
METHOD OF FORMING .A. PARTIALLY DEPLETED SILICON ON
INSULATOR (PDS01) TRANSISTOR WITH A PAD LOCKBODY
EXTENSION BACKGROUND OF THE INVENTION (l) Field of the
Invention       The present invention relates to
methods used to fabricate semiconductor devices, and
more specifically to a method used sutTreSS the effect
of floating body regions used with metal oxide
semiconductor field effect transistor (MOSFET) devices
formed on art SOT layer, (2) Description of Prior Art
The ability to .form MOSFET devices, such as a
partially depleted MOSFET device, on a silicon on
insulator (501) layer has resulted in decreased
junction capacitance and thus increased device
peribrmance. To avoid a body floating phenomena which
can result in deleterious device characteristics such
as a low soiree to drain breakdown voltage, as well as
threshold voltage reduction, direct contact between
the semiconductor substrate and a body contact regium
tbrnied in the SOT layer, is employed. floi,vever
designs using a body contact region of a first
conductivity typo can man unwanted parasitic
transistor with source rud drain :regions of a second
conductivity type, in an area adjacent to, or
underlying the gate structure of the 1MOSFET device,
The leakage current resulting Infin the unwanted
parasitic transistors can negatively influence the
performance of the TVIOCEFT device.      The present
invention will describe a structure, as well as a
process used to irabriCaf,e tins structure, that
reduces the leakage current driven by the parasitic
transistors that can fbrm at a  gale electrode
junction. The same structure In addlOOnto
adaeittllItaWa01.0d 



pa-Cal:ale ltalaa:a003., att:0 allows greater control.
of gate. width to lat'. realized. Prior all such as
Kroeil et al in U.S. Pat. No. 6861Hi. Beyer el al in
U.S. Pat. No. .5,405,795, Kim or al in US PaL No.
O,a21,959 B2, and Tyson et al in U.S. Pat No, a..1
.45,g02, describe methods of fortning DOci:, e.Xftnson
and body contact regions, however these .prior art do
not describe the street:ice and process used in this
present invention which fe.stures the reduction or lam
del:laeld011S leakage current generated lay the
proseriec of aie body contact region novel isolation
regions. THE INVENTION        is an object of this
invention to 1:2th:deal:ea MOST-Se device at a SOT
layei ' eingloying. Tidy contact regions Ili-it-mod a
the same SOT layer.       It is another object of this
invention to form shallow trench isolation (STI)
regions in the SOI layer, with the Si I region.s
located uncle:tying a portion of a gine structure tool
located la-twoc:n the body contact region and adjacent
mogFET soureesdrain na[s4ort.s, lo eliminate pacatabc
.transistor formation at the junction of the ate.
StaletBIC and body contact region.         It Is still
allOttlet alit Zell el dal:: 111Ve11003a to employ SN
regions between boilv contact itioraar,dsccNIc
ezaltilZtaa: of a adOShril device, wherein the STJ
ogions are undeityl,n,g portions of 'I shaped , as
well -portions og -.1,1" shaped conductive .i;fitc
itauctures,        la accordance with nie present
invention a ily10Seilr device structure, and a process
used to fabribate said NIOSIalfiT device Oalzaltlare,
featuring STI regions pacer at specific iocations or
itcMtjSttri device, anci used to eliminate parasthc
Irans3sv,r ton:nation. Si the one non of the  MOSFET
regions, is describcd. Before growth of a gate
insulator layer on a silleon or: insulator ;SOB
-layer, insulator filled SIT regions arc flamed in the
SO] layer, with the depth of the STI region equal to
the thickness of the SOT layer,shape or ITT' shape
conductive gate structures are next defined on the
underlying gate insulator layer and on portions of the
SD regions. A body contact region featuring the same
conductivity type as the Strai conductor substrate is
next formed in an non-active region of the 501 layer,
adjacent to a component of the conductive gale
structure and butting the STI region Source/drain
regions are then formed in port Sins oi the active
device regions of the SOT layer not covered by the
conductive gate structure, with the source /drain
regions located adjacent to the same conductive gate
structure component, and butting the opposite side of
the same STI region, BRIEF DESCRIPTION OF THE DRAWINGS



The object and other advantages of this invention are
best described in the preferred embodiment with
reference to the attached drawings that include.:
Figs. IB, 213, 20, 313, 413 and 513, which
schematically in cross-sectional style describe key
stages used to fabricate a mosFET device featuring SIT
regions formed to eliminate parasitictransislor
fon:nation at the junction of the MOSFET gate
structure and a body contact region. Figs.5A, which
schematically show top views of the MOSEET device
StriXaire, comprised with 511 regions located at the
junction of the gate sdructure and body contact
region, at various stages of fabrication,  DESCRIVIJoN
OF THE PREFERRED EMBODIMENTS       The method of
fabricating a MOSFET structure featuring 511 regions
formed at specific locations of the MOSFET device, to
reduce parasitic transistor formation at the junction
of a musFET device region and a. body contact region
underlying a conductive gate structure, will now be
described in detail. Semiconductor substrate 1,
comprised of P type, single crystalline silicon
featuring a <100> crystallographic orientation, is
used and schematically shown in Fig. 1B. A silicon on
insulator (Sol) layer comprised of silicon layer 3, on
silicon oxide layer 2, is next formed on semiconductor
substrate 1, via a SIMOX (separation by implanted
oxygen), procedure.     STMOX procedure Features
implantation of oxygen ions into semiconductor
substrate followed by an anneal procedure resulting in
a buried silicon oxide layer 2, at a thickness between
about 1.000 to 3000 .Angstroms, and overlying, the
non-implanted top portion of semiconductor substrate
I, trw defined as silicon layer 3, at a thickness
between about 1000 to 3000 Angstroms. if desired the
SOI configuration can also be obtained via bonding of
a first silicon oxide layer located on a first
semiconductor substrate, to an second. silicon oxide
layer located On a second semiconductor substrate.
Removal of semiconductor material from se:nice/I:due
tor substrate, to a point in which the thinned
semiconductor substrate is now the silicon layer of
the Sol configuration, is then accomplished via a
chemical mechanical polishing ((VP) procedure..
.Photolithographic and dry etching procedures are next
used to selectively define the desired configuration
of silicon shape 3, overlying insulator layer 2.
Removal of the photoresist shape used for definition
of silicon layer, or silicon shape 3, is accomplished
via plasma oxygen ashing procedures. 



To reduce the risk of parasitic transistor formation
at specific regions of the l'40,S.FET device insulator
filled, shallow french isolation (STI), regions 4, are
formed at the specific locations in which subsequent
parasitic transistor tbrination can result.
Pheitotithographic and reactive ion etching (RITA
procedures are used 10 define shallow trench shapes in
silicon layer 3, usina CT, as a. selective eichant for
silicon. The selective RE procedure terminates at the
appearance of insulator layer 2, The area of the
shallow trench shapes is maintained small, defined
with art area between about 21..g x 214; to 101:..g x
Hileg uni29 (wherein 14; is equal to gate length); to
minimize hot carder generation. An insulaior layer
such as silicon oxide is next deposited via low
pressure chtimical vapor deposition (l..PCVD), or via
plasma enhanced chemical vapor deposition (PECVD),
procedures, completely filling :he shallow trench
shapes. Removal of portions of the shallow trench
Filing insulator layer tioni the top surface, of
silicon layer 3, is accomplished selectively via a
ClviP procedure, resulting in STI regions 4, in
silicon lay-er 3. This is shown schematically in
cross-sectional styie in Fig. LB: with. the top view
ofthe in-process .N.TOSIFIFT device shown
schematically as a top view in Fig, IA. After
formation of STI itigions 4, gate insulator layer 10,
comprised of silicon dioxkie is thermally groviti to a
thickness between about 10 to 100 Angstroms. This is
shown schematicadly in Fi;it. ID        Formation of a
conductive gate stricture is next addressed and shown
schematically in cross-sectional style using Figs. 213
and 2C, and shown as a lop view using Fig, 2A. A
conductive material such as polysilicon is deposited
vial-PC:VD procedures at a thickness between about
1000 to 2000 Angstroms, The .nolysilicon laver can he
doped in situ during deposition via the addition of
arsine or phosphine to a silane or disilane ambient,
or the p0----silicon layer can be deposited
intrinsically then doped via implantation of arsenic
or phosphorous ions,  Photolithowaphic and anisotropic
RAE procedures, using Cl a.s a selective etchant Par
pojysilicon,  used to define polysilicon gate
structure 5. If desired gate structure 5, can be
comprised of a metal silleide layer such as tungsten
suicide, or comprised of a COITTOSite reatetteg an
overlying metal silicide component on an Underryilig
pp] y icon component. Fig. 2A, schematically shows a
"T" shaped polysilicon gate structure with the width
of the horizontal component of polysilicon gate
structure 5, located in art active device region,
between about 10 to 350 nm. This width will
subsequently define the charnel length of the MOSFET
device, The vertical component of polysilicon gate
structure 5, is defined overlying a portion of the top
surface of STI region 4. Without the presence of sTI
region 4, subsequent than:1110e of a body contact
region in a non-device region of the MOSFET device in
an area adjacent to a so:nee/drain legion. could
result in the creation of a parasitic transistor
ureic., .ying the polysilicon gate structure 5, at the
edge of the active:le:vice region. This unwanted
result is avoided via. formation of STI region 4, at
the specific location in which the parasitic-
transistor would be formed. In addition the prescnee
of ST' region 4, partially determin.(3:: gate width,
thus reducing the margin of photolithographic
alignment error, resulting in improved greater gate
width to be realized. The result of these procedures,
shown schematically as a top view in Fig. 2A, is also
shown in cross-sectional style in Fig. 28, The active
device region at this stage of fahricath:m is
schematically shown in cross-sectional style in Kg,
2C,      A portion. of silicon shape 3, located
between shallow tench regions 4, will be used for will
be used as body contact region 6, while remaining
portions of silicon shape 3, not covered by
polysilicon gate structure, 5, will subsequently he
used. to aCCEXIIMOClate MOSEET SOI:teCtiCireitt
regions. This is schematically shown in
eross-sectional style- in Fli2-. 3B, and as a top view
using Fig. 3A.  (FMCS), deViCC:S, Desrription Of at:
NM OS device featuring a body contact region and
shallow trench isolation vidi be described below:
however it should be understood that PivIOS devices,
or COTIlp iri3 einary metal oxide semiconductor
(CMOS), devices comprised of both N.MOS and PNIOS
devices, Can be fabricated using this invention. Aner
removal of the photoresist shape used to define
polysilicon gate structure 5, via plasma oxygen ashing
and wet clean procedures, formation of either N type
or P type reritions in the device area of the MOSFET
structure is addressed. A photoresist. Nock out shape;
riot shown in the drawings, is used to protect a
portion of a PilylOS region (not shown in the
drawings): from an N type ion implantation procai me
used to form the heavily doped N type sourceldrain
region of the NMOS device. Implantation of arsenic or
phosphorous lens is performed at an energy between
about 5 :o 40 Kel'd at a- dose between about 21315 to
8E15 atoms/crud The same N type ion implantation
procedure is also applied to the portion of a PMOS
device creating an N type body contact region for the
?MOS device. Mier removal of the photoresist bloekout
shape via plasma oxygen astiing procedures, an anneal
procedure is performed to activate the implanted N
type ions, resulting in N type sourrekbain regions 7,
in portions of silicon shape 3: not covered by
polysiiicon gate structure 5. In addition a heavily
doped N type region is also formed in a top portion of
body contact region 6. This is schematically shown in
cross-sectional style in Fig. zift, and shown as a top
view ha Fig. 4A. The identical process sequence is
also employed "kir the fen:nation of heavily doped P
type source/drain regions for the PMOS device. That is
photo:resist block out of the NMOS region allowing a P
type ion :implantation procedure to form a heavily
doped P type heavily doped source/drain region only in
the HMOS device region. An N type body contact region
had already been Rim:cid in the PMOS region during the
ion hi :plantation procedure used to term the N type,
heavily doped sourcealrain region for the NMOS device.
This is not shown in the drawings. 



The COMplelaGii Of the MOST:FT:TT device that unit STI
regions 4, used to reduce the possible formation of a
parasitic transistor at a junction underlying
golysllicen gate structure is acoonuilished via
fon:nation of insulator spacers on the sides of
pc:Tr:it:eon gate structure 5, aS well as metal
silicide ion-nation on source/drain regions 7, body-
contact region 6, and on the top surface of
polysilicou gate structure 5. These processes are not
described in This application.       The inclusion of
5TH regions to reduce the risk of parasitic transistor
formation at specific regions of the MOSPFT devices
fillined on SOT layers, shown for "T" shaped gate
stmetures the preceding description can also he
applied to MOSFET devices fanned on SOT kiyerii,
comprised wtth different gate structures, such as "Id"
shaped gate structures. The identical process sequence
used to reduce parasc transistor formation tor the
MOSFET device featuring   "cr shaped gate structure is
again employied to fabricate a MOSFET device
cora:prisecl with an "H" shaped gate structure. STI
regions 4, are again formed in specific regions of the
mosFET device resulting in an active device region, or
the channel width defintiiii by the space between ISTI
regions 6, while channel length is still defined by
the width of the conductive gate structure 5.
Parasitic transistor formation is rinuced underlying
the junction of the conductive gate structure
cornponents via the physical separation of body
contact region 6, and source/drain regions 7,,supplied
by Sill regions 4. This is schematically shown as a
top view in F3{-7,. 5A, and as a ciross-sectionid view
in Fig. 513.      While this invention has been
particularly sh,o-win and. described with reference
to, the preferred embodiments thereof, it will be
understood by those skilled in the art that various
changes in form and details may be. made without
departing from the spirit and scope of this invention.



What is claimed I, A MOSFET device structure,
comprising: an insulator layer on a semiconductor
substrate; a silicon shape on said insulator layer;
an insulator filled, shallow trench isolation (STD
region in said silicon shape, with 5said STI region
teiminating at the top surface of said insulator
layer;    a gate insulator layer on portions of the
top surface of said silicon shape not occupied by said
ST1 region;    a. "T" shaped conductive gate structure
comprised with a horizontal component on said gate
insulator layer located on a first portion of said
silicon shape and comprised 10with a vertical
component attached to said horizontal component of
said conductive gate structure, with the junction of
said vertical portion of said conductive gate
structure and said. horizontal portion of said
conductive gate structure overlying a portion, of said
STI region, and with said vertical portion of said
conductive gate structure and said SU region
separating said first portion of said silicon shape
from a 15second portion of said silicon shape; 



a body contact region in said second portion of said
silicon shape; and    a source/drain region in an area
of said first portion of said silicon shape not
covered by said horizontal component of said
conductive gate structure.         2, The MOSFET
device structure of claim 1, wherein said
semiconductor substrate is 20a P type semiconductor
substrate;  oxide layer, at a thickness between about:
1000 to 3000 Angstroms. 4. The MOSFET device structure
of claim 1, wherein the thickness of said silicon
shape is between about 1000 to 3000 Angstroms. 55, The
NIOSFET device structure of claim 1, wherein said ST1
region is filled with silicon oxide.  6. The MOSFET
device structure of claim 1, whereindepth of said ST1
region is between about 1000 to 3000 Angstroms. 



7. The MOSFET device structure of claim I, wherein the
area of said ST1 region 10between about 21,g x 21.,g
to 101,g x 10L2 um2 wherein Lg is the gab.. length. S.
The MOSEET device structure of claim 1, wherein the
width of said conductive gate structure is between
about 10 to 350 urn. 9, The MOSFET device structure of
claim 1, wherein said conductive gate structure is
comprised of polysilicon at a finelmess between about:
1000 to 2000 Angstroms.  10. The MOSFET device
structure of claim 1, wherein said body contact region
is a P type or N type body contact region.  11. The
MOSFET dstructure of claim 1, wherein said
source/drain region is an N type or P type
source/drain region.  12. A MOSFET device structure,
comprising: an insulator layer on a semiconductor
substrate; a silicon shape on said insulator layer; 



insulator filled, shallow trench isolation (STI)
regions in said silicon shape, with each 5STI region
terminating at the top surface of said insulator
layer, and with space between said STI regions
defining a first portion of said silicon shape;    a
gate insulator layer on portions of the top surface of
said silicon shape not occupied by said STI regions;
an "H" shaped conductive gale structure comprised with
a horizontal component on 10said gate insulator layer
located on said first portion of said silicon shape,
and comprised with verticals component each attached
to each end of said horizontal component of said
conductive gate structure, with the junctions of the
vertical portions of said conductive gate and the
horizontal portion of said conductive gate structure
overlying a 



portion of an STI region, and with combination or each
vertical portion of said 1.5conductive gate structure
and ST1 region separating said first portion of said
silicon shape from second portions of said silicon
shape; a body contact region in said second portions
of said silicon shape; and    a source/drain region in
an area of said first portion of said silicon shape
not covered by said horizontal, component of said
conductive gate structure. 2013. The MOSFET device
structure of claim 12, wherein said semiconductor
substrate is P type semiconductor substrate;   14. The
MOSFET device structure of claim 12 wherein said
insulator lay is a silicon oxide layer, at a thickness
between about 1000 to 3000 Angstroms,  15. The MOSFET
device structure of claim 12, wherein the thickness of
said silicon shape is between about 1000 to 3000
Angstroms. 



16, The MOSFET devicee of claim 12, wherein said 511
regions are filled with silicon oxide.  17. The
fiAOSFET device structure of claim 12, Wherein the
depth of said ST1 regions is between about 1000 to
3000 Angstroms.        18. The MOSFET device structure
of claim 12, wherein the area of said ST.I regions is
10between about Mg x 214 to 101..g x 101.4 urn 2,
wherein 1,g is the gate length.  19. The MOSFET device
structure of claim 12, wherein the width of said
conductive gate structure is between about 10 to 350
urn.  20. The MOSFET device structure of claim 12,
wherein said conductive gate structure is comprised of
polysilicon, at a thickness between about 1000 to 2000
Angstro 1521. The MOSFET device structure of claim 12,
wherein said body contact region is a P type or N type
body contact region. 22, The MOSFET device structure
of claim 12, wherein said source/drain region is an N
type or a P type source/drain region. 




