
ASYMMETRICAL TRANSISTOR DEVICE AND METHOD OF FABRICATION FIELD OF THE
INVENTION 100011The present invention relates to a semiconductor device and
to a method of fabricating the same. More particularly, the invention
relates to a semiconductor device having a buried insulating layer and a
method of fabricating the same. DESCRIPTION OF THE RELATED ART
[0002]Semiconductor integrated circuits typically comprise a large number
of MOS transistor devices. As the feature size of devices continues to
decrease, a variety of phenomena can limit a performance of the devices,
such as a value of a switching speed, a leakage current or any other
suitable performance parameter. [0003]FIG. 1 is a schematic illustration of
a known MOS device 5. The device 5 has a source region 10, a drain region
30 and a channel region 20 between the source and drain regions     O. A
source side depletion region 12 is formed at a junction between the source
region 10 and adjacent semiconductor material including the channel region
20. A drain side depletion region 32 is formed at a junction between the
drain portion 30 and adjacent semiconductor material including the channel
region 20. [0004]The presence of the depletion regions 12, 32 introduces a
capacitance between the source and channel regions 10, 20 and between the
drain and channel regions 30, :20 known as a 'junction capacitance'. The
junction capacitance can limit the ptiformance of the transistor device.
[0005]In the course of normal operation of the MOS device, junctionsn the
source 



and channel regions 10, 20 and between the drain and channel regions 30, 20
are reverse biased,  A size of the depletion regions 12, 32 increases as
the magnitude of the respective reverse bias potentials increases, thereby
decreasing the junction capacitance. [0006]The source side depletion region
12 is typically narrower than the drain 'de depletion region 32. Thus
capacitance introduced by the source side depletion region 12 typically
dominates the junction capacitance. SUMMARY OF THE INVENTION
100071Embodiments of the invention seek to mitigate at least some of e
above menuoned problems. [0008]Some embodiments of the invention provide a
MOS transistor device structure having a decreased junction capacitance
between the source and drain regions. [0009]Some embodiments of the
invention provide a MOS transistor having a reduced Short channel effect.
LOOMIn accordance with an embodiment of the invention there is provided a
semiconductor device compg: a semiconductor substrate; a source region, a
drain region and a channel region, the channel rc.on being provided between
the source and drain regions, the source, drain and channel regions being
provided in the substrate, the device having a layer of a buried insulating
medium provided below the source region and not below the drain region, the
layer of buried insulating medium below the source region being provided in
abutment, with a lower surface of the source region. 



100111This has the advantage that a magnitude of a junction capacitance of
the device associated with the source region may be reduced.
100121Furthermore, since the buried insulating medium does not extend wider
the drain region a thermal conductivity between the drain region and
surrounding matedal is enhanced. This is at least in part because the
buried insulating medium portion of the substrate has a lower  thermal
conductivity than semiconducting portionssubstrate. Thus, heat generated by
current flow in the source, channel and drain regions may be dissipated
more readily in structures according to embodiments of the invention than a
structure in which the BOX layer extends under the source, channel and
drain regions. [0013]Optionally, the layer of insulating medium extends
below the channel region. This has the advantage that a reduction in the
junction capacitance under the gate electrode (Ciswg) may he achieved.
[00141It is to be understood that a semiconductor device according to
embodiments of the invention may be considered to have an asymmetrical
structure since the buried insulating medium is provided below the-c egion
but does not extend under the drain region. [00151In a second aspect of the
invention there is provided a method of fabricating a semiconductor device
comprising:  providing a semiconductor substrate; forming a source region,
a drain region and a channel region in the substrate, the channel region
being provided between sourcetheand drain regions, and providing a layer of
a buried insulator material below the source region and not below the drain
region, the buried insulator material being provided in abutment with a
lower surthce of the source region. [00161Some embodiments of the re.ntion
have the advantage that a inaptitude of a 



in capacitance between the source d drain regions of the transistor device
may be reduced relative to known transistor devices. [00171In a third
aspect of the invention there is provided a se conductor device comprising:
a semiconductor substrate comprising an upper semiconductor portion formed
from silicon and a lower semiconductor portion formed from silicon, the
upper and lower portions being separated by a layer of a buried oxide (BOX)
medium; a source region, a drain region and a channel region provided in
the upper semiconductor portion, the channel region being provided between
the source and drain regions, wherein the BOX medium is provided below the
source  region and the channel region and not below the drain region, the
BOX medium being provided in abutment with a lower surface of the source
region. 100181In an aspect of the inventionis provided a method of
fabricating a semiconductor device comprising: providing a semiconductor
substrate; forming a source region, a drain region arid a channel region in
the substrate, the channel region being provided between the source and
drain regions, a junction between the source and channel regions having a
source junction capacitance; and providing a layer of a buried ulator
material below the source region and not below the drain region thereby to
reduce a value of the source junction capacitance, the buried insulator
material being provided in abutment with a lower surface of the source
region. BRIEF DESCRIPTION OF THE DRAWINGS [0019]Embodiments of the present
invention will now be described hereinafter, by way of example only with
reference to the accompanying drawings, in which: 100201FIGURE 1 is a
schematic illustration of a prior art MOS device. [0021]FIGURES 2 to 10 are
schematic illustrations of a process of fabricating a MOS device according
to embodiments of the present invention. DETAILED DESCRIPTION OF THE
INVENTION 100221FIG. 2 shows a structure in which a substrate 101 is
provided having a buried oxide 



(BOX) layer 103. The BOX layer 103 divides the substrate 101 into an upper
semiconductor region 102 and a lower semiconductor region 104. [0023]A gate
stack is provided above the upper semiconductor region 102 of the substrate
101, the gate stack comprising a gate &electric layer 141 and a gate
electrode layer 142.  [0024]The gate dielectric layer 141 is formed from
silicon oxide. Other materials are also useful such as silicon nitride,
silicon oxynitride and any other suitable dielectric material. [0025]The
gate electrode layer 142 is formed from silicon. Other materials are also
useful including other semiconductor materials or metallic materials.
[0026]A hardmask layer ]53 has been formed over the substrate 101 and gate
stack. The hardir ask layer 153 has been patterned to expose a surface of a
portion of the upper semiconductor region 102 of the substrate 101 where a
drain regionMOS device is to be thined. A gate stack spacer 151 has been
formed over a sidewall of the gate stack on the side of the gate stack at
which the drain region is to be formed, [0027]FIG. 3 shows the structure of
FIG. 2 following an etching process which etching of the substrate 101 is
performed in order to remove the exposed portion of the upper semiconductor
region 102 and expose a portion of the underlying BOX layer 103. Portions
of the upper semiconductor region 102 below the gate stack spacer 151 and
hardrnask layer 153 remain following the etching process. [0028]FIG. 4
shows the structure of FIG. 3 following an isotropic etching process in
which etching of the exposed potion of the BOX layer 103 is perfoitiled in
order to remove a portion of the BOX layer 03 Because the etching process
is otropic a portion of the BOX layer underlying the gate stack spacer 151
is also removed. This phenomenon may be referred to as 'necking'. The
purpose of removing this portion of the BOX layer 103 is to reduce a
problem of current crowding as current flows from the channel region to the
drain region of the structure 



(see below). 100291FIG. 5 shows the structure of FIG, 4 following an
anisotropic (directional) etching process in which a remainder of the BOX
layer 103 not underlying the hardmask layer 153 or gate stack spacer 151 is
removed. A portion of the lower semiconductor region 104 of the substrate
101 is thereby exposed.  [00301FIG. 6 shows the structure of FIG. 5
following re-growth of semiconductor material over the lower semiconductor
region 104. Regrowth of semiconductor material is performed to a level of
remaining portions of the upper semiconductor region 102. 100311FIG. 7
shows the structure of FIG. 6 following removal of the hardmask layer 153
and gate stack spacer 151. The gate dielectric layer 141 and gate electrode
layer 142 remain above the upper semiconductor region 102. 100321FIG. 8
shows the structure of FIG. 7 following a process of forming source and
drain   tension regions 114, 134 respectively, gate stack sidewall spacers
1 53 and source and drain regions 110, 130 respectively thereby to form a
transistor structure 100. The drain region 130 of the embodiment of FIG. 8
has been formed to a depth below a level of the BOX layer 103 and may be
referred to as a deep drain region 130. [0033]in the embodiment of FIG. 8
the source and drain extension regions 114, 134 and source and drahi
regions 110, 130 are formed by implantation of dopant into the substrate
101. Other methods of introducing dopara into the bstrate are also useful.
[0014]The extension regions 114, 134 may be of a different dopant
concentration to the source and dra egions 110, 130 respectively. The
extensions 114, 134 may be lightly doped regions. The drain extension
region may be a lightly doped drain (LDD) region. 



[0035]FIG. 9 shows a transistor structure 200 similar to that of Ha 8
except that the portion of the BOX layer 203 below drain extension region
234 has not been etched to form a necked structure. [00361FIG. 10 shows a
transistor  st cture 300 similar to that of FIG. 9 except that the drain
region 330 of the structure of FIG. 10 does not extend below a depth of the
BOX layer 303. In the embodiment of FIG. 10 the drain region 330 extends to
a depth below an upper surface of the BOX layer 303 but above a lower
surface of the BOX layer 303. It is to be understood that the  depth to
which the drain region 330 extends is dependent at least in part on depth
to which dopant ions are provided. [0037]Other structures are also useful.
[0038]FIG, Ii shows a transistor structure 400 similar o that of FIG. 8,
Like features are provided with like reference numerals prefixed with the
numeral 4 instead of the numeral I. 100391The structure of Fla 11 is
provided with a drain stressor portion 432. The drain stressor portion 432
is arranged to induce a strain in the channel region 420 thereby to enhance
a perfoimance of the transistor structure 400. [0040]The drain stressor
portion 432 may be formed by performing a further etching process to form a
drain stressor recessfollowing the step of re-growth of semiconductor
material illustrated in FIG. 6 and described above. Drain stressor material
may subsequently be formed in the drain stressor recess thereby to form the
drain stressor 432. [0041]Embodiments of the present invention have the
advantage that a value  junction 



capacitance of a transistor device may be reduced whilst maintaining a heat
dissipative path from the device to a portion of the substrate away from
the upper semiconductor layer. This allows a self heating effect associated
with devices formed in relatively thin semiconductor layers such as devices
formed on n on tor (SOD structures to be suppressed. 100421Embodiments of
the invention having a necked buried insulator layer such as that shown in
FIG. 8 and FIG. 11 have the advantage that eu crowding may be reduced
thereby enhancing device performance. Provision of le necked portion
increases a cross-sectional area of a flow path available for current
flowing from the channel region to the drain region thereby decreasing an
external series resistance of the device. The feature of a necked buried
insulator layer is particularly useffil in ultra thin body SOT transistor
devices  100431Embodiments of the inventiong a buried insulator layer
extending below the channel region provide a fully depleted 801 structure
and have the advantage that short channel  effects may be suppressed. This
allows elimination of the use of halo/pocket implant structures.
Furthermore,a reduction in the junction capacitance under the gate
electrode (Cjvidmaybe achieved. Cjswg is understood to be a major
contributor to parasitic capatitance in advanced CMOS technologies.
[0044JThroughout the description and claims of this specification, the
words "comprise" and "contain" and variations of the words, forplc
"comprising and "comprises", means "including but ot limited to", and is
not intended to land does t) exclude other moieties, additives, components,
integers or steps. 100451Throughout the description and claims of this
specification, the singular encompasses the plural unless the context
otherwise requires. In particular, v,here the indefinite article is used,
the specification is to be understood as contemplating plurality as well as
singularity, unless the context requires otherwise. 100441Features,
integers, characteristics, compounds, chemical moieties or groups described



in conjunction with a particular aspect, embodiment or example of the
invention are to be understood to be applicable to any other aspect,
embodiment or example described herein unless incompatible therewith.  What
is claimed is: CLAIMS 1.A method of fabricating a semiconductor device
comprising;        providing a semiconductor substrate having a buried
insulator layer, wherein an upper portion of the substrate is above a top
surface of the buried insulator layer and a tower portion is below a bottom
surface of the buried insulator layer; providing ahaving first and second
opposing gate sidewalls, theincludes a first sidewall spacer on the second
gate sidewall; and forming a recess in the substrate adjacent to the second
gate sidewall with the first sidewaill spacer, wherein the recess extends
through to the lower portion of the substrate; selectively forming a
semiconductor material in the recess to fill the recess; removing the first
sidewall spacer from the second gate sidewall; forming second siclewall
spacers on the first and second gate sidewalls; and        forming a source
adjacent to the first gate sidewall and a drain adjacent to the second gate
sidewall, the source and drain are separated by a channel in the upper
portion of the substrate below the gate, the source has a source depth at
about the top surface of the buried insulator layer and the drain has a
drain depth below the top surface of the buried insulator layer to provide
different drain and source depths.  2.The method as claimed in el terein
Conning the recess comprises:  



amsotropically etching the substrate adjacent to the first sidewall spacer
to remove upper portion of the substrate to expose a portion of the buried
insulator layer;        isotmpically etching an upper portion of the
exposed portion of the buried insulator, leaving a lower portion of the
exposed portion of the buried insulator layer remaining, wherein an upper
portion which is removed extends below the first sidewail spacer to form a
neck portion; and  ainsotropically etching remaiportion of the e Xortion of
buried  insulator layer adjacent to the first sidewall spacer and lower
portion of the substrate adjacent to the first sidewall spacer.       The
method as claimed in claim 2 wherein selectively forming the semiconductor
material in the recess fills the recess including the neck porno      The
method as claimed in claim 3 wherein the drain depth of the drain is in the
lower )ortion of the substrate below the bottom surface of the buried
insulator layer.       The method as claimed in claim 2 wherein the drain
depth of the drain is in the lower portion of the substrate below the
bottom surface of the buried insulator layer.  6. The method as claimed in
claim 1 whcicin forming the recess comprises anisotrop catty etching the
substrate adjacent to the first sidewall spacer.  7. The method as claimed
in claim 6 wherein the drain depth of the drainthe lowe portion of the
substrate below the bottom surface of the buried insulator layer.  8. The
method as claimed in claim 6 wherein the drain depth of the drain is
betweenthe top and bottom surfaces of the buried insulator layer.
'The method as claimed in claim I wherein the drain depth of the drain is
in the lower portion of the substrate below the bottom surface of the
insulator layer. 10.The method as claimed in claim 2 comprises forming a
stressor in a drain region of 



the drain.  above a top surface of the substrate.  12. The method as
claimed in claim 1 comprises forming extension regions adjacent to the
source and drain separated by the channel, wherein the extension regions
extend under the second sidewall spacers.  13. A method of fabricating a
semiconductor device cong:       providing a substrate having a buried
insulator layer, wherein an upper portion of the substrate is above a top
surface of the buried insulator and a lower portic on is below a bottom
surface of the buried insulator layer;    providing a source region, a
drain region and a channel region in the substrate; and forming a recess in
the drain region, the recess extends through the buried insulator layer and
into the lower portion of the substrate; selectively filling the recess
with a semiconductor material; and       fbmiing a source in. the soiree
region and a drain in the drain region filled with the semiconductor
material, the source and drain are separated by the channel, the source has
a source depth at about the top surface of the burled insulator layer and
the drain has a drain depth below the top surface of the buried insulator
layer to provide different drain and source depths.  14. The method of
claim 13 wherein a top substratee includes a gate with first and second
gate side walls and a first gate sidewall spacer on a second gate sidewall,
wherein the edge of the first gate sidewall spacer is alipied with an edge
of the recess and the channel region is below the gate.  15. The method of
claim 14 wherein forming the recess comprises:         an isotropically
etching the substrate adjacent to the st sidewall spacer to remosie the
upper portion of the substrate to expose a portion of the buried insulator
layer;        isotropically etching an upper portion of the exposed portion
of the buried insulator, leaving a lower portion of the exposed portion of
the buried insulator layer remaining, wherein an upper portion Which is
removed extends below the first sidewall spacer to form a neck portion; 



anisotropically -.thing remaining lower portion of the exposed portion of
buried insulator layer adjacent to the first sidewall spacer and lower
portion of the substrate adjacent to the first sidewall spacer.  16. The
method of claim 15 wherein the drain depth of the drain is in the lower
portion of the substrate below the bottom surface of the buried insulator
layer.  17. The method of claim 14 wherein flirting the recess comprises
anisotropically etching the substrate adjacent to the first sidewall
spacer.  18. The method of claim 17 wherein the drain depth of the drain is
in the loportion of the substrate below the bottom surface of the buried
insulator layer.  19. The method of claim 13 wherein the drain depth of the
drain is in the tower portion of the substrate below the bottom surface of
the insulator layer,  20. The method of claim 13 comprises forming a
stressor in the drain region of the drain.  21. The method of claim 20
wherein the stressor has a top stressor surface above a top surface of the
substrate. 2 2. ,A method of forming a device comprising:         providing
a substrate having upper and lower portions separated by a buried insulator
layer, wherein the upper portion contacts a top surface of thc buried
insulator layer and the lower portion contacts a bottom surface of the
buried insulator; and first providing asubstrate region and a second
substrate region Which are separated by a channel region in the upper
portion, wherein the second substrate region includes a semiconductor
material and extends from a top surface of the substrate through the buried
insulator layer to a depth below the bottom surface of the buried insulator
layer; and        forming a first doped region in first substrate region
and a second doped region he second substrate region, the first and second
doped regions are separated by the channel region in the upper portion of
the substrate, wherein a first depth of the first doped region is at about
the top surface of the buried insulator layer and a second depth of the
second doped region is below the top surface of the buried insulator layer
to provide different first and second doped region depths. 23. The method
of claim 22 wherein 



doped region Is a source of a transistor and  the second doped region is a
drain of the transist  24. The method of claim 22 wherein the buried
insulator is disposed below the first doped region and channel region and
not in the second doped        The method of claim 22 wherein Me is
provided on the top surface of the substrate above the channel region.
26.The method of claim 22 wherein the second substrate -g n comprises a
stresso        The method of claim 26 wherein the stressor has a top
stressor surface above the substrate. 


