; €3eTQD@HI6T?I 6METHOD OF FORM NG DOUBLE- GATE SEM CONDUCTOR ON 10 | NSULATOR
(SA) TRANSI STORS FI ELD OF THE | NVENTI ON The present , invention rel ates
generally to fabrication of 15 sem conductor devices, and nore specifically
to met hods of fabricating doubl e-gate

sem conductor-on-insul ator-on-insulator (SO) transistors. BACKGROUND OF
THE | NVENTI ON Doubl e-gate transi stors are not comonly used due to the
significant challenges required in the manufacturing process despite the
fact that they offer 5 greater perfornmance conpared to conventional planar
transistors. U S. Patent No. 6,451,656 Bl to Yu et al. describes a

doubl e-gate transi stor on sem conductor-on-insulator (SO). 10 U S. Patent
No. 6,413,802 Bl to Hu et al. describes a doubl e-gate Fi nFFET on

sem conductor-on-insulator (SO). U S. Patent No. 6, 365,465 Bl to Chan et
al . also describes a process for a double gate MOSFET on

sem conductor-on-insulator (SO). 15 U S. Patent No. 6,396,108 Bl to
Krivokapic et al. describes a process for a double gate MOSFET on

sem conductor-on-insulator (SAO). 2 SUMVARY COF THE | NVENTI ON Accordi ngly,
it is an object of the present invention to provide inproved methods of
form ng double gates silicon-on-insulator (SO) transistors. 5 O her
objects will appear hereinafter.

METHOD OF FORMING DOUBLE-GATE SEMICONDUCTOR-ON-
10 INSULATOR (SOI) TRANSISTORS

FIELD OF THE INVENTION

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

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



It has now been discovered that the above and ot her objects of the present
i nvention may be acconplished in the foll ow ng manner. Specifically, a 10
substrate having an SO structure fornmed thereover is provided. The SO
structure including a lower SO silicon oxide |ayer and an upper SO
silicon layer. The SO silicon layer is patterned to forma patterned
silicon layer. A dummy l|layer is forned over the SO silicon oxide |ayer and
the patterned SO silicon layer. The dummy |ayer is patterned to forma
darmascene opening therein exposing: a portion 15 of the lower SO silicon

oxide layer; and a central portion of the patterned SO silicon |ayer to
define a source structur W&Mr ni ng the exposed

| ower SO silicon oxide |layer to forma recess. Gate oxide |ayer portions
are formed around the exposed portion of the patter ned SO silicon layer. A

pl anari zed | ayer pol'.’)BhBl@ ; chEg)rwa% %to% he f| Bseéﬁgagg?e e openl ng. The

20 pl anarized | ayer portr I'ng a ghiicanirpe

patt er nedc eé irddB il S-thAh hann
transi stor F DESC%%WO: T %g%ﬁ?%bﬁﬁe e%?tsfgggﬁéeﬁ’doger
advant%gegraatertpqunme@tompuﬁﬂttb%n%hﬁoﬁw PR td3fkdy_understood from
the foll ow ng description taken in conjunction with the 5 acconpanyi ng
drawi ngs in which |ike reference nunmerals designate simlar or
correspondi ng el enents, regions and portions and in which: Figs. 1 to 5
schematical I'y i |l usYPatfaten pNé‘f &%é%énﬁbdon‘éutetoﬂ tdescribess @ ndoubly-@ate on.

10 Fig. 6 cross sectio view taken along line 6 - 6 of Fig. 5. 4
DETAI LED E@%&:%P P FREFERRIEE | MENTS Initial Structure - Fig.1
5 Fig. 1 scherratrcally |IIustrates a structure 10 having a silicon-on-

insulator structure (SO) 15 forned thereover. Structure 10 is preferably a

sem cxnduct or substy 8t @aeFPKILS 19 ' r..oer mand i s . nore
preferably a silicon sem conduct orlgggg E%ir g‘?g{afif &1 HeSeribes”a dou%le-gate

FinFFET on semiconductor-on-insulator (SOI).

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).
15

U.S. Patent No. 6,396,108 Bl to Krivokapic et al. describes a process
for a double gate MOSFET on semiconductor-on-insulator (SOI).



SO 15 includes: a lower silicon oxide (SiQ2) layer 12 having a thickness
of preferably from about 1000 to 5000A and nore preferably from about 2000
to 4000A; and an overlying silicon (Si) layer 14 having a thickness of
preferably from about 300 to 2000A and nore preferably from about 500 to
1500A. 15 Patterning of Overlying Si Layer 14 - Fig. 2 As shown in Fig. 2,
the overlying silicon layer 14 of the SO 15 is patterned to define
patterned overlying silicon layer 14' and the active area as 20 shown. The
overlying silicon layer 14 may be patterned, for exanple, using an

overlying patterned mask | ayer referably conprised of

phot oresi st, a hardnmask coE%Qﬂéégﬁéﬂigﬁﬁgﬁé&aﬂgﬂgggﬁgide, silicon oxide,
nitride, silicon nitride, or a conbination of oxide/silicon oxide and
nitride/silicon nitride. 25 A bottomanti-reflective coating (BARC) | ayer
(not shown) may als RETLE a ILd r. 14’ i
roughly in the shaplgagfﬁdg%g%nggg’l laﬂwﬁ)%ﬁ&:‘ﬁ)g @ngE‘JiS%%Pg‘E"aAs&ﬁog‘l ﬁé %mé’(%)(lijer ce
regi on 22impebvidansthiody io@fbr&ﬁnﬁ IIRSPRCE A t¥L4iHeorP ok Gh§BAIR r('s@f) thalsisgsged Dunmy
Nitride Layer 16 - Fig. 3 As showmn in Fig. 3, a dummy |layer 16 is forned
over ldwer Si2 layer 12 and patterned overlying silicon layer 14' to a

t hi ckness of preferably from about 1000 to 3000A and nore preferably from
about 1500 to 1500A0tUmiebjectsaydl apmeair fiendnaftesf er abl y conpri sed of nitride,
silicon nitride, pad oxide/nitride, pad oxide/silicon nitride or silicon
oxynitride (SiON) and is nore preferably nitride as will be used hereafter

for purposes of ex ....The du nitrjde layer 16 is then patterped to
define a patter ned%at%o%ovaﬁbﬁﬁ?%@r‘ﬁeﬁ%{ Igl?ﬁ;etﬁ PHOVE A 9&?‘%0%&?69 8£ ing a
central p bRN; Sl 4 : [ L ' he..soufce 22
and drai nosgoay ientiPh REp g BXSfhel I AR Molifl TS, SREGRILY

Str ucl@Ir es@BtSfONaying o YOI studith foreerHdaRRY) i@ﬁﬂ)iv?@?dh ?ﬁ{ép%% %ﬁ%ﬁge

openi ng 18 therein. shown in Fig. 4, a wet etc
et ch | oweincBidiag laalpever BOT silifcr oxiderleg@sandl On upiper WO «Fich lageRefa@pl y 20
an HF wet etch or a BCE wet etch and is nore preferably an wet etch.

silicon layer is patterned to form a patterned silicon layer. A dummy layer is
formed over the SOI silicon oxide layer and the patterned SOI silicon layer. The
dummy layer is patterned to form a damascene opening therein exposing: a portion
15 of the lower SOI silicon oxide layer; and a central portion of the patterned SOI
silicon layer to define a source structure and a drain structure. Patterning the
exposed lower SOI silicon oxide layer to form a recess. Gate oxide layer portions
are formed around the exposed portion of the patterned SOI silicon layer. A
planarized layer portion is formed within the final damascene opening. The
20 planarized layer portion including a bottom gate and a top gate. The patterned

dummy layer is removed to form the double gated SOI channel transistor.



Recess 19 has a depth of preferably from about 500 to 3000 A and nore
preferably from about 1000 to 2000 A. 6 As shown in Fig. 4, any undercut
21 of the recess 19' within lower Si02 layer 12" is preferably m nim zed.
Due to the undercut a |ayer of polysilicon 31 may be fornmed surrounding the
gate. 5 Formation of Gate Oxide Layer 30 - Fig.4 (and Fig. 6) A thin gate

| ayer 30 (see Fig. 6) is then forned over the double patterned overlying
silicon |layer 14" exposed within the damascene opening 18 to a thickness of
preferably fromabout 5 to 200A and nore preferably fromabout 10 to 10

50A. Gate layer 30 is f .Sl l.icon oxide,
nitride, silicon nitri W@M@rethe dielectric
constant k is greater than about 3.0) such as, for exanple, Hf Six02 or
Zr02. Thin gate layer 30 is preferably formed by a furnace oxidation

process or a rapi d vhe iRlrdd HEaVEEETBY the %g/@s%atmermsnd i ﬁae%bhéion
oxi de and nmay be a chem cal vapor depoSition (CVD) process 15 for other

hi gh- k gatRatlgyeideiStondt eomatite. fdiowWTAE | dBEptibh asiddn &Edofjahvtid@ et 2k -

Fig. 4 Alayer is then fornmed over the patterned dummy nitride |ayer 16, 20
filling thecouprnyiegalrapingsdn MBhiclihidkd agfererice tinesrald alesignzted singilareapve
the excess of the |ayer fromover the patterned dummy nitride |ayer 16 to
form a pl &prsRadling plements, gpgions and potiérnsranseiniwhichop gate 20' and bottom
gate 20" of the double gated SO channel transistor structure 32 shown in
Figs. 5 and 6. 25 Planarized |layer 20 is preferably conprised of

polysilicon (poly),tun e VW, alumnum (AL} or. WSI x.and i re

preferably polysiliggﬁ'g%% ?Séﬁ%?a%ﬁg%hﬂﬁgkﬁﬁ%éIﬂ?%ﬁ“ﬁ%?ﬁ&Pﬁ@Pe?%PP6@$poses

of exanpl ¢,LRl ¥sihiigQn | ayer 20 is preferably planarized using a chem cal

mechani cal poli1shing (CMP) process or an ani sotropic etchback process and

is nmong preferably a CWP process. 5 Renoval of Dummy Nitride Layer 16 -

Fig.5 As shown in Fig. 5 the patterned dunmy nitride |layer 16 is renoved
Fig. 6 is a cross-sectional view taken along line 6 - 6 of Fig. 5.




t o expose nascent transistor structure 32 that includes poly gate structure

20 havi ng upper poly gate 20" and | ower poly gate 20", the to-be-doped
source 22 and drain 24 10 structures of double patterned overlying silicon
| ayer 14" and the gate oxide |layer 30 separating them The patterned dumy
nitride layer 16 is preferably renoved by a selective stripping process
usi ng hot phosphoric acid. 15 Lightly doped source/drain (LDD) and
source/drain (S/D) doping is then perforned into the source structure 22
and the drain structure 24, respectively, of the double patterned overlying

silicon | ayer M I éﬁ 05 i ﬁ doubl e gated
SA channel tr f ?S@@P?‘?Q’NC@I?‘EHE ulgzj,@hg B Fig. 5

along line 6 - 6 and illustrates the double gated SO channel transistor 32
havi ng | ower gate 20", upper gate 20', source 22, drain 24 and gate oxide
llayer 30. IdfafstruddMantigges of the Invention The advantages of one or nore
enbodi nents of thé present invention include: 5 1) formation of a double
gated SO channel transistor without the need for epitaxial silicon growh;
2) formation of a double gated SO channel transistor wthout the need for
conpl iZat ed devi ce EigcHi sdwmatzslly Jflubigatenta struofura Hbhbiimggat @c@Gbngat e
oxi de with undamaged surfaces 10 (unlike the FINFET disclosed in U S.

Pat ent Nonsglatanstgesture)(SCY) Hifasmes theyeswer.Backgr ound of the | nvention)
where the oxide is forned over the etched surfaces); and 4) inproved
mobility due to the between oxi de-substrate interface. 15 Sonme notabl e

qualities of this i [.ORAI.NC e:1.d) . maki.n se of e top and hottom
surfaces of the SO é&‘g%ea? 2 ltg)x}!’%gerghlgnﬁeﬁenflﬁ(gﬁﬁfq%% S‘-ﬂt”g{?ée tcg’nﬂ?{éseaa%{ t hat
both surf gigsn B@g&ﬁ%ﬂﬁ@&%&%%ﬁﬁw a silicon semiconductor substrate.

10
SOI 15 includes: a lower silicon oxide (SiO,) layer 12 having a
thickness of preferably from about 1000 to 5000A and more preferably from about
2000 to 4000A; and an overlying silicon (Si) layer 14 having a thickness of
preferably from about 300 to 2000A and more preferably from about 500 to 1500A.
15

Patterning of Overlying Si Layer 14 - Fig. 2

As shown in Fig. 2, the overlying silicon layer 14 of the SOI 15 is

patterned to define patterned overlying silicon layer 14' and the active area as

20 shown. The overlying silicon layer 14 may be patterned, for example, using an
overlying patterned mask layer (not shown) preferably comprised of photoresist, a
hardmask comprised of, for example, oxide, silicon oxide, nitride, silicon nitride, or

a combination of oxide/silicon oxide and nitride/silicon nitride.

25 A bottom anti-reflective coating (BARC) layer (not shown) may also

be used.



the nobility is inproved; 2) gate oxide is fornmed all around the channel
which is nore like a circular 20 FET rather than a planar FET; and 3)
high-k materials |ike H Si,02 and ZrQz may be used as the gate oxide and W
or WN may be used to forma nmetal gate instead of using polysilicon. 9
Wil e particul ar enmbodinents of the present invention have been illustrated
and described, it is not intended to I[imt the invention, except as defined
by the followi ng clainms. 10 CLAIMS W claim 5 1. A nethod of forming a
doubl e gated SO channel transistor, conprising the steps of: providing a
substrate having an SO structure formed thereover; the SO structure
including a lower SO silicon oxide |ayer and an upper SO silicon |ayer;

tt i the SO ik : . sili.con. | ;10
P or i g, A dumy I aybi et Squifeday Bt Puds AGhERY RS Shaht of plal?%f‘%teﬂ
SO sili ; i ; L . e
Coner SO | RPNl Bl Rihg i SUETEIOR TP nl RBP4 PATCLAREIT, L

silicon layer; 15 to form a damascene opening therein to define a source

structure and a drain structure of the patterned SO silicon |ayer;
5 Formation of Patterned Dummy Nitride Layer 16 - Fig. 3

As shown in Fig. 3, a dummy layer 16 is formed over lower SiO; layer

12 and patterned overlying silicon layer 14' to a thickness of preferably from about

1000 to 3000A and more preferably from about 1500 tb 1500A. Dummy layer 16 is

10 preferably comprised of nitride, silicon nitride, pad oxide/nitride, pad
oxide/silicon nitride or silicon oxynitride (SiON) and is more preferably nitride as

will be used hereafter for purposes of example.

The dummy nitride layer 16 is then patterned to define a patterned

15 top dummy nitride layer 16" overlying, and exposing a central portion of, silicon
layer 14' (which will comprise the source 22 and drain 24 structures of the double
gated SOI channe] transistor structure 32 shown in Figs. 5 and 6 once doped) and

an initia] damascene opening 18 therein. As shown in Fig. 4, a wet etch is then
performed to etch Jower SiO, layer 12 to form a recess 19. The wet etch is preferably

20 an HF wet etch or a BOE wet etch and is more preferably an HF wet etch,

Recess 19 has a depth of preferably from about 500 to 3000 A and
more preferably from about 1000 to 2000 A.



patterning the exposed |lower SO silicon oxide |ayer to forma recess;
formng gate | ayer portions around the portion of the patterned SO silicon
| ayer exposed by the damascene opening; 20 forming a planarized | ayer
portion within the damascene opening; the planarized | ayer portion
including a bottomgate and a top gate; and renoving the patterned dunmy

| ayer to formthe double gated SO channel transistor. 25 2. The nethod of
claiml, wherein the structure is a sem conductor substrate. 11 3. The
met hod of claim11, wherein the structure is conprised of silicon or
germanium 4. The nRth d of claiml, V\QEI’Ei n the SO silicon layer has a
thi ckness of from 578680 4p418 § amobRdercHE2kef theirepess A9 owithin loaesSiQas a

t hi ckness o) 000.t 0 S5000A; the d | ayer has. a.l hi gckness of
from abou%a(}ffbg% {tpcﬁ g%g%b,&% ;m%%ﬂeﬁeg&stt%tﬂi‘%%‘?&gﬁﬁ ?géﬁgo B@IWSW&%%& may

t hi ckness petodh QIR AP diRe 4R, %chA. 5. The nethod of claim1, wherein the
SO silicon layer has a tﬁi ckrness of from 10 about 500 to 1500F.; the SO
silicon oxide |ayer has a thickness of from about 2000 to 4000A; the dummy
| ayer has a thickness of from about 1500 to 2500A; and the gate | ayer
portions Eaghatiavef GateDxikdedayen30 { Fignt éhaliFicl) t o 50A. 6. The net hod of
claiml, wherein the dummy |ayer is conprised of nitride, silicon 15

nitride or silicon oxynitride. 7. The nmethod of claim1, wherein the dumy

| ayer is corrprisedsgf nitride. 8 The nethod of claim1, wherein the
exposed | ower SO sftl i gadsilaven a9 dpeq Figp)pist themnfurmadoavendie doble o

3000A d . h t hod,.of ¢l ai m, wh i.n .t d | r Sa ili
SOBER of 8 TG OGSk Ll Al uber S e sposedl cuer S o ' con
of clai m f;Mhet f Bréfg&%bﬁxﬂgﬁ?gbétﬁ\’?{o RPA sid hEQe p?'c)e(fegaebljlz 550 abdut 10 to

10 50A. Gate layer 30 is preferably comprised of oxide, silicon oxide, nitride, silicon

nitride or another high-k material (where the dielectric constant k is greater than
about 3.0) such as, for example, HfSi,0, or ZrO,. Thin gate layer 30 is preferably
formed by a furnace oxidation process or a rapid thermal processing (RTP) process
for oxide or silicon oxide and may be a chemical vapor deposition (CVD) process

15  for other high-k gate layer 30 materials.

Formation of Planarized Poly Layer 20 - Fig. 4

A layer is then formed over the patterned dummy nitride layer 16,

20  filling the damascene opening 18. The layer is then planarized to remove the excess
of the layer from over the patterned dummy nitride layer 16 to form a planarized
layer 20 which will comprise the top gate 20' and bottom gate 20" of the double

gated SOI channel transistor structure 32 shown in Figs. 5 and 6.

25 Planarized layer 20 is preferably comprised of polysilicon (poly),
tungsten (W), WN, aluminum (Al) or W-Si, and is more preferably polysilicon



patterned using an HF wet etch. 12 11. The method of claim 1, wherein the

patterned |l ower SO silicon oxide |ayer is undercut from about 500 to 3000A
underneath the portions of the twice patterned SO silicon layer. 5 12. The
met hod of claim11, wherein the patterned |lower SO silicon oxide |ayer is
undercut from about 1000 to 2000A underneath the portions of the tw ce
patterned SO silicon layer. 10 13. The nethod of claim1, wherein the gate
| ayer is: oxide or silicon oxide formed by a furnace oxidation process or a
rapid thermal processing process; or a dielectric material having a

dielectri onst ant reater than about 3.0 forned by a chem cal vapor
deposi t i oﬁPMWﬁ;‘b& ng ?g .HSGNLBﬂfﬁ@ﬂ%&rmur@oaftmﬂe,xamme.el?oiysiﬁeoxgmyer bayer is:
oxi de or §jlq i forned by.a furnace oxidation process or a rapid

t her nal p?iéé(:féelcségl ng%gg%%ggwa&h% &g eelishing (eNRpragiss@zr aar  Zr 2
havi ng a gh8b@sbicics reater. than t 3.0 formed by a

cheni cal vapor %gp?ocs}?)?iegh%rr%tsﬁéncﬁPslrgpgelﬂlgfﬁgﬁo%&&ﬁyﬂ%e?ﬁ-1, wherein the

gate layer is oxide forned by a rapid thermal processing process. 25 16.
The nethod of claim1, wherein the planarized |ayer portion is conprised of
pol ysi¥ i cBemovahgfSdemmyWliridedlayal i Bms 13 17. The nethod of claim 1,
wherein the planarized | ayer portion 1s conprised of polysilicon. 5 18. The
met hod of claim 1, including the step of doping the source structure and a

drain structure after renoval of the patterned dummy | ayer.
As shown in Fig. 5, the patterned dummy nitride layer 16 is removed

to expose nascent transistor structure 32 that includes poly gate structure 20 having
upper poly gate 20' and lower poly gate 20", the to-be-doped source 22 and drain 24

10 structures of double patterned overlying silicon layer 14" and the gate oxide layer

30 separating them.

The patterned dummy nitride layer 16 is preferably removed by a
selective stripping process using hot phosphoric acid.
15
Lightly doped source/drain (LDD) and source/drain (S/D) doping is
then performed into the source structure 22 and the drain structure 24, respectively,
of the double patterned overlying silicon layer 14" to form the source 22 and drain
24 of the double gated SOI channel transistor 32.
20

Fig. 6 is a cross-sectional view of Fig. 5 along line 6 - 6 and illustrates
the double gated SOI channel transistor 32 having lower gate 20", upper gate 20,

source 22, drain 24 and gate oxide layer 30.

25



19. The nmethod of claim1l, wherein the central exposed portion of the
patterned SO silicon | ayer has surfaces that are snmooth. 10 20. A nethod
of form ng a double gated SO channel transistor, conprising the steps of:
provi ding a substrate having an SO structure forned thereover; the SO
structure including a lower SO silicon oxide |ayer and an upper SO
silicon layer; 15 patterning the SO silicon layer to forma patterned SO
silicon layer; formng a dunmy |ayer over the SO silicon oxide |ayer and
the patterned SO silicon |ayer; patterning the dummy |ayer to expose: i) a

portion of Ehe | ower SQ silicon oxide layer; and 20 ii) a central portion
of the pa € ayer; to forma damascene opening therein to
define a source structure and a drain structure of the patterned SO
silicon layer; patterning the exposed |lower SO silicon oxide |ayer to form

a recess; formng aortions around the portign of the patterned

SO silicon 25 | aygﬂegi%%%gég%yﬁt%g chdﬂﬁ’éeceéﬂgo‘%ﬁé%\tﬁaif &weaegttényg};@n bei ng
conpr i sedimfiidel 4 i) oxide or silicon oxide forned by a furnace oxidation
process or a rapid thermal processing process; or ii) a dielectric materi al

such & HSi, C2)oforife@ni\d ague fatdcP SO chaf WIS A Of V\g{h%gltt?:te pag sgpout

3.0 fornmed by a chem cal vapor deposition 5 nethod; rmn plranarized
| ayer por epitaxialisilivion grhwthlanascene openi ng; the planarized | ayer portion
including a bottomgate and a top gate; and renoving the patterned dummy
| ayer to for mPHermation f gadeuble@atesh SO chanmel tsirsistor without the need for

complicated device architectures;

3) formation of a double-gated SOI gate oxide with undamaged surfaces
10 (unlike the FINFET disclosed in U.S. Patent No. 6,413,802 B1 to Hu et al. (see

Background of the Invention) where the oxide is formed over the etched surfaces);

and

4) improved mobility due to the between oxide-substrate interface.

15 Some notable qualities of this invention include:

1) making use of the top and bottom surfaces of the SOI for gate oxide
channel formation - due to the fact that both surfaces have low surface roughness,
the mobility is improved;

2) gate oxide is formed all around the channel which is more like a circular

20  FET rather than a planar FET; and
3) high-k materials like HfSi,0; and ZrO, may be used as the gate oxide and

W or WN may be used to form a metal gate instead of using polysilicon.



10 21. The nethod of claim 20, wherein the structure is a sem conduct or
substrate. 22. The nethod of claim 20, wherein the structure is conprised
of silicon or germanium 15 23. The nethod of claim 20, wherein the SO
silicon | ayer has a thickness of from about 300 to 2000A; the SO silicon
oxi de |l ayer has a thickness of from about 1000 to 5000A; the dummy | ayer
has a thickness of fromabout | 000 to 3000A; and the gate |ayer portions
each have a thickness of fromabout 5 to 200A. 20 24. The nethod of claim
20, wherein the SO silicon Iayer has a thickness of from about 500 to
1500A; the SO sili OX|q§uh g th|c§$ess of from about 2000 to
4000A; the dumy Ia eehadinents rof gthe Bragent suEntignobomabeemd t he

gate | ayer j v S from about 10 to. 50A. .25 15
%5. The nél%%%‘&‘f%‘?%?ﬁ SReCipR" &ﬁ%‘?é?n?%‘rhcﬁ oy B0 Lo fyept andepined
nitride, @yhh@gﬂkﬁﬁhgkgﬁﬂgy silicon oxynitride. 26. The method of claim 20,
wherein the dummy | ayer is conprised of nitride. 5 27. The nethod of claim
20, wherein the exposed | ower SO silicon oxide |layer is patterned from
about 500 to 3000A deep. 28. The method of claim20, wherein the exposed

|l ower SO silicon oxide |ayer is 10 patterned from about 1000 to 2000A
deep. 29. The nethod of claim 20, wherein the exposed |lower SO silicon

oxi de layer is patterned using an HF wet etch. 15 30. The nethod of claim
20, wherein the patterned | ower SO silicon oxide |layer is undercut from
about 500 to 3000A underneath the portions of the twice patterned SO
silicon layer. 31. The nethod of claim 20, wherein the patterned | ower SO
silicon oxide |ayer is 20 undercut from about 1000 to 2000f1 underneath the
portions of the twice patterned SO silicon layer. 32. The method of claim
20, wherein the gate layer is oxide fornmed by a rapid thermal processing
process. 25 16

10



33. The nethod of claim 20, wherein the planarized |ayer portion is
conprised of polysilicon, tungsten, WSix or alum num 34. The nethod of

cl aim 20, wherein the planarized | ayer portion is conprised of 5
polysilicon. 35. The nmethod of claim 20, including the step of doping the
source structure and a drain structure after renoval of the patterned dumy
| ayer. 10 36. The nethod of claim 20, wherein the central exposed portion
of the patterned SO silicon |ayer has surfaces that are snooth. 37. A

met hod of formng a double gated SO channel transistor, conprising the
steps of: 15 providing a substrate having an SO structure forned
thereover; the SO structure including a lower SO silicon oxide |ayer and

an upper SO silicon |ayer; patterni t SO silicon layer to forma
patterned SO silicon layer; form ng% | ayer over the SO silicon

oxi de | aygye glafint he patterned SO silicon |layer; the dunmy |ayer being
conprised of nitride, silicon nitride or 20 silicon oxynitride; patterning
the dummy | ayer to expose: i) a portion of the lower SO silicon oxide
| ayer; and ii) a central portion of the patterned SO silicon layer; to
f or m a5 dakedgeeibodpdioryingredeible igataft$Ohehannebtmosisior raatpriging kb stegls ai n
25 structure of the patterned SO silicon |ayer; patterning the exposed
| ower SO %ilicon oxide | ayer to forma recess; 17 form ng gate | ayer

e damscene SREHTNG, < e gaechrapBron, SCRGvethe: omedt terdougs e Fot
silicon oy fg.fe {I{Eﬁgdlﬂé adolvidl BT §inRsh %%dquygrre?r? 25 uI(:))IrneraSOI silicon layer;
patterning the SOI silicon layer to form a patterned SOI silicon layer;
10 forming a dummy layer over the SOI silicon oxide layer and the patterned
SOl silicon layer;
patterning the dummy layer to expose:
a portion of the lower SOI silicon oxide layer; and
a central portion of the patterned SOI silicon layer;
15 to form a damascene opening therein to define a source structure and a drain
structure of the patterned SOI silicon layer;
patterning the exposed lower SOI silicon oxide layer to form a recess;
forming gate layer portions around the portion of the patterned SOI silicon
layer exposed by the damascene opening;
20 forming a planarized layer portion within the damascene opening; the
planarized layer portion including a bottom gate and a top gate; and
removing the patterned dummy layer to form the double gated SOI channel

transistor.

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

11



rapid thermal processing process; or 5ii) a dielectric material such as
HSi xO2 or Zr2 having a dielectric constant of greater than about 3.0
formed by a chenical vapor deposition nethod; fornming a planarized |ayer
portion within the damascene opening; the planarized | ayer portion
including a bottomgate and a top gate; and 10 renoving the patterned dummy
| ayer to formthe double gated SO channel transistor. 38. The nethod of
claim 37, wherein the structure is a sem conductor substrate. 15 39. The
met hod of claim 37, wherein the structure is conprised of silicon or

ger mani u . TIh t of ¢lai,m 37, wherein the SO sjlicon ] ayer has a
t hi cknesg]s'oiﬁ%ﬁr %é%gtﬁr}oglﬁﬁnt@ Yoo e SEdctwe 15 Sampkised ‘Pgﬁ’é’rcoﬂa‘é" a

t hi ckness  of I;:9/M about 1000 to 20 5000A; the dummy |ayer has a thickness
of from agout 1 to 3000A; and the gate |ayer portions each have a

t hi ckness of from about 5 to 200A. 41. The nethod of claim 37, wherein the
SA silicon layer has a thickness of fromabout 500 to 1500A; the SO

silicon o#i Tke nagthod hesclaint Nj eliesin te SODEIlREAULYI0RE & hRENndR0 robhe
dummy | ayer has a thickness of from about 1500 to 2500A; and the gate |ayer

porti ohs abeut 39Qve 28004 thk 56 silizbnfoxide hiyeuhaslOthickEBAof 8m ablit 100@taret hod
of claim37, aherein the dunmy layer is conprised of nitride. 43. The
met hod of 20404} the Aunyrg layes hara higkasadiof Bary atsot 1900 e 3000dviand thayate | s 5

patterned, from about 500 to 3000A deep. 44, The nmethod of claim 37, wherein
the exposidef B 01@6&%]%?‘??%6%”5%%?&‘q?g‘i?é‘i‘af’%“tp%‘iot?é}oﬁed from about 1000 to
2000A deep. 10 45. The nethod of claim 37, wherein the exposed | ower SO
silicon oxide |ayer is patterned using an HF wet etch.

5. The method of claim 1, wherein the SOI silicon layer has a thickness of from
10 about 500 to 15001&; the SOI silicon oxide layer has a thickness of from about 2000 to
4000A; the dummy layer has a thickness of from about 1500 to 25004; and the gate

layer portions each have a thickness of from about 10 to 50A.

6. The method of claim 1, wherein the dummy layer is comprised of nitride, silicon

15  nitride or silicon oxynitride.
7. The method of claim 1, wherein the dummy layer is comprised of nitride.

8. The method of claim 1, wherein the exposed lower SOI silicon oxide layer is

20  patterned from about 500 to 3000A deep.

9. The method of claim 1, wherein the exposed lower SOI silicon oxide layer is

patterned from about 1000 to 2000A deep.

25 10. The method of claim 1, wherein the exposed lower SOI silicon oxide layer is

patterned using an HF wet etch.

12



46. The nethod of claim 37, wherein the patterned |lower SO silicon oxide

| ayer is undercut from about 500 to 3000A underneath the portions of the
twice patterned 15 SO silicon layer. 47. The nethod of claim 37, wherein
the patterned |lower SO silicon oxide |ayer is undercut from about 1000 to
2000A underneath the portions of the twice patterned SO silicon |ayer. 20
48. The nethod of claim 37, wherein the gate layer is oxide fornmed by a
rapid thermal processing process. 49. The nethod of claim 37, wherein the
pl anari zed | ayer portion is conprised of 25 polysilicon, tungsten, WSi, or
al um num 19 50. The nethod of claim 37, wherein the planarized | ayer
portion is conprised of polysilicon. 51. The nmet hod of claim 37, including

th t t d t t ft
onoval o 't i Bhdd 8 SRMEOE ROV HeCpMnRa 1ol R0 BlEPR oide B es o 1
the centr ahd@pénﬁﬁ% la%ﬁ! sob &f 30004 &ﬁl&éﬁ%&&%@%ﬁbﬁ GPnd AYRE ARy faces

t hat are snoot h.
. A0. Acq% 38I Mcomh_yeﬁq\ . AgB. A% AF% Ag_. Agqy_. Ag_. AFg@ . AFq\ B. A) g% AFgB. Acq_
. As Aq\ . Ags /2Ne5Q+nrD(7p EJI L

}xr rmc Y] ca] ca] cal ca] ca] c”a] ca] ca] ca] ca] ca] ca] cMa] ca] ca] ca]ca] ca]ca]ca]ca]c

alcalcalc a)] cal.ca c”a] ca]c”a
ﬂ the meh1 J of cI]alm » wherein the patterned lower SOI silicon oxide layer is

undercut from about 1000 to 2000A underneath the portions of the twice patterned
SOl silicon layer.

10 13. The method of claim 1, wherein the gate layer is:
oxide or silicon oxide formed by a furnace oxidation process or a rapid

thermal processing process; or

a dielectric material having a dielectric constant of greater than about 3.0
formed by a chemical vapor deposition method.
15
14. The method of claim 1, wherein the gate layer is:
oxide or silicon oxide formed by a furnace oxidation process or a rapid
thermal processing process; or
a dielectric material such as HSi,O, or ZrQ, having a dielectric constant of

20 greater than about 3.0 formed by a chemical vapor deposition method.

15. The method of claim 1, wherein the gate layer is oxide formed by a rapid

thermal processing process.

25  16. The method of claim 1, wherein the planarized layer portion is comprised of

polysilicon, tungsten, W-Si, or aluminum.
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10V$109%&' %& ()-|F 10%& ()-v10% ()- XdETF8
10&?00/& (§m3%§/§ 0/2 0 - Yc#lg/&t%% {Wg ()~ ZC10%: ()- Y109 ()-=7-_@

10| 10B&' ()- ,10%& ()-!nF ! 10%&' ()-109% ()- 10 10 10: s109%& ()-op EGHzX9. @
10: s109%&' () - ! k$s$10%&' ()-= ! d$s$10%& ()-= cWB10%&' ()- !'\cWB109%& () -

I kKucWb10%80. (4 -method of forming a double gated SOI channel transistor, comprising the

steps of:

providing a substrate having an SOI structure formed thereover; the SOI
structure including a lower SOI silicon oxide layer and an upper SOl silicon layer;
15 patterning the SOI silicon layer to form a patterned SOI silicon layer;

forming a dummy layer over the SOI silicon oxide layer and the patterned

SOl silicon layer;
patterning the dummy layer to expose:
1) a portion of the lower SOI silicon oxide layer; and
20 ii) a central portion of the patterned SOI silicon layer;

to form a damascene opening therein to define a source structure and a drain

structure of the patterned SOI silicon layer;
patterning the exposed lower SOI silicon oxide layer to form a recess;

forming gate layer portions around the portion of the patterned SOI silicon

25 layer exposed by the damascene opening; the gate layer being comprised of:
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i) oxide or silicon oxide formed by a furnace oxidation process or a
rapid thermal processing process; or
ii) a dielectric material such as HSi,0, or ZrO, having a dielectric
constant of greater than about 3.0 formed by a chemical vapor deposition
5 method;
forming a planarized layer portion within the damascene opening; the
planarized layer portion including a bottom gate and a top gate; and
removing the patterned dummy layer to form the double gated SOI channel
transistor.
10

21. The method of claim 20, wherein the struchure is a semiconductor substrate.

22. The method of claim 20, wherein the structure is comprised of silicon or
germanium.

15
23. The method of claim 20, wherein the SOI silicon layer has a thickness of from
about 300 to 20004; the SOI silicon oxide layer has a thickness of from about 1000 to
5000A; the dummy layer has a thickness of from about 1000 to 3000A; and the gate
layer portions each have a thickness of from about 5 to 200A.

20
24. The method of claim 20, wherein the SOI silicon layer has a thickness of from
about 500 to 15004; the SOI silicon oxide layer has a thickness of from about 2000 to
40004; the dummy layer has a thickness of from about 1500 to 2500A; and the gate

layer portions each have a thickness of from about 10 to 50A.
25
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10< 10< 1851 Thq oy -fsé%%?& Wherein Guecdummy NeyersissecspBea of nitride,

c109 LVSL1OUR (). Q& () - c109& ()-=109%& ()- #10%& ()-
|0' 1098 ()%’gﬁﬁ/@%%%gﬁﬁoﬁcoﬁ%jwd%ow ()- ' Ol10%& ()-vs O
WL0%: () - Yc" VI0UE' ()- <s10%& ()- ! ULVS10% ()-OE&&& J' L' M N' O dYNC | c10% 10
10 10: 10%& () - 2@L0%& ()- YV 010%& ()-YF . 109%& ()- V+CLO% ()-<O "' (((((
(xmbC 26. The method of claim 20, wherein the dummy layer is comprised of nitride.

27. The method of claim 20, wherein the exposed lower SOI silicon oxide layer is

patterned from about 500 to 3000A deep.

28. The method of claim 20, wherein the exposed lower SOI silicon oxide layer is

10  patterned from about 1000 to 2000A deep.

29. The method of claim 20, wherein the exposed lower SOI silicon oxide layer is

patterned using an HF wet etch.

15 30. The method of claim 20, wherein the patterned lower SOI silicon oxide layer is
undercut from about 500 to 3000A underneath the portions of the twice patterned
SOl silicon layer.

31. The method of claim 20, wherein the patterned lower SOI silicon oxide layer is
20  undercut from about 1000 to 2000A underneath the portions of the twice patterned
SOl silicon Jayer.

32. The method of claim 20, wherein the gate layer is oxide formed by a rapid
thermal processing process.

25
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34. The method of claim 20, wherein the planarized layer portion is comprised of

5  polysilicon.

35. The method of claim 20, including the step of doping the source structure and a

drain structure after removal of the patterned dummy layer.

10 36. The method of claim 20, wherein the central exposed portion of the patterned

SOl silicon layer has surfaces that are smooth.

37. A method of forming a double gated SOI channel transistor, comprising the
steps of:
15 providing a substrate having an SOI structure formed thereover; the SOI
structure including a Iower SOI silicon oxide layer and an upper SOI silicon layer;
patterning the SOI silicon layer to form a patterned SOI silicon layer;
forming a dummy layer over the SOI silicon oxide layer and the patterned
SOI silicon layer; the dummy layer being comprised of nitride, silicon nitride or
20  silicon oxynitride;
patterning the dummy layer to expose:
i) a portion of the lower SOI silicon oxide layer; and
ii) a central portion of the patterned SOI silicon layer;
to form a damascene opening therein to define a source structure and a drain
25  structure of the patterned SOI silicon layer;

patterning the exposed lower SOI silicon oxide layer to form a recess;

17



| c10! F10%&' () - =J109%& () - <F109%& ()-!10%& ()- & t 10%& () 109& () 334 414g44dEm
bC | c10! &F109& () - Y$10%& ()-="10%&' ()- 0! wl0%&' ()- CcF109%& ()-=y 10%& ()-
445¢55] 6L6M6aB7C 10, : 10%& () -1\ F655$100%&' () - |

/" 109 ()-c, 10%& ()-=sL*c10%& ()-=(" 10%& ()- MSNBOG66=7778] KC

10" 109& () -wLO%& ()-F"109& ()-!,, #109%& ()- & "109%& ()- 10 1088  88HI[ 99z[ <KC
10s( 109& () -

8109 ()-!0! V$10%& ()-! U0! VS10%& ()-!c" 109%& ()-=D10%& ()- 999B: p: : ; dEKC
10V3F109%& ()-ZV1 109& ()-=/109& ()-<."109%& ()- c,] 10%&' () 78 *10%& ()-=; Q

To, " 100 (). FLBTIBBEAS ayekponsy MD%E#%/%%%%%‘O ¥hg pptterned SOT Sﬂlcor}
0100 () BRI IO T Lo (e Ao R o PR B o
1011109 ()- 10 i) oxide or silicon oxide formed by a furnace oxidation process or a
rapid thermal processing process; or
5 if) a dielectric material such as HSi,.O, or ZrQ, having a dielectric
constant of greater than about 3.0 formed by a chemical vapor deposition
method;
forming a planarized layer portion within the damascene opening; the
planarized layer portion including a bottom gate and a top gate; and
10 removing the patterned dummy layer to form the double gated SOI channel

transistor.
38. The method of claim 37, wherein the structure is a semiconductor substrate.

15 39. The method of claim 37, wherein the structure is comprised of silicon or

germanium.

40. The method of claim 37, wherein the SOI silicon layer has a thickness of from
about 300 to ZOOOA; the SOI silicon oxide layer has a thickness of from about 1000 to
20  50004; the dummy layer has a thickness of from about 1000 to 30004; and the gate

layer portions each have a thickness of from about 5 to 200A.

41. The method of claim 37, wherein the SOI silicon layer has a thickness of from
about 500 to 1500A; the SOI silicon oxide layer has a thickness of from about 2000 to
25 40001&; the dummy layer has a thickness of from about 1500 to 25001&; and the gate

layer portions each have a thickness of from about 10 to 50A.
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5  patterned from about 500 to 3000A deep.

44. The method of claim 37, wherein the exposed lower SOI silicon oxide layer is

patterned from about 1000 to 2000A deep.

10 45. The method of claim 37, wherein the exposed lower SOI silicon oxide layer is

patterned using an HF wet etch.

46. The method of claim 37, wherein the patterned lower SOI silicon oxide layer is
undercut from about 500 to 3000A underneath the portions of the twice patterned
15  SOfIsilicon layer.

47. The method of claim 37, wherein the patterned lower SOI silicon oxide layer is
undercut from about 1000 to 2000A underneath the portions of the twice patterned
SOI silicon layer.

20
48. The method of claim 37, wherein the gate layer is oxide formed by a rapid

thermal processing process.

49. The method of claim 37, wherein the planarized layer portion is comprised of

25  polysilicon, tungsten, W-Si, or aluminum,
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51. The method of claim 37, including the step of doping the source structure and a

5  drain structure after removal of the patterned dummy layer.

52. The method of claim 37, wherein the central exposed portion of the patterned

SOI silicon layer has surfaces that are smooth.
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