0 8 FEB 2006 METHOD OF FORM NG DOUBLE- GATED SI LI CON- ON- | NSULATOR (SO )
TRANSI STORS W TH CORNER ROUNDI NG 5 FI ELD OF THE | NVENTI ON The @rg&<ERt 2006
invention relates generally to fabrication of seniconductor devices, and
nore specifically to nmethods of fabricating double- 10 gated

sem conductor-on-insul ator-on-insulator (SO transistors. 1 0 8 FEB
'2006 BACKGROUND OF THE | NVENTI ON Doubl e-gated transi stors offer greater
performance conpared to conventional planar transistors. However, a

probl em has been how to fabricate 5 such doubl e-gated transi stors. Current
t echni ques bei ng exam ned today include epitaxial growh to formthe
channel after gate oxidation and fin field effect transistors (FET).
("Fin" usually nmeans a vertical silicon piece that is the gate, but there
are many variations of fin-FETs.) 10 U S. Patent No. 6,451, 656 Bl to Yu et

?'s ;ﬂescrmh?ﬂ@wbwﬁcﬁzmk@ DOUBTE-EAFED SIERFORLBAFARUIN THRS(Y

TRANSISTORS WITH CORNER ROUNDING

FIELD OF 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.
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U S. Patent No. 6,413,802 Bl to Hu et al. describes a doubl e-gated Fi nFFET
on seni conductor-on-insulator (SO). 15 U.S. Patent No. 6, 365, 46§ FEB 12006
:Chan et al. al so describes a process for a doubl e-gated MOSFET on

sem conductor-on-insulator (SO). U S. Patent No. 6,396,108 131 to
Krivokapic et al. describes a process 20 for a doubl e-gated MOSFET on
sem conduct or-on-insulator (SO). 2 0 8 FEB 2006 SUMVARY OF THE | NVENTI ON
Accordingly, it is an object of the present invention to provide nmethods
of form ng doubl e-gated silicon-on-insulator (SO) transistors having 5
Qe current control. O her
objects will appear her e HOW scovered that the
above and ot her objects of the present i nvention may be acconplished in
the follow ng manner. Specifically, a substrate having an SO structure

formed thereover i popbRVsed. thRGisOR St Gt F}Sé}ﬁlrgﬁi g é‘or!nBX‘Fdfome g

oxi de |l ayer and an upper SO silicon |ayer. ayer

over thecSergtonat tplarer Bafidistets. tlApweUENA badlﬁéni Rad %éﬁ‘%dw 86 thbBcdepP 15
oxi de_l ayer. The first top dummy | ayer, top oxide |ayer, and upper SO

silicdn ﬁ'asldeUBkegqfad ttéﬂrmeﬁdonSoGlmentatedmIQEembdmgl exsimineg tddgymnd:laﬁ@r/ t op
oxi de layer/ .u per €05| icon |ayer stack having exposed si I1's. The
pat t er neGPHHH ﬂé tPl m therbannelcpfien ggtes oxi andi im field effartai n

region C%ﬂgﬁﬁffg (PET (%hanlqs?da yoxrnteans a vertical silicon piece that is the gate, but

there are many variations of fin-FETs.)

10 ' U.S. Patent No. 6,451,656 B1 to Yu et al. describes a double-gated

transistor on semiconductor-on-insulator (SOI).

US. Patent No. 6,413,802 B1 to Hu et al. describes a double-gated
FinFFET on semiconductor-on-insulator (SOI).
15

U.S. Patent No. 6,365,465 B1 to Chan et al. also describes a process for
a double-gated MOSFET on semiconductor-on-insulator (SOI).

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



A rounded oxide layer is forned over the exposed side walls of the
patterned 20 upper SO silicon Iayer which also. rounds the paQtgpPfgd 200foer
'SA silicon layer. The patterned first top dummy |ayer is renoved,
exposing the patterned top oxide |ayer. A second patterned dummy |ayer is
formed over the exposed patterned top oxide |ayer and the exposed portions
of the upper SO silicon layer. The second patterned dummy |ayer having an
openi ng that defines a gate area exposing: a 25 portion of the oxide |ayer
within the gate area; portions of the upper surface of the |ower SO oxide
| ayer within the gate aregy 1 nded oxide 3 0 8 FEB
2006 | ayer within the gat §UﬁMA Si ez O ea portions of the
upper surface of the lower SO oxide |ayer are etched into the | ower SO
oxide layer to: forman wundercut into the undercut |ower SO oxide |ayer
exposing a bott om pefdriitglyf it i anpabjeet REJtHEP PesseROinSentidiPNo! BMRfia t hi n
the gate area; renove the exposed gate 5 area portion of the oxide |ayer
exposi ngmethafs pbriormingfdaide-gatetle sitiednwppiesulB@r (SO1)i aansik@yemaviddi n t he
gate area; and renove the portion of the rounded oxide |ayer within the
gat e 2ar eHNRSQYSdigade axigsintegrito{GOhans lgakage dusrestt conobat t erned  upper SO
silicon layer within the gate area. A confornmal oxide |layer is forned

over: the exposed bottom portion of the patterned upper SO silicon |ayer
within 10 the gate area; the exposed top portion of the patterned upper SO
silicon layer wthin the gate area; and the exposed portion of the side
wal I's of the patquﬂ%qlobjégge«,i pe%}hlie?&ﬂa%&yer within the gate area. A
gate is formed within the secon patterned dumry | ayer openi ng and

i ncl udes an upper gate above the patterned

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 lower 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



upper SO silicon layer within the gate area and a | ower gate under the
upper SO 15 silicon layer within the gate area. The second pa(tg
layer is removed to formthe double-gated transistor. 4 0 8 FEB 2006 BRI EF
DESCRI PTI ON OF THE DRAW NGS The features and advantages of the present
invention will be nore clearly understood fromthe follow ng description
‘taken in conjunction with the 5 acconpanyi ng dr aw ngs in which |ike
reference nunerals designate sinmilar or corresponding el ements, regions
and portions and in which: Figs. 1 to 10 schematically illustrate a

resent jnvention. 10 Fi 11 is a

f mbagdi.ment of the ] . _
Cr oss. SclyFORAM Y B, e eifeaTRGXPYe a%e araxportioms tho.ummg sutact ofa
- segld i k - 12 0 . 10,
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t echni qupattérned eupye? SO silioyie My @ NwihES tHSatk 02Nl 412 &ﬂlﬁﬁd atd €
SO to formthe gate, surface nobility is not degraded as i1n-the se of

fi n FETsarefiportion of the oxide layer exposing a top portion of the patterned upper SOI

\J

silicon layer within the gate area; and remove the portion of the rounded oxide
layer within the gate area exposing a portion of the side walls of the patterned
upper SOl silicon layer within the gate area. A conformal oxide layer is formed
over: the exposed bottom portion of the patterned upper SOI silicon layer within
10  the gate area; 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.



SO transistors formed in accordance with the present invention have
inproved gate oxide integrity (GO) and | eakage current cont r@lgcp{g qguat he
-corner rounding effect on the edge of the active region, the "fin.

Initial Structure - Fig. 1 Fig. 1 schematically illustrates a structure 10
"having a fully depleted silicon-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 conductor substrate. SO 16 includes: a lower SO silicon oxide (S Q)

| ayer 12 having a 20 Sla} S 0] 4 t 1000 to 5000A and
nore preferably from ﬁgﬁggglﬂlul %Mﬁ@@m ng SO silicon (Si)
| ayer 14 having a thickness of preferably fromabout 300 to 2000A and nore
preferably from about 500 to 1500A. Formation of Top Oxide Layer 18 and
First Top Dumy Léapier fe2@uresFr@l advaitafed of thdEBradff n%er&ﬁ?l"%ﬂ‘i%elzﬁlg)rez’ a
top oxide (silicon oxide -Si02) |ayer 18 is forned over

t hi cknesdeatly pmeleestabd yrdmotieafotiutvify) descriffith talEneird Ejahatiby with @R about
95 to 105A and nost preferably about 100A. 5 Then, a flrst top dummy | ayer
20 | 9 f RIFEHPIVFING dpaingsein aghich diket veferenchirkmessds designafecsimbilat bf om

about 450 to 1050A a[nd nore preferably from about
corresponding elements, reglons and portions and in which:

Figs. 1 to 10 schematically illustrate a preferred embodiment 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.



a 500 to 1000A. The first top dummy |ayer 20 is preferably conprised of
nitride, silicon nitride (Si3N4) or silicon oxynitride (SiON) (gap¢EBs 2088 €
‘preferably conprised of nitride as will be used hereafter for illustrative
purposes. 10 The first top dummy | ayer has a thickness of preferably from
about 450 to 1050A and nore preferably from about 500 to 1000A. Patterning
of First Top Dummy Nitride Layer 20/ Top Oxi de Layer 18/ Overlying 15 SO Si
Layer 14 - Fig. 2 As shown in Fig. 3, the first top dummy nitride |ayer 20,
top oxide Ilayer 18 and overlying SO silicon |layer 14 of the SO 16 are
patterned do j L defi ne: terned
first top du%iMEﬁ @@ﬁgﬁ‘%gﬁ s ,5@?’? ng SO
silicon layer 14' stack 30 with exposed side walls 31; the active region
as shown and exposed portions 22 of |lower SO silicon oxide |layer 12. The
top nitride |ayer Tis ihGdhtforl PRovia¥ehn hiteANHIVORAY Yb MebriRGke dblibleQated aYeEr
14 may be patterned, for exanple, using an overlying patterned nmask | ayer
(not shotmpsigtoes 80 atsing a aifivonsentirful oo (SOPssutistraiibay thke StaFtiay Ai6rial.
Patterned stack 30 may be roughly in the shape of a dunbbell with the
oppost ngSiagel $he techniqusaef tenpresenteiniventign SGks thd tapoand bpthon sidebof e a
opposi ng fou ce region 34 and %r,ai n re(t;i on 36 connected by a channel

r egi on 3801 to form thegate, surface mobility is not degraded as in the case of fin FETs. The

SOI transistors formed in accordance with the present invention have improved
gate oxide integrity (GOI) and leakage current control due to the corner rounding

effect on the edge of the active region, the ‘fin.’

10
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 Lavyer 20 - Fig. 2

25



5 Formati on of Rounded Oxide Layer 28 - Fig. 4 As showmn in Fig. 4, a
rounded oxide |ayer 28 is fornmed over the exposed side walls 318 ¢ER 2606
-patterned overlying SO silicon |ayer 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 layer 28 and the patterned top oxide layer 18 . As shown in Fig. 4,
rounded oxi de |ayer 28 has rounded corners 26. Rounded oxide |ayer 28 has

a thickness of prefierably .from, about 8 . 550A.and..por.e preferably from
about 100 to 500A. A%‘gﬁ%é%n eng'o%(iagtgp Ioé?fg‘? fs@éf:of‘so’%a%?%@blﬁygfrﬁﬁéaﬂﬁ an
oxi dati ogy&f Wi Re B LEES & SSMEHRT HER r r 00 to
1200C andvrmre prefer abFlg}@s%r onlnS agggu?@g(té tgﬁ"’l‘?‘o%jc&% g?d#’r%lr% ‘g]gggﬁgp%&éto 120
m nut es ﬁ@&lﬁb@&Q%Qbﬁﬁaﬁ{meﬁgﬁe@é}ﬁny%uttqod&_() m nutes. 20 Renoval of
Patterned First Top Dumry Nitride Layer 20" - Fig. 5 As shown in Fig. 5
the patterned first top dumry nitride layer 20" is renoved fromthe
patterned stack 30 _to expose the oxide encased patterned 25 overlying SO
silicdn |ayer 32. Then gafitsttordummsy dayes0ds fonmed ovérdopl axde l3@r 1808 0 8
FEB 2006 erably renmoved enpl oying a hot phosphoric acid etch sel ective
to oxi depgtfq%I(B% q{y rg&rably from about 450 fo 1050Ap and F;nore preferably from about

500 to 1000A. The first top dummy layer 20 is preferably comprised of nitride,

silicon nitride (SisNy) or silicon oxynitride (SiON) and is more preferably comprised

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 SOI Si Layer 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




Formation of Second Patterned Dummy Layer 40 - Fig. 6 5 As shown in Fig. 6,
a second patterned dummy layer 40 is fornmed over the structurg %fFE'B 2006

. Second patterned dumry | ayer 40 may be patterned, for exanple, by using an
overlying patterned gate reverse mask (not shown) and enploying an

ani sotropic etch to formopening 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 |ower SO

silicon oxide Iayer 12 within gate area 50. 15 It is noted that the gate
portion 38 of the %ti‘irﬂé éﬁ%ﬁ&s@gnﬁa'tb%mwﬂyavethwhﬁgesﬁa diumbbelh witlyer 32

has an o eréa round aracteristic.due for on of rounded

oxi de | aéIer é?f m:fe%% ea&%? g}lﬁﬁ],ngftgﬁ Oinslaﬁ‘?rrej?‘let’%'lff %BPRﬁ”i‘%e_d of
nitride, t o R I Si and is
nor e pre?ota‘ggef)§é lggggra?ge glgrfe%%trléer&%gﬁe%qug% usegdég% ggfter for
illustrative purposes. Second patterned dunmy |ayer 40 has a thickness of
preferably from about 1000 to 3000A and nore preferably from about 1500 to

25004 2Boifhativmgf Réwkfdd Oxidicldyay@8 -Fg.4 Fig. 7 9 0 8 FEB 2006 As shown in
Fig. 7, an etch, preferably a dilute HF etch, is used to: (1)

As shown in Fig. 4, a rounded oxide layer 28 is formed over the
exposed side walls 31 of the patterned overlying SOI silicon layer 14 to help protect
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



renove the portion of the patterned top oxide |ayer 18 overlying the
patterned overlying SO silicon layer 32' within gate area 500 § FEBr 2008ve
.the portion of the 5 rounded oxide |ayer 28 overlying the side walls 31 of
the patterned overlying SO silicon |ayer 32' within gate area 50; and (3)
etch the SO oxide |layer 12 exposed wthin opening 42 to form an undercut
44 within etched SO oxide |layer 12' extendi ng bel ow the now denuded
patterned overlying SO silicon layer 32' within gate area 50. 10 The SO
oxide layer 12 is preferably etched using a dilute HF etch or a buffered
oxi de etch and re preferably using a djluje HF etch. Undercut 44 of
the et ch%r&fé%)&weﬁoﬁaploy?g? St PhshhiBicacid i selbgive Gnodds Thedn00A
and m)reo){)lagferabl y from about 1000 to 2000A deep and preferably protrudes
from about "500 to 3000A and nore preferably from about 500 to 1000A wunder
t he | eadi ng edges of opening 42 of second patterned dunmmy nitride |ayer 40.
Formati on of Conformal Gate Oxide Layer 32 - Fig. 7 20 As further shown in
Fig. 7, Poregdticar ofeBecond Pattemed Ddmnhy Lhpénmr Fig. @ ef erably by growt h,
around the denuded patterned overlying SO silTicon |layer 32° wthin gate
area®0 to forma conformal oxide rounded gate portion 48 of the patterned

overlying SO silicon |ayer 14'. Confornmal oxide layer 46 is grown on the
25 exposed top, boht shewadinsFige$, of secord qatiernpest dustmyflayeredpas fenmmest

| yi 1 F 2
overtyl r]gvesrothe s({:)rucc):tuBre ol':fl?i:ig.0 Q.GSecond patterned dummy layer 40 may be patterned,

for example, by using an overlying patterned gate reverse mask (not shown) and
employing an anisotropic etch to form opening 42 opening up the gate area 50.

10  Second patterned dummy 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 (SizNy) 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




silicon layer 14" to a thickness of preferably fromabout 5 to 200A and
nore preferably fromabout 10 to 50A. Formation of Gate 52 - 'ﬁia"FEB Qu?
shown in Fig. 8 a gate layer is forned over the patterned dumry  nitride

| ayer 40, filling opening 42 and is planarized to renove the excess of the
gate layer fromover the top of patterned dummy nitride |ayer 40 to forma
pl anari zed gate 52 within opening 42. Gate 52 is preferably conprised of 10
polysilicon (poly), tungsten (W, WSi,, silicon germanium (Si Ge) or
alumnum (Al) and is nore preferably polysilicon (poly) as will be used
hereafter for purposes of illustration. Poly gate 52 includes upper gate
56 and | ower gate 54 separated by 15 the conformal oxi de rounded gate

portion 48 of the [ [ 4 )\r
clearly shown in #Fgéﬁ&gﬁqgrﬁoé’%Bx§?%é§%fg%dsl* %?{chdlr% %étcéklgrrl%?%?&tg% good
gap filliedgows EREpbitRSh 8NEhd PRtteRRIY td R TaFel 20T OF ing RRE gaa%h?edsz
wraps conpletely around the conformal 20 oxi de | ayer 46 previously grown
around t beerbying 8] sikgirotay@B 3af witiih gjatedr&ab0; (2) kérmove key porteh ofvithidi n
gate area 50. The gate layer is preferably planarized by a chemi cal
mechani cedunded| ddde tayet COR)veplybag dle sidefvoalin dthef el pattpaned BRerlpmgrEbval  of
t he Patterned. Du Nitride Layer_40 - Fig. 9 11 )

silicon layer 32' within gate atea 50; and (3) etch the SOI oxide layer 12 exposed

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 HF 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 2000A deep and preferably
protrudes from about 500 to 3000A and more preferably from about 500 to 1000A

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



0 8 FEB 2006 As shown in Fig. 9, the patterned dummy nitride |layer 40 is
renmoved fromthe structure of Fig. 8 to expose: the side wall g § FER 2008°¢er
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

| npl ant ati on, Formation of Spacers 60 and Source-Drain Inplants Fig 9 10 As
shown in Fig. 10, conventional SDE or LDD inplants 100 are performed and
wi |l exist under the spacers 60 (see below) and overlap the gate by a

smal | pogt.L.an. e i'o.%[g rate is i n_enoygh h t the SDE/ LDD
ext end %1?116(%’11{1,[1%%4},[ })éb%)dt fci o%uo t§’ %19?% re&fﬁé&r grtog_\ “é%g%rid@o a8 eMORe N
fornmed oy&rfegabg, sbAeydt30%§ 50k upper poly gate 56, and spacers 62 are
formed 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 oxide | ayer 28 and the exposed portions of the patterned top
oxi de | ajematdn ofGateyi2nFigHe patterned overlying patterned SO silicon

| ayer_14 are 20 renoved during the spacer etching in the formation of
spaceﬁ‘s 60, 62. Source-drain (S/D) inplants are then respectively forned

into source regio 4 and draipn region 36, for exanple, to form source 34
and drain 36' to ‘gﬁglbﬁ“@{‘é“ o8 @i&?ﬂegﬁyea%@r@e&eﬁ‘@d ¢ Pattemeghdemmy t h a

Cont of akisfk 98O $ithng 2pefiflpeR ARl bidrdled! A% RN SHPE UL Y SO
gate layer from over the top of patterned dummy nitride layer 40 to form a

planarized gate 52 within opening 42. Gate 52 is preferably comprised of
10 polysilicon (poly), tungsten (W), W-Si, silicon germanium (SiGe) or aluminum (Al)
and is more preferably polysilicon (poly) as will be used hereafter for purposes of

illustration.

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

11



Fig. 11 is a cross-sectional representation of Fig. 10 along line 11 - 11
ang il1lustrates upper gate 56 and |ower gate 54 of poly gate 53 §IEg 208
by the confornal 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. Sidewal|l spacers 62 extend over the
exposed rounded oxide |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
separated by the conformal oxide rounded gate portion 48 of the patterned

lying SO sili | ayer 21.4' i deyal | acers 60 extend over the s!de
wel I's 79 of  upper " SaPSWERnJriE,2 e pallerned By sftrideday en Ak gamovadri g

12, the | ide .| 2 Fig. 4) causes_ additional
porti ons%ﬁqﬁ%%gﬁéﬁ Egg[%%qooéglp??%otﬁgI%g(%/eg‘?'agiﬁstoé “g)é) eBZP!O . %@@:556( igd I

pr oxi mat ehd ARueieddsxiliaYsfer 8! opHLdE %cﬁeﬂﬁﬁ#@rﬁed ﬁeﬁg&f%i gi?]%.]ox? Xayes | aver
12 to forma rounded patterned SO silico ayer 14" ronarty,

st andar d32 adutsiddagatenampaob@sThergpattdinsd hbursd nffFidei layeFofd is ?r@feratrﬁ%g- ) f
20 Advantages of the Invention The advantages of one or nore éenbodi nments o
the pres&moved usingdwt phasphatéc adid r ounded active region inproves gate
oxide integrity (GJ) and | eakage 25 current control. 13 0 8 FEB 2006

LDD Implantation, Formation of Spacers 60 and Source-Drain Implants - Fig. 9

10 As shown in Fig. 10, conventional SDE or LDD implants 100 are
performed and will exist under the spacers 60 (see below) and overlap the gate by a
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 (S/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



Some notable qualities of this invention include: 1) meking use of the top
and bottom surfaces of the SO for gate oxide channel formatlgna-F 2006°
the fact that both surfaces have | ow surface roughness, the mobil'itTy Is

i mproved; 5 2) gate oxide is fornmed all around the channel which is nore
like a circular FET rather than a planar FET; and 3) Wor WN may be used
to forma netal gate instead of using polysilicon. Wile particular

enbodi ments of the present invention have been 10 illustrated and
described, it is not intended to limt the invent:on, exciptAés ?ﬁfhne? by
the followwng claips. 14 0 8 FEB 2006 CLAIMS W claim_5 1. A nme od o
fornming a dogbl e- g@sgea%fsr 3 (E@sSrssrtona) FapPreseRigtioRof digpld dongdinestlovili ng a

Tt ud ng s e EpBer Bhle e S8 1085 3T P Rl P rpanafil bV e °
' b<e! t . ; i i.r.st_top
durmy Lagar ey PG el Glie IEGOI 4B 6 WaRenflt SOLTHIR, R Hikn ' 7O

durmy | alager 14') Silevall dpapereXs0dRtdrity 6ver @aGidd Whils B2 ok RPBEr SRk 58idfipodyn | ayer
to forma patterned first top dummy
5 gate 52. Sidewall spacers 62 extend over the exposed rounded oxide layer 28' of

oxide encased patterned overlying SOI 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 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,

CoSi, 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.

13



| ayer /top oxide |ayer /upper SO silicon |ayer stack having exposed side
walls; the 15 patterned upper SO silicon layer including a SQu8 FE, ?%ﬂ)n
and a drain region connected by a channel portion; e) form ng a rounde

oxi de |l ayer over the exposed side walls of the patterned upper SO silicon
| ayer; the formation of the rounded oxide | ayer also rounding the
patterned upper SO silicon layer; 20 f) renoving the patterned first top
dummy | ayer exposing the patterned top oxide layer; g) formng a second
patterned dumry | ayer over the exposed patterned top oxide |ayer and the
exposed portions t er i con | gyer. e second patterned
dumy | ayer havi nQ Tha A S ARYENION, “pa exposing: 25 1) a
portion of the oxjde layer within the gate area; 15 0 8 FEB 2006 11)
portions of themakinguseafihetoppnd hettomysarfagey ofdhe §O1Ifay gate oxidéhi n t he gat e
area; and I1l) a portion of the rounded oxide |layer within the gate area;
h) et chi cigartiebfornpoiad diat ®© the éact phdatiboth sutfhcdsitaveppRTsusfacé aegliiess,he | ower
5 SO oxide layer into the |ower SO oxide layer to: 1) form an undercut

into thegdsh igigip,rovgg oxi de | ayer exposing a bottom portion of the
patterned upper SO silicon l|ayer within the gate area; 1l) renove the

exposgd gate 2?)rgea%e B Por%{e aﬂ? aroun ethle M&hnel which is more like a circular

FET rather than a planar FET; and

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

While particular embodiments of the present invention have been
10  illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

14



10 exposing a top portion of the patterned upper SO silicon layer wthin
the gate area; and II1l) renpove the portion of the rounded oxi dgg §
within the gate area exposing a portion of the side walls of the patterned
upper SO silicon layer within the gate area; 15 i) form ng a confornal

oxi de layer over: 1) the exposed bottom portion of the patterned upper SO
silicon layer within the gate area; Il) the exposed top portion of the
patterned upper SO silicon layer wthin the gate area; and 20 x Il11) the
exposed portion of the side walls of the patterned upper SO silicon |ayer
within the gate area; j) formng a gate within the second patterned dunmy

| ayer opening; the gate including an upper gate above the patterned upper
SO silicon layer within the gate argaimg a | ower gate under the upper
SO silicon layer within the gate area; and 25 k) renoving the second
pat t er nedWhixiaim:| ayer to formthe double-gated transistor. 16 0 8 FEB 2006
2. The nethod of claim1l1, wherein the structure is a sem conduct or
substrate. 3. The method of claim1l, wherein the structure is conprised of
silicon or 5 germanium, 4. The nmethod of claim1, wherein the | ower SO

oxi de 3 ayé{Amhgdpﬁfqmﬁggg dijuble-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;

b) forming a top oxide layer over the SOI structure;

c) forming a first top dummy layer over the top oxide layer;

10 d) patterning;:
I) the first top dummy layer;
IT) the top oxide layer; and
III) 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




about 1000 to 5000A; the upper SO silicon |ayer has a thickness of from
about 300 to 2000A; the first dummy |ayer has a thickness of fnra»rp@nqggﬁ
450 to 1050A; the top 10 oxide |ayer has a thickness of from about' Y0
110A; the rounded oxide |ayer has a thickness of from about 80 to 550A;
the second patterned dummy | ayer has a thickness of from about 1000 to
3000A; and the conformal oxide |ayer has a thickness of fromabout 5 to
200A. 15 5. The nethod of claim1, wherein the |lower SO oxide |ayer has a
t hi ckness of from about 2000 to 4000A; the upper SO silicon Iayer has a

t hi ckness of from

t hi ckness of from m(%rtéglgotd}? %@%&%@U{ﬁgg,&)g%ﬂeﬁéﬂge gkgcyeqﬁ%s a th| ckness
of from about 95 to, ;Itgﬁﬂhoé?@ e hRhsleg oxide layer has a thickness of from
about 100 to 500A; the secohd patferned dunmmy |ayer has a 20 thickness of

from about 1500 to mﬁagfbrtlaﬂd>ftmrcﬁﬁmfeardmae Ih?'leﬂﬁnﬂh&h’ﬁ{e g6 afea; t i ckness of
from about 10 to 50A. The nethod of claim wherein the undercut is

from about 500h) etcBR@Ohedo@osed gate. artagpartbhedf dfe gppérmutfacetdtbe howhe

undercut is from about 1000 to 2000A deep. 17 0 8 FEB 2006 8. The nethod of
claimi, 9hkpeids layrs inivtdedowepPol pyidledayeroni about 500 to 3000A under the
second patterned duI;)r?%r I %er 0 n| n 9. The hod (3{] cl a wherein the

under cut protrudes t}I‘GG’@ﬁ!er‘B‘ ‘é’“gé pat t er ned
dummy | ayer openin

| ayer is conpri sedgecﬁpOrl?m[g-rrab %trtrgr%foqq 1§Lr??k}i"? ??tééemg? GgpEf %@ES&I lfﬁi}lfﬁ.st r Idg(ramyt he
second patterned duigswr LAREL tHesgate area;
IT) 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
III) 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;
IT) the exposed top portion of the patterned upper SOI silicon layer
within the gate area; and
20 x I1I) the exposed portion of the side walls of the patterned upper
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 within the gate
area and a lower gate under the upper SOI silicon layer within the gate area; and

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

transistor.
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conprised of nitride, silicon nitride or silicon oxynitride; and the gate
is conprised 10 of polysilicon, tungsten, WSix, SiGe or al umﬂnaerEPl:qusThe
nmet hod of claim1, wherein the first dumy | ayer is conprised of nitri
silicon nitride; the second patterned dummy | ayer is conprised of nitride
or silicon nitride; and the gate is conprised of polysilicon. 15 12. The
met hod of claim1, wherein the patterned first dumry |ayer is renoved

usi ng a hot phosphoric acid etch the undercut is formed using a dilute HF
etch and the second patterned dummy | ayer is renoved using hot phosphoric
acid. 20 13. The nethod of claim1, wherein the rounded oxide |ayer and the
conformal oxide |ayer are each forned by a growh process. 14. The net hod

of claim 3, ThOHeld g élQ‘?n%t&Hﬁx%in [ I R rR Y b SEAFE Rt IRl BB Skel NE O the

respective source region and drain region to forma source and a drain
after 25 renoval of the second patterned dummy layer. 18 0 8 FEB 2006 15.
The nmethod of claim1l, including the step of performng: LDDinplants; and
source / @rdhe muhadtsf afdier 1y evimrain tlfie tshaicsweoisd cpatprisededf dilioon bayer .
5 16. The nethod of claim 1, wherein the upper gate has exposed side walls
and i’hcl gdimgnivie step of form ng spacers over the upper gate exposed side
wal | s after

4. The method of claim 1, 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
10  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
thickness of from about 1000 to 3000A; and the conformal oxide layer has a

thickness of from about 5 to 200A.

15 5. The method of claim 1, wherein the lower SOI oxide layer has a thickness of from
about 2000 to 40004; the upper SOI silicon layer has a thickness of from about 500
to 15004, the first dummy layer has a thickness of from about 500 to 10004 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

20 thickness of from about 1500 to 2500A; and the conformal oxide layer has a
thickness of from about 10 to 50A.

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

25 7. The method of claim 1, wherein the undercut is from about 1000 to 2000A deep.
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removal of the second patterned dumry |ayer. 10 17. The nethod of claim1,

including the further step of then performng a salicidation grg szjﬁs
A nmet hod of form ng a doubl e-gated transistor, conprising the st ﬁ%; Ta)

providing a substrate having an SO structure forned thereover; the SO 15
structure including a |lower SO oxide |ayer and an upper SO silicon |ayer;
b) formng a top oxide |layer over the SO structure; c) formng a first top
dumy | ayer over the top oxide layer; the first dumry |ayer being

conprised of nitride, silicon nitride or silicon oxynitride; d) patterning:

20 1) thegf Tﬂé&eﬁ?&?ﬂ ST b 2 RErein ltﬂ\% uBH@rchf}fc&iggﬁ'cfsoﬂﬁé%ﬁJm%ﬁoa{d Sdootahe

upper SO “siTicon layer to forma patterne yer /top

oxi de | ayghdbriNeekcord pattdrheQdunfun rlafér%ﬁ)&nh?(i ng exposed side walls; the
patterned upper SO S|?|con | ayer i ncluding source region and a drain

region 25 connected by a channel portion; 19 0 8 FEB 2006 e) formng a
rounded oxi de | ayer over the exposed side walls of the patterned upper SO
silicon | QyEne nebeod of chaimh dnwkrdihéhe oundeedt protdedésafyem adosio 500 tut@l0dg t he
patterned upper SO sjlicon |ayer; f) renmoving the patterned first top
dummy ? aysndesphesesmnd wte}ra@déﬁm@yﬂwr apepiigle | ayer ;

10. The method of claim 1, wherein the first dummy layer is comprised of nitride,
silicon nitride or silicon oxynitride; the second patterned dummy layer is
comprised of nitride, silicon nitride or silicon oxynitride; and the gate is comprised

10  of polysilicon, tungsten, W-Si,, SiGe or aluminum.

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

15
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

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

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

oxide layer are each formed by a growth process.
14. The method of claim 1, including the step of forming source/drain implants into

the respective source region and the drain region to form a source and a drain after

25 removal of the second patterned dummy layer.
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g) formng a second patterned dummy | ayer over the exposed patterned top
oxi de layer and the exposed portions of the upper SO silicon Inagq;rg rzg@
second patterned dummy | ayer havi ng an openi ng that defines a gat

exposing; the second patterned dunmmy | ayer being conprised of nitride,
silicon nitride or silicon 10 oxynitride; I) a portion of the oxide |ayer
within the gate area; 11) portions of the upper surface of the | ower SO
oxide layer within the gate area; and Il1l) a portion of the rounded oxide
layer within the gate area; 15 h) etching the exposed gate area portions of

the Upper1§W‘Hear9@5}9)fdc§f@alhpi"@ﬁclu§ﬁl g BEIsHS, beforkithg. the |ower SO oxide

| ayer to: 20 25 form an under cut |nto t underc t | oner SO oxide |ayer
exposing a boLgpmrﬁplrahtg;)gn@f the patterned upper SO silicon |ayer within
the gate area; Il) renove the exposed gate area portion of the oxide |ayer
exposing a togoyree!din ohplahes patterned upper SO silicon |ayer within the
gate area; and Il1) renove the portion of the rounded oxide |ayer within
the gate aﬁee@mgfﬂ@pwcmpﬁﬁﬁr@ﬁdmbwml | s of the patterned upper
SO silicon layer within the gate area; i) form ng a confornmal oxide |ayer
over:

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.

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

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
15  structure including a lower SOI oxide layer and an upper SOI silicon layer;
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:
20 I) the first top dummy layer;
. II) the top oxide layer; and
III) 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
patterned upper SOI silicon layer including a source region and a drain region

25  connected by a channel portion;
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20 0 8 FEB 2006 1) the exposed bottom portion of the patterned upper SO

silicon layer within the gate area; Il) the exposed top porticnnaq;f gl'ng]
patterned upper SO silicon layer wthin the gate area; and 57X Ilﬁ ﬁe

exposed portion of the side walls of the patterned upper SO silicon |ayer
within the gate area; j) formng a gate within the second patterned dunmy

| ayer opening; the gate including an upper gate above the patterned upper
SO silicon layer within the gate area and a | ower gate under the upper
SO silicon layer within the gate area; the 10 gate being conprised of

pol ysilicon, t n?% e i i r 1 a r V| tﬂe econd
patterned durm§ ayelggt%v (')"liﬁ%eéhe lgpugl?rlg?g%\%gglhet rgg%(g%egt gi;& Wéﬂs et}?reet hod
of claim ﬁ%eﬁﬂ@@r Iﬂerté@I SHiESE 1dYfeB; tre ForafforOodHf! QJurdidRStial Sayel 21w The
met hod of " claim 18,” wherein the structure Is conprised of silicon or

ger mani untouhiding fige pEttdradd @ppet 8OMsilion WiREei N the [ ower SO oxide |ayer
has a thickness of 20 from about 1000 to 5000A; the upper SO silicon

| ayer has a t hf)okmesingfthef pastaradab irst36p dum@Glaper exposing gte phireayed toper has
a thickness of from about 450 to 1050A; the top oxide |layer has a

t hi ckniesso¥defayghi about 90 to 1101; the rounded oxide | ayer has a

[ t 80 to 550A; 't d patt dd I has a
thickness of fé)ofgr%?gg a second0 patterned u%mr%?rclg}rf]er vaer t er: re]SposelEling%terggc? trop

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; the
second patterned dummy layer being comprised of nitride, silicon nitride or silicon

10 oxynitride;
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
ITI) a portion of the rounded oxide layer within the gate area;

15 h) etching the exposed gate area portions of the upper surface of the lower

SOI oxide layer into the lower SOI oxide layer to:

I) form an undercut into the undercut lower SOI oxide layer exposing
a bottom portion of the patterned upper SOI silicon layer within the
gate area;

20 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
area exposing a portion of the side walls of the patterned upper SOI

25 silicon layer within the gate area;

i) forming a conformal oxide layer over:

20



t hi ckness of from about 1000 to 30001; and the confornmal oxide | ayer has a
25 thickness of fromabout 5 to 200A. 21 0 8 FEB 2006 22. The rge@:}%ggq)ﬁu
claim 18, wherein the Iower SO oxide |ayer has a thickness of t
2000 to 4000A; the upper SO silicon |ayer has a thickness of from about
500 to 15001; the first dumy |ayer has a thickness of from about 500 to
1000A; the top oxide layer has a thickness of from about 95 to 105A; the
rounded oxi de layer 5 has a thickness of fromabout 100 to 5001; the second
patterned dumry | ayer has a thickness of fromabout 1500 to 25001; and the

rethod of ol aim 16,0 See Bl RO GROETTON ofthe PRPAk WPk BN Ysson deep

met hod of claim18 n the undercut 1s
10 24. The nethod of cl éliaﬁérjxﬁithmfé%afb hfeg. undercut is from about 1000 to
2000A deep. 25. The nethod of claim 18, wherein the undercut protrudes

from about 500 to Ilﬁhé@&gésdmtﬂ)@i’pdrﬁenﬁﬂ@l@@ﬁaﬂﬁ@hbdrulppdr g0omsilicbay@feropeni ng.
26. The nethod of claim 18, wherein the undercut protrudes from about 500
to 1000A under thewigbootie gade tanatd dunmy | ayer opening. 20 27. The net hod
of claim 18, wherein the first dumy |ayer is con?rised of nitride or

P

silicoh nktride; tHel)dsbeexpprssdinostioral Hasige walls ot the pastesned sppet nitri de

Tethod of ¢l ai m 18, wnerSHIHE AT uFRGH I e Sy | ayer 15 1 eroved
j) forming a gate within the second patterned dummy layer opening; the gate
including an upper gate above the patterned upper SOI silicon layer within the gate
area and a lower gate under the upper SOI silicon layer within the gate area; the
10  gate being comprised of polysilicon, tungsten, W-5i,, SiGe or aluminum; and
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.
15
20. The method of claim 18, wherein the structure is comprised of silicon or

germanium,.

21. The method of claim 18, wherein the lower SOI oxide layer has a thickness of
20  from 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 10504 ; 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 550A; the second patterned dummy layer has a

thickness of from about 1000 to 3000A; and the conformal oxide layer has a
25  thickness of from about 5 to 200A.
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25 using a hot phosphoric acid etch the undercut is forned using a dilute
HF etch and the second patterned dunmy |ayer is renoved using hgt Zwm
phosphoric acid. 22 0 8 FEB 2006 29. The nethod of claim 18, wﬁe(§Q$t e
rounded oxi de | ayer and the conformal oxide |ayer are each forned by a
growm h process. 5 30. The nethod of claim 18, including the step of formng
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. 31. The nmethod of claim 18, including the step of perform ng:

10 LDD i . of=1) P00, L f . f i
10, 00, Phko BNt SeuGsel AR R Tl 0 g

has expos g@n$ hEeuVEob 2o aDEDA ke LppkrIONSilichE 1@}& a8t thRkRERDIFRARILOUPY T
t he upper gate exposed side walls after renoval of the second patterned

dumy | ays00 ta3800R) eherfitdh @itinviy dhypirrhad @, thidkmlesso gomhb ot 500 es 1600k thé t hen
performng a salicidation process. 20 34. A nethod of formng a

doubl e- gategplokidersyert lnas, a tninkméss iofi grarhebstePs tofld54) therovinded gxides Layst r at e
having_an SO structure formed thereover; the SO structure including a

| over B0 hap deickagssof sram ahowpl¥rtoS8PAs the sespnd patternes) dummii lagenhaod

oxi de | ay%iclgr\/eesg (Eth ?rorsnoabsotug ul(‘St()bJ I’t((a)’ 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.
10
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

15 3000A under the second patterned dummy layer opening.

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

1000A under the second patterned dummy layer opening.

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

silicon nitride; and the gate is comprised of polysilicon.

28. The method of claim 18, wherein the patterned first dummy layer is removed
25  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.
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25 ¢c) formng a first top dummy |ayer over the top oxide layer; the first
dummy | ayer being conprised of nitride or silicon nitride; 23g0 3§@EQU§POG
d) patterning: |I) the first top dunmy layer; 11) the top oxid ﬁ r; and
[11) the upper SO silicon layer to forma patterned first top dumy 5

| ayer /top oxide |ayer /upper SO silicon |ayer stack having exposed side
walls; the patterned upper SO silicon layer including a source region and
a drain region connected by a channel portion; e) formng a rounded oxide
| ayer over the exposed side walls of the patterned upper SO silicon

| ayer; the formation of the rounded oxide |ayer also 10 rounding the
patterned upper SO silicon layer; f) renoving the patterned first top
dummy | ayes EXPARIHINH bhelRal 18 RGP Phe Puflfed 6§(i%l@?la93r 1 B Go¥osaPnd
patterned dumry | ayer over the exposed patterned top ~oxide |ayer and the

exposed pexkidedageraie bt fopRRE bSQ gfdwthgsdcésyer; the second 15 patterned
dummy | ayer having an opening that defines a gate area exposing; the
second patterned dumry | ayer being conprised of nitride or silicon nitride;
) a portion of the oxide layer within the gate area; |l) portions of the
upper 3ur B@cEhemetined péﬂ)@ﬁmsé, insduding theestepiaf fprminghgouyae adraire implands

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;:
10 LDD implants; and
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
15  including the step of forming spacers over the upper gate exposed side walls after

removal of the second patterned dummy layer.

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

salicidation process.

20
34. 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 SOl silicon layer;
b) forming a top oxide layer over the SOI structure;
25 c) forming a first top dummy layer over the top oxide layer; the first dummy

layer being comprised of nitride or silicon nitride;
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20 I'1l) a portion of the rounded oxide layer within the gate area; h)
etching the exposed gate area portions of the upper surface of Utgq:Eg)vmﬂB
SO oxide layer into the lower SO oxide layer to: I) forman undercut Into
t he undercut |ower SO oxide |ayer exposing a bottom portion of the
patterned upper SO silicon layer within the 25 gate area; 24 0 8 FEB 2006
1) renove the exposed gate area portion of the oxide |ayer exposing a top
portion of the patterned upper SO silicon layer within the gate area; and
[11) renmove the portion of the rounded oxide |ayer within the gate 5 area
exposing a porﬂj ﬁ&t&fniﬂjg?e side walls of the patterned upper SO silicon

| ayer within the gate ea; i) formng a conformal oxide |ayer over: 1) the

exposed bottom port)qRe ﬁfst&@ﬁdﬁﬁ{&?flw; upper SO silicon layer within the
gate area; 10 Il1) the exposed top portion of the patterned upper SO

silicon layer withilpthdtepgxide laegandnd 111) the exposed portion of the
side walls of the patterned upper SO silicon layer within the gate area,;
j) forming a gate wibhihe upperSélosiicqmtayer te foruangatteayped fupeipndumne gat e
\kiSt Ihln ?,El) ;J ﬂi@r}]’gé? gag g)%%lre lg}?c;[re/ u%%%\rl eSOtIgielicg?ltlé}leefrr;?a%kli\%%?rﬁg g)%oszidlsiidceov%alllg){}elé
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
10  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
15 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;
IT) portions of the upper surface of the lower SOI oxide layer within
the gate area; and
20 I1I) a portion of the rounded oxide layer within the gate area;
h) etching the exposed gate area portions of the upper surface of the lower
SOI oxide layer into the lower SOI oxide layer to:
I) form an undercut into the undercut lower SOI oxide layer exposing

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

25 gate area;

24




area and a | ower gate under the upper SO silicon layer within the gate
area; the gate being conprised of polysilicon; and k) renovin @ﬁﬁiﬁwd
patterned dumry |ayer to formthe doubl e-gated transistor. 20 735.

met hod of claim 34, wherein the structure is a sem conductor substrate. 36.
The met hod of claim 34, wherein the structure is conprised of silicon or
germanium 25 25 0 8 FEB 2006 37. The nethod of claim 34, wherein the | ower
SO oxide layer has a thickness of from about 1000 to 5000A; the upper SO
silicon |l ayer has a thickness of fromabout 300 to 2000A; the first dummy

| h t hi ck ! ot ' i h

o chases of £ rodtCBin GBI ARl ATER T 0E el o0 dipliug "o
thickness of from a@gﬂ%o@ignt& theiattdrhed SRpRP SN e{JWnltﬁygatéﬁas a
t hi ckness of from ab 1000 to 3000A; and'the conformal oxide |ayer has a

t hi ckness of from ahestankl to 200A. 38. The nethod of claim 34, wherein the
| ower SO oxide |layer has a thickness of 10 from about 2000 to 4000A; the
upper SO silicon |Bheentes thetpontioness thef rduratadabxide 18pér wothis b gatehe
first dummy | ayer has a thickness of from about 500 to 1000A; the to

oxi de 3 ayer has a t#fedlnpasingf posionadfoine side walls@f Ahe patternashdereradPde

| ayer has a thickness of fromabgut 100 to 500A; the second patterned
dummy | ayer has a St icon layer within the gate area;

i) forming a conformal oxide layer over:
I) the exposed bottom portion of the patterned upper SOI silicon
layer within the gate area;
10 IT) 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
SOl silicon layer within the gate area;
j) forming a gate within the second patterned dummy layer opening; the gate
15 including an upper gate above the patterned upper SOI silicon layer 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.
20
35. The method of claim 34, wherein the structure is a semiconductor substrate.
36. The method of claim 34, wherein the structure is comprised of silicon or
germanium.
25

25



t hi ckness of from about 1500 to 2500A; and the conformal oxide | ayer has a
15 thickness of from about 10 to 50A. 39. The nethod of cl ai m 34 Eﬂg& A

t he undercut is fromabout 500 to 3000A deep. 40. The nethod o I )
wherein the undercut is from about 1000 to 2000A 20 deep. 41. The met hod
of claim 34, wherein the undercut protrudes from about 500 to 3000A under
the second patterned dunmy | ayer opening. 25 42. The nethod of claim 34,
wherein the undercut protrudes from about 500 to 1000A under the second
patterned dumry | ayer opening. 26 0 8 FEB 2006 43. The nethod of claim 34,

wherei n t e ol LRINSHF Lsh SUTNeb AR biek SRVEHe IlaDhad Hiciige BROT i ©

acid etch the un ercut using a ute h™an e second

pat t er nedgdH{mRLUtAV00 th SOGWM@@FE& 901 B®coR '1‘&3%9 QS h ¢hdkhéss of fAdm abBEt
met hod of claim 34, wherein the unded oxi de 'l ayer and the confornma

oxi de | aygm0 wze)oeéc; bhd frsteidiniayiy daygir Gk a thickeessof f4&m aboat 480 kotOSOA; ehai m
34, including the step of form ng source/drain inplants 10 into t he

respect i viopsoxideday@dhasna gridkidse of fim abegt 80 te 164y thearosnded @xixhdlagedr ai n
after renoval of the second patterned dummy |ayer. 46. The nethod of claim
34, inzl ubany thigkness«f fermpbpbBlinad0A; tbgspmndamtéernaﬂdimdayerehwa. n

| mplants 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
10 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 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
15  thickness of from about 10 to 50A.

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
20  deep.

41. The method of claim 34, wherein the undercut protrudes from about 500 to

3000A under the second patterned dummy layer opening.

25 42. The method of claim 34, wherein the undercut protrudes from about 500 to

1000A under the second patterned dummy layer opening,.

26



after renoval of the second patterned dummy | ayer. 47. The nethod of claim

34, wherein the upper gate has exposed side walls and i ncl udi @Bmw
of form ng spacers over the upper gate exposed side walls after e al

of the second patterned dumry | ayer. 48. The nethod of claim 34, including
the further step of then performng a salicidation process. 27

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.

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
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.

46. The method of claim 34, including the step of performing:
LDD implants; and
15 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

20  removal of the second patterned dummy layer.

48. The method of claim 34, including the further step of then performing a

salicidation process.

27



