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The ability to form MOSFET devices, such as a partially depleted MOSFET device, on a
silicon on insulator (SOI) layer has resulted in decreased junction capacitance and thus increased
device performance. To avoid a body floating phenomena which can result in deleterious device
characteristics such as a low source to drain breakdown voltage, as well as threshold voltage
reduction, direct contact between the semiconductor substrate and abody contact region, formed
in the SOI layer, is employed. However designs using a body contact region of a first
conductivity type can form unwanted parasitic transistor with source and drain regions of a
second conductivity type, in an area adjacent to, or underlying the gate structure of the MOSFET
device. The leakage current resulting from the unwanted parasitic transistors can negatively

influence the performance of the MOSFET device.

The present invention will describe a structure, as well as a process used to fabricate this

structure, that reduces the leakage current driven by the parasitic transistors that can form at a
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In accordance with the present invention a MOSFET device structure, and a process used
to fabricate said MOSFET device structure, featuring STI regions placed at specific locations of

the MOSFET device, and used to eliminate parasitic transistor formation at the junction of the



The obj ect and ot her advantages of this invention are
best described in the preferred enbodi nent with
reference to the attached drawi ngs that include.:

Figs. IB, 213, 20, 313, 413 and 513, which
schematically in cross-sectional style describe key
stages used to fabricate a nosFET device featuring SIT
regions forned to elimnate 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
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at various stages of fabrication.
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To reduce the risk of parasitic transistor formation
at specific regions of the |'40,S. FET device insul ator
filled, shallow french isolation (STlI), regions 4, are
fornmed at the specific locations in which subsequent
parasitic transistor tbrination can result.

Phei totithographic and reactive ion etching (RITA
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The COWplelaGi O the MOST: FT: TT device that unit ST
regions 4, used to reduce the possible formation of a
parasitic transistor at a junction underlying
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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 i ncl usion of
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STI regions 4, gate insulator layer 10, comprised of silicon dioxide is thermally grown to a

thickness between about 10 to 100 Angstroms. This is shown schematically in Fig. 1B.

Formation of a conductive gate structure is next addressed and shown schematically in
cross-sectional style using Figs. 2B and 2C, and shown as a top view using Fig. 2A. A
conductive material such as polysilicon is deposited via LPCVD procedures at a thickness
between about 1000 to 2000 Angstroms. The polysilicon layer canbe doped in situ during
deposition via the addition of arsine or phosphine to a silane or disilane ambient, or the
polysilicon layer can be deposited intrinsically then doped via implantation of arseric or

phosphorous ions.



What is clainmed |, A MOSFET device structure,
conprising: an insulator |ayer on a sem conduct or
substrate; a silicon shape on said insulator |ayer;
an insulator filled, shallow trench isolation (STD
region in said silicon shape, wth 5said STl region
teimnating at the top surface of said insulator

| ayer; 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

Photadiomprdpsedinviat hotaoho RiZ ptalureonphon€nts anelsaive egadre for
i nsul ator layer |located on a first portion of said
polys8&icbh,conusshapecfanc oo gad sthwik!s. af ¥efrtd ad structure 5, can be
conponent attached to said horizontal conponent of
comp8adddb feanetbGtlicv@ 1gaireust £sUGhdded silith dehod ddgn-Wacd i OBoRfosite
said vertical portion of said conductive gate
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to 350 nm. This width will subsequently define the chamel 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 STIregion 4, subsequent formation of a body
contact region in a non-device region of the MOSFET device in an area adjacent to a
source/drain region could result in the creation of a parasitic transistor underlying the polysilicon
gate structure 5, at the edge of the active device 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 presence of STI region 4, partially determines 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. 24, is also
shown in cross-sectional style in Fig. 2B. The active device region at this stage of fabrication is
schematically shown in cross-sectional style in Fig. 2C.

A portion of silicon shape 3, located between shallow trench 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 be used to accommodate MOSFET
source/drain regions. This is schematically shown in cross-sectional style in Fig. 3B, and as a top

view using Fig. 3A.

This invention can be used for both N channel (NMOS), devices, as well as for P channel

6



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 conponent of said
conductive gate structure. 2, The MOSFET
device structure of claim1, wherein said
sem conduct or substrate is 20a P type sem conductor
substrate; oxide layer, at a thickness between about:
1000 to 3000 Angstronms. 4. The MOSFET device structure
of claim1l, wherein the thickness of said silicon
(PMGhapeides. Detcvipem @bauiMDBARvice 3OO0 ANgGST omset rBBon Fhieshallow
NI OSFET devi ce structure of claim 1, wherein said ST1

trench @glia0on w8l bd ddsetbedibtlyws hbivean itoxb@e be ubderdtb&l MEISREDS devices, or
devi ce structure of claim1l1, whereindepth of said ST1
compli@ghtafy mstabetineemiahotor @080 d3060Q HRYS I Both NMOS and
PMOS devices, can be fabricated using this invention. After 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 regions in the device area of the MOSFET structure is
addressed. A photoresist block out shape, not shown in the drawings, is used to protect a portion
of a PMOS region (not shown in the drawings), from an N type ion implantation procedure used
to form the heavily doped N type source/drain region of the NMOS device. Implantation of
arsenic or phosphorous ions is performed at an energy between about 5 to 40 KeV, ata dose
between about 2E15 to 8E15 atoms/cm’. 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 PMOS
device. After removal of the photoresist blockout shape via plasma oxygen ashing procedures, an
anneal procedure is performed to activate the implanted N type ions, resulting in N type
source/drain regions 7, in portions of silicon shape 3, not covered by polysilicon gate structure 5.
In addition a heavily doped N type region is also formed in atop portion of body contact region
6. This is schematically shown in cross-sectional style in Fig. 4B, and shown as a top view in
Fig. 4A. The identical process sequence is also employed for the formation of heavily doped P
type source/drain regions for the PMOS device. That is photoresist 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 PMOS device region. An N type body contact region had
already been formed in the PMOS region during the ion implantation procedure used to form the

N type heavily doped source/drain region for the NMOS device. This is not shown in the

drawings.



7. The MOSFET device structure of claiml, wherein the
area of said ST1 region 10between about 21,9 x 21.,g
to 101,g x 10L2 unR wherein Lg is the gab.. length. S
The MOSEET device structure of claim1, wherein the
wi dt h of said conductive gate structure is between
about 10 to 350 urn. 9, The MOSFET device structure of
claim1, wherein said conductive gate structure is
conprised of polysilicon at a finel mess between about:
1000 to 2000 Angstronms. 10. The MOSFET devi ce
structure of claim1l, wherein said body contact region
i BheaoPiptefipe 00theNIOFPET biodye GantiagtSTE egican 4, uskd to Ehece the
MOSFET dstructure of claim1, wherein said
possilsie tisreedidit af' mparegiiOfansst@nt Njungpen ordeRyihy p@lysilicon gate structure is
source/drain region. 12. A MOSFET devi ce structure,
accongigli¥ped Sk Mgmadbn bhsuhiabokpacay ef e bids SepbIeaNeitCt@f structure 5, as
substrate; a silicon shape on said insulator |ayer;
well as metal silicide formation on source/drain regions 7, body contact region 6, and on the top

surface of polysilicon gate structure 5. These processes are not described in this application.

The inclusion of STI regions to reduce the risk of parasitic transistor formation at specific
regions of the MOSFET devices formed on SOI layers, shown for “T” shaped gate structures in
the preceding description can also be applied to MOSFET devices formed on SOI layers,
comprised with different gate structures, such as “H” shaped gate structures. The identical
process sequence used to reduce parasitic transistor formation for the MOSFET device featuring
a “T” shaped gate structure is again employed to fabricate a MOSFET device comprised 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 defined by the space between
STT regions 6, while channel length is still defined by the width of the conductive gate structure
5. Parasitic transistor formation is reduced underlying the junction of the conductive gate
structure components via the physical separation of body contact region 6, and source/drain
regions 7,supplied by STI regions 4. This is schematically shown as a top view in Fig. 5A, and

as a cross-sectional view in Fig. 5B.

While this invention has been particularly shown 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.
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insulator filled, shallow trench isolation (STI)
regions in said silicon shape, with each 5STI region
termnating at the top surface of said insulator

| ayer, and with space between said STl regions
defining a first portion of said silicon shape; a
gate insulator layer on portions of the top surface of
said silicon shape not_ occupi ed by said STl regions;
an "H' shaped conductVh# iggrenctisiuct ure conprised with
a horizontal conponent on 10said gate insulator |ayer
| dcadt MDSHRTsmiide ftirwosure pomtpriomgof sai d silicon shape,
and conprised with verticals conponent each attached

t o aachulnd®tr gpd senticsrdacnt albsteaggponent of said
conductive gate structure, with the junctions of the

vergggﬁbnggﬁgbggﬁdgguﬁﬁﬁﬁagenductiye gate and the
hori zontal portion of said conductive gate structure
overa}l rilsﬂﬂto?‘ filled, shallow trench isolation (STI) region in said silicon shape, with
said STI region terminating 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 STI 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
with 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 STI region separating said first portion of said silicon shape from a
second 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

a P type semiconductor substrate;

3. The MOSFET device structure of claim 1, wherein said insulator layer is a silicon
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portion of an STI region, and with conbination 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, conponent of said

c oxida bvew at gthtckness befetcar eboup M), to FRYW MrstEmsdevi ce
structure of claim 12, wherein said sem conductor
substrate is P type sem conductor substrate; 14. The
MISHEIMOSYETlesite siedcture oDflaied Biwheden tlaalieknessafi sdid silicon
insulator lay is a silicon oxide layer, at a thickness

bef e & babQitabd#000b & FRORMGshE ons, 15. The MOSFET
device structure of claim1Z, wherein the thickness of

said silicon shape is between about 1000 to 3000
Aggf. }tlerl\c/)IB%FET device structure of claim 1, wherein said STI region is filled with

silicon oxide.

6. The MOSFET device structure of claim 1, wherein the depth of said STI region is

between about 1000 to 3000 Angstroms.

7. The MOSFET device structure of claim 1, wherein the area of said STI region is
between about 2Lg x 2Lg to 10Lg x 10Lg um?, wherein Lg is the gate length.
8. The MOSFET device structure of claim 1, wherein the width of said conductive

gate structure is between about 10 to 350 um.

9. The MOSFET device structure of claim 1, wherein said conductive gate structure

is comprised of polysilicon at a thickness 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 device structure of claim 1, wherein said source/drain region is an

N type or P type source/drain region.

10
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16, The MOSFET devi cee of claim 12, wherein said 511
regions are filled with silicon oxide. 17. The

fi ACSFET devi ce structure of claim12, Werein the
depth of said STl regions is between about 1000 to
3000 Angstrons. 18. The MOSFET devi ce structure
of claim 12, wherein the area of said ST.| regions is
10bet ween about My x 214 to 101..g x 101.4 urn 2,
wherein 1,g is the gate length. 19. The MOSFET devi ce
structure of claim12, wherein the wdth of said

c oAl MOME Tydevecestmeipteus@nprssitiget ween about 10 to 350
urn. 20. The MOSFET device structure of claim 12,

whe ae indulssir thyeiostdginivendgabesuditraigt ure i s conpri sed of
pol ysilicon, at a thickness between about 1000 to 2000
Angggﬂg04§g$eoggﬁdwgﬁﬁggjg@ylce structure of claim 12,

wherein said body contact region is a P type or N type

bOd)I’I}sﬁﬁpotr ?@ted \Aﬁgioq‘\lpge ’1s Hh%n'}’%f 1(91§Yﬁ §fd §1§1£&P§hﬂ%@ Nlth

source’ dral i regiron 1s
type or a P type source/draln regi on.

STI 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 gate structure comprised with a horizontal component on

said gate insulator layer located on said first portion of said silicon shape, and

comprised

15

20

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 of each vertical portion of said
conductive gate structure and STI 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.

13. The MOSFET device structure of claim 12, wherein said semiconductor substrate is

a P type semiconductor substrate;

11
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14. The MOSFET device structure of claim 12, wherein said insulator layer 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 device structure of claim 12, wherein said STI regions are filled with

silicon oxide.

17. The MOSFET device structure of claim 12, wherein the depth of said STI regions is

between about 1000 to 3000 Angstroms.

18. The MOSFET device structure of claim 12, wherein the area of said STI regions is
between about 2Lg x 2Lg to 10Lg x 10Lg um?®, wherein Lg 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 um.

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 Angstroms.

21. 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.
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