1 7 MAR 2005 5 METHOD OF FORM NG DOUBLE- GATE SEM CONDUCTOR- ON- 10 | NSULATOR
(SA) TRANSI STORS FI ELD OF THE I NVENTI ON The present invention rel ates
generally to fabrication of 15 sem conductor devices, and not & MAR 2005
specifically to nethods of fabricating doubl e-gate

sem conductor-on-insulator (SO) transistors. 1 1 7 MAR 2005 BACKGROUND COF
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 performance conpared to conventional planar
transistors. U S. Patent No. 6,451,656 Bl to Yu et al. de ! u\nm?
doubl e-gate transistor on sem conductor-on-insul ator (Scﬂmmmm&mm at ent
No. 6,413,802 Bl to Hu et al. describes a double-gate Fi nFFEL 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-i nsul ator (S0). 15 B
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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 (SOI) transistors.

o



U S. Patent No. 6,396,108 Bl to Krivokapic et al. describes a process for
a doubl e gate MOSFET on sem conductor-on-insulator (SO). 2 1 7 MAR ~L:.i5
SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the fea@nk05
invention to provide inproved methods of forning double gates
silicon-on-insulator (SO) transistors. 5 Oher objects will appear
hereinafter. It has now been di scovered that the above and ot her objects of
the present invention nmay be acconplished in the foll owi ng manner.
Specifically, a 10 substrate having an SO structure forned thereover is
provided. The SO structyre _including a_|lower SO| silicon oxide |ayer and
an upper SO silicon IayAC QENDOF THE T OHLIQ patterned to forma
patterned silicon |ayer. A durmy Iayer is forned over the SO silicon
oxi de layer and the patterned SO silicon layer. The dumy layer is

patterned to formap ggﬂﬁséa?@?raﬁgﬁgirggré H?f ﬁfﬂgﬁﬁpéﬁé%?@ﬁ%’%% Hlfljcglapf the

| ower SO silicon oxi yer a cen erne
silicon | gyglen @s‘i' iR& ﬁ1 W e uFhdtiifih r}ﬁ‘roé‘é*s@ despitd! the FhétUhbt ey offer
Pat t er ni ng the posed | ower SO SI|IC n oxide layer to forma recess.
Gate oxi dgrdawerﬂﬁhtar@@eom@aeed & JR@ eAfiondl plame teadted. portion of the
patterned SO silicon layer. A planarized |ayer portion is formed within
the final danascene opening. The

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

transistor on semiconductor-on-insulator (SOI).

10 U.S. Patent No. 6,413,802 Bl to Hu et al. describes a double-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).



20 planarized layer portion including a bottomgate and a top gate. The
patterned dummy layer is renoved to formthe double gated SO channel
transi stor. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS The features and adllﬁﬁﬁé'%s
of the present invention will be nmore clearly understood fromthe

foll ow ng description taken in conjunction with the 5 acconpanyi ng draw ngs
in which |ike reference nuneral s designate simlar or correspondi ng

el enents, regions and portions and in which: Figs. 1 to 5 schematically
illustrate a preferred enbodi ment of the present invention. 10 Fig. 6 is a
cross-sectional view taken along |line 6 -6 of F| g..5. 41 7 MAR 2005 5
DETAI LED DESCRI PTI ON OF THEUWANMEERNHD . ' ONnitial Structure - Fig.
1 Fig. 1 schematically illustrates a structure 10 having a silicon-on

i nsulator structure (SO) 15 fornmed thereover. 10 15

Accordingly, it is an object of the present invention to provide

improved methods of forming double gates silicon-on-insulator (SOI) transistors.

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

10  substrate having an SOI structure formed thereover is provided. The SOI structure
including a lower SOI silicon oxide layer and an upper SOI silicon layer. The SOI
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.



Structure 10 is preferably a sem conductor substrate conprised of silicon,
or germaniumand is nore preferably a silicon sem conductor subst r At7ed ARG
15 includes: a |lower silicon oxide (Si02) layer 12 having a 0 thickness of
preferably from about 1000 to 5000A and nore preferably fromabout 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. Patterning of Overlying Si Layer 14 - Fig. 2 As shown in Fig. 2, the
overlying silicon |ayer 14 of the SO 15 is patterned to define patterned
overlying silicon layer 14 hown. The overlying
silicon |ayer 14 may beéPa H Ya.clxs 48 overlying
patterned mask | ayer (not shomm) preferably conprlsed of photoresist, a

har dmask conprised of, for exanple, oxide, silicon oxide, nitride, silicon

nitride, of a combiyati il hPARbL sfggge%gg\%&@%é% ol(ndatlf' 'I&g& may

nitride. 25 A bottontantl-ref ctive c not sho
al so be uggghly ﬁlﬂd%rt\tebd@&'{a Pt foﬂwﬁﬂ Ascriplit Ukdrede borjfinctich WaHghy i n
t he shape of a dunbbel with the opp05|ng ends being a source region 22
and dr&i naccogimihyzdg ctrawmegst irv edlyich Sikeokefatdnes wimbaild elesigaatousimyild br i de
Layer 16 - Fig. 3

corresponding elements, regions and portions and in which:

Figs. 1 to 5 schematically illustrate a preferred embodiment of the
present invention.
10

Fig. 6 is a cross-sectional view taken along line 6 - 6 of Fig. 5.



As shown in Fig. 3, a dummy |layer 16 is forned over |ower Si Q2 |@qumzzmﬁ
and patterned overlying silicon layer 14' to a thickness of preferably from
about 1000 to 3000A and nore preferably from about 1500 to 1500A. Dunmy

| ayer 16 is 10 preferably conprised of nitride, silicon nitride, pad
oxide/nitride, pad oxide/silicon nitride or silicon oxynitride (Si ON) and
is nore preferably nitride as w il be used hereafter for purposes of
exanple. The dumy 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 w | [ 1{ iﬁ}ﬁéﬁﬂﬁé&iﬁn 24
structures of PEIAILER K MEAIQE ﬁé——éﬁﬁ& 32 shown

in Figs. 5 and 6 once doped) and an initial damascene opening 18 therein.
As shown in Fig. 4, a wet etch is then perforned to etch Iower SiQ2 |ayer
12 to for il feE3gre-Fig 1€ Wet etch is preferably 20 an HF wet etch or a
BOE wet eml al re- b 'greferably an HF wet etch. Recess 19 has a depth
of preferably from about 500 to 3000 A and nore preferably from about 1000
to 2000 AL 6 As shown in Fig. 4, any undercut 21 of the recess 19" within

| ower 5Si Q2 | ayer &, i1s sqiremfiatically yillostrates ze dtrubhieet 10 thheinghdesiliodn-ant ayer
of polysilicon 31 nay be fornmed surrounding the gate. 5 Formation of Gate
Oxi de LaywsrsuBgor stFragureA(SQIntd fargedatheyeovii.n gate | ayer 30 (see Fig. 6) is

t hen forned over the double

1

Structure 10 is preferably a semiconductor substrate comprised of

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

10
SOI 15 includes: a lower silicon oxide (SiO2) 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.



patterned overlying silicon |layer 14" exposed within the damascene opening
18 to a O thickness of preferably fromabout 5 to 200A and nore preferably
fromabout 10 to 10 50A. Gate layer 30 is preferably conprised 0% ,oxi€dg;
silicon oxide, nitride, silicon nitride or another high-k naterlal (where
the dielectric constant k is greater than about 3.0) such as, for exanple,
Hf Si xOQ2 or ZrQ2. Thin gate layer 30 is preferably forned by a furnace

oxi dation process or a rapid thermal processing (RTP) process for oxide or
silicon oxide and may be a chem cal vapor deposition (CVD) process 15 for
ot her high-k gate layer 30 materials. Formation of Planarized Poly Layer 20
- Fig. 4 Alayer is then forned over the patterned dummy nitride | ayer 16,

fﬁe”e'xl;ielé‘g of the | BgEned AU Reeh it v FRua SR p e pr 4t e yabab o
gat o 20° S| e Sppokngd belfigroch keipR aR i R Befhog i un i1

Figs. 5 and 6. 25 Planarized |layer 20 is preferably conprised of
polysilicon (poly), tungsten (W, W\, alum num (Al) or WSi, and is nore
pr ef er &bl Fopahticm bf Patterfed Durvily Rvide((aeky)6 Whigch will be used hereafter
for purposes of exanple. Polysilicon layer 20 is preferably planarized
using a chem cal mechani cal polishing (CWP) process or an

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 to 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 channel transistor structure 32 shown in Figs. 5 and 6 once doped) and

an initial damascene opening 18 therein. As shown in Fig. 4, a wet etch is then
performed to etch lower 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.



ani sotropi c etchback process and is nore preferably a CVWP process. 5
Renoval of Dunmy Nitride Layer 16 - Fig. 5 As shown in Fig. 5, ithe» "'
patterned dumry nitride layer 16 is renoved to expose nascent transistor
structure 32 that includes poly gate structure 20 having upper poly gate
20" and |l 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
oxi de layer 30 separating them The patterned dunmy nitride layer 16 is
preferably renmoved by a selective stripping process using hot phosphoric

acid. 15 Lightly do ed sourcel.drain source/ drapn (S, dopi ng
is then perforrred ﬁtsbof"ﬁ‘ems {ﬁ“éeaé‘ﬂ’r‘&%%i: 212 g ef?@ﬂﬂag' ng‘ﬂ"ﬂﬁé‘f"ﬁ?e 24,
respectivegl he d attern Qv " form
t he sour cg %aﬁ%rdl drIS P e]?hi’?yo u’?lﬁ%lzﬁ‘id% A %{é Caﬁl%ﬂ }?&%%ig?oﬁé;lr 32.
20 Fig. 6 Yol g of Fig. 5 along line 6 - 6 and

I 1 lustrat (raﬂagl @ehfahg%gglﬁe gatgtqa}?xé Sgg%\%%annel transi stor 32 having | ower gate
20", upper gate 20', source 22, drain 24 and gate oxide |layer 30. 25 8

Advant ages of the Invention
5 Formation of Gate Oxide Layer 30 - Fig, 4 (and Fig. 6)

A thin gate layer 30 (see Fig. 6) is then formed over the double

patterned overlying silicon layer 14" exposed within the damascene opening 18 to a
thickness of preferably from about 5 to 200A and more preferably from about 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, HfSixO2 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-Six and is more preferably polysilicon



The advantages of one or nore enbodi nents of the present invention include:
5 1) formation of a double gated SO channel transistor wthout the need
for epitaxial silicon growth; 2) formation of a double gated SSI channel
transi stor without the need for conplicated device architectur s?“é?lm%
formati on of a double-gated SO gate oxide w th undanmaged surfaces 10
(unli ke the FINFET disclosed in U S. Patent No. 6,413,802 Bl to Hu et al.
(see Background of the Invention) where the oxide is formed over the
etched surfaces); and 4) inproved nobility due to the between

oxi de-substrate interface. 15 Sonme notable qualities of this invention

i ncl ude: (elyawhidh wilkbe psedhBereafieniay puPeses Supremple Ralysiieorslayer 49 igat e

ur ?Sgeﬂ:ﬁt”r&ﬁ%elv?}fvﬁan%h%?m?ﬁ‘a% hpea s parkabpo et KM d TSRt a1
ol anar FerRRiPE eBsEl bR I ABr LB N plielet T ¥ load as

the gate oxide and Wor WN nay be used to forma netal gate instead of
using polysilicon. 9 7i F.IA1L 2 35

5 Removal of Dummy Nitride Layer 16 - Fig. 5

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.



Whi |l e particul ar enbodi mrents of the present invention have been
illustrated and described, it is not intended to limt the invention,

except as defined by the following claims. 10 1 7 MAP 2005 CLAIMS ¥
claim 5 1. A nethod of formng a double gated SO channel transi stor,
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 |layer; patterning the SO silicon layer to
forma patterned SO silicon layer; 10 formng a dummy |ayer over the SO
silicon oxr de Iayer and the patterned SO silicon |ayer; patterning the
dummy | ay éxdvagtages of ghe Invgptionyn of the | ower SO silicon oxide |ayer; and
central portion of the patterned SO silicon layer; 15 to form a danmascene
opening therein to define a source structure and a drain structure of the
atterned SO silic a ernn the ose i con_ oxide
Fayer to forma recgisq% a3¥ nfaﬁtgnéft gaet m§8§tm%rh§ Ogﬁ‘tr%est’ht mHS???I?)n of

the patternggdqsd silicon

5 1) formation of a double gated SOI channel transistor without the need for
epitaxial silicon growth;
2) formation of a double gated SOI channel transistor 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 Bl 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 HfSixO2 and ZrO2 may be used as the gate oxide and

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



| ayer exposed by the damascene opening; 20 forming a planarized | ayer
portion within the damascene opening; the planarized |ayer portignw, o e
including a bottomgate and a top gate; and renoving the patterne HUﬁHVMb
| ayer to formthe double gated SO channel transistor. 25 2. The net hod of
claim1l, wherein the structure is a sem conductor substrate. 11 3. The

nmet hod of claim 1, wherein the structure is conprised of silicon or
germanium 4. The nmethod of claiml, wherein the SO silicon |layer has a

t hi ckness of from 5 about 300 to 2000A; the SO silicon oxide | ayer has a
t hi ckness of fron1abou% 1000 to 5000A; the dunmy | ayer has a thlckness of
fr om about 1000 to Y0vlaparticylarhembgdimens q af}wsr PEf‘éF"t“i grrengigunhayg, been

hi ck 200 f
50 CETTT s il AL Qherhea 13 Bt infend i Ty Be Sovitiy beepd BnaChified 25

silicon o t hi ckness of from about 2000 to 4000A; the dunny
| ayer has%gQR% nesg%ﬁ?é?ron1about 1500 to 2500A; and the gate 0O |ayer
portions each have a thickness of fromabout 10 to 50A. 6. The nethod of
claim1l1, wherein the dummy |ayer is conprised of nitride, silicon 15
nitride or silicon oxynitride.

10



7. The nethod of claim1l1, wherein the dummy layer is conprised of nitride.
8. The nethod of claim1, wherein the exposed |ower SO silicon p)ﬁ,ﬁﬂ? Iﬁ%er
is a 20 patterned from about 500 to 3000A deep. 9. The nethod of clal
wherein the exposed |lower SO silicon oxide |ayer is patterned from about
1000 to 2000A deep. 25 10. The nethod of claim 1, wherein the exposed | ower
SO silicon oxide layer is patterned using an HF wet etch. 12 11. The

met hod of claim 1, wherein the patterned | ower SO silicon oxide |ayer is
e undercut from about 500 to 3000A underneath the portions of the tw ce
patterned SO silicon layer. 5 12. The nethod of claim11, wherein the
patterned | ower SO silicon oxide |layer is undercut fromabout 1000 to
2000A underneath the portions of the_tw patterned SO silicon layer. 10
13. The method of claim1, wherein tggzﬁé&fﬁe | ayer is: oxide or silicon

oxi de forwd Q%na furnace oxidation process or a rapid thernmal processing
process; ‘electric material having a dielectric constant of greater

t han about 3.0

5 1. A 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 SOI 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



formed by a chem cal vapor deposition nmethod. 15 14. The nethod of claim1,
wherein the gate layer is: oxide or silicon oxide formed by a furnace

oxi dation process or a rapid thernmal processing process; or a di e¥ éctri &%
material such as HSi xO2 or ZrQ2 having a dielectric constant of 20 greater
t han about 3.0 fornmed by a chemi cal vapor deposition nethod. 15. The net hod
of claim1, wherein the gate layer is oxide forned by a rapid thernal
processi ng process. 25 16. The nethod of claim1l1l, wherein the planarized

| ayer portion is conprised of polysilicon, tungsten, WSix or alum num 13
t 7 MAR 2005 17. The nethod of claim 1, wherein the planarijzed

portion i3 dBRpriesked ¢ clagnyli Whespin Ehey strughue sy H%HPB‘ISe | i ﬁ‘lhfgn or
including the step of doping the source structure and a drain structure
after rendVaraH Fnﬁhe patterned dummy layer. 19. The nethod of claim 1,
wherein the central exposed portion of the patterned SO silicon |ayer has
surfaces that are snoboth. 10 20. A nethod of form ng a double gated SO

channel tjangé $h@hod CFRAIn®1NGHBin the SOI silicon layer has a thickness of from
5 about 300 to 2000A; 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.

5. The method of claim 1, wherein the SOI silicon layer has a thickness of from
10  about 500 to 1500A; 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 2500A; 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



steps of: providing a substrate having an SO structure fornmed thereover;
the SO structure including a lower SO silicon oxide |ayer and TR Mapper
SO silicon layer; 15 patterning the SO silicon layer to forma patterned
SO silicon layer; formng a dummy | ayer over the SO silicon oxide |ayer
and the patterned SO silicon layer; patterning the dummy |ayer to expose:
i) a portion of the lower SO silicon oxide layer; and 20 ii) a central
portion of the patterned SO silicon layer; 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 forma recess form ng gate Iayer portions around the portion of

Lhe PaLt egiofh SOlottd LF a2 MAYSH MPGTGE s SETBERRS AR Lo
a fur naceuaat%t £fin RBBGL 560 &S 3@0,4 aﬂugrrteaﬁr tﬂael e&&%@%ﬁltﬂ@ RIRGSR R X )

a dielectric material suc SI xO2 or ZrQ2 Ing a dielectri const ant
of greatesotmﬂiaoatpgtgr, 3.0 forrred by a chem caI vapor deposition 5 nethod;

rr,

5
12. The method of claim 1, 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.

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 HSixO2 or ZrO: 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-Six or aluminum.

13



formng a planarized |ayer portion within the damascene opening;
pl anari zed | ayer portion including a bottomgate and a top gat

renoving the patterned dumy |ayer to formthe double gated SO channel
transistor. 10 21. The method of claim 20, wherein the structure is a

sem conductor substrate. 22. The nethod of claim 20, wherein the structure
is conprised of silicon or germanium 15 23. The nethod of clai m 20,
wherein the SO silicon |ayer has a thickness of from about 300 to 2000A;
the SO silicon oxide |layer has a thickness of fromabout 1000 to 5000A;
the dummy | ayer has a thickness of from about 1000 to 3000A; and the gate
| ayer portions each have a thi ckness of from about 5 to 200A 20 24. The

avour 500" ForhShmod i B Liipeisin Joe a3l ntP Bofichtlen 0803 phrn
about ZoogoéﬁﬂmgQQOA the dummy | ayer has a thlckness of fron1about 1500 to

2500A; an e gate O layer portions each have a thickness of from about
10 to 50A. 25 15

5 18. The method of claim 1, including the step of doping the source structure and a

drain structure after removal of the patterned dummy layer.

19. The method of claim 1, wherein the central exposed portion of the patterned SOI
silicon layer has surfaces that are smooth.
10
20. A 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:
i) 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:

14



25. The nmethod of claim 20, wherein the dummy layer is conprised of

nitride, silicon nitride or silicon oxynitride. 26. The nethod of ckaj mv.s 5
20, wherein the dunmy layer is conprised of nitride. 5 27. The net hoé of

cl aim 20, wherein the exposed lower SO silicon oxide |ayer is patterned
from about 500 to 3000A deep. 28. The nethod of claim20, wherein the

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

silicon oxide |ayer is patterned using an HF wet etch. 15 30. The nethod

of claim 20, wherein the patterned |ower SO silicon oxide layer is a

under cut from abouti) Sore 8T SHIGON AR FHERG DY HelWBBAE] Bh’élagf’ntﬂ%éc%sﬁ,iq{ea

patterned SO _si.l it}(I:on Ilg%er. 31. The nethod of claim 20, wherein the
patt erned | oneFPPENEIMAl PEACSYPEL PS8 % s 20 undercut from about 1000 to

20008 underneat 1 1 BREL1PA, Syl o, PRYESTBPY 0Bt AR
rapid thernmal .(HRERSSH HGaRlr ARES HboaP 3¥Pformed 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 structure 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 2000A; 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 1500A; 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 2500A; and the gate
layer portions each have a thickness of from about 10 to 50A.

25



1 7 MAR 2005 33. The nmethod of claim20, wherein the planarized | ayer
portion is conprised of polysilicon, tungsten, WSi,, or alumnum 34. The
met hod of claim 20, wherein the planarized | ayer portion is conprikbédief.%
polysilicon. 35. The nmethod of claim 20, including the step of doping the
source structure and a drain structure after renoval of the patterned
dummy layer. 10 36. The nethod of claim20, wherein the central exposed
portion of the patterned SO silicon |ayer has surfaces that are snooth.
37. A nethod of formng a double gated SO channel transistor, conprising
the steps_ of: 15tﬁroviding a substrate having an SO structure forned

t her eover 25.¢ Flee guythod tof @aim 20; mehareinntheadnmpay laxgr isj qompprisesk pHitriger and

an upper SQ sili.con |gyer; tterning the SO silicon layer to forma
pat t er nedS n%‘ftf‘ﬁ&?ﬁ Sﬁéﬁ@r"?‘yg%ﬁﬁi ng a dummy |ayer over the SO silicon

oxi de | ayer and the patterned SO silicon |layer; the dunmy |ayer being
conprised of nitride, silicon nitride or 20 silicon oxynitride; patterning

the dumwa&.awmmowmm 30, vﬁm?@i‘i‘ntthg'au?ﬁm?hgyérqy‘@ém edbf hitQde OXi de
| ayer; an iI1) a central portion of the patterned SO silicon layer; to

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

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

thermal processing process.

25
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25 structure of the patterned SO silicon |ayer; patterning the exposed

|l ower SO silicon oxide |layer to forma recess; 17 r MAR formng gate

| ayer portions around the portion of the patterned SO silicon _|ayer
exposed by the damascene opening; the gate |ayer being conpriseti7dAR 2005
oxide or silicon oxide fornmed by a furnace oxidation process or a rapid
thermal processing process; or 5ii) a dielectric material such as HSi , Q2
or Zr2 having a dielectric constant of greater than about 3.0 forned by a
chem cal vapor deposition nethod; formng a planarized | ayer portion

wi thin the damascene opening, the planarized |ayer portion including a
bot t om gaté. Hiinethesh ofataim Shav igreethevplagatizest [raer MoRken FmpHsSAf | o
formthe doi.lbl,,e gated SO _channel transistor. 38. The nethod of claim 37,
wher ei n t RELSHIERt tn@sted, WSkt QHHIINYIr substrate. 15 39. The nethod of
claim 37, wherein the structure is conprised of silicon or germanium 40.
The method of claim 37, wherein the SO silicon |ayer has a thickness of

from 0 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 lower 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



about 300 to 2000A; the SO silicon oxide |ayer has a thickness of from
about 1000 to a o 20 5000A; the dummy | ayer has a thickness of from about
1000 to 3000A; and the gate O |ayer portions each have a thickness, qf\Rf.r,,g_m
about 5 to 200A. 41. The nmethod of claim 37, wherein the SO silicoh™ay&r
has a thickness of from 0 about 500 to 1500A; the SO silicon oxide |ayer
has a thickness of fromabout 2000 to O O 25 4000A; the dummy | aver has a
t hi ckness of from about 1500 to 2500A; and the gate O |layer portions each
have a thickness of fromabout 10 to 50A. 18 7 42. The nethod of claim 37,

wherein the dummy layer is conprised of nitride. 43. The method of claim
37, wherein th&raupsgae layge pogignssanougdrthepogion 9f dhe pattetned $3k siliored

f b 500 00A d . 44. Th hod, of cl.ai.m 37, wh ' h
exposed | T SeseediID D6 AGHSgE QFRINFane SIS e FF I ERRBSEH K000 t o
2000A deep. 10 45. e RRLDAficRh &k Brifed B Flhabl BxR5BBATS ok aWes: SO

silicon oxide |ayer
rapid thermal processing process; or

5 ii) a dielectric material such as HSixO2 or ZrO> 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 2000A; the SOI silicon oxide layer has a thickness of from about 1000 to
20  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.

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  4000A; 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.

18



patterned using an HF wet etch. 46. The nethod of claim 37, wherein the
patterned |ower SO silicon oxide layer is wundercut fromabout 500 to _ .
3000A underneath the portions of the twice patterned 15 SO sil i*é(?n’--*l'-fayéﬁ.
47. The nethod of claim 37, wherein the patterned |lower SO silicon oxide

| ayer is O undercut from about 1000 to 2000A underneath the portions of
the twice patterned SO silicon layer. 20 48. The nethod of claim 37,
wherein the gate layer is oxide forned by a rapid thernmal processing
process. 49. The nmethod of claim 37, wherein the planarized | ayer portion
is conprised of 25 polysilicon, tungsten, WSix or alumnum 19 1 7 MAR
2005 50. The nethod of claim 37, wherein the planarized | ayer portion is

conpri sed  of ol ysilicon. . .The. method of .clai.m 37, .including the step
of "hop: ng 2B ifiin 37 wiitindhe Ry (At pesaf phitidsoual “of

the patterned dummy | ayer. 52. The nethod of claim 37, wherein the central
exposed portion of the patterned SO silicon |ayer has surfaces that are

SMDOt h. 43, The method of claim 37, wherein the exposed lower SOI silicon oxide layer is

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 SOl silicon 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
SOl 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-Six or aluminum.
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50. The method of claim 37, wherein the planarized layer portion is comprised of

polysilicon.

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

SOl silicon layer has surfaces that are smooth.

10

20



