1 MULTI PLE- GATE TRANSI STORS W TH | MPROVED GATE CONTROL Fi el d of the

I nvention The present invention generally relates to the field of 5
sem conduct or devi ces, and nore partiﬁularly, to the manufacture of

metal oxi de sem conductor field effect transistors with

mul ti pl e-gates. Background of the Invention 10

Met al - oxi de-sem conductor field effect transistor (MOSFET) technol ogy
is the dom nant sem conductor technol ogy used for the nmanufacture of
ultra-large scale integrated (ULSI) «circuits. Reduction in the size
of MOSFETs have provided continued inprovenent in speed perfornmance,
circuit density, and 15 cost per unit function over the past few

decades. As the ggh§prle fﬁuf nventional bul k MOSFET is
reduced, the source gﬁﬁ 8g?€in |ﬁ%§€§§§ VAT (ABROYED AT CONARPRI and
gain influence on the channel potential. Consequently, a transistor
with a short gate length suffers fromproblens related to the
inability of the 20 gate to s f a ontrol the on and off
states of the channel. Pheno#g%gégﬁ%hk%é ﬁ@ﬁﬁ%@ﬁngate control

associated wWith tramsigrledesic W hhesOUd g%ggggfiy 9gLhs 8y etl}eerfq%?d of

short-channel 2
5 semiconductor devices, and more particularly, to the manufacture

of metal oxide semiconductor field effect transistors wiéh

multiple-gates.

Background of the Invention
10 ) Metal -oxide-semiconductor field effect transistor
(MOSFET) technology is the dominant semiconductor technology uséd
for the manufacture of ultra-large scale integrated (ULSI)
circuits. Reduction in the size of MOSFETs have provided
continued improvement in speed performance, circuit density, and
15 cost per unit function over the past few decades. As the gate
length of the conventional bulk MOSFET is reduced, the source and
drain increase interact with the channel and gain influence on
the chanpel potential. Consequently, a transistor with-a short
gate length suffers from problems related to the inability of the

20 gate to substantially control the on and off states of the

channel. Phenomena such as reduced gate control associated with

transistors with short channel lengths are termed short-channel




I ncreased body dopi ng concentration, reduced gate oxide

t hi ckness, and ultra-shall ow source/drain junctions are ways to
suppress short-channel effects. However, for device scaling well

into the sub-SO nmregine, the requiréments for body-doping 5
concentration, gate oxide thickness, and source/drain (S/D) doping
profiles become increasingly difficult to neet when conventional

devi ce structures based on bulk silicon substrates are enpl oyed.

| nnovations in front-end process technologies or the introduction of
alternative device structures are required. to 10 sustain the

hi storical pace of scaling. For device scaling well into the sub-30

nmregime, a promsing approach for controlling short-channel
alternative device structure with nultiple-gate

effects is tgffgigéan
15 el ectr odes. aﬁbl§§06Faﬁﬁﬂtbq@WedgaingSiﬁuﬁhufséiéﬂ“ﬂfgggct e .y
doubl e-gate shisclidye, a%ge Hrigle- ate structure, the ‘omega- FEPate oxide
and the sdrroun&-&ﬁ éSQﬁ-Mmhpﬂamoandnga{qhﬁkkqghgrgre é;yg .
t he ©

structure,

mul tipl e- gat euppang shofe Stfuctyre is expected to extend

scalability of CMOS tec %o‘%l{)aélfege%ﬁ%c'%%e Hpwevert, s abvide S%Qllin% well
silico

conventi onal imwd ke MOSKRE-gpd Jealjze the ultimate limt of
MOSFETs. The introduction of.“gd%%??%ﬁaltﬁ%té§thp¢mmn§B E®€ body-doping

capaci t ante ntmgt hat wegatkhe es.and the channel, 3
p ensincng atkney g t%lckness, and source/drain

dobi .
OPing profiles become increasingly difficult

ef fects.

(S/D)
- t to meet when
nventio i
nal device structures based on bulk silicon substrat
strates

are employed. vati i - r
D Innovations in front end process technologies o
)

10 sustain the historical pace of scaling

F ) . v ’
Oor device scaling well into the sub-30 nn regim
e, a

. . 5 s .

use an i i
alternative device structure with multiple-gate

I5  electrod '
es. Examples of multiple-gate Structures include th
e

double- ét i
gate structure, the triple-gate structure, the omega-FET

20




potential by the gate, helps to

i ncreases the control of the channel
of the

suppress short channel effects, and prolongs the scalability

MOS transistor. 5 An exanple of a nmultiple-gate device is the
B there are two gate el ectrodes

doubl e-gate MOSFET structure, where
on the opposing sides of the channel or silicon body. A nethod to
fabricate a doubl e-gate MOSFET is described in U S. Patent No.

10

6413802 131 and shown in Figure 1A for Fi nFET transistor
structures 10 having a doubl e gate channel extending vertically from

a substrate and net hods of manufacture. y In U S. Patent No. 6413802

B1, the device channel includes a thin silicon fin 12 fornmed on an
silicon oxide) and defined using an

i nsul ative substrate 14 (e.qg.,
ion._.is performed, 15 followed by gate

et chant nmask 1ferdGd pdati.o
deposition and E:]Iét e e%a?%%r RPN Yo Of of e Fhdoubl epotgalq 18! § t‘%ﬁ)ede 20
0- #4Fn helps

overlying thetsi 8@sprds 24 the fin 12. Both the source-
direction and the gateFto-SgEecg??Qﬁﬁi?ﬁfe§ﬁ§. hndtﬁmbxﬂﬁ?@eggg a1
substrate surédfache Hbs eRmLeeg)ructure 10, —an enlarged, ability
cross-sectional view of which is’illustrated in '

opPposing sides of the channel or silicon body. A method t
fabricate a double-gate MOSFET is described in U.S. Patent Noo
) 2513802 Bl and shown in Figure 1a for FinFET transisto;
ructures 10 having a double gate channel eXtending vérticaily

from a substrate and methods of manufacture. 1p U.S. Patent No
6413802 Bl, the device channel'includes a thin silicon fin 1;

( )

1

15

in the plane of the substrate surface. The device structure 10
) an -enlarged, cross—sectional view of which ig illustrated i;
Figure 1A, is widely Tecognized to be one of the most
manufacturable double-gate Structures. A plane view of th
e

double-
le-gate Structure 10 is shown in Figure 1C

VEATEFY:



20 Figure 1A, is widely recognized to be one of the nost
manuf act ur abl e doubl e-gate structures.. A plane view of the

doubl e-gate structure 10 is shown in Figure 1C. 4 Another exanple of
the nultiple-gate transistor is the t4iple-gate transistor. An

enl arged, cross-sectional view of the triple-gate transistor
structure 30 is illustrated in Figure 2A. A plane view of the
triple-gate structure 30 is shown in Figure 5 2C. The triple-gate
transi stor structure 30 has three gates: gate 32 on the top surface
42 of the silicon fin 12, and gates 34,36 on the sidewalls 44,46 of
the silicon fin 12. The triple- gate structure 30 achi eves better
gate control than the doubl e- gate devi ce 10 because of the extra

gate 32 on the top 42 %ﬁ he 10 silicon fin 12. The doubl e-gate
devi ce structure 10 and ¥ gr F?‘F'E)P%eg%ﬁéﬂt%\m@elpletgaw 3B IBW6PS s 1he

i mproved by fuyithetga&h the e control. 15 device is shown
in Figure 1A Flggjur TIA T Pt esg‘%@né?&%dls@@pseﬂs@dtﬂdmal view of the

triple-gate dﬂﬁpﬁerg£¥3|tr%ﬂg do structure 10 and
triple-gate structure 30 have ,&p§5i %Hrﬁoa % i¥justrateflatn Figure 2a.

overlies an ingdkatoviawhst ratee 1451 1h ﬁou ate device structure
a ru 3 .
10 (Figure 1A) has a gate el ectrode ZOSt Q; ctire 36 is shown in Figure
. The triple- -gate transistor structure 30 hasg three gates:

gate 32 on the top surface 42 of the silicon fin 12, and gates
34,36 on the s1dewalls 44,46 of the silicon fin 12. The triple-
gate structure 30 achieves better gate control than the double-
gate device 10 because of the extra gate 32 on the top 42 o£ the
10 silicon fin 12. The double-gate device Structure 10 and the

tri _ .
riple-gate device structure 30 may be improved by furth
er

enhancing the gate control.

An illustration of the cross-section of the double- -gate

15 device is shown in Figure 1A. Figure 2A illustrates the cross-
section of the triple-gate device. Béth the double-gate
Structure 10 and triple-gate structure 30 have a silicon body or

fin 12 that overlies an insulator substrate 14. The double-gate
device structure 10 (Figure 1A) has a gate electrode 20 that

20 wraps around the silicon fin 12 covered with a gate dielectric

layer
y 26 on its two sidewalls 22, 24. The gate electrode 20

there
fore forms two gates 34,36, one on each sidewall 22,24 of




20 waps around the silicon fin 12 covered with a gate dielectric

| ayer 26 on its two sidewalls 22,24. The gate electrode 20 therefore
forms two gates 34,36, one on each sidewall 22,24 of An illustration
of the cross-section of the double-gat® 5 the silicon fin 12. For the
triple-gate device structure 30 (Figure 2A), the gate el ectrode 20
that waps around the dielectric |ayer 26 covered silicon fin 12
forms three gate gates: 34,36 gate 32 on the top surface 42 of the
silicon fin 12, and 5 two gates 34,36 on the sidewalls 22,24 of the
silicon fin 12. The doubl e-gate device structure 10 and the
triple-gate device structure 30 may be inproved by further enhancing

the gate control. For exanple, the gate electrode 20 in the
doubl e- gat e 1thest sUridde enc¢roach under the silicon fin 12
forming an undercut 28 aéﬂggg%\h i A°Fi Jiiee tIBPlFogatdedividql es9Al & ure
structure 50&H@heegamg,ekggtgggg %g ggéﬁ$lso encroach under the 30
silicon fin 12 as shown in Figure B et?ﬂa%hﬁqﬂqupﬂ(hﬁ&mﬁmnyéegate
50, the encr¥&dkatnic olayde 98t ecbb RG] Q0L 20 under the silicon fin

12 15 forms an onega-shaped gate structure?c?ﬂi§iPnﬁ¥bv%uﬂm¥iqﬂn&egngeS:

transi stor st¥uéfuPat®032 absotival tqd dufig.Que d-ef f ect
n 92 ’&fét%l-%aqan fin 12, ang

fLe
transi stor, T) has the cl osest resenbl ance fo ?%eé
5 WO gates 34, 36 .
, on the sidewalls 22,240f the silicon fin 12
n .

10 structure
40 may encroach under the silicon fin 12 £ i
orming an

undercut 28 ag i i
shown in Figure 1B. For the triple-gate structure

’
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encroachm
ent of the gate electrode 20 under the silicon fj
in 12
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Around (GAA) transistor for excellent scalability,
very manufacturable process simlar to that for the doubl e-gate

triple-gate transistor.

conventi onal

sidewal | gates |ike double-gate transistors,
extensi ons or encroachnents under the silicon body. The Orega-

therefore a field effect transistor with a gate that

around t he body.
greater the extent of the encroachnent,

approaches or resenbles the gate-all-around
three-dinEnsigﬂgl

10

15

20

and uses a
or

The Onega- PET has a top gate |ike the

ultra-thin body silicon-dn-insulator transistor,
and special gate 6
FET is

al nost wraps

In fact, the longer the gate extension, i.e., the

the 5 nore the structure
structure. A

erspective of an Omega-FET 50 is
tnshEns P g
Or encroachments under the silicon body The 0o
. mega -

FET i i :
1s therefore a fielqd effect transistor with a gat th
e at
almost w
Taps around the body. In fact, the longer the gat
e
extensi i
lon, 1i.e., the greater the extent of the encroachment, th
I 4 e

more
the structure approaches or resembles the gate-all
- -around

1ls

shown in Figure 3.

Th
€ encroachment of the gate electrode under the

oss -8 i i g Cu




shown in Figure 3. The encroachnent of the gate el ectrode under the
10 silicon body helps to shield the channel fromelectric field |ines
fromthe drain and i nproves gate-to-channel controllability, thus
alleviating the drain-induced barrier 7 | owering effect and inproving
short-channel performance. The encroachnment of the gate el ectrode
under the silicon body relies 15 on an undercut of the insulator

| ayer in the substrate, thus formng a notch in the substrate at the

base of the silicon body. A sinple process flow for fabricating the

nmul ti pl e-gate structure 50 with an onega-shaped el ectrode 20 is shown

in 20 Figures 4A-4C. It provides a vertical sem conductor fin 12

overlying a substrate 18 including a surface insulator |layer 14. A

cross-secti on*dfin f&ef insulatios shown in Jf FHee by equer.cut 28 in
- i is d b

t he |nsulator?# eé?ﬁé%%%; t he sgbstrateﬁéﬁ is ;orge y P etmred by an

process, as sho r 2 Bshéior éxammilRirel f4g he dJpsulator 14 |s

silicon oxi defnshgg etch may be perfornmed by a wet eﬁ@'ﬁsu%’i‘%@lﬁm utfedthe

hydr of | uori ¢ "aci E?-(:) Y A8 s&kigan exide nivHeurech oy 3 B@%érr%fe gat er

and 1 part (ﬁegggnggqﬁqgﬁggdtﬂg) for 60 ‘seconds at 25 degrees 4 &¥yg wet

to achieve a recess "R of ~abotirofbBoEiRySaidnsHF Thes ot eRaRbACLSS mixture

al so etchas loxt el'ﬁlﬂ)é/rftsr eéf‘” &lgpegr and 1 part of concentrated HF) for 60

seconds at 25 degrees Celsius to achieve a recess "R” of about
100 angstroms. The etch Process also etches laterally, resulting
in an undercut 28 below the silicon fin 12. However, such g
timed etch is not a very controllable Process and introduces
10 significant variability of the value of recesé R within wafer and
from process run to run. After formation of the substrate
recess, the gate dielectric layer 26, gate electrode 20 (Figure
4C), and source/drain regions 52,54 are formed to complete the
device fabrication. It ig important to limit the variability of
15

the rece i
s R in a manufacturing process as this affects th
e

t .
Oolerance in the subsequent gate etch process

It i .
is therefore an object of the present invention to

provide g i
method for forming a double-gate transistor with

20 improved gate control




in an undercut 28 below the silicon fin 12. However, such a tined
etch is not a very controllable process and introduces 10 significant
variability of the value of recess Rwithin wafer and from process
run to run. After formation of the substrate recess, the gate
dielectric layer 26, gate electrode 20 (Figure 4C), and source/drain

regions 52,54 are fornmed to conplete the device fabrication. It is
inportant to limt the variability of 15 the recess Rin a
manuf acturing process as this affects the tolerance in the
subsequent gate etch process. 20 It is therefore an object of the
present invention to provide a nethod for form ng a doubl e-gate
transistor with i nproved gate control 8 It is another object of
the present invention o psovametierebbpsed oef anyng a triple-gate
transi stor vvigrrl)viirdrgr oved 1alltg control. 5 Summary of gfﬁ%erf%véﬁ’(?won to
a- metho for £ ; .
: orming a trlple—gate transistor with

improved gate control.

5
Summary of the Invention
In i
accordance with the bresent invention, a method f
or

Catlll = d

structure fabricated are disclosed.

10 In a preferred embodiment, a method for fabricating a
multiple-gate device can be carried out by the operating steps of
providing a substrate that includes a semi-conducting layer
overlying an insulator stack, the insulator stack includes an
ilnsulator layer overlying an etch-stop layer; patterning the

15 semi—conducting layer forming a semiconductor fin the
semiconductor fin has two sidewalls and a top; etching the
insulating layer at the base of the semiconductor fin forming an
undercut ; dep03iting a4 gate dielectric layer overlying 4the

) Ssemiconductor fin; depositing an électrically’ conductive layer
over the gate .dielectric layer; etching the electrically
conductive layer forming a gate s;raddling across the two

sidewall gy
rfaces and the top surface of the semiconductor fi
n;




In accordance with the present invention, a nethod for fabricating a

mul ti pl e-gate device and the nultiple-gate device structure
fabricated are disclosed. 10 In a preferred enbodi nent, a nethod for

fabricating a nultiple-gate device c be carried out by the

operating steps of providing a substrate that includes a

sem -conducting | ayer overlying an insulator stack, the insulator

stack includes an insulator |ayer overlying an etch-stop |ayer;
patterning the 15 sem -conducting |layer form ng a sem conductor fin,

the 20 sem conductor fin has two sidewalls and a top; etching the

insul ating | ayer at the base of the sem conductor fin formng an

under cut ; depo%;ting a gate dielectric layer overlying the |

sem conduct oraid n;fcdepogi t 2 ngsdurcel eebiigal | onductive |ayer over

the gate dielectric |layer; etching thgégﬁgcf¥F€aﬁ1y%rébﬂduﬁ?ﬂw%lIéyerthe

form ng a gat¥Wradutiary faoross the two  sidewal | surfaces and the
top surface of the sem conductor fin; and form ng a source region and

a drain region in the sem conductor fin. In the nethod for

fabricating a multipl -gaie devch, 5 the sem -conducting | ayer may
. . - L. f 3 - .
i ncl ude silicon, or sif &k§hod for fabricating a multiple-gate device,

5 the semi-conducting layer may include silicon, or silicon and
-germanium. The insulator layer may be a dielectric, or silicon
oxide. The insulator layer may have a thickness between 20
angstroms and 1000 angstrbms. The etch-top layer may be formed
of silicon nitride, or may be formed of a dielectric layer that

10 has a lower etch rate than the insulator layer. The etch-stop
layer may have g .thickness between 29 angstroms and 1000
angstroms. The fin formation bProcess may further include a fin
surface smoothing step, wherein the surface smoothing step may
include sub-steps of sacrificial layer oxidation and high

1 .
3 temperature annealing in a hydrogen ambient

In i g y

stops o
P n the etch-stop layer. The method may further include the

20 ste i
P of conducting the wet etch process by using a diluted

hydrof] i i i
uoric acid. The etching step for forming the undercut may

further ;
include a dry etch process followed by a wet etch




| ayer may be a dielectric, or silicon

oxi de. The insulator |ayer may have a thickness between 20 angstrons
and 1000 angstrons. The etch-top layer may be formed of silicon
nitride, or may be fornmed of a dieleci®ic layer that 10 has a | ower
etch rate than the insulator |ayer. The etch-stop |ayer may have a

t hi ckness between 20 angstrons and 1000 angstrons. The fin formation
process may further include a fin surface snoothing step, wherein

the surface snoothing step may include sub-steps of sacrificial
| ayer oxidation and high 15 tenperature annealing in a hydrogen

anbient. In the nmethod, the etching step for the insulator |ayer may
| ayer .and stops on

be a wet etch process which etches the insul ator

the etch-stopiawges. Thaheetdgd pRy,f her include the 20 step of
conducting the wet etch process by us%%océasﬁi | thd@s hykr ofiheol ior layer
acid. The et cHioR§isg e froe toeH bt hgupder, ut may further include

a dry etch process fol |l oned by a wet efch 1 pr §tbs¥tchTREode s aitahizes 4
process et ché&s Pﬁ%dili%dmeftlapriayeéidstom;gnge%é he etch-stop |ayer.
The wet etchsg%ﬁg§§%ﬁg%gliaﬁiea di luted hydro uoFYe fHat8er Thaclude the

t hod f [ ge undeepuiofi i d t o
met hod may further i epuofid or FeBgsd HR yoder cu angStyoms ang

recess besweepop0,204astroms and
roms, .
' ©r the step of forming the undercut in a gat
gate

.germani um The insul at or

encroachment between 2¢ angstroms and 509 angstromg

dielectric layer may be formed of silicon oxide, or silicon
oxynitride, or a high permittivity material selected from La,0o

Al,0;, HfO,, HfON and Zr0,. A relative permittivity of the h13;

10 permittivity material is greater than 5. The gate dielect ?
ri

layer has a thickness between 3 angstroms and 100 angstroms Th:

‘gate dielectric layer may have a first thickness on th; fin

tlli CklleSS i i
th .

may be - i - e Slilcon
pOly Crystalline silicon or pOly Crystallin il
. ) |
germanium. i g ope
The Source and drain regions each has a lightl d d

20 deposit
ed over the i
gate dielectric 1a i
Yer 1s formed on the
source

l

metal, 5 i ilici
metallice silicide or a metallic nitride




5 1000 angstrons, or the step of form ng the undercut in a gate
encroachnent. between 20 angstrons and 500 angstrons. The dielectric
| ayer nay gate be forned of silicon oxide, or silicon oxynitride, or
a high permttivity material selectedliromLa203, A 203, HJerr],
HON and ZrJerr]. Arelative permttivity of the high 10
Permttivity material is greater than S. The gate dielectric |ayer
has a thickness between 3 angstrons and 100 angstrons. The gate
dielectric layer may have a first thickness on the fin sidewall and
a second thickness on the fin top, the first thickness is different
t han the second thickness. The second 15 thickness may be snaller

than the first thi ckneslfé The second thickness may be smaller than
20 angstroms. The gat eThrat @resknt naynhehd3Qhy- GLYstalli ne silicon or
%'gr%ﬁedfn g§repd  to

poly-crystalline silicon er mani um The source an
each has a | i"BHELDIGHEE dFviert ensioture gt Thegkegt 1 Cgllrl)- 20 y
conducti ve ngggrial deposited over the gate dielectric Iaf; Sfgaté that
formed on the“Souffe *BAMLHW n kawgironoveFhein ecdd i (@A}Msgggduﬁ}i,é/re

i a

mat eri al ”aysgﬁi@onductor fin formed vertically on th
e

a

substrate, the

s . .
semiconductor fin has two sidewalls and a top th
; e gate
diel i i
ectric layer overlying the semiconductor fin: and sourc d
I; € an
drain i : i ico
regions formed in the semiconductor fin Separated by th
e

gate electrode.

10 ' In the multiple-gate device structure, the
semiconductor fin may be formed of silicon, or may be formed of
silicon and germanium. The semiconductor fin may be formed with
rounded corners at the top. The insulator layer may be a
dielectric material, or may be silicon oxide. The insulator

15 layer may be formed to a thickness between 20 angstroms and 1000

angstroms. The etch-stop layer may be formed of silicon nitride,

Or may be formed of a dielectric having a lbwer etch rate than

the insulator layer, or may be formed to a thickness between 20

angstroms and 1000 angstroms. The gate dielectric layer may be

20  formed ili i
of silicon oxide, or may be formed of silicon oxynitride




nmetal, a netallic silicide or a netallic nitride. 11 The present
invention is further directed to a nultiple-gate device structure
whi ch includes a substrate that has an insulator |ayer overlying an
etch-stop layer; a sem conductor finl2orned vertically on the
substrate, the 5 sem conductor fin has two sidewalls and a top; the
gate dielectric layer overlying the sem conductor fin; and source
and drain regions fornmed in the sem conductor fin separated by the

gate electrode. 10 In the nmultiple-gate device structure, the

sem conductor fin may be formed of silicon, or may be forned of

silicon and germani um The sem conductor fin may be forned with

rounded corners at the top. The insulator layer nmay be a dielectric
material, or they Higghsipd:etrto¥ige. mdPe-{Nnsulator 15 |ayer may be

formed to a ;gjckness bet ween 20 angst?d%g %%dgi@ﬁﬁﬂfa réms. THee gate
etch-stop | ayéelanyrie hotarichlof msy | ifeONsSiddy or_may be forned

of a dielectric Daving a lower etch rate than d%%eain ‘éF@?sléV§W?en 3
or may be foffEECYY s ansd cldfesmdservmen 20he aggsd r g nd.1000 .
angstronms. The gate dielectric |ayer may be gg forne €%¥r§FIW€EﬁF1a1 may
oxi de, or nay°Be % drifel bRidmessopnosdymiftini dedewall and a second thickness

5 on the fin top wherein the first thickness is different than the
second thickness. The second thickness may be smaller than the
first thickness. The gate electrode may be formed of poly-
crystalline silicon, or poly-crystalline silicon germanium or
may be formed of a metal. The source and drain regions each

10 include a lightly doped or extension region, or strapped by an
electrically conductive material of metal or silicide The
electrical communication between the gate electrode ang the

sourxrc i i i
e and drain reégions is made on the sidewalls and the top of
the semiconductor fin.

15

Brief Description of the Drawings
Th j
€se and other objects, features and advantages of the
Present i i i
1gyentlon will become apparent from the following

detail ipti
ed description and the appended drawings in which:
20 |




or may be fornmed of a high permttivity material selected from
La[err](err], Alferr](err], HJerr], HON and Zr(Jerr]. The
relative permttivity of 12 the high ?ernittivity material is greater
than 5. The gate dielectric material l3my be formed to a thickness
between 3 angstrons and 100 angstrons. The gate dielectric material
may have a first thickness on the fin sidewall and a second
thickness 5 on the fin top wherein the first thickness is different
than the second thickness. The second thickness may be snaller than
the first thickness. The gate el ectrode may be formed of poly-
crystalline silicon, or poly-crystalline silicon germanium or may
be fornmed of a netal.ﬁIhe source and drain regions each 10 include a
lightly doped or extel3dgbhnes ddi-an, ape &t d 1 __electrically
conductive material of metal or silicidefﬁgﬁg' %%ﬁ%?ﬁf@gfonal views and a
communi cat i oR” BET WEEH Phe iarweat bonabduand-gde HQULEe and drain .
regions is nggg‘gﬂg}gg.5| ewal | s and the top of the senleaﬁﬁﬁﬁfdﬂt out
fin. 15 20 Bri ef SCri GrUSt Feprdrtdwehygs These and ot her objects,
features and advantages of the present invention will becone
apparent fromthe foll ow ng

s

an with an undercut, respectively

Figure 3 j
g 1s an enlarged, berspective view of 3

10 conventional omega-FET.

Figure -
gures 4A-4C are enlarged, Cross-sectional views

field-ef i ;
effect tran51sto; with an omega-shaped electrode
15 |

Figures -
g 8 b5A-5E are enlarged, Cross-sectional views

Structy i i
re lncorporating the use of an etch stop layer

inventj i
tion device Structure prepared by the

. brocess of Figures S5A-




detail ed description and the appended draw ngs in which:
| A-1C are enl arged, cross-sectional

conventi onal
undercut, re
views and a
structure w
onega- FET. 1
illustrating
field-effect

are enl arged,
a present invention triple gate

an etch stop |ayer.

13 Figures
views and a plane view of a
doubl e-gate device structure without and with an
spectively. 5 Figures 2A-2& are enl arged, cross-sectional
pl ane view of a conventional triple-gate device
thout an with an undercut, respectively. 10 conventi onal
5 Figures 4A-4C are enl arged, cross-sectional views
a process flow for the formati on of a conventi onal
transi stor with an onega- shaped el ectrode. Figures 5A-5E
cross-sectional views illustrating a process flow for
structure incorporating the use of
2 ure.6 is an enl arged, plane view of the

%,. .9
present invention deV|@@rgtruciﬁrénpﬁﬁﬁﬁﬁgddbyCEBESF&éHE%S%anfow of a

Fi gures 5A-

10

15

20

BELIEAUR TobRed RN 300554 P SPECt I Ve View of a

Figur
gure 8 is an enlarged berspective view of ap omega-

FET formed using the present invention method.

Figures - :
g 9A-9B are enlarged, Cross-sectional views taken

along 1i -
g lines B-B' and C-C!, respectively, in the pPlane view of

Figure 6.

Detaileqd Description of the Preferred Embodiment
The . p i i
Present invention provides an improved Process

wherein an
etch stop layer is used to control the amount of

recess R, I
t achievesg accurate control of the recess and
an

improved
Process window with little variability. The improved

Process, i.e,
+ the preferred embodiment of the present invention,

1ce C i
’

observed i i
along llne A-A' in the pPlane view for the completed

n Fl i

14




Figure 7 is an enlarged, cross-sectional view of a silicon fin

formed wth rounded edges. Figure 8 is an enl arged, perspective view

of an onega- FET forned using the present invention nethod. Figures
9A-9B are enlarged, cross-sectional views taken along lines B-B and
C-C, respectively, in the plane view of Figure 6. 10 Detail ed
Description of the Preferred Enbodi nent The. present invention

provi des an inproved process wherein an etch stop layer is used to
control the anpbunt of recess R It achieves accurate control of the
recess and an 15 inproved process window with little variability. The

i nproved process, i.e., the preferred enbodi mrent of the present
invention, i8&t3@h&tati ¢Be|iNTHSEPFhEERSH 62 gorerigesSRf B dures A WBEcor
show the devjce cross-sectjons at the vari ous process steps, as
observed al ong2Y§héBACKETI A A @Tp PLAR- R4 W SFolaYeie Wiifll evedlie® a second -
device in Figure 6. Thf sgthinngub frate is silicon-on- insulator

substrate, asl’.%%%]ﬂ%ofnr Gure '5A"h l?ftar]f]isﬂbgt%gﬁyfeﬁ &%chiprisasde of
?LsﬁlZLL:CgPa%§$g%ﬁ%gﬁgg%%%gﬂ%fagakgfg f}%%hlgfg%ﬁigcgg'oglle. The first
5 insulator layer 68 has a thickness of between 20 angstroms and

1000 angstroms. The second insulator layer 64 may be made of the

same material as the first insulator layer 68. The second

insulator layer 64 has a thickness of between 20 angstroms and

1000 angstroms. In the preferred embodiment, the first

10 dielectfic material is silicon oxide. The etch stop layer 66 can

be any second dielectric material which has a reduced etch rat

compared to the first dielectric material. If the first

dielectric material is silicon oxide, which can be etched using

diluted hydrofluoric acid, the second dielectric material can be

15 silicon nitride. The etch-stop layer 66 may have a thickness of

between 20 and 1000 angstroms.

The silicon fin 12 is patterned using an etchant mask
| 72, as shown in Figure 5B. The etchant mask 72 may be a material
20 .
2 commonly used for masking an etch process, such as photoresist,

silicon oxide, silicon nitride, etc. In the preferred

embodiment, the etchant mask is silicon oxide. In the present




| ayer 68 overlying an etch-stop 66 | ayer which overlies a second
insul ator layer 64. The first insulator |ayer 64 can be made of any
first dielectric material such as silicon oxide. The first 5
insulator |ayer 68 has a thickness of lbetween 20 angstrons and 1000

angstrons. The second insulator |ayer-64 may be made of the sane
material as the first insulator |ayer 68. The second insulator |ayer
64 has a thickness of between 20 angstrons and 1000 angstrons. In
the preferred enbodinment, the first 10 dielectric material is silicon
oxi de. The etch stop |ayer 66 can be any second dielectric materi al

whi ch has a reduced etch rat conpared to the first dielectric
material. If the first dielectric material is silicon oxide, which

can be etchegdnsidign, didpt {ggﬁc%l#pric acid, the second dielectric
material can be 15 sili con&g?trl de. “ThE"eT25E sEBYPIiper Femuys haveda to
thi ckness of impiveeasy 2feand 1000 apgellong,, fhe silicon fin 12 is
. e i - i
atterned using an etchant mask 72, as Shdﬂﬁ;ﬁﬁsﬁ' lr &5, thesidewalls
p g
et chant mask2Z24may Ibetiee McBBhe| m2dk GOMIREY YediS¢4, [ QL aski ng. an
_ ! 72! ) n £ j ili
etch process, such as photoresist, silicon oxide, si i "o APt +§ el licon
etc. In the Pridicer ped inerbedpneftrradhembbahant:, Mek hs Ll LSO ‘Qféi de.
In the present 16 invention, an optical fin surface snhoothing St ﬁmﬁgre
used to or after the fin smoothing process. The removal of the etchant
mask 72 on the silicon fin 12 pPrior to gate dielectric layer 26
formed on each of the two sidewalls 22,24 as well as the top
surface 42 of the fin 12, as shown in Figure 5C. If the etchant
mask 72 used for fin definition is a photoresist, it has to be
10 removed before the fin surface smoothing step to avoid the high
temperatures used in the fin smoothing brocess. The fin surface
smoothing is performed by subjecting the fin to a sacrificial
oxidation and/or silicon sidewall treatment (e.g high
temperature anneal at 1000 degrees C in H, ambient). The surface
15 i i
smoothing of the fin sidewalls 22,24 contributes to the
achievement of good carrier mobilities. Depending on whether the
silicon oxide etchant mask 72 is removed pPrior to the fin
sm i
oothing process step, the shape of the fin 12 may be. square-
lik i
€ or rounded at the top. If the etchant mask 72 may be
20

retai i
ned on the fin 12 throughout the process, the final device

st :
ructure will be a double-gate device structure.



i nprove or reduce the surface roughness of the fin sidewalls 22, 24.
If the etchant mask 72 used for fin definitionis silicon oxide, as
in the preferred enbodinent, it may be renoved before 5 or after the
fin smoothing process. The renpval of l¥he etchant mask 72 on the
silicon fin 12 prior to gate dielectric layer 26 formed on each of
the two sidewalls 22,24 as well as the top surface 42 of the fin 12,
as shown in Figure 5C. If the etchant mask 72 used for fin
definition is a photoresist, it has to be 10 renoved before the fin

surface snmoothing step to avoid the high tenperatures 15 used in the
fin snmoot hing process. The is performed by subjecting the fin to a

and/ or tenperature snoothing oxidation anneal

The next step is the formation of a recéssed substrate
which generally involves an etch process (Figure 5D). Aan example
of an etch process is a wet etch using dilute hydrofluoric aciad
(HF) (a mixture of 25_parts of water and 1 part of concentrated

5 HF) for 30-600 seconds at 25 degrees Celsius to etch about 50-
1000 angstroms of thermally grown silicon oxide. The actual
recess R, as indicated in Figure 5E, is determined by the
thickness of the first insulator layer 68. In the preferred
embodiment, the recess R is between 50 angstroms and 1000

10 angstroms. The etch time affects the amount of encroachment E,
as indicated in Figure B5E. An alternative etch process may
employ a two step etch comprising of a dry etch followed by a wet
etch. The dry etch remo&es the first insulator layer 68 with
high anisotropy, i.e., little lateral etch, and can be achieved

I5 using a plasma etch employing fluorine chemistry known and used
in the art. The wet etch etches laterally beneath the silicon
body and its etch time controls the encroachment of the gate
under the silicon body in the final device structure. - In the
Preferred embodiment, the encroachment E is between 20 and 500

20 angstroms. The preceding description completes the fin and

substrate i
Tecess formation, and the cross-section of the device




fin surface sacrificial silicon sidewall treatnment (e.g. high at

1000 degrees Cin H2 anbient). The surface snoothing of achievenent
of silicon oxide the fin sidewalls 22,24 contributes to the good
carrier nobilities. Depending on whet ker the etchant mask 72 is
removed prior to the fin snoothing process step, the shape of the fin

12 may be. square- |like or rounded at the top. If -the etchant mask
t he final

72 may be 20 retained on the fin 12 throughout the process,
device structure will be a doubl e-gate device structure. 17 The next
step is the formation of a recessed substrate which generally

i nvol ves an etch process (Figure 5D). An exanple of an etch process
(HF) (a m xture of 25

is a wet etch using dilute hydrofluoric acid
5 HF) for 30-600 seconds at

parts of watés simenliparigeb ggnceatrated

25 degrees Celsius to etch about %—enlgg% Hitgder bas wiuridear 88dy 74 4,

grown sili cofFapei-dectikhe oficthaldevi@eess R K Sc‘:w'nnflr'l cFal_tged in Figure 5E. 1e
ure 7,

is determ ned by the

thermal oxidation, chemical vapor deposition, spUttering
In general, the thickness of the gate dielectric may be dif;ére t
on the sidewalls 22,24 of the fin 12 and the top 42 of th fn

. e fin
12. Depending on the technique of gate dielectric layer 26

15

such ag lanth
anum oxide La,O i
203, aluminum oxide al
203, hafnium oxide

‘ ’ lum O i i

.

€quivalent oxj i
Xlde thickness of 3 angstroms to 100 angst
roms

R SR




t hi ckness of the first insulator layer 68. In the preferred
enbodi nment, the recess Ris between 50 angstrons and 1000 10
angstrons. The etch tine affects the anobunt of encroachnent E, as
indicated in Figure 5E. An alternativ&etch process nay enploy a two
step etch conprising of a dry etch followed by a wet etch. The dry
etch renoves the first insulator |layer 68 with high anisotropy, i.e.
little lateral etch, and can be achieved 15 using a plasnma etch

enpl oying fluorine chem stry known and used in the art. The wet etch
etches laterally beneath the silicon body and its etch tine controls

t he encroachnment of the gate wunder the silicon body in the final
device structure. In the preferred enbodi nent, the encroachnent E is
cedi ng description conpl etes

bet ween 20 and 500 20y st r
the fin and substratéﬁggcéés Srﬁgg?gﬁﬁ‘dﬁUdFﬁ@SEkﬁbs-ShetbgﬂaQ&uk@?al
device 18 ism@howbei npblgerastadl1iensing fin 62 has rounded edges 74,
the cross-section of the device 60 i's shown Relyr§it e 7 POTRecF GRS Sne
i s then fol | Wdgopy gatrenduel echsiL diuer 2 26 ormation. The gate
dielectric layer 26 may be forned b thernal = oxi UAtiCGRTY cHeatiadal suaporas
deposition meﬁﬁﬂF?%ﬁi%ﬂﬂ tangstem N g RGs ggghtgécgqgss of the gate
dielectrisc nRy.be, QJJ!ELS?E . itanium nitride, o
Y conducting materials. A gate mask is defined

’

Oxynitride.

Aft:e initi
r the deflnltlon of the gate electrode 20 the gate
’

mask can be r
eémoved. At this Stage of the device fabricatio
n, a

three-dimengi
Nslonal  perspective view of the devi
Vice " 60 is

immersion ion i i
N i1mplantation (PIII), or other techniques k
nown and




on the sidewalls 22,24 of the fin 12 and the top 42 of the fin 12.
Dependi ng on the technique of gate dielectric |ayer 26 10 formati on,
the gate dielectric thickness on the top 42 of the fin nay be

t hi nner than the thickness on the fin28idewalls 22,24. In one
enbodi nent, the gate dielectric thickness on the. top surface 42 of
the fin 12 is less than 20 angstrons. The gate dielectric may
i nclude a conventional material such as silicon dioxide or 15
silicon oxynitride with a thickness ranging from3 angstrons to 100
angstrons, preferably 10 angstrons or |ess. The gate dielectric may
al so include a high permttivity (high-k) material such as |anthanum

oxi de LazQa, alum num oxi de A1203, hafniumoxide H Jerr], hafnium
h an 20 equi val ent

oxynitride HueHd dn rheceptpumeoxi deggyJierr], Wit .
oxi de thi ckness of 3 .angstrons to 1d%£%ﬁ§§?%oﬁ€$ 1 eebive ®tghivg of the
material is G&p6STtevteThal gat eTHa! &gl e

c mﬂgéﬁ%lﬁﬁe "3 | Peorm dielectric

pol ycrystal line-sjlicon (poly-Si), poly-cryst
ger mani um ( pBRYESIAde)Such rad r attioron nefdli gaucl asggigol ybdenum and
tungsten, co gﬂggs such as titaniumnitride, or OPﬂePlQFéé?fith|whe4
conduct i ng erials. “Abgdimentasichies spotened> and fda g@der.iyi ng gate
material ks gﬁ&k@&%ﬁé)é%%rnlthe' gate electrode 20. The gdtelEtemiitride
stops on the gate di el ectrre:® aiRfcerhe @éteriSpéﬁéﬂﬂbeﬁgkkgni%&;ated
fromthe tradmsdist QegsbhdiCL I €oped by 1 ' . “Source and
Yy ion 1mp1antation,vPIII' gas or solig

source di i
diffusion, or any other techniques known and used i h
v in the
art. An im
plant damage or amorphization can be annealed th h
roug

’ 8 d ’ a
14

semiconducto
r such as n+ doped Si. 1In the preferred embodiment

- )

20

4 e

of the com vi ex
pleted de 1Cce (Figure 6) are shown in Figure S Next
. ’




by the gate dielectric layer 26. In the preferred enbodi nent, 10 the
gate material is poly-Si and the gate dielectric is silicon 15
oxynitride. A plasma etch using chlorine and brom ne chem stry may
be used to achieve a high etch select?Vity in excess of 2000. A high
etch selectivity is critical for device structures with a tall fin
and aggressively scaled gate dielectric thickness. After the
definition of the gate electrode 20, the gate nask can be renoved At
this stage of the device fabrication, a three-dinmensional
perspective view of the device 60 is illustrated in Figure g
(spacers and source./drain extensions not 20 shown) . The

| i ghtly-doped drain (LDD) or drain extension is fornmed next. This

may be achi evefitditd aRel FRFAY 3l QR o) rsion.plasma ion
i npl antation (PI11), or other technfqﬁésriﬁk) aéﬁd e (g ivegibmes using

art, e.g., depdsiiigues kamssehachiye B ¢RNg, Of e. spacer material.
The spacer material nay be a dielect%ic ngfg?igg SfchMBRRrteinti Eprachieve

nitride or s@l?qyanQWOa@nhactlﬁeéfﬁtand@r@ﬁeﬁgﬁggdgqgogégggg the spacer
72 includes of silicon nitride 5 and oxi de conposite spacer. After
spacer formation, source and drain regions are doped by ion

irrplantat;on, P11, gas or solid
hile the present invention has been described in an

illustrative manner, it should be understood that the terminology

us C .
ed is intended to be 1n a nature of words of description rather

than of limitation.

10 ¥ '
Furthermore, while the present invention has been

descri i
cribed in terms of a preferred and alternate embodiment, it is
to b j
€ appreciated that those skilled in the art will readily
appl i
PPly these teachings to other possible variations of the
inventions.

15

Th i i i
€ embodiment of the invention in which an exclusive

ro ivi i
Property or bPrivilege is claimed are defined as follows




source di ffusion, or any other techniques known and used in the art.
An i nmpl ant damage or anorphi zati on can be anneal ed t hr ough

subsequent exposure to el evated tenperatures. The resistance of 10
the source, drain, and gate can al so Bé reduced by strapping the
source, drain, and gate with a conductive material |ayer 74. The
conductive material layer 74 may be a netallic silicide such as
titaniumsilicide, cobalt silicide or nickel silicide, a netallic
nitride such as titaniumnitride and tantalumnitride, a 15 netal
such as tungsten and copper, or a heavily doped sem conductor such
as n+ doped Si. In the preferred enbeﬂ%g&gt, t he conductive materi al
| ayer 74 is nickel silicide which may formed by a self-aligned
silici déhasaliscclg)med ocesSs. --1n the source and drain regions, the
conductive material layer 74 may be 20 forned on both the top 42 of

the fin as well asb.then shdewsh! § IZ%;ag.of t.he fin. The
cross-sections along |lines B-B and & 1Ca5ANgh& CBbE teketaide cdevice

(Fi gur ecopprigsishoire idgtdpgwre 9. Next, 21 contacts are forned to the
source, drain, and gate regions using techniques known and used in

the art. It is impovialingt 0aaCBuBY¥Erafe VELY. l,QW.contact resistance in
nanoscal e devices. 5 Wiile the presgﬁt iréé@ 515 as A eEfmieeendusidng

in an 1RYESt ravevkyimmnesn i insSHDalsk b unger st god. that the
term nol o Sk bey + said 1insulator stack

coégklses an insulator layer overlying an etch-stop layer;

patterning said semi-conducting layer forming a

semiconduc i i i
tor fin, said semiconductor fin having two sidewalls

and a top;

etching said insulator layer at the base of said

Semiconductor fin forming an undercut;

d . .
€positing a gate dielectric layer overlying said

semiconductor fin;

de iti i .
PoOsiting an electrically conductive layer over said

gate dielectric layer;

gate str i i
addllng across said two sidewall surfaces and said top

surf i
ace of the Semiconductor fin; ang

formin i
9 a source region and a drain region in said

semiconductor fin.



used is intended to be in a nature of words of description rather
than of limtation. 10 Furthernore, while the present invention has
been described in terns of a preferred and alternate enbodi nent, it
is to be appreciated that those skilB&d in the art will readily
apply these teachings to other possible variations of the
i nventions. 15 The enbodi nent of the invention in which an excl usive
Property or privilege is clained are defined as follows. 22 CLAINMS
What is Clainmed is: 1. A nmethod for fabricating "a nmultiple-gate
device conprising the steps of: providing a substrate conprising a
sem -conducting |ayer overlying an insulator stack, said insulator
stack conprises a ingﬁlator | ayer overlying an etch-stop | ayer;
patterning said sefi- confubtrhed| e erldion mi,nghare3gngoqd cror fin,
sai d senﬂﬁﬁngy%%%%rﬁin haying two sidewalls and a top; e cﬂf?@P@%ﬂqflng
ayer at tRe°haselePn sai d

i nsul at or

3. The i
method of claim 1, wherein said semi—conducting

layer comprises silicon and germanium

4. T ' i
he method of claim 1, wherein said insulator

| layer
comprises a dielectric,

5. The m i
ethod of claim 1, wherein said insulator layer

comprises silicon oxide.

7. Th i
€ method of claim 1, wherein said etch-stop layer

compri 114
Prises silicon nitride.

8. The method of claim 1,

wherein said etch
| -stop layer
Comprises 4 dielectric : :

having a 1owe
| r etch rate ¢t i
insulator layer. o



sem conductor fin form ng an undercut; depositing a gate dielectric

| ayer overlying said sem conductor fin; depositing an electrically
conductive | ayer over said gate dielectric |ayer; etching said
electrically conductive |ayer form ng24 gate straddling across said
two sidewal |l surfaces and said top surface of the sem conductor fin;
and formng a source region and a drain region in said sem conductor
fin. 23 2. The nethod of claim1l, wherein said sem -conducting |ayer
conprises silicon. 3. The nmethod of claim1, wherein said

sem -conducting layer conprises silicon and germanium 4. The net hod
of claim1, wherein said insulator layer conprises a dielectric. 5.
The nmethod of claim1l, wherein said insulator |ayer conprises

silicon oxide. 6. The 1Tm hedrly eraiqy ei.n.said insul ator |ayer
has a thickness between 20 angstrons a%ﬁ ?go 448 FBAE. erchTaeop layer

met hod ohasl ai thicknd®y eidtweand26t Ghgst Ahd WM 1000 angstroms |

10. The method of claim 1, wherein said fin formation

process further comprises a fin surface smoothing step

11. - The method of claim 10, wherein said surface

smoothi i
hing step comprises sub-steps of sacrificial layer oxidation

and high temperature anneal in a hydrogen ambient

12. .
2 Thermethod of claim 1, wherein said etching step

for said i
id insulator layer comprises a wet etch process

13. i
The method of claim 12, wherein said wet etch

14, ]
The method of claim 12, further comprising the

step of i i
conducting said wet etch process by using a diluted

hydrofluoric acid.



conprises silicon nitride. 8 The nethod of claim1l1, wherein said
etch-stop layer conprises a dielectric having a | ower etch rate than
said insulator layer. 24 9. The nethod of claim1l, wherein said
etch-stop layer has a thickness betwd&n 20 angstroms and 1000
angstrons. 10. The nethod of claim1, wherein said fin formation.
process further conprises a fin surface snoothing step. 11. The

met hod of claim 10, wherein said surface snoothing step conprises
sub-steps of sacrificial |ayer oxidation and high tenperature anneal
in a hydrogen anmbient. 12. The nmethod of claim1, wherein said
etching step for said insulator |ayer conprises a wet etch process.
13. The nmethod of claim 12, wherein said wet etch process etches
said insulator |ayédb.-andfhst opthod & dietigh-ist er, .14. The

met hod of _claim 12, further conprising the ]§t§gu%%§%bﬁ; iQHfhégsttep
et et ch Hockaning whidy wndtidcutredonydeel! Wold,S agid; 25 15. The

met hod of claim 1, wherein said etching step process followeq
by a wet etch process.

16.' The method of claim 15, wherein saig dry etch

Process etches said insulator layer stopping on' said etch st

layer.

17. The method of claim 15, wherein said wet etch

brocess uses a diluted hydrofluoric acid.

19. i
The method of claim 1, further comprising the step

of formin i ;
_ 9 said wundercut in a gate encroachment between 20

angstroms and 500 angstroms.

20. i
The method of claim 1, wherein said gate

dielectrj
tric layer comprises silicon oxide



for form ng said undercut conprises a dry etch process followed by a
wet etch process. 16. The nethod of claim 15, wherein said dry etch
process etches said insulator |ayer stopping on- said etch-stop

| ayer. 17. The nethod of claim 15, whéfein said wet etch process
uses a diluted hydrofluoric acid. 18. The nethod of claim21 further
conprising the step of formng said undercut in a recess between 50
angstrons and 1000 angstrons. 19. The nethod of claim1, further
conprising the step of form ng said undercut in a gate encroachnent
bet ween 20 angstroms and 500 angstrons. 20. The nethod of claim 1,
wherein said gaté dielectric |ayer conprises silicon oxide. 26 21.
The net hod of claigli, wherein said gate dielectric |ayer conprises
silicon oxynitride2l22. ThHhenendododf &f aidnzl, erein sai.d gate
‘dielectric layer conprises a high pernittivit;lﬁgferia *S§éfecPByd gate
from t he YredgptEdnsl ayenraiprtiazes siA126R, ok D2 +4ON and zrderr] .

22, The method of claim 1, wherein said gate

di . , .
electric layer comprises a high permittivity material selected

from the group consisting of La,0,, Al,0,, HfO,, HfON and ZroO
7 2.

23. The method of claim 22, _wherein a relati?e

permittivity of said high permittivity material is greater th
an
5.

24. The method of claim 1, wherein said gate

dielectri i
tric layer has thickness between 3 angstroms and 100

angstroms.

25, i
The methoq of claim 1, wherein said gate

dielectrj i i
ric layer having a first thickness on said fin sidewall

and a g i -
econd thickness on said fin top, said first thickness

bei .
e;ng different than said second thickness.

26. i
The method of claim 25, wherein saigd second

thick i
Ness being smaller than said first thickness




23. The nethod of claim 22, wherein a relative permttivity of said
high permttivity material is greater than 5. 24. The nethod of
claim1, wherein said gate dielectric |ayer has thickness between 3
angstroms and 100 angstroms. 25. The A®thod of claim 1, wherein said
gate dielectric layer having a first thickness on said fin sidewall
and a second thickness on said fin top, said first thickness being
different than said second thickness. 26. The nmethod of claim 25,
wherein said second thickness being smaller than said first

t hi ckness. 27 27. The nethod of claim25, wherein said second
thickness is less than 20 angstrons. 28. The method of claiml,
wherein said gate material conprises poly-crystalline silicon. 29.
The method of clai f’t, wietei ResBPd (it eclatier i 26, cORPEISESsaid second
poly-crystalline silicon germanium 30. The method of claiml,
wher ei n” S FkE6EEcdSah8ss dikahm 3&Fngstreash having a |ightly doped or

ext ensi on region. .
28. The method of claim 1, wherein said gate material

comprises poly-crystalline silicon.

29. The method of claim 1, wherein said gate materijial

comprises poly-crystalline silicon germanium.

30. The method of claim 1, wherein said source and

drain regions each having a lightly doped or extension region.

31. The method of claim 1, wherein an electrically
conductive material deposited on the gate dielectric layer is

formed on said source and drain regions.

32. The method of claim 31, wherein said electrically
conductive material is selected from the group consisting of a

metal, a metallic silicide and a metallic nitride.




31. The nethod of claim1, wherein an electrically conductive
materi al deposited on the gate dielectric layer is forned on said
source and drain regions. 32. The nmethod of claim 31, wherein said
electrically conductive material is 38l ected fromthe group

consisting of a netal, a netallic silicide and a netallic nitride.

28 33. A nmultiple-gate device structure conprising: a substrate
conprising an insulator |layer overlying an etch-stop layer; a

sem conductor fin forned vertically on said substrate, said

sem conductor fin having two sidewalls and, a top; a. gate
dielectric layer overlying said sem conductor fin; and source and
drain regions forned in said sem conductor fin separated by said
gate el ectrode. 3433TheAs@¥lﬁﬂﬂhﬁfQﬂtaﬂdaNHESSStmhet&iéléﬁuﬁilsln
sem conductor fin conprises silicon. 35. The structure of cIa|n133
wherein said seni2ofidbeEbrte | eomemisirse aarsiirsuda taid 19?@&3@\,@@ v3
The structure of claln133 wherein said sem conductor fin is roun

at the t&ycBoPhapslayer:

a - semiconductor fin formed vertically on
substrate, said semiconductor fin having two sidewalls and a
¢
a.gate dielectric 1layer overlying said semicond
fin; and
source and drain regions formed in said semicond

fin separated by said gate electrode.

34, The structure of claim 33, wherein

semiconductor fin comprises silicon.

35. The structure of claim 33, wherein

semiconductor fin comprises silicon and germanium.

36. The structure of claim 33, wherein

s . . .
eémiconductor fin is rounded at the top corners.

23% an

said
top;
uctor
uctor
said

said

said

37. The structure of claim 33, wherein said iﬁéulator

layer comprises a dielectric.




37. The structure of claim 33, wherein said insulator |ayer
conprises a dielectric. 29 38. The structure of claim 33, wherein
said insulator |ayer conprises silicon oxide. 39.. The structure of
claim 33, wherein said insulator |ayd? has a t hi ckness between 20
angstrons and 1000 angstronms. 40. The structure of claim 33, wherein
said etch-stop layer conprises silicon nitride. 41. The structure of
claim 33, wherein said etch-stop [|ayer conprises a dielectric having
a lower etch rate than said insulator layer. 42. The structure of
claim 33, wherein said etch-stop |ayer having a thickness between 20
angstronms and 1000 angstrons. 43. The structure. of claim 33, wherein

said gate dielectggc Iaﬁer coqgrlses S|I|con oxi de. 44. The
structure of claim 33, Br B hUcRiEe Rt e“1afire| Bt e tedye rsaddninss@ st or

silicon qxyaitEh 45.. The structure of claim33, wherein said
gate dle?ébtrlc ?gvgggégﬁprlgngé irgh permttivity materi al

selected fromthe group consisting of La[err](Jerr], A1203,
HdJerr], HHON and .ZrJerr].

39. The structure of claim 33, wherein said insulator
layer has a thickness between 20 angstroms and 1000 angstroms

40. The structure of claim 33, wherein said etch-stop

layer comprises silicon nitride.

41. The structure of claim 33, wherein said etch-stop

layer comprises a dielectric having a lower etch rate than said

insulator layer.

42. The structure of claim 33, wherein said etch-stop

layer having a thickness between 20 angstroms and 1000 angstroms

43. The structure, of claim 33, wherein said gate

‘dielectric layer comprises silicon oxide.

44. The structure of claim 33, wherein said gate

dielectric layer comprises silicon oxynitride.




46. The structure of claim45, wherein a relative permttivity of

said high permttivity material is greater than 5. 47. The structure
of claim33, wherein said gate dielectric |ayer has a thickness
between 3 and 100 angstroms. 48. The 8fructure of claim33, wherein
said gate dielectric |layer having- a first thickness on said fin
sidewall and a second thickness on said fin top, wherein the first
thickness is different than the second thickness. 49. The structure

of claim 48, wherein said second thickness is snaller than said

first thickness. 50. The structure of claim48, wherein said second
thickness is less than 20 angstrons. 31 51. The structure of claim

33, wherein said gg%e el ﬁgt rode conprises poly-crystalline silicon.

52. The structure Of cl afAf3F LG QA ¢lgdme 32 eofreaed ncos@id Sgste
pol y-cr y%t.aél i ge. silicon ger mapi um 53. The structure of claim 33,
wherei n sarda“gate® of¥etr GABPELFRT i 3eBigh neemmittsai thhenagtemictiuselebteg
claim 33 r‘é@neEﬁcien sai d source and drain regions each conprises a
lightly goped of SYESTUIF TGt ©f Laz0s, Al,0;, HfO,, HfON and ZrO0,.

46. The structure of claim 45, wherein a relative
permittivity of said high permittivity material is greater than
5.

47. The structure of claim 33, wherein said gate

dielectric layer has a thickness between 3 and 100 angstroms.

487 The structure of claim 33, wherein said gate
dielectric layer having  a first thickness on said fin sidewall
and a second thickness on said fin top, wherein the first

thickness is different than the second thickness.

49. The structure of claim 48, wherein said second

thickness is smaller than said first thickness.

50. The structure of claim 48, wherein said second

thickness is less than 20 angstroms.




55. The structure of claim33, wherein said sourpelandelggsgg ;sghfns
aré strapped by an electrically conductive naterlaTh Sstructure o
the group consisting of netals and silicides. 56 eald ctu
claim 33, wherein electrical connunléétlogstEMﬁggeson Sgld
i drain regio
| ectrode and sai d source and _ :
gidemalls and said top of the sem conductor fin.

51. The structure of claim 33, wherein said gate

electrode comprises poly-crystalline silicon.

52. The structure of claim 33, wherein said gate

electrode comprises poly- Crystalline silicon germanium.

53. The structure of claim 33, wherein said gate
electrode comprises a metal.
54. The structure of claim 33, wherein said source and

drain regions each comprises a lightly doped or extension region.

55. The structure of claim 33, wherein said source and
drain regions are strapped by an electrically conductive material

selected from the group consisting of metals and silicides.

56. The structure of claim 33, wherein electrical
communication between said gate electrode and said source and

drain regions is made on said sidewalls and said top of the

semiconductor fj in.




