[TTIW~wBlIl CLAIMS W claim *164164* uuiiaianm 11IM| *GO At 2* 5 1. A
met hed of form ng a double gated SO channel transistor, conprising the
.steps of: providing a substrate having an SO structure fornmed 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 SI ,mwmmmm yer
and the patterned SO silicon layer; patterning the du m xpose
a portion of the lower SO silicon oxide layer; and a centrgl, hortion of

the patterned SO silicon |layer; 15 to forma damascene opem ng there| nto
define a source structure and a drain structure of the patterned SO

silicon layer; patterning the exposegy ougg SO silicon ﬁmuﬂrmMMmiﬂmw“n o form

a recess; formng gate |layer portions around the portio er ned
SA silicaoNecdawer exposed by the damascene openi ng; *GO0002*

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.
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20 formng a planarized |ayer portion wthin the danascene opening; the

pl anari zed | ayer portion including a bottomgate and a top gate; and
‘renoving the patterned dummy l|layer to formthe double gated SO channel
transistor. 25 2. The nmethod of claim1, wherein the structure is a

sem conductor substrate. 11 3. The nethod of claim1l, wherein the structure
is conprised of silicon or germanium 4. The nethod of claim1, wherein
the SO silicon layer has a thickness of from 5 about 300 to 2000A; the
SO silicon oxide |ayer has a thickness of fromabout 1000 to O 5000A; the

d | a i ess. of, from aboyt 1000 to .3000A; .and the, gate
I ;m po?/'?gl' o?géerglgﬁ%lhdgég ng%ilé kwglggeuafﬁ!\'er SIS 1S seqmpPEisRsia of ssiligers et hod

of claim LieWigk&hn the SO silicon layer has a thickness of from 10 about
500 to 1500A; the SO silicon oxide |ayer has a thickness of from about
2000 to a 4000A; the dummy | ayer has a thickness of from about 1500 to
2500A; and the gate |ayer portions each have a thickness of from about 10

to 50A. 6.4.The nmethad offclairal fwherathaheiSOIt iBcai lapér IHR¥ET thisksRERIi B&H of
nitride, silicon 15 nitride or silicon oxynitridé. 7. The method of claim
1, whePei raboné 380 tmP0004y Ehe SO sitinpm bsickt laferriasmi thirkn8ss difeormeibbad1000 tol ai m
1, wherei r]s t hg exposed | ower SO silicon oxide |ayer is .

000A; 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  about500 to 15004; 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.
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rned from about 500 to 3000A deep. 9. The nethod of claim 1,
\?\Eelrogit;et he exposed lower SO silicon oxide layer is patterned from about
-1000 to 2000A deep. 25 10. The nethod of claim1, wherein the exposed |ower
SO silicon oxide layer is patterned using an HF wet etch. 12 11. The
met hod of claim1, wherein the patterned |lower SO silicon oxide layer is
undercut from about 500 to 3000A underneath the portions of the twce
patterned SO silicon layer. 5 12. The nethod of claim1, wherein the
patterned | ower SO silicon oxide layer is undercut from about 1000 to
2000A underneath the portions of the twice patterned SO silicon layer. 10
13. The nmethod of claim1l, wherein the gate Iayer is: oxide or silicon

d .herma| . processi ng
P ocess:  ora i At Bal 1 e IR AR Ret et et Sy o
t han aboutursdddcuf Rofeabdt %OQB%UG‘&'uﬁ%?RéatﬂQHQ orrﬁ&% HF{I-P;%lﬁe Bﬁﬁsréle or med

met hod of claim1, wherein the gate layer is: de or i co
by a furnaﬁ@lﬂkmmltayem process or a rapid thermal processi ng process; or

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

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 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-5i, or aluminum.
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a dielectric material such as HSi XO2 or Zr02 having a dielectric constant
of 20 greater than about 3.0 forned by a chem cal vapor deposition nethod.
+15. The nethod of claiml1l, wherein the gate layer is oxide fornmed by a
rapid thermal processing process. 25 16. The nethod of claim 1, wherein
the planarized | ayer portion is conprised of polysilicon, tungsten, WS,
or alumnum 13 17. The nethod of claim1l, wherein the planarized |ayer
portion is conprised of polysilicon. 5 18. The method of claiml,
including the step of doping the source structure and a drain structure
after renoval of the patterned dummy layer. 19. The nethod of claim1,
wherein the central exposed portion of the patterned SO silicon |ayer has

surfaces t{mat SHRP met.hod. of fornming a doubl e gated SO
channel trgﬁs?g gnre, cotrorgf Ilaillg n%ovtvﬂéems%}éepgla&a.mﬁﬁlglwegi PRFtiensisromprisedhef/i ng
an SO st rpelysilicohor med thereover; the SO structure including a | ower SO
silicon oxide |layer 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;

pat t er M ngl& Adeduathed efydaint o, iaxhulirg 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 SOI 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

SOI 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:
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i ion of the lower SO silicon oxide layer; and 20 ii) a central
IpZ)r?i ggrg:‘ C)t he patterned SO silicon layer; to forma damascene ﬁpenl ng
-therein to define a source structure and a drain structure of ple i de
‘patterned SO silicon layer; patterning the exposed |ower SO silicon o ¢
| ayer to forma recess; formng gate |ayer portions around the p_ortl_otnhe
.the patterned SO silicon 25 layer exposed by the damascene openhng,
gate | ayer being conprised of: 14 i) oxide or silicon oxide forn? y_?) .
furnace oxi dation process or a ngl d ch(e_Jrzrrﬁl p;ocgsz: ggeg{ ?icgsséo(rjlgtlant a
i ric material .,such as HSI XO2 or Zr avi | ect _
glrgla'?gﬁ t han about §?8x’fd§r%€1‘ 1590 oxidfe faramed b)apcﬁ%WWMammn pBodees bed;

. . e i na- the
i a plan Qrtion within the damascene openi ng;
LF;?aP?zedpl aygabg&(;&le#%\éFf)rrlthmﬁ‘%Br%e%Pfom gate and a top gate; and

: d SO channel
{ransi stor. 10 21 e catheneapasif avSh,as, G-k /oh ASk hatise.s ehriccae
transistor. . 1 ! .

seni conduct or  siobstah@lof gréadter Tk HB&EP@QanﬁL&'H? g Q:he}/nwi]&rl Ei‘rla?)otf Ia%pggirﬁggt ure

is comprised of silicon or germani um
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 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 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 25004; and the gate

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

25
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23. The nethod of claim 20, wherein the SO silicon |ayer has a thickness
of from about 300 to 2000A; the SO silicon oxide |ayer has a thickness of
-from about 1000 to 5000A; the dunmmy |ayer has a thickness of from about
1000 to 3000A; and the gate |ayer portions each have a thickness of from
about 5 to 200A. 20 24. The nethod of claim 20, wherein the SO silicon

| ayer has a thickness of from about 500 to 1500A; the SO silicon oxide

| ayer has a thickness of from about 2000 to 0 4000A; the dumry | ayer has a
t hi ckness of from about 1500 to 2500A; and the gate |ayer portions each

have a thi from about, 10 .to 50A. 25 15 25. The nethod of claim 20,
wher ei n thg§ggﬁn$wn9‘{%9%ror}} ‘3&%8& vehegeigs the; dymamy layar| is compiiisad dé nitride,

silicon oxyinkdh hifde 29 sili of claim 20, wherein the dummy layer is
conprised of nitri dg. gllgaﬁoﬁ}énﬁg?'hod of claim 20, wherein the exposed

| ower SO silicon oxide layer is patterned from about 500 to 3000A deep.
28. The nethod of claim 20, wherein the exposed |ower SO silicon oxide

| ayer is 126.(3tetreethed df claialny whetQAQhd Quﬁﬁﬁ?ﬁa@?%ocd)erﬁﬁriséﬁ]gfxﬁ% od of

claim 20, wherein the exposed |lower SO silicon oxi ayer i'Ss “pdtterned
usi ng ah HF wet etch.

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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15 30. The nethod of claim 20, wherein the patterned Iower SO silicon

oxi de layer is undercut from about 500 to 3000A underneath the portions of
‘the 'twice patterned SO silicon |layer. 31. The nethod of claim20, wherein
the patterned lower SO silicon oxide layer is 20 undercut from about 1000
to 2000A underneath the portions of the twice patterned SO silicon layer.
-32. The nmethod of claim20, wherein the gate |ayer is oxide formed by a
rapid thermal processing process. 25 16 33. The method of claim 20,
wherein the planarized | ayer portion is conprlsed of polysilicon,

Lungst en. 3 Siveninod HLBHT0HnCILE QLIS 0L GhaLm 20, whereinthe

planarlzed l ayer portion 1s cohpri

cl ai m 20, ?glugbﬁlquﬁ eﬁt‘@%OBr Ql‘ﬁ?rhﬂgn{ he source structure and a drain

f
structure af r enmov e patterned dummy layer. 10 36. The nethod o
cl aim 20, wherein the central exposed portion of the patterned SO silicon
| ayer has surfaces that are snooth. 37. A nethod of form ng a doubl e gated

SO channé¥4. {Themsettodr of daimpR0sivbgrdihahe PlangiARl lajér PoAntisng Rsdg at e
having an SO structure formed thereover; the SO " structure |g§7r%| ng a

| oner SO RQlysiliesn.oxi de | ayer and an upper SO silicon |ayer;

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 SOl 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



patterning the SO silicon layer to forma patterned SO silicon |ayer;
formng a dummy |ayer over the SO silicon oxide |layer and the patterned
»SA ‘silicon layer; the dumy | 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 layer; and ii) a central portion
.of the patterned SO silicon layer; to forma damascene opening therein to
define a source structure and a drain 25 structure of the patterned SO
silicon layer; patterning the exposed |ower SO si I i con oxi de | ayer to form

et tornod S0 ST B dab B BRE AR L ORie e Bopiitnt SOl iliape
l'ayer bei neyeospdseq by the dh%a@@éhg?)ﬁa{\mg' tHeS gﬁé"egﬁ el r(%?&g?é’ g ff ur gace

oxi dati on process or A rapi d f 0cessI procés

dielectric material ipuagideasr sifibotBxile BFHEdNAY b Trhd §li@stidd roc% Ng§f gnt of
a et hod,

greater than about 3.0 forned by a chem cal por deposition

form ng a pl anampikthermpbprqressin@prodesdion t he damascene opening; the

pl anari zed | ayer portl on including a bottomgate and a top gate; and 10
removi g the patt er i dlistagtric apeteriab stich mst H81, 09 bl Er@ahedingQ didlactmie!

nsi stor. -
tra 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  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.
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38. The nethod of claim 37, wherein the structure is a sem conductor
substrate. 15 39. The nethod of claim 37, wherein the structure is
-conprised of silicon or germanium 40. The nethod of claim 37, wherein the
SO silicon layer has a thickness of from about 300 to 2000A; the SO
silicon oxide |ayer has a thickness of from about 1000 to 20 5000A; the
dummy | ayer has a thickness of from about 1000 to 3000A; and the gate

| ayer portions each have a thickness of fromabout 5 to 200A. 41. The

met hod of claim 37, wherein the SO silicon |layer has a thickness of from
about 500 to 1500A; the SO silicon oxide |ayer has a thickness of from
about 2000 to 25 4000A; the dummy | ayer has a thickness of from about 1500

to 2500A; ' bout
10 o 508 T1ath3reRULClREGT, Rl A IR SRR B M figd 0T =0

conprised of nitride. 43. The rret hod of claim 37, wherein the exposed | ower
SO silicon oxide layer is 5 patterned from about 500 to 3000A deep. 44.

The met hoddDfThe miethadl/ of whainh S7n witeeeixthe 8@ obaVywEFOB billic6:19 B xRA Ii?ef ayer

is patterned fromabout 1000 to 2000A deep. 10 45. The method of claim 37,
wher ei P t heatésrped éxpr eheut 3001 to$000As dleepxi de | ayer is patterned using an HF
wet etch. 46. The nethod of claim 37, wherein the patterned | ower SO
silicon oxide | ayer i s undercut from about 500 to 3000A underneath the

ortions of, the tw tter 15 S SI|ICO | aye
P 14 c1a1emn3,e7d wheremothe expose 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-Si, or aluminum.
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47.

The nethod of claim37, wherein the patterned lower SO silicon oxide

layer is undercut from about 1000 to 2000A underneath the portions of the
‘twice patterned SO silicon layer. 20 48. The nethod of claim 37, wherein

‘t he
The
. of

37,
The
and
The

gate layer is oxide forned by a rapid thermal processing process. 49.
met hod of claim 37, wherein the planarized | ayer portion is conprised
25 polysilicon, tungsten, WSix or alum num 19 50. The nethod of claim
wherein the planarized | ayer portion is conprised of polysilicon. 51.
met hod of claim 37, including the step of doping the source structure

a S dpairhe ?ﬁétHBH LerclaﬁII{ 87, ‘(’ﬁﬁ% Cent a}hg?izggtlzge}? rr?’vgogpg)ﬁﬁmé?h%ﬁged o?z'

nmet hod of claim 37, wherein 't expos

patt er ned poBidilicdr.i con | ayer has surfaces that are snooth. 10 20

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
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