28 August 2006 MULTI PLE- GATE TRANSI STOR STRUCTURE AND METHOD FOR

FABRI CATING Field of the Invention 001 The present inven?$ OHIWERERG] |y
relates to a nultiple- gate transistor and nmethod for fabricating and nore
particularly, relates to a nultiple-gate sem conductor structure equi pped
with a gate electrode that waps around a semi conductor fin on its top/and
sidewal | surfaces separating a source and a drain region of the transistor
and nmethod for fabricating the structure. Background of the Invention 002
As the gate length of the MOSFET is scaled down into the sub-50 nmregine
for inproved performance and density, the requirenents for, body- doping
concentration, gate oxide thickness,' and source/drain (SID) doping
profiles to control sfvortecharmel TrefEEsTGR bEtroMEURBCr easingly difficult to
nmeet when conventional device structures based on bulk silicon (Si) o
substrates are enpl oyedANTheETHEY FOBRhBABRICAHUPIGNg required to provide
adequate suppression of short-channel effects results in degraded nobility
and enhanced junction | eakage. The aggressive reduction of the ‘

Field of the Invention
o001 The present invention generally relate; to a multiple-
gate trangistor and'method for fabricating and more particularly,
relates to a multiplé—gate semiconductor structure equipped with a
gate electrode that wraps around a semiconductor fin on its top and
gidewall surfaces separating a source and a drain region of the

transistor and method for fabricating the structure.

- Background of the Invention
002 - As the gate iength of the MOSFET is scaled down into the
rsub-SO nm regimé for improved performance and density., the
requirements for,bodyfdoping concentration, gate oxide thickness,
énd source/drain (S/D) doﬁing profiles to cqntrol shortfchannel
‘?E} . effects become increasingly difficult to meet when conventional
device structures based on bulk silicon (Si) substrates are
'eﬁployed.- Tﬁe'hgavy channel doping required to provide adequate
suppréssibn,of short-channel effects results in degraded mobility
and enhanced junction leakage. The aggréssive redu¢tion of the

- silicon dioxide S8iO, gate dielectric thickness for reduced short;




silicon dioxide Si02 gate dielectric thickness for reduced short 28 August
2006 channel effects and inproved drive current |eads to28 Augesi€ed6 direct
“tunneling gate | eakage current and standby power consunption, and also
rai ses concerns regarding the gate oxide reliability. For device scaling
“well into the sub-50 nmregine, a promsing approach to controlling
short-channel effects is to use an alternative device structure with

mul ti pl e-gates, such as the double-gate and the surround-gate or

wr ap-around gate structure- 003 A sinple exanple of a multiple-gate device
is the double- gate MOSFET structure, where there are two gate el ectrodes
on the opposing sides of the channel. There are several ways in which a

. doubl e-gate structure i .ed. YAl he. v .68 se channel
doubl - GRrBNOSET Ciniah ThEaB A nEa By PeroHEy dsPRo = 6HY5Ea6 et | soued

- to Crovger, et : d pi.falyicatingra sgl f-Addamed vesdd:cal
doubl e\-,%gteé:%wgﬁﬁﬁé%ﬁ% 855‘3‘?’5_ P%tag% No .~ 6406662 Bl issued to Agnello

et al. (0 ApYeEh] Cahat RERE N DidB dotiutaimgateafBIngdevhee gpiveuchuide and
net hod for fabrication. A conmmon feature of these two nmethods is that the

sour ce-tD-idmai iry di reet hon d& sekleny ageIosmb the tho-pbans oégite substrate
surface, ‘ ‘

promising approach to controlling short-channel effects is to use

an alternative device structure with multiple-gates, such as the

double-gate and the surround-gate or wrap-around gate structure.

003 A simple example of a multiple-gate device is the double-
: géte MOSFET Structure; where fhere are two gate electrodes on the B
opposing sides of the channel. There are several ways iﬁ which g
ﬁoublé—gate structure can be implemented. One way is the vertical—
" channel double-gate MOSFET. This is described by U.5. Patent No.
6372559 él issued to Crowder et al. for a method of fabricating a
self-aligned vertical double-gate MOSFET, and by U.S. Patent No.
6406962 Bl iséued to Agnello et al. for a vertical trench-formed
'ﬂ:}. aual—gate FET device structure and‘ﬁethod for fabrication. A
common feature of these two meﬁhods is that the gource-to-drain
direction is ofiented normal toé the plane of theée substrate‘surfacep

and the gate-to-gate direction is parallel to the plane of the




and the gate-to-gate direction is parallel to the plane of the 2 28 Augu§t7

2006 substrate surface. The device fabrication processes2& sugusti2®06a

doubl e-gate structure are typically conplicated, costly and suffer from

poor manufacturability_ 004 Another nethod to fabricat
_ _ _ e a doubl e-gate
?CSFET is described by U S Patent No. 6413802 Bl issued to Hu a? al
in FET transistor structures having a doubl e gate channel extending

vertically froma substrate and nethods for manufacture. In U S. Patent

for

Nof_641?802 Bl , the device channel_conprises athinsilicon fin forned on
an insulative substrate (e.g., silicon oxide) and defined using an etchant

mask. Gate oxidation is perfornmed, followed by gate deposition and gate

patter nsiur”cgsttr%traoémr% ubl @1e 08 &t rughiker ouer bybogsdde Sidesidf dhe fin.

ﬁggbghﬁggggkygggg:Qgg§£h§gea§y&g@ﬁeallﬁhkﬁgdawhcedst¢@@ﬂur@nﬁssﬂi%@Iy

i nt egr af,-fedldh-em@hu e wdevhl ergat e MOSFET descri bed
. U. S.
6413802 Bl i's the etchant mask on the silicon fin. Then > Patent

004 E another method to fabricate a double-gate MOSFET is
described by U.S. Pétent No. 6413802 Bl issued to Hu et al. for fin
FET trangistor strﬁctures having a double gate channel extending
vertically from a substrate and methods for manufacture. In U.S.
Patent No. 6413802 Bl, the device channel comprises a thin silicon
fin formed on an insulative substrate (e.g., silicon oxide) and
defined using an etchant mwask. @ate oxidation is performed,
followed by gate deposition and gate patternihg to form a double-
‘gate stfucture overlying +he sides of the fin. Both the scurce-to-
_drain direcﬁion'and the gate-to-gate direction are in the.plane of
the substrate surface. This devicé-structure is widely recognized

to be one of the most manufacturable double—gate structures. An

._) - .integral feature of the double-gate MOSFET described in U.S. Patent

No. 6413802 Bl is the etchant mask on the silicon fin. The
retention of the etchant mask is crucial due to problems faced in

the etch process, particularly relating to the etch selectivity of

- Both thé “source-to- drain direction and the gate-to-gate direction are in

be one of the nost manufacturabl e doubl e-gate structures.
No.

‘the gate electrode with respect to the gate dielectric during the -

gate patterning step.

An




retention of the etchant mask is crucial due to problens faced in the etch
process, particularly relating to the etch selectivity of28 AugusiRi0g

el ectrode with respect to the gate dielectric during the gate patterning
step. 3 28 August 2006 005 It is therefore an object of the present
invention to provide a multiple-gate transistor structure and a nethod for

fabricating the structure that allows transistor scaling beyond the linmts
of the conventional bulk silicon MOSFET. Summary of the Invention 006 In
accordance with the present invention, a nmultiple-gate :.l sem conductor

structure and a nethod for fabricating the structure are provided. 007 In
a preferred enbodi nent, a multiple-gate sem conductor structure is

provi dgdswhi ch iicludes,cacsubst kat 8bjeSOUSEerlenchsim  drsleamdsnf ooned in a
_portion of the substrate; a fin forned of a sem -conducting materi'al
havi ng p@ot0fe sHr frdaeipng- @m@estﬂsﬂﬁddtoxsumﬁam&&reonnsbtang@th@d for
senlconductor source and drain islands; a

fabrlcatlng the structure that allows transistor scaling beyond the

limits of the conventional bulk silicon MOSFET.

summary of the Invention
006 In accordance with the present invention, a'multiple;gate

semiconductor structure and a method for fabricating the structure

are provided.

007 In a preferred embodiment, a multiple-gate semiconductor
structure is provided which includes a substrate; source and drain
iglands formed in a portion of the substrate; a fin formed of a
semi—conductingrméterial'having a top surface and two sidewall
- surfacés connécting the semiconductor source and drain islands; a
gate dlelectrlc layer overlylng the fin; and a gaﬁe electrode
wrapping around the fin on the top surface and the two 51dewa11

surfaces of the'fin separating the source and drain islands.

008 Tn the multiple-gate semiconductor structure, the
semiconducting material may be silicon, oxr may be silicon and

- germanium. The fin may be roundedfat two top corners. The gate




gate dielectric layer overlying the fin, and a gate electrode wa

around the fin on the top surface and the two sidewal | sg&8Adgess 28 the fin
separating the source and drain islands. 008 In the nultiple-gate

sem conductor structure, the sem conducting nmaterial nay be silicon, or
may be silicon and germanium The fin nmay be roundedat two top corners.
The gate 4 28 August 2006 dielectric |layer may include silicon oxide,
silicon oxynitride, or a high permttivity material selected fromthe
group consisting of La203, Hf ON, A1203, H Q2 and Zr2. The rel ative
permttivity of the 'high permttivity material may be at |least 5. The gate

dielectric |ayer may haveat i ckness bet n and 1004 ¢ The gate
di el ecldliieéeF’é’;”ﬂé% LG T e B §ts i ¢l 8}§¥§\§oh s’%ﬁl ?lgn sl dewal | ' surfaces

and a second thi ckness. on the.fi r LR tHesiddimst okhi ckness
is difPePaRl BFTIMEEAS: ERIBHELRAT K énfé%séld Eg&ge%%@ng&% EI ckness rrng/ be

i ckne8S R P vurTRLa T TTRE T Tess T hah SOA 008 The gate.
el ect .r,%q%hnsgrr%ecthllg?dmgéeﬂaﬁﬂmﬁ{}%é ald hegst 5. The gate dielectric
layer may have a thickness between 3A and 100A. The gate
dielectric layer wmay have a fifst thickness on the fin sidewall
éurfaces and a second thickness on the fin top surface, wherein the
~j}_. first thickness is different from the éecond thickness. The second
ithicknessrmay be smaller than the first thickness. The gate

dielectric layer may have a thickness on the top gurface of the fin

less than 20&.

0oL ' The gate electrode may be formed of poly-crystalline
é.:i,l:'\.c:onr or may be formed of polymcrystaliiné silicdnrgermaniumf or
. may be formed of a metal. The source and drain iglands each may
-1nclude a lightly doped or extension region. The source and drain

islands may be strapped by a conductive material selected from the

L

group consisting of metals and silicides. Contacts between the
. conductive material and the source and drain islands are made on at

”least one of the sidewall and top surfaces of the fin.




silicon, or may be forned of pon crystalline silicon germanium or may be
formed of a metal. The source and drain islands each nay 28 Mgusb@0Q8 | i ghtly
doped or extension region. The source and drain islands may be strapped by
a conductive material selected fromthe group consisting of netals and
silicides. Contacts between the -conductive nmaterial and the source and
drain islands are nade on at |east one of the sidewall and top surfaces of
the fin. 5 28 August 2006 0010 The present invention is further directed
to a multiple- gate sem conductor structure that includes a substrate that
has a depression in a top surface, the depression i ncl udes an undercut or

a notch; a fin forned of a senmi-conducti rlal n a L0R surface
and t whogidewal | TrEUPFagRat FHEDLR AN & df§ “eSn‘g %%gglr?%u j"uxt aposed to

the depression in the top surface of the substra qgwgn@_graln
.reglonﬁaﬁérﬁﬁﬁ1¢9qu%§°§eﬁFr%6ﬂﬂﬁ%t%ﬁ& ﬁ%f£$$%§ ° %%bsﬁ§9 in, a ggte

dielectric |ayer over he fin; e gi@@égQgeuﬂa@@ﬁﬁﬂgxaround
t he flﬁﬁﬁﬁeﬁﬁéoTﬁ61§ﬂﬂ%h5%F% TF f 4CEs" &?ﬁgﬁg?%blgurface and a bottom of a

base of the fin separaling {he, SQCEonaHL: tidlnkrddbonsnd has 2 top

surface and two sidewall sufféées, the fin is positioned vertically
-juxtaposed to the depressicn in the tép surface of the.sgbstrate;
source and drain regions formed in the Semi—coﬁducting material of
the fin; a gate dielectric layer overlying the fin; and'a.gate
electrode wrapping around the fin on the two sidewall surfaces, the

top surface and a bottom of a base of the fin separating the source

and drain regions.

0011 In the muitiple—gate semiconductor structure, the
semiconducting material may include silicon “or may include silicon
andrgermanium. The fin may be rounded at two top corners, or may
have two squafe corners.  The gate dielectric layer may lnclude
S 'smllcon oxide, may include silicon oxynltrlde, or may include a
high - perm1tt1v1ty material selected from the group consisting of
La,0,, HfON, Al,0,, HEO; and Zr0,. The relative perm1tt;v1ty may be
 a£ least 5. The gate dielectric layer may have a thickness between
IBA and 100A. The gate dielectric layer.may_have a first thickness

‘on Ehe‘fin éidewall surfaces and a second thickness on the fin top




0011 tn the nultiple-gate sem conductor structure, the Seniconducting
material may include silicon, or may include silicon and8guavahi@¥s The
fin may be rounded at two top corners, or my have two square corners. The
gate dielectric layer may include silicon oxide, may include silicon
oxynitride, or may include a high pernmittivity material selected fromthe
group consisting of La208, HON, A1208, Hf Q2 and ZrQ2. The relative
permttivity may be at |east 5. The gate dielectric layer may have a

thi ckness between 3A and |00k The gate dielectric |ayer may.have a first
thickness on the fin sidemall surfaces and a second thickness on the fin

top 6 28 August 2006 |n th f ATBY

?Lffe{ﬁﬁ¥1§%%%1ﬁﬁ@reiQCBH %&mg e seé%%%gc% 1%%%§§Snay bgggﬁaller
an e ckness The t I G ayer oy t k

on thes‘?%?flitfﬁjf 5208 S the™Fih glsfig Fha %Ikﬁ %E fig 1%%?1 theélarru\ltﬁlta?lpl?%atngss

senlcongucto re
th CL T ex L NE QAR E eeét?r@LUQ Ry ASTalde tpokynesysdral | i ne
silicon, |1C%H e poF crysta?%lne si | ?@%n gg;nanlun1ﬂorkﬁayy|nclude a

'ggszSI%ﬁ§t§ﬁP %Efa&QQﬁﬁﬁﬁk”fh§|ﬁQﬂ§tmﬁﬁ gadh include a Ilghtly doped or
l0012 . In the multiple-gate semiconductor structure, the gate
eléctrode may include poly-crystalline gilicon, may include poly-

’ erystalline silicon germanium, oY may include a metal. The source

and drain islands may each .include a l“ightly doped or extension

,reglon ‘I‘he source and dréin islands wmay be strépped by a

' conductlve material selected from the group consisting of metals

“and 5111c1des. C‘ontacts between the c:onductlve materlal and the

s;:Jurce and drain islands may be made on at least one of the

sidewall and top surfaces of the fin.

0013 ,Thre present inve_rntioxi is still further directéd to a
method fox fabficai:ing a multiple-gate semiconductor rs'tructure
- which includes the steps of providing a substrate that includes a '
“semi-conducting layer overlylng an insulating layer; pattern:.ng and
. forming a £in in the semi- conduct:l.ng layer, the £fin has two

.sidewall aurfaces and a top surface; depositing a laver of a

dielectric material overlying the fin; depositing a layer of a




region. The source and drain i slands may be stra ed'b [
material selected fromthe group consis?ing of nggals ya%@igzﬂggéﬁkge
Cont acts between the conductive material and the source and drain i sl ands
may be nade on at |east one of the sidewall and top surfaces of the fin
0013 The present invention is still further directed to a method for
fabricating a multiple-gate sem conductor structure which'includes the
steps of providing a substrate that includes a sem -conducting |ayer
overlying an insulating layer; patterning and formng a fin in the
sem -conducting layer, the fin has two sidewall surfaces and a top
surface; depositing a layer of a dielectric terial .overlyi the fin;
deposi tonguat ey erateirial PYeBlARfUISt 2088 “tdndu %?i%?%ﬁ&férla averlyi ne
the layer of dielectric material; atterni ng the.layer of candyctive )
[rﬁgeg :)g?latf—éfmw ?haaﬁeayf%rtrﬁﬁdl? Ukl dss PR si ge@a{lg sur ;é%ces and

. surface o the fin;, and.formn r ! i N
e - E5RAUGE TG A°ETEF. PO TR HE oA F o7 T BF Tt ng D s e bl e gate

-sem conduct ar _ . . . .
the fin; and forming a source and a drain region in the sgemi-

conducting layer.

0014 The method for fabricating a multiple-gate semiconductor
.j” structure may further include the step of forming the éemi—
donducting substrate in a material including silicon, or in ‘a
material inclﬁding silicon and gefmanium. The method may further
'-inplude the step ﬁf forming the layer of dielectric materiél in
gilicon oxide. The fin forming process may further_include a fin
surface émoothing step, wherein the fin surface émoothing step may
- further inciude sub-gteps ©of sacrificial oxidation and high
temperature‘annealing in a hydrogen ambient. The method may.
" further incluae the step of forming. the dielectric léyer in a
material including silicon 6xide, or éilicon oxynitride, or a high
permittivity material selected from the group consisting of La,0,,
HEfON, Al-‘,Oa,'HfO2 and Zr0,. The high permittivity material may have

a relative permittivity of at least 5.



structure nay further include the step of form ng the semi - conduct i ng

substrate in a naterial includi
sub: . ing silicon, or in a mateEfdu
i con and germani um The method may further include the s?:§éﬁ?@;2?nlng

the layer of dielectric i [ il

f material in silicon i i i
the . _ _ oxide. The fin f
Sn%Otﬁ{;ge;t;ncL;de ? fin surface snmoothing step, wherein thgr?}2955;?g§53
St p y urther include sub-steps of sacrificial oxidation ang

h . .

ihgrudéeyﬁgrgtggeo?n?gﬁkz23 |?ha gyd{ogen anmbi ent. The nethod may. further
g . T : e dielectric layer i i : :

silicon oxide, or silicon oxynitride, or a hlg% pgp”?ttrsff;laltgpfgrd'ng

sel ected fromthe group consi st
3 In Z0 1
e. hpghs per mi rhé vingyhavhtmery é@rﬁg9rh%ﬁé§ Q§ réﬁatlvé %§?ﬁ$%%|V|??Qz$rgf

| east 5. a 28 August 2006 00 |
. 15 The net ho
fornlngat@edlqkﬁugrdﬂeﬂeEF¥|EOI&yEPlF%P%Fﬁfk?: ﬁﬁ%gE%ﬂ?ﬁg%gggX§gngm?%8;?pTﬁL

ne
thtehgﬁagggmc; F;;B:;@irr%&? ﬁ@&%ﬁﬂf f%gm 08 Fgiditer ent dittieckness of
the fin, or the step of forming {h surfaces and on the top surface of
thlckness of the dlelectr 5&9%&?the sidewall surfaces and on
.the top suriface of the fin, or the step of forming ;he gate
dielectric layer to a smaller thickness on the top surface of the
fin compared to the gate dielectric layer on +he sidewall surfaces
" of the fin. The method may Further include the step of forming the
gate dielectric layer on the top gurface of the fin to a thickness
of less than 20A. The method may further include the step of
forming the gate in a material including poly—crystalliné silicon,
 or poly-crYstalline silicon germanium. The méthod may further
include the step of forming the éource.or drain region in & lightly
.doped or extensionﬁregion. The method may furthexr include the étep
.of forming a 1ayer of a conductive material on top of the source

and drain reglons, or forming the layer of conductive material 'in

a_naterial selected from the group consisting of metal, metallic

"w-.'.,_,/'.

silicide and metallic nitride.

© 0016 The present invention is stiill further directed to a
thod.for fabricating a multiple~gate semiconductor structure that

include the steps of providing a substlate that includes a semi-




dielectric layer to a smaller thickness on the top surface of the fin
conpared to the gate dielectric layer on the sidewal |l suri&fesistado& he fin.
The nethod may further include the step of formng the gate dielectric

| ayer on the top surface of the fin to a thickness of |ess than 20A. The
nmet hod may further include the step of forming the gate in a mat eri al

i ncludi ng poly-crystalline silicon, or poly-crystalline silicon germanium
The met hod may further include the step of form ng the source or drain
region in alightly doped or extension *region. The nethod may further
include the step of formng a |ayer of a conductive material on top of the

source and drain regions, or formng hJs of conqEl tlﬂl’]? gﬂt g al in
a mat erdeaidusaiegt édy ¥ oV EREY HRDUP: cbﬂ%‘ﬂ ayr?et al® silicide
and netallic nitride. 0016 The prese is.stild; fupther directed
to a nEtHEAI G FibriBath ‘ﬁh ‘"t"n%f’& ga e s %éon}uct of structure that

‘August 2R SoRtAS %5%532%&5??5?%%%%%“2?5 S o S ng and
forn]ané%E%ce Lp Eﬁgaéﬁﬂ@trSQQdQQté’B&Qea$§rthérﬁaﬁj Mepasit W8y a layer
of a dielectric material overlying the fin; depositing a layer of
a conducﬁive material overlying the layer of diélegtric material;
patternlng the 1ayef of -conductive material forming a gate

' straddllng across the two sidewall surfaces and the top surface of

the fin: and forming a source and a drain region in the semi-

conducting layer.

0017 The method for fagricating a multiple-géte:semiconductor
structure may further include the step of.forming the depression in
the top surface of the substrate by undercutting at the base of the
fin, or the step of forming the depression by undercutting uging an
etch process. The method may fufther include the step of forming

a layer of a conductive material on top of the source and drain

R

regions, or forming the layer of conductive material selected from .
the group consisting‘ of metal, metallic siiicide and metallic

'nitride..

10




sidewal | surfaces and a top surface; formng a depression in a top surface
of the substrate at a base of the fin; depositing a | ayer?8 As@uat 06| ectric
material . overlying the fin; depositing a |layer of a conductive nateri al
overlying the layer of dielectric material; patterning the |ayer of
conductive material form ng a gate straddling across the two sidewal l
surfaces and the top surface of the fin; and form ng a source and a drain
region in the sem - conducting |layer. 0017 The nethod for fabricating a

mul ti pl e-gate sem conductor structure may further include the step of
formng the depression in the top surface of, the substrate by '
undercutting at the base of the. fin, o the form ng the depression
by undercutting usi ngB’éhePeqec%nﬁ %éggs?f % r?g:t%%gag%ay further include the

step of formng_.a |layer of a c i ve, mat.erd alh,goRaton Rfedt e sawrce and
drain %Pé&gi ons, T(S’resFogﬂ%in%tkf%xe o?ﬁgg?gbf Tonductive material selected from

the group consistin f mat alooietalld ersl kiGhde-and1 18 atd icetaniledi de. 10
28 Augt?§?sﬁﬁbénv§ﬁtg?8&]§%r ?’S’F?on %E%‘EL the Draw ngs

_ description and the appended drawings in which:

.‘,0019 Figufes ia, 1B and 1C are enlarged, perspective views

illustrating a fabricafion._process for the présent invention
J:} ,multible-gate sﬁructdre wherein two.silicon fins are patterned and
formed on a sﬁbstrate with an insulating layer inbetween the fins

~ and the substrate.

0020 Figures 2A and 2B are enlarged, cross-sectional views
illustrating the shapes of the silicon fins having sguare corners

and rounded corners, respectively.

0021 Figure 3 is an enlarged, cross-sectional  view:
illustrating an alternate embodiment of the present invention

wherein the.buried oxide layer under the silicon fins is undercup

or notched by an etch process.

il




0018 These and ot her objects, features and advantages of the present
invention will becone apparent fromthe followi ng detail &t AustZ406t i on and
t he appended draw ngs in which: 0019 Figures |A |IB and 1C are enl arged,
perspective views illustrating a fabrication process for the present
invention nultiple-gate structure wherein two.silicon fins are patterned
and forned on a substrate with an insulating |ayer inbetween the fins and
t he substrate. 0020 Figures 2A and 2B are enl arged, cross-sectional views .
illustrating the shapes of the silicon fins having square corners and
rounded corners, respectively 0021 Figure 3 is an enl arged,

._cross sectional _view ustr t| g ahg@ugggé%ﬂ@mgodbmemﬁcabgthph@resent
i nvent Po#A? mheré?ﬁu¥%% 6 rled?ox?déﬁﬁzyer under the silicon fins is

under cut ofched b n R0CeSshamibs28nAdgust r200611 cOO220PY gur es 4A
and 4BPE$%9??4léRr3tFgéggo?g§$§?ographs obtained in a cross-sectiona

transm,ssi on el ectron mcroscopy i nage.
image. )

0023 - Figures 5A and 5B are enlarged, plane views _showing

contaét layouts for the present invention semiconductor structures.

£ 024 Figures 6A and 6B are graphs illustrating drain current
veréus gate voltage curves for the present inventiqn miltiple-gate

N-channel and P-channel MOSFETs, regpectively.

Détailed Descriptién of the Preferred Embodiment
0025 The present invention relates to the field of
semiconductor devices and to ‘the. manufacture of field effect
.transistors wiﬁh multiple-gates for scaling'of.the compiementary ,

metal -oxide-semiconductor (CMOS) technology well into the sub—SOl

N

. nanometer {nm) regime.
0026 | Metal-oxide-semiconductor field effect transistor
.-(MOSFET)-technology is the dominant semiconductor technology used
for the manufacture of rultra—large scale integrated (ULSI}

circuits. Reduction in the side of MOSFETs has provided continued

12




0023 Figures 5A and 5B are enlar '
ged, plane views show n contact |
L?; Brgpﬁgeffrt ;nvsptlog sem conduct or structures. 00%28¢ﬂguﬁé@0@2ygﬁ5868
ustrating drain current versus gate voltage curves
present invention nultiple-gate N-channel and P—channeIgNCSFETs for the
Ls:ggﬁtlyﬁbgntFﬁtalIthDescrlptlon of the Preferred Enbodi nent 0025 The
nrelates to the field of sem conductor devices and

thei_nanufacture of field effect transistors with nultiple-gates fortO
agﬁllpgtof Lhe conpl ementary netal - oxi de- sem conductor (CMOS) technol ogy

into the sub-50 nanoneter (nn) regine. 0026 Met al - oxi de- sem conduct or

field effect transjstor (MOSEET) techno
0 I o] n
-t echnoliowyouseert for %Hﬁ?dnﬁﬁﬁgﬁi%ﬁ?% of ° %ﬁ#ﬁét %gﬁggtgchgélEf?grgfggd?ﬁig{)

circuits. Reduction in the side of h
i) S. Nds Pho ed1e 1
August 666 u?ﬂﬁ?ﬁb%ﬁ?ﬁﬁ’angﬁ%e pgg$ornance C|r§ﬁ§t deﬁgf%3¥egﬁ§ goé?
a

‘per unit functlo gr Hﬂ? f

u Raste degadesncAsdihgigai g dengt lvich t he
MOSFET MGS ngﬁ%éﬁa Fﬁe sour ce and inincreasingly interact wth
the channel and _galn influence on the channel potential.
Consequently, a transistor ﬁith a short gate length suffers from

problems related to the inability of the gate to substantially

control the on and off states of the channell Phenomena such as

N
e

reduced gate control associated with transistors that have short
channel lengths are termed short—channel effects. Increased body
doping conqentration, reduced gate oxide thickness, and ultra-
shallow source/drain junctions are ways tb suppress short-channel
;effects; ‘However, for de?ice-scalimg well into the gub-50 nm
regime, the regquirements for body-doping concentration, gate oxide
thickness, and source/drain {8/D) doping profiles become
iﬁcreasingly difficult to meet when conventional device structures
based on bulk silicon (8i) substratéé éfé:emﬁiéyed. The heavy
‘¢hannel doping reguired to provide adequate suppression of short;
‘channel effects results in degraded mobility and enhanced junction
1eakége. The aggressive reduction of the silicon dioxide Si0, gate
.-dieiécﬁric thickness for reduced short-channel effgcts and improved
drive current leads to increased direct fuﬁneling gate leakage

current and standby power consumption,. and alsc .raises concerns

13 .




t he channel and gain influence on the channel potential- Consequently, a
transistor with a short gate length suffers from probl e Auguat 26 o t he
inability of the gate to substantially control the on and off states of
t he channel. Phenonena such as reduced gate control associated with
transi stors that have short channel |engths are terned short-channel
effects. Increased body doping concentration, reduced gate oxide

- thickness, and ultra- shallow source/drain junctions are ways to suppress

short-channel effects. However, for device scaling well into the sub-50 nm
regime, the requirements for body-doping concentration, gate oxide

t hi ckness, and source/drain,.(S/ D). doping profiles beco i.ncreasingly
| d|ff|cu¥%9%¥¢ﬁﬂﬁeﬁhﬁh8ﬁt8oﬁ§eﬂ?|Bﬁ +5ﬁﬁvvge sfFHEP@Fé?nsbégeé 8ﬁ bﬁ?g

.silicon (Si es.are e oyed. T eavy .channel o U|red to
providepéﬁﬁéﬁ%uEféﬁﬁﬁ PELET 0¥ o df?x' |'glméh:ffﬁneal eFFec%s res ?? in

degr aded Ly, and enhan ed ] 5 r iLgduction
of the §Fﬁ|céﬁe ?&qulfﬁggé?églgg'ﬁec?%?%ﬁﬂﬁﬁeﬁ%gsgég%Cng ége 5°

- short -channel effects and inproved drive current |eads to increased direct

tunneling gate | eakage current and standby power consunption,. and al so
ral ses g@ILerns 75 extend the scalability of CMOS technology beyond the

limitations of the conventional bulk MOSFET and to realize_the
ultimate limit of silicon MOSFETs, a multiple-gate device structure
' J "ghould be used. The introduction of additional gates improveg the
capa-citance coupling between the gates and the channel, increases
the control of the channel potential by the gate, helps suppress

short channel effects, and prolongs the scalability of the MOS

‘transistor.

0028 In- the present invention, a fabrication process that .
overcomes ﬁhe-precess difficulties faced in U.S5. Patent No. 6413802
"ig .disclosed in which the use,pf an etchant mask after the fin
formation proceee ig eliminated. . In addition, the preceSS
-_improvement to be described in the.present invention method results
in a multiple-gate structure that substantially wraps ‘around a

~silicon fin or a transistor channel. The multiple-gate structure

14




13. 28 August 2006 regardi-ng the gate oxide reliability. Innovations in
front-end process technologies or the introduction of al28efugast®6devi ce
structures are required to sustain the historical pace of scaling. 0027 To
extend the scalability of CMOS technol ogy beyond the Ilimtations of the
conventional bulk MOSFET and to realize the wultimate limt of silicon
MOSFETs, a multiple-gate device structure should be used. The introduction
of additional gates inproves the capacitance coupling. between the gates
and the channel, increases the control of the channel potential by the
gate, hel ps suppress short channel effects, and prolongs the scalability

~of the MOS transistor. 0028 In the present. inwv [ B fgbrégcation
_proce551$haﬁpeﬁw%kcHhégﬂFﬁémﬁpﬁﬁegg EF?F?C&F§|e§§ acgg n U'S “Patent No.

6413802 |s di scl osed in whi t gﬁ&%:&hi@& inbeefin
f or mat | 6BL PFRESS '%O%QQWﬁrnaggﬁ g%%rl% ?%Faarééﬁﬁgag%ocess 5 nproven%nt to

be descri bed in resent tionethad.rgsdl hschdds.a mul tiple-gate
structuW%nTﬁﬁﬁ QﬁﬂggF f?éfiy%%%ggstaroun a silicon f|n or a transistor

channel. The multiple-gate structure

0029 A process flow for fabricating the present invention

multiple-gate structure 10 is schematically illustrated in Figures
iA, 1B and 1C.  The silicoﬁ fing 12,14 are formed of a semi-
ij. conductieg material, such as S5i on LOD of an insu}ating material
layer 16, i.e., buried oxide, and pattermed using an etc@ant mask
(noe shown) . The etchant mask may include e material cqmmonly ugsed
for masklng an etch process, such as photoresist, silicon oxide,
silicon nitride, etc. In a preferred embodlment the etchant mask
ig. gilicon oxide. In the present invention.method, an,optional fin
surface smoothing step is used to improve or reduce the surface
roughness of the fin sidewalls. When the etchant magk used for fin
definition is gilicon oxide, as in the preferred embodiment, it ig
removed either before or after the fln smoothlng process. The
removal of the etchant mask on the silicon fins 12,14 pricr to gate
dielectric‘ 20 formation allows the device to have at least a
‘triple-gate structure sinee the gate electrode 18 will f#nally be

formed on each of the two sidewalls 22,24,26,28 as well as the top

15



14 28 August 2006 is superior in performance to those described in the
prior art references. Moreover, the fabrication process 48Auaygb?q06r or
nmore nmanufacturabl e when conpared to the prior art nmethods. 0029 A process
flow for fabricating the present invention nultiple-gate structure 10 is
schematically illustrated in Figures: 1A, 1S and 1C. The silicon fins 12,14
are fornmed of a senmi - conducting material, such as Si on top of an
insulating material layer 16, i.e., buried oxide, ‘and patterned using an
etchant mask (not shown) The etchant mask may include a material comonly
used for masking an etch process, such as photoresist, silicon oxide,

silicon nitride, c..ln a.preferred epbqodidreptyadhazekchadd fRSEini s
Silfcoﬁu6§Pﬂ%§:yﬁ%%h%;6¥§%£ﬁ?§fﬁééﬁfion nethod,lzn optional fin surface

‘snoot hing. step is; use Loprove gr H-educe pkhecsswdae fareughressnof the
fin siﬁ@gépfg.oﬂﬁghat ggg?c ant mask used for fin definition is silicon

oxi de, as.in_t af er Legd, anbodigrent nei hidis cempapyedres tiverd Bof bhe or
‘after fﬁ%f?|% %ﬁ%oghﬁﬁg pg%cess. The .renoval of the etchant mask on the
silicon,fingoden ity Rrbeest0 gnte fidi ehetscé coR@thongats awricowRs Phe device

to have at |east a : ,
subjecting the fins 12,14 to a sacrificial‘oxidation,and/or.silicon
sidewall treatment {(e.g., high temperature anneal at 1000°C in H,
ambient): The surface smoothing of the fin sidewalls contributes
to the achievemént of good carrier mobilities. Dépending on
- whether the silicon oxide etchant mask is removed prior to the fin

sﬁoothing step, the shape of the fin may be square-like or rounded

at the top. This is illustrated in Figuresg 2A and 2B.

0030 In an alternéte embodiment, the buried oxide 16 under the
-silicon: fins 12, 14 is undercut or notched by uging an gtch
process. The.etéh process can be a.plasma etch or a wet etch using
dilute hydroflouric 2eid (HF). The undercut 40 {or notch) of the
substrate insulating layer underlying Fhe gilicon £ins 12, 14
‘;allows the formation of an omega-shaped gate electrode 36 as
depicted in Figure 3. The feature allows additionallcapacitance
coupling between the gate and the channel underneath the fin, and

the structure thus emulates a wrap-around gate but avolds the
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triple-gate structure since the gate electrode 18 will finally be forned
on each of the two sidewalls 22,24,26,28 as wel | as the £84ugtg 2086 August
2006 surfaces 30,32 of the fins 12,14. If the etchant nmask used for fin
definition is a photoresist, it has to be renoved before the fin surface
smoot hing step to avoid the high tenperatures used in the fin snoothing
process. The fin surface snmoothing is perfornmed by subjecting the fins
12,14 to a sacrificial oxidation and/or silicon sidewall treatment (e.g.,
hi gh tenperature anneal at 1000C in H2 anbient). The surface snoothing of
the fin sidewalls contributes to the achievenment of good carrier

nmobi | i ti es. Depending. on = whether the sili de gtehantn Mgk ths r emoved
pri or EDCFﬁéSfdﬁfféﬁfkﬁ%ﬁ%mféﬁQﬁfatFEe sﬁg ggg? the fin may be square-1i ke

or rounded at t e top, This t&ggdfl i gHr @SmpAA rardt8.£i603, 0 I n
an al t efi&r €8HBOd %Fur?he rp§%§%§§?§e 16 under the silicon fins 12, 14

i's undercut or notched by using an etch process. The etch process can be a -
pIasnaf%F@ﬁ'&P a wet etch using dilute hydroflouric acid (HF). The
undercut 40 (or notch) of the substrate insulating |ayer underlying the
silicon fins 12, 14

0031 The bresent invention process is followed rby gate
dielectric 38 formation. The gate dielectric 38 may be formed by
thermal oxidation,'chemical vapor deposition, sputtering, etc. In
genefal, the thickness of the gate.dielectric may be gifferent. on
' the sidewalls 22,24,26,28 of the fin and the tops 30,32 of the fin.
Depending on thé technique of gate dielectric formation, the gate
dielectric thickness on-thé tops 30,32 of the ﬁin may be thinngr
ithan'the thickness on thé fin gidewalls 22,24,26,28. In cne
embodiment, the gate dielectric thickness on the top su#faces 30,32
of the fin is lesé than 20A. The gate dieléctric may include a
) éoﬁventional material such as gilicon dioxide or gilicon oxynitride .
‘with a thicknéés ranéing from 3A to 1004, preferably 10A or less.
- The gate dlelectrlc way also include a high permltt1v1ty {(high-k)
material such as aluminum oxide Al(% hafnium oxide Hf02, zirconium
ox1de Zr0,, with an equlvalent oxide thickness of 3A to 100A. A

. cross-sectional transmission electron spectroscopy (TEM) image of

17
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allows the formati on of an onega-shaped gate el ectrode 36 as depicted in
Figure 3. The feature allows additional capacitance cousAguselidsen the
gate and the channel underneath the fin, and the structure thus emul ates a
wr ap- around gate but avoids the 16 28 August 2006 process difficulties

~associated with the inplenmentation of the wap-around structure. The

precedi ng description conpletes the fin formation. 0031 The present
invention process is followed by gate dielectric 38 formation. The gate
dielectric 38 may be fornmed by thermal oxidation, chem cal vapor
deposition, sputtering, etc. In general the thickness of the gate

~dielectric may be different éﬁ? eﬁalng fgi thS 225 2602k t2&10fi st BRofhn and

t he topSBSQI%Q“§¥ ﬂﬁel?r% e technique of gate dielectric

formati on, the gate tric.t ﬁkﬁ S$iQNcite ilops 30,32.1of 2Bhemfin may
be thlnﬁeFlgWﬁ%%ﬂthe ?%l néggg%ﬁﬂé ?inlsidemalls 22,24,26,28. |In one

enbodi nent , ate _diel ect i -0t Ckpessy Jxildee top surfaces 30,32 of the
fin is"éss ?ﬁiﬁ&fﬁﬁ 2%5%% dielectric may include a conventiona
material. such. as S|I|con di oxi de or silicon oxynitride

0032 Next, the gate material 42 is deposited. The gate
material may}mapolycrystalline—silidon,(poly—Si), poly-crystalline
gilicon germanium - {poly-8iGe), a refractory metal such as
nmiybdenum and tungsten,.compounds_such as titanium nitride, or
| other conducting materials. A Qate mask {(not shown) is define@ and
the underlying gate material 42 1is etched to form the gate
electrode 36. The gaté etch stops on the gate.oxide, and the gate
is. electrlcally isolated from the transistor structure by the gate
oxide. In the preferred embodiment, the gate material is poly-5i
énd the gate oxide is silicon nynitride: A plasma gtqh using
chlorine and brémine chemistry may be used to achieve a high etch
‘selectivity in excess of 2000. A high etch selectivity is critical
-for device strﬁctureé withva tall fin and aggreséively scaled gate
oxide thickness. .Afterrthe definition of the gate 50, the masking
material can be removed. The 1i§ht1y—doped drain (LDD) or drain
‘extensionl is formed mnext. This mway be achieved by ion

implantation, plasma immersion ion implantation (PIII}, or other

18
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mat er i aP? 42
on the gate oxide,  and thhe gateerkbhigl eckr ktal Ispaeol atedrindm t HEhe

with a thickness ranging from3A to 100A, preferably 10A or less. The gate
dielectric may also include a high permttivity (high-k) 28matgest 2l06such as
al um num oxi de A12G3 haf ni um oxi de Hf 02, zirconium oxide ZrO" with an
equi val ent oxide thickness of 3A to 100A A cross-sectional transm ssion
el ectron spectroscopy (TEM inmage of 17 28 August 2006 the silicon fin
12,14 after gate dielectric 38 formation is showmn in.Figure 4A. The TEM

i mge shows a fin that is 55 nmtall, 25 nm w de, and stands on an-
undercut buried oxide. 0032 Next, the gate material 42 is deposited. The
gate material may be polycrystalline-silicon (poly-Si), poly-crystalline

silicon germani um (poly-Si Ge), .a r or tal sichrass polfhadenum and
t ungst e‘!‘fr‘?c%ﬁl‘ﬁﬁﬁn}a%dgmségﬁ léssgc% i a%iﬁ%n%ﬁcit't r?ﬁgg,g or other conducting

materials. A g%%tegﬂgzskitéeq%tu%h%@%i St defd rpd.cand ahBetnadendynaly Igat e
ed to

ormthe.gate electrode 36. The gate etch stops

transi stHStructure by the gate oxide. In the preferred enbodi ment, the
gate maLerial ,hsePoly -miy iantudbe: gakacexide hatsildlcomcbxyhi B+ HE™ A
pl asma e usi ng

nitride or silicon dioxide as illustrated in Figure 4B.

0033 In the preferred embodiment, the spacer 48 ig a silicon

fﬁ)“ nitride/oxide composite spacer- after spacer 48 formation, source

and drain regions (nét shown) are doped by ion_implantation, PIITI,
gas or solid source diffusion, or any other technigques known and
uéed in thé art; Any implant damage oY amorphization can be
“annealed through subsequent‘exposure to elevated temperatgres. The
'resistancé of thersource, drain, and gate 50 can also be reduced by
strapping the éource, drain, and gate $350 with =a conductive
_ material. . Theﬂéonductive material may be a metallic silicide such
as titanium- silicidé, cobalt éilicide, or nickel silicide, a
.m3£allic nitride such as titanium nitfide and tantalum nitride, a
- metal such as tungstén and copper, oOr a heavilyAdoped semiconductor
éuch as n+ doped Si. 1In the preferred embodiment, thg conduétive
material is cobalt silicide which may be formed by a self-aligned

silicide (salicide) process. The cobalt—silicided_pdly—si gate 1s

ig -




chl orine and brom.ne chem stry nmay be used to achieve a high etch
selectivity in excess of 2000. A high etch selectivity i £8dkigusicl06 f or
device structures with a tall fin and aggressively scal ed gate oxide

t hi ckness. After the definition of the gate 50, the nmasking nmaterial can
be renoved. The lightly-doped drain (LDD) or drain extension is formed
next. This may be achieved by ion inplantation, plasnma inmersion ion

i nplantation (PII1), or other. 18 28 August 2006 techniques known and used
in the art. Next, a spacer 48 is forned on each of the sidewalls 44, 46 of
the gate 50 and the channel by deposition and selective etching. of the

spacer material._The _spacer terial cARYcdngldess Gi ekegtibhe, mater i al
such asshsiPi cdh FhY ??dgﬁér si'Ticon dioxide as illustrated in Figure 4B.

0033 In the pr .erbadi, At £oihe SRRCes L& mbpsidd agre i risde/ oxi de
. conposi & gﬁﬁ%‘ﬁ% %ak%tqér spack:,er 480f ormation, source and drain regions (not

shown) are doped i deqA1i ek amatisen, PI11, gas or solid source diffusion,
or -any Other techni ques known and used in the art. Any inplant damage or
anor phi zati on can be anneal ed through subsequent exposure to el evated
tenperatures. The ‘
' 0034 Next, contacts are formed to the source, drain and gate
regions using technigues known and used in the axrt. It is

. important to achieve a very.iow contact resistance in nanoscale

.. gevices. One way to reduce the contact resistance is to increase

the contact area by making contact with the fin sidewall. The

contact layout (top view) shown in Figures 5A and SB may be used.

_6035 | In Figure 6A, thé drain current.versus gate voltage of
the multiple-gate N—chanﬁel and P-channel MOSFETs Witb.gate 1ehgths
of 25 nm are shown. N+ and P+ dual poly-8i gates are adopted for
- ﬁ~jand'P—chénnel‘MOSFETS, respectively. At a supply.voltage of 0.7.
-V, the drive éurrents-fér,the N-and P-channel devices are 1300
ma/ gm aﬁd 550 mA/um, respectively, as shown in Figure 6B. For a
supply voltaéelof 1V, in~éitu doped N+ poly gate may be used fo;

both the N- and P- channel transistors.
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resi stance of the source, drain, and gate 50 can al so be reduced by
strappi ng the source, drain, and. gate 50 with a conduct R§&ugnsit2epd al . . .
The. conductive material may be a netallic silicide such as titanium _
silicide, cobalt silicide, or nickel silicide, a netallic nitride such as
titaniumnitride and tantalumnitride, a netal such as tungsten and
copper, or a heavily doped sem conductor such as n+ doped Si. In the _
preferred enbodi nent, the conductive naterial is cobalt silicide which may
be formed by a self-aligned silicide (salicide) process- The cobalt
-silicided poly-Si gate is 19 28 August 2006 shown in Figure 4B. In the

source and drain regions, the COQQH. Lye mateij-al msdeenkar ned an both
the topodf the thlgsthﬁePTe%%l he sﬁléMall of the fin, 0034 Next, contacts

are forned to the source, .drajn, 404, 0ah8ers€HONHUSkAG techolesy known
and‘USéal?W”FﬁévﬁrT?nq%rﬁ%g ?%%%rtant to achi eve a very. | ow cont act

resistance Jjn.nan l.e ydeyicesnaine waywbsds esfucesichrépcdahacethrassi st ance
isto Pﬁ%&esééﬁ%?ﬁégggﬁtactlareai%y maki ng contact with the fin sidewall.

. The coptacte hayoulc{dPp View shown in Figures SA and 5B may be used.

.0037 Furthermore, while the present invention has been

described in terms- of a preferred and an alternate embodiment, it

is to be appreciated that those gkilled in the artiwill readily

Lo
R S

i ‘ 1 Lati of the
apply these teachings to other possible wvariations ©

inventions.

‘0038 : The embodiment of the invention in which an exclusive

property or privilege is claimed are defined as follows.
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0035 In Figure 6A, the drain current versus gate voltage of the

mul ti pl e-gate N-channel and P-channel MOSFETs with gate |28mydust2®6 25 nm
are shown. N+ and P+ dual poly-Si gates are adopted for N-:and P-channel

MOSFETS5, respectively. At a supply.voltage.of 0.7. V, the drive currents

- for the N-and P-channel devices are 1300 mA/ m and 550 mA/ pm respectively,

as shown in.Figure 6B. For a supply voltage of 1 V, in-situ doped N+ poly
gate may be used for both the N and P- channel transistors. 20 28 August
2006 0036 Wiile the present invention has been described in an

illustrative manner, it should be understood that the term nology wused is

~intended to be in a nature of words,of-description rather than of

limtation. 0037 Furthernore, while e present invention has been
described in tirns %thg preferred and an alternate enbodinent, it is to be
appr ecPated % Faf ' YRoseé skilled in the art will readily apply these

teachings to ot Eer, POSSI D8 eVaLE At ians Rliubber dtwentirensomDO881iRne

enbodi ment ~of thé i'nvention in which an exclusive

a substrate;

gource and drain islands formed in a portion of said

substrate;

a fin formed of a semi-conducting material having a top

surface and two sidewall surfaces;
a gate dielectric layer overlying said fin; and
a gate electrode wrapping around said fin on said top

surface and said two sidewall surfaces separating source and drain

iglands.

5. The multiple-gate semiconductor structure of claim 1,

'~ wherein said semi-conducting material comprises S:LllconT

3. The-multiple-gaﬁe semiconductor structure of claim 1,
wherein said semi-conducting material comprises 51llcon. and

germanium.

4. The multiple-gate semiconductor structure of claim 1,

wherein said fin is rounded at two top COTNers.
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property or privilege is clained are defined as follows. 21 . 28 August '
2006 CLAIMS What is clainmed is; 1. A nmultiple-gate sem E8Mdgesiod008t ruct ure
conprising: a substrate; source and drain islands forned in a portion of
said substrate; a fin formed of a sem -conducting nmaterial having a top
surface and two sidewal |l surfaces; a gate dielectric |layer overlying said-
fin; and a gate el ectrode wapping around said fin on said top surface and
said two sidewal | surfaces separating source and drain islands, 2. The

mul ti pl e-gate sem conductor structure of claim1l1, wherein said

sem -conducting material conprises silicon. 3. The nmultiple-gate
sem:.conductor structure of claiml1, wherein said seni;cogdugtinq_naterial
conpriSeS silicean &meIm@ﬁﬁﬁﬂBFg@ae semiconductor atructure of claim™,

wherein said gate dielectric layer comprises silicon oxide.

6. The multiple-gate semiconductor structure of claim 1,

wherein said gate dielectric layer comprises silicon oxynitride.

7. Th;a miltiple-gate semiconductox structure of claim 1,.
3 }” wherein said gate dielectric layer comprises a high permittivity
material selected from the group consisting of La,0;, HION, 21,0,

HfO, and 2Zr0;.

8. The multiple-gate semiconductor structure of claim 1,
wherein said high permittivity material  having a relative

permittivity of at least 5.

9. The multiple-gate semiconductor structure of claim 1,
whefein said gate dielectric layer having a .thickness between 3A

Cand 100A.
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4. The mnultiple-gate sem conductor structure of claim1, wherein said fin
is rounded at two top corners. 22 28 August 2006 5. The 2fuhugyst 20Qfat e

sem conductor structure of claim1l, wherein said gate dielectric |ayer
conprises silicon oxide. 6. The nultiple-gate sem conductor structure of
claim1l1l, wherein said gate dielectric |layer conprises silicon oxynitride.
7. The nmultiple-gate sem conductor structure of claiml1,. wherein said gate

dielectric layer conprises a high permttivity material selected fromthe
group consisting of La203, HON, Al 203, H 2 and ZrQ2. 8. The

mul ti pl e-gate sem conductor structure of claim1l1, wherein said high
permttivity material having a relative

_ permttivi %\% o&reatofl eqstyo. 9. The
~multiple-gate sgn conduatrimstr-getar ee®FCAMINCE, SEHRBY 'S h Sai gat e

dielectric layer having a.thickness between 3A a@grgg%i%&% August 2006

1 wherein said gate dielectric layer having a
I

- 3 1 [} O N

id fin sidewall surfaces and a second thickness on said fin top
sal

l i i j cond
rface said first thickness being different from said se

=)t .

thickness.

i1. The multiple-gate semiconductor structure of claim
aid . i i irst
1 wherein. said second thickness -18 emaller than gaid £
I 3 .

thickness.

12 The multiple-gate semiconductor structure of claim
_ . . E )
i wherein said gate dielectric layer having a thlckness on the‘t e

surface of said fin less than 20A.

13 The multiple-gate semiconductor structure of claim

| i i ilicon.
1, wherein said gate electrode comprises poly~crystalllne s1

14 The multiple-gate semiconductor structure of claim
i ine silicon
1, wherein said gate electrode comprises poly—crystall}ne ai _

germanium.

24




10. The multiple-gate sem conductor structure of claiml, wherein said gate
dielectric layer having a first thickness on said fin si28dwgl$t 206f aces
and a second thickness on said fin top" surface, said first thickness
being different fromsaid second thickness. 11. The nultiple-gate

sem conductor structure of claim 1, wherein said second thickness is
smal l er than said first thickness. 12. The nultipl e-gate sem conduct or
structure of claim 1, wherein said gate dielectric layer having a

t hi ckness on the top surface of said fin |less than 20A. 13. The

mul ti pl e-gate sem conductor structure of claim 1, wherein said gate

el ectrode conprises poly-crystalline silicon. 14. Thetqggghplgéggte

seni conduct or st¥ucthreemoltehbdgete ARBFEPHI LK 65F%Ce ectrode conpri ses
poly-crystalline silicon ermani um 24 28 Au%g%;12006 15, The

mul ti pl ewgakeisermicomdtet 6feSEFARS GPEPEISTET &t M°f "wherein said gate

el ectrode conprises a netal. )

16 The multiple-gate semiconductor structure of claim

1, wherein said source and drain islands each comprises a_llghtly
Ly

doped or extension region.

;WE' o 17. The multiple-gate semiconductor structure of claim

1 ‘wheréin said source and drain islands are strapped by =&

conductive material selected from the group consisting of meﬁals

and silicides.

18. The multiple-gate semiconductor structure of claim

17, wherein contacts between said conductive material and said

‘source and draiﬁ islands are on at least pne of the.sidewall and

top surfaces of the fin.
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16. The multiple-gate sem conductor structure of claim 1, wherein said
source and drain islands each conprises a lightly doped 4fAutustdlton
region. 17. The multiple-gate sem conductor structure of claim 1, wherein
said source and drain islands are strapped by a conductive materi al

- selected fromthe group consisting of netals and silicides. 18. The

mul ti pl e-gate sem conductor structure of claim 17, wherein contacts

bet ween said conductive material and said ‘source and drain islands are on
at | east one of the sidewall and top surfaces of the fin. 25 28 August
2006 19. A nmultiple-gate sem conductor structure conprising of: a

substrate having a depression in a top surface i depLesst QR eonpri ses
an. under cut or h9no@tWPlélPFﬁ'$%ﬁﬁn§§m6?Q3d%§%?€é%%%%gying'naté?ié%phaving a

top surface and two sidewal|l surfaces, said fin being positioned
“verticafiy juxtaposed to said depression in said top surface of the

a substrate having a depression in & top surface, said

depression comprises an undexcut -or a noteh;

a fin formed of a semi-conducting material having a top
surface and two sidewall surfaces, said fin being positioned
vertically juxtaposed to said depression in said top surface of the
'i}" | substrate;

| source and drain regions formed in said zemi-conducting
material of said fin;

a gate dielectric layer overlying said fin; and

a gate electrode wrapping around said fin on said two
sidewall surfaces, said top surface, and a bottom of‘a‘base of said

fin separating said source and drain regions.

20. The multiple-gate semiconductor structure of claim

19, wherein said semi-conducting material comprises silicomn.

51. The multiple-gate semiconductor structure of claim
19, wherein said semi-conducting material comprises,silicon.aqd

germanium.
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substrate; source and drain regions forned in said seni-conducting

material of said fin; a gate dielectric |ayer overlying g8ifd9pst2008nd a
gate el ectrode wapping around said fin on said two sidewall surfaces,
said top surface, and a bottomof a base of said fin separating said
-source and drain regions. 20. The nultiple-gate sem conductor structure of
claim 19, wherein said sem -conducting naterial conprises silicon. 21. The
“nultiple-gate sem conductor structure of claim 19, wherein said

sem -conducting material conprises silicon and germanium 26 28 August
2006 22. The nultiple-gate sem conductor structure of claim 19, wherein
said fin is rounded at two top corners. 23. The nultkfke;%a%% sem conduct or
structure of cl&m T WHériela-sare FAEOFBFERT 7' Hayer conprises

silicon oxide. 24. The multiple-gate seniconduc%ggrgtructure of clai'm 19,
wher ei nos avlexgire sgi @l Bt it 1ORPerd g% &§PsFPTEon

23. The multiple-gate semiconductor structure of claim

15, wherein said gate dielectric layer comprises silicon oxide.

.24. The multiple—gate-sémiconductor structure of claim

d R
“aapee”

19, - wherein said gate dielectric layer chprises silicon

- oxynitride.

25. The multiple-gate semiconductor structure of claim
‘19, wherein said gaté dielectric layer comprises a high
permittivity material selected from the group consisting of La,0s,

HEON, Al,0,, HfC, and Zr0,.

26. -The multiple-gate semiconductor structure of claim
25, wherein said high permittivity material having a relative

permittivity of at least 5.

-27. The multiple—gate semiconductor’ structure of claim
19, wherein said gate dielectric layer having a thickness between

3A and 100A.
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oxynitride. 25. The multiple-gate sem conductor structure of claim 19,
wherein said gate dielectric layer conprises a high perid&Adgust300¢at eri al
selected fromthe group consisting of Lazo" H QN, A120" Hf 02 and Zr02. 26.
The nul ti pl e-gate sem conductor structure of claim 25, wherein said high
permttivity material having a relative permttivity of at |east 5. 27.
The mul tipl e-gate sem conductor’' structure of claim 19, wherein said gate
“dielectric layer having a thickness between 3A and | o0oA 27 28 August 2006
28, The nultiple-gate sem conductor structure of claim 19, wherein said
gate dielectric layer having a first thickness on said fin sidewall
surfaces and a second thickness on said.fin I _Sakd.f1rst

t hi ckness bei ng28i f f o RLIF P BRE SRS sseeé“ér‘%&“d}g‘gloc f?teéé“fél?%g”g? 61151$1cej.°1‘3{ln$

mul tipl e-gate sem conductor. struct.ur i»m. : ek Prsakd second
t hi ckné8s. Wheredhafd &t gﬁﬁgnéls%lled i(‘i lr&stfa%r (}la%ll% égﬁlm e |

caid fin sidewall surfaces and a second thickness on said fin top

surface, said first thickness being different from said second

.

thickness.

29. The multiple-gate semiconductor structure of claim

f;ﬁl : 19, wherein said second thickness. ig smaller than said first
thickness.

30. The multiple-gate semiconductor structure of c¢laim
19, wherein said gate dielectric layer having a thickness on the

top surface of said fin less than‘zoA.

3i. The multiple-gate semiconductor structure of claim

19, wherein said gate electrode comprises poly-crystalline gilicon.
32. The multiple-gate semiconductor étructure of claim

19, wherein said gate electrode comprises poly-crystalline silicon

germanium.
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t hi ckness. 30. The nul tipl e-gate sem conductor structure of claim 19,
wherein said gate dielectric |layer having a thickness on a8&ugusb)®ur f ace
of said fin less than 20A. 31. The nultipl e-gate sem conductor structure of
claim 19, wherein said gate el ectrode conprises poly-crystalline silicon.
32. The nultiple-gate sem conductor structure of claim19, wherein said
gate el ectrode conprises poly-crystalline silicon germanium 28 28 August
2006 33. The multiple-gate sem conductor structure of claim 19, wherein
said gate el ectrode conprises a netal. 34. The nultipl e-gate sem conduct or
- structure of claim 19, wherein said source and drain islands each
.conprises a lightly doped or_extension.re I te

seni conduct or sﬁﬁucﬂﬁﬁé“@ﬂtéP%ﬁrﬁa%%Eﬁﬂﬁg? 1ﬁﬂggi%tgggﬁgggaﬁgp%%2?ﬂ i sl ands

ore strapved by o eonduct| Yo el of |l L 551 he o1 0up consi 10

34. The multiple-gate semiconductor structure of claim
19 wherein.saidrsource and drain islands each comprises a l1ghtly
E A ‘

.doped or extension region.

'ff“ 35. The multlple gate semiconductor structure of ¢laim

19, wherein said source and drain islands are strapped by a
! f

conductive material selected from the group consisting of metals

and gilicides.

36. The multiple- gate gsemiconductor structure of claim
19, wherein contacts between sald conductive material and sald

source and drain islands are on at least one of the gsidewall and

top surfaces of the fin.
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36. The nul tiple-gate sem conductor structure of claim 19, wherein
contacts between said conductive material and said sourc2B Anghst2edth
islands are on at |east one of the sidewall and top surfaces of the fin.
29 28 August 2006 37. A nethod for fabricating a nultiple-gate

sem conductor structure conprising the steps of: providing a substrate
~conprising a sem -conducting layer overlying an |nsulat|ng | ayer;
patterning . and formng a fin in said sem -conducting ‘layer, said fin
having two sidewall surfaces and a top surface; depositing a |ayer of a
dielectric material overlying said fin; depositing a | ayer of a conductive

material overlying said la %PS?LFgleI%%E l%ag?&ﬁdd ; mRdt ierdidiksai d

| ayer of conduct¥ve naferi™&l a gate ing across said two
sidewal | surfaces and said to

ceaf f and forming a source
and dra¢mpqc@§pgho¥ns%c&u§sm grrcl% %Pth% sEQﬁs 4L

providing a substrate comprising a semi- conductlng layer:
overlying an insulating layer;

patterning and forming a fin in said semi—conducting
layer, said f£in having two sidewall surfaces and a top surface;

depositing a layer of a dielectric material overlying
said fin;

| depositing a layer of a conductive_material overlying

‘said layer of dielectric material;

patterning said layer of conductive material formir;g a
gate straddling across said two sidewall surfaceg and said top
surface of the £in; and

foiming a source and drain region in said semi—conductipg

layer. -

28. The method of claim 37 further comprising the step
- of forming said semi-conducting layer in a material comprising

_'silicon.‘
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| ayer. 38. The method of claim37 further conprising the step of formng
sai d sem -conducting layer in a material conprising silia8ohugu302@% August
2006 39. The nethod of claim 37 further conprising the step of formng
said sem -conducting layer in a material conprising silicon and germani um
40. The nethod of claim 37 further conprising the step of formng said

| ayer of dielectric material in a material conprising silicon oxide. 41.
The net hod of claim 37, wherein said fin formng step further conprising a
fin surface snoothing step. 42. The method of claim41l, wherein said fin
surface snoothing step further conprising sub-steps of sacrificial ,t

ﬁoxidation and htgg tsggg&g&g%gﬁ% ?#@ Ighf%he¥d£8®§€g%A &Rt S@gp The

SRR e e, e

i

‘met hod of claim e ste g said

udleleCtrIC | ayer L1 g gg%fqééﬂdua%qgalagggrsHLf9§Whaéygf$§'comprlslng

of forming sal

Y

silicon and germanium.

40. The method of claim 37 further comprising the step
of forming said layer of dielectric material in a wmaterial

comprising silicon oxide.

41.  The method of claim 37, wherein said fin forming

step further comprising a fin surface smoothing step.

42. The method of claim 41, wherein said fin surface
smoothing step further comprising sub-steps of sacrificial

oxidation and high temperature annealing in a hydrogen ambient,

43. The method of claim 37, further comprising the step.

of forming said dielectric layer in a material comprising silicon

oxide.

44. 7The method of claim 37, further comprising the step
of forming said gate dielectric layer in a material cqmprising

‘silicon oxynitride.
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7_S|demall surf ac

b 44. The nmethod of claim37, further conprising the step i of formng
said gate dielectric layer in a material conprising siliZ8daughobri de. 31
28 August 2006 45, The method of claim 37, further conprising the step of
formng said gate dielectric layer in a high permttivity nmaterial
selected fromthe group consisting of Lazo" Hf ON, Al20" Hf Q2 and Zr Q2. 46.
The ‘met hod of claim45, wherein said high permttivity naterial has a
relative permittivity of at least 5. 47. The nethod of claim37, further
conprising the step of formng said gate dielectric layer to a thickness
between 3A and io00A 48. The method of claim37, further conprising the

step. of formng_a ffer t.thic S, of tqicygb@l 1{dond ayer sespt he
i g‘sE’ an gm‘e}dtcgf Aél%? agg of the fin. 549 1%1e met hod of

claim 37, further cogpgjk%l ngiltetleec%t,_.gg l%fyeflorlrﬂ ng $aiqd qagtxenldltelvetyrl C

R

Iayer p5 FOLRANF et ness on

material selected from the.group consisting of La,0;, Bfon, al Oy

HfO, and Zror

46. The method of c¢laim 45, wherein said high .

“permittivity material has a relative permittivity of at least 5.

47. The method of claim 37, further comprising the step

of forming said gate dielectric layer to a thickness between 3A and

100A.

48. The method of claim 37, further comprising the step
of forming a different thickness of said dielectric layer on the

sidewall surfaces and on the top surface of the fin.

49, The method of claim 37, further comprising the step
of forming said gate dielectric layer to a gmaller thickness on the-

B top surface of the fin compared to the gate dielectric.laye: on the

sidewall surfaces of the ﬁin.
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top surface of the fin conpared to the gate dielectric |layer on the
sidewal | surfaces of the fin. 32 28 August 2006 50. The ZeeAdmdt 2d0o6c! ai m
37, further conprising the step of formng the gate dielectric |ayer on the
top surface of the fin to a thickness of |ess than 20A. 51. The net hod of
claim37, further conprising the step of formng said gate in a nmateri al
conprising poly-crystalline silicon. 52. The nmethod of claim 37, further
~conprising the step of formng said gate in a material conprising

pol ysilicon germanium 53. The nethod of claim 37, further conprising the
step of formng said source or drain region in a lightly doped or

ext ension region. 54. The nethod of .claim37, . fur : Lskng-d-he step
~of fornming a |ayér ofeamebiedil aﬁﬂtiﬁiéﬁ“&ﬁefoégﬁﬁrég% E%urcezband

drain ;ExﬁéﬁﬁihQBShe gate dielectric layer on the top surface of the fin

to.a thickness of less than 20A.

t1. The method of claim 37, further comprising the step |
. of forming said gate in a material comprising poly-crystalline

" silicon.

5o . The method of claim 37, further comprising the step
of forming said gate in a material comprising polysilicon

. germanium.

53; The method of claim 37, further comprising the step
of forming said source or drain region in a lightly doped or

extension region.

54, The method of claim 37, further comprising the step
. of forming a layer of a ccnductive material on top of said source

and drain regions.
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28 August 2006 55. The method of claim54, further conprising the step of
forming said |l ayer of conductive material in a material <8 Aguet2006r om the
group consisting of metal, netallic silicide and netallic nitride. 56. A
met hod for fabricating a nultiple-gate sem conductor structure conprising
the steps of: providing a substrate conprising of a sem -conducting |ayer
overlying an insulating |layer; patterning and formng a fin in said

sem - conducting layer, said fin having two sidewal |l surfaces and a top
surface; formng a depression in a top surface of the substrate at a base
of said fin; depositing a layer of a dielectric material overlying said

fin, depositing as!| aygl. REtR.&UUELE Ves MtRNIRl -O¥Sb ¥iNGg s8Rt ayer of
dielectric material; patterning said | ayer of conductive material formng a

gﬁt ef .StcE@‘%Q!xéinEHg aGli@SSasal Gt wensidtewal hasuriaces anshisaiidit eplested ace of
the fin' an _
. from the group consisting of metal, metallic silicide and metallic

nitride.

7

56. A method for fabricating a 'multiple—gate
semiconductor strﬁcture compfisiﬁg the steps of:
.'Qlj _ providing a spbstrate comprising of a semi-conducting
layer overlying an insuiating lafer;
patterning and forming a fin in said semi-conducting
layer, said fin haviné two sidewall surfaces and a top surféce;
forming a depression in a top suffade oﬁ the substrate at
- a base of said fiﬁ;

depositing a layer of a dielectric material overlying

said fin;

depositing é layer of a conductive material overlying
said iayer of dielectric maferial;

patterning said layer of conductive material forming a

1

" gate straddling across sald two sidewall surfaces and said top

surface of the fin; and

forming a source and a drain region in said semi-

”1conducting'layer.
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formng a source and. a drain region in said sem - conducting |ayer. 34 28
August 2006 57. The nmethod for fabricating a nultiple-gat®&Adeust@offduct or
structure according to claim56, further conprising the step of formng
said sem -conducting layer in a material conprising silicon. 58. The

met hod for fabricating a nmultiple-gate sem conductor structure according
to claim56, further conprising the step of formng said sem -conducting

| ayer in a material conprising silicon and germanium .59. The nethod for
fabricating a nultiple-gate sem conductor structure according to claim56,
further conprising the step of formng said |ayer of dielectric materi al

in a mterial c risi silicon oxide. 60. .The.nethod for fabricating a
mul tiple-gate s%ﬁ?condgg?orm§€§?ﬂx a3 gEE%FaFﬁgl?% c?ajTH%ﬁiPlﬁh@Pé?n sai d
fin f Oxragrlnll:lgons ue o];ursEPgétL?roen%rclc%ze:aiggftl,cg' csllglfma%% P S?R?Elbéln Q:o%[p% s.lgg

-the step of férming' gaid semi-conducting layer in a material

‘comprising silicon.

58. The method for fabricating a wultiple-gate
semiconductor structure according to claim 56, further comprising
f'iﬁ — - the step of forming said semi-conducting layer in a material

comprising silicon and germanium.

59. The method for fabricating a multiple-gate
semiconductor structure according to claim 56, further comprising
the step of forming said layer of dielectric material in a matexrial

compriging silicon oxide.-

60. The method for fabricating a multiple-gate

semiconductor structure according to claim 56, wherein said fin

Nt P

forming step further comprises a fin surface smecothing step.
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28 August 2006 61. The nmethod for fabricating a nultiple-gate
-semi conductor structure according to claim60, wherein sail@Afigust 2806 f ace
snoot hing step further conprises sub-steps all sacrificial oxidation and
hi gh.. tenperature annealing in a hydrogen anbient. 62, The nethod for
fabricating a multiple-gate sem conductor structure according to claimb56,
.further conprising the step of formng said depression in said top surface
of the substrate by undercutting at th& base of the fin. 63. The nethod
for fabricating a. nultiple-gate sem conductor structure according to
claim 62, further conprising the step of form ng said depression by
undercutting using an etch process. 64. The nmethod for fabricating a
mul tiple-gate sem.condutior msthodt Ut acondicagihg chai mub6iplaigkher
conprising the step of formng said gate dielectric layer in a nmateri al
conpr i sisegisthdigmoroxtodect 86e 28churlisty 2006c18m 6fhe wheidede fsandf &#hmi cati ng
a nultiple-gate

gurfgce smoothing step further comprises sub-steps all sacrificial

oxidation and high_temperature annealing in a hydrogen ambient.

62, The method for fabricating a meltiple-gate
semiconductor structure according to claim 56, further comprising
the step of forming said Jepression in said top surface of the

: B

. subétrate by undercutting at the base of the fin.

63. .~ The' method for fabricating a. multiple-gate
semiconductor structure according to claim 62, further compriéing
the step of forming said depression by undercutting using an etch

process.

g

64, The method for fabricating a multiple-gate

L semiconductor structure according to claim 56, further comprising

the step of forming said gate dielectric layer in a material

compriding silicon oxide.
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sem conductor structure according to claim56, further conprising the step
of formng said gate dielectric layer in a material conp?§ Sugupt 8006 con
oxynitride. 66. The method for fabricating a nultiple-gate sem conductor
structure according to claimb56, further conprising the step of formng
said gate dielectric layer in a high pernmttivity material selected from
the group consisting of Lazo" H ON, A1203, HO2 and Zr02. 67. The net hod
for fabricating a nultiple-gate - seniconductor structure according to claim
66, wherein said high permttivity material has a relative permttivity of
at least S. 68. The nethod for fabricating a multiple-gate sem conductor
structure according to claim56, further conprising the step of formng
said gate dielegstric rayerpdéthea t Foeknéabribetivgen BA midibd@AgaB8E 28
August 2006 69. The nethod for fabricating a multiple-gate sem conductor
St I UClsdfmEcAoRMtdirngt Focialmd rct6rdfny tdrerclednmpbpb si figrthdre amepieingorming a
different thickness of the gate dielectric

the step of forming said gate dielectric layer in a material

comprising silicon oxynitride.

66. The method for fabricating a mmitiple—gate

: seﬁiconductof structure according to claim 55; Further coﬁprising
the step of forming E?id'_gate dieleétrjc layer in a high
permittivity material seiected from the group coneisting of La,0,,

67. .The method fér fabricating a miltiple-gate
semiconductor structure accofding to‘claim 66, wherein said high
-pefmittivity material has a relative perﬁittivity of at least 5.

68. The method for fabricating a multiple—éaté
semicﬁﬁductor structure éccording to claim 56, further qomprising

~the step of forming said gate dielectric layer to a thickness

between 3A and 100A.
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| ayer.on the sidewall surfaces and on the top.surface of the fin. 70. The
method for fabricating a nultiple-gate sem conductor stP8Augee 28860r di ng
to claimb56, further conprising the step of. formng slid gate dielectric
| ayer to a smaller thickness on the top surface of the fin conpared to the
gate dielectric layer on the sidewall surfaces of the fin. 71. The nethod
for fabricating a nmultiple-gate sem conductor structure according to claim
‘56, further conprising the step of formng, the gate dielectric |ayer on -
the top surface of the fin to a thickness of less than 20.. 72. The met hod
for fabricating a nultiple-gate sem conductor structure according to claim
56, further comyd singppbhenstgpaofsdor ingisakdngat 8 i mubt hpterdale
conprising poly- crystalline silicon. 38 28 August 2006 73. The nethod for
fabricating.Aaitidy BLeusatfe SAIHA@IAUCEON B csUr duatber dFPRPLiSgidai m 56,
further conprising the step of formng said gate in a material conprising
"pol ysi I ieoBtgesfMBfiiiing a gifferent thickness of the gate dielectric

layer .on the sidewall surfaces and on the top surface of the fin.

70. ‘The method for fabricating a multiple~géte
semiconductor structure according to claim 56,_furﬁher comprising
the step of forming sgid..gate dielectric layér' to a smallerr
thickness on the top gﬁrféce oﬁ the fin compared to the gate

dielectric layer on the sidewall surfaces of the fin.

7. The method for fabricating a mualtiple-gate
semiccnducfor structure according to claim 56, further comprising
the step of forming the gate dielectric layer on the top surface of

[

the fin to a thickness of less than 20A. .

§2. The method for fabricating a multiple-gate

A

semiconductor sﬁrUcture according to claim 56, further comprising .

1

. the step of forming said gate in a material comprising poly-

crystalline silicon.
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74. The nmethod for fabricating a nultiple-gate sem conductor structure .
according to, claimb56, further conprising the step of- fa8Adgugt 286d source
and drain region in a lightly doped or extension region. 75. The nethod
for fabricating a nmultiple-gate sem conductor structure according to claim
56, further conprising the step of formng a |layer of a conductive
material on top of said source and drain regions. 76. The nethod for
fabricating a nmultiple-gate - sem conductor structure according to claim75,
further conprising f-- the step of form ng said | ayer of conductive
material in a material selected fromthe group consisting of netal,

metallic silicide and netallic nitride. 39 ABSTRACT MJL IPL GATE

TRANSI STOR STRUCTRRE AN@ENEW#G@IFABH%A‘FFN@E{ A miftipP %"E‘

transi stor_ structure which includes a a . st:rate }ghéé ﬂ¥g i sl ands
formed FRECPHEREFSH THUCRBTE SHHRATADE, % ? T rr‘red 0 conduct i ng

naterlajhérgﬁép oP f%lmlng said gate in a material comprising poly5111c0n

germanium.

74. The method for fabricating a multiple-gate
semiconductor structure according to claim 56, further comprising
s . the step of forming saidésource and drain region in a lightly doped

_or extension region.

75, The method for fabricating a multiple-gate
semiconductor structure'acccrding to claim 56, further comprising

the step of forming a layer of a conductive material on top of said -

" source and drain regions. o N

76. . The method for fabricating a multiple-gate
semiconductor structure according to claim 75, further comprising
) 1) the step of forming said layer of conductlve material in a material

selected from the group consisting of metal, metalllc silicide and

metallic nitride.
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top surface and two sidewall surfaces, a gate dielectric |ayer overlying
the fin, and a gate el ectrode w apping around the fin on 28tA®usbof08urf ace
and the two sidewall surfaces separating source and drain islands. In an
al ternate enbodi nent, a substrate that has a depression of an undercut or
a notch in a top surface of the substrate is utilized. (FIG 2A)

ABSTRACT
MULTIPLE-GATE TRANSISTOR STRUCTURE AND METHOD FOR
FABRICATING
0039 A multiple-gaté transistor structure which incliudes a

substrate, source and drain islax;ds formed in a portion of the
-s.ubstrate, a f;i.n f.o_rmed .of a semi-conducting material that has a
t;,op surféée and two sidewall surfaces, 'a gate dielectric layer
- overlying the fiﬁ, and a gate electrode wrapping around the fin on
‘the top surface and the two sidewall surfaces separating source and
drazin islands. In an akjternate embpdiment, a substrate that has a

depression of an undercut or a notch in a top surface of the

substrate is utilized.

(FIG. 2B)
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