched in order to form two MOSFETs 20 in regions A and B. In addition a 

floating-gate FET 40 is formed that is separated from the MOSFETs 20 by the shallow 

trench isolations 7. Due to the above-described processing steps the floating-gate 

FET 40 in region B comprises a channel region in the substrate 1 below the tunnel 

dielectric 2’. At both sides of the channel region source and drain regions are provided 

by appropriate doping of the substrate 1. The floating-gate FET 40, furthermore, com-

prises a floating gate 3’ above the tunnel dielectric 2’. The floating gate 3’ is separated 

from the gate electrode 10’ by the gate dielectric 11’. As compared to conventional 

floating-gate FETs the better single crystal silicon – oxide (floating gate – tunnel di-

electric) interface allows for improved data retention when the floating-gate FET is 

used as a memory device. A reliable high-voltage FLASH device can, thus, be pro-

vided. It is noted that depending on the desired properties of the tunnel dielectric the 

BOX layer in the starting SOI structure may be provided with a lower thickness in re-

gion B than in regions A and C. 

 

An alternative example for the manufacture of s semiconductor device according to 

the present invention is illustrated in Figures 2c to 2g. The process flow starts from the 

structure shown in Figure 1c. A high-k dielectric layer 8 is grown or deposited on sin-

gle crystal silicon layer 3 in regions A and C. A metal gate layer 9 is formed atop of the 

high-k dielectric layer 8 (see Figure 2c). Subsequently, a thin polysilicon layer 13 is 

16 formed on the metal gate layer 9 in regions A and C. The formation of layers 8, 9 and 13 over regions
A and C comprises continuous formation of the layers over regions A, B and C and a lithographic step for
removing the layers from region B (and the insulation region 7) by employing a photoresist mask (not
shown) patterned to cover regions A and C, respectively. After etching the regions exposed by the
photoresist mask the configuration shown in Figure 2c results. Subsequently, the hard mask (5 and 6) is
removed in region B as is shown in Figure 2d. The thus exposed crystal silicon layer 3 is oxidized in
region B to obtain an oxidized layer 11 as is shown in Figure 2e. Alternatively, a dielectric layer 11 is
formed on the exposed crystal silicon layers. Subsequently, a polysilicon layer 10 for forming a gate
electrode is deposited as it is shown in Figure 2f. Thereby, a configuration similar to the one shown in
Figure 2a but including the thin polysilicon layer 13 is obtained. Similar to the example shown in Figure 2b
by means of an appropriately patterned photoresist mask an etching the structure shown in Figure 2f
results. This structure comprises gate structures for circuits in regions A, B and C. In particular, the gate
structures comprise the gate dielectric 8, gate metal layer 9 and both etched polysilicon gate material 10"
and etched thin polysilicon layer 13 in regions A and C. As it is described with reference to Figures la to
1g and Figures 2a to 2g, the inventive transistor devices can be manufactured in co-integration with
conventional SOI based transistors. However, it goes without saying that the above-described exemplary
examples for the manufacture of the semiconductor device may be amended in a manner not to include
the formation of the conventional MOSFETs 20. Not only co-integration of the inventive devices with
conventional bulk transistors on SOI is possible but rather a new densely packed combination of different
transistors is available. As it is illustrated in Figure 3 according to another example of the present
invention a configuration comprising in a particular manner a conventional SOI MOSFET and an inventive
FET is provided. According to the shown example, a conventional MOSFET comprising a gate electrode
100 and sidewall spacers 110 used for the formation of source and drain regions is formed according to
SOI technology. The 17 source and drain regions of this MOSFET are designated as "top source" 120
and "top drain" 130, respectively. These top source 120 and top drain 130 regions are formed in a single
crystal silicon layer 230 of the SOI structure. Insulation regions 140 are provided adjacent to the
source/drain regions. The gate electrode 100 is separated from the channel region 150 that is located
between the top source 120 and top drain region 130 by a gate dielectric 160. In the shown example, the
contacts 170 are formed in another dielectric material 180 covering the MOSFETs. The contacts 170
provide connection to metal interconnects of a metallization layer, for example. The MOSFET is indicated
by an ellipsoid dashed contour. The single crystal silicon layer 230 is located atop of a BOX layer 190.
The BOX layer 190 is located above a substrate 200, for example, a silicon substrate 200. However,
according to the shown example the drain 130 of the MOSFET indicated by the ellipsoid dashed contour
also functions as a gate electrode designated as "bottom gate" of an FET located partially below the
MOSFET. The FET that is indicated by the ellipsoid dotted contour comprises the part of the single crystal
silicon layer 230 that functions as a drain 130 for the MOSFET, a part of the BOX layer 190 functioning as
a gate dielectric and a drain 210 and a source 220 region provided by appropriate dopants in the
substrate 200 of the 501 structure. All of the source and drain regions of the two transistors (and thus the
bottom gate of the lower positioned FET) are connected to the contacts 170. Consequently, a very
compact semiconductor device comprising a MOSFET on 501 and an FET comprising a BOX layer
dielectric and single crystal silicon gate electrode can be obtained. 



 

 

16 

 

formed on the metal gate layer 9 in regions A and C.  The formation of layers 8, 9 and 

13 over regions A and C comprises continuous formation of the layers over regions A, 

B and C and a lithographic step for removing the layers from region B (and the insula-

tion region 7) by employing a photoresist mask (not shown) patterned to cover regions 

A and C, respectively. After etching the regions exposed by the photoresist mask the 

configuration shown in Figure 2c results. 

 

Subsequently, the hard mask (5 and 6) is removed in region B as is shown in Figure 

2d. The thus exposed crystal silicon layer 3 is oxidized in region B to obtain an oxi-

dized layer 11 as is shown in Figure 2e. Alternatively, a dielectric layer 11 is formed 

on the exposed crystal silicon layer 3. Subsequently, a polysilicon layer 10 for forming 

a gate electrode is deposited as it is shown in Figure 2f. Thereby, a configuration simi-

lar to the one shown in Figure 2a but including the thin polysilicon layer 13 is obtained.  

 

Similar to the example shown in Figure 2b by means of an appropriately patterned 

photoresist mask an etching the structure shown in Figure 2f results. This structure 

comprises gate structures  for circuits in regions A, B and C. In particular, the gate 

structures comprise the gate dielectric 8, gate metal layer 9 and both etched polysili-

con gate material 10’’ and etched thin polysilicon layer 13 in regions A and C. 

 

As it is described with reference to Figures 1a to 1g and Figures 2a to 2g, the inven-

tive transistor devices can be manufactured in co-integration with conventional SOI 

based transistors. However, it goes without saying that the above-described exem-

plary examples for the manufacture of the semiconductor device may be amended in 

a manner not to include the formation of the conventional MOSFETs 20. 

 

Not only co-integration of the inventive devices with conventional bulk transistors on 

SOI is possible but rather a new densely packed combination of different transistors is 

available. As it is illustrated in Figure 3 according to another example of the present 

invention a configuration comprising in a particular manner a conventional SOI MOS-

FET and an inventive FET is provided. According to the shown example, a conven-

tional MOSFET comprising a gate electrode 100 and sidewall spacers 110 used for 

the formation of source and drain regions is formed according to SOI technology. The 

Figures 4a to 4c illustrate an example for the method for manufacturing a semiconductor device according
to the present invention, wherein a floating-gate FET that comprises a part of a BOX layer of an 501
structure as a tunnel dielectric and 501 transistors are formed. The starting point for this exemplary
inventive method is the stack shown in Figure la. A dielectric layer 11 is grown or deposited on crystal
silicon layer 3 and a polysilicon layer 12 is formed on the dielectric layer 11 (see Figure 4a). The thin
polysilicon layer 12 serves as a protection layer for the dielectric layer 11 during the further processing.
18 Subsequently, a dielectric layer 5 is formed on the polysilicon layer 12 and a nitride layer 6 is
deposited on the dielectric layer 5. Shallow trench isolation regions are defined by lithography and
trenches are etched through layers 2, 3, 11, 12, 5 and 6 and extending to the polysilicon substrate 1 and
filled with some dielectric material to obtain shallow trench isolations 7. Layers 5 and 6 function as a hard
mask during the process of etching the trenches. The dielectric material filled into the trenches is
planarized with the nitride layer 6. The thus resulting structure is illustrated in Figure 4b. Further
processing similar to the one described with reference to Figure 1c to 1g results in the structure shown in
Figure 4c. MOSFETs 20 are formed in the left and right regions of Figure 4c that are separated from the
central region by shallow trench isolations 7. However, a floating-gate FET 30 comprising a floating gate
3' above a tunnel dielectric 2 wherein the floating gate 3' is separated from a gate electrode 10' by a gate
dielectric 11' and thin polysilicon layer 12' is formed in the central region. Whereas in the description of
the Figures processing of an SOI structure is described a semiconductor-on-insulator structure in general
can be processed according to the described inventive methods. For example, germanium,
silicon-germanium, strained silicon strained silicon-germanium, etc. can be used rather than conventional
silicon in the semiconductor-on-insulator structure. All previously discussed embodiments are not
intended as limitations but serve as examples illustrating features and advantages of the invention. It is to
be understood that some or all of the above described features can also be combined in different ways.  
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source and drain regions of this MOSFET are designated as “top source” 120 and “top 

drain” 130, respectively. These top source 120 and top drain 130 regions are formed 

in a single crystal silicon layer 230 of the SOI structure. Insulation regions 140 are 

provided adjacent to the source/drain regions. The gate electrode 100 is separated 

from the channel region 150 that is located between the top source 120 and top drain  

region 130 by a gate dielectric 160. In the shown example, the contacts 170 are 

formed in another dielectric material 180 covering the MOSFETs. The contacts 170 

provide connection to metal interconnects of a metallization layer, for example. The 

MOSFET is indicated by an ellipsoid dashed contour. 

 

The single crystal silicon layer 230 is located atop of a BOX layer 190. The BOX layer 

190 is located above a substrate 200, for example, a silicon substrate 200. However, 

according to the shown example the drain 130 of the MOSFET indicated by the ellip-

soid dashed contour also functions as a gate electrode designated as “bottom gate” of 

an FET located partially below the MOSFET. The FET that is indicated by the ellipsoid 

dotted contour comprises the part of the single crystal silicon layer 230 that functions 

as a drain 130 for the MOSFET, a part of the BOX layer 190 functioning as a gate di-

electric and a drain 210 and a source 220 region provided by appropriate dopants in 

the substrate 200 of the SOI structure. All of the source and drain regions of the two 

transistors (and thus the bottom gate of the lower positioned FET) are connected to 

the contacts 170. Consequently, a very compact semiconductor device comprising a 

MOSFET on SOI and an FET comprising a BOX layer dielectric and single crystal sili-

con gate electrode can be obtained. 

 

Figures 4a to 4c illustrate an example for the method for manufacturing a semiconduc-

tor device according to the present invention, wherein a floating-gate FET that com-

prises a part of a BOX layer of an SOI structure as a tunnel dielectric and SOI transis-

tors are formed. 

 

The starting point for this exemplary inventive method is the stack shown in Figure 1a. 

A dielectric layer 11 is grown or deposited on crystal silicon layer 3 and a polysilicon 

layer 12 is formed on the dielectric layer 11 (see Figure 4a). The thin  polysilicon layer 

12 serves as a protection layer for the dielectric layer 11 during the further processing. 

19 Claims 1. Semiconductor device, comprising a semiconductor-on-insulator, Se01, structure, in
particular, a silicon-oninsulator, SO1, structure comprising a substrate, an oxide layer on the substrate
and a semiconductor layer, in particular, a single crystal silicon layer, on the oxide layer; with a
field-effect-transistor, FET, wherein the FET comprises a channel region in the substrate; a dielectric
being at least a part of the oxide layer of the semiconductor-oninsulator structure; and a gate at least
partially being a first part of the semiconductor layer of the semiconductor-on-insulator structure. 2. The
semiconductor device according to claim 1, wherein the dielectric is a gate dielectric and the gate is a
gate electrode that, in particular, further comprises a layer of polysilicon on the first part of the
semiconductor layer of the semiconductor-on-insulator structure. 
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Subsequently, a dielectric layer 5 is formed on the polysilicon layer 12 and a nitride 

layer 6 is deposited on the dielectric layer 5. Shallow trench isolation regions are de-

fined by lithography and trenches are etched through layers 2, 3, 11, 12, 5 and 6 and 

extending to the polysilicon substrate 1 and filled with some dielectric material to ob-

tain shallow trench isolations 7. Layers 5 and 6 function as a hard mask during the 

process of etching the trenches. The dielectric material filled into the trenches is pla-

narized with the nitride layer 6. The thus resulting structure is illustrated in Figure 4b.  

 

Further processing similar to the one described with reference to Figure 1c to 1g re-

sults in the structure shown in Figure 4c. MOSFETs 20 are formed in the left and right 

regions of Figure 4c that are separated from the central region by shallow trench isola-

tions 7. However, a floating-gate FET 30 comprising a floating gate 3’ above a tunnel 

dielectric 2 wherein the floating gate 3’ is separated from a gate electrode 10’ by a 

gate dielectric 11’ and thin polysilicon layer 12’ is formed in the central region.  

 

Whereas in the description of the Figures processing of an SOI structure is described 

a semiconductor-on-insulator structure in general can be processed according to the 

described inventive methods. For example, germanium, silicon-germanium, strained 

silicon strained silicon-germanium, etc. can be used rather than conventional silicon in 

the semiconductor-on-insulator structure. 

 

All previously discussed embodiments are not intended as limitations but serve as 

examples illustrating features and advantages of the invention. It is to be understood 

that some or all of the above described features can also be combined in different 

ways.  

 

 

 

3. The semiconductor device according to claim 1, wherein the FET is a floating-gate FET and the
dielectric is a tunnel dielectric and the gate is a floating-gate. 4. The semiconductor device according to
one of the preceding claims, further comprising another FET comprising a channel region and source and
drain regions made of a second part of the semiconductor layer of the semiconductoron-insulator
structure.  20 5. The semiconductor device according to claim 4, wherein the first part of the
semiconductor layer of the Se01 structure and the second part of the semiconductor layer of the Se01
structure at least partially overlap each other. 6. The semiconductor device according to claim 5, wherein
the first part of the semiconductor layer of the Se01 structure forms at least partially a source or drain
region of the other FET. 7. The semiconductor device according to one of the preceding claims, further
comprising an additional FET comprising a channel region and source and drain regions made of a third
part of the semiconductor layer of the semiconductor-on-insulator structure. 8. The semiconductor device
according to claim 7, wherein the first part of the semiconductor layer of the semiconductor-on-insulator
structure is different from the third part of the semiconductor layer of the semiconductor-on-insulator
structure and further comprising an insulator region, in particular, a shallow trench isolation, separating
the FET comprising the dielectric that is made from a part of the oxide layer of the
semiconductor-on-insulator structure from the additional FET. 9. Method for manufacturing a
semiconductor device, comprising 
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Claims 

 

1. Semiconductor device, comprising 

 

a semiconductor-on-insulator, SeOI, structure, in particular, a silicon-on-

insulator, SOI, structure comprising a substrate, an oxide layer on the substrate 

and a semiconductor layer, in particular, a single crystal silicon layer, on the ox-

ide layer; with 

 

a field-effect-transistor, FET, wherein the FET comprises  

 

a channel region in the substrate; 

 

a dielectric being at least a part of the oxide layer of the semiconductor-on-

insulator structure; and 

 

a gate at least partially being a first part of the semiconductor layer of the semi-

conductor-on-insulator structure. 

 

2. The semiconductor device according to claim 1, wherein the dielectric is a gate 

dielectric and the gate is a gate electrode that, in particular, further comprises a 

layer of polysilicon on the first part of the semiconductor layer of the semicon-

ductor-on-insulator structure. 

 

3. The semiconductor device according to claim 1, wherein the FET is a floating-

gate FET and the dielectric is a tunnel dielectric and the gate is a floating-gate. 

 

4. The semiconductor device according to one of the preceding claims, further 

comprising another FET comprising a channel region and source and drain re-

gions made of a second part of the semiconductor layer of the semiconductor-

on-insulator structure. 

 

providing a semiconductor-on-insulator, Se01, structure comprising a substrate, an oxide layer on the
substrate and a semiconductor layer on the oxide layer; forming a polysilicon layer on the semiconductor
layer to obtain a polysilicon on Se01 structure; and etching the polysilicon on Se01 structure to form a
FET comprising a channel region in the substrate, a gate dielectric made from a part of the oxide layer of
the Se01 structure and a gate electrode at least partially made of a first part of  21 the semiconductor
layer of the Se01 structure and a part of the polysilicon layer formed on the semiconductor layer. 10.
Method for manufacturing a semiconductor device, comprising 
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5. The semiconductor device according to claim 4, wherein the first part of the 

semiconductor layer of the SeOI structure and the second part of the semicon-

ductor layer of the SeOI structure at least partially overlap each other. 

 

6. The semiconductor device according to claim 5, wherein the first part of the 

semiconductor layer of the SeOI structure forms at least partially a source or 

drain region of the other FET. 

 

7. The semiconductor device according to one of the preceding claims, further 

comprising an additional FET comprising a channel region and source and 

drain regions made of a third part of the semiconductor layer of the semicon-

ductor-on-insulator structure. 

 

8. The semiconductor device according to claim 7, wherein the first part of the 

semiconductor layer of the semiconductor-on-insulator structure is different 

from the third part of the semiconductor layer of the semiconductor-on-insulator 

structure and further comprising an insulator region, in particular, a shallow 

trench isolation, separating the FET comprising the dielectric that is made from 

a part of the oxide layer of the semiconductor-on-insulator structure from the 

additional FET. 

 

9. Method for manufacturing a semiconductor device, comprising 

 

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

an oxide layer on the substrate and a semiconductor layer on the oxide layer; 

 

 forming a polysilicon layer on the semiconductor layer to obtain a polysilicon on 

SeOI structure; and 

 

 etching the polysilicon on SeOI structure to form a FET comprising a channel 

region in the substrate, a gate dielectric made from a part of the oxide layer of 

the SeOI structure and a gate electrode at least partially made of a first part of 

providing a semiconductor-on-insulator, Se01, structure comprising a substrate, an oxide layer on the
substrate and a semiconductor layer on the oxide layer; forming a dielectric layer on the semiconductor
layer; forming a polysilicon layer on the dielectric layer to obtain a multilayer structure; and etching the
multilayer structure to form a floating-gate FET comprising a channel region in the substrate, a tunnel
dielectric made from a part of the oxide layer of the Se01 structure, a floating gate made of a first part of
the semiconductor layer of the Se01 structure, a gate dielectric made of a part of the dielectric layer
formed on the semiconductor layer and a gate electrode comprising a part of the polysilicon layer formed
on the dielectric layer. 11. The method according to claim 9, further comprising the steps forming a mask
layer on the Se01 structure; forming a shallow trench isolation through the mask layer extending to the
substrate and separating a first region of the Se01 structure from a second region of the Se01 structure;
removing the mask layer from the second region of the Se01 structure;  22 
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the semiconductor layer of the SeOI structure and a part of the polysilicon layer 

formed on the semiconductor layer. 

 

10. Method for manufacturing a semiconductor device, comprising 

 

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

an oxide layer on the substrate and a semiconductor layer on the oxide layer; 

 

 forming a dielectric layer on the semiconductor layer; 

 

 forming a polysilicon layer on the dielectric layer to obtain a multilayer struc-

ture; and 

 

  etching the multilayer structure to form a floating-gate FET comprising a chan-

nel region in the substrate, a tunnel dielectric made from a part of the oxide 

layer of the SeOI structure, a floating gate made of a first part of the semicon-

ductor layer of the SeOI structure, a gate dielectric made of a part of the dielec-

tric layer formed on the semiconductor layer and a gate electrode comprising a 

part of the polysilicon layer formed on the dielectric layer. 

 

11. The method according to claim 9, further comprising the steps 

 

 forming a mask layer on the SeOI structure; 

 

forming a shallow trench isolation through the mask layer extending to the sub-

strate and separating a first region of the SeOI structure from a second region 

of the SeOI structure; 

 

removing the mask layer from the second region of the SeOI structure; 

 

subsequently forming a dielectric layer on the second region of the SeOI struc-

ture; 

 

forming a metal layer on the dielectric layer; and removing the mask layer from the first region of the Se01
structure; and etching the metal layer, the dielectric layer and the Se01 structure in the second region to
form a MOSFET in the second region of the Se01 structure and wherein the polysilicon layer is formed on
the semiconductor layer in the first region of the Se01 structure to obtain the polysilicon on Se01 structure
and on the metal layer. 12.The method according to claim 10, further comprising the steps forming a
mask layer on the Se01 structure; forming a shallow trench isolation through the mask layer extending to
the substrate and separating a first region of the Se01 structure from a second region of the Se01
structure; removing the mask layer from the second region of the Se01 structure; subsequently forming
another dielectric layer on the second region of the Se01 structure; 
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forming a metal layer on the dielectric layer; and 

 

removing the mask layer from the first region of the SeOI structure; and  

 

etching the metal layer, the dielectric layer and the SeOI structure in the sec-

ond region to form a MOSFET in the second region of the SeOI structure; and 

wherein 

 

the polysilicon layer is formed on the semiconductor  layer in the first region of 

the SeOI structure to obtain the polysilicon on SeOI structure and on the metal 

layer. 

 

12. The method according to claim 10, further comprising the steps 

 

 forming a mask layer on the SeOI structure; 

 

forming a shallow trench isolation through the mask layer extending to the sub-

strate and separating a first region of the SeOI structure from a second region 

of the SeOI structure; 

 

removing the mask layer from the second region of the SeOI structure; 

 

subsequently forming another dielectric layer on the second region of the SeOI 

structure; 

 

forming a metal layer on the other dielectric layer;  

   

removing the mask layer from the first region of the SeOI structure;  and  

 

etching the metal layer, the other dielectric layer and the SeOI structure in the 

second region to form the MOSFET in the second region of the SeOI structure; 

and wherein 

 

forming a metal layer on the other dielectric layer; removing the mask layer from the first region of the
Se01 structure; and etching the metal layer, the other dielectric layer and the Se01 structure in the
second region to form the MOSFET in the second region of the Se01 structure; and wherein  23 the
dielectric layer is formed on the semiconductor layer and the polysilicon layer is formed on the dielectric
layer to obtain a multilayer structure in the first region of the Se01 structure. 13. The method according to
claim 9, further comprising manufacturing a MOSFET on the Se01 structure comprising the steps of
forming a gate dielectric on the single crystal silicon layer of the Se01 structure; forming a gate electrode
on the gate dielectric; and 
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the dielectric layer is formed on the semiconductor layer and the polysilicon 

layer is formed on the dielectric layer to obtain a multilayer structure in the first 

region of the SeOI structure.  

 

13. The method according to claim 9, further comprising manufacturing a MOSFET 

on the SeOI structure comprising the steps of 

 

 forming a gate dielectric on the single crystal silicon layer of the SeOI structure; 

 

 forming a gate electrode on the gate dielectric; and 

 

 forming source and drain regions such that one of the source and drain regions 

is at least partly formed of at least a part of the gate electrode that is at least 

partially made of the first part of the semiconductorlayer of the SeOI structure. 

 

14. The method according to claim 10, further comprising manufacturing a MOS-

FET on the SeOI structure comprising the steps of 

 

 forming a gate dielectric on the single crystal silicon layer of the SeOI structure; 

 

 forming a gate electrode on the gate dielectric; and 

 

 forming source and drain regions such that one of the source and drain regions 

is at least partly formed of at least a part of the floating gate that is at least par-

tially made of the first part of the silicon layer of the SeOI structure. 

 

15. The method according to one of the claims 9 to 14, wherein providing the SeOI 

structure comprises 

 

providing a silicon-on-insulator, SOI, stack comprising a substrate layer, a first 

silicon (di)oxide layer on the substrate layer and a single crystal silicon layer on 

the first silicon (di)oxide layer; 

 

forming source and drain regions such that one of the source and drain regions is at least partly formed of
at least a part of the gate electrode that is at least partially made of the first part of the semiconductorlayer
of the Se01 structure. 14. The method according to claim 10, further comprising manufacturing a
MOSFET on the Se01 structure comprising the steps of forming a gate dielectric on the single crystal
silicon layer of the Se01 structure; forming a gate electrode on the gate dielectric; and forming source and
drain regions such that one of the source and drain regions is at least partly formed of at least a part of
the floating gate that is at least partially made of the first part of the silicon layer of the Se01 structure. 15.
The method according to one of the claims 9 to 14, wherein providing the Se01 structure comprises
providing a silicon-on-insulator, SO1, stack comprising a substrate layer, a first silicon (di)oxide layer on
the substrate layer and a single crystal silicon layer on the first silicon (di)oxide layer;  24 
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forming a second oxide layer on the single crystal silicon layer and a mask 

layer on the second oxide layer; 

  

patterning the second oxide layer and the mask layer to expose a first part of 

the single crystal silicon layer;  

 

subjecting the resulting structure to an anneal process thereby partially dissolv-

ing the part of the first silicon (di)oxide layer beneath the exposed first part of 

the single crystal silicon layer in order to obtain a thinned silicon (di)oxide layer; 

and 

 

removing the second oxide layer and the mask layer;  

 

and wherein the part of the oxide layer of the SOI structure is at least a part of 

the thinned silicon (di)oxide layer.  

 

16. The method according to one of the claims 9 to 15, wherein providing the SeOI 

structure comprises 

 

providing an silicon-on-insulator, SOI, stack comprising a substrate layer, a first 

oxide layer on the substrate layer and a single crystal silicon layer on the first 

oxide layer; 

 

forming a second oxide layer on the single crystal silicon layer and a mask 

layer on the second oxide layer; 

 

patterning the second oxide layer and the mask layer to expose a first part of 

the single crystal silicon layer;  

 

thermally oxidizing the exposed single crystal silicon layer to form a silicon ox-

ide layer on the previously exposed single crystal silicon layer and a first 

thinned single crystal silicon layer; and 

 

forming a second oxide layer on the single crystal silicon layer and a mask layer on the second oxide
layer; patterning the second oxide layer and the mask layer to expose a first part of the single crystal
silicon layer; subjecting the resulting structure to an anneal process thereby partially dissolving the part of
the first silicon (di)oxide layer beneath the exposed first part of the single crystal silicon layer in order to
obtain a thinned silicon (di)oxide layer; and removing the second oxide layer and the mask layer; and
wherein the part of the oxide layer of the SO1 structure is at least a part of the thinned silicon (di)oxide
layer. 16.The method according to one of the claims 9 to 15, wherein providing the Se01 structure
comprises providing an silicon-on-insulator, SOI, stack comprising a substrate layer, a first oxide layer on
the substrate layer and a single crystal silicon layer on the first oxide layer; forming a second oxide layer
on the single crystal silicon layer and a mask layer on the second oxide layer; 
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removing the second oxide layer and the mask layer and the silicon oxide layer 

formed on the previously exposed single crystal silicon layer;  

 

and wherein first part of the silicon layer of the SOI structure is at least a part of 

the first thinned single crystal silicon layer.  

 

 

patterning the second oxide layer and the mask layer to expose a first part of the single crystal silicon
layer; thermally oxidizing the exposed single crystal silicon layer to form a silicon oxide layer on the
previously exposed single crystal silicon layer and a first thinned single crystal silicon layer; and  25
removing the second oxide layer and the mask layer and the silicon oxide layer formed on the previously
exposed single crystal silicon layer; and wherein first part of the silicon layer of the SOI structure is at
least a part of the first thinned single crystal silicon layer. 


