;e3enB-j (()d*@+r, 6, T8- MV =METHOD OF FORM NG DOUBLE- GATED
SI LI CON- ON- | NSULATOR (SO') TRANSI STORS W TH REDUCED GATE TO SOURCE- DRAI N 5
- OVERLAP CAPACI TANCE FI ELD OF THE | NVENTI ON The present invention rel ates
generally to fabrication of 10 sem conductor devices, and nore specifically
to met hods of fabricating double gated

sem conduct or-on-insul ator-on-insulator (SO) transistors. 1 BACKGROUND
OF THE | NVENTI ON Doubl e-gated transistors offer greater perfornance
conpared to conventional planar transistors. However, a problem has been
how to fabricate 5 such doubl e-gated transistors. Current techniques being
exam ned today include epitaxial gromh to formthe channel after gate
oxidation and fin field effect tranS|stors (FET) (so narred "fin' as its

appear anceMﬁrﬁbﬁJ Q‘i{ﬁé | e&hni gues have

Slgnlflcal" Tttt ohRS—t (S e n H H = 4 Fo—4 al .
descri bes a doubl e-gate transi stor on sem conduct or on- |nsuI ator (SA).

U S. Patent MEM&I&MEHRH@UQED ESEE TS OVRICEAIDRAINt e Fi nFFET
on sem conductor-on-insulator (SO). 15 U. S. Patent No. 6, 365,465 Bl to

Chan £t al. al so descri bes @QVERIABS APACITADICE e- gat e MOSFET on
sem conductor-on-insulator (SO). U S Patent No. 6,396,108 Bl to
Krivokapic et al. describes a process

FIELD OF THE INVENTION

The present invention relates generally to fabrication of
10 semiconductor devices, and more specifically to methods of fabricating double-

gated semiconductor-on-insulator-on-insulator (SOI) transistors.



20 for a doubl e-gate MOSFET on seniconductor-on-insulator (SO). 2

SUWARY OF THE | NVENTI ON Accordingly, it is an object of the present
invention to provide nethods of form ng doubl e-gated silicon-on-insul ator
(SA) transistors having 5 reduced gate to source-drain overlap

capaci tance. O her objects will appear hereinafter. It has now been

di scovered that the above and other objects of the to present invention may
be acconplished in the foll owi ng manner. Specifically, a substrate having
an SO structure for medBAOKGROUNDSOPTHE IRVENTRORO structure including
a lower SO oxide |layer and an upper SO silicon layer. The SO silicon

| ayer is patterned to forma patterned SO silicon |ayer including a source
region and a drain region connected by a channel portion. An encasing 15
oxi de layer is forgedb%\_/er he patter n&d SO silicon layer to form an
encased patterned SOPPETEIRGAT prs @Hen greattle #eHoRpI¢a gemprEed & med over
the encased patterned SO silicon |layer. The patterned dummy | ayer having
an openi Agnventionak plmae dranisistorsaHowvever poprotjemt lvs dearkned tpdabiicrte of t he
encased patterned SO silicon |ayer; and portions of the upper surface of

the SO euclidodblelgay&l trafbib®ed. GRIGRIBRIIGuEVEIing BRaBKRIBRM S iflguue! | s of
the patterned dummy | ayer opening. The SO oxide |layer is etcthed while

ayer. ar CPiRaay B, (e thalthet JRct BRE obhl ol ghlfsii nder cut

The m nim zi.ng un cuttin gcess al.so renoving the offset spacers and

t he enca?iaﬁ‘éls@? cfgﬁf[)i;iéﬁ’ t %‘é‘ chaAePPRRATENGS ip thathef gafiske’s nfée). SO
silicon layer. A confornmal oxide |layer is forned around the channel portion
of the piavesvescbdiof shdse terhnigyeshavA sigatificans lititatizths5 wi t hi n t he patt er ned

dummy | ayer opening. The gate including an upper gate above the patterned
SA silicon layer and a | ower gate under the patterned SO

10 U.S. Patent No. 6,451,656 Bl to Yu et al. describes a double-gate

transistor on semiconductor-on-insulator (SOI).

U.S. Patent No. 6,413,802 Bl to Hu et al. describes a double-gate
FinFFET on semiconductor-on-insulator (SOT).
15
U.S. Patent No. 6,365,465 B1 to Chan et al. also describes a process

for a double-gate MOSFET on semiconductor-on-insulator (SOI).

U.S. Patent No. 6,396,108 B1 to Krivokapic et al. describes a process

20 for a double-gate MOSFET on semiconductor-on-insulator (SOI).



silicon |layer. The patterned dummy |l ayer is then renoved to formthe double
gated transistor 4 BRI EF DESCRI PTI ON OF THE DRAW NGS The features and
advant ages of the present invention will be nore clearly understood from
the follow ng description taken in conjunction with the 5 acconpanying
drawings in which Iike reference nunerals designate simlar or
correspondi ng el enents, regions and portions and in which: Figs. 1 to 9
schematically illustrate a preferred enbodi nent of the present invention.
to Fig. 10 is a cross-se@iymMARY OF TEEIRVAENTEON ne 10 -10 of Fig. 9.
Fig. 11 is a cross-sectional view taken along Trne 11-11 of Fig. 9. 5
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Thi s invention provides
an alternative way to fabricate double gated transistors using a
silicon-on-insulator (SO) substrate as the starting 5 material. Since the
techni que of the pfrESIFINGIRyEnts ¥ qhiged afnidet PresamdMysntem i Beevide the SO
to formthe gate, surface nobility is not degraded as in the case of fin
FETs. Thenditbd¢ oadsimingr dotfiblergated silaoo-amdmsalatori (SOI) hearpistsrs tiaviiny ent i on
have a reduced gate to source-drain overlap capacitance due to the offset
spaces r@mea%a&@% JHIES-Qbin okz@ﬂaﬂ'c&pa?éitaﬁéé.ucture - Fig.1 Fig. 1

i

schematically |l ustrates a structure 10 having a silicon-on

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the

10 present invention may be accomplished in the following manner. Specifically, a
substrate having an SOI structure formed thereover is provided. The SOI
structure including a lower SOI oxide layer and an upper SOI silicon layer. The

SOI silicon layer is patterned to form a patterned SOI silicon layer including a
source region and a drain region connected by a channel portion. An encésing

15 oxide layer is formed over the patterned SOI silicon layer to form an encased
patterned SOI silicon layer. A patterned dummy layer is formed over the
encased patterned SOI silicon layer. The patterned dummy layer having an
opening, with exposed side walls, exposing: the channel portion of the encased
patterned SOI silicon layer; and portions of the upper surface of the SOI oxide

20 layer. Offset spacers are over the exposed side walls of the patterned dummy
layer opening. The SOI oxide layer is etched while minimizing the undercut

portions of the upper surface of the SOI oxide layer are undercut into the SOI



i nsul ator structure (SO) 16 forned thereover. 15 Structure 10 is
preferably a sem conductor substrate conprised of silicon or gernmani um and
is nore preferably a silicon sem conductor substrate. SO 16 includes: a

| ower SO silicon oxide (Si02) layer 12 having a 20 thickness of preferably
from about 1000 to 5000_ and nore preferably from about 2000 to 4000J and
an overlying SO silicon (Si) layer 14 having a thickness of preferably
from about 300 to 2000- and nore preferably from about 500 to 1500 . 6

Pat t er ni agidef laG¥etd Yorng aS@inidlal kiiRbcut4The FhiimBidlS t%ﬁ'% ' , the
overlying SO ss,aigl icon | ayer 14 of the 80316 5 ige%at Itagir%r%le ?rgceefslgne

patterne \, I il | a 14' . the active regiagn shown and
exposed rg)lgrgtﬁ%é{n(}sgn?% ﬂgefoog%t é? I%?I 30%%%@%&0 ¢ Ilaﬂ‘?é Oérg’é%i“’yi?ﬁ@“@

silicon | ayer 1? y be patterned, for exanple, using an overlying

patt er ned° 0 é@grpa(tﬁﬁl‘?dsﬁ%ﬂmﬁﬂelﬁé?lab‘b ywourpril seddeofayends dowsedt . 1o
Patterned SO silicon layer 14' is roughly in the shape of a dunbbell wth
t he opposiaupdetiuschaeinehpartiouoiCthergdtarned SOintlicdhaiaper, @gbaR i44ormed
respectively. Formation of Encasing Silicon Oxide Layer 18 Over Patterned

respect ively e Ol : ! Lo
Sk | i QthihaBe pakrded duniﬂég Ia)gérf? ek \A{ﬁjﬂegincﬁrd afi AR ! | CON

oxide layer 18 is formed, preterab over t Xposed

sur faces ter S silicon layer 14' to form an encased

patter nea&g‘g H%’I ﬁ%%ﬁeﬁ?gg)érsgi%“. laﬁ?fc%‘* ﬁéo‘é’Sr &ate ‘é‘b‘;FrotE]F PRI SWB s

preferably fromabout 5 to 200_thick and is nore :
silicon layer. The patterned dimmy layer is then removed to form the double-

gated transistor.




preferably fromabout 10 to 50 _. Silicon oxide | ayer 18 serves to
protect the patterned SO silicon |ayer 14" from subsequent processing
steps. Formation of Patterned Dunmv Layer 20 - Fig. 4 5 As shown in Fig. 4,
a patterned dunmmy | ayer 20 having an opening 22 is forned over the encased
patterned SO silicon |ayer 14" and the exposed portions 15 of the SO
silicon oxide |layer 12. Patterned dumry | ayer opening 22 exposes. a

gat e/ channel portion 24 of the encased patterned SO silicon layer 14"; 10

and reduced exposed PRRIEPDESCRIPTIOMOOFTHEIORAWINES ayer 12. Dummy | ayer
openi ng 22 includes exposed side walls 23. Dummy Tayer 20 has a thickness

of preferably from about 1000 to 3000_ and nore preferably from about 1500
to 2500J and is preferably is conprised of nitride, silicon nitride (Si 3N4)

or silicon oxynitrigde i ON) and.is nore preferably conprised of nitride as
will be used her eaﬁﬂ%f&%wsiapg@%gﬁg OSGL%&%%’NE‘}YWOHW%%N%?H 20
may be patterned using, for exanple, a 20 reverse nmask and an ani sotropic
etch to ébéﬂyuiéldeﬁ%toggtf@mrtbefomgrﬂ®oﬂptjm t¢aletncin aomuhdtionpaithahe dunmmy
nitride layer 20 is selective to silicon oxide so that s t he patterned
SO sbl i aonhpyrsiing drawiddy i WheleIR yelr@RE LAIMOE1SEsishdth GRRITAAKET

corresponding elements, regions and portions and in which:

Figs. 1 to 9 schematically illustrate a preferred embodiment of the

present invention.

10

Fig. 10 is a cross-sectional view taken along line 10 - 10 of Fig. 9.

Fig. 11 is a cross-sectional view taken along line 11 - 11 of Fig. 9.




14" exposed by opening 22 is protected frometch damage. Formation of

O fset Spacers 26 - Fig .5 5 As shown in Fig. 5, offset spacers 26 are then
formed over the exposed side walls 23 of patterned nitride layer 20 within
opening 22. A spacer l|layer is formed over the structure of Fig. 4, at |east
filling 10 opening 22, and is then etched wth an etch selective to nitride
and-silicon to formthe offset spacers 26. This etch al so renoves the

portions of the oxide |ayer 18 encasing the patterned SO silicon |ayer 14

exposed wthnﬁmmmmn%tmmmwmwmmmﬁm@ﬁmmﬁrsm I's The

spacer |ayer is preferably conprise € or sifricon oxynitride
and is nore preferably conprised of TECS mhlch mAII be used hereafter for
purposes of illustration to form TECS of fset spacers 26. It is noted that

the offset spacers_26 so fqorned reduce the 20 subsequent undercutting of
SO silicon oxide eHIVEntion  RIeVilesean aiernativieeway ofeh fabrisate dogble-
transistor 70 fornmed in accordance with the present invention a reduced
gate to getedcéadsiatons onsing ap silivpacint-asakaton (SOBt sibstgtofasShle Shwirteg Layer 12
- Fib As shown in Fig. 6, an etch, preferably a dilute HF etch, is used to

5 etch t Sl Sildant au@nidde 853(@@%3\%’@ HvanBBRNISRY R i hll Y
undercuts the SO oxide |ayer 12 shiel ded by the TECS of fset spacers 26 to

form an r et gh 2' ow.the silicon
channel gﬁﬂg %%Elé%é% H}Jgé ge?g%fg IBP%’%&( ésyon?t #ﬁ%‘gﬂhﬁ? hg*4 €% di | ut e
HF et ch.

of fin FETs. The SOI transistors formed in accordance with the present invention

have a reduced gate to source-drain overlap capacitance due to the offset spacer

reducing the undercut.

10

Initial Structure - Fig, 1

Fig. 1 schematically illustrates a structure 10 having a silicon-on-
insulator structure (SOI) 16 formed thereover.
15
Structure 10 is preferably a semiconductor substrate comprised of

silicon or germanium and is more preferably a silicon semiconductor substrate.

SOI 16 includes: a lower SOI silicon oxide (5i02) layer 12 having a
20  thickness of preferably from about 1000 to 5000_ and more preferably from about
2000 to 4000_; and an overlying SOI silicon (Si) layer 14 having a thickness of

preferably from about 300 to 2000__ and more preferably from about 500 to 1500_.



1o Undercut 28 of the etched SO oxide layer 12' is preferably from about
500 to 3000 _ and nore preferably fromabout 1000 to 2000 _deep and
preferably protrudes fromabout 0 to 2000 _ and nore preferably from about 0O
" to 500_ under the | eading edges of opening 22 of patterned dummy nitride

| ayer 20. 15 It is noted that undercut 28 has a reduced overlap region 30
due to the formation and use of TEGQOS of fset spacers 26. Formation of
Conformal Gate Oxide Layer 32 - Fig. 6 20 As further shown in Fig. 6, a
conformal |ayer 32 is forned, around the channel portion 24 of patterned
SA silicon |ayer 14 exposed within the 10 opening 22 of the patterned
dumy ni 135&91%- %EOVELvin i 5 preferably conprised of oxide
formed b med by chem cal vapor deposition
(CVD) (where the dielectric constant k if greater than about 3.0) such as,
for exanple, HfSix02 or Zr02,. and is nore preferably s conprised of oxide
which will be used hereafter for purposes of illustration. Conformal oxide
| ayer 32 is grown Asshbendriige?) thepyetipingdi@hsiticesi biysr d4 of ten®@] 1porti on
24 of patterned SO silicon layer 14' to a thickness of preferably from

about 55 lso% ne@'i‘@i deRhé& pa&éf&rda&wlyﬁiig’ml%ﬂiébn]lﬁ’yérol@%e atﬁ’vé:ﬂ‘.rgﬂ&’ii on of
Gate 40 ib. 7 showh in Fig. 7, a gate |ayer formed over” patterned

dumy nitri a 20, fill 22 and arized.or etched
back’to 15 °he fé“{ i sed et AR Ao LR Bl B S

patterned dummy nitride |ayer 20 to forma pI anarized gate 40 W|th|n

openi ng 291 sttise layeril4 mprebepabrincch s peawlprusies %Wﬁéﬁwg(weyyedt ungst en
(W, WSix, Site or alumnum (Al) and is nore preferably polysilicon
(poly). masklayer (not shown) preferably comprised of photoresist.

10 Patterned SO silicon layer 14' is roughly in the shape of a dumbbell
with the opposing ends being a source region 42 and drain region 44,

respectively.

Formation of Encasing Silicon Oxide Laver 18 Over Patterned SOI Silicon Laver

15 14'-Fig. 3

As shown in Fig. 3, an encasing silicon oxide layer 18 is formed,
preferably by growth, over the entire exposed surfaces of the patterned SOI
silicon lJayer 14' to form an encased patterned SOI silicon layer 14". Encasing

20  silicon oxide layer 18 is preferably from about 5 to 200_ thick and is more

preferably from about 10 to 50_.




20 Gate 40 includes upper gate 60 and | ower gate 62 separated by encased
patterned SO silicon |ayer 14" as shown in Figs. 8 and 9 as well as in
Figs.10 and 11. O Si nce polysilicon, for exanple, has good gap filling
properties and the poly growh is conformal, poly gate 40 waps conpletely
around the conformal oxide | ayer 32 previously grown around the channel
portion 24 of 5 patterned SO silicon |ayer 14' exposed within the opening
22 of the patterned dummy nitride layer 20. If the gate layer is
planarized, it is gilieberoaidey ldyyr d8chremdscal praebatiecCpatidakd BONgLi&EVP)
process. lo Renoval of the Patterned Dummy N|tr|de ayer 20 - Fig 8 As
shown in; tride layer 20 is renpved fromthe
structure@e?lzliﬁmlhgﬁb ﬁ{gﬁget e stlegg wal I s 41 of upper poly 15 gate 60;
source region 42 and drain region 44 of encased patterned SO silicon |ayer
14"; and a portion 46 of the upper surface of the undercut SO silicon

oxi de layer 12'. The patterned dumry n|tr| de layer 20 is preferably renpved
usi ng hotfophatemof Patterned Dinmiyt La Ot-ddz.tdhat the silicon oxide |ayer 18
fornmed over the patterned SO silicon Iayer 14" is not renoved at this
‘points 12

As shown in Fig, 4, a patterned dummy layer 20 having an opening

22 is formed over the encased patterned SOI silicon layel; 14" and the exposed
portions 15' of the SOI silicon oxide layer 12. Patterned dummy layer opening 22
exposes: a gate/channel portion 24 of the encased patterned SOI silicon layer 14";

10 and reduced exposed portions 15" of SOI silicon oxide layer 12, Dummy layer

opening 22 includes exposed side walls 23.

Dummy layer 207has a ’rhiékness of preferably from about 1000 to

3000_ and more preferably from about 1500 to 2500_; and is preferably

15 comprised of nitride, silicon nitride (G§i3N4) or silicon oxynitride (SiON) and is

more preferably comprised of nitride as will be used hereafter for illustrative
purposes.

Dummy nitride layer 20 may be patterned using, for example, a

20 reverse mask and an anisotropic etch to open up the gate area. The anisotropic

etch used to pattern dummy nitride layer 20 is selective to silicon oxide so that



LDD I npl antation Formation of Spacers 50 52 -and Source-Drain Inplants Fig_
9 As shown in Fig. 9, conventional SDE or LDD inplants 100 are 5 perforned
and will exist under the spacers 50, 52 (see below) and overlap the gate by
a small portion. The silicon substrate is thin enough such that the SDE/ LDD
extend fromtop to bottomof the Si substrate. Spacers 50 are then forned
over the sidewalls 41 of upper poly gate 10 60, and spacers 52, 54 are
formed over the respective sidewalls 43, 45 of encased patterned SO

silicon taypitickAed SOISIROA lhyerFidy within 881eA@sEd PhtftetnadBOI siktalagepr € t hen
respectively forned into source region 42 and drain region 44, for exanple,

to form u%ég : { ot rmati on of doubl e-gated
transistgg 5§%PXSE@8§§§§QS%@%éﬁﬁgiggggﬁﬁl@%5a%§tiona||y, a standard

salicidation process may then be used (TiSi, CoSi, etc., e.g.). 20 Fig. 10
is a cross-sectional representation of Fig. 9 along line 10 - 10 and
illustrates upper gate 60 and lower gate 62 of poly gate 40 separated by 13
pat t er nefo8QhtiG f poe agd conformal oxide | ayer 32 thereover in

t he channel portion 24. Sidewall spacers 50 extend over the side walls 41
of upper gate 60 of poly gate 40. Sidewall spacers 52 extend over the side
walls 43 of source 42' and sidewal |l spacers 54 extend over the side walls

45 of drain 44". 5, qown in Fig. 5, offset spacers 26 are then formed over the

exposed side walls 23 of patterned nitride layer 20 within opening 22.

A spacer layer is formed over the structure of Fig. 4, at least filling

10 opening 22, and is then etched with an etch selective to nitride and silicon to
form the offset spacers 26. This etch also removes the portions of the oxide layer

18 encasing the patterned SOI silicon layer 14' exposed within opening 22 of the

patterned dummy nitride layer 20.

15 The spacer layer is preferably comprised of TEOS, nitride or silicon
oxynitride and is more preferably comprised of TEOS which will be used

hereafter for purposes of illustration to form TEOS offset spacers 26.

It is noted that the offset spacers 26 so formed reduce the
20 subsequent undercutting of SOI silicon oxide layer 12 which gives the formed
~ double-gated SOI transistor 70 formed in accordance with the present invention

a reduced gate to source-drain overlap capacitance.



Fig. 11 is a cross-sectional representation of Fig. 9 along line 11-11,
perpendicular to line 10 - 10, and illustrates upper gate 60 and | ower gate
62 of poly gate 40 separated by patterned SO silicon |ayer 14" and
conformal oxide |ayer 32 thereover in the channel portion 24. Sidewal |l
spacers 50 extend over the 1o side walls 41 of upper gate 60 of poly gate
40. As noted above, the use of offset spacers 26 reduce the undercutting of
SO silicon oxide |ayer 12 which inparts a reduced gate to source-drain
overl ap capacitance to the double-gated SO transistor 70 which 15 provides
for, inter alia, inproved performance (speed) due to |lower parasitic

capaci t apeq'HE B HY eg-extd ¢ del ay due to capacitance

char gi ng%@%@‘%@é—[’ he I nvention 20 The advant ages of one
or nore enbodi nents of the present invention include: 14 1) | ower
parasitic overlap performance; and 2) sinple process - no new materials or
new chemcals are required. Sone notable qualities of this invention

i nclude: 5 1) nakiAgsheemdh Higet, tapetahdpiederabin s dilfikecHE aifh tihas&Dro f or gat e
oxi de channel formation - due to the fact that both surfaces have | ow

surfage pRUGRBSEH oxidkelafRePild iyoded WIRIOYSing P2 Sahi€h Alkodghdetchihed al |
around the channel which is nore like a circulfar FET rather than a pl anar

Pate ont g0 ottaeTaPl 10 FRbAEN Bytne THOS bR a6 T oriPln BRabiRGE2ES 1
within etched SOI oxide layer 12" below the silicon channel 24. The TEOS offset

spacers 26 are also removed during the dilute HF etch.

10 Undercut 28 of the etched SOI oxide layer 12' is preferably from
about 500 to 3000_ and more preferably from about 1000 to 2000_ deep and
preferably protrudes from about 0 to 2000_ and more preferably from about 0 to

500_ under the leading edges of opening 22 of patterned dummy nitride layer 20.

15 It is noted that undercut 28 has a reduced overlap region 30 due to

the formation and use of TEOS offset spacers 26.

Formation of Conformal Gate Oxide Laver 32 - Fig. 6

20
As further shown in Fig. 6, a conformal layer 32 is formed, around

the channel portion 24 of patterned SOI silicon layer 14' exposed within the

10



and Wor WN may be used to forma netal gate instead of using polysilicon.
Wil e particul ar enbodi nents of the present invention have been illustrated
and described, it is not intended to limt the invention, except as 1s
defined by the following clainms. is CLAIMS W claim 5 1. A method of
form ng a doubl e-gated transistor, conprising the sequential steps of:
providing a substrate having an SO structure forned thereover; the SO
structure including a |l ower SO oxide |ayer and an upper SO silicon |ayer;
pat t er ni Bﬁeﬂiﬂg 20 ofS thd ﬁﬁ@tefﬁéﬁ?_rdlﬁﬂm Ol R1eP By AP desorial | GPL, hver: the
lo patterned SO silicon layer including a sodrce reglion and a dr &1 n regi on
connecte channel porti.gn;. formng an _encasi, oxi de, | ayer over the
pattern ear%éa%ls)f FITeBn® e[cg?,é?xﬁg f?r@?#hﬁ %éﬂ‘&g% gga g‘égrﬁgrlﬁéﬁnﬁorg}qdi Bon | ayer;
form ng patterned dummy | ayer over the encased patterned SO silicon 15

| ayer; teRepigak wanasdlaposiipn) ) Grehvira ghe dicdentric ngnstent k ifegrpatee dhai de

wal | s, exposing: the channel portion of the encased patterned SO silicon
layer; aalbyto8.0) snsh ofs, tfhe enppple, SHISIROR & ZkbQ,. Sld @Xirfisrel pYErabRP form ng
of fset spacers over the exposed side walls of the patterned dummy “l ayer
openi f1g; L - QX1 I .00 .zl ng. .the undercut portions
of the u%(gielgﬂg%??g%gdgg 1}[1%{«@%1)19 %§§%2 g‘ttglF fﬂrﬁ%};é#}ees%gﬁ “S&’Ear‘]"&’é'w ayer to
forma mnimal undercut portions; the mnimzing undercutting process al so
removi ng the of fset 25 spacers and the encasing oxi de |ayer over the
channel portion of the patterned SO silicon |layer; formng a confornal

oxi de | ayer around-¢mermabexide laeri32dn godwilva thatekposeedtoPObotddni aeh | ayer ;
forming a gate within the patterned dummy | ayer opening; the gate 30

i ncl udi ngdes ofipharined gfcatioh Paeoft ?&t@%@&@@ﬁﬁiﬁ&g 1ayeki1q9€b ha¥Rikn@fdof | Over
gate under the patterned SO silicon layer; and renoving the patterned

dumy | syt 06 406 dohe. 801Gt EAOBLAR O PandlGgTB0d of el L

wherein the structure I's a Sem con € met hod of
cl ai m 1, wherein the structure is conprised of silicon or germanium 16

Formation of Gate 40 - Fig. 7

As shown in Fig. 7, a gate layer is formed over patterned dummy

~ nitride layer 20, filling opening 22 and may be planarized or etched back to

15 remove the excess of the gate layer from over the top of patterned dummy
nitride layer 20 to form a planarized gate 40 within opening 22. Gate 40 is
preferably comprised of polysilicon (poly), tungsten (W), W-Six, SiGe or

aluminum (Al) and is more preferably polysilicon (poly).

20 Gate 40 includes upper gate 60 and lower gate 62 separated by
encased patterned SOI silicon layer 14" as shown in Figs. 8 and 9 as well as in

Figs. 10 and 11.

11



4. The nmethod of claim 1, wherein the | ower SO oxide |ayer has a thickness
of from about 1000 to 5000J the upper SO silicon |layer has a thickness of
from about 300 to 2000J the encasing oxide |ayer has a thickness of from
about 5 to 200J the patterned dummy | ayer has a thickness of from about
1000 to 3000J 5 and the conformal oxide |ayer has a thickness of from about
5to 200 . 5. The nethod of claiml1l, wherein the |ower SO oxide |ayer has
a thickness of from about 2000 to 4000J the upper SO silicon layer has a

t hi ckness of from about 500 to 1500J the encasing oxide |ayer has a

thi ckness of fromabout 10 to 10 50J the patterned dummy |ayer has a

t hi ckness of from ut %r 0to 2500Jrg cLﬁ?he conformal oxide | ayer has a

t hi ckness of froma GUEns T Sxpmple, besgand gaRyfillme pranerties #ikr ei n t he
under cut portions are each from about 500 to 3000_ deep. 7. The nethod of

cl ai m 1, Hh&obT groneh uderformplorpalpngater €0 eatdpst complelyt akBd ttioe 2000_
deep. 8. The nethod of claim 1, wherein the undercut portions each protrude

from 20 ebdormal beid20BPer BRGEevichelyPgidver RESLRITRY chaxll SREBhNE: of . The
nmet hod of claim 1, wherein the undercut portions each protrude from about 0

to 500_ HadanelBOPatites Ny 44 e hod, of claim
1, where?n the patter nedﬂﬁ}1 %s@ﬁﬁéﬁ@% {He (g%d% nl(tf ﬁ%é’%ﬁ“‘t’%on
nitride siligcaon ox rlde and the gatels conprised of polysilicon,
tungstenaﬁvygﬁyﬁgaeiﬂﬁﬁghunt 11. The nmethod of claim1, wherein the
patterned dumry | ayer is conprised of 30 nitride; and the gate is conprised
of polysilicon. 35 12. The nethod of claim1l, wherein the undercut portions
are formed using a dilute HF etch and the patterned dumy |ayer is renoved

usi ng hot phosphorlf cthacgste Ib?'erTib TERARSAH, Oft & ﬁf&élﬂabl &l PhddifRafNcasi ng
oxi de |l ayer and the conformal oxide |ayer are each f by a growth

process. nééhmﬂhﬁ % J&,Eé i ncl udi ng the step of form ng
source/drain |nplants I nt‘o 't he respective source region and the drain
reglﬁp to forma source and a drain after renoval of the patterned dumy

| ayer. 15. The nmethod of claim1, including the step of performng: 1~
LDD i npl ants; and source/draln |nplants after renoval of the patterned
dummy | aljemovalpf tie Patterrted Dy Bl AME [ .Be upper gate has exposed
side walls and |nclud|ng the step of formi ng spacers over the upper gate
exposed side walls after renoval of the patterned dummy | ayer. 17. The

met hod of claim1, including the further step of then performng a 1o

sal i cidation ProCeRs shown in Fig. 8, the patterned dummy nitride layer 20 is

removed from the structure of Fig. 7 to expose: the side walls 41 of upper poly
15 gate 60; source region 42 and drain region 44 of encased patterned SOI silicon
layer 14"; and a portion 46 of the upper surface of the undercut SOI silicon oxide

layer 12'. The patterned dummy nitride layer 20 is preferably removed using hot

phosphoric acid.

20 It is noted that the silicon oxide layer 18 formed over the patterned SOI silicon

layer 14’ is not removed at this point.
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18. A method of form ng a doubl e-gated transistor, conprising the
sequential steps of: providing a substrate having an SO structure forned

t hereover; the SO 15 structure including a |lower SO oxide |ayer and an
upper SO silicon layer; patterning the SO silicon layer to forma
patterned SO silicon layer; the patterned SO silicon layer including a
source region and a drain region connected by a channel portion; form ng an
encasi ng oxi de |l ayer over the patterned SO silicon |layer to zo form an
encased P ehpoehtHedn, Fdrie@Bn! Fpacers B0 9nd SBALLAHRSS LAUE
t he encased O sSi .Ul T W T aye
an openi 39, w th exposed side walls, exposing: the channel portion of the
encased patterned SO silicon |ayer; and z5 portions of the upper surface
of the SO oxide layer; form ng offset spacers over the exposed side walls
of the patterned dumry | ayer opening; etching the SO oxide |ayer while
mnimzing the undercut portions of the upper surface of the SO oxide
layer into the SO Aexihdevd aydigt9 éomvinaoRAlNSDE! or3RDINGRIDLHLs ROD tdroNS; the
m ni m zi ng undercutting process al so renoving the of fset spacers and the

enCaE NG PR el AR wlY ik BRACHAShacll 505, A HIR DAL ELARH, ST ST 11 O

| ayer; erein the undercut portions eac ou t0o-2000_
under the ahterned ]gu Ia,iaﬁr ening; formng a confornmal oxide |ayer
around t B8<C RErh&M4) PE%?P'O ‘Eﬁgﬁ:@ﬁ SR dgy eapygh gich et the or i ng a
gate within the patterned du | ayer opening; the gate including an upper
gat e abo?PE/ RO axtend feam sop mbﬂmflthggts@sﬁa&.l ower gate under the
patterned SO silicon layer; and renoving the patterned dummy |ayer to form
t he doubl e-gated transistor. 40 19. The nmethod of claim 18, wherein the
structure is a sem conductor substrate. 1s 20. The nethod of claim 18,
wherein the struct i IRy, i . O r ium 21 The met hod
of claim 18, V\here}sﬁl&te Itlszscfomeré%ging{g %‘éérltgél)glrdgwglgéqﬁiugpﬁregélycﬁaq% from
about 10g8 t o, 5000J Etr?ggéup(gg S%) silicon layer has a thickness of from
about'? 308 DERATS: A2 ey e ageechse sidepalls d3edE obendasesin about 5
to 200J the patterned dummy | ayer has a thickness of from about 1000 to
3000J angattermed S¥Plmilinon loxerdkd " laaphowhnds Fig.thi ckness of from about 5 to 200
. 10 22. The nethod of claim 18, wherein the |ower SO oxide |ayer has a
t hi ckness of from about 2000 to 4000J the upper SO silicon |ayer has a
t hi ckness of from about 500 to 1500J the encasing oxide | ayer has a
t hi ckness of from t J.th atterned du | r has a thickness
of from about 1500%%%?%%5‘ &r@ﬂt F‘%Pg%'ﬁ? §V el eBx’feagg%erZ% REBeG 1F7 ckness
of fromabout 10 to 50 ., .15 23. The nethod of claim 18, wherein the
under cut SYYFE FeHET b drain region iy forsoemple Jooformdwamce 42} andidrairet hod of
claim 18, wherein the undercut portions are each from about 20 1000 to
200015 deé.to2ompllkie foemhtidn of dolublergdi8d twhsiseon70 hevimpdedaedd Boédapns each
protrude fromabout O to 500_ under the patterned dummy | ayer opening. 25
26. The f@ﬁmgo_of claim 18, wherein the patterned dummy | ayer is conprised
of nitride, silicon nitride or silicon oxynitride; and the gate is
conprised. of polysilicon, tungsten, WSix or alumnum 27. The nethod of
claim 18, wherein the patterned dummy |ayer is conprised of 30 nitride; and
the gate is conprised of polysilicon. 28. The nmethod of claim 18, wherein
t he undercut port i @rEoRally, fagitamdprdsiatigidatidh iproeesbiEnast ttendredusede( it t er ned
dummy |l ayer is renmoved using hot phosphoric acid.

CoSj, etc., e.g.).

th

20

Fig. 10 is a cross-sectional representation of Fig. 9 along line 10 - 10

and illustrates upper gate 60 and lower gate 62 of poly gate 40 separated by
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35 29. The nethod of claim 18, wherein the encasing oxide |ayer and the
conformal oxide |ayer are each formed by a growh process. 30. The net hod
of claim 18, including the step of form ng source/ drain inplants 40 into
the respective source region and the drain region to forma source and a
drain after renoval of the patterned dumvy |ayer. 31. The nethod of claim
18, including the step of performng: 19 LDD i npl ants; and source/drain
i npl ants after renoval of the patterned dunmy |ayer. 32. The nethod of

clai m 18Fam@feai Ot BﬂicldﬁH@jrergﬂ“eaﬁtﬁ%oﬁfﬂi’ﬁé?%xﬁiéi%g\é@|3b5th@%v¥:f‘9111 Yging the

step of tTorm ng spacers over the upper gate expos side walls after
r enoval e m 18, including
the further s?g%%ér? %eﬁld%e orpr%cnrgs 50 %teg%lov(e?gtée Fjglﬁ ?f UPPCT A et hod

of form ng a do Progj(gat ed transistor, rising the sequentl al steps of:
provi di n§a%% ek thoay @akhddngid awaﬂdpagelrs grienflopvasdtherride ovadls: 43 bé SO 15
structure including a ower SO oxide |ayer and an upper SO silicon |ayer;
pat t er ni sguichd2'sad sdbveld spiayesd extefid brentheaidewatid4S6F d&iih idg'on | ayer; the
patterned SO silicon layer including a source region and a drain region
connegted by a channel portion; form ng an encasing oxide | ayer over the
‘patterned SO silicon layer to 20 forman encased patterned SO silicon

layer; formng a pat ned du r _over the e t erned SO
silicon |ayer; thgfél aﬁ ErheE§sat i SFEreSTRHAtR lﬁp‘i%io t]”\?%i]tqtf Yxposed
side wal |l s, exp05| ng: the channel portion of the encased patter ned SO
silicon Patpendicnaryigling 19 r dAsansd ﬂf yrérafgspeppergatacl ankl lomer ke 6Xiofle | ayer ;
form ng of fset spacers over the exposed side walls of the patterned dunmy

| ayer oppolyngateetOcsuipagatot oySphtterned SOBsiHEoMYylee 181 Rl conf@nidlenydgler cut
portions of the 3o upper surface of the SO oxide |ayer into the SO oxide

| ayer t Oleiy‘éf' 59} %éﬂeaﬁéﬁh ﬂ'l@ th pQ)?ﬁBft o) SStd%&?.H %Qéems 3h 19uRds ?e% Weing

process al'so renoving t set “spacers an ncasi ng oxi I"ayer over
t he nn on. of the ed S S|I|conlayer wherein the
undeﬁ@ 1@8?’?%4& ﬁr@maﬁﬁa“ﬁﬁaq&feﬂfgygatﬁ%%e HF etch; 35 fornming a confor mal
oxi de Iayer around the channel portion of the patterned SO silicon |ayer;
formng a gate within the patterned dummy | ayer opening; the gate including
an upper gate above the patterned SO silicon |ayer and a | ower gate under

the patterned SO &bl homd |ayre; med e bﬁnﬁffbé’tgsbﬁ&rﬁ)a%efélﬁﬁedw | ayer
usi ng hot phosphoric acid to formthe doubl e-gated transi stor. 35. The

met hod  ofin@bRUBR of WS Blifoh N5 MR U2 WiftcR RET-&CNIUGHAN $Y St”’“ e 20

source-drain overlap capacitance to the double-gated SOI transistor 70 which
15 provides for, inter alia, improved performance (speed) due to lower parasitic
capacitance, which introduces extra delay due +to capacitance

charging/ discharging
Advantages of the Invention
20
The advantages of one or more embodiments of the present

invention include;
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36. The nethod of claim 34, wherein the structure is conprised of silicon
or germanium 5 37. The nethod of claim 34, wherein the |ower SO oxide
| ayer has a thickness of from about 1000 to 5000J the upper SO silicon
| ayer has a thickness of from about 300 to 2000J the encasing oxide | ayer
has a thickness of fromabout 5 to 200J the patterned dummy |ayer has a
t hi ckness of from about 1000 to 3000J and the conformal oxide | ayer has a
t hi ckness of fromabout 5 to 200 . o 38. The nethod of claim 34, wherein
the [ower SO Typisinde phsysetic heglap pdifsiniars; #d f rom about 2000 to 4000J the
upper SO silicon |ayer has a thickness of from about 500 to 1500J the

encasi ng oxi deg J. Lt ) . fr bout 10 to 50J .the patterned
dumy | ayer h sglg%?%Pgﬁlse%sﬁ%#l&}f&?%%%ggfglﬁr r%@o%etngc%%%re%e 5 the

conformal oxide |ayer has a thickness of fromabout 10 to 50 . 39. The

met hod of claim 34, wherein the undercut portions are each from about 500
to 3000_ deep. 20 40. The nethod of claim 34, wherein the undercut portions
are each from aboutorho@0tabde @adiltiesdd ¢iis iddentibimeinokeddeod of cl ai m 34, wherein
t he undercut portions each protrude fromabout 0 to 2000_ under the

pattesned dumymhRirG useREThé'th %ﬁiﬂ@ﬁoﬂ%rfﬁ@é%@@k@fﬁ&t@%xi&@er ein the
un

under cut portions each protrude fromabout 0 to 500_ r the patterned
dumy | a i 43, T h f . claiom 34, wherein the patterned
dumy | aglgérm%g?d(}g%ﬁ&qns'ed eol'?’etgg? ‘I‘ncitgﬂ?tgjeo,tﬁ §Wff‘%ec§i’aﬁf’tl‘?‘i"c?81f8f:e silicon
oxynitride; and the gate is conprised of polysilicon, tungsten, WSix or
al umi nuntoughness,hemokdlityds impeavied34, wherein the patterned dummy |ayer is
conprised of nitride;, and the gate is conprised of polysilicon. 35 45. The
met hod of cl aRnga3d pxideds Edrmddal] aremsl thg chxiuttd Wity ks mbek likea epadlar mal

oxi de 'l ayer are each fornmed by a growh process. 46. The nethod of claim

34, incl FET@Q&&P%&%@?I&%PET{Q@ source/ drain inplants 40 into the
respective source region and the drain region to forma source and a drain

af ter . renoval ,0f. e patternped | ayer.. 47. -The t hod of clai m 34,

i ncl 48i ng theS)S%lg%H%Wage&a?%ﬁﬁ? #&@é an%L%IQ% Wﬁyé’ﬁt@?ggﬁ %S‘iﬁe@é‘}% ain
inplants after renoval of the patterned dummy |ayer. s 48. The nethod of
cl ai m 34angy¥¥ s WiNimay bp yeed tatcanhamesadgateinstsadeofwaingspalysilicon| udi ng t he
step of form ng spacers over the upper gate exposed side walls after

removal of the patterned dummy | ayer. 49. The nmethod of claim 34, including
the further step of then performing a to salicidation process.

While particular embodiments of the present invention have been

illustrated and described, it is not intended to limit the invention, except as

15 defined by the following claims.
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cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca! x001K1112V2223G3Z3] 33334443555} 556
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o] cal chaT AT ol robcol Lol cal ARG ST S AhGE AL BB 30020

K LgLvS] %%U%“E v
P 3 exidedry PLYRE o lexen A
e Y aa] Sl L e  epal galndl cal
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hhh_i10j j pakeened) B
a] ca] ca] cat]nm]e;hﬂ:paﬁha}ﬂ]pofa@ma] caj] ca] ca] ca] ca] c™a] ca] ca] cadh~!bi K-i " 109%&
()-F #10%& () foridifig o) encasing oxide layer over the patterned SOI silicon layer to

B 10%&( § ro%g}%&ase@ &%’&e@%ﬂ)ﬂ-ﬁﬁ’@eﬂ]}a c]@ef ga;/Kl 10<Vi 0 - 10%8} ) n 100 ()

S10%&! ot silibdn

c<" 10% ‘,%y Lr%gty 10%% ﬁg‘“{‘%ﬁ%ﬁ %%%‘2' Rﬁ%ﬁ;@ﬁé walls.

L10% 5o e (et A

10%& ANz} _A7i 105109 () - 109%& () - 610%& () 109& () -

510%& ()- 310%& () -thschgapelnor vn of thegencpsed patgrnesl SO siliypg ' layer; " 1008 () -
109&' ()-Y"10% ()-a®imo p q r dYNG 10 10 10 10f; V10% ()-i Y7! 10%& ()-5
109%& () - c2#10%&' ( )poﬁo]:t@%&ﬂ@ appddtnrfacd 06the SOI oxide layer;

20 forming offset spacers over the exposed side walls of the patterned
dummy layer opening;
etching the SOI oxide layer while minimizing the undercut portions of the
upper surface of the SOI oxide layer into the SOI oxide layer to form a minimal
undercut portions; the minimizing undercutting process also removing the offset
25 spacers and the encasing oxide layer over the channel portion of the patterned
SOl silicon layer;
forming a conformal oxide layer around the channel portion of the
patterned SOI silicon layer;
forming a gate within the patterned dummy layer opening; the gate
30 including an upper gate above the patterned SOIT silicon layer and a lower gate
under the patterned SOI silicon layer; and
removing the patterned dummy layer to form the double-gated transistor.

2. The method of claim 1, wherein the structure is a semiconductor substrate.
35

3. The method of claim 1, wherein the structure is comprised of silicon or
germanium,
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10G ; s109%3&' () -ij 10%& ()-i!10%C& ()- 1Y 109%& ()-="10%% ()-=
1096& () -~+xY:/ 10GLO%& ()- <MLO%& ()- "109%& ()-= 109%& ()-=s10%& ()-
109%& ()- 10G+>AdYNC 10G 10 10 10I;t109% ()-"109%& ()- |109%& () -
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s109&' ()-<7 109& ()- 5 109%&' ()-c2#10%& ()- 0s10%& ()- M-gdEYNC 10G
j 109%& () 4. Th&@adthod of Qe ),-wherk@Véhd Jovker0S@E btk May kO 4 MicEYNE 10G
. S109%& ( Frond hB¥E (1000798 50K (e Tpy %P%I(smco}lofégféf@ag §#$ cgof%éé bPkfoﬁgE?Yﬂl\éNC
10G 10 1QpdY 360L"80d0) V5 ﬁf'eoﬂéagﬂfg 4t %y(e)th%s L0 of om agzaﬁt'S %
200_; the patterned dummy layer has a thickness of from about 1000 to 3000_;
5  and the conformal oxide layer has a thickness of from about 5 to 200_. '

5. The method of claim 1, wherein the lower SOI oxide layer has a thickness of

from about 2000 to 4000_; the upper SOI silicon layer has a thickness of from

about 500 to 1500_; the encasing oxide layer has a thickness of from about 10 to

10 50_; the patterned dummy layer has a thickness of from about 1500 to 2500_; and
. the conformal oxide layer has a thickness of from about 10 to 50 .

6. The method of claim 1, wherein the undercut portions are each from about 500
o 3000_ deep.
15 ‘
7. The method of claim 1, wherein the undercut portions are each from about
1000 to 2000_ deep.

8. The method of claim 1, wherein the undercut portions each protrude from
20 about0 to 2000_ under the patterned dummy layer opening,.

9. The method of claim 1, wherein the undercut portions each protrude from
about 0 to 500_ under the patterned dummy layer opening.

25 10. The method of claim 1, wherein the patterned dummy layer is comprised of
nitride, silicon nitride or silicon oxynitride; and the gate is comprised of
polysilicon, tungsten, W-Six or aluminum.

11. The method of claim 1, wherein the patterned dummy layer is comprised of
30  nitride; and the gate is comprised of polysilicon.

12. The method of claim 1, wherein the undercut portions are formed using a
dilute HF etch and the patterned dummy layer is removed using hot phosphoric
acid.

35
13. The method of claim 1, wherein the encasing oxide layer and the conformal
oxide layer are each formed by a growth process.

14. The method of claim 1, including the step of forming source/drain implants
40 into the respective source region and the drain region to form a source and a

drain after removal of the patterned dummy layer.

15. The method of claim 1, including the step of performing:
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5 16. The method of claim 1, wherein the upper gate has exposed side walls and

including the step of forming spacers over the upper gate exposed side walls
after removal of the patterned dummy layer.

17. The method of claim 1, including the further step of then performing a
10 salicidation process.

18. A method of forming a double-gated transistor, comprising the sequential
steps of:
providing a substrate having an SOI structure formed thereover; the SOI
15 structure including a lower SOI oxide layer and an upper SOl silicon layer;
patterning the SOI silicon layer to form a patterned SOI silicon layer; the
patterned SOl silicon layer including a source region and a drain region
connected by a channel portion;
forming an encasing oxide layer over the patterned SOI silicon layer to
20  form an encased patterned SOI silicon layer;

‘ forming a patterned dummy layer over the encased patterned SOI silicon
layer; the patterned dummy layer having an opening, with exposed side walls,
exposing;:

the channel portion of the encased patterned SOI silicon layer; and
25 - portions of the upper surface of the SOI oxide layer;
forming offset spacers over the exposed side walls of the patterned
dummy layer opening;
etching the SOI oxide layer while minimizing the undercut portions of the
upper surface of the SOI oxide layer into the SOI oxide layer to form a minimal
30 undercut portions; the minimizing undercutting process also removing the offset
~ spacers and the encasing oxide layer over the channel portion of the patterned
SOI silicon layer; wherein the undercut portions each protrude from about 0 to
- 2000_ under the patterned dummy layer opening;
forming a conformal oxide layer around the channel portion of the
35  patterned SOl silicon layer; _
forming a gate within the patterned dummy layer opening; the gate
including an upper gate above the patterned SOI silicon layer and a lower gate
under the patterned SOI silicon layer; and
removing the patterned dummy layer to form the double-gated transistor.
40
19. The method of claim 18, wherein the structure is a semiconductor substrate.
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10 22. The method of claim 18, wherein the Iower SOI oxide layer has a thickness of

from about 2000 to 4000_; the upper SOI silicon layer has a thickness of from

about 500 to 1500_; the encasing oxide layer has a thickness of from about 10 to

50_; the patterned dummy layer has a thickness of from about 1500 to 2500_; and

the conformal oxide layer has a thickness of from about 10 to 50_,

15

23. The method of claim 18, wherein the undercut portions are each from about
500 to 3000_ deep.

24. The method of claim 18, wherein the undercut portions are each from about
20 1000 to 2000_ deep.

25. The method of claim 18, wherein the undercut portions each protrude from
about 0 to 500_ under the patterned dummy layer opening.

25 26. The method of claim 18, wherein the patterned dummy layer is comprised of
nitride, silicon nitride or silicon oxynitride; and the gate is comprised of
polysilicon, tungsten, W-Six or aluminum.

27. The method of claim 18, wherein the patterned dummy layer is comprised of
30 nitride; and the gate is comprised of polysilicon.

28. The method of claim 18, wherein the undercut portions are formed using a
dilute HF etch and the patterned dummy layer is removed using hot phosphoric
acid.

35
29. The method of claim 18, wherein the encasing oxide layer and the conformal
oxide layer are each formed by a growth process.

30. The method of claim 18, including the step of forming source/ drain implants
40 into the respective source region and the drain region to form a source and a

drain after removal of the patterned dummy layer.

31. The method of claim 18, including the step of performing:
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33. The method of claim 18, including the further step of then performing a
salicidation process.

34. A method of forming a double-gated transistor, comprising the sequential
steps of:
providing a substrate having an SOI structure formed thereover; the SOI
structure including a lower SOI oxide layer and an upper SOI silicon layer;
patterning the SOI silicon layer to form a patterned SOI silicon layer; the
patterned SOI silicon layer including a source region and a drain region
connected by a channel portion;
forming an encasing oxide layer over the patterned SOI silicon layer to
form an encased patterned SOI silicon layer; '
forming a patterned dummy layer over the encased patterned SOI silicon
layer; the patterned dummy layer having an opening, with exposed side walls,
exposing:
the channel portion of the encased patterned SOI silicon layer;
and
portions of the upper surface of the SOI oxide layer;
forming offset spacers over the exposed side walls of the patterned
dummy layer opening;
etching the SOI oxide layer while minimizing the undercut portions of the
upper surface of the SOI oxide layer into the SOI oxide layer to form a minimal
undercut portions; the minimizing undercutting process also removing the offset
spacers and the encasing oxide layer over the channel portion of the patterned
SOI silicon layer; wherein the undercut portions are formed using a dilute HF
etch;
forming a conformal oxide layer around the channel portion of the
patterned SOl silicon layer;
forming a gate within the patterned dummy layer opening; the gate
including an upper gate above the patterned SOI silicon layer and a lower gate
under the patterned SOI silicon layer; and
removing the patterned dummy layer using hot phosphoric acid to form
the double-gated transistor.

35. The method of claim 34, wherein the structure is a semiconductor substrate.
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about 2000 to 4000_; the upper SOI silicon layer has a thickness of from
about 500 to 1500_; the encasing oxide layer has a thickness of from about 10 to
50_; the patterned dummy layer has a thickness of from about 1500 to 2500_; and
15 the conformal oxide layer has a thickness of from about 10 to 50_.

39. The method of claim 34, wherein the undercut portions are each from about
500 to 3000_ deep.

20  40. The method of claim 34, wherein the undercut portions are each from about
1000 to 2000_ deep.

41. The method of claim 34, wherein the undercut portions each protrude from
about 0 to 2000_ under the patterned dummy layer opening.

25
42. The method of claim 34, wherein the undercut portions each protrude from
about 0 to 500_ under the patterned dummy layer opening,

43. The method of claim 34, wherein the patterned dummy layer is comprised of
30 nitride, silicon nitride or silicon oxynitride; and the gate is comprised of
polysilicon, tungsten, W-Six or aluminum.

44. The method of claim 34, wherein the patterned dummy layer is comprised of
nitride; and the gate is comprised of polysilicon.
35
- 45. The method of claim 34, wherein the encasing oxide layer and the conformal
oxide layer are each formed by a growth process.

46. The method of claim 34, including the step of forming source/drain implants
40 into the respective source region and the drain region to form a source and a

drain after removal of the patterned dummy layer.

47. The method of claim 34, including the step of performing;
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5  48. The method of claim 34, wherein the upper gate has exposed side walls and

including the step of forming spacers over the upper gate exposed side walls
after removal of the patterned dummy layer.

49. The method of claim 34, including the further step of then performing a
10 salicidation process.
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