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(57) ABSTRACT 

The present invention provides various methods for forming 
a ground-plane SOI device which comprises at least a field 
effect transistor formed on a top Si-containing Surface of a 
Silicon-on-insulator (SOI) wafer; and an oxide region 
present beneath the field effect transistor, located in an area 
between Source and drain regions which are formed in Said 
SOI wafer, Said oxide region is butted against shallow 
extensions formed in Said SOI wafer, and is laterally adja 
cent to Said Source and drain regions. 
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DOUBLE SOL DEVICE WITH RECESS ETCH AND 
EPTAXY 

FIELD OF THE INVENTION 

0001. The present invention relates to semiconductor 
devices, and more particularly to a ground-plane SOI device 
that includes an oxide layer under the device channel region, 
located in an area between the deep Source/drain regions. 
This oxide layer is butted against the shallow extensions 
(therefore, no shallow extension area junction capacitance 
exists) and is laterally adjacent to the deep Source/drain 
regions (therefore, reduced Source/drain perimeter junction 
capacitance is obtained). Additionally, the present invention 
also provides various methods of forming the aforemen 
tioned ground-plane SOI device in which the short channel 
effects typically present in Such devices have been Substan 
tially eliminated. 

BACKGROUND OF THE INVENTION 

0002. In semiconductor processing, SOI technology is 
becoming increasingly more important Since it permits the 
formation of high-Speed integrated circuits. In SOI technol 
ogy, a relatively thin layer of Semiconducting material, 
namely monocrystalline Si, overlays a layer of insulating 
material, e.g., a buried oxide region. This relatively thin 
layer of Semiconducting material is generally the area 
wherein active devices such as field effect transistors (FETs) 
are formed in the SOI wafer. Devices formed on SOI offer 
many advantages over their bulk Si counterparts including 
higher performance, absence of latch-up, higher packing 
density and lower Voltage applications. 
0003. Despite the advantages obtained using SOI tech 
nology, SOI technology suffers from short channel effects 
which are also present in bulk Si technology. AS is known to 
those skilled in the art Short channel effects tend to degrade 
the electronic integrity of the device and lead to unaccept 
able device leakage current known in the art as ‘off-current. 
Short channel effects are more pronounced in very large 
Scale integration (VSLI) devices wherein the channel length 
is less than 1 lum. 
0004. In view of the short channel effect problem men 
tioned above with prior art SOI devices, there is a continued 
need for developing a new and improved SOI device which 
Substantially eliminates the Short channel effects. 

SUMMARY OF THE INVENTION 

0005 One object of the present invention is to provide a 
ground-plane device that has no shallow extension junction 
capacitance while having reduced deep Source/drain perim 
eter junction capacitance. 
0006 Another object of the present invention is to pro 
vide a ground-plane device in which the advantages of both 
ground-plane and SOI devices are achieved in a Single 
device. 

0007 A further object of the present invention is to 
provide a ground-plane device which allows for a highly 
doped ground plane to be present without dopants diffusing 
up into the channel region of the device. AS is known to 
those skilled in the art, the channel region is typically 
located beneath the field effect transistor, i.e., beneath the 
gate dielectric and gate conductor. 
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0008. These and other objects and advantages are 
achieved in the present invention by providing a ground 
plane SOI device having an oxide region present beneath the 
channel region, located in an area between the Source/drain 
regions. This oxide region, which is butted against the 
shallow extensions, and is laterally adjacent to the deep 
Source/drain regions, provides a device having no shallow 
extension area junction capacitance and reduced deep 
Source/drain perimeter junction capacitance. 
0009. One aspect of the present invention relates to 
various methods of fabricating a ground-plane device having 
the above-mentioned characteristics. Specifically, a first 
method of the present invention comprises the Steps of: 

0010 (a) forming a back oxide layer in a Si-con 
taining layer of a silicon-on-insulator (SOI) wafer So 
as to Separate Said Si-containing layer into a top 
Si-containing layer and a bottom Si-containing layer, 
said SOI wafer having a buried oxide layer formed 
on a Si Substrate and Said Si-containing layer formed 
on Said buried oxide layer; 

0011 (b) forming a ground-plane doping region into 
a top portion of Said bottom Si-containing layer; 

0012 (c) forming a gate region on a portion of Said 
top Si-containing layer, Said gate region including a 
gate dielectric formed on Said top Si-containing 
layer, a gate conductor formed on Said gate dielectric 
and a hard mask formed on Said gate conductor; 

0013 (d) forming halo and source/drain extension 
regions in Said top Si-containing layer; 

0014 (e) forming spacers on a portion of Said gate 
dielectric So as to protect vertical Sidewalls of Said 
gate conductor and Said hard mask, 

0015 (f) removing all exposed portions of said top 
Si-containing layer So as to expose a portion of Said 
back oxide layer underlying Said top Si-containing 
layer; 

0016 (g) removing said exposed portions of said 
back oxide layer; 

0017 (h) forming source and drain regions in said 
bottom Si-containing layer; and 

0018 (i) forming salicide regions on all exposed 
Silicon Surfaces. 

0019. A second method of the present invention com 
prises the steps of: p1 (a) forming a back oxide layer in a 
Si-containing layer of a silicon-on-insulator (SOI) wafer So 
as to Separate Said Si-containing layer into a top Si-contain 
ing layer and a bottom Si-containing layer, Said SOI wafer 
having a buried oxide layer formed on a Si Substrate and Said 
Si-containing layer formed on Said buried oxide layer; 

0020 (b) forming a ground-plane doping region into 
a top portion of Said bottom Si-containing layer; 

0021 (c) forming a gate region on a portion of Said 
top Si-containing layer, Said gate region including a 
gate dielectric formed on Said top Si-containing 
layer, a gate conductor formed on Said gate dielectric 
and a hard mask formed on Said gate conductor; 
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0022 (d) forming halo and source/drain extension 
regions in Said top Si-containing layer; 

0023 (e) forming spacers on a portion of Said gate 
dielectric So as to protect vertical Sidewalls of Said 
gate conductor and Said hard mask, 

0024 (f) forming a contact to the bottom Si-con 
taining layer by conducting a Self-aligned ion 
implant Step into regions next to the gate region and 
the Spacers, 

0025 (g) forming source and drain regions in said 
bottom Si-containing layer; and 

0026 (h) saliciding all exposed silicon surfaces. 
0027. A third method of the present invention comprises 
the Steps of: 

0028 (a) forming a damascene oxide layer on a 
Surface of a Si-containing layer of an SOI wafer, Said 
SOI wafer including a Si Substrate, a buried oxide 
layer and Said Si-containing layer; 

0029 (b) providing an opening in said damascene 
oxide layer Stopping on Said Si-containing layer; 

0030) (c) forming a local back oxide region in said 
Si-containing layer through Said opening, 

0031 (d) forming a local ground-plane region 
beneath Said local back oxide region; 

0032 (e) forming a gate region including at least a 
gate dielectric and a gate conductor in Said opening; 

0033 (f) removing said damascene oxide layer; 
0034 (g) forming Source and drain regions in Said 
Si-containing layer of said SOI wafer; 

0035 (h) forming extension and halo implant 
regions in Said Si-containing layer above Said local 
back oxide region; 

0036 (i) forming a conformal liner about said gate 
region; and 

0037 (j) saliciding all exposed silicon surfaces. 
0.038 Another aspect of the present invention relates to a 
ground-plane SOI device which comprises: 

0039 at least a field effect transistor formed on a top 
Si-containing Surface of a Silicon-on-insulator (SOI) 
wafer; and 

0040 an oxide region present beneath the field effect 
transistor, which is located in an area between Source 
and drain regions that are formed in Said SOI wafer, 
Said oxide region is butted against Shallow exten 
sions formed in said SOI wafer, and is laterally 
adjacent to Said Source and drain regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041 FIGS. 1-10 show the processing steps used in the 
first method of the present invention. 
0042 FIGS. 11-13 show an alternative embodiment of 
the first method of the present invention. 
0.043 FIG. 14 shows another alternative embodiment of 
the first method of the present invention. 
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0044 FIGS. 15-17 show the processing steps of the 
Second method of the present invention. 
004.5 FIGS. 18-23 show the processing steps of the third 
method of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0046) The present invention will now be described in 
more detail by referring to the various drawings that accom 
pany the present application. It is noted that in the accom 
panying drawings like reference numerals are used for 
describing like and corresponding elements. 
0047 Reference is first made to FIGS. 1-10 which illus 
trate the basic processing Steps employed in the first method 
of the present invention. Specifically, FIG. 1 shows an initial 
Structure of the present invention after forming back oxide 
layer 18 into Si-containing layer 14 of SOI wafer 10. As 
shown, back oxide layer 18 is formed in the Si-containing 
layer So as to Separate layer 14 into a top Si-containing layer 
14t and bottom Si-containing layer 14b. The SOI wafer 
further includes buried oxide layer 16 which is formed over 
Si Substrate 12. The SOI wafer minus back oxide layer 18 is 
formed utilizing Techniques that are well known to those 
skilled in the art including: SIMOX (Separation by implan 
tation of oxygen) or bonding. Of these various techniques, it 
is preferred that SOI wafer 10 (minus back oxide layer 18) 
be formed by a SIMOX process wherein a buried oxide 
having a thickness of from about 20 to about 25 nm is 
formed utilizing a low-energy (on the order of about 60 eV 
or below) O implant, followed by a high-temperature (on 
the order of about 1300° C. or above) anneal. 
0048 Back oxide layer is formed in the Si-containing 
layer by utilizing a Second low-energy O implant process, 
followed by a high-temperature annealing process. Specifi 
cally, the Second low-energy O implant is carried out 
utilizing an implant energy of from about 10 keV to about 
50 keV and an annealing temperature of about 1320 C. or 
above. 

0049 Next, as shown in FIG. 2, ground-plane doping 
region 20 is formed into a top portion of bottom Si 
containing layer 14b. Specifically, the ground-plane region 
is formed in the present invention by a conventional ion 
implantation proceSS wherein a dopant of a first conductivity 
type (either n-type or p-type) is implanted into a top portion 
of bottom Si-containing layer 14b. The type of dopant used 
in this implant Step depends on the type of device to be 
fabricated. When a pFET (field effect transistor) is the 
desired device to be fabricated, a n-type dopant is employed. 
On the other hand, when a NFET is the desired device, a 
p-type dopant is employed. The conditions for this implant 
Step vary depending on the type of dopant employed. 
Typically, when a nFET is to be formed, a p-type dopant 
having a concentration of 1E19 atoms/cm will be 
employed. 

0050 FIG.3 shows the next step of the present invention 
wherein gate region 22 (including gate dielectric 24, gate 
conductor 26 and hard mask 28) is formed on a portion of 
the top Si-containing layer of the SOI wafer. Specifically, 
gate region 22 is formed by first forming a layer of gate 
dielectric material Such as an oxide (e.g., SiO2, Al2O, HfO2 
and ZrO2), nitride or oxynitride on the Surface of top 
Si-containing layer 14t. 
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0051. The gate dielectric may be formed by utilizing a 
conventional deposition proceSS Such as chemical vapor 
deposition (CVD), plasma-assisted CVD, atomic layer 
chemical vapor deposition (ALCVD), Sputtering or chemi 
cal Solution deposition, or alternatively, the gate dielectric 
may be formed by a conventional thermal growing process. 
The thickness of the gate dielectric may vary, but typically, 
the gate dielectric has a thickness of from about 0.6 to about 
2.0 nm. 

0.052 Following the above, gate conductor 26 is formed 
on the Surface of gate dielectric 24 utilizing a conventional 
deposition process including, but not limited to: CVD, 
plasma-assisted CVD, Sputtering, and other like deposition 
processes. The gate conductor may be composed of any 
conductive material including, but not limited to: W, W/Ni, 
doped polysilicon, and combinations thereof. When doped 
polysilicon is employed as the gate conductor, the doped 
polysilicon may be formed by a conventional in-situ doping 
deposition proceSS, or alternatively deposition, followed by 
ion implantation may be employed. The thickness of the gate 
conductor may vary and is not critical to the present inven 
tion. Typically, however, the gate conductor has a thickneSS 
of from about 100 to about 150 nm. 

0.053 Next, hard mask 28 which may be composed of an 
oxide (e.g., SiO2), a nitride (e.g., SiN.) or carbide (e.g., 
SiC) is formed on the Surface of gate conductor 26 utilizing 
a conventional deposition process Such as CVD. The thick 
neSS of the hard mask may vary and is also not critical to the 
present invention. 
0054. After forming the hard mask on the gate conductor, 
conventional lithography and etching Such as reactive-ion 
etching (RIE) are employed in forming gate region 22. The 
etching Step employed in the present invention Stops at the 
gate insulator level. It is noted that an optional reoxidation 
proceSS utilizing conventional conditions well known to 
those skilled in the art may follow the etching step. More 
over, it is noted that this etching Step of the present invention 
may remove portions of the hard mask and gate conductor, 
as well as portions of the gate dielectric. 
0055) If a pFET is to be formed, thin spacers (not shown) 
are formed about gate region 22 So as to protect the exposed 
Vertical Sidewalls of the gate conductor and hard mask and 
So as to Space out the p-extension implant region. The 
optional thin Spacers are composed of any conventional 
insulator Such as an oxide, a nitride or an oxynitride and they 
are formed utilizing a conventional deposition proceSS and 
etching. 
0056. In accordance with next step of the present inven 
tion, extension implants and halo implants are then per 
formed utilizing conventional ion implantation processes 
well known to those skilled in the art. The conditions of 
these implants may vary depending on the type of device to 
be formed. Typically when a nFET is to be fabricated, the 
extension implant utilizes a n-type dopant having a concen 
tration of about 1E20 atoms/cm, while p-type dopants, Such 
as boron, having a concentration of about 1E18 atoms/cm 
are used during the halo implant. FIG. 4 shows the structure 
after conducting these implant Steps wherein reference 
numeral 30 denotes the extension implant regions and 
reference numeral 32 denotes the halo implant regions. 
0057. After conducting the above-mentioned extension 
and halo implants, Spacers 34 are formed adjacent to the gate 

Aug. 22, 2002 

Stack, e.g., layerS 26 and 28, So as to protect any exposed 
Vertical Sidewalls of the gate conductor and the hard mask, 
and to create an offset to the edge of extension region 30, See 
FIG. 5. The spacers, which may be composed of a conven 
tional dielectric material Such as an oxide, nitride or oxyni 
tride, are formed by a conventional deposition proceSS and 
etching. It should be noted that if optional Spacers are 
present, Spacers 34 are formed on the optional Spacers and 
Spacers 34 and the optional Spacers may be composed of the 
Same or different insulator material. 

0.058 FIG. 6 shows the structure that is obtained after 
removing eXposed portions of the top Si-containing layer 14t 
of SOI wafer 10 So as to expose portions of back oxide layer 
18. Specifically, this processing Step of the present invention 
removes any top Si-containing layer 14t in the Source/drain 
regions (to be Subsequently formed) that is not covered by 
gate region 22 and Spacers 34 Stopping on the underlying 
back oxide layer 18. In accordance with the present inven 
tion, this removal proceSS is achieved by utilizing any 
conventional etching process Such as RIE (reactive-ion 
etching) that is anisotropic and Selective to the spacer and 
hard mask materials. 

0059) Next, the exposed portions of back oxide layer 18 
are removed from the structure shown in FIG. 6 so as to 
provide the structure illustrated in FIG. 7. Specifically, the 
exposed portions of the back oxide layer are removed by 
utilizing any conventional etching process Such as RIE that 
is anisotropic and Selective to nitride and Silicon. This Step 
of the present invention eXposes portions of bottom Si 
containing layer 14b. In Some embodiments of the present 
invention, see FIG. 11, this step of the present invention 
removes the hard mask as well as the exposed portions of the 
back oxide layer. The removal of both the hard mask and 
exposed portions of the back oxide layer occurs when the 
hard mask is composed of an oxide. 
0060 FIG. 8 shows the structure after deep source/drain 
regions 36 are formed within the exposed layer of bottom 
Si-containing layer 14b. The Source/drain regions are 
formed utilizing conventional processing Steps well known 
to those skilled in the art, including ion implantation and 
annealing. Although various conditions for ion implantation 
and annealing may be used in forming the Source/drain 
regions, the following conditions are typically used when a 
nFET is to be formed: n-dopant concentration of about 1E20 
atoms/cm and annealing at about 1000 C. for about 5 
Seconds. 

0061 FIG. 9 shows the structure after forming selective 
epitaxially grown Silayer 38 on the surface of the exposed 
bottom Si-containing layer, while FIG. 10 shows the struc 
ture after removing the hard mask 28 and Subjecting the 
exposed Selective epitaxially grown Si layer and the gate 
conductor to a conventional Salicidation (i.e., Self-aligned 
Silicidation) process So as to form Salicide regions 40. 
Typically, in the present invention, Saliciding occurs at a 
temperature of about 700° C. or greater, for a time period of 
about 60 seconds or less. 

0062). It should be noted that although FIG. 10 shows a 
raised Source/drain Structure, the present invention also 
contemplates planar Structures in which Selective epitaxially 
grown Si layer 38 is not formed on the structure. The 
formation of the planar structure will be now described in 
greater detail by referring to FIGS. 11-13. Specifically, the 
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planar Structure is formed utilizing the same processing 
steps leading up to the structure shown in FIG. 6. Next, as 
shown in FIG. 11, exposed portions of the back oxide layer 
18 and hard mask 28 are removed so as to expose the bottom 
Si-containing layer and the gate conductor. 
0063 FIG. 12 shows the structure after source/drain 
regions 36 are formed in the exposed portion of the bottom 
Si-containing layer. The Source and drain regions are formed 
utilizing the same techniques as mentioned hereinabove. 
0064 FIG. 13 shows the structure that is obtained after 
deposition of a Co or Tilayer on the exposed portions of the 
bottom Si-containing layer and annealing of the metal layer 
so as to form salicide regions 40. The metal layer is formed 
by conventional deposition processes and Salicidation 
occurs using the conditions mentioned above. 
0065 FIG. 14 show an optional step of the present 
invention wherein polysilicon Spacers 42 are formed about 
the exposed vertical Sidewalls of the etched back oxide layer, 
the etched top Si-containing layer and the gate dielectric 
layer. The polysilicon Spacers are formed by conventional 
processes, including deposition and etching. 

0.066 FIGS. 15-17 shows the second method of the 
present invention. Specifically, the Second method of the 
present invention includes the processing Steps which lead to 
the formation of the structure shown in FIG. 5. Next, as 
shown in FIG. 15, contact regions 44 are formed by con 
ducting a self-aligned ion implantation process (Ge or AS) 
into regions next to the gate and the Spacers. AS shown in 
FIG. 15, the contact regions form a contact to the bottom 
Si-containing layer. 

0067. In an optional step of the second method, a selec 
tive epi layer, not shown, may be formed on the top 
Si-containing layer prior to forming Source/drain regions 36. 
Conventional processes well known to those skilled in the 
art are employed in forming the optional epi layer. 
0068 Source/drain regions 36 are then formed in the 
bottom Si-containing layer utilizing conventional ion 
implantation and annealing, See FIG. 16. After removing the 
hard mask 28 from the structure, salicide regions 40 are then 
formed, as described above, providing the Structure shown 
in FIG. 17. 

0069. It is noted that the above processing steps described 
and illustrated by FIGS. 1-17 are related to methods in 
which no damascene processing StepS are employed. The 
present invention may however include a damascene tech 
nique in providing a structure having a back oxide region 
present beneath the gate region of the FET. This aspect of the 
present invention will now be described in greater detail by 
referring to the discussion that appears hereinbelow. 
0070 Specifically, FIG. 18 shows the initial structure 
used in the damascene embodiment of the present invention. 
The initial structure includes a SOI wafer 10 which includes 
Si Substrate 12, buried oxide layer 16 and Si-containing 
layer 14. The various techniques mentioned above in form 
ing SOI wafer 10 apply here for this aspect of the present 
invention. 

0071 Next, damascene oxide layer 50 is formed on the 
Surface of Si-containing layer 14 by utilizing a conventional 
deposition proceSS or by thermal growing. Lithography and 
etching are then employed in forming opening 52 in the 
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damascene oxide layer Stopping on the Si-containing layer 
So as to form the structure shown in FIG. 19. It is noted that 
opening 52 is the area in which the gate region will be 
Subsequently formed. 
0072 A local back oxide region 18 is then formed in 
Si-containing layer 14 by O implantation (and annealing) 
though opening 52, and a local ground-plane region 20 is 
formed beneath the local back oxide region utilizing the ion 
implantation conditions mentioned hereinabove. The Struc 
ture formed after these two implant steps is shown in FIG. 
2O. 

0073. Next, spacers 34 are formed in the opening as 
described above, and gate dielectric 24 is formed on the 
exposed Surface of Si-containing layer 14. The opening is 
then filled with gate conductor 26 and planarized down to 
damascene oxide layer 50, See FIG. 21. It should be noted 
that in this aspect of the present invention, Spacers 34 are 
optional and need not be employed. Spacers 34 are however 
preferably used since the presence of the same in the 
opening reduces the gate length. 
0074. After forming the gate region, the damascene oxide 
layer is removed by a conventional anisotropic etching 
process so as to form the structure shown in FIG. 22. 
0075) Next, deep source/drain regions 36 are formed in 
the Si-containing layer using the techniques previously 
described, the Structure is then Subjected to a conventional 
oxidation Step and extension implant regions 30 and halo 
implant regions 32 are formed by angle implantation pro 
cesses and annealing. Spacers 34 are thereafter removed by 
conventional etching processes, and a conformal liner 54 
(nitride or oxide) is formed by conventional techniques on 
the Sidewalls of the gate region previously occupied by 
spacers 34. Salicide regions 40 are formed on the exposed 
horizontal Surfaces of the gate conductor and the Si-con 
taining layer utilizing the conditions mentioned above. The 
final Structure obtained from the damascene proceSS is 
shown in FIG. 23. 

0076 Not withstanding which of the various methods of 
the present invention are employed, the methods provide a 
ground-plane SOI device in which an oxide region, i.e., back 
oxide layer 18, is present beneath the gate region of the 
Structure, in an area in between deep Source/drain regions 
36, (thus double SOI device). The oxide region is further 
characterized as being abutted against the Shallow extension 
regions (therefore, no shallow extension area junction 
capacitance) and laterally adjacent to the deep Source/drain 
regions (therefore, reducing the deep Source/drain perimeter 
junction capacitance). Moreover, the benefits of regular SOI 
devices are maintained (therefore, no deep Source/drain area 
junction capacitance due to the buried oxide beneath the 
deep Source/drain regions). Additionally, no dopants are able 
to diffuse into the channel region of the device because of 
the presence of the ground-plane region. 
0077. While this invention has been particularly shown 
and described with respect to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
the foregoing and other changes in forms and details may be 
made without departing from the Scope and Spirit of the 
present invention. It is therefore intended that the present 
invention not be limited to the exact forms and details 
described and illustrated, but fall within the spirit and scope 
of the appended claims. 
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Having thus described our invention in detail, what we claim 
is new and desire to Secure by the letters patent is: 
1. A method of forming a ground-plane SOI device 

comprising the Steps of: 
(a) forming a back oxide layer in a Si-containing layer of 

a Silicon-on-insulator (SOI) wafer So as to separate said 
Si-containing layer into a top Si-containing layer and a 
bottom Si-containing layer, Said SOI wafer having a 
buried oxide layer formed on a Si Substrate and said 
Si-containing layer formed on Said buried oxide layer; 

(b) forming a ground-plane doping region into a top 
portion of Said bottom Si-containing layer; 

(c) forming a gate region on a portion of Said top 
Si-containing layer, Said gate region including a gate 
dielectric formed on Said top Si-containing layer, a gate 
conductor formed on Said gate dielectric and a hard 
mask formed on Said gate conductor; 

(d) forming halo and Source/drain extension regions in 
Said top Si-containing layer; 

(e) forming spacers on a portion of Said gate dielectric So 
as to protect vertical Sidewalls of Said gate conductor 
and Said hard mask, 

(f) removing all exposed portions of Said top Si-contain 
ing layer So as to expose a portion of Said back oxide 
layer underlying Said top Si-containing layer; 

(g) removing said exposed portions of Said back oxide 
layer; 

(h) forming Source and drain regions in Said bottom 
Si-containing layer, and 

(i) forming Salicide regions on all exposed silicon Sur 
faces. 

2. The method of claim 1 wherein said back oxide layer 
is formed by utilizing O implantation at an energy of from 
about 10 keV to about 50 keV and annealing at a temperature 
of about 1320 C. or greater. 

3. The method of claim 1 wherein ground-plane doping 
region is formed by ion implantation. 

4. The method of claim 1 wherein said gate dielectric is 
formed by a deposition process Selected from the group 
consisting of chemical vapor deposition (CVD), plasma 
assisted CVD, atomic layer chemical vapor deposition, 
Sputtering and chemical Solution deposition. 

5. The method of claim 1 wherein said gate conductor is 
formed by a deposition process Selected from the group 
consisting of CVD, plasma-assisted CVD, and Sputtering. 

6. The method of claim 1 wherein Said gate region is 
patterned by lithography and etching. 

7. The method of claim 1 wherein optional spacers are 
formed about Said gate region prior to forming Said halo and 
Source/drain extension regions. 

8. The method of claim 1 wherein said halo and Source/ 
drain extensions are formed by ion implantation processes. 

9. The method of claim 1 wherein said spacers of step (e) 
are formed by deposition and etching. 

10. The method of claim 1 wherein step (f) is carried out 
by an etching process that is Selective to Said Spacers and 
hard mask. 

11. The method of claim 1 wherein step (g) is carried out 
by an etching process that is Selective to nitride and Silicon. 
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12. The method of claim 1 wherein step (g) also removes 
Said hard mask material So as to expose Said gate conductor. 

13. The method of claim 1 wherein said source and drain 
regions are formed by ion implantation and annealing. 

14. The method of claim 1 wherein said salicide regions 
are formed by annealing at a temperature of about 700 C. 
or greater for a time period of about 60 Seconds or less. 

15. The method of claim 12 wherein said exposed gate 
conductor is Salicided by Step (i). 

16. The method of claim 1 wherein, prior to Saliciding, a 
Selective epitaxially grown Silayer is formed on the bottom 
Si containing layer exposed by Step (g). 

17. The method of claim 1 wherein, prior to Saliciding, a 
metal layer is formed on Said bottom Si-containing layer 
exposed by Step (g). 

18. The method of claim 17 wherein, prior to forming said 
metal layer, polysilicon Spacers are formed on Said bottom 
Si-containing layer exposed by step (g) So as to protect 
Vertical Sidewalls of Said back oxide layer, gate dielectric 
and top Si-containing layer. 

19. A method of forming a ground-plane SOI device 
comprising the Steps of: 

(a) forming a back oxide layer in a Si-containing layer of 
a Silicon-on-insulator (SOI) wafer So as to separate said 
Si-containing layer into a top Si-containing layer and a 
bottom Si-containing layer, Said SOI wafer having a 
buried oxide layer formed on a Si Substrate and said 
Si-containing layer formed on Said buried oxide layer; 

(b) forming a ground-plane doping region into a top 
portion of Said bottom Si-containing layer; 

(c) forming a gate region on a portion of Said top 
Si-containing layer, Said gate region including a gate 
dielectric formed on Said top Si-containing layer, a gate 
conductor formed on Said gate dielectric and a hard 
mask formed on Said gate conductor; 

(d) forming halo and Source/drain extension regions in 
Said top Si-containing layer; 

(e) forming spacers on a portion of Said gate dielectric So 
as to protect vertical Sidewalls of Said gate conductor 
and Said hard mask, 

(f) forming a contact to the bottom Si-containing layer by 
conducting a Self-aligned ion implant Step into regions 
next to the gate region and the Spacers, 

(g) forming Source and drain regions in Said bottom 
Si-containing layer, and 

(h) Saliciding all exposed silicon Surfaces. 
20. The method of claim 19 wherein self-aligned ion 

implantation process includes the use of Ge or AS dopants. 
21. A method of forming a ground-plane SOI device 

comprising the Steps of: 

(a) forming a damascene oxide layer on a Surface of a 
Si-containing layer of an SOI wafer, said SOI wafer 
including a Si Substrate, a buried oxide and Said Si 
containing layer; 

(b) providing an opening in Said damascene oxide layer 
Stopping on Said Si-containing layer; 

(c) forming a local back oxide layer in said Si-containing 
layer through Said opening; 
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(d) forming a local ground-plane region beneath said local 
back oxide, 

(e) forming a gate region including at least a gate dielec 
tric and a gate conductor in Said opening; 

(f) removing said damascene oxide layer; 
(g) forming Source and drain regions in said Si-containing 

layer of said SOI wafer; 
(h) forming extension and halo implant regions in said 

Si-containing layer above Said local back oxide layer; 
(i) forming a conformal liner about said gate region; and 
(j) saliciding all exposed Si Surfaces. 
22. The method of claim 21 wherein Said opening is 

formed by lithography and etching. 
23. The method of claim 21 wherein said conformal layer 

is formed by a deposition process. 
24. The method of claim 21 wherein step (f) includes an 

anisotropic etching process. 
25. A ground-plane SOI device comprising: 
at least a field effect transistor formed on a top Si 

containing Surface of a silicon-on-insulator (SOI) 
wafer; and 
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an oxide region present beneath the field effect transistor 
which is located in an area between Source and drain 
regions that are formed in Said SOI wafer, Said oxide 
region is butted against Shallow extensions formed in 
Said SOI wafer, and is laterally adjacent to Said Source 
and drain regions. 

26. The ground-plane SOI device of claim 25 wherein 
Said field effect transistor includes a gate conductor formed 
on a gate dielectric. 

27. The ground-plane SOI device of claim 25 wherein 
Said field effect transistor includes Spacers formed on 
exposed vertical Sidewalls. 

28. The ground-plane SOI device of claim 25 wherein a 
ground-plane doping region is formed beneath Said oxide 
region. 

29. The ground-plane SOI device of claim 25 wherein 
Salicide regions are formed about Said field effect transistor. 

30. The ground-plane device of claim 25 wherein a raised 
Selective epitaxially grown Silayer is formed about Said 
field effect transistor. 


