7 ‘APR 2604 METHOD OF FI ELD | SOLATION I N SI LI CON- ON- | NSULATOR TECHNOLOGY
FIELD OF THE | NVENTI ON The present | nvention rel ates general ly t§1rgrmhons
“of forming a transistor device with field isolation, or shallow v trench
isolation regions (STlI), and specifically to formng a transistor device
with shallow trench isolation regions in silicon-on-insulator (SO)
technology. 1 O | APR 2004 BACKGROUND OF THE | NVENTION Corner effects in
current shallow trench isolation regions (STI) architecture |eads to
undesi rabl e high | eakage current and gate oxide isolation (GJ) issues.
U S. Patent No. 5,539,229 to Nobel, Jr. et al. describes a sem conductor
structure conprising a transistor having a gate conductor that has first
and second edges bounded by raised isolation structures, e.g. STI. A
source diffusion is self- aligned to the third edge and a drain diffusion
is self-aligned to the fourth edge of the gate electrode. U S. Patent No.
5,610,083 to Chan et al. describes a process for creating

METHOD OF FIELD ISOLATION IN SILICON-ON-INSULATOR

TECHNOLOGY
FIELD OF THE INVENTION

The present invention relates generally to methods of forming a
transistor device with field isolation, or shallow trench isolation regions (STI), and
specifically to forming a transistor device with shallow trench isolation regions in

silicon-on-insulator (SOI) technology.




a back gate contact in an SO |ayer that can be incorporated into a MOSFET
fabrication recipe. The back gate consists of an etched trench |i jgdapg t2ns
insulfator and filled with doped polysilicon. The polysilicon filTed trench
electrically connects the sem conductor substrate to overlying netal
contacts. U S, Patent No. 5,525,533 to Wodruff et al. describes a | ow
voltage coefficient MOS capacitor, and a nethod of naking such a
capacitor, having substantially uniformparasitic effects over an
operating vol tage range 0 Lelent. The capacitor
conprises.a first conduc@&@iﬁﬁﬂéﬁﬁmyﬁlﬁl con-on-i nsul at or
substrate. The first conductive layer conprises heavily doped silicon
having a first conductivity type while the substrate conprises a second
conductivity type. Chiger@pdpGt 81 cﬁﬂ'@hh%ﬁaﬁ@ﬁpfﬂeﬁ% 1§’(5lah§ﬁ| IO (SECh
surrounding the first conductive layer filled with a dielectric material.
Posi t i onefchkitpenieakads tb hmde@ﬂ:aWIBRuth lbakaple @mREHtCorid/ gateaytieiiSolation
dielectric |layer thereby formng a dielectric shell on all sides of the
first cor(thqdli isgued.- ayer except for its upper face. A second conductive

| ayer is positioned superjacent the dielectric layer to forma | ow voltage
coefficient -capacitor. U S. Patent No. 5,892,707 to Noble describes a
memory array incl ik no & SRS ORGP T LAl Caedinbs e baklBRalERRC"

di sposed in the subs
structure comprising a transistor having a gate conductor that has first and second

edges bounded by raised isolation structures, e.g. STI. A source diffusion is éelf—
aligned to the third edge and a drain diffusion is self-aligned to the fourth edge of

the gate electrode.

7 U.S. Patent No. 5,610,083 to Chan et al. describes a process for creating
a back gate contact in an SOI layer that can be incorporated into a MOSFET
fabrication recipe. The back gate consists of an etched trench lined with insulator
and filled with doped polysilicon. The polysilicon filled trench electrically connects

the semiconductor substrate to overlying metal contacts.

{' _ U.S. Patent No. 5,525,533 to Woodruff et al. describes a low voltage
coefficient MOS capacitor, and a method of making such a capacitor, having
substantially uniform parasitic effects over an operating voltage range and a low
voltage coefficient. The capacitor comprises a first conductive layer superjacent a
silicon-on-insulator substrate. The first conductive layer comprises-héavily doped
silicon having a first conductivity type while the substrate comprises a second
conductivity type. The conductor further comprises an isolation trench surrounding

the first conductive layer filled with a dielectric material. Positioned superjacent the




and a conductor that is disposed in the trench. The array al so includes a
memory cell that is coupled to the conductor in the trench. Thegppmgﬁqhﬁr
‘my be a digit line that is coupled to a source/drain of the nenory ce

or to a shared source/drain region of a pair of adjacent nmenory cells. 3
41 APR 2D3 SUWMARY OF THE | NVENTI ON Accordingly, it is. an object of the
present invention to provide a nethod of form ng shallow trench isolation
regions in silicon-on-insulator technology reducing corner effects.

Anot her ofj %hn&&tf&ﬁa@éﬁ&%&ieﬁé}\’ﬁ@ Ia!grlgf' ﬂjle%elr)jp ftﬂ{'rﬂ}{% deqid1dZRid %%leén al1or m ng

shal l ow trench 1solatiron regions in I con-on-insdl ator tec ogy

reduci ng gaedef uef firglconleanieldybOet@pK adGtLipp@fac@ Nl sBadrRi B di&tiveol ation
i ssues. Ot her objects will appear hereinafter.” It has now been di scovered

that the hbevi psitioviedeipeljpeeat theodictebtric layesterformnvient veltagegoelficient
acconplished in the follow ng manner. Specifically, a silicon

sem conduedPsfit®t ruct ure i s provided. A silicon oxide layer is fornmed over
the silicon sem conductor structure. A silicon-on-insulator layer is forned
over the oxide layer. Awell is inplanted in the silicon-on-insulator

layer. A gate oxidqyiayhtend Riod'OWh AL 1GLR! HeSHbANa' BRMEAYChrkdyer - A
pol ysilicon |layer is déposited ovVer
- including a semiconductor substrate, an isolation trench disposed in the substrate,

and a conductor that is disposed in the trench. The array also includes a memory

cell that is coupled to the conductor in the trench. The conductor may be a digit line

that is coupled to a source/drain of the memory cell or to a shared source/drain

region of a pair of adjacent memory cells.




the gate-oxide |layer. The polysilicon |ayer, gate oxide |ayer, and silicon
oxide layer are patterned and etched to formtrenches. The trenﬁﬂe&P%mh.
‘filled with an isolation material to at |least a level even with a top
surface of the polysilicon layer to form raised shallow trench isol ation
regions (STlIs). The polysilicon layer is patterned and the non-gate
porti.ons are renoved polysilicon adjacent the raised STls fornmng a .gate
conductor between the raised STIs with the gate conductor and said raised
STl s havi ng exposed si de %d#? %% g @ﬁ is renoved between the
gate conductor and the \rlvglﬂshfeI (Sﬁtrﬁ AN f the raised STIs. The
source and 4 01 APR 2004 drain are forned in the silicon-on-insulator |ayer
adj acent the gate spacers. Silicide regions may then be formed on the
source and drain. AcéordinglfPR 3044 oBfecEbf BRSERESERE Ghiv&ktiotH PRAVIANGS The
features and advantages of the nethod of fabricating a silicon-on-

i nsul at omm¢thadspE ferming ishallawc trearhgselatione regienerin siliventdreinswldtbr be nor e
clearly  understood fromthe || owi ng description taken in conjunction
with thetecg'i‘f:’{ﬂ%a?ﬁ PHGBGPERAE FHES®Pn which |ike reference nuneral s designate
simlar or corresponding elenments, regions and portions and in which:

Another object of the present invention is to provide a method of
forming shallow trench isolation regions in silicon-on-insulator technology

reducing corner effects leading to leakage current and gate oxide isolation issues.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
silicon semiconductor structure is provided. A silicon oxide layer is formed over
the silicon semiconductor structure. A silicon-on-insulator layer is formed over the
oxide layer. A well is implanted in the silicon-on-insulator layer. A gate oxide layer
is grown over the silicon-on-insulator layer. A polysilicon layer is deposited over

the gate oxide layer. The polysilicon layer, gate oxide layer, and silicon oxide layer

P

are patterned and etched to form trenches. The trenches are filled with an isolation
material to at least a level even with a top surface of the polysilicon layer to form
raised shallow trench isolation regions (STIs). The polysilicon layer is patterned and
the non-gate portions are removed polysilicon adjacent the raised STIs forming a
gate conductor between the raised STIs with the gate conductor and said raised
STIs having exposed sidewalls. The gate oxide layer is removed between the gate

conductor and the raised STIs, and outboard of the raised STIs. The source and




Figs. | through 4 schematically illustrate in cross-sectional _
representation a preferred enbodi ment of the present invention. F@g %eﬁ a
schematic illustration of a portion of a prior art seniconductor | ViYL
APR 2x04 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Accordi ngly as
shown in Fig. 1, starting silicon sem conductor structure 10 has an upper
silicon surface and is .understood to possibly include a sem conductor

waf er or substrate, active and passive devices forned within the wafer,

~conduct i VeirhyakSoRRel M fﬂeesﬁfﬁcrohco% ﬁ?éﬁ[a?to{ﬁ 8r ad]hﬁ:(n‘? gAtX sﬁ%# € il %(13 term .

internetal dielectric orned over ace.

"seni condu@gleﬁsﬁ{awﬁélub@fomﬁemaﬂ{fe sb@rdenglduglairfevi ces formed within a
sem conductor wafer and the | ayers overlying the wafer. Unless otherw se
specified, all structures, layers, etc. may be formed or acconplished by
conventional methods known in the prior art. Silicon oxide |layer 14 is
formed over silicon sem conductor structure 10 to a thickness from about
80 to 400 nm Silicon-on-insulator (SO) layer 16 (polysilicon) is then
formed over oxide |ayer 14 to a thickness from about 50 to 200 nm

Pol ysilicon layer 16 will be




used as a CWP polishing stop and there is no need to renove | ayer 16 after
the CWP, thus sinplifying the process. Oxide layer 14 and SO I@_g:rAPJEpm{e
preferably fornmed by wafer binding technique or a SIMOX (silicon 1nplant
oxi de) process. As shown in Fig. 2, a well inmplant 1.5 is inplanted in SO

| ayer 16 followed by a threshold voltage (Vt) inplant 19. 7 L_1 APR M Gate
silicon oxide (gate oxide) layer 18 is grown over the surface of SO |[ayer
16 to a thickness fromabout 1 to 20 nm Polysilicon |ayer 20 (or stack '
gate nitride) is then ' %I 18 to a thickness
from about 150 to 300 gﬁ?ﬁ?bt e b%.Tu,E—@%@@éygr 20, gate oxide

| ayer 18 and SO |ayer 16 are patterned and etched to formtrenches 21
down to the upper surface of oxide |ayer 14 preferably using suitable
lithography, e.g. ([hetfeatuesmid dduperagesiof the mpeioidngSabraadingeadlitoreoh-on -
etching (RIE) techniques. Trenches 21 are fromabout 100 to 1000 nm wi de.
Tr enches gulater rangigar devige accaagprgolor thatpresens intandionmilebé more sleaklyas

SION, Sif[err] NLer 1., or nmore preferably SiJerr], deposited by |ow pressure
cheni cal VagHE 0%%66%17% then follpeimy dpsciiphen fkepaln condammticqueésitht theeast

level w tebccgrr}z%atn?zpngs 'Elgv%ﬁ'legs in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

(- Figs. 1 through 4 schematically illustrate in cross-sectional

~ representation a preferred embodiment of the present invention.

Fig. 5 is a schematic illustration of a portion of a prior art

semiconductor device.




-of poly l-ayer 20. The isolation material is then planarized as necessary,
preferably by chem cal nechani cal polishlng (CWP), to formraised ﬁhﬁﬁl
‘isolation trench regions (STlI) 22. It is noted that STls 22 are forne
after formation of polysilicon |ayer 20 and gate oxide |ayer 18. As shown
in Fig. 4, a transistor device can be formed between raised STls 22 as
fol | ows. Poly | ayer 20 is then patterned and non-gate portions of poly

| ayer 20 are reaned to forn1gate conductor 32 between raised shal | ow

isolation trep . ) . : ﬁéﬁiig_ﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂiéor 32 and

rai sed shal | ow8=F aim ‘ E ved | eaving.
gate oxide | ayer 18 underneath gate conductor 32. It is noted that 18 1is
a portion of the original gate oxide |layer 18 - no additional steps are
required in its forAmbidingly=akesHoaduat Pig. 312 Adirdg2k3REnsfahi @WdsRirat i on
trenches 22 each have exposed gate sidewal | s. Low doped source/drain (LDD)
ion inpl anfurct2@ IOhad e upper siticol siurfagdiacd u@nﬁdérewoldetogﬁmfsnﬂyreﬁlcmde ar to
the gate spacer 24 and isol ation spacer 26 formation. |solation spacers 26
are for mn‘ad@@@m’wr raifereer $thshhtayactve and gessivealeyines fopmed witkinr thexposed

I 24 f
sidevalls, pnd e J8at.A08 g}rresrs an rd?elegtrrgce?aye% a(g%n, inter-poly oxide (IPO),

intermetal dielectric (IMD), etc.) formed over the wafer surface. The term
“semiconductor structure” is meant to include devices formed within' a
{ semiconductor wafer and the layers overlying the wafer. Unless otherwise
specified, all structures, layers, etc. may be formed or accomplished by

conventional methods known in the prior art.

Silicon oxide layer 14 is formed over silicon semiconductor structure

10 to a thickness from about 80 to 400 nm.

Silicon-on-insulator (SOI) layer 16 (polysilicon) is then formed over
oxide layer 14 to a thickness from about 50 to 200 nm. Polysilicon layer 16 will be
used as a CMP polishing stop and there is no need to remove layer 16 after the

{ CMP, thus simplifying the process.

Oxide layer 14 and SOI layer 16 are preferably formed by wafer

binding technique or a SIMOX (silicon implant oxide) process.

As shown in Fig. 2, a well implant = 15 . _is implanted in SOI

layer 16 followed by a threshold voltage (V) implant 19«




gate conductor 32 on its exposed gate sidewalls. Isolation and gate spacers
26, 24, respectively, may be fornmed of SiON or Sierr] and nostj Apr 9
"‘preferably of an SiN Si02 stack. Spacers 26, 24 can be formed by LPCVD
depositing fromabout 30 to 200 nm and nore preferably fromabout 60 to
150 nm of an SINSiJerr] stack (i.e., a SiNlayer nmay be deposited first
followed by a SiJerr] layer), followed by an reactive ion etch (R E)
spacer etch. Isolation spacers 26 and gate spacers 24 are each from about
30 to 200 run wi de out.ce an rajn 3 be, doped by convent| onal

techni ques such aSd %ﬂilF%PéﬁFigP%n?XIéﬂ$¥Weﬁ8 Erﬁgmr‘eév‘?rothle 448 9éd

sour ce/ dreg i ReH i and heavily doped regions 30. 9
30-1 APR%gﬁ%%il}@it%?(%f&%%&sons 3@8&%1y%{@e1ﬁxﬁforned over source/drain regions
34. The use of isolation spacers 26 permt better control of formation of
silicide regions 36 since there is less field edge related junction

| eakage (corner ef Pelysilicoi eyeBQD (br stask gatemitils) tetheafdepbsited esangate

i nvention over conmes/mnimzes the corner effects by/because isolation
spacers 2&idgipueratbeto athiflgiegefroayalony 136t W8T regi ons 22 and the
substrate 14 adjacent STl regions 22, 1i.e., the corner where silicon,
silicide, and silicon oxide neet. The corner is a high :

As shown in Fig. 3, poly layer 20, gate oxide layer 18 and SOI layer 16
are patterned and etched to form trenches 21 down to the upper surface of oxide

layer 14 preferably using suitable lithography, e.g. photo resist layers with

Fane

openings, and reactive ion etching (RIE) techniques. Trenches 21 are from about 100

to 1000 nm wide.

Trenches 21 are filled with an appropriate isolation material, such as
SiON, SigNg, or more preferably SiO2, deposited by low pressure chemical vapor
deposition (LPCVD) or other suitable techniques at least level with the top surface

of poly layer 20.

The isolation material is then planarized as necessary, preferably by

chemical mechanical polishing (CMP), to form raised shallow isolation trench

o

regions (STI) 22. It is noted that STIs 22 are formed after formation of polysilicon

layer 20 and gate oxide layer 18.

As shown in Fig. 4, a transistor device can be formed between raised
STIs 22 as follows. Poly layer 20 is then patterned and non-gate portions of poly
layer 20 are removed to form gate conductor 32 between raised shallow isolation

trenches 22. Gate oxide layer 18 between gate conductor 32 and raised shallow



‘stkess ar.ea because three filnms (silicon, silicide, and silicon oxide)
press against each other (see Fig. 5). Fig. 5 illustrates the cQuneR 2003
‘effects at the. junction 200 of silicon substrate 100, silicide Tegion
136, and the silicon oxide of STl region 140 for the device having gate
conductor 132, underlying gate oxide |ayer 118', sidewall spacer 124, LDD
128 and heavily doped region 130. An interlevel dielectric layer (ILD) (not
shown) may then be formed over the SO transistor device of the present

I nvention; . t:h I t , ] ' f )
connect ed p s e3 rasF AT LR Gen Hinor B B EAEBHAREA 1o WA AR Bl ) o

i nventioncdiavetdreen illustrated and described, it is not intended to limt
the invention, except as defined by the following clains. 10 01 Apr 2004
Claims W claim 1. A nethod of fabricating an SO transistor device,
conprising the sequential steps of: providing a silicon sem conductor
structure; It is noted that 18’ is a portion of the original gate oxide layer 18 - no

additional steps are required in its formation. Gate conductor 32 and raised shallow
isolation trenches 22 each have exposed gate sidewalls. Low doped source/drain
(LDD) ion implants 28 for the source/drain junctions may be performed prior to

the gate spacer 24 and isolation spacer 26 formation.

Isolation spacers 26 are formed adjacent raised shallow isolation
trenches 22 on their exposed sidewalls, and gate spacers 24 are formed adjacent
gate conductor 32 on its exposed gate sidewalls. Isolation and gate spacers 26, 24,

respectively, may be formed of SiON or SiO2 and most preferably of an SiN/SiO2

stack.

Spacers 26, 24 can be formed by LPCVD depositing from about 30 to
200 nm, and more preferably from about 60 to 150 nm, of an SiN/SiO9 stack (i.e., a
SiN layer may be deposited first followed by a SiQO7 layer), followed by an reactive

ion etch (RIE) spacer etch. Isolation spacers 26 and gate spacers 24 are each from

7N
.

about 30 to 200 nm wide.

Source and drain 34 may be doped by conventional techniques such
as ion implantation, and then annealed to form doped source/drain 34 with low

doped portions 28 and heavily doped regions 30.



formng a silicon oxide |ayer over said silicon sem conductor structure;
formng a silicon-on-insulator |layer over said silicon oxide |ay8d;APR 2004
inplanting a well in said silicon-on-insulator |ayer; growing a gate oxi de
| ayer over_ said silicon-on-insulator |ayer; depositing a polysilicon |ayer
over said gate oxide |layer; patterning and etching said polysilicon |ayer,
said gate oxide layer, and said silicon-on-insulator layer to form
trenches exposing a portion of said silicon oxide layer; filling said

t h I ith . [ solatio terjal to at least a lL,evel even wth a
t {)g ng u refS agg )c/)f Wls ai dglglgld}srﬁ%itiolc% nn3 Ei ay rtlhteg fo Bpﬁ‘% o (RS E%Iurﬁi éﬁ’\f/ad% rF%‘é?ﬁ‘E \#4'

i sol ati i ; : . t i i iel i . . enove
oot Fons. oY E4508F cfTpactsph B ARl RO SISO SUTh AR

gate condeétince cwrpls leadfidlll edgp edlhtedRuidtiondbskagh@dorabl feRp. | ayer bet ween
said raised STls; said gate conductor and said raised STIs having exposed
sidewal I s; renoving said gate oxide |ayer between said gate conductor and
said raised STls, and qutboard of said raised STls; 11 01 APR 2004 form ng
i sol ation spacers oﬁ%aﬁ@leiﬁé@éﬂ%i devigel 9fothe apeseat s trvegttian anteyat e

Spacers Ogor?l%:is }i m?xﬁ?x%%gsg tﬁé (gglyxv?elrl ésffecc):];:_s ?ri/gecga%tsg igcﬁgi(:jigr?ts%ra;cers 26 separate
silicide regions 36 from STI regions 22 and the substrate 14 adjacent STI regions 22,
i.e., the corner where silicon, silicide, and silicon oxide meet. The corner is a high
stress area because three films (silicon, silicide, and silicon oxide) press against each

other (see Fig. 5).

Fig. 5 illustrates the corner effects at the junction 200 of silicon
substrate 100, silicide region 136, and the silicon oxide of STI region 140 for the
device having gate conductor 132, underlying gate oxide layer 118’, sidewall spacer

124, LDD 128 and heavily doped region 130.

An interlevel dielectric layer (ILD) (not shown) may then be formed
over the SOI transistor device of the present invention with ILD contacts (not

shown} (comprised of tungsten, e.g.) connected to source/drain 34.

i,

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

10



form ng source and drain in said silicon-on-insulator |ayer adjagent said
gate spacers; and formng silicide regions on said source and i APR 204
The method of claim1, further including the steps of: fornming a threshold
voltage inplant in said silicon-on-insulator |ayer before said gate oxide
| ayer growth step; and doping said source and drain form ng | ow doped
regions outward of said gate conductor and heavy doped regi ons outward of
said | ow doped regions. 3. The method of claiml, wherein said isolation
material filling said raised STIs iSCﬁﬁ%%Eﬂr]. 4. The nmethod of claiml,
wher ein s%}d gate oxide layer is fromabout Ito 20 nmthick. 5. The nethod
of claim ,eﬂﬁEFein said polysilicon layer is fromabout 150 to 300 nm
thick. 6. The nethod of claim1, wherein said trenches are from about 100
to 1000 nm wide. 7. The method of claim1, further including the steps of:
f orm ng i sol at l.ohmepwedef boatygial SN sssistosdeyessatdneprisingshe skqperitebd STls and
gate spa&gégﬁon sai d exposed sidewalls of said gate conductor; wherein

a

. . )
sai d isol on  spacers 12

providing a silicon semiconductor structure;

forming a silicon oxide layer over said silicon semiconductor structure;
forming a silicon-on-insulator layer over said silicon oxide layer;
implanting a well in said silicon-on-insulator layer;

growing a gate oxide layer over said silicon-on-insulator layer;
depositing a polysilicon layer over said gate oxide layer;

patterning and etching said polysilicon layer, said gate oxide layer, and said

silicon-on-insulator layer to form trenches exposing a portion of said silicon oxide layer;

filling said trenches only with an isolation material to at least a level even with a
top surface of said polysilicon layer to form raised shallow trench isolation regions
(STls);

patterning said polysilicon layer to remove portions of said polysilicon layer
adjacent said raised STIs and to form a gate conductor comprised of a portion of said
polysilicon layer between said raised STIs; said gate conductor and said raised STIs

having exposed sidewalls;

removing said gate oxide layer between said gate conductor and said raised STTs,

and outboard of said raised ST1Is;

11



UJ APR 290 are fromabout 30 to 200 nmw de and said gate spacers are from
about 30 to 200 nm wi de. 8 A nethod of fabricating an SO transbﬁtgﬁ
device, conprising the sequential steps of: providing a silicon R 2004
sem conductor structure; formng a silicon oxide |ayer over said silicon
sem conductor structure; formng a silicon-on-insulator |ayer over said
silicon oxide layer; inplanting a well in said silicon-on-insul ator |ayer;
growing a gate oxide |ayer over said silicon-on-insulator |ayer;

deposi ting a pRinig ikSINHon PiSks SV &PoSedidcvalX biRid @¥ed STRahd gali ng and
etching said polysilicon |ayer, said gate oxide |ayer, and said
siIicon-oﬁﬁFﬁ§BPéPGPXP%ﬁéPMF%mkﬁﬁﬁW@ﬁgﬁ&H@§w§¥bosing a portion of said
silicon oxide layer; filling said trenches only with an isolation materi al
to at least a level even with a top surface of said polysilicon |ayer to
form rai sed shéirining sonwaehd ilwol iatsaidsilicegionrissuldtGTagy adjgentisdidgitat i on

mat eri al Q%&ag%%hoz; patterning said polysilicon | ayer to renove portions
of said p&fy5|1|con | ayer adjacent said raised STIs and to forma gate

conductor conprised of a portion of said polysilicon |ayer between said

rai sed STls; said, gate. conductor and said raised STIs having exposed
sidewal |'s: orming silicide regions on said source and drain.

2. The method of claim 1, further including the steps of:

forming a threshold voltage implant in said silicon-on-insulator layer before said

gate oxide layer growth step; and

doping said source and drain forming low doped regions outward of said gate

conductor and heavy doped regions outward of said low doped regions.

3. The method of claim 1, wherein said isolation material filling said raised STIs

is SIOZ

4. The method of claim 1, wherein said gate oxide layer is from about 1 to 20 nm

thick.

5. The method of claim 1, wherein said polysilicon layer is from about 150 to 300

nm thick.
6. The method of claim 1, wherein said trenches are from about 100 to 1000 nm
wide,

7. The method of claim 1, further including the steps of:

forming isolation spacers on said exposed sidewalls of said raised STIs and gate

spacers on said exposed sidewalls of said gate conductor; wherein said isolation spacers

12



13 Al APR Z renoving said gate oxide | ayer between said gate conductor and
said raised STls, and outboard of said raised STls; formng iso@gt'égg
spacers on said exposed sidewalls of said raised STIs and gate _ ‘Spa g‘ﬁ%n
sai d exposed sidewal | s of said gate conductor; form ng source and drain in
said silicon-on-insulator |ayer adjacent said gate spacers; and formng
silicide regions on said source and drain. 9. The nethod of claim S8,
further including the steps of. formng a threshold voltage inplant in said

si |'i con- oBrei RS hRIu0B0 tPMBMP /AR B SAH GateGPARrsXE H#EmlaBY@I3036 0V6 AmSt ep; and
dopi ng said source and drain form ng | ow doped regions outward of said gate
conduct or Wigsd heavy doped regi ons outward of said | ow doped regions. 10.
The nethod of claim8, wherein said gate oxide layer is fromabout 1 to 20
nmthick. 11. The nethod of claim8, wherein said polysilicon layer is from
about 150 to 8Q%methodlvif toricdting anliOItemkistdr dévies, edmpridingthesaguentadi d
trenches ?t(egsgf{ om about 100 to 1000 nm w de.

providing a silicon semiconductor structure;

forming a silicon oxide layer over said silicon semiconductor structure;
forming a silicon-on-insulator layer over said silicon oxide layer;
impianting a well in said silicon-on-insulator layer;

growing a gate dxide layer over said silicon-on-insulator layer;
depositing a polysilicon layer over said gate oxide layer;

patterning and etching said polysilicon layer, said gate oxide layer, and said

silicon-on-insulator layer to form trenches exposing a portion of said silicon oxide layer;

filling said trenches only with an isolation material to at least a level even with a
top surface of said polysilicon layer to form raised shallow trench isolation regions

(STIs); said isolation material being SiO»;

patterning said polysilicon layer to remove portions of said polysilicon layer
adjacent said raised STIs and to form a gate conductor comprised of a portion of said
polysilicon layer between said raised STIs; said gate conductor and said raised STIs

having exposed sidewalls;

13



13. The nmethod of claim@8, wherein said isolation spacers are from about 30
to 200 nmw de and said gate spacers are fromabout 30 to 200|ﬂny¢2e. 14
| APRJ 14. A nethod of fabricating an SO transistor device, conpt¥ $iAFE 2604
t he sequential steps of: providing a silicon sem conductor structure;
formng a silicon oxide |ayer over said silicon sem conductor structure;
formng a silicon-on-insulator |ayer over said silicon oxide |ayer;
inplanting a well in said silicon-on-insulator layer; formng a threshold
vol tage i npl anteridvirpaafll ghtd &:GQRR HeRGieh 81i@Latk YR Tuctor SPMINAIsAd §@fse OXi de

| ayer over said silicon-on-insulator |ayer; depositing a polysilicon |ayer
over sai daphewbenkd absaiduspised ShEt t er ni ng and etching said polysilicon |ayer,
said gate oxide layer, and said silicon-on-insulator layer to form

trenches exposing a portion of said silicon oxide |ayer;

filling said

trenches. only firtnmgarolatiml spadepnommidexpabedisidestalld ebmid raisbdVEls aedegatewi t h a
top surface of sai.d polysilic l.ayer to formraised shallow trench
isoIation$%§8F8H§mg€%WF%§?dﬁﬁﬁgéﬁﬁ¥ﬁ§a§§9383g%ysiIicon | ayer to renove
portions of said polysilicon |ayer adjacent said raised STIs and to forma

gate conductor conprised of .a portion of said

forming source and drain in said silicon-on-insulator layer adjacent said gate

spacers; and

forming silicide regions on said source and drain.

9. The method of claim 8, further including the steps of:

forming a threshold voltage implant in said silicon-on-insulator layer before said

gate oxide layer growth step; and

doping said source and drain forming low doped regions outward of said gate

* conductor and heavy doped regions outward of said low doped regions.

10. The method of claim 8-, wherein said gate oxide layer is from about 1 to 20 nm

thick.

11. The method of claim 8, wherein said polysilicon layer is from about 150 to

300 nm thick.

12. The method of claim 8, wherein said trenches are from about 100 to 1000 nm

wide.

13. The method of claim 8, wherein said isolation spacers are from about 30 to

200 nm wide and said gate spacers are from about 30 to 200 nm wide.

14



pol ysilicon | ayer between said raised STls; said gate conductor and said
rai sed STIs having exposed sidewalls; renoving said gate oxide I@yeApR W04
d

bet ween said gate conductor and said raised STls, and outboard of sai
raised STls; 15 1 APR 2004 form ng isol ation spacers on said exposed
sidewal I s of said raised STIs and gate spacers on said exposed sidewalls
of said gate conductor; formng source and drain in said
silicon-on-insulator |ayer adjacent said gate spacers; and form ng

silicide regi ong OmhedRldr EBHEAR ARSI AW Astod@evicENeonRsiRdnOdeqfibmam 14,
further including the step of: doping said source and drain form ng | ow

doped regsepsofbut ward of said gate conductor and heavy doped regions
outward of said | ow doped regions. 16. The nethod of claim 14, wherein said
isolation material filling said raised STls is Si02. 17. The nethod of

cl ai m 14, wher ptomidigy dsijamesemidodéudta@ysauctuss; f rom about 1 to 20 nmt hi ck.

18. The nethod of claim 14, wherein said polysilicon layer is from about
150 to 300 nmt hi ck.

forming a silicon oxide layer over said silicon semiconductor structure;
forming a silicon-on-insulator layer over said silicon oxide layer;
implanting a well in said silicon-on-insulator layer;

forming a threshold voltage implant in said silicon-on-insulator layer;
growing a gate oxide layer over said silicon-on-insulator layer;
depositing a polysilicon layer over said gate oxide layer;

patterning and etching said polysilicon layer, said gate oxide layer, and said

silicon-on-insulator layer to form trenches exposing a portion of said silicon oxide layer;

filling said trenches only with an isolation material to at least a level even with a
top surface of said polysilicon layer to form raised shallow trench isolation regions
- (STIs);
ﬁattéming said polysilicon layer to remove portions of said polysilicon layer
adjacent said raised STIs and to form a gate conductor comprised of a portion of said
polysilicon layer between said raised STIs; said gate conductor and said raised STIs

having exposed sidewalls;

removing said gate oxide layer between said gate conductor and said raised STIs,

and outboard of said raised STlIs;
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19. The met hod of claim 14, wherein said trenches are from about 100 to
1000 nm wi de. 20. The nethod of claim 14, wherein said isolation sp

are fromabout 30 to 200 nmw de and said gate spacers are fron1abgzﬁﬁ%bﬂm*
to 200 nmw de. 21. A nethod of fabricating an SO transistor device,
conprising the sequential steps of. 16 T | APR 2&14. providing a

sem conduct or structure; form ng an oxi de |ayer over said sem conductor
structure; formng a silicon-on-insulator |ayer over said oxide |ayer;

i mpl anting a WeldnjdgNsd@idh sphderCaNsallexpBsddl sBleRhalld 8yQIL raBEOMT RAnd ggat € oxi de
| ayer over said silicon-on-insulator [ayer; depositing a polysilicon |ayer
over sai dSR§EE oBRpidexpaspd pidewalistod sl gatezapdustashi ng sai d pol ysilicon | ayer,
said gate oxide layer, and said silicon-on-insulator layer to form
trenches exposing a portion of said oxide layer; filling said trenches only
wi th an i sol at foomingssoarce ahd dwinain shidadicomohanmlateniayer adjndentsaid gge sur f ace of
said polysilicon . ayer to formraised shallow trench isolation regions
(STIs); p5¥?8?ﬁ¥ﬂg said polysilicon layer to renove portions of said

pol ysilicon | ayer

forming silicide regions on said source and drain.
15. The method of claim 14, further including the step of:

doping said source and drain forming low doped regions outward of said gate

conductor and heavy doped regions outward of said low doped regions.

16. The method of claim 14, wherein said isolation material filling said raised

~ STls is SiOs.

17. The method of claim 14, wherein said gate oxide layer is from about 1 to 20

nm thick.

18. The method of claim 14, wherein said polysilicon layer is from about 150 to

300 nm thick.

19. The method of claim 14, wherein said trenches are from about 100 to 1000 nm

wide.

20. The method of claim 14, wherein said isolation spacers are from about 30 to

200 nm wide and said gate spacers are from about 30 to 200 nm wide.

21. A method of fabricating an SOI transistor device, comprising the sequential

steps of:
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adj acent said raised STIs and to forma gate conductor conprised of a
portion of said polysilicon |ayer between said raised STIs; said@@aMﬂqme
conductor and said raised STIs having exposed sidewalls; renoving said
gate oxide |l ayer between said gate conductor and said raised STls, and
out board of said raised STls; formng isolation spacers on said exposed
sidewal | s of said raised STIs and gate spacers on said exposed sidewalls
of said gate conductor; form ng source and drain in said

Si|iCon-On-fnSH%ﬁ&ﬁHgdﬁ%ﬁ&nﬁﬁagﬂﬁﬁ&ﬁhéaid gate conductor; and form ng
silicide regions on said source and drain. 17 0 | APR 2D 4 22. The net hod

of claim2l1, further including the steps of. formng a threshold voltage

i npl ant in sai t]J = ON- r f aid gate oxide |ayer
growt h step; aﬁ)él% ygpaﬁ%glﬁg?)@?égéﬁ%%@ Sglhg%ggriuéc?oﬁ S&(%&Lrlnt%hg | ow doped regions
outward of said gate conductor and heavy doped regi ons outward of said | ow

doped regions. 23, The.nethod of claim?2l, wherein said isolation nateri al
filling said rmg’(ga%}ﬁo?qném%ﬁﬁ% laﬂ.ov‘?*i'ﬁé“dr@‘t“i%ay%f claim 21, wherein said

gate oxide layer is fromabout I to 20 nmthick.

implanting a well in said silicon-on-insulator layer;
growing a gate oxide layer over said silicon-on-insulator layer;
depositing a polysilicon layer over said gate oxide layer;

patterning and etching said polysilicon layer, said gate oxide layer, and said

silicon-on-insulator layer to form trenches exposing a portion of said oxide layer;

filling said trenches only with an isolation material to at least a level even with a
top surface of said polysilicon layer to form raised shallow trench isolation regions
(STIs);

patterning said polysilicon layer to remove portions of said polysilicon layer

_ adjacent said raised STIs and to form a gate conductor comprised of a portion of said
polysilicon layer between said raised STIs; said gate conductor and said raised STIs

having exposed sidewalls;
removing said gate oxide layer between said gate conductor and said raised STls,
and outboard of said raised STIs; forming isolation spacers on said exposed sidewalls of

said raised STIs and gate spacers on said exposed sidewalls of said gate conductor;

forming source and drain in said silicon-on-insulator layer proximate said gate

conductor; and

forming silicide regions on said source and drain.
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25. The nethod of claim 21, wherein said polysilicon layer is from about

150 to 300 run thick. 26. The nethod of claim 21, wherein said trenches
fromabout 100 to 1000 nmw de. 27. The nethod of claim 21, further
including the steps of. formng isolation spacers on said exposed.ﬂs‘li ABRMN4s
of said raised.-STls and gate spacers on said exposed sidewalls of said
-gate conductor; wherein said isolation spacers are fromabout 30 to 200 nm
wi de and said gate spacers are fromabout 30 to 200 nm w de. 18

22. The method of claim 21, further including the steps of:

forming a threshold voltage implant in said silicon-on-insulator layer before said

gate oxide layer growth step; and

doping said source and drain forming low doped regions outward of said gate

conductor and heavy doped regions outward of said low doped regions.

23. The method of claim 21, wherein said isolation material filling said raised

STis is Si0,.

24. The method of claim 21, wherein said gate oxide layer is from about 1 {o 20

nm thick.

25. The method of claim 21, wherein said polysilicon layer is from about 150 to

300 nm thick.

26. The method of claim 21, wherein said trenches from about 100 to 1000 nm
wide.

27. The method of claim 21, further including the steps of:

forming isolation spacers on said exposed sidewalls of said raised STIs and gate
spacers on said exposed sidewalls of said gate conductor; wherein said isolation spacers
~ are from about 30 to 200 nm wide and said gate spacers are from about 30 to 200 nm

wide.
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