
Fully Depleted SOI Device with  

Buried Doped Layer 

Field of Invention 

The present invention relates to fully depleted SOI devices, in particular, fully de-

pleted double-gate SOI transistors and DRAM devices. 

Background of the invention 

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

iconductor 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.  

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.   

Recently, multiple-gate, in particular, double-gate transistors have been intro-

duced in the art. As compared to transistors with one single gate, double-gate 

transistors exhibit a higher on-current, a lower off-current, a better sub-

threshold swing and a lower variation of the threshold voltage due to a rela-

tively lightly doped channel region. Double-gate transistors are preferably real-

ized in fully depleted SOI structures with thin buried oxides and highly doped 

Fully Depleted 501 Device with Buried Doped Layer Field of Invention The present invention relates to
fully depleted 501 devices, in particular, fully depleted double-gate 501 transistors and DRAM devices.
Background of the invention Semiconductor-On-Insulator (Se01) and, in particular,
Silicon-On-Insulator (S01) semiconductor devices are of increasing interest in present and future
semiconductor manufacturing, for example, in the context of the Complementary Metal Oxide
Semiconductor (CMOS) technology. 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 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. Recently, multiple-gate, in
particular, double-gate transistors have been introduced in the art. As compared to transistors with one
single gate, double-gate transistors exhibit a higher on-current, a lower off-current, a better
subthreshold swing and a lower variation of the threshold voltage due to a relatively lightly doped
channel region. Double-gate transistors are preferably realized in fully depleted SOI structures with
thin buried oxides and highly doped 
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back plane (layer). Double-gate transistors are part of core circuits and pe-

riphery circuits of DRAM devices. 

However, in the art the manufacturing process of fully depleted double-gate 

SOI transistors with highly doped back plane is complicated and may cause 

damage within the SOI region due to a high dose implant used to form the 

back plane. Conventionally, the doped back plane is formed by implantation 

through the SOI layer and the buried oxide layer. The contamination with 

dopants in the active layer caused by the back plane implantation, however, 

results in an increased variation of the threshold voltage. The higher the dop-

ing rate is selected, the higher variation of the threshold voltage results. 

Moreover, since a relatively high doping energy is necessary in the art in order 

to form the back gate, deeply extending doping regions result. This badly af-

fects miniaturization of the devices. 

In view of this, it is a problem underlying the present invention to provide a 

method for the manufacture of a fully depleted SOI device that is less compli-

cated and avoids the above-mentioned problems as well as a device obtained 

by such a method. It is a particular problem underlying the present invention to 

provide a semiconductor on insulator (SeOI) wafer suitable for the manufacture 

of a fully depleted SOI device and such a device wherein the above-mentioned 

drawbacks can be avoided. 

Description of the Invention 

In order to address the above-mentioned objects, it is provided a method for the man-

ufacture of a semiconductor device, comprising 

providing a first substrate; 

arranging (forming) a doped layer in a surface region of the first substrate (in an upper 

region of the first substrate or on top of the same); 

back plane (layer). Double-gate transistors are part of core circuits and periphery circuits of DRAM
devices. However, in the art the manufacturing process of fully depleted double-gate SOI transistors
with highly doped back plane is complicated and may cause damage within the SOI region due to a
high dose implant used to form the back plane. Conventionally, the doped back plane is formed by
implantation through the SOI layer and the buried oxide layer. The contamination with dopants in the
active layer caused by the back plane implantation, however, results in an increased variation of the
threshold voltage. The higher the doping rate is selected, the higher variation of the threshold voltage
results. Moreover, since a relatively high doping energy is necessary in the art in order to form the
back gate, deeply extending doping regions result. This badly affects miniaturization of the devices. In
view of this, it is a problem underlying the present invention to provide a method for the manufacture of
a fully depleted SOI device that is less complicated and avoids the above-mentioned problems as well
as a device obtained by such a method. It is a particular problem underlying the present invention to
provide a semiconductor on insulator (Se01) wafer suitable for the manufacture of a fully depleted SOI
device and such a device wherein the above-mentioned drawbacks can be avoided. Description of the
Invention In order to address the above-mentioned objects, it is provided a method for the manufacture
of a semiconductor device, comprising providing a first substrate;  
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arranging (forming)a buried oxide layer on the doped layer;  

arranging (forming) a semiconductor layer on the buried oxide layer to obtain an SeOI 

wafer;  

removing the buried oxide layer and the semiconductor layer from a first region of the 

SeOI wafer while maintaining the buried oxide layer and the semiconductor layer in a 

second region of the SeOI wafer; 

forming an upper transistor (e.g., a p-channel or an n-channel transistor) in the second 

region; 

forming a lower transistor, in particular, a recessed channel array transistor in the first 

region; wherein 

forming the upper transistor in the second region comprises forming a back gate of 

that transistor in or by the doped layer; and 

forming the lower transistor, in particular, a recessed channel array transistor in the 

first region comprises forming source and drain regions of that transistor in or by the 

doped layer. 

According to the inventive method no doping for the formation of source/drain regions 

of the transistor in the first region through a semiconductor layer and/or buried oxide 

layer is necessary. In particular, the extension of the source/drain regions of the tran-

sistor in the first region can be accurately determined by the thickness of the doped 

layer. Moreover, parts of the same (buried) doped layer can be used for both the for-

mation of a back gate of one or more transistors in the second region and the 

source/drain regions of a transistor in the first region thereby simplifying the overall 

manufacturing process. The first region may represent a memory cell area of a DRAM 

device and the second region may represent a core region or a region of periphery 

circuits of the DRAM device. 

arranging (forming)a buried oxide layer on the doped layer; arranging (forming) a semiconductor layer
on the buried oxide layer to obtain an Se01 wafer; removing the buried oxide layer and the
semiconductor layer from a first region of the Se01 wafer while maintaining the buried oxide layer and
the semiconductor layer in a second region of the Se01 wafer; forming an upper transistor (e.g., a
p-channel or an n-channel transistor) in the second region; forming a lower transistor, in particular, a
recessed channel array transistor in the first region; wherein forming the upper transistor in the second
region comprises forming a back gate of that transistor in or by the doped layer; and forming the lower
transistor, in particular, a recessed channel array transistor in the first region comprises forming source
and drain regions of that transistor in or by the doped layer. According to the inventive method no
doping for the formation of source/drain regions of the transistor in the first region through a
semiconductor layer and/or buried oxide layer is necessary. In particular, the extension of the
source/drain regions of the transistor in the first region can be accurately determined by the thickness
of the doped layer. Moreover, parts of the same (buried) doped layer can be used for both the
formation of a back gate of one or more transistors in the second region and the source/drain regions
of a transistor in the first region thereby simplifying the overall manufacturing process. The first region
may represent a memory cell area of a DRAM device and the second region may represent a core
region or a region of periphery circuits of the DRAM device. 
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The method may further comprise providing a second substrate, forming the semicon-

ductor layer on the second substrate, forming the buried oxide layer on the semicon-

ductor layer and/or the doped layer, bonding the first and the second substrate by the 

buried oxide layer and detaching the second substrate. Thus, the SeOI wafer can be 

obtained by wafer transfer techniques. The wafer transfer is facilitated by the oxide 

layer. The buried oxide layer of the resulting SeOI wafer can be formed by a combina-

tion of an oxide layer formed on the semiconductor layer formed on the second sub-

strate and an oxide layer formed on the first substrate wherein the combination results 

from the bonding process. Alternatively, bonding is facilitated by an oxide layer formed 

exclusively on the semiconductor layer or exclusively on the substrate. The wafer 

transfer may, for example, be performed according to the SmartCut© technique.  

In the above described embodiments, the step of forming the doped layer may com-

prise doping the surface region of the first substrate by the implantation of a suitable 

dopant. In this context, it should be noted that the doping can be performed through 

the semiconductor layer or through the buried oxide layer or through the semiconduc-

tor layer and the buried oxide layer, for example. Alternatively, the step of forming the 

doped layer may comprise forming, in particular, epitactically growing, the doped layer 

on the surface of the first substrate. For example, a mono crystal silicon layer provided 

with dopants during or after the growth process may be grown as the doped layer on a 

polysilicon first substrate. 

In the above described embodiments, the semiconductor layer may be a silicon layer, 

in particular, a mono crystal silicon layer. The silicon layer may be epitactically grown 

on the doped layer formed on first substrate. It might be preferred that a seed layer is 

provided on the first substrate whereon the silicon layer is epitactically grown. Accord-

ing to an embodiment, the doping of the doped layer is an n (p) doped layer, in par-

ticular, an n
+
 (p+) doped layer as far as the concentration concerns. The dopant may 

be a refractory metal. The dopant may be chosen from the group consisting of Co, Ni, 

Ti, Mo, W  or Ta. 

The method may further comprise providing a second substrate, forming the semiconductor layer on
the second substrate, forming the buried oxide layer on the semiconductor layer and/or the doped
layer, bonding the first and the second substrate by the buried oxide layer and detaching the second
substrate. Thus, the Se01 wafer can be obtained by wafer transfer techniques. The wafer transfer is
facilitated by the oxide layer. The buried oxide layer of the resulting Se01 wafer can be formed by a
combination of an oxide layer formed on the semiconductor layer formed on the second substrate and
an oxide layer formed on the first substrate wherein the combination results from the bonding process.
Alternatively, bonding is facilitated by an oxide layer formed exclusively on the semiconductor layer or
exclusively on the substrate. The wafer transfer may, for example, be performed according to the
SmartCutO technique. In the above described embodiments, the step of forming the doped layer may
comprise doping the surface region of the first substrate by the implantation of a suitable dopant. In
this context, it should be noted that the doping can be performed through the semiconductor layer or
through the buried oxide layer or through the semiconductor layer and the buried oxide layer, for
example. Alternatively, the step of forming the doped layer may comprise forming, in particular,
epitactically growing, the doped layer on the surface of the first substrate. For example, a mono crystal
silicon layer provided with dopants during or after the growth process may be grown as the doped
layer on a polysilicon first substrate. In the above described embodiments, the semiconductor layer
may be a silicon layer, in particular, a mono crystal silicon layer. The silicon layer may be epitactically
grown on the doped layer formed on first substrate. It might be preferred that a seed layer is provided
on the first substrate whereon the silicon layer is epitactically grown. According to an embodiment, the
doping of the doped layer is an n (p) doped layer, in particular, an n+ (p+) doped layer as far as the
concentration concerns. The dopant may be a refractory metal. The dopant may be chosen from the
group consisting of Co, Ni, Ti, Mo, W or Ta.  In the above-described examples, the step of removing
the buried oxide layer and the semiconductor layer from the first region of the Se01 wafer can
comprise optionally forming an oxide layer on the semiconductor layer in the first and second regions;
forming a mask layer on the oxide layer in the first and second regions; 
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In the above-described examples, the step of removing the buried oxide layer and the 

semiconductor layer from the first region of the SeOI wafer can comprise 

optionally forming an oxide layer on the semiconductor layer in the first and second 

regions; 

forming a mask layer on the oxide layer in the first and second regions; 

forming a photoresist on the mask layer in the second region and exposing the first 

region; 

removing the mask layer, the optionally formed oxide layer and the semiconductor 

layer in the first region based on the patterned photoresist; 

removing the photoresist layer;  

removing the mask layer in the second region; 

removing the oxide layer in the second region; and 

removing the buried oxide layer in the first region; wherein 

the buried oxide layer is removed in the first region after removal of the mask layer in 

the second region. 

This particular sequence of manufacturing steps results in a reliable damage-free re-

moval of the buried oxide layer and the semiconductor layer in the first region in an 

efficient manner in terms of the process flow. The manufacture of the semiconductor 

device may further comprise 

forming a trench in the second region to separate a region where a p-channel transis-

tor is formed from a region where an n-channel transistor is formed; 

forming a photoresist on the mask layer in the second region and exposing the first region; removing
the mask layer, the optionally formed oxide layer and the semiconductor layer in the first region based
on the patterned photoresist; removing the photoresist layer; removing the mask layer in the second
region; removing the oxide layer in the second region; and removing the buried oxide layer in the first
region; wherein the buried oxide layer is removed in the first region after removal of the mask layer in
the second region. This particular sequence of manufacturing steps results in a reliable damage-free
removal of the buried oxide layer and the semiconductor layer in the first region in an efficient manner
in terms of the process flow. The manufacture of the semiconductor device may further comprise 
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forming a trench separating the first from the second region;  

forming a p-well and an n-well region of the first region; and 

forming a recessed channel array transistor trench in the first region such that it ex-

tends into the p-well region formed below the doped layer in the first region. 

The trench in the second region may be completely filled by an isolator material 

(oxide) in order to form a shallow trench isolator or may be filled up to the level of the 

buried oxide layer thereby providing a mesa isolation. 

The p-well and n-well region in the first region are formed by implantation. Here, no 

implantation through a buried oxide and semiconductor layer of an SOI wafer is ne-

cessary. The threshold voltage of a memory cell array to be formed in the first region 

according to an embodiment of the present invention can readily be adjusted by a fur-

ther implantation of a dopant through the RCAT trench. Thus, according to the herein 

disclosed method the formation of an RCAT in the first region can be integrated in the 

manufacture of p-/n-channel transistors for the core and periphery circuits of a DRAM 

in a very efficient and damage-avoiding manner. 

Furthermore, in the above-described examples, source and drain regions of the tran-

sistor in the first region are formed without further implanting dopants in the doped 

layer. In this case, the necessary doping rate is already provided by the doped layer 

when forming the same on the substrate before completing the SeOI wafer. Thereby, 

no additional deposition and removal of a dopant mask layer is needed and no dam-

age is caused by source/drain formation. Alternatively, forming the source and drain 

regions of the transistor in the first region may comprise implanting dopants in the 

doped layer to adjust the doping profile 

  

According to an embodiment, an additional doped silicon layer is formed, in particular, 

by epitactic growth, on the semiconductor layer, in particular, the silicon layer, adja-

cent to gate structures of the transistors formed in the first and second regions in or-

der to form raised (partly above the level of the gate dielectric) source and drain re-

forming a trench separating the first from the second region; forming a p-well and an n-well region of
the first region; and forming a recessed channel array transistor trench in the first region such that it
extends into the p-well region formed below the doped layer in the first region. The trench in the
second region may be completely filled by an isolator material (oxide) in order to form a shallow trench
isolator or may be filled up to the level of the buried oxide layer thereby providing a mesa isolation.
The p-well and n-well region in the first region are formed by implantation. Here, no implantation
through a buried oxide and semiconductor layer of an SOI wafer is necessary. The threshold voltage
of a memory cell array to be formed in the first region according to an embodiment of the present
invention can readily be adjusted by a further implantation of a dopant through the RCAT trench. Thus,
according to the herein disclosed method the formation of an RCAT in the first region can be
integrated in the manufacture of p-/n-channel transistors for the core and periphery circuits of a DRAM
in a very efficient and damage-avoiding manner. Furthermore, in the above-described examples,
source and drain regions of the transistor in the first region are formed without further implanting
dopants in the doped layer. In this case, the necessary doping rate is already provided by the doped
layer when forming the same on the substrate before completing the Se01 wafer. Thereby, no
additional deposition and removal of a dopant mask layer is needed and no damage is caused by
source/drain formation. Alternatively, forming the source and drain regions of the transistor in the first
region may comprise implanting dopants in the doped layer to adjust the doping profile According to an
embodiment, an additional doped silicon layer is formed, in particular, by epitactic growth, on the
semiconductor layer, in particular, the silicon layer, adjacent to gate structures of the transistors
formed in the first and second regions in order to form raised (partly above the level of the gate
dielectric) source and drain re- 
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gions if it is preferred. Thus, the resulting raised source and drain regions in this case 

comprise the additional doped silicon layer and the semiconductor layer in the second 

region and the additional doped silicon layer and the doped layer in the second region, 

respectively. 

Herein, it is also provided a semiconductor on insulator, SeOI, wafer, in particular, an 

SOI wafer, comprising 

a substrate; 

a doped layer formed in the region of a surface of the substrate; 

a buried oxide layer arranged only on a part of the doped layer; and 

a semiconductor layer arranged on the buried oxide layer arranged on the part of the 

doped layer to obtain the SeOI wafer. 

Such a wafer is very suitable for forming a DRAM device comprising p-channel and/or 

n-channel transistors in the region where the semiconductor layer and the buried 

oxide layer are formed and where a recessed channel array transistor for a memory 

cell array is formed in the region of the wafer where no semiconductor layer and bu-

ried oxide layer are provided such that the (buried) doped layer may provide the back 

gate for the p-channel and/or n-channel transistors and at least partly the source/drain 

regions for the recessed channel array transistor. 

In the above-mentioned SeOI wafer the substrate and the semiconductor layer may 

consist of or comprise silicon and the doped layer may comprise a refractory metal. In 

particular, the doped layer may comprise Co, Ni, Ti, Mo, W  or Ta as a dopant. 

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 

gions if it is preferred. Thus, the resulting raised source and drain regions in this case comprise the
additional doped silicon layer and the semiconductor layer in the second region and the additional
doped silicon layer and the doped layer in the second region, respectively. Herein, it is also provided a
semiconductor on insulator, Se01, wafer, in particular, an SOI wafer, comprising a substrate; a doped
layer formed in the region of a surface of the substrate; a buried oxide layer arranged only on a part of
the doped layer; and a semiconductor layer arranged on the buried oxide layer arranged on the part of
the doped layer to obtain the Se01 wafer. Such a wafer is very suitable for forming a DRAM device
comprising p-channel and/or n-channel transistors in the region where the semiconductor layer and
the buried oxide layer are formed and where a recessed channel array transistor for a memory cell
array is formed in the region of the wafer where no semiconductor layer and buried oxide layer are
provided such that the (buried) doped layer may provide the back gate for the p-channel and/or
n-channel transistors and at least partly the source/drain regions for the recessed channel array
transistor. 
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figures that are meant to illustrate preferred embodiments of the invention. It is un-

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

Figure 1 illustrates an example for the method for manufacturing a semiconductor de-

vice according to the present invention, wherein an SOI structure comprising a buried 

doped layer is formed.  

Figures 2a – 2e Illustrate the manufacture of a DRAM device according to an example 

of the present invention based on the SOI wafer illustrated in Figure 1. 

A process for the manufacture of an SOI structure comprising a buried doped layer is 

shown in Figure 1. It is provided a donator silicon substrate 1. Next, a silicon layer 2 is 

grown on the donator silicon substrate 1. Optionally, a seed layer (not shown) is 

formed on the donator silicon substrate 1 for growth of the silicon layer 2. Subse-

quently, a silicon (di)oxide layer 3 is formed on the silicon layer 2.  

On the other hand, a silicon substrate 4 is provided for the SOI structure to be ob-

tained. A doped layer 5 is formed in the region of or on the upper surface of the silicon 

substrate 4. According to an example, n
+
 doping of the upper portion of the silicon 

substrate 4 is performed thereby resulting in the doped layer 5. According to an alter-

native example, a doped silicon layer 5, in particular, an n
+
 doped silicon layer, is epi-

tactically grown on the silicon substrate 4. Then, a silicon (di)oxide layer 6 is formed 

on the doped layer 5. During a wafer transfer process the oxide layer 3 formed on the 

silicon layer 2 and the oxide layer 6 formed on the doped layer 5 are bonded to each 

other and the donator substrate 1 is removed. A structure results that comprises the 

substrate 4, the buried doped layer 5, the buried oxide layer 7 resulting from the com-

bination of the oxide layers 3 and 6 during bonding and the silicon layer 2.  

Subsequently, the silicon layer 2 and the buried oxide layer 7 are removed on a first 

region while maintaining them on a second region thereby resulting in then SOI wafer 

10. The removal may be performed as follows. A pad oxide is grown on the silicon 

In the above-mentioned Se01 wafer the substrate and the semiconductor layer may consist of or
comprise silicon and the doped layer may comprise a refractory metal. In particular, the doped layer
may comprise Co, Ni, Ti, Mo, W or Ta as a dopant.  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. Figure 1 illustrates an example for the method for manufacturing a semiconductor
device according to the present invention, wherein an SOI structure comprising a buried doped layer is
formed. Figures 2a - 2e Illustrate the manufacture of a DRAM device according to an example of the
present invention based on the 501 wafer illustrated in Figure 1. A process for the manufacture of an
501 structure comprising a buried doped layer is shown in Figure 1. It is provided a donator silicon
substrate 1. Next, a silicon layer 2 is grown on the donator silicon substrate 1. Optionally, a seed layer
(not shown) is formed on the donator silicon substrate 1 for growth of the silicon layer 2. Subsequently,
a silicon (di)oxide layer 3 is formed on the silicon layer 2. On the other hand, a silicon substrate 4 is
provided for the SOI structure to be obtained. A doped layer 5 is formed in the region of or on the
upper surface of the silicon substrate 4. According to an example, n+ doping of the upper portion of
the silicon substrate 4 is performed thereby resulting in the doped layer 5. According to an alternative
example, a doped silicon layer 5, in particular, an n+ doped silicon layer, is epitactically grown on the
silicon substrate 4. Then, a silicon (di)oxide layer 6 is formed on the doped layer 5. During a wafer
transfer process the oxide layer 3 formed on the silicon layer 2 and the oxide layer 6 formed on the
doped layer 5 are bonded to each other and the donator substrate 1 is removed. A structure results
that comprises the substrate 4, the buried doped layer 5, the buried oxide layer 7 resulting from the
combination of the oxide layers 3 and 6 during bonding and the silicon layer 2. Subsequently, the
silicon layer 2 and the buried oxide layer 7 are removed on a first 
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layer 2 and a hard mask layer, for example, a nitride layer is formed on the pad oxide. 

Then, a photoresist is formed on the hard mask layer and patterned to expose the 

hard mask layer in the first region. Then, the hard mask, the underlying pad oxide and 

the silicon layer 2 are etched in the first region. Subsequently, the photoresist is 

stripped and the nitride is removed and all of the exposed oxide including the buried 

oxide layer 7 in the first region is removed. The thus obtained SOI wafer 10 shown in 

Figure 1 is suitable for the manufacture of a fully depleted multi-(double) gate SOI 

FET as well as DRAM devices. 

In the following, the manufacture of a DRAM device according to an example of the 

present invention is described with reference to Figures 2a – 2e. The starting point is 

given by the SOI wafer 10 shown in Figure 1. A pad oxide 11 and a hard mask layer 

12, for example, a nitride layer, are then formed on the exposed portion of the doped 

layer 5 in the first region as well as the silicon layer in the second region. The resulting 

structure is illustrated in Figure 2a. Three active regions are indicated, one region 

where an n-channel FET will be formed, one region where a p-channel FET will be 

formed and one region where a memory cell array will be formed. The regions of the 

n-channel FET and p-channel FET comprise the silicon layer 2 and buried oxide layer 

7 as well as pad oxide 11 and pad nitride 12. The memory cell array comprises pad 

oxide 11 and pad nitride 12 but is free off the silicon layer 2 and the buried oxide layer 

7. 

By photolithographic processing trenches separating the three different active regions 

are subsequently formed. In some detail, a patterned photoresist is formed on the pad 

nitride to etch the same in the trench regions after removal of the photoresist the sili-

con is etched to form the trenches. Next a trench oxide liner and a trench nitride liner 

are subsequently formed in the trenches and, then, the trenches are filled with oxide 

material. After annealing and chemical-mechanical polishing as well as etching of the 

nitride and oxide the structure illustrated in Figure 2b is obtained. Trenches 13 sepa-

rate the active region of the n-channel FET from the active region of the p-channel 

FET and the active region of the p-channel FET from the active region of the memory 

cell array, respectively. The trenches 13 are filled with the above-mentioned trench 

oxide liner 14 and trench nitride liner 15 as well as a trench filling oxide 16. Note, that 

region while maintaining them on a second region thereby resulting in then SOI wafer 10. The removal
may be performed as follows. A pad oxide is grown on the silicon layer 2 and a hard mask layer, for
example, a nitride layer is formed on the pad oxide. Then, a photoresist is formed on the hard mask
layer and patterned to expose the hard mask layer in the first region. Then, the hard mask, the
underlying pad oxide and the silicon layer 2 are etched in the first region. Subsequently, the
photoresist is stripped and the nitride is removed and all of the exposed oxide including the buried
oxide layer 7 in the first region is removed. The thus obtained SOI wafer 10 shown in Figure 1 is
suitable for the manufacture of a fully depleted multi-(double) gate SOI FET as well as DRAM devices.
In the following, the manufacture of a DRAM device according to an example of the present invention
is described with reference to Figures 2a - 2e. The starting point is given by the SOI wafer 10 shown in
Figure 1. A pad oxide 11 and a hard mask layer 12, for example, a nitride layer, are then formed on
the exposed portion of the doped layer 5 in the first region as well as the silicon layer in the second
region. The resulting structure is illustrated in Figure 2a. Three active regions are indicated, one region
where an n-channel FET will be formed, one region where a p-channel FET will be formed and one
region where a memory cell array will be formed. The regions of the n-channel FET and p-channel
FET comprise the silicon layer 2 and buried oxide layer 7 as well as pad oxide 11 and pad nitride 12.
The memory cell array comprises pad oxide 11 and pad nitride 12 but is free off the silicon layer 2 and
the buried oxide layer 7. By photolithographic processing trenches separating the three different active
regions are subsequently formed. In some detail, a patterned photoresist is formed on the pad nitride
to etch the same in the trench regions after removal of the photoresist the silicon is etched to form the
trenches. Next a trench oxide liner and a trench nitride liner are subsequently formed in the trenches
and, then, the trenches are filled with oxide material. After annealing and chemical-mechanical
polishing as well as etching of the nitride and oxide the structure illustrated in Figure 2b is obtained.
Trenches 13 separate the active region of the n-channel FET from the active region of the p-channel
FET and the active region of the p-channel FET from the active region of the memory cell array,
respectively. The trenches 13 are filled with the above-mentioned trench oxide liner 14 and trench
nitride liner 15 as well as a trench filling oxide 16. Note, that the trench separating the active region of
the n-channel FET from the active region of the p-channel FET may be completely filled to provide a
shallow trench isolation or may be filled only from the top down to the bottom of the buried oxide layer
7 in order to provided a mesa isolation. Next, a screening oxide (not illustrated) is formed over the
entire structure shown in Figure 2b and in the region of the memory cell array a lower n-well region
and an upper p-well region are formed by implantation. In the region of the memory cell array a
recessed channel array transistor (RCAT) has to be formed. After steps of planarization including the
deposition of a planarization oxide and chemical mechanical planarization of the same a nitride hard
mask and an appropriately patterned photoresist are formed for etching an RCAT trench in the region
of the memory cell array. In the etched RCAT trench an oxide is formed. Implantation of species for
adjusting the threshold voltage and the gate oxide is performed through the RCAT trench and in the
p-well region. Gate oxides of different thicknesses are formed in the RCAT trench and the regions of
the n-channel FET and p-channel FET. The resulting structure is illustrated in Figure 2c. As can be
seen the RCAT trench 17 is formed partially extending into the p-well region 18 formed above the
n-well region 19. Within the p-well region 18 an implant region 20 for adjusting the threshold voltage
and an implant region 21 for adjusting the gate oxide are formed. A relatively thick gate oxide 22' is
formed in the region of the n-channel FET and a relatively thin gate oxide 22" is formed in the region of
the p-channel FET. Alternatively, both gate oxides 22' and 22" may be formed relatively thin or thick or
the gate oxide 22" may be formed thicker than the gate oxide 22'. Another gate oxide 22- is formed in
the RCAT trench 17. Gate oxide nitration and gate oxide anneal can be performed. Gate electrode
structures in the regions of the n-channel FET and p-channel FET as well as in the region of the
memory cell array are formed as shown in Figure 2d. In the shown example the gate structures
comprise a layer 23 made of TiN, a layer 24 made of polysilicon, a W barrier layer 25 and a nitride
layer 26. The shown gate structures result from deposition of the respective layers and
photolithography processing as known in the art. A nitride layer is deposited over the structure shown
in Figure 2d and lightly doped drain regions are implanted in the regions of the n-channel FET and p- 
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the trench separating the active region of the n-channel FET from the active region of 

the p-channel FET may be completely filled to provide a shallow trench isolation or 

may be filled only from the top down to the bottom of the buried oxide layer 7 in order 

to provided a mesa isolation. 

Next, a screening oxide (not illustrated) is formed over the entire structure shown in 

Figure 2b and in the region of the memory cell array a lower n-well region and an up-

per p-well region are formed by implantation. In the region of the memory cell array a 

recessed channel array transistor (RCAT) has to be formed. After steps of planariza-

tion including the deposition of a planarization oxide and chemical mechanical planari-

zation of the same a nitride hard mask and an appropriately patterned photoresist are 

formed for etching an RCAT trench in the region of the memory cell array. In the 

etched RCAT trench an oxide is formed. Implantation of species for adjusting the 

threshold voltage and the gate oxide is performed through the RCAT trench and in the 

p-well region. Gate oxides of different thicknesses are formed in the RCAT trench and 

the regions of the n-channel FET and p-channel FET. The resulting structure is illus-

trated in Figure 2c. As can be seen the RCAT trench 17 is formed partially extending 

into the p-well region 18 formed above the n-well region 19. W ithin the p-well region 

18 an implant region 20 for adjusting the threshold voltage and an implant region 21 

for adjusting the gate oxide are formed. A relatively thick gate oxide 22’ is formed in 

the region of the n-channel FET and a relatively thin gate oxide 22’’ is formed in the 

region of the p-channel FET. Alternatively, both gate oxides 22’ and 22’’ may be 

formed relatively thin or thick or the gate oxide 22’’ may be formed thicker than the 

gate oxide 22’. Another gate oxide 22’’’ is formed in the RCAT trench 17. Gate oxide 

nitration and gate oxide anneal can be performed. 

Gate electrode structures in the regions of the n-channel FET and p-channel FET as 

well as in the region of the memory cell array are formed as shown in Figure 2d. In the 

shown example the gate structures comprise a layer 23 made of TiN, a layer 24 made 

of polysilicon, a W  barrier layer 25 and a nitride layer 26. The shown gate structures 

result from deposition of the respective layers and photolithography processing as 

known in the art. A nitride layer is deposited over the structure shown in Figure 2d and 

lightly doped drain regions are implanted in the regions of the n-channel FET and p-

channel FET adjacent to the respective gate structures. A sidewall spacer oxide is formed above the
nitride layer above the gate structures in the regions of the n-channel FET and p-channel FET and
after etching in order to obtain oxide sidewall spacers and another nitride layer is deposited and
etched to form nitride sidewall spacers above both the gate structures in the regions of the n-channel
FET and p-channel FET and the gate structure in the region of the memory cell array. Oxide on the
surface of the buried doped region 5 in the region of the memory cell array and oxide on the silicon
layer 2 in the regions of the n-channel FET and p-channel FET is etched back and silicon is formed on
the thus exposed surfaces by selective epitactic growth and dopants are implanted in the epitactically
grown silicon as well as the underneath silicon layer 2 in the regions of the n-channel FET and
p-channel FET and optionally the underneath buried implant layer 5 in the region of the memory cell
array, respectively. However, it may be preferred to adjust the doped concentration in the doped layer
5 such that no significant doping by implantation through the epi silicon is needed for the RCAT. The
resulting structure is illustrated in Figure 2e. As shown in this Figure the gate structures in regions of
the n-channel FET and p-channel FET comprise sidewall spacers 27 comprising oxide and nitride. The
gate structure in the region of the memory cell array comprises a sidewall spacer 28 made of nitride.
Adjacent to all of the gate structures epi silicon 29 is formed and doped in order to form source/drain
regions. The doping of the epi structures can be performed by implantation after growth or during the
growth of the same. As becomes apparent from the description of Figures 2a to 2e according to an
embodiment of the present invention, a buried thin highly doped n-layer 5 is formed in an SOI wafer
that, on the one hand, can be used as a back gate layer in the core and periphery circuits of a DRAM
device and, on the other hand, can be used for highly doped source and drain regions of an RCAT in
the memory cell area. Whereas the provision of a n+ back plane in a p-doped substrate has been
described it is readily understood that a p doped layer providing a p+ back plane in an n-doped
substrate is also covered by the present invention.  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.  Claims 
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channel FET adjacent to the respective gate structures. A sidewall spacer oxide is 

formed above the nitride layer above the gate structures in the regions of the n-

channel FET and p-channel FET and after etching in order to obtain oxide sidewall 

spacers and another nitride layer is deposited and etched to form nitride sidewall 

spacers above both the gate structures in the regions of the n-channel FET and p-

channel FET and the gate structure in the region of the memory cell array. 

Oxide on the surface of the buried doped region 5 in the region of the memory cell 

array and oxide on the silicon layer 2 in the regions of the n-channel FET and p-

channel FET is etched back and silicon is formed on the thus exposed surfaces by 

selective epitactic growth and dopants are implanted in the epitactically grown silicon 

as well as the underneath silicon layer 2 in the regions of the n-channel FET and p-

channel FET and optionally the underneath buried implant layer 5 in the region of the 

memory cell array, respectively. However, it may be preferred to adjust the doped 

concentration in the doped layer 5 such that no significant doping by implantation 

through the epi silicon is needed for the RCAT. The resulting structure is illustrated in 

Figure 2e. As shown in this Figure the gate structures in regions of the n-channel FET 

and p-channel FET comprise sidewall spacers 27 comprising oxide and nitride. The 

gate structure in the region of the memory cell array comprises a sidewall spacer 28 

made of nitride. Adjacent to all of the gate structures epi silicon 29 is formed and 

doped in order to form source/drain regions. The doping of the epi structures can be 

performed by implantation after growth or during the growth of the same. 

As becomes apparent from the description of Figures 2a to 2e according to an em-

bodiment of the present invention, a buried thin highly doped n-layer 5 is formed in an 

SOI wafer that, on the one hand, can be used as a back gate layer in the core and 

periphery circuits of a DRAM device and, on the other hand, can be used for highly 

doped source and drain regions of an RCAT in the memory cell area. W hereas the 

provision of a n
+
 back plane in a p-doped substrate has been described it is readily 

understood that a p doped layer providing a p
+ 

back plane in an n-doped substrate is 

also covered by the present invention. 

1. Method for the manufacture of a semiconductor device, comprising providing a first substrate;
arranging a doped layer in a surface region of the first substrate; arranging a buried oxide layer on the
doped layer; arranging a semiconductor layer on the buried oxide layer to obtain an Se01 wafer;
removing the buried oxide layer and the semiconductor layer from a first region of the Se01 wafer
while maintaining the buried oxide layer and the semiconductor layer in a second region of the Se01
wafer; forming an upper transistor in the second region; forming a lower transistor, in particular, a
recessed channel array transistor in the first region; wherein forming the upper transistor in the second
region comprises forming a back gate in or by the doped layer; and 
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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. 

forming the lower transistor, in particular, a recessed channel array transistor in the first region
comprises forming source and drain regions in or by the doped layer. 2. The method according to
claim 1, wherein the first region represents a memory cell area of a DRAM device and the second
region represents a core region or a region of periphery circuits of the DRAM device.  3. The method
according to claim 1 or 2, further comprising providing a second substrate; forming the semiconductor
layer on the second substrate; forming the buried oxide layer on the semiconductor layer and/or the
doped layer; bonding the first and the second substrate by the buried oxide layer; and detaching the
second substrate. 
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Claim s 

1. Method for the manufacture of a semiconductor device, comprising 

 providing a first substrate; 

 arranging a doped layer in a surface region of the first substrate; 

 arranging a buried oxide layer on the doped layer;  

arranging a semiconductor layer on the buried oxide layer to obtain an SeOI 

wafer;  

removing the buried oxide layer and the semiconductor layer from a first region 

of the SeOI wafer while maintaining the buried oxide layer and the semiconduc-

tor layer in a second region of the SeOI wafer; 

forming an upper transistor in the second region; 

forming a lower transistor, in particular, a recessed channel array transistor in 

the first region; wherein 

forming the upper transistor in the second region comprises forming a back 

gate in or by the doped layer; and 

forming the lower transistor, in particular, a recessed channel array transistor in 

the first region comprises forming source and drain regions in or by the doped 

layer. 

2. The method according to claim 1, wherein the first region represents a memory 

cell area of a DRAM device and the second region represents a core region or 

a region of periphery circuits of the DRAM device. 

4. The method according to one of the preceding claims, wherein the step of forming the doped layer
comprises doping the surface region of the first substrate. 5. The method according to one of the
preceding claims, wherein the step of forming the doped layer comprises forming, in particular,
epitactically growing, the doped layer on the surface of the first substrate. 6. The method according to
one of the preceding claims, wherein the semiconductor layer consists of or comprises silicon and/or
the first substrate consists of or comprises silicon. 7. The method according to one of the preceding
claims, wherein the dopant of the doped layer is an n dopant, in particular, an n+ dopant or a p dopant,
in particular, a p+ dopant. 8. The method according to one of the preceding claims, wherein removing
the buried oxide layer and the semiconductor layer from the first region of the Se01 wafer comprises
forming a mask layer on the oxide layer in the first and second regions; forming a photoresist on the
mask layer in the second region and exposing the first region; 
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3. The method according to claim 1 or 2, further comprising  

 providing a second substrate; 

 forming the semiconductor layer on the second substrate; 

forming the buried oxide layer on the semiconductor layer and/or the doped 

layer; 

 bonding the first and the second substrate by the buried oxide layer; and 

detaching the second substrate. 

4. The method according to one of the preceding claims, wherein the step of 

forming the doped layer comprises doping the surface region of the first sub-

strate. 

5. The method according to one of the preceding claims, wherein the step of 

forming the doped layer comprises forming, in particular, epitactically growing, 

the doped layer on the surface of the first substrate. 

6. The method according to one of the preceding claims, wherein the semicon-

ductor layer consists of or comprises silicon and/or the first substrate consists 

of or comprises silicon. 

7. The method according to one of the preceding claims, wherein the dopant of 

the doped layer is an n dopant, in particular, an n
+
 dopant or a p dopant, in par-

ticular, a p
+
 dopant. 

8. The method according to one of the preceding claims, wherein removing the 

buried oxide layer and the semiconductor layer from the first region of the SeOI 

wafer comprises 

  

removing the mask layer and the semiconductor layer in the first region; removing the photoresist
layer; removing the mask layer in the second region; removing the oxide layer in the second region;
and removing the buried oxide layer in the first region; wherein the buried oxide layer is removed in the
first region after removal of the mask layer in the second region. 9. The method according to claim 8,
further comprising forming a trench in the second region to separate a region where a p-channel 
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forming a mask layer on the oxide layer in the first and second regions; 

forming a photoresist on the mask layer in the second region and exposing the 

first region; 

removing the mask layer and the semiconductor layer in the first region; 

removing the photoresist layer;  

removing the mask layer in the second region; 

removing the oxide layer in the second region; and 

removing the buried oxide layer in the first region; wherein 

the buried oxide layer is removed in the first region after removal of the mask 

layer in the second region. 

9. The method according to claim 8, further comprising 

forming a trench in the second region to separate a region where a p-channel 

transistor is formed from a region where an n-channel transistor is formed; 

forming a trench separating the first from the second region;  

forming a p-well and an n-well region of the first region; and 

forming a recessed channel array transistor trench in the first region such that it 

extends into the p-well region formed below the doped layer in the first region. 

  

10. The method according to one of the preceding claims, wherein forming the 

source and drain regions of the transistor in the first region is performed without 

further implanting dopants in the doped layer. 

transistor is formed from a region where an n-channel transistor is formed; forming a trench separating
the first from the second region; forming a p-well and an n-well region of the first region; and forming a
recessed channel array transistor trench in the first region such that it extends into the p-well region
formed below the doped layer in the first region. 10. The method according to one of the preceding
claims, wherein forming the source and drain regions of the transistor in the first region is performed
without further implanting dopants in the doped layer.  11. The method according to one of the claims
1 to 9, wherein forming the source and drain regions of the transistor in the first region comprises
implanting dopants in the doped layer to adjust the doping profile. 12. The method according to one of
the preceding claims, further comprising forming a doped silicon layer, in particular, by epitactic
growth, on the silicon layer adjacent to gate structures of the transistors formed in the first and second
regions in order to form source and drain regions. 
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11. The method according to one of the claims 1 to 9, wherein forming the source 

and drain regions of the transistor in the first region comprises implanting 

dopants in the doped layer to adjust the doping profile. 

  

12. The method according to one of the preceding claims, further comprising form-

ing a doped silicon layer, in particular, by epitactic growth, on the silicon layer 

adjacent to gate structures of the transistors formed in the first and second re-

gions in order to form source and drain regions. 

13. Semiconductor on insulator, SeOI, wafer, comprising 

 a substrate; 

 a doped layer formed in the region of a surface of the substrate; 

 a buried oxide layer arranged only on a part of the doped layer; and 

a semiconductor layer arranged on the buried oxide layer arranged on the part 

of the doped layer to obtain the SeOI wafer. 

14. The SeOI wafer according to claim 13, wherein the substrate and the semicon-

ductor layer consists of or comprises silicon and the doped layer comprises a 

refractory metal, in particular, Co, Ni, Ti, Mo, W  or Ta. 

  

15. DRAM device comprising  

the SeOI wafer according to claim 13 or 14;  

one or more p-channel and/or n-channel transistors in the region where the 

semiconductor layer and the buried oxide layer are formed and wherein the 

doped layer provides the back gate for the p-channel and/or n-channel transis-

tors; and  

13. Semiconductor on insulator, Se01, wafer, comprising a substrate; a doped layer formed in the
region of a surface of the substrate; a buried oxide layer arranged only on a part of the doped layer;
and a semiconductor layer arranged on the buried oxide layer arranged on the part of the doped layer
to obtain the Se01 wafer. 14. The Se01 wafer according to claim 13, wherein the substrate and the
semiconductor layer consists of or comprises silicon and the doped layer comprises a refractory metal,
in particular, Co, Ni, Ti, Mo, W or Ta. 15. DRAM device comprising the Se01 wafer according to claim
13 or 14; one or more p-channel and/or n-channel transistors in the region where the semiconductor
layer and the buried oxide layer are formed and wherein the doped layer provides the back gate for the
p-channel and/or n-channel transistors; and 
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a recessed channel array transistor for a memory cell array in the region of the 

wafer where no semiconductor layer and buried oxide layer are provided and 

wherein the doped layer at least partly provides the source/drain regions for the 

recessed channel array transistor. 

a recessed channel array transistor for a memory cell array in the region of the wafer where no
semiconductor layer and buried oxide layer are provided and wherein the doped layer at least partly
provides the source/drain regions for the recessed channel array transistor. 


