; €3eR"6TR oWVETHOD OF FORM NG DOUBLE- GATED SI LI CON- ON- | NSULATOR (SA)
TRANSI STORS W TH CORNER ROUNDI NG 5 FI ELD OF THE | NVENTI ON The present
invention relates generally to fabrication of sem conductor devices, and
nore specifically to nmethods of fabricating double- 10 gated

sem conductor-on-insul ator-on-insulator (SO) transistors. 1 BACKGROUND
OF THE | NVENTI ON Doubl e-gated transistors offer greater performnce
conpared to conventional planar transistors. However, a problem has been
how to fabricate 5 such doubl e-gated transistors. Current techniques being
exam ned today include epitaxial growh to formthe channel after gate
oxidation and fin field effect transistors (FET). ("Fin" usually neans a
vertical silicon piece that is the gate, but there are many vari ati ons of
fin-FETs.) 10 U.S. Patent No. 6,45],656 Bl to Yu et al. describes a

doubl e- gat et 15 GRS SRR UINE BOBMHCEArrAN D RORE B AR AdbR (0] o

No. 6,413,802 BI' tO HUO et al. Jescribes

seni conduct or - on- lnsulmmgqaonsmm&oﬁﬁwia%@wg%&465 Bl to Chan
et al. also describes a process Tor a dou 0 on
sem canductor-on-insulator (SO). U S. Patent No. 6,396,108 Bl to

Krivokapic et al. describes a process 20 for a doubl e-gated MOSFET on
sem conduct or-on-insul ator ( LD QF THE INVENTION

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

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



SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present

i nvention to provide nmethods of form ng doubl e-gated silicon-on-insulator
(SA) transistors having 5 i nproved gate oxide integrity (GJ) and | eakage
current control. O her objects will appear hereinafter. 10 It has now been
di scovered that the above and ot her objects of the present invention may be
acconplished in the follow ng manner. Specifically, a substrate having an
SO structure formed thereover is provided. The SO structure including a
| ower SO oxide |layer and an upper SO silicon layer. A top oxide |ayer is
formed over the SO structure. A first top du | ayer is fornmed over the
top 15 oxide |ayer. The 44 50 U )F (T3] ENTIEINde | ayer, and upper
SO silicon layer are patterned to forma patterned first top dummy

| ayer/top oxide |ayer/upper SO silicon |ayer stack having exposed side

wal I's. The pattern € il l.aver  incl udi a_source region and
a drain region conﬁgggglg a&%%%#ﬁé?y@or i STFAA PS&‘{‘}%@&I'S%C&E‘R%?SHQ s
formed ovesnddagoalPosedr e | e 2 il icon

| ayer which al so rognds ﬁéejf%gﬁseﬁée}gei%bgfﬁégﬁ ﬂgi |scg%é+10§38/gvr E’%%hja’te

pat t er medsddhr doublefgatedmpansiyas. Carred MRN@HiqESIRGHE xhREn QRSN HRIRP

oxi de layer. A second patterned dummy |ayer is forned over the exposed

pat t er nedepitgxialx g thaye rfosmd theh ehaxpd safterpgatei oxigladibnt kel Upp EeldOfest | | con
| ayer. The second patterned dummy |ayer having an opening that defines a
gat e ar eaT@R§isterhFER. BEinoruady weanse vextiasd silicpnrpiede than is e gattebar ea;
portions @f the upper surface. of e lower SO oxide layer wthin the gate
area; and I%B’}et@g-ﬁya’ﬁflﬁ{ﬁ%“%%ﬂ}ﬁ'&gﬁ?ﬁ)(i de 3 layer within the gate area.
The exposed gate area portions of the upper surface of the |ower SO oxide
| ayer are etched into the lower SO oxide |ayer to: forman undercut into
t he upgler cut | ower i a i o) | Qn, of. :t he
patterned upper SC]@'?? I@Fgﬁwgyégﬁj\%\ﬁ%?ﬁﬁl Eﬂg"ﬁ gz%?éj'aar:gesgf;m%ge%Dc\l/‘glﬂ%1 'gag%gposed
gat e 5 areangistor bARedficindRicRidridsalkesr @mgsi ng a top portion of the
patterned upper SO silicon layer within the gate area; and renove the
portion of the rounded oxide |layer within the gate area exposing a portion
of the side walls of the patterned upper SO silicon layer within the gate
area. A conformal dtSd&atenfdNoi 64138 BlotreHu ehel.edgsoribes hoddubite-gatedi on of
t he patteg.n pper SO silicon layer within 10 the gate area; the exposed
t op port?%‘ﬁ?ggﬁll‘ﬁeseﬁ&?qréfm’% akey (P con layer within the gate area;
and tfie exposed portion of the side walls of the patterned upper SO
silicon layer within the gate area. A gate is formed within the second

pat terned dummy | awss, pRERL RS, B80S IBFLYUSTIAR ARSI SALEABOXS NS, for

patterned upper SO silicon layer in the gate ‘area

under thea a@@mé-%seéd VEOSPET 68 Berhbatutor Mnlink iR «4E@1fr ea. The second
patterned dumry |layer is renoved to

U.S, Patent No. 6,396,108 B1 to Krivokapic et al. describes a process
20 for a double-gated MOSFET on semiconductor-on-insulator (SOI).



formthe double-gated transistor. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS The
features and advantages of the present invention will be nore clearly
understood fromthe followi ng description taken in conjunction with the 5
acconpanyi ng drawings in which Iike reference nunerals designate simlar or
correspondi ng el enents, regions and portions and in which: Figs. 1 to 10
schematically illustrate a preferred enbodi nent of the present invention.
10 Fig. 11 is a cross-sectional view taken along line 11-11 of Fig. 10.
Fig. 12 is a cross-sectional view taken along |line 12 -12 of Fig. 10. 5
DETAI LED DESCRI PTI ON OF THE_PREFERRED EMBCODI MENTS Thi s invention provides
an alternative way to fabrica¥MMABOEIHEINVENTION ors 80 using a
silicon-on-insulator (SO ) substrate as the starting material. 5 Since the
techni que of the present invention uses the top and bottom sides of the SO
to formthe gate, s b [ egraded as.in the case of .fin
FETs. The SOg transjleus:%c%??glg it | ?éﬁl g’c@ c?gn%e W H]év‘fﬂté‘?e&? PIRY&SR i on
have i npr exgklodAta® ﬁ% i ( r LSR% t ue to
t he corner rounding effecfn%ﬁgﬁﬁ%%gdggké?%Bﬁghggt|vgaﬁg |on15?ﬁ§1ﬁ&hﬁg
Initiab Simpoivedegate biigleinfeiggity IGODhaElehkald durtdteshial.es a structure 10
having a fully depl eted S|I|con on-insulator structure (SO) 16 forned
thereover. 15 Structure 10 is preferably a sem conductor substrate
conprised of silicon or germaniumand is nore preferably a silicon

sem conduct or substrate.

Other objects will appear hereinafter.

10 It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
substrate having an SOI structure formed thereover is provided. The SOI structure
including a Jower SOI oxide layer and an upper SOI silicon layer. A top oxide layer
is formed over the SOI structure. A first top dummy layer is formed over the top

15 oxide layer. The first top dummy layer, top oxide layer, and upper SOI silicon layer
are patterned to form a patterned first top dummy layer/top oxide layer/upper
SOI silicon layer stack having exposed side walls. The patterned upper SOI silicon
layer including a source region and a drain region connected by a channel portion.
A rounded oxide layer is formed over the exposed side walls of the patterned

20 upper SOI silicon layer which also rounds the patterned upper SOI silicon layer.
The patterned first top dummy layer is removed, exposing the patterned top oxide
layer. A second patterned dummy layer is formed over the exposed patterned top
oxide layer and the exposed portions of the upper SOI silicon layer. The second
patterned dummy layer having an opening that defines a gate area exposing: a

25 portion of the oxide layer within the gate area; portions of the upper surface of the

lower SOI oxide layer within the gate area; and a portion of the rounded oxide



SO 16 includes: a lower SO silicon oxide (SiOz) layer 12 having a 20

t hi ckness of preferably from about 1000 to 5000A and nore preferably from
about 2000 to 4000A; and an overlying SO silicon (Si) layer 14 having a

t hi ckness of preferably from about 300 to 2000A and nore preferably from
about 500 to 1500A. Formation of Top Oxide Layer 18 and First Top Dummy
Layer 20 - Fig. 2 25 6 As shown in Fig. 2, a top oxide (silicon oxide
-SiQOz) layer 18 is formed over SO 16 to a thickness of preferably from
about 90 to 110A, nore preferably from about 95 to 105A and nost preferably
about 100A. 5 Then, a first top dummy layer 20 is fornmed over top oxide

| ayer 18 tayenwikynithe getepregy éﬁ@ﬁaptbqedf gaimazdzoporthB dfahi Gfger antfacmoe

preferably from t 500, to 1000A, The first top du | ayer 20 is
pr ef er abl éﬁ%lﬂ%@?ﬁ@ﬁ ogidefayer gee etched dnie Hher lomvers' Q5 ggyd)e layerstd: iform an

S o A 5 PO SOl B i o e o
a thickne r 5 . AD0..t 0 50A and nore preferably from
about 500%%%8%0 .I% 52%%?%%311%%9%@' fﬁlgpgﬁ,g,%ygaf,\ﬁemv&e a%?‘é’ros%g/g?%ep

Oxi de fayef rEsardithe oxike B ] sorfibA- Q,q%ra i 3,
the fi rs%/ tegg)ﬁ{:lumry ?ﬁnt rg)i de I%%%%%@gggégﬁoégbﬁé);?r@?gﬁan oI\&fIg[r)%iyéit?]Ig Sa

silicon |sglieon layefwithin 86 gdté aee nal renoed thoWartion (Jieht QWRAISDoxRId de
| ayer 12 to define: a patterned first top dunmy nitride layer 20 20" /top

oxi de | aylyen gvithinetheygate ag@ espodingm partiem 4 thes sidlekw3als of tthe espeaed Si de
walls 31; the g@ iﬁle regi on as _ shown and exposed portions 22 of |ower SO
silicon o¥PR&F iré cen layerowithin fhe gatoareay ¢ caformeb osidedlaybmisefort@dand

overlying | .silicon.llayer 14 may he patterned, for_ exanple, using an
over | i naoTE £ riasevnd Vi dior R of Sh mastedh e SOk ogen bateroriiain

Phot ofsi fle g8 drea; the exposed top portion of the patterned upper SOI silicon layer
within the gate area; and the exposed portion of the side walls of the patterned
upper SOI silicon layer within the gate area. A gate is formed within the second
patterned dummy layer opening and includes an upper gate above the patterned
upper SOI silicon layer within the gate area and a lower gate under the upper SOI

15  silicon layer within the gate area. The second patterned dummy layer is removed to

form the double-gated transistor.



Patterned stack 30 may be roughly in the shape of a dunbbell with the
opposi ng ends of the patterned overlying SO silicon |ayer 14" being a
opposi ng source region 34 and drain region 36 connected by a channel region
38. 5 Formation of Rounded Oxide Layer 28 - Fig. 4 As showmn in Fig. 4, a
rounded oxide |layer 28 is forned over the exposed side walls 31 of the
patterned overlying SO silicon layer 14 to help protect the patterned
overlying SO silicon layer 14 from subsequent processing and 10 conpl etes
formati on of an oxi de encased patterned overlying SO silicon |ayer 32

conprising: the patterned overlying SO silicon |layer 14', the rounded
oxi de | ayer 28 and theﬁiﬂﬁf&ﬁééﬂlg I RAWVIN@S shown in Fig. 4,
rounded oxi de | ayer 28 has rounded corners 26. Rounded oxide | ayer 28 has a

t hi ckness of preferably from about 80 to 550A and nore preferably from
about 100 to 500A d ide_l,ayer is preferably forpmed by an

oxi dation growth pr%‘lgeeggga%g%gamﬁ;ﬁgg?%tf‘é?seogg‘epl’é%sf‘ﬁm‘? Brﬁ"gggﬁtmgtﬁ) to
1200C andcigaie WH&kab88! Yok @ . [%%g or. fram gbout .10.to 120
m nut es and n‘%r e prefer ab(ljy t?lr O%ﬁgggnﬁqua&g% %r%flln%’[ 8(551}1115%1%% Fheof

Pat t erfhiedadconrgianfary Qeswingy il ivblgch aeY redfrence FidnerafS a3 PE, | Brfiied: o>t he
patterned first top dumm/%ﬂtride | ayer 20'Iﬁ§ renmoved f? n1Fhe pa ﬁg?ned
stack 30 t@respooding dementsieegiomametipprtidneranddnbhieer | yi ng SO silicon

| ayer 32. The patterned first top dummy nitride |ayer 20" is 8 preferably
removed enpl oying a hot phosphoric acid etch selective to oxide/silicon

oxi de. Formation of_.Second _Patferned Dumry Layer 40 - Fig. 6 5 As shown in
Fig. 6, a second p&?g%rkéﬁlgdﬁh?nﬁﬁyﬂb’ﬂbwﬁ@“¥éﬂﬁﬁ&ﬂﬁvbﬁﬂﬁhéﬁnemMQﬁﬂnf of
Fig. 5. Sﬁﬁg&gjﬂg&h%&ped dummy | ayer 40 may be patterned,

10

Fig. 11 is a cross-sectional view taken along line 11 - 11 of Fig. 10.

Fig. 12 is a cross-sectional view taken along line 12 - 12 of Fig. 10.



for exanple, by using an overlying patterned gate reverse mask (not shown)
and enpl oying an anisotropic etch to form opening 42 opening up the gate
area 50. 10 Second patterned dummy | ayer 40 includes opening 42 that
exposes: a gate portion 38 of the channel region 38 of the oxide encased
patterned overlying SO silicon layer 32 within gate area 50; and gate
portions 22' of lower SO silicon oxide |ayer 12 within gate area 50. 15 It
is noted that the gate portion 38 of the oxide encased patterned overlying
SO silicon layer 32 has an overall rounded characteristic due to the

formati on of r@gqgég gxbgg IaéeE 28, Second_&therned du | ayer 40 is
preferably co } E ,O i THESREFERRED E@ﬁh&@il i con
oxynitride (SION) and is nore preferably conprised of nitride as will be
used hereafter for illustrative purposes. Second patterned dummy |ayer 40

has a thi ckness of of: If ably
from about 1500 fo PUSOR “HAPERRE S vk duay B S BRI =0
shown in Hafsistbrs 80 @it a sE@nesRyaod l($©gesd%trﬁ£ec£b tHeSstPlth hitteridl)
renove the portion of the patterned top oxide |ayer 18 overlying the

pat t er hedSimee thy itevhnfiflle of thecprestmtyidnwed@on wistdihie @it endibettobDsideR bf Henove
the portion of the 5 rounded oxide | ayer 28 overlying the side walls 31 of
t he patt ebbtp trar the gage, Sarfase iabilityl iapet degraded whiim thyatase of n FRJs. Hrd ( 3)
etch the §§| oxi de layer 12 exposed withjin Openin%_42 to form an under cut
44 wi t hi nS@f drragistess foxmgd ingcspraance gxith fhe RyesaIt SRV eHEoT bav ¢ dmpaeed

patterned overlying S LLiCO ayer 32' within te ea 50. 10 The SO
oxi de | ayg?telc’iu%!% H%‘F%’f%r @f‘)d)b aé'{}lck a%f’sf‘?fcje%% %qt{ﬂlg{i ogi:t'@l?oﬁ?erar ed
oxi de etc ) ikag-a dilute HF etch. Undercut 44 of
t he etchegﬁégﬁﬁg§?ggg€§§gFﬁ%§gg?§8%¥€¥§ra 1y fromabout 15 500 to 3000A and
nore ppeferably from about 1000 to 2000A deep and preferably

Initial Structure - Fig, 1

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

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

SOI 16 includes: a lower SOI silicon oxide (SiO;) layer 12 having a

20  thickness of preferably from about 1000 to 5000A and more preferably from about

2000 to 4000A; and an overlying SOI silicon (Si) layer 14 having a thickness of
preferably from about 300 to 2000A and more preferably from about 500 to 1500A.

Formation of Top Oxide Layer 18 and First Top Dummy Layer 20 - Fig. 2

25



protrudes from about 500 to 3000A and nore preferably from about 500 to
1000A under the | eading edges of opening 42 of second patterned dunmy
nitride |layer 40. Formation of Conformal Gate Oxide Layer 32 - Fig. 7 20 As
further shown in Fig. 7, a conformal oxide |ayer 46 is formed, preferably
by grow h, around the denuded patterned overlying SO silicon | ayer 32
within gate area 50 to forma confornal oxide rounded gate portion 48 of
the patterned overlying SO silicon layer 14'. Conforrmal oxide |ayer 46 is
grown on the 25 exposed top, bottom and sides of the gate portion of the
patterned overlying,S silicon layer 14" to a thickness of preferably

from about 5 to Zooﬁs%ﬂwﬁd?éﬁ%r%ﬁet?ﬁ&x&dQ‘Gsﬂﬁpawe fiCpdapo A8 igmmead on of
Gate 52 - Fi f d

pat ter ned ﬁelg%ﬁr:\[ ttf’iéblg'l IF‘%Lf rd fqr%’lﬁfég‘gp%ﬂ‘ﬁfm?i uo’lrxglgfﬂ BH ?‘iai’ d to
renove the. SXe6Ss 9t tlﬂgA B]qnbgtyﬁr 55ﬁ$a%%§élw§ht op of patterned dummy

nitride |layer 40 to orma pl anari ze in opening 42. Gate 52 is
preferably conprised of 10 polysilicon (poly), tungsten (W, WSix, silicon
germani um (Si Ge) or alum num (Al) and is nore preferably polysilicon (poly)

as Wi l5 be used her®hdd,erfifsbtopdupesetayet 20is frided ot toPAidIRyer Bto

i ncl udes up gate 56 and |ower gate 54 separated by 15 the confornmal
oxide r oundghkg@s@fmlﬂferdﬁyéfﬂamfabbmaélﬁhta H50Edamd exdryiprgfeBly stdrh about ayer
14" as m)re cl earl% shown in Fi 11 and 12. Since polysilicon, for

exanpl e, R4 t9d9804afheifinst top thager 2Ads trrefepably cpmapwised of oifrider mal |,
poly gate 52 w etel,y around the 20 oxi de_ | ayer 46
previ ousl| ﬁﬁ?%%ﬂ%?feggﬁg t%é‘l{ﬂﬁ&rﬂﬁféfrﬂ?’é‘& @ﬁﬁ’%a’bﬁ?& 19 MOr e Préerad L’ﬂcomPnSEd

of nitride as will be used hereafter for illustrative purposes.

10

The first top dummy layer has a thickness of preferably from about
450 to 1050A and more preferably from about 500 to 1000A.

Patterning of First Top Dummy Nitride Layer 20/Top Oxide Layer 18/Overlying

15 SOISiLaver 14 - Fig. 2

As shown in Fig. 3, the first top dummy nitride layer 20, top oxide
layer 18 and overlying SOI silicon layer 14 of the SOI 16 are patterned down to the
lower SOI oxide layer 12 to define: a patterned first top dummy nitride layer

20 20'/top oxide layer 18'/overlying SOI silicon layer 14' stack 30 with exposed side
walls 31; the active region as shown and exposed portions 22 of lower SOI silicon
oxide layer 12. The top nitride layer 10, top oxide layer 18 and overlying SOI silicon
layer 14 may be patterned, for example, using an overlying patterned mask layer
(not shown) preferably comprised of photoresist.

25



silicon layer 14" within gate area 50. The gate layer is preferably

pl anari zed by a chem cal nechani cal polishing (CMP) process to formthe
poly gate 52. 25 Renpval of the Patterned Dunmy Nitride Layer 40 - Fig. 9
11 As shown in Fig. 9, the patterned dummy nitride |ayer 40 is renoved
fromthe structure of Fig. 8 to expose: the side walls 79 of upper poly
gate 56; and the rounded oxide |ayer 28 of oxide encased patterned
overlying SO silicon layer 5 32 outside gate area 50. The patterned dummy
nitride layer 40 is preferably renoved using hot phosphoric acid. LDD

| mpl antation Formatjon of spacers 60 and Source-Drain Inplants - Fig.9 10
As shown in Fig. 10Fakymedsadni] mepeberoughly iintheshapd 06 aadwempbelt ovitted and

wi |l exist, under .t he acers 60 (see bel.ow) and overlap the gate by a small
porti on. %lheeogﬁ’ qﬁn&%ﬁnéggéﬁeﬁaéterée ﬂY‘?ﬁEﬁS@Q{ layen 14 heingpropmBingt end

fromtop ' bst e 1 acers 60 are then fornmed over
the si devvgﬁgl#gg%éig%‘ %%S%Q‘radrgi& %%oa%@@eg%&%grpaa egie%?rééé]'ormed over the
exposed rounded oxide | ayer 28 of oxide encased patterned overlying SO
silicon layer 32 outside gate area 50 as shown in Fig. 10. The rounded

oxi de bayBormstiemef Rben@xPOseit fd28nFi@fs t he patterned top oxide |ayer

18" overlying the patterned overlying pattferned SO silicon |ayer 14 are 20
renoved during the spacer etching in the formation of spacers 60, 62.
Source-drain (S/D) inplants are then respectively formed into source region
34 and drain regi onAsehopay i Figptea rounfled mxideilayer32B isfutnirdaione3he t 0
conpl ete formati on of dg bl e-gated transistor 80 wth a confornmal oxide
rounded 28¥Rpsed sifls vAls ﬁgf gfe Ratterped prerisagsidrsilicanglapey 1410 halpproteger
14" .

12 the patterned overlying SOI silicon layer 14 from subsequent processing and

10 completes formation of an oxide encased patterned overlying SOI silicon layer 32
comprising: the patterned overlying SOI silicon layer 14', the rounded oxide layer
28 and the patterned top oxide layer 18'. As shown in Fig. 4, rounded oxide layer 28
has rounded corners 26. Rounded oxide layer 28 has a thickness of preferably from
about 80 to 550A and more preferably from about 100 to 500A.

15
Rounded oxide layer 28 is preferably formed by an oxidation growth
process at a temperature of preferably from about 800 to 1200°C and more
preferably from about 900 to 1100°C for from about 10 to 120 minutes and more
preferably from about 20 to 100 minutes.
20

Removal of Patterned First Top Dummy Nitride Layer 20' - Fig. 5

As shown in Fig. 5, the patterned first top dummy nitride layer 20' is
removed from the patterned stack 30 to expose the oxide encased patterned

25 overlying SOI silicon layer 32. The patterned first top dummy nitride layer 20' is



Fig. 11 is a cross-sectional representation of Fig. 10 along line 11 - 11
and illustrates upper gate 56 and | ower gate 54 of poly gate 52 separated
by the conformal oxide rounded gate portion 48 of the patterned overlying
SO silicon layer 14'. Sidewall spacers 60 extend over the side walls 42 of
upper gate 56 of poly 5 gate 52. Sidewall spacers 62 extend over the
exposed rounded oxi de | ayer 28 of oxide encased patterned overlying SO
silicon layer 32 outside gate area 50. Fig. 12 is a cross-sectional
representation of Fig. 10 along line 12 - 12, perpendicular to line 11-11,

and illustrates upper gate 56 and | ower gate 54 of poly 10 gate 52
separ at edpfﬁ?e’iai?g’ Eed’i’&? ployiRga het RhesPhpsicadgsbeichgalegive to exide feitieat ned

overlying Sg silicon layer 14'. Sidewall spacers 60 extend over the side
wal | s~ 79 8t ﬁpper gate 56 of poly gate 52. As nost clearly shown in Fig.
12, the formation of rounded oxide |ayer 28 (see Fig. 4) causes additional
portions of the patterned SO silicon |layer 14' to be oxidized: (1)

pr oxi nmat eFbaRat@k 6?5éc%ﬂ§@a¥@in@i‘§uﬁ%ﬁ¥mﬁgéfmﬁgl§ SA silicon oxide |ayer
12 to forma rounded patterne sitTicon y 4' . Optionally, a
standa$d salicidation process may then be used (TiSi, CoSi, etc., e.g.). 20
Advant ages of the Invention The advantages of one or nore enbodi nents of
the present inventi#&a shavinutheFighe, mosacdad medterved degimy lapgr 40 és fgate] oxi de
integrity (GJO) and | eakage 25 current control. 13 Sone notable qualities
of this ifAvV&nthestHryGhare RfeFig: . Fegendgpattraned dumemy dpyerdd metyt ompatterbades of
formation - due to the fact that bqth

tsﬂff g?_esf P dﬁa@%a%g%ﬁ%@ﬁ PRtfRInedgafs feyerss W&?Mwos ogvm)arght e
ather  nanPind st BRAORAR REIRRN (LG 2 Ry o ER e Tied oLt
I nst eyl O&edbpldehtRPhYS AuhGRYP layer 40 includes opening 42 that exposes: a gate portion

38' of the channel region 38 of the oxide encased patterned overlying SOI silicon

layer 32 within gate area 50; and gate portions 22' of lower SOI silicon oxide layer

12 within gate area 50.

15 It is noted that the gate portion 38' of the oxide encased patterned
overlying SOI silicon layer 32 has an overall rounded characteristic due to the

formation of rounded oxide layer 28.

Second patterned dummy layer 40 is preferably comprised of nitride,
20  silicon nitride (SisN,) or silicon oxynitride (SiON) and is more preferably comprised

of nitride as will be used hereafter for illustrative purposes.

Second patterned dummy layer 40 has a thickness of preferably from
about 1000 to 3000A and more preferably from about 1500 to 2500A.
25
Etching of SOI Oxide Layer 12 - Fig. 7




illustrated and described, it is not intended to limt the invention,
except as defined by the following clains. 14 CLAIMS W claim 5 1. A

met hod of formi ng a double-gated transistor, conprising the steps of: a)
provi ding a substrate having an SO structure forned thereover; the SO
structure including a ower SO oxide |ayer and an upper SO silicon |ayer;
b) formng a top oxide |layer over the SO structure; c) formng a first top
dummy | ayer over the top oxide layer; 10 d) patterning: I) the first top
dummy layer; 11) the top oxide layer; and Il11) the upper SO silicon |ayer
to forma patterned first top dummy |ayer /top oxide |ayer /upper SO

o e o ol R i Pl R AR
channel DRG0 Lol 5110018 PR OB UK 16"t e SRR

rounded oxy&l@yihgysDI &lissh ARG YIlHR DAL hessel (EPP&ﬁo%éEbft?&ﬂof wer: 20

f) removing the patterned first top dummy | ayer exposing the patterned top

oxi de b ayesunded dxideilager28seanlyingdid sidoadalthomyf taygittamed ovbdy Ed
patterned top oxide layer and the exposed portions of the upper SQ silicon
| ayer; t hsilisew dayer 3 mathinggadearga 5Qyeard (f)\ately tenSOp exideglayha il depbses a
gate area exposing:. 25 I% a portion of the oxide layer wwthin the gate
ar ea: within opening 42 to form an undercut 44 within etched SOI oxide layer 12'

extending below the now denuded patterned overlying SOI silicon layer 32' within

gate area 50.

10
The SOI oxide layer 12 is preferably etched using a dilute HF etch or a

buffered oxide etch (BOE) and more preferably using a dilute HE etch.

Undercut 44 of the etched SOI oxide layer 12' is preferably from about
15 500 to 3000A and more preferably from about 1000 to 20004 deep and preferably
protrudes from about 500 to 3000A and more preferably from about 500 to 10004

under the leading edges of opening 42 of second patterned dummy nitride layer 40.

Formation of Conformal Gate Oxide Layer 32 - Fig. 7

20
As further shown in Fig. 7, a conformal oxide layer 46 is formed,
preferably by growth, around the denuded patterned overlying SOI silicon layer 32'
within gate area 50 to form a conformal oxide rounded gate portion 48 of the
patterned overlying SOI silicon layer 14'. Conformal oxide layer 46 is grown on the

25  exposed top, bottom and sides of the gate portion of the patterned overlying SOI

10



15 1) portions of the upper surface of the lower SO oxide |ayer within
the gate area; and IIl) a portion of the rounded oxide |ayer within the
gate area; h) etching the exposed gate area portions of the upper surface
of the lower 5 SO oxide layer into the lower SO oxide layer to: I) form
an undercut into the undercut |lower SO oxide |ayer exposing a bottom
portion of the patterned upper SO silicon |layer within the gate area; I1)
renove the exposed gate area portion of the oxide |ayer 10 exposing a top
portion of the patterned upper SO silicon layer within the gate area; and

I'11) renove the portion of the rounded oxide |layer within the gate area
exposi ng ontlpBer ot the Hrgenesn afspisferahly from abowd fu e 0080and; ipon

| ayer within t ate .area, .15 k) form ng a conformal oxide |ayer over: |)
t he exposgﬁer} rc??f%%]oﬁb?‘?‘?‘gﬂné?gpﬁe patterned upper SO silicon iayer within
the gate area; I1) the exposed top portion of the patterned upper SO
silicon layer within the gate area; and 20 x Il1l) the exposed portion of

the side wgihsti®d of bgttimgsned upper SO silicon layer within the gate
area; j) formng a gate Wl_l—%_i n the second patterned dumry | ayer opening;
the gabe including an upper gate above the patterned upper SO silicon
| ayer 14" within the gate area and a | ower gate under the upper SO silicon
|l ayer within the gafeshoen;indigdha dle laye) is formedngvdrithe pattentdodidhetyned
dummy layer to formthe double-gated transistor. 2. The nmethod of claiml,
wher ei n t Rdride dayerAQ filing openingofdigodds platarized: @ r&nave Treexmeshof tiod
claim1l, erein the structure is conprised of silicon or germanium 4. The
met hod of 8% aﬁ‘ﬁﬁe’i ,f“?/me?‘éqrnh}%g)ﬂ mar%@leiﬂ%mam@eabmr 49 bk fegs aof
f 10 1000 00A;..th il I h t hi ¢k f
trom 10 aBihed080:4@ 80 O%ihirt "SHAERE 42 bl '82°% prlhbly 2omiprited <OF S ©

10 polysilicon (poly), tungsten (W), W-Si,, silicon germanium (SiGe) or aluminum (AD)

and is more preferably polysilicon (poly) as will be used hereafter for purposes of

llustration.

Poly gate 52 includes upper gate 56 and lower gate 54 separated by
15 the conformal oxide rounded gate portion 48 of the patterned overlying SOI silicon

layer 14' as more clearly shown in Figs. 11 and 12.

Since polysilicon, for example, has good gap filling properties and the

poly growth is conformal, poly gate 52 wraps completely around the conformal

20 oxide layer 46 previously grown around the channel region 38 of patterned SOI
silicon layer 14' within gate area 50.

The gate layer is preferably planarized by a chemical mechanical
polishing (CMP) process to form the poly gate 52.
25

Removal of the Patterned Dummy Nitride Layer 40 - Fig. 9
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to 2000A; the first dumvy | ayer has a thickness of from about 450 to 1050A;
the top oxide |ayer has a thickness of fromabout 90 to 110A; the rounded
oxi de layer has a thickness of fromabout 80 to 550A; the second patterned
dummy | ayer has a thickness of fromabout | 000 to 3000A; and the conforna
oxi de | ayer has a 15 thickness of fromabout 5 to 200A. 5. The net hod of
claim1, wherein the lower SO oxide |ayer has a thickness of from about
2000 to 4000A; the upper SO silicon layer has a thickness of from about
500 to 1500A; the first dumy |ayer has a thickness of fromabout 500 to
1000A; the top 20 oxide |ayer has a thickness of fromabout 95 to 105A; the
rounded oxi de | ayer has a thickness of from about 100 to 500A; the second

patterned dunmy Iaygls H |ckn ss of from about 1500 to 2500A; and the
confornal oxide |ay a%mamt gck %§aﬁﬁrfteﬂdhﬂammﬁﬂdeﬂwe5eﬂls2@nevedrhe

[ d
7 The mefioah U oyt g 8RB thr sliectells & bnpabbaly a8 Sk000A
deep. 5. He ST oty mnlor JNGE & LS, MACSLEKL BY L aites, L1 o abour

500 to 3000A under the s patter

nmet hod5 of 32| ;itside, m@e@ehnajhﬁh@ Bhh t-5 00A
under the second patterned dunnyq?§$g$&%ggnln ﬁﬁnﬁ%?ﬁgéﬁgﬁhgdBQ?gﬁ%bp
wher ei n t bembved tsidg oy phaysttoricactdinpr i sed of nltrlde, 10 silicon n|tr|de
or silicon oxynitride; the second patterned dumy |ayer is conprised of
nitride, silicon nitride or silicon oxynitride; and the gate is conprised
of polysi SlGe or aluntnunt 11. The nmethod of claim
1, whereid AU o -w~f AGEEPI 3 gicetdnaig Haplants]-SFigi ¢ i con
nitride; the second patterned dunny | ayer is conprised of nitride or
silicon nitride; and the gate is conprised of polysilicon. 12. The method

of clgym 1, wherein i enoved u a hot

phosp?t{?)r ic acid et c g'?;ﬁle (gitg 16 é eﬂﬁ s$ﬁ§68r &ﬁ?lét’énff—]l%m@t f:[w]g'?f‘d

the secongefairhed aRd tﬂﬂr@iﬂ/st Hﬁa)d%f tﬂésﬂa@é@\@%éesﬁéwwb] 9ha BYLSRIM GaB %
small portion. The silicon substrate is thin enough such that the SDE/LDD extend

from top to bottom of the Si substrate.

15 Spacers 60 are then formed over the sidewalls 79 of upper poly gate
56, and spacers 62 are formed over the exposed rounded oxide layer 28' of oxide
encased patterned overlying SOI silicon layer 32 outside gate area 50 as shown in
Fig. 10. The rounded oxide layer 28 and the exposed portions of the patterned top
oxide layer 18' overlying the patterned overlying patterned SOI silicon layer 14 are

20  removed during the spacer etching in the formation of spacers 60, 62.

Source-drain (5/D) implants are then respectively formed into source
region 34 and drain region 36, for example, to form source 34' and drain 36' to
complete formation of double-gated transistor 80 with a conformal oxide rounded

25 gate portion 48 of the patterned overlying SOI silicon layer 14",

12



13. The method of claim1l, wherein the rounded oxide | ayer and the
conformal oxide |ayer are each fornmed by a growh process. 18 14. The
nmet hod of claiml1, including the step of form ng source/drain inplants into
the respective source region and the drain region to forma source and a
drain after renoval of the second patterned dummy |ayer. 5 15. The net hod
of claim1, including the step of performng: LDD inplants; and
source/drain inplants after renoval of the second patterned dummy |ayer. 10
16. The method of claim1l, wherein the upper gate has exposed side walls
and including the step of form ng spacers over the upper gate exposed side
wal I's after renoval Figi 11 ie asecssrrgcipandl eepredentatioy df Higri0 dléng Tire 11et tpd of

i the further step of then performng a 15 salicidatron

laim 1, | .ydi
Sr g::rens-s. 'ng lﬁuml ngﬁ%alpaﬁr Baknvhand lab’@blg@tegéf &fi polaigetesbD separotedr bsithe t he
t f: rovidi a _suhstrate havi SA structure forned
tS h:IrOZO\C/)er Cg%ﬁ?gnggoxgé?ﬁ)&ﬂ#g garFEIRHTPHéI%ng\%Fr PS@?TIE’% @I‘gerbﬁ?ﬁ SQingiliegn upper
SA sili ek i oxi de, | ayer .over the SO_. structure;
ot or i ek B SidebPbal Al BN hd BPe e dfe BHES a0t Fliabdraatthe o bbbt
q § ay eatehsI. i o S A |
oyt b ygatersa. THAGORR bpR&as Oh Nikd HFer Bd boelliobbea Uil JdsePRe of
oxi de | ayexidemmdaskd patterhod bh@fé,umF@oﬁﬁJimﬁi lhy &3 dtﬁé’ilﬁé Cgraae drenBpa patterned
e i ¢on

first top dummy | ayer /top oxi ayer /upper SO si | ayer stack
havi ng exposed side walls; the patterned upper SO silicon |ayer including
a source region and_a drain region connected by a channel portion;
Fig. 12 is a cross-sectional representation of Fig. 10 along line 12 - 12,
perpendicular to line 11 - 11, and illustrates upper gate 56 and lower gate 54 of poly
10 gate 52 separated by the conformal oxide rounded gate portion 48 of the patterned
overlying SOI silicon layer 14'. Sidewall spacers 60 extend over the side walls 79 of
upper gate 56 of poly gate 52. As most clearly shown in Fig. 12, the formation of
rounded oxide layer 28 (see Fig. 4) causes additional portions of the patterned SOI
silicon layer 14’ to be oxidized: (1) proximate top oxide layer 18; and (2) proximate

15 SOl silicon oxide layer 12 to form a rounded patterned SOI silicon layer 14'.

Optionally, a standard salicidation process may then be used (TiSi,
Co5j, etc,, e.g.).

20

Advantages of the Invention

The advantages of one or more embodiments of the present invention
include the rounded active region improves gate oxide integrity (GOI) and leakage

25  current control.
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5 e) formng a rounded oxide | ayer over the exposed side walls of the
patterned upper SO silicon layer;; the formation of the rounded oxide

| ayer al so rounding the patterned upper SO silicon layer; f) renoving the
patterned first top dummy | ayer exposing the patterned top oxide |ayer; 10
g) formng a second patterned dummy | ayer over the exposed patterned top
oxi de | ayer and the exposed portions of the upper SO silicon |ayer; the
second patterned dumry | ayer having an opening that defines a gate area
exposi ng; the second patterned dummy | ayer being conprised of nitride,

silicon nitride or silicon oxynltrlde' 15 I) a portlon of the oxide |ayer
within the gate ared™EHPRAYY diy, 15 ANYRIREO pidgece of the | ower SO
oxi de layer within the gate area; and III) a portion of the rounded oxide

| ayer within themghing laaee:éthmpopem@bmgommfampmafeﬂe@mléoﬁgaa opftd i ons of
t he upper surface of the lower 20 SO oxide |layer into the |ower SO oxide

| ayer to: chanrfed FdPnitiosNdBiCidt thi BA@ thitehdih d8Faeds HaQ\é%w§Qrfaeé<f H@YET

exposing a botton1port|on of the patterned upper sillcon er Within
t he gate gl %ﬁ% ﬁﬂ?c@e&he exposed gate area portlon of the oxide |ayer
exposing a Pop port on oT the patterned upper SO silicon |layer within
t he gate area; and 20 renove the_ portion of the rounded oxide | ayer
withinPthe gatd %i%axgﬁgwrﬁgedaalbmm@lrﬂleﬁhwiwm@hmmpse like 2 piacyat t er ned
upper SO silicon layer within the gate area; i) formng a conformal oxide
| ayer oveFET5ather them eplamaeBEDodridm porti on of the patterned upper SO
silicon layer within the gate area; 11) the exposed top portion of the
patterned uppes) r i bt e
exposed porti 0%1 ﬁgrt‘ﬁys g é@éato\g?lttﬁre}n%%f er nec}%%gfe?a@gpéys i1 con

| ayer within the gate area; j) formng a gate within the second patterned
dummy | ayer opening; the gate including an upper gate above the patterned
upper SO silicon layer 14" within the gate area and a | ower gate under the
upper SO silicon |l pitiulart&abedingeras &F; thehpregakeiiRhien CofwRr begd of
polysilicon, tungsten, WSix, Site or alumnum and 15 k) renoving the
secontv paﬂllemé&sﬂ anchrysdribedy itipnéiointertded wdithitehgatvenitionpexaiept a8 defied The

met hod of claim 18, wherein the structure is a sem conductor substrate.
by the following claims.

14



20 20. The method of claim 18, wherein the structure is conprised of
silicon or germanium 21. The nethod of claim 18, wherein the | ower SO

oxi de |l ayer has a thickness of fromabout 1000 to 5000A; the upper SO
silicon layer has a thickness of from about 25 300 to 2000A; the first
dummy | ayer has a thickness of from about 450 to 1050A; the top oxide |ayer
has a thickness of fromabout 90 to 110A; the rounded oxide |ayer 21 has
a thickness of fromabout 80 to 550A; the second patterned dumy | ayer has
a thickness of from about 1000 to 3000A; and the conformal oxide |ayer has
a thickness of fromabout 5 to 200A. 5 22. The nethod of claim18, wherein
the I ower SO oxide |ayer has a thickness of fromabout 2000 to 4000A; the
upper SO silicon |ayer has a thickn& i gfrom about 500 to 1500A; the
first dunmmy | ayer has a thickness of otfrabout 500 to 1000A; the top oxide
| ayer hasyg. {iiggkness of from about 95 to 105A; the rounded oxide |ayer has
a thickness o rom about 100 to 500A; the second patterned dumry | ayer has
a 10 thickness of fromabout 500 to 2500A; and the confornal oxide |ayer
has a thickness of fromabout 10 to 50A. 23. The nethod of claim 18,

wher ei it heA unethod wf forsnihp ard @tbdersafedOrinsision 0dmieRng te stps ofhe met hod of
claim 18, wherein the undercut is fromabout 1000 to 2000A deep. 25. The
met hod of cl ai ¥ pRVidingrasubstiate hadiagout SPF strnaies fdmoed HoevedvesDthet 3OB0O00A
under the second, pat{erned du | ayer opening. 20 26. The method of claim
18, wher efiRuetHEe inchidinga lpwer g@é%ﬁ%ﬂ@}ﬁ%@ﬁﬂ%@ﬁ@h@b@mhﬁ@ér t he second

patterned du ayer opening. .27. The nethod of claim 18, wherein the
first dummy Fg@)eepr%én%ﬂﬁ?ﬁ Péﬁlﬁerﬂvtefﬂbeeéégs%?‘:tﬂq'i con nitride; the second
patterned du %ﬁ{ i i s6d it (. skkigon.nitride; and the
gate is conpri efé 0 gp%ﬁ{/sg? gon. )é%[yeg?ggf &ﬁeetgﬁeotiﬁ%%ﬁg'?r’cl aim 18, wherein

the pagterned §pstker 1y layer is renoved using a hot phosphoric acid etch
the undercut is forned using a dilute HF etch and the second patterned

dummy | ayer is renoyeke fissthgp Hommpdsfpiori c acid.
1T} the top oxide layer; and

IMI) the upper SOI silicon layer to form a patterned first top dummy

layer /top oxide layer /upper SOI silicon layer stack having exposed side walls; the

15 patterned upper SOI silicon layer including a source region and a drain region
connected by a channel portion;

e) forming a rounded oxide layer over the exposed side walls of the
patterned upper SOI silicon layer;; the formation of the rounded oxide layer also
rounding the patterned upper SOI silicon layer;

20 f) removing the patterned first top dummy layer exposing the patterned top
oxide layer;

g) forming a second patterned dummy layer over the exposed patterned top
oxide layer and the exposed portions of the upper SOI silicon layer; the second
patterned dummy layer having an opening that defines a gate area exposing:

25 I) a portion of the oxide layer within the gate area;

15



5 29. The nethod of claim 18, wherein the rounded oxide | ayer and the
conformal oxide |ayer are each formed by a growh process. 30. The net hod
of claim 18, including the step of form ng source/drain inplants 10 into
the respective source region and the drain region to forma source and a
drain after renoval of the second patterned dumy |ayer. 31. The net hod of
claim 18, including the step of performng: LDD inplants; and 15
source/drain inplants after renoval of the second patterned dummy | ayer
32. The nethod of claim 18, wherein the upper gate has exposed side walls

and including the sfep of form ng spacers over the upper gate exposed side
wal | s after 20 renot)aleoﬁor‘tsﬁé@é"e%% Sb‘éfalC%P gﬁlﬁweﬁévé‘gﬂaggﬁ The net hod
of claim 18, includj tﬁﬁ‘tﬁ% fl%rther step of then perform ng a salicidation

process. 25 34. A me ofgaf%ﬁﬁahﬁn doubl e-gated transi stor, conprising

the steps of: 23 @ i ral ' cture forned
t hereover; the SO sgﬁﬂ%?ﬁ?g(?%%$ﬁ§#ﬁgﬁa §%£&¥%gﬁﬂgﬁﬁﬁiﬁygéé%tand an upper
SO silicon | afpetchig R dipdded ghRPa¥i piRtbAY 8f tRY 8pplh&urilde SHEHISWEL: C)
forming a first top dumry l'ayer over the top oxide Tayer; the first dummy 5
| ayer bei BQI ogiderlagadntf theilbwiet BO0bxRIel lagartoni tride; d) patterning: I) the
first top dummy layer; I1) the top oxide layer; and I11) the upper SO
silicon |ayer to fob#omnpatursienad ifforthe underauonyen 8O0 ayide ldterp oxi de | ayer
[upper SO silicon layer stack having exposed side walls; the
exposing a bottom portion of the patterned upper SOI silicon
layer within the gate area;
II) remove the exposed gate area portion of the oxide layer
10 exposing a top portion of the patterned upper SOI silicon layer
within the gate area; and
I1I) remove the portion of the rounded oxide layer within the gate
area exposing a portion of the side walls of the patterned
upper SOI silicon layer within the gate area;
15 i) forming a conformal oxide layer over:
I} the exposed bottom portion of the patterned upper SOI silicon
layer within the gate area;
1I) the exposed top portion of the patterned upper SOI silicon layer
within the gate area; and
20 x IIT) the exposed portion of the side walls of the patterned upper
SOI silicon layer within the gate area;
j) forming a gate within the second patterned dummy layer opening; the gate
including an upper gate above the patterned upper SOI silicon layer 14' within the

gate area and a lower gate under the upper SOI silicon layer within the gate area;

25 and
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patterned upper SO silicon layer including a source region and a drain
regi on connected by a channel portion; e) formng a rounded oxide | ayer
over the exposed side walls of the patterned upper SO silicon layer;; the
formati on of the rounded oxide layer also 15 rounding the patterned upper
SO silicon layer; f) renoving the patterned first top dumy |ayer exposing
the patterned top oxide layer; g) formng a second patterned dumry | ayer
over the exposed patterned top oxide |layer and the exposed portions of the
upper SO silicon |ayer; the second 20 patterned dunmy | ayer having an
opening that defines a gate area exposing; the second patterned dummy | ayer
bei ng conpri seﬁ) BFMAY 8 'dE 6O IHaEtiSWerﬂnaFFH’éY layjer gophorm e ‘g?ulflﬁ“@a@ﬁ@ de

| ayer within .tpe gate area; |l) portions of the upper surface of the | ower
SA oxi de Iagic’/lgrorv\/ithi n the gate area; and 25 I11) a portion of the rounded
oxide layer within the gate area; 24 h) etching the exposed gate area
portions of the upper surface of the |lower SO oxide |layer into the |ower
SO oxi de2) Bvemetiod b cldit 1) WherdR@GHuckiMeGs h BEmitddak et slib¥ite SO oXi de

| ayer exposing a bottom portion of the patterned upper SO silicon |ayer
withindsthe 5 gate area; I1) renove the exposed gate area portion of the

oxi de | ayer exposing a top portion of the patterned upper SO silicon |ayer
wi thin thé Jéeemethed ofndlaim| |, mdryeia e stoicturenisoomipeised uold ediconri de

| ayer within the gate 10 area exposing a portion of the side walls of the
patter nedEPPEFMUBLl silicon layer within the gate area; i) forning a
conformal oxide |ayer over: 1) the exposed bottom portion of the patterned
upper SO silicon

4, The method of claim 1, wherein the lower SOI oxide layer has a thickness of from

10  about 1000 to 5000A; the upper SOI silicon layer has a thickness of from about 300
to 2000A; the first dummy layer has a thickness of from about 450 to 1050A; the top
oxide layer has a thickness of from about 90 to 1104; the rounded oxide layer has a
thickness of from about 80 to SSOA; the second patterned dummy layer has a
thickness of from about 1000 to 3000A; and the conformal oxide layer has a

15  thickness of from about 5 to 200A.

5. The method of claim 1, wherein the lower SOI oxide layer has a thickness of from
about 2000 to 4000A; the upper SOI silicon layer has a thickness of from about 500
to 1500A; the first dummy layer has a thickness of from about 500 to 1000A; the top

20  oxide layer has a thickness of from about 95 to 105A; the rounded oxide layer has a
thickness of from about 100 to 5004; the second patterned dummy layer has a
thickness of from about 1500 to 2500A; and the conformal oxide layer has a
thickness of from about 10 to 50A.

25 6. The method of claim 1, wherein the undercut is from about 500 to 3000A deep.

17



| ayer within the gate area; 15 I1) the exposed top portion of the patterned
upper SO silicon layer within the gate area; and |I11) the exposed portion
of the side walls of the patterned upper SO silicon layer within the gate
area; j) formng a gate within the second patterned dunmy | ayer opening;
the gate 20 including an upper gate above the patterned upper SO silicon

| ayer 14' within the gate area and a | ower gate under the upper SO silicon
| ayer within the gate area; the gate being conprised of polysilicon; and k)
removi ng the second patterned dumry |ayer to formthe doubl e-gated
transisto%. 25 Sa.éqT(gfte met hod, of . cl.aim 34, wherein the structure is a

sem conduét e BgHad g damm &, wheggin feds o phewh 1900 1R800 deeme
structure is conprised of silicon or germanium 5 37. The nethod of claim
34, wherein the Iower SO oxide |ayer has a thickness of from about 1000 to

5000A; th LLican ' r 0
2000. 5: e Ty rer tony oy LR tHE PnBplclh SRS troa BB SO
the top oxhder fhsefortth a@eﬁaﬂg@%§19%erfdﬂ bout 90 to 110A; the rounded
oxi de | ayer has a thickness of from about 80 to 550A; the second patterned
dummy BSayer has a 10 thickness of from about 1000 to 3000A; and the
conformal oxide |ayer has a thickness of fromabout 5 to 200A. 38. The

met hod of 9cThe megaed ehdaim 4, wherdiowee uS@krcok poetritdgscirotzboat 500 ek DROOA of
from about ZOOg@to 4000A; the upper SO silicon |layer has a thickness of

f r om aboutnger Begeend paiterned Whmmydayenapepingyer has a thi ckness of from
about 500 to 1000A; the top oxide |ayer has a thickness of fromabout 95 to
105A; the rounded oxide |ayer has a thickness of from about 100 to 500A. ;

h I j f I b 500.
2500A, andCt Hs ot S6 Pt X Rer e AeSL GURREY K8lec st PR PO L o Bl

50A. 3Slicdhe o] T idQPr%ilh-' i .]ﬁmﬂ{ out 500
to SO%QA %Jelg%ih ﬂi(?.m?}hgr %ﬂgﬁdgg 0 clgfié%e%g Qemﬁloglr@[e:ﬂr%ﬁ?ﬁgé%nd echt?q%‘)Z&f 'rfstbm

about 1006othpri2€DBAnitedp, silicon nitride or silicon oxynitride; and the gate is comprised

-}

of polysilicon, tungsten, W-5i,, SiGe or aluminum.

11. The method of claim 1, wherein the first dummy layer is comprised of nitride or
15  silicon nitride; the second patterned dummy layer is comprised of nitride or silicon

nitride; and the gate is comprised of polysilicon.
12. The method of claim 1, wherein the patterned first dummy layer is removed
using a hot phosphoric acid etch the undercut is formed using a dilute HF etch and

20  the second patterned dummy layer is removed using hot phosphoric acid.

13. The method of claim 1, wherein the rounded oxide layer and the conformal

oxide layer are each formed by a growth process.

18



25 26 41. The nethod of claim 34, wherein the undercut protrudes from
about 500 to 3000A under the second patterned dummy | ayer opening. 42. The
nmet hod of claim 34, wherein the undercut protrudes from about 500 to 5
1000A under the second patterned dunmy | ayer opening. 43. The nethod of
claim 34, wherein the patterned first dummy | ayer is renoved using a hot
phosphoric acid etch the undercut is fornmed using a dilute HF etch and the
second patterned dumry | ayer is renoved using hot phosphoric acid. 10 44.
The met hod of claim 34, wherein the rounded oxide | ayer and the conforma
oxide |layer gre each formed by a growh process. 45. The nethod of claim
34, i ncl udfnighamethodf dain bikelagdngthestmiebionmimgseurce/ drain implantssnto
respectiveg sourc .rggion and the ra%P_regLon to forma source _and a drain
after r engl'\‘f“aﬁesB?c VSO R PRt Y FRBION &3 Eorm 3 gourganger dradn after| aj m
34, inclugi rformng: L i nmpl ants; and 20 source/drain

i npl ant s g??gwh?géﬁ%ggoggﬂ%hgkggg%%%m$%#$%?ned dummy |l ayer. 47. The net hod
of claim 34, wherein the upper gate has exposed side walls and including
the step of form ng spacers over the upper gate exposed side walls after 25
removab ol5.tTie medodbiRidiiel, itdudingthe stpsf. petformifi§: The nmethod of claim
34, including the further step of then pérform ng a salicidation process.
28 . Ac LDD implants; and

. AgB. AgB. Aq% A% AqB. AgB. Ag% AgB. AqyB. AgB. Acq% Acq. AB. AgB. AgB. Ag_. AgqB. Acq% A
cq% AFq% AqB. ARIBCHEIrABIImeiantsAcqB. Aq: [ ]t AFb@@ ! b

after removal of the second patterned dummy layer.

10 16. The method of claim 1, wherein the upper gate has exposed side walls and
including the step of forming spacers over the upper gate exposed side walls after

removal of the second patterned dummy layer.

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

18. A method of forming a double-gated transistor, comprising the steps of:
a) providing a substrate having an SOI structure formed thereover; the SOI
structure including a lower SOI oxide layer and an upper SOI silicon layer;
20 b) forming a top oxide layer over the SOI structure;
c) forming a first top dummy layer over the top oxide layer; the first dummy
layer being comprised of nitride, silicon nitride or silicon oxynitride;
d) patterning:
I) the first top dummy layer;
25 1I) the top oxide layer; and
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[

a bottom portion of the patterned upper SOI silicon layer within the

gate area;

IT) remove the exposed gate area portion of the oxide layer exposing a

25 top portion of the patterned upper SOI silicon layer within the gate

area; and
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10%& () -010%& () - b reangie the poviaEpCtiorounded oxide layer within the gate
area exposing a portion of the side walls of the patterned upper SOI
silicon layer within the gate area;

i) forming a conformal oxide layer over:

5 I) the exposed bottom portion of the patterned upper SOI silicon
layer within the gate area;
II) the exposed top portion of the patterned upper SOI silicon layer
within the gate area; and
X ITI) the exposed portion of the side walls of the patterned upper
10 SOl silicon layer within the gate area;

j) forming a gate within the second patterned dummy layer opening; the gate
including an upper gate above the patterned upper SOI silicon layer 14' within the
gate area and a lower gate under the upper SOI silicon layer within the gate area;
the gate being comprised of polysilicon, tungsten, W-Si,, SiGe or aluminum; and

15 k) removing the second patterned dummy layer to form the double-gated

transistor.
19. The method of claim 18, wherein the structure is a semiconductor substrate.

20 20. The method of claim 18, wherein the structure is comprised of silicon or

germanitm.

21. The method of claim 18, wherein the lower SOI oxide layer has a thickness of
from about 1000 to 50004; the upper SO silicon layer has a thickness of from about
25 300 to 2000A; the first dummy layer has a thickness of from about 450 to 1050A; the
top oxide layer has a thickness of from about 90 to 110A,' the rounded oxide layer
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from about 2000 to 4000A; the upper SOI silicon layer has a thickness of from about

500 to ISOOA; the first dummy layer has a thickness of from about 500 to 1000A; the

top oxide layer has a thickness of from about 95 to 105A; the rounded oxide layer

has a thickness of from about 100 to 500A; the second patterned dummy layer has a

10  thickness of from about 1500 to 2500A; and the conformal oxide layer has a

thickness of from about 10 to 50A.
23. The method of claim 18, wherein the undercut is from about 500 to 3000A deep.

15 24, The method of claim 18, wherein the undercut is from about 1000 to 2000A
deep.

25. The method of claim 18, wherein the undercut protrudes from about 500 to
3000A under the second patterned dummy layer opening,.

20
26. The method of claim 18, wherein the undercut protrudes from about 500 to

1000A under the second patterned dummy layer opening,

27. The method of claim 18, wherein the first dummy layer is comprised of nitride
25  or silicon nitride; the second patterned dummy layer is comprised of nitride or

silicon nitride; and the gate is comprised of polysilicon.
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29. The method of claim 18, wherein the rounded oxide layer and the conformal

oxide layer are each formed by a growth process.

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

after removal of the second patterned dummy layer.

31. The method of claim 18, including the step of performing:
LDD implants; and
15 source/ drain implants

after removal of the second patterned dummy layer.
32. The method of claim 18, wherein the upper gate has exposed side walls and
including the step of forming spacers over the upper gate exposed side walls after

20  removal of the second patterned dummy layer.

33. The method of claim 18, including the further step of then performing a

salicidation process.

25  34. A method of forming a double-gated transistor, comprising the steps of:

23



101 : 109%& () - BcBBBG] CCAEbC 10d! 10938’ () - : $10%E8 () - | wl0%GE () - DLOYEE ()-<
10968 () -, " L0%G&' () - OCOOCCOC2DbC 10d! d10%& () -, 10%1& () - F
10%& () - 10%l& ()- 10G 10G 10G 10%G& () - 2D~DDDE E=EdEbC 10d! |

109%68& ()-|z10%l& ()- 10%& ()- LMLOYE& ()-c10%l& ()- ClO%& () -

=EEE) FI FFFdEbC 10d! (! 10%& ()- &GLO%& ()- %d0%&' () - 6#: $10%&' () -

LI 1 10%& ()- |wl0%l& ()- FG G GGHNHIEbC 10d! 3* 10%&' () -

11 10%1& () -/ GLO%I& ()- .10%l& ()-S, Wb10%l& ()- *=10%l& () - NHHHHHHHSI | ~\ :
10d! , #10%d& ()-T' ~, #10%&' () - T"‘ #109% ()-T 10d 10d 10d: 10%&' () - p5d 0.
109%1& ()- | <IxJIISKKAE~\: 10d!,|10%l& () -] 10%i& ()-| 10%IK& ()- M 10%l&

| 10%61& () - | 109RIEPTOVIHRS |13 i‘Lhé‘H@'b&haV@ﬁ @@m@w fornred thegegnery the SOI

5,0 (i (L AG €O o ae O e e (g e
10di 11006 ( OB T RgHdsiarer ep PRI Ty
L1 ) 07 LSy R R e
()- R@CSDSESﬁﬁasb@né Qdin'I:Elsed of nitride or sﬂicon mh‘lde,
d) patterning:
I) the first top dummy layer;
IT) the top oxide layer; and
1T} the upper SOI silicon layer to form a patterned first top dummy
10 layer /top oxide layer /upper SOI silicon layer stack having exposed side walls; the
patterned upper SOI silicon layer including a source region and a drain region
connected by a channel portion;
e) forming a rounded oxide layer over the exposed side walls of the
patterned upper SOI silicon layer;; the formation of the rounded oxide layer also
15 rounding the patterned upper SOI silicon layer;
f) removing the patterned first top dummy layer exposing the patterned top
oxide layer;
g) forming a second patterned dummy layer over the exposed patterned top
oxide layer and the exposed portions of the upper SOI silicon layer; the second
20 patterned dummy layer having an opening that defines a gate area exposing; the
second patterned dummy layer being comprised of nitride or silicon nitride;
I) a portion of the oxide layer within the gate area;
I} portions of the upper surface of the lower SOI oxide layer within
the gate area; and

25 11I) a portion of the rounded oxide layer within the gate area;
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5 gate area;
IT) remove the exposed gate area portion of the oxide layer exposing a
top portion of the patterned upper SOI silicon layer within the gate
area; and
III) remove the portion of the rounded oxide layer within the gate
10 area exposing a portion of the side walls of the patterned upper SOI
silicon layer within the gate area;
i) forming a conformal oxide layer over:
1) the exposed bottom portion of the patterned upper SOI silicon
layer within the gate area;
15 II) the exposed top portion of the patterned upper SOI silicon layer
within the gate area; and
III) the exposed portion of the side walls of the patterned upper
SO silicon layer within the gate area;
j) forming a gate within the second patterned dummy layer opening; the gate
20 including an upper gate above the patterned upper SOI silicon layer 14' within the
gate area and a lower gate under the upper SOI silicon layer within the gate area;
the gate being comprised of polysilicon; and
k) removing the second patterned dummy layer to form the double-gated
transistor.

25

35. The method of claim 34, wherein the structure is a semiconductor substrate.
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5 37. The method of claim 34, wherein the lower SOI oxide layer has a thickness of

from about 1000 to 5000A; the upper SOI silicon layer has a thickness of from about

300 to 20004; the first dummy layer has a thickness of from about 450 to 10504; the

top oxide layer has a thickness of from about 90 to 110A; the rounded oxide layer

has a thickness of from about 80 to 550A; the second patterned dummy layer has a

10  thickness of from about 1000 to 3000A; and the conformal oxide layer has a
thickness of from about 5 to 200A.

38. The method of claim 34, wherein the lower SOI oxide layer has a thickness of
from about 2000 to 4000A; the upper SOI silicon layer has a thickness of from about

15 500 to 1500A; the first dummy layer has a thickness of from about 500 to 1000A; the
top oxide layer has a thickness of from about 95 to 105A; the rounded oxide layer
has a thickness of from about 100 to 5004; the second patterned dummy layer has a
thickness of from about 1500 to 2500A; and the conformal oxide layer has a
thickness of from about 10 to 50A.

20
39. The method of claim 34, wherein the undercut is from about 500 to 3000A deep.
40. The method of claim 34, wherein the undercut is from about 1000 to 2000A
deep.

25
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43. The method of claim 34, wherein the patterned first dummy layer is removed
using a hot phosphoric acid etch the undercut is formed using a dilute HF etch and
the second patterned dummy layer is removed using hot phosphoric acid.
10
44. The method of claim 34, wherein the rounded oxide layer and the conformal

oxide layer are each formed by a growth process.

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

after removal of the second patterned dummy layer.

46. The method of claim 34, including the step of performing;
LDD implants; and
20 source/drain implants

after removal of the second patterned dummy layer.
47. The method of claim 34, wherein the upper gate has exposed side walls and

including the step of forming spacers over the upper gate exposed side walls after

25  removal of the second patterned dummy layer.
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