
1 TRENCH STRUCTURE IN MULTILAYER WAFER Field of Invention The present
invention relates to the manufacture of multilayer, wafers, in particular,
ultra thin buried oxide (UTBOX) wafers particularly designed for the
fabrication of CMOS devices. The invention, more particular, relates to
the manufacture of shallow trench isolation (STI) module intended for the
electrical insulation of individual MOSFETs. Background of the invention
Silicon on thin buried oxide layers or ultra thin buried oxide (UTBOX) are
advantageously characterized by small variations of the threshold-voltage
and, thus, of growing interest in present and future CMOS technology. In
particular, the fully depleted CMOS technology allows for low-voltages and
low-power circuits operating at high speeds. Moreover, fully depleted SOI
devices are considered as most promising candidates for allowing for
reduced short channel effects (SCE). Silicon on Insulator (SOI) wafers
and, in particular, UTBOX wafers form the basis for the high-performance
MOSFET and CMOS technology. The control of the SCE is mainly facilitated
by the thinness of the active silicon layer formed above the insulator,
i.e. buried oxide (BOX) layer. In order to reduce the coupling effect
between source and drain and, furthermore, with respect to the scalability
of thin film devices for future technologies, the provision of very thin
BOX layers is mandatory. Control of the threshold voltage also depends of
the thinness of the BOX layers. Appropriate implantation of the substrate
below the BOX layer allows for accurate adjustment of the threshold
voltage by back biasing.  2 



In the manufacture of SOI devices, in particular, CMOS devices usually
trenches have to be formed, for example, in order to electrically isolate
individual MOSFETs from each other. The formed trenches can be cleaned,
slightly oxidized, and subsequently filled with an oxide liner and some
insulator material above the liner and, thereby, shallow trench isolation
(STI) structures are formed. However, in the manufacture of such trench
structures, for example, STIs, a problem in the form of the so-called
Birds's Beak Effect arise. The Birds's Beak Effect in the context of the
formation of trenches in SOI wafers is characterized by the increase in
the thickness of the BOX layer in the areas close to the edges of a
trench. One of the reasons behind the formation of Birds's Beak Effect can
be related to some underetching of the BOX layer, for example, during a
cleaning process that usually comprises hydrofluoric dipping. Another
reason can be seen in lateral oxidation of a not completely closed bonding
interface within the BOX layer in the case when the SOI wafer is
manufactured by oxide-oxide bonding wherein, for example, a thin silicon
layer is covered by an oxide layer, for example, an SiO2 layer, and
transferred to a substrate that is also covered by an oxide layer of the
same type. Thus, there is a need for an improved method for the formation
of trenches and corresponding isolator structures that alleviates the
Birds's Beak Effect. Description of the Invention The present invention
addresses the above-mentioned need and, accordingly, provides a method for
the manufacture of a trench structure in a multilayer wafer comprising a
substrate, an oxide layer on the substrate and a semiconductor layer on
the oxide layer, the method comprising the steps of forming a trench
through the semiconductor layer and the oxide layer (BOX layer) and
extending into the substrate; and  3 performing an anneal treatment of the
formed trench such that at the inner surface of the trench some material
of the semiconductor layer flows at least over a portion of the part of
the oxide layer exposed at the inner surface of the trench. In particular,
the substrate can be a silicon substrate, the oxide layer can be a silicon
(di)oxide layer (Si02) and the semiconductor layer is a silicon layer, for
example, a single crystal silicon layer. 



By the step of the thermal anneal Bird's Beak effect during subsequent
manufacturing steps based on the formed trench can effectively be reduced.
The semiconductor material overflowing the oxide exposed in the trench
prevents underetching of the semiconductor layer in subsequent cleaning
processes and unintended lateral oxidation of the previously exposed oxide
layer when forming an oxide liner, for example, on the inner surfaces of
the trench. According to an embodiment, a cleaning treatment of the trench
after the anneal treatment is performed. The cleaning treatment may
comprise cleaning with a hydrofluoric solution, in particular, dipping in
a hydrofluoric solution. No underetching of the semiconductor layer is
caused by the hydrofluoric solution due to the protecting coating by the
material of the semiconductor layer flown due to the thermal annealing
over the exposed oxide surface. After the thermal anneal and cleaning
treatment a formation of an oxide liner in the trench may be performed.
The oxide liner may be formed by thermal oxidation of the wafer including
the trench. The thickness of the formed oxide should be sufficient to
consume the overflown semiconductor material and by doing that preventing
the electrical short/connection between top Si layer and silicon substrate
below the BOX layer. The method may, further, comprise filling the trench
with an insulator material after the anneal treatment and after formation
of the oxide liner. The anneal treatment is performed, for example, at a
temperature of at least 1100C, in particular, at least 1150 C and, more
particularly, at least 1200 C. Moreover, the anneal treatment can be
performed in a hydrogen and/or argon atmosphere. The  4 thermal anneal
treatment can be performed for a rather short time period, for example,
for at most 4 minutes, in particular, at most 3 minutes and, more
particularly, at most 2 minutes. 



In the above-described examples for the inventive method, the BOX layer
may have a thickness in the range from 5 to 20 nm and the top
semiconductor layer in an UTBOX wafer may have a thickness in the range
from 10 to 50 nm. Thus, a trench can be formed in a UTBOX wafer comprising
a very thin BOX layer and a thin silicon layer intended to serve as an
active layer for a semiconductor device, for example, an 501 CMOS device.
Since the Bird's Beak effect is particularly problematic for thin BOX
layers it is to be noted that by the inventive provision of the thermal
anneal process, even for such thin BOX layers of some 2 to 20 nm Bird's
Beak effect can effectively be suppressed. Furthermore, the multilayer
wafer in the above examples may be provided by forming a first oxide layer
above the substrate; forming a second oxide layer above another substrate;
and bonding the first and the second oxide layers within a wafer transfer
process (therby forming the oxide layer, BOX layer, sandwiched by the
substrate and the semiconductor layer, and removing the other substrate.
It is noted that in the case that the multilayer is provided in this
manner, the thermal anneal step of the present invention advantageously
results in a consolidation of the bonding interface of the first and
second oxide layers (that form the BOX layer of the wafer) in the sense of
a complete closing of the interface thereby resulting in an homogeneous
BOX layer. Due to the thus achieved homogeneity of the BOX layer Bird's
Beak Effect caused by lateral oxidation when forming by thermal oxidation
an oxide liner at the inner surfaces of the trench can significantly be
suppressed.  5 The present invention also provides a method for the
manufacture of a semiconductor device, comprising the steps of 



manufacturing the trench (structure) in the multilayer wafer according to
one of the above-described examples; forming a MOSFET over and partially
in the multilayer wafer; and forming another device over and/or in the
multilayer wafer such that the other device is separated from the MOSFET
by the trench (structure). In particular, in this method the substrate may
be doped to serve as a back-gate substrate and the other device may
comprise a back-gate terminal intended for back-gate biasing.
Additionally, the present invention also provides a method for the
manufacture of a trench capacitor, comprising the steps of manufacturing
the trench structure in the multilayer wafer according to one of the
above-described examples; forming a node dielectric on the inside surfaces
of the trench after the anneal treatment; and filling a conductive
material in the trench after the formation of the node dielectric. One
electrode is formed by the conductive material filled into the trench and
the other may be formed by the (doped polysilicon) substrate. 



6 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 and 1f
illustrate an example of a method for the manufacture of an STI in an SOI
wafer according to the present invention. Figure 2 illustrates a part of a
silicon on ultra thin BOX device according to an example of the present
invention. In the following, an example for the inventive method of
forming a trench structure in a multiplayer wafer is described. A wafer as
shown in Figure la is provided. The multi-layer wafer comprises a
substrate 1, a first layer 2 and a second layer 2. According to the
present example, the multiplayer wafer is an SOI wafer, i.e. the substrate
1 is a silicon substrate 1, the first layer 2 is an oxide layer (a BOX
layer) and the second layer 3 is a silicon layer 3. The multilayer wafer
show in Figure la may be obtained by some wafer transfer technique as
known in the art. For example, a silicon layer 3 may be grown on a donator
substrate and, subsequently, a silicon (di)oxide layer is formed on the
silicon layer 3. On the other hand, a silicon (di)oxide layer is formed on
the substrate 1. During the wafer transfer process the oxide layer formed
on the silcon layer 3 and the oxide layer formed on the substrate 1 are
bonded to each other and the donor substrate is removed leaving the wafer
comprising the substrate 1, the oxide layer 2 and the silicon layer 3. In
the wafer shown in Figure 1a a trench 4 is formed through the silicon
layer 3 and the oxide layer 2 and extending into the substrate 1 as it is
shown in Figure lb. Formation of the trench may be facilitated by forming
a mask layer, for example, a nitride mask layer atop of the silicon layer
3 and a photoresist atop of the mask layer (not shown). After patterning
the trench 4 can be etched and both the mask layer and the photoresist are
removed.  7 



After the formation of the trench 4 in the multiplayer wafer a rapid
thermal anneal process 100 is performed (see Figure 1c). For this, the
wafer (the trench) is subject to an anneal atmosphere, for example, built
of hydrogen and/or argon at a temperature of at least 1100C, for example,
1150 C, in particular, 1200C or 1250C or more, and for at most 4 minutes,
for example, at most 2 or 3 minutes. The rapid thermal anneal process 100
results is some flow of the silicon of the silicon layer 3 at the inside
surface of the trench 4 such that the flowing silicon at least partially
covers the part of the oxide layer 2 that is exposed at the inner surface
of the trench 4. Thereby, the Bird's Beak Effect is suppressed during the
subsequent manufacturing procedure. Next, the trench 4 is cleaned 200 by a
hydrofluorid solution as shown in Figure Id. For example, a 10 % to 20%
hydrofluorid solution may be used for dip cleaning of the wafer and the
trench 4. Underetching of the silicon layer 3 is effectively prevented by
the previously performed anneal treatment 100. After the cleaning process
200 an oxide liner 5 is formed on the inner surfaces of the trench 4 (see
Figure le). The oxide liner 5 can be formed by thermal oxidation, for
example, 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. Again, the
Bird's Beak Effect that might otherwise be caused by lateral oxidation of
an imperfectly closed oxide-oxide interface within the oxide layer 2 that
may result from the above-described wafer transfer is suppressed by the
previously performed anneal treatment 100. According to the shown example,
the trench is filled with some isolator material 6, for example, some
nitride or oxide material, to finish the formation of an STI (see Figure
1f). By such an STI different individual MOSFETs, for example, can be
separated from each other. The separated MOSFETs may be of different
conductivity types and may be part of a CMOS device.  8 formation of a
memory cell, for example, a DRAM cell on SOI, comprising such a trench
capacitor. For this purpose, on the inner surfaces of the trench 4 shown
in Figures 1c or 1 d a node dielectric, for example, of silicon nitride or
silicon oxide, is formed and, subsequently, the trench 4 is filled with a
electrically conductive material, for example, a metal like copper,
nickel, etc, or n+ doped polysilicon. Such a trench capacitor can be
connected to an access transistor that is also formed on and partially in
the multilayer wafer. In Figure 2 another application for the inventive
method of manufacturing a trench structure and particularly an STI is
illustrated. In the shown example, a silicon on UT-BOX device is shown
that comprises a MOSFET 10 comprising a gate electrode 7 and sidewall
spacers 8. In the active silicon layer 3 a channel region 9 is formed
below the gate electrode 7. Source/drain regions are formed adjacent to
the channel region in the silicon layer 3. Below the silicon layer 3 a
very thin BOX layer 2 is located that is formed on a polysilicon substrate
1. The substrate 1 below the active region of the MOSFET 10 is
appropriately doped to function as a back-gate substrate. Moreover, the
shown device comprises a back-gate terminal 11 located between STIs 6.
Another STI 6 limits the shown active region on the right-hand side. It is
noted that silicide regions may be formed adjacent to the sidewall spacers
8 and that it might be preferred that the gate electrode is at least
partially silicidized. In the example shown in Figure 2 is it particularly
advantageous to provide STIs manufactured according to the present
invention, i.e., formed by process steps including the thermal anneal as
it is described with reference to Figure 1c thereby avoiding the Bird's
Beak Effect that otherwise would result in a significant deterioration of
the performance of the finished silicon on UTBOX (CMOS) device. 



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.  9 Claims 1. Method for the
manufacture of a trench structure in a multilayer wafer comprising a
substrate, an oxide layer on the substrate and a semiconductor layer on
the oxide layer, the method comprising the steps of forming a trench
through the semiconductor layer and the oxide layer and extending into the
substrate; and performing an anneal treatment of the formed trench such
that at the inner surface of the trench some material of the semiconductor
layer flows at least over a portion of the part of the oxide layer exposed
at the inner surface of the trench. 2. The method according to claim 1,
further comprising performing a cleaning treatment of the trench after the
anneal treatment. 3. The method according to claim 2, wherein the cleaning
treatment comprises cleaning with a hydrofluoric solution, in particular,
dipping in a hydrofluoric solution. 



4. The method according to one of the preceding claims, wherein the anneal
treatment is performed at a temperature of at least 1100C, in particular,
at least 1150 C and, more particularly, at least 1200 C. 5. The method
according to claim 4, wherein the anneal treatment is performed in a
hydrogen and/or argon atmosphere. The method according to claim 4 or 5,
wherein the anneal treatment is performed for at most 4 minutes, in
particular, at most 3 minutes and, more particularly, at most 2 minutes.
10 7. The method according to one of the preceding claims, wherein the
substrate comprises or consists of silicon, in particular, polysilicon,
and/or the oxide layer comprises Si02 and/or the semiconductor layer
comprises or consists of silicon, in particular, single crystal silicon.
8. The method according to one of the preceding claims, wherein the oxide
layer has a thickness in the range from 5 to 20 nm and/or the
semiconductor layer has a thickness in the range from 10 to 50 nm. 9. The
method according to one of the preceding claims, further comprising
providing the multilayer wafer by forming a first oxide layer above the
substrate; 



forming a second oxide layer above another substrate; bonding the first
and the second oxide layers within a wafer transfer process and removing
the other substrate. 10. The method according to one of the preceding
claims, further comprising forming, in particular, by thermal oxidation,
an oxide liner in the trench after the anneal treatment. 11. The method
according to one of the preceding claims, further comprising filling the
trench with an insulator material after the anneal treatment. 12. Method
for the manufacture of a semiconductor device, comprising the steps of
manufacturing the trench structure in the multilayer wafer according to
one of the preceding claims; forming a MOSFET over and partially in the
multilayer wafer, and  11 



forming another device over and/or in the multilayer wafer such that the
other device is separated from the MOSFET by the trench structure. 13. The
method according to claim 12, wherein the substrate is doped to serve as a
back-gate substrate and the other device comprises a back-gate terminal.
14. Method for the manufacture of a trench capacitor, comprising the steps
of manufacturing the trench structure in the multilayer wafer according to
one of the preceding claims; forming a node dielectric on the inside
surfaces of the trench after the anneal treatment; and filling a
conductive material in the trench after the formation of the node
dielectric. 


