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WD 2005/ 010994 PCT/ US2003/ 040320 NONPLANAR

SEM CONDUCTOR DEVI CE W TH PARTI ALLY OR FULLY WRAPPED
WAROSNDIGATE ELECTRODE AND METHODS OF FABRI CATPQNUSE03/040320

BACKGROUND OF THE I NVENTION 1. FIELD OF THE | NVENTI ON

10 [00011 The present invention relates to the field

NONFIIANARISEVICONDECTOR OEVICENITHRARTRALLY IOR FULLY

and nore particularly to a nonplanar fully depl eted
WRABPEDRAROUWNBGATEELEEGTRQDE ANDMETHO DS ORI FIABRICATION

wr apped around gate el ectrode and their nethods of

fabrication. 15 2. DI SCUSSI ON OF RELATED ART [ 00021 In

order to increase device performance, silicon on

insulator (SO) transistors have been proposed for

the fabrication of nodern integrated circuits. 20

BACKGWRGUND OFustE aosnNaiotendard fully depleted silicon

on rnsulator (SO) transistor 100. SO transistor 100
includes a single crystalline silicon substrate 102
having an insulating |ayer 104, such as a buried
1. BELDOFOFHEINMENTEOMN A single crystalline silicon
body 106 is fornmed on the insulating |ayer 104. A gate
dielectric | ayer 108 is fornmed on the single
stalline silicon body 106 and a gate el ectrode 25

[000111 mr@éanwﬁvm@rgnﬂ@ea it fhecfield of f@mlcm l_ﬂttﬁgr@tﬁa circuit
d 114 d th 106
s it ohF 23S G ot o BB
1 E d O _h b
transfRgaing X Al r Ty Wramt B o E R 8 B tidgR it their

gradients for optim zed on current/off
me@é? tolﬁiaqﬁl}’%kg%s In order to achieve ideal

subt hreshol d gradients with transistor 100, the 30
t hi ckness of the silicon body 106 nust be about 1/3

2. bisressoROF FEIgRtEDlggpth | WO 2005/ 010994
PCI7 USZ0037 040320

[0002] In order to increase device performance, silicon on insulator (SOI)
transistors have been proposed for the fabrication of modern integrated circuits.
Figure 1 illustrates a standard fully depleted silicon on insulator (SOI) transistor
100. SOl transistor 100 includes a single crystalline silicon substrate 102 having
an insulating layer 104, such as a buried oxide formed thereon. A single
crystalline silicon body 106 is formed on the insulating layer 104. A gate dielectric
layer 108 is formed on the single crystalline silicon body 106 and a gate electrode
110 formed on the gate dielectric 108. Source 112 and drain 114 regions are
formed in the silicon body 106 along laterally opposite sides of gate electrode 110.
[0003] Fully depleted SOI have been proposed as a transistor structure to take
advantage of ideal sub-threshold gradients for optimized on current/off current
ratios. In order to achieve ideal subthreshold gradients with transistor 100, the

thickness of the silicon body 106 must be about 1/3 the size of the gate length
1
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(Lg) of the transistor or Tsi = Lg/3. However, as gate
| engths scale especially as they approach 30nm the
woe@d/ofr4 ever decreasing silicon filmthi ckneBST/UIR03/040320
makes this approach increasingly inpractical. At 30
nanoneter gate length, the thickness required of the
(Lg$ of theoinamsistyr ios Tsheligld. Howseed asaydie léreghs tbale dpebially as
nanoneters, and around 6 nanoneter for a 20 nanoneter
theyapproanigdtnm;Tihe ndegbior eser decreasingi silicoin! filmothidkiness (Tsi)
wi th thicknesses of |ess than 10 nanoneters, is
makes §iislapeEpach iBereeginobniEnyadiigali AGR0.nanersier paiedength, the
bt ai ni ng waf e jformty on the order of one
thickRRS#ER rquoféka.s;]pp&mdydﬁmqt@%éo n@ﬂdtt%éed@?ﬁ?e'ihaﬁa%

to be able

h f d
nargneis A aofinf A ant BE R 4,20 R hutbre datg Teneth ™ THe

ol T MY BB oA
Cor%ﬁ?frég‘?g b@ﬁ)&ﬂé%% 2% f?&if h%‘fﬁe‘e\%d" %@%%Hr?lg%%%mformlty on

OWi ng spacer '€

the'[dfféé'rf bi &#@Hén&hbteﬁ%a%@lﬁculf)&héﬂédg@om ®he 81 h%'ﬂd o be able

041 A double gate (DG device, such as s
to dongatteRedAthim dindBio dveraiskd deRrEe/BF AR PSGENS & ébbr‘é‘é’s@'}lﬁhctlon

the silicon thickness issue. The doubl e gate (DG
residtariaee b200mies clmdesingpasisible sincbably t2A Zilfconegerdn tmﬂ
insul ating substrate 204. A gate dielectric 206 is
souroe/deain 6egivne becdeesaonshmediduringrihb ghje 20ch amdi varigs eleans
el ectrode 208 is forned adjacent to the gate
follewiapdbe gate etab angt aparasetehisaving insuffisiendsilicor 166Iforsiticon to
body 202. A sufficiently thick insulating | ayer 209,
groy as 20 silicon nitride, eI ectrically isolates the
of Silicon 0

005 6BuBE G (gD eienisdy Suahpe Shob B EIGHRRAA gni28. hawe
beeﬁ‘@@/%ﬁssg‘@i%%[]%@a‘i&ﬁe&ﬂ' i dnigkpéissie hesftiunls fete )

| Coﬁﬁbt?ddéé a grlllcéﬁﬁgﬁg%pﬁ?{) %@bﬁ@gﬁgw&gﬁg%ﬁ%&%@%m A
gatQ %Yélé&r:@%ﬁﬁ'fér‘mé’cp&ﬁ‘t\ﬂo %lJe% dd E? ShicBh %ggrﬁﬁsé%g ate

operati on e gate Vi ce

eleét%délz@gﬁi @m@dtdc?élﬁrﬁ‘t@Ehé@életlﬁef%@frme/‘fb?ﬁw%d-@i the_two

(2xLg)/ 3. The nosf manufacturable form of the double

sideggabetheEconeodie2@DO0A suffiiemBr thickaasiilagsg tdyatr 20besiadss
202 patterning be done with photolithography t hat

silicon nitride, electrically isolates the gate electrode 208 from the top of silicon

body 202.

[0005] Double gate (DG) device 200 essentially has two gates, one on either side

of the channel of the device. Because the double gate device 200 has a gate on

each side of the channel, thickness (Tsi) of the silicon body can be double that of

a single gate device and still obtain a fully depleted transistor operation. That is,

with a double gate device 200 a fully depleted transistor can be formed where Tsi

= (2xLg)/3. The most manufacturable form of the double gate (DG) device 200,
however, requires that the body 202 patterning be done with photolithography that
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2 WD 2005/ 010994 PCT/ US2003/ 040320 is 0.7 x snaller

than that used to pattern the gate length (Lg) of the
walewsoes9d n  order to obtain high density int ePCHUSH03/040320

circuits, it is generally desirable to have the nost

aggressive |lithography occur with respect to the gate

is OL2rghalick tharpthat hee@éd patt@ﬂnemtar%i@ leHifth (Ay)tdTaHe IEtevnce In
doubl e gate structures double the thi ckness of th

order td eltairf highdesisity intedrated oiouitss itds gaheratin deisiraiele tSIhiWe the
of the channel) these structures, however, are
Mos; aEasassiye dithobrarhyt ogayr Wdtbr lespeet. tofthe galantepigt) (L)l df tioa gate

bqg%h 202 requires a silicon body etch which can
elegireslf ées. aAth%rdqs@&ﬁ/gmzstwthegrdou@@mthr@mess of the

silcop i (sinoBealenow & 2 G Ta emeEhesbe ofas Ghp ?%@l) fese
i FE Bk e
A T
asp%@ffﬁl@ é%@ bFé’dBLﬂ% Jpl [lar. A source region

08 I's orne on t e top of the silicon plllar

[OO(QFFT@J% 3 llovgatestyerar 6HAOSFET 880 2NHheXifdrbi R0

a direction perpendicular to the substrate. pr em

inclides\atdrainhegieinl 362 foMaBHET aXhicendtictbr sSbdtRItEEA t‘i’rddl‘ar

el aborat e and unconventi onal processing techniques.
silicanqilfearr303r is bbranechoh thé bemjdnidactdvistbEifaies A gate iefectric layer
source and drain regions are processed separately
306ranslig gaigyelentrdilé B4 ane feinead aravaid thproipalar ipdarf v sduree
regions. 20 BRI EF DESCRI PTI ON CF THE DRAW NGS [ 0007]
regipn dds foineechan the ton eftheailicon pillar d3wrerddtowsnastwesathe
of %Hgg% eted substrate, transistor. 25 [0008] Figures
SOUKGR 5, feQonpRIN @ difselicn Berpeaginyiar tgdbe sub@ir@teed\ problem

witr BTl OSN30 |5 it Tormperwifh SSbeseis a8 snsouentiona
proéD Gl nld%gﬂﬁ q%g.S%\%other problem with the pillar MOSFET is that the

source and drain regions are processed separately resulting in different electrical

properties for the regions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is an illustration of a cross-sectional view of a depleted substrate

transistor.

[0008] Figures 2A and Figure 2B illustrate a double gate depleted substrate

transistor.

[0009] Figure 3 is an illustration of a pillar MOSFET.
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[0010] Figures 4A-4C illustrate a nonplanar transistor
having a fully wapped around or an al nbst w apped
wae@andgat e el ectrode. 5 [0011] Figure 5 i s apCT/US2003/040320
illustration of a nonpianar transistor having nultiple
sem conductor bodies with a fully w apped around or
partially wapped around gate electrode. [0012]
Figures 6A-6Gillustrate a method of fabricating a
[004@hbigares 4Ar4 Blustrate avnohplafar tahsisioy haviagpetlligreapged
or al nost w apped around gate electrode utilizing a
arogigtar & 3l st wsapred awingrgate eectfodie13] Fi gures 7A- 7D
illustrate a nmethod of form ng a nonpl anar transi stor
with a fully wapped around gate el ectrode or an

1007 Bl 7t BB BHER ol el SEeistorchAANG FiLiiies
serffigFhaph PSR R FarPan Baaf B Rall u7ePeed praune

r st wapped around gate electrode utilizing
gatg er'%%f@ceénﬁent gate fabrication process. 20 [0015]
Figure 9 is a plot which illustrates body heights and
body wi dths which can be used to obtain partially
[ootgpFigties ensd MukatdePhiiisst BPRABYBART éfr@'hglnazfagg'%nsistor with

havi ng gate lengths (Lg) of 30 nanoneters

a fullgiveapbed aro il 6t &I SPRBERHET hfdndry dtblie &t Tiilizing a
I NVENTI ON 25 [0016] The present invention is a novel

subtraefive fearicdtion peocdssuct ure whi ch has a gate el ectrode
which is fully wapped around the channel region or
gate electrode which is alnost entirely w apped
around the channel region and their nmethods of 4 WO
[005:] g9 wresoti /Pdtfvsirate gametitabef fofming & Renplanar fransistor with a
fol |l ow descri ptjon nunerous specific details are
full grannsd o quﬁd&aééﬁleqtredsr%ﬁno%m%t MéaRRRsharound gate electrode
..under st andi ng .of .t resent invention. In other
Ut'“%'ﬁ'gtaa%@i%qem%éthatﬁ E‘%%R;aggﬂipé%‘fﬁﬁ?ct or processes and
manuf acturing techni ques have not been described in
particul ar detail in order to not unnecessarily

[009??3#@%%3@?@86 illustrate a method of forming a nonplanar transistor with a
fully wrapped around gate electrode or an almost wrapped around gate electrode
utilizing a replacement gate fabrication process.

[0015] Figure 9 is a plot which illustrates body heights and body widths which can
be used to obtain partially depleted and fully depleted nonplanar transistors

having gate lengths (Lg) of 30 nanometers and 30 nanometers.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0016] The present invention is a novel nonplanar device structure which has a
gate electrode which is fully wrapped around the channel region or gate electrode

which is almost entirely wrapped around the channel region and their methods of
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5 present invention. [00171 The present invention is a
novel nonpl anar transistor structure. In an
werodiayent of the present invention, the nonpPEIES2003/040320
transi stor has a gate electrode which is fully
wr apped around the channel region. In another
fabeaditan. nerfollofingtdeseriptemnuimeveus spacific Hetailo mpé 88sforth in order
transi stor has a gate 10 el ectrode which is partially
to pypvidermtioreugh vedsrstanaingeadf thequasenttievertiiomndh oteei instances,
of the transistor. The advantage of a transistor
welh koW semicanslusias frpeersasranshmas ufgoturing mcapmﬁ@smafyamt
t he channel region or alnost all around the channe
begrudrhibeg In padicwar detaLissorger fonelmaceserily ansare the
regi.on of the device and thereby relax the thickness
pref%@%v ’ﬁl:?rw dth (Wi) dinensional constraints of the

0P PRFELE v aHAT e pRE AR TRTUE i
emBaMRIR ef HenbreRent AReHEd. 1o RanbRUAL RSN IorHoRY 482,

eleéoifddé fhichassulhMwrdpeiSkofmd %Heec%rije‘f E§@°H¥ I‘ﬁﬁ E@?ﬁae\‘i ew

a nonpl anar transistor 400 whic

embodimentoffheesreaeatinde 9dre t8e ABhPRAEr #anSisRAHHsA bite
wr apped around gate 20 electrode in accordance Wwth

eleandutedvhiehtis paftidipor pirasstiéntirelyentapped dro@d thedGharmet region
cross-sectional view of Figure 4A taken through the

of thtransistart ridweadvantagenef a transistrdmvinmpe gate plectrode which is
wr apped around the channel region of the device.

fullywgrprnedsorsd dhe cbarnel segicormilalviostwalbaratingiine channakregion is
t.hrough the gate el ectrode when the gate electrode is

that 'Elsl %ﬁwréﬁﬁ&%l%t%% ghaneeldrgienar the geviseand theretuwiedax the

oo CHR) SR LB Pl S e el

oo AT U5 AT AN el St o
2 i el. i LS. f. . e

sou b 1, a3 S 5 o B2 LT Ay

cordrs 1bgid aavise WRIAPABIOMIICA RETIAIRA003/ 040320  sur face
of th ody.

e sem conduct or gate efectrode 424 is

P en BBt B O
either a fully wrapped around gate electrode or a partially wrapped around gate
electrode in accordance with embodiments of the present invention. Figure 4B is
a cross-sectional view of Figure 4A taken through the gate electrode when the
gate electrode is partially wrapped around the channel region of the device.
Figure 4C is a cross-sectional view of Figure 4A taken through the gate electrode
when the gate electrode is fully wrapped around the channel region of the device.
The nonplanar device structure is ideal for use in a fully depleted substrate
transistor application. The nonplanar device structure includes a thin

semiconductor body 408 formed on an insulating substrate 402. A gate dielectric

422 is formed on the top surface, sidewalls and on at least a portion of the bottom

5
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the gate dielectric formed on the sidewalls of the

sem conduct or body and is fornmed beneath the gate
wale@seowed ¢ formed on the bottom surface of theCBHUS2003/040320

sem conduct or body. Source and drain regions are

formed in the sem conductor body 408 on opposite

surfaates thé sehdcgaiestel ady. ollgat?élecBedause i hernaat 6n the gate
el ectrode and gate dielectric surround the channel

dietestiioh2Ddn tthe tare suraceloitthersentiooyd wkdr oody, lis &rreiddedjacent to
and on at |least a portion of a fourth side, the

thegaie simecige dernmrtion e sideweds iof thef semicoddptier ddytaead is
the transistor is turned 10 "ON' thereby enabling the

formgd hgnesin the %?’fﬁlﬂi@?dﬁiég@féﬁ@ijon the bpteay suifade ofdhe
oG8y ST R e B Tefor it B b it
b4 h hBB5RE SideeBR 107 Bl Padhrodq 28 BletRuig fhe bt
cleroddEnd Bl Breickit sfound e it i f M semigpnductor
body 408 bi 118! Fhedlahy BRT 1A algbrign %ggggegh SRl haher e

t'he t hi ckne e semco e Wdth

serﬁﬁ;oné!ﬁtﬁoﬁ@ﬁay? eqs %été%fsilgﬁﬂw dfetedYitert g\ett@néi bfis turned

ength of the device. Because the nov nonpl anar

"ON't thesatst efatslingtihe fomestint of DAY depletedirahsisedtarith §8td [Bngths
a fully depleted manner, the device is characteri zed

lesihandé@hagometsrs wathous hequining thebtde eblitrathis lsepficonductor
(ideally 60 nV /decade at 25C) and a reduced drain
bodiggiae egiuingophetobthogripsig patemingdftheaerstbrductof bodies to
. thap 100 nmV/V and ideally about 60 nV/V which results
dimepsiopreess bardhe oale leneth @ rof the dewieecEhatsist tnerstlicture of
sulting.in | ower power consunption. [00191

the B%gglﬂné’g tansistol g s REgsant Hyenden enabtes afully pd dransistor
o 8 TR e MRS o SRR S bt o
i BB RSARA B il B SRR B Ruse e
oGRS SRary Sy PARERLSEA | HEER spBRhaT Sy
dered o S ey ek B0 9 (1 IR0
subi{ré kit ARADAGSAN 60 mV /decade at 25°C) and a reduced drain induced
barrier (DIBL) short channel effect of less than 100 mV/V and ideally about 60
mV/V which results in lower leakage current when the device is turned “OFF”
resulting in lower power consumption.

[0019] Examples of a nonplanar transistor 400 in accordance with embodiments of
present invention are illustrated in Figure 4A-4C. Nonplanar transitor 400 is
formed on an insulating substrate 402. In an embodiment of the present
invention, insulating substrate 402 includes a lower monocrystalline silicon

substrate 404 upon which is formed in insulating layer 406, such as a silicon

dioxide film. Nonplanar transistor 400, however, can be formed on any well-

6
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known i nsul ati ng substrate such as substrates forned
fromsilicon dioxide, nitrides, oxides, and

wa@apphioes. [ 0020] Nonpl anar transistor 400 i neCT/USR03040320
sem conduct or body 408. Sem conductor body 408
provi des the source region 430, drain region 432 and 5

knowraimselating giubstrafelsush adeulsistrdites forBrit ToMAIRioRr dibgidk,
408 can be fornmed of any well-known sem conduct or
nitrig@seoxides, andtsapEhitast not limited to silicon (Si),
er mani um (Ge), silicon germanium (Si xCGey), gallium
[002Q]§&ﬁmrd§n@rdaa@§i$tor #80 incl@gs a sasticentiictaerrmsty 408.
nanot ubes. Semni conduct or body 408 can be forned of
SergiepndErior PreVAOferravidas thhselrcedagien 43, éiraingiegion 432 and

o R GH S R A s
welRRBR RS H el ehsTs bl IFGR Gatieon il
_ e’ ! o |
ool A 405 B OS8O (Pt o
Galheash#sbeh réﬁ%tdb%s‘ﬁ%&nicﬁﬂﬁg&ﬁr B?H{/ 98- De formed of
appl i cati ons, such as in a high densrty’ crrcuit,  suc

anyaweltk Ab®h QRE{REEPRAICh CORBE RIVARSIbYTaRPEY frdBan idslating state to
however, can be a polycrystalliné filmwhen transistor

a caifudtive wtatd byragnphg extdrpaiselecteigbl carMibld.e Senficsid@esitbody
performance, such as in liquid crystal displays.
408 insdealyca singbcryatallinet fds when twnbesttalecthiodypetifnfanemof
nmonocrystalline silicon substrate 402. In an
transigiod4 G ris desirede Fpr example, semicorshictardmdyotifuistasingle
body 408 is formed froma single crystalline silicon
crystallire fiirg whraptransister 46Adsigsed irbigh e rresca apeiigatisins, such
| ater al ogpposite sidewal | s 410 and 412 separated by
as iy %hl@ﬁﬁ%@'t%irewtmr@a HIGTORTRSSIFEOE t BRI U tpdy 408,
Wi ) 414.  Additiopall) em conduct or._hody 408 has
nowelrierit e & BeterisRlBe . i FoRsSGh Aoacs Ubed 1 aPaiations
' T .S et . urface
roafftad a8 S PhEe L B e b 85 s PRI 20/ I 8P fEtor
TS [ : :
406 ShiztetSerp KBnfcieF B, BB frfi mohlei R Sion sypsrate 402.

In anQerhbB&diRRA okl PreseMéinveftidh ée'hié@nﬁf@%@ﬂ%ﬁ@;nﬁ(i@fs fohfed

present I nvention, the body 408 has a w 414 and
frorhei ghdle (ChpdthlliAdQillceaFilhhan 30 nanoneters and ideal |y

| ess than 20 7

[0021] Semiconductor body 408 has a pair of laterally opposite sidewalls 410 and
412 separated by a distance which defines a semiconductor body width (Wsi) 414.
Additionally, semiconductor body 408 has a top surface 416 opposite a bottom
surface 418 formed on substrate 402. The distance between the top surface 416
and the bottom surface 418 defines a body height (Tsi) 420. In an embodiment of
the present invention the body height 420 is substantially equal to the body width
(Wsi) 414. In an embodiment of the present invention, the body 408 has a width

414 and height (Tsi) 420 less than 30 nanometers and ideally less than 20
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WD 2005/ 010994 PCT/ US2003/ 040320 nanoneters. In an
enbodi nent of the present invention, the body hei ght
wWa2@sios99bet ween 1/ 2 the body width 414 to 2 tPeEES1008040320
body wi dth 414. [00221 Nonpl anar device 400 has a gate
dielectric |ayer 422. CGate dielectric layer 422 is
narfarneteds.oim amdnyoelment dfrthe psésiar imferition, AR} heigat #20 is
350 of 5 sem conductor body 408 as well as on ‘or
beteebadf doebody width 41datet2 impsrthé dodgiwitihed 1400t t om
surface 418 of the channel region 450 sem conduct or
[002H dyoapgnasdevtiead00inaskE gaieatielgatricdayemd22heGpte dietddtjc layer
overl ap enbodi ment of the present invention, as shown
423 g fcrrr@ml engmd aneeing dneedides ot thecchaiyet region BE0fofr msd
on or c ewal | 412, on top surface 416
sergroRuydobASTY 08 Packel 75 an o sRhadcrot el loast a1porion of the

potfisLifed itbeR 13 phais FaiBashamaie i Tetor Bad 436 ershown
o STt RSB A RS Ol o
sho%ﬁ{"hqflg BRI A otrl’\egaté '&%I@ﬁt& %Verﬁ?ﬁflﬁ?&m@oso% oF aﬁgé%ggt to

st “wrap oun own 1 n

&dé\b@ll A92t 6 ijeétﬁfédé £18 dhedr é’déé’cérﬂ‘(@ ReMall én& gégformgd on

| ower corners 423 of the 15 sem con uctor

a pomioprsithe boﬁﬁﬁpﬂ!rfmfét4’@<éﬁ§éiﬁlcéhéuétoﬂb§d% h%%fﬁfz@ exthds

sem conduct or body 408 on each side

frorusidgveal] 41Dtowkrde o demtentf teowsttom shirfaue endGovehea second
ate dielectric layer 422 is forned on or adjacent to

porgoniwich exteads &om sidewalh 44 0rtbwardsithé, cemergvortidi af & bottom
to sidewall 410, and on the entire bottom surface 418
surigeets. ddheaimesigviappet asewne srmbodirentsiwwrem Bigare 4B, the
dielectric layer 422 can be any well -known gate
gat%?a@ REiE QY qré}?@rcovﬁfﬁ aHeaéﬁm@dowem:or@ers 83 |§>if tent

er 1s a

enapve ti On*’(’%é)b%ggtggpr?égﬁlat %}(I‘?I %qd%@nf(@ft@@ﬁ/?bgw 13 the width

of sEiieRtr a4 Betne ey Bribe Gy WFipnptarding
emt?dcﬁrln%gﬁ% &gh{?ﬁh? &Jﬁégg Zl?@'éte &érﬁé%glczléxgrl Il%é gsnf finedon or

adjﬁgh‘t"tjd SRBy f41t2h%n%§e %f§%c%@?€@éﬁ£ BP%gjg?éﬁt to.sidewall 410,

di el ectric ayer 42 ectr

andl &V e erfthe hottasn SurBicad19sf e éHa%'n%FFé <9n oﬁgér‘ﬂjc%%dﬁefor body

not limted to tantal um pentaoxide ( , titantium
4080)Gate didlieefic lahaf mziﬁam)beféﬁhy(vbﬁlﬂ&)owrh*@&eQﬁéYectnc layer. In an

zi rconi um oxi de (Zr02) and
embodiment of the present invention, the gate dielectric layer is a silicon dioxide
(SiO2), silicon oxynitride (SiO«Ny) or a silicon nitride (SizN4) dielectric layer. In an
embodiment of the present invention, the gate dielectric layer 422 is a silicon
oxynitride film formed to a thickness of between 5-20A. In an embodiment of the
present invention, gate dielectric layer 422 is a high K gate dielectric layer, such
as a metal oxide dielectric, such as but not limited to tantalum pentaoxide (Taz0s),

titantium oxide (TiOz), hafnium oxide (HfO.), HfSIOxN,, zirconium oxide (ZrO.) and
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8 WO 2005/ 010994 PCT/ US2003/ 040320 | ant hanum oxi de
(La®2). CGate dielectric layer 422 can be other types

w@bookioglvK dielectric, such as but not |imteRCT/OSIEN040320
[ 00231 Nonpl anar device 400 has a gate el ectrode 424.
Gate electrode 424 is formed on and around gate

lanthiegiuet bride (Lapg). G2# dieleziviNayend 22 gan &2 dthed§pebfhitth K
5 partially overl apped enbodi nent of the present
dielagirimisuch astmumot imiedto 248, t he gate el ectrode 424
is formed on or adjacent the gate dielectric 424
[0023) Neaplanar deviead0) hesa gaterelecisodmAed. Gede electBolect2s is
conductor body 408, is formed on gate dielectric
formggan 2 afwt@ﬁlelﬂ@ﬂ%@yw@aﬁsm@nmFlgluée%ﬁArﬂ@ In the

seni onduc or. .bod fornmed on

prfEfl Skt nns A S gt of hecprye&;a? inyBtianSheWraaIFghvre 48, the
gatf ticeitile #4015 %0uh05 @é@%ﬁ%ﬁ?“ﬁé’ 8RBT 224 orfed on

0 Ty
gaté%lé@tﬁ@q &4 é@%n tl‘n@ to?%gﬁggé’gh thhé’f;h%mﬂ region of

al nost a aroun gate el ect e transistor o

serficeRgUEtor bAYRADS 08 folrhed 8RR saliRENt Rﬁﬁa%el@éﬁr%gﬁer 422

beneat h bottom surface 418 15 approxi mately 1/

formedtdn sifiewali4¢0nf tras oartedlyedios of Bemisthdsicits U@fdﬁ/tm and is
channel regi on 450 of the sem conductor body. The goal

formed thenkatreot dieeailgtseibad)aeent todgaterdigleatricUagbrt422 fopmedr s
423 of the device enough to provide good corner

benegith bettom surfase 41 heistheaihanaebiegibreafzaiiconductbebody 408. In
remai ning portion of the bottomsurface is formed on

an gubodimenisfitae phgostalearonnd gaie elestoga trapsigterpfdtie azmesent

nbod F 4C, t | ect
invegion, e?aa%eé;géﬁéﬁﬂﬁﬁ‘éf%@ﬁlb%%&p@u%%@%a% P18 ayer
412 of 't | r

oot BATLARTEEe Bl S48 Bl I 4B

chehfUPlechP4BOLFTS: S0nkBBgutRPpBl 358 B baidE negate

cIo3HSAE i o 8 LB cBL S U 175

corbrSm g e A0 A5 v
botforr sedacHid foemed nRlrigoeigis@ating layer 406. In the fully wrapped
around embodiment shown in Figure 4C, gate electrode 424 is formed on or
adjacent to gate dielectric layer 422 formed on sidewall 412 of the channel region
of semiconductor body 408, is formed on gate dielectric layer 422 formed on the
top surface 416 of the channel region of semiconductor body 408, is formed
adjacent to or on the gate dielectric layer 422 formed on sidewall 410 of the
channel region of semiconductor body 408, and is formed beneath or directly
subadjacent to the gate dielectric layer 422 formed on the channel region of

semiconductor body 408. Gate electrode 424 has a pair of laterally opposite

sidewalls 426 and 428 separated by a distance which defines the gate length (Lg)
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sem conduct or body 408. Gate el ectrode 424 has a pair

of laterally opposite sidewalls 426 and 428 separ at ed
wh008/0di9gt ance whi ch defines the gate | ength (RQ)/US2008040320

2005/ 010994 PCT/ US2003/ 040320 430 of transistor 400.

In an enbodi nent of the present invention the

430 ot amdisior 400095 bherabstamaint of thibprasentiddenfort e Iaakrally

el ectrode 424 run in a direction perpendicular to the
oppasitersiddwalBpftane 428 déted fateddlOciwodke 422 raf in a direction

sem conductor body 408. 5 [00241 Gate el ectrode 424
perpandioulal ¢o thedllatérabynpppositentilewghis é1@ lbadt4l@del semieondlictor

In an enbodi ment of the present invention to gate
body 4@8.r ode 424 conprises of polycrystalline silicon

doped to a concentration density between 1 x1019 )
[0024] 8 fecpigctroda 424 6an be forped m any suiablergsiaiciraitodss material.

In %Pg?e@ggégf?‘g%té?ifg%?e B%éf?&rf]‘t irﬁénﬁé‘_tg ?Q, gglq?(%‘l:eaqorg% ggg cl%gjpa}fises of
poly) "@%@é’ﬁ%%ﬁieﬁ'ﬁea 8% OBl i Behfed A 4 Etomsrom®
- 1§ G0 ST A T Embb R U bReehPilvBHSn ¢ fato

eleéﬁr@décén gé( fTZ @%ﬁa{?i te blectrddb Ositéh %Bgﬁﬁgﬁﬁﬁf’eq fg]%urggaétén,

el ectrod not necessar|l S ng

tanfEGrAI tidhidn darkdthdheniftide@MPah Bmbodimekt 6 the Hr8sdntlif®ention
such as but not limted to a polycrystalline

thegydté etotivgeas forinedl fearrapaaiterial davitigod ook SLaTclish aompitible
silicon electrode. [00251 Nonpl anar transistor 400 has

witlatheochareel egiterial48Q. ah0-22d\afan Sikgilids td B2.appBeciated, the gate
region 430 and drain region 432 are fornmed in _
elegleoda 624 need mob oggesEzgilobe agipgeinatesabeyd oan patazcomposite
el ectrode 424 as shown in Fi %ur e 4A. The source region
stagjgof il syehias b giobimifed 1@ aepalyrisligllise slivendaatsl
conductivity type such as.N 20 t or P-type
clegieet 7 Mt PHCHR DRSO GRRIe6F 08 pr esant
| qvent i on_sour ¢ region 430 and drain reqgjon 432 have
0023} Jigniga feisitiontPd o5 SaIGE ER0Rg Ao Petha draii 7agioh 432
8. : . ! n
S8 TBe R0 s R GE 4820 BB kb uftg6a7 408 on
: : : i : _
oprtf SRS e SIS RUEMUAL A SROLA T FREES BA, g oo region
430°%AE T @M% redith @82 are formed of the same conductivity type such as N-
type or P-type conductivity. In an embodiment of the present invention source
region 430 and drain region 432 have a doping concentration of between 1x10"°
and 1x10?" atoms/cm®. Source region 430 and drain region 432 can be formed of
uniform concentration or can include subregions of different concentrations or
doping profiles such as tip regions (e.g., source/drain extensions). In an
embodiment of the present invention when transistor 400 is a symmetrical
transistor, source region 430 and drain region 432 have the same doping
concentration and profile. In an embodiment of the present invention when

nonplanar transistor 400 is formed as an asymmetric transistor, the doping
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25 enbodi ment of the present invention when transistor
400 is a symmetrical transistor, source region 430
w@naser@dn regi on 432 have the sane dopi ng PCT/US2003/040320
concentration and profile. In an enbodi nent of the
present invention when nonplanar transistor 400 is
corfcentratiomandprafily withe sourceasgiont430, andtheddmiimgegién Y82 may
2005/ 010994 PCT/ US2003/ 040320 concentrati on and
varpirobides tofobtdie asmarticdar elgcicaliGtaranteristie. dheisoureyand drain
432 may vary in order to obtain a particular
regigingonay ekso iobladaspiiexiel sifcomregrewilt aed/angiligidsisifor improved
regions may al so include epitaxial silicon regrowh
devigriPforgnancsi des for inmproved device perfornance. 5

o0 B SRS RN S 25 52 hion 40
on T 0575 P98 5% 0o 50l HARUP LM e S, T
LIP3 o8t B8 5458 RGEL e Ao by
408; ﬁ@*g%ﬂ% l@‘fﬁteig%gféé%&m&ey@’f”ﬂ?fi%e&%&gﬂe‘?, tﬁle%urréé?STain

10 di usion to ne a channe

. ! . h
reg{cﬁi@?@?leiiérﬁf‘éllr%xt@ b8t §eaghtb oS tRARI. steclamst!

n an enbodi nent of the present invention

diffgsianne defiegaathafp@l tegjidmslightlyisinaller thieteegate electrode length
nonocrystalline silicon. I'n an enbodi ment of the

(Lgihr rsemembodimenbof, the giraserdlinverdioorchébitel regitop480 is intrinsic or
nmonocrystal line silicon. When channel region 450 is
undipeddnpnogrystajlisiecsilidon. dogsdembodinem i the prasent vention,
between 1 x1016 to 1 x1019 15 atoms/cnB. In an _ .
chaamebrgiegmto01s derepmesestysialinmsiioon. Wen ehanna segien 450 is
oS B & Sl BT GRS 5ot I 0 °
atogieGi ECpoRGDoGBoR, 2 BE e Anyante). WA hg AAgnnel region
s g o tyPoAR A ChetEc BB eS8 b G AL Kiekquroe region
e 0 . | ) '
430 RS L B b 12 P SR D M PR e ain reglons

e AT kOB, DR A T SO MR e
corldR@tiGity. 4SPhikaly, WReHNhé ebitce divbedimredians B Hapss conductivity
the channel region would be N-type conductivity. In this manner a nonplanar
transistor 400 can be formed into either a NMOS transistor or a PMOS transistor
respectively. Channel region 450 can be uniformly doped or can be doped non-
uniformly or with differing concentrations to provide particular electrical and
performance characteristics. For example, channel regions 450 can include well-
known “halo” regions, if desired. When the transistor is turned “ON” current flows

between the source region 430 and the drain region through the gated channel

region 450 in a direction parallel to the plane of substrate 402.
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uniformy or with differing concentrations to provide

particul ar electrical and performance characteristics.
wao-o0058xapl e, channel regions 450 can incl ude Mel/US2085040320

known " hal o" regions, if desired. Wen the transistor

Is turned "ON' current flows between the source

[002BIBY pra\dding ragdtealiciesiric area gatd dleewale Whectoal®6unds the
channel region 450 in a direction parallel to the

serpicanéudbr batip bnatllesiddés thd hoM@aRaNFaAdieRP4an be characterized as
PCT/ US2003/ 040320 [0027] By providing a gate
hawing fasts tohiaonalscard fgar gatdse one gdte (g1l )emdscharmehudithhextends

sem conduct or body on all sides, the nonplanar
betvvﬁaﬁéh@ﬁ@ur@aandaéraérhafe@l@rﬁ%pnzst,dﬁ 412 ofhiggmingndggior body 408, a

secoRdirte Jedhan Sl e S eots bateern m%jwﬁgégﬂglﬁa@n
ool BB ST B RS T 2 o
cheffodl Pk SOy 5@@?‘ hBhopiid 85 afdi a8oiofi BBy 310
of %W 10pO U8 aA0Y BN HARALCA B3tc @) i the
solRedl af@lopain 8 dioRS IoMEPRR Hcﬂﬁ‘)rﬁ Qufr&& 218 of é@hfbéfrﬁ%lggﬁsbo%g 408.

the bottom surface 418 of sem conductor bo

TheThatedaligth” (G bf trbFbtapf400ria ise Stiwrof4Re w|§thtsftﬁ tRe! 'l’@lﬁfgnates
the widths of the four gates. That is, the gate wd

Thatfis,tthagsite wirtth 40 & ansistarul0 |B®q11bEtd1tenegiﬁlgl4it242036f silicon body
silicon body 408 at sidewall 410, plus the w dth of
408sal sidewalbady, pitis FesBwidth tdfisilicop bsdyfcﬂ@éS@Ghe tqy ssrfadee416,
hei ght 420 of silicon body 408 at sidewall 412 plus
plug Hte heis0h2Qpf silieon bedy éﬁgﬁhﬁfd@&\@”dﬂ Zsplus domaiunt of the
08 above gate el ectrode 424. Larger 15 "w dth"

Dot uila e PLSRRIS LG EotdOB ptoupsplediarie i caser
widl Fo st Bon Besthinda gy ing Bufide @'eﬁﬁgf%%%io%z%}%g

(o fERIE S bilfeSPop it tindiedt & SRR ReRlslEcRads 24)
o0 OSSR OB, b5 ot v
fouﬁéﬁa%lafr%rcrégfédcﬁé}n'é%% S’ﬁd@d?orzlgocﬁﬂ%é bf’ﬂ‘%@l@for 400. In order

ti pl e sem conduct or od| es i ngers

to f%tlb‘réﬁ%ﬂ?tf?sgitg?@ g/étgqfﬁﬂgré@nggt%%vﬁ{tlg%@@éhs‘ﬂﬁér hes can %I&‘de an
additional or multiple semiconductor bodies or fingers 408 as shown in Figure 5.
Each semiconductor body 408 has a gate dielectric layer 422 formed on its top
surface and sidewalls and bottom surface or a portion of the bottom surface as
shown in Figure 5. Gate electrode 424 is formed on and adjacent to each gate
dielectric 422 on each of the semiconductor bodies 408. Each semiconductor
body 408 also includes a source region 430 and a drain region 432 formed in the
semiconductor body 408 on opposite sides of gate electrode 424 as shown in

Figure 5. In an embodiment of the present invention each semiconductor body

408 is formed with the same width and height (thickness) as the other
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surface and sidewal | s and bottom surface or a portion

of the bottom surface as shown in Figure 5. Gate
web@sniwee 424 is forned on and adj acent to eakdiI/ys1063/040320

dielectric 422 on each of the sem conductor bodies

408. Each sem conductor 25 body 408 al so includes a
senfieoid o b @B8s 488, andnaribadimeneof e gddehPinveAtidmeadle

sem conduct or body 408 on opposite sides of gate
soueteerdgiote4 3R 4ndiraincenions 432 gfithe semitonduttentsdiése08 are

of the present invention each sem conductor body 408
eledtdcdlyrcorgpled tdyetiner masauree drdirg pad &66nd & kiraikrasding pad

as the other 12 WD 2005/ 010994 PCT/ US2003/ 040320
580sassle@mia ire Figure 6di Adteraatdrely, ihasosrasogomans 43 and drain regions

resent invention each, source reglons 430 and drain

43 %%j]%é‘fok@'@ddpg@‘lﬁ’@r by highsi denalo of Bisirlizatiande gr.emetal 1, metal

reeie B Uaegaaie Al eé@r%@%aﬁé’&éﬁamﬁw?%sQ%QJP@e@er into

fun? larBb RECUtES st b, BRI B raREbEE 20RE S hiteBures s gaual
to tl‘?é sgﬁcﬁj thé@fg{té’ anﬁtﬁ cgeateptbryaéa&r oi”iﬁé@emn@oncﬂfét&l boo’q:es %08. In

erconnect vari ousS iransi

this'} R, PP #}é}%r’[rér%égor 31(9{5‘ Eéh %%rr'@é& G\h'ﬂht%wy gé‘t% \Méfrﬁdé\élﬂioh

t'ranst st or as shown in Figure equa
[ooid] BeddisBlthé '&ﬂaﬁﬁél%&oﬁt%(ﬁ%%h%@n%d ARCA é’if:ieé 'B)? gate
sém conduct or bodies 408. In his way, a tri-gate

eledtraiesd 34 and 420 drfeditc 422 myﬁthaOX:agaieeom@téd in a fully
desired. 10 [0029] Because the channel region 450 is

deptated ovatiet vaimeraln whéenl éanbiptayat0s isdlmedr Qi tha4handel region
gate dielectric 422, transistor 400 can be operated in
4503fuflya UBplet@Bameeel@sdpmnm@g thwhadwimageeus elegificasclarag@istics

is turned "ON' the channel | 450 fully depletes
and W@Wr}@e&f@dﬁullig dﬁﬁ@t%translagx@o ddadise s¢hanciansistor 400 is

tU”’terd A tsa?ra‘eﬁte%‘éﬁtreglgn B BeaDet gt 150 G Widean
f h
invarSonRUsgAne SOgRCST AL ko 59 Kt adimaiaoa pYSids Bigred on

the e Ut A0 104104015 DhFulRbeh edng BB  awipte 418
of tl‘?é‘ sQn‘?ﬁédH@u%‘rHrftﬁ)‘bﬁgi%ﬁﬁ iNlersiBA I%ﬁ%‘uﬁé{y}ﬂé%ﬂﬁe 98%@&1&2 gype

inversion layer e sane c iVIty type

as tﬁ@elﬁ]oﬁg?@ggctj \!j'\]é%p} '?’e%@ﬁé QR RS hUORRIUBIFS BRANHd] YRtween the
source and drain regions to allow current to flow therebetween. The depletion
region depletes free carriers from beneath the inversion layers. The entire
channel region 450 except for the inversion layer is depleted of carriers, thus the
transistor can be said to be a “fully depleted® transistor. Fully depleted transistors
have improved electrical performance characteristics over non-fully depleted or
partially depleted transistors. For example, operating transistor 400 in a fully
depleted manner, gives transistor 400 an ideal or very steep subthreshold slope.

The nonplanar transistor can be fabricated with very steep sub-threshold slope of

less than 80 mV/decade, and ideally about 60 mV/decade even when fabricated
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20 source and drain regions to allow current to flow
t herebet ween. The depletion region depletes free
w@ 200501984 f r om beneat h the inversion | ayers. TPET/E81003/@10320
channel region 450 except for the inversion |ayer is
depl eted of carriers, thus the transistor can be said

with sebcandufctor bodyethlokhesléeﬁ ofdess tapr 30 hol. | Addidphgtyedperating
transi stors have inproved el ectrical performnce
trangistoadfeiin the h,d;lytdeetetad) mdrunelr ytratesister 460 dias2h improved drain
partially de et ed transistors. For exanple, operating
mdue%dwba@’tedsr(D ) Ipwesng effegt whishl psowidesdomeatier JORE state
ransi stor 400 an ideal or ver steeP subt hreshold
'eaé%epw hichriesuls irplosesieakagrans heretanlomer pawar sensdmption. In

an Bynaledt SRR Rrast) et e %%fed@e%%t%iéghhh%%@? %I: BL
o33 3 e R T W 0030
ondfE A O RS B AP sl o
hel?ﬁ‘tdé’&?go&aw dtﬁfwr(uéﬂ R ploRBE iehfle mﬁfﬂlﬁ%gl@&ia?? @J;?Q?f Odic\?ﬁally

better stat e | eakage

dedI@t@@gg’erﬁ@Inélaﬁéremné@tw hBANG gaf PGP LLIP B 3brhm'~'_€9@2‘) and
enbodi nent of the present invention the tri-gate

20 hma(@9i$ respetflelpasn an@nBbodisiche of thef presaat ihbantick) Any/bYdy
and ideally less than 40 nV/ V. [003[]3 Figure 9 is an

heigiht, bety atidtbraref gatedendthtase @bdsemtb BAde dhmersises irf which a fully
the body height and body wi dth which will produce
deréeteﬁérarfsmtongletm foreed( Hn Diherrerpbedimsnits, the eyhptamdr tranS|stor
D). nonpl anar transistors having gate Ien

hass@ bagly (ngtmt ety wisltp end @ate wngth é@@temat\aew all)hc(i@miet
r?a f the present invention, the body height,
traq%%ww AfRe8nd gate length are chosen to have
oo g "F5s hEaPabd Eennoleblie renpelinialon gt Gnaerd to be
{
oA Bl PR B FOh 4566 250 ar

forrﬁé’& Wgothltﬁe[%Qé%taTgﬁd %Hma?gﬁlgcﬁcg%}ﬁ's%%&oﬁéu&g%ody 408.

esent 1 nvention can nonp anar

T e seoor o LA el o
nonpidridrelviodl besHiusenRe elecheiigla T tes ghrR¥edPSde 424 is applied
from both horizontal (g2 and g4) and vertical sides (g1 and g3).

[0032] A method of fabricating a nonplanar transistor with a partially or fully
wrapped around gate electrode in accordance with embodiments of the present
invention is illustrated in Figures 6A-6G. The method of Figures 6A-6G can be
referred to as a subtractive fabrication process. The fabrication of a nonplanar
transistor begins with an insulating substrate 602. A silicon or semiconductor film
608 is formed on insulating substrate 602 as shown in Figure 6A. In an

embodiment of the present invention, insulating substrate 602 includes a lower

monocrystalline silicon substrate 604 and a top insulating layer 606, such as a
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The sem conduct or device of the present invention can

al so be considered a nonplanar device because the
web®sntives field fromthe gate el ectrode 424 i sPEppk10821040320

20 from both horizontal (g2 and g4) and vertical sides

(g1 and g3). [0032] A nethod of fabricating a

silicoongibridarfilir@nslicdhatitridietfhma |pauilatind 1ayep6oBusdIdtes

wr apped around gate el ectrode in accordance with
semicboducienfien 608 tfiftven pulesteate 604naadtin embicslimehlistfoahed to a

in Figures 6A-6G The nmethod of Figures 6A-6G can be
thiokeess gebweem 280-2000At ragulating tyer Bgaﬂs spmptimesgefermbto as a
. fabrication of a nonplanar 25 transistor begins with
bugadioxida’ davaig Whes erdiconsysemicendugionfilsy 608 is formed on an

. sem conductor_film_ 608 is fornmed on insulatin

'”S%'@EQQ PHPelraie B0 asHiinmn onsamigapgugar on H"%k‘@“"&w&%'i) sehstrate
. of tt e present invention, insulating substrate 602

IS ¥ Pldes a | ower nonocrystalline silicon substrate

005§ BB A PR SRYS oeBF o SIUEh A, SIS o0

om Qe ey ol Ry e DR YRR S g Rt o

to iidTﬁKGeP,sa EMES® defrRafiund 5‘“(%}(@?,( ?Q_{é’l\mﬁﬁ arsenide éGaAs),
00- 2000A. TI'nsulating layer 60 s sonetines referred

InShoGaP, TaSHWd Wl axicebon wartdtubd¥iem an eMbcemient of the present
sem conductor film®608 is fornmed on an 5 insul ating

inventist, sehdcditiRictar fiml 60Bis ar ingrémsic (redumidopedn silicon film. In
insulating (SO ) substrate is created. [0033]
othat embogimerisi semiboaductor filnm66088s deped éablp/tyaesirin typr
film in other enbodinments it can be other types o
congisietieibhwitb eogorcentration ievel Betwaan Het0 -1 @ Satomes/cm®.
ger mani um,&g@r%), a siljcon erng_ni um al l oy (SI xCGey), .
Se'@%ﬂqnidHﬁﬁoérf' 0@603(‘@93@5,'"“ PeAdLe- daped Wi it igdeposited) or
as, car hon nanotubes. |n a di nent of the present :
o\t bis, 38R Oorsuibehie $07 B SorehalR ot RofER. Doping
le, €. ..U Ll fil I odi ment s,
antey dnfraidiTEREREs pol BERSS ehyduus bhMhaC RG0S e
e . ot |
fabfORH Sl £ 1t el SUGER sBbRfE) olff dPEKTER of e
higdhddctap ' MiHdsCthieldd hi pid) &b
oo BO8 b s po b PG B of fcrhn
regffedithe deditd. Mpl ant ati on. Dopi ng
[0034] Semiconductor film 608 is formed to a thickness which is approximately
equal to the height desired for the subsequently formed semiconductor body or
bodies of the fabricated nonplanar transistor. In an embodiment of the present
invention, semiconductor film 608 has a thickness or height 609 of less than 30
nanometers and ideally less than 20 nanometers. In an embodiment of the
present invention, semiconductor film 608 is formed to the thickness
approximately equal to the gate “length” desired of the fabricated nonplanar
transistor. In an embodiment of the present invention, semiconductor film 608 is

formed thicker than desired gate length of the device. In an embodiment of the
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after formation enabl es both PMOS and NMOS nonpl anar
devices to be fabricated easily on the sane

w0 p®abavdng substrate. The doping | evel of thePCT/US2003/040320
sem conductor body at this point determ nes the doping
| evel of the channel region of the device. 20 [0034]

preSent inoatior, senfitdnauets fils 680 igEerred o bhthickRessSwhbhakill
is approximately equal to the height desired for the

enahid ey iabnichied monpbeh ardransistdutot ive operdyedmn a i dspleted
the fabricated nonplanar transistor. In an enbodi nment
magnet fige itp desigmed gate dengtlohl.g)seni conduct or fil m 608 has
a thickness or hei ght 609 of |less than 30 nanoneters

[0035] Semicandyicios §kn BRE capddentimest @ wsulating substsets GR&hin any
e BB BB iR U S et
L 1 S LSRG G PP 05 e o
singG B aRHE Kiloph HESGIE a tﬁeﬁré}ﬁ%@i—ﬁﬁo@?@ew%%ﬁ“e@ﬁ@'%506
Wltﬁ"@tl‘?@géﬁﬁgﬁgg%ﬂ g&ﬁ@g%@ﬁk?ﬁﬂﬁ%gpry%ﬁlﬁg%l ness W‘I% 2 above

sem conduct or

theWuried SRRPbECARASEs HRDEIIER fith BQS‘plA%@)ﬂﬁerttééﬂ“ﬁgéé %Urrbﬁﬂ)bﬁsed

operated in a fully depleted manner for its designed

to fgmh SO lestratdsal -an 81BKlal SRigbA Giel eineferftoLimigA8 widch fae
formed on insulating substrate 602 in any 5

gensedlly- leferved b bdndéad S@ie Inthibdechnfiqiea firstasilkcosi Wafephas a
on i nsul ator substrate, known as the SIMOX techni que,

thinoxgde grawmos fisrsuirfacplthat will later aehiegis thesleuriett oxide 606 in the
single crystalline silicon substrate and t hen anneal

SOt @trw@um t %@Xﬂaarhi@lﬂi dese bydegen implantis masledotssthedirt silicon
The portion of the single crystalline silicon )

wafgpfes vy @ b M@S&rﬁel%ﬂwle\y theisHieoB &UFAES of Hee Gt ader. This

th t tl d 10 to form
sben B ARGAC b M LB R e B vt
[ .10 a

Thel PRt M T ek ABPG o Mg Sii< 6 Gedfeq L5 hyarogen

lmpﬁé’r{tnmﬂaﬁugéﬂﬁg 532 gé:t @/@gﬁ t@gaé n IE %rf‘éﬂq@%é{ Buried

oxidy Qﬁ‘d&ﬂ%tH“éﬂ%l%@d‘of el ﬁl'?éle'c?yé’@mﬁe 'sﬂﬂ:@ntsr&%sfréfestWell known

smoothlln(g:;c{tgchmques, such as HCI smoothing or chemical mechanical polishing
(CMP) can be used to smooth the top surface of semiconductor film 608 to its
desired thickness.

[0036] At this time, if desired, isolation regions (not shown) can be formed into SOI
semiconductor film 608 in order to isolate the various transistors to be formed
therein from one another. Isolation regions can be formed by etching away
portions of the substrate film 608 surrounding a nonplanar transistor, by for

example well-known photolithographic and etching techniques, and then back

filling the etched regions with an insulating film, such as SiO,.
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wafer to forma high stress region below the silicon
surface of the first wafer. This 15 first wafer is

wo b@s/ofdoppped over and bonded to the surface OPCHUS2003/040320
second silicon wafer. The first wafer is then cl eaved
al ong the high stress plain created by the hydrogen

[OOB‘VI]pNém stahdiafd pR&WIitJrabHRy S8 efdhinicledhAidiiekhra usBh rio deflne

licon layer on top, the buried oxide underneath al

a semldmucfortﬂwyajrrfgﬂ 620 inytheaehiioendudtorciim 60® firrtae eri- gate
Wl | - known snoot hing techni ques, such as HCl
tramssistet bs shoom io HréguredB. nbchm pmbadirpent ofttha gréger(t@vi®ntion, the
can be used to snooth the top surface of sem conductor
fin pr badls 620 ipatiernedde inawd a Widik A48 svhi¢hpBasjuahto phigeeater than
desired, isolation reglons (not shown) can be

thefvwﬂ%@é$lfﬁdoof§be date lancimduralithe fabriceter trangisigsy In ghis way,
therPatt BRI R WE T oargPRY CoReLualsRed o fahBcsts the dapp stor are

asel g@g@g i RelngF Heflaming eBH s 5 Semicalighigfas oy or
fin 8@1‘ d* f ﬁ{] Eﬂ{bgqlrhgﬁg&ftﬂg'pﬁ‘??%ﬂ dr?\}é}hi'oggtﬁe\?m e?ﬂkgmﬁctor body

or ﬁgﬂéyfllgfzdvg% %vhd&@“%%tl%gog%n%%ua}st 36 géﬁgﬁ(e%t%ga%'d ideally less

thaﬁfwtéé{hbt 020 ARRYmaRsts ei§ Bh r&nﬁ&ﬁﬁﬁhﬂéﬁﬁe%r@séﬁﬂﬂvé@tlon the
define a sem conductor body or fin 620

serfiedhaastdtbodies for ik 6% efowidih €18 fappG@tnﬁfIatély @q&talstoethe@hcon
shown in Figure 6B. In an enbodi nent of the present

bodyniveight 6@00. Irhan efribodimebioafithé 20esent pratdrgionethd inshawvisodies
wi dth 618 which is equal to or greater than 5 the
620havehacgdin @t whiahhie bgdween &nthtehsgmigpndtictohbody height 609 and
fabricated transistor. In this way, the nost

tW%Wmﬁﬁgﬁlﬁe'@W@UPﬂﬁ@@ﬂM@ﬂgm&QQtral nts used to
00gflchiiBoee Ibrafnetefaf?ﬁtﬁbt QR EeR e ICOe /e GRS UBBLp o
multplfSEsAnctRe” befieSgndte: b SHURg'S GetREaasnPAdY Eigkre 5
in sl sl S R B iR iR J AR B RBp aross
wai%ﬁbqﬂhﬁ@tt Iﬁﬁogﬁ)rgghg%ﬁﬁ%?hih@‘éﬁ%}#&?alsbgﬁ]u%ﬁ%to form source

sem Co S Or e aw

o R TRELN B P05 o, ROl iy
to gredite<ontact areas for the transistor. Additionally, the landing pads can be
used to connect together the various source regions and to connect together the
various drain regions when multiple semiconductor bodies are used in the
nonplanar transistor.

[0039] The semicoductor film 608 can be patterned into fins and landing pads by
well known photolithography and etching techniques which generally include the
formation of a photoresist mask by masking, exposing, and developing a blanket

deposited photoresist film, and then etching semiconductor film in alignment with

the photoresist mask to form one or more silicon bodies or fins 620 and source
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620 have a width 618 which is between '/2 the

sem conduct or body height 609 and two tines the
w@eewsoongct or body hei ght 609. 15 [0038] Addi ¢DOS1003/040320

t he photolithography and etching step can be used to

form multiple sem conductor bodies or fins, for a

and g Rndivsaes ep2 apddraespactiiehr Seﬁncoridmctdrl fAmMVBD8 is
transistors with different gate wi dths (Gn) can be

etchadb untilethe dinalerigisg Buriedeinsulatifdy tayeh 606lis eRpgseh hWellrkhown
etching step can also be used to form source |anding
semiadsddar atohirgy ®ichniqaedj sichpasianis@itopicqriasrha etching or reactive
. semi conductor filmin order 20 to provide contact
ion gtehirg £ap bendsad tarairk semicongigictardial 608 intalignimandiwit the
pads can be used to connect toaether the various
phogemStSé Masg: oderFRINIcaNeerRBEIM BB alehed e form ajsemiconductor

oo SERISRE e 'eﬁqﬁg?péﬁa%‘ﬂ%{’%%%é{m e

ehotdRsFTGRS olioVhd WFA ol RarEiRS mOGf st afihca
strigbiflahe éesgmhabﬁsgeefeueg 885G shi shewnbm%l 0 op.

I'on“ 0 oresi st na expos ng,

[Ooz(ﬂg\lgﬁ‘,’ﬁé %Hbﬁ/ﬂ r% F*i’éem s S&i@ieﬁ'foltf% Bbﬁéﬁbﬁﬂesléyél‘v\?%formed

then etchi uct or I'min I gnnmen

beridgh BERfiGHrRIBICEr bmlemsfr@mav@ae AOéhdFPfs%tr%gid &a8e etch can be
bodi es or fins 620 and source 17 WD 2005/010994

perf{Emdd3I300846r0820e sentlcotiductord ibatli 620 padseimoe angorfidd or all
respectively. Sem conductor filme608 is etched until

of thédudadexids lagebtob baneathithatsengcdradumtorafidyi 82@&x pothed.
Wl | - known sem conductor etching techni ques, such as

fabégation eioan alnposisvrapped arw%gateﬁmtm@ the rnsendaimnr&jch
can be used to etch sem conductor film608 in

(undercyih BEGHY) remeres ralysa pﬁﬁmr@féh@ﬂn%%tmg fAm l@fﬁneath the

sergiGRGaRaN Bodr 62Dy 3 eribadisant oL RBPEEnup Iy, the eteh
el RS TP5P f n ElR o SR8 Boneat
ead{ 0k $Rine S4IcRRG ?gggg%ggs WG ABE A HEE LBE i a fuly
PR oA R O 8o e SHBTE e By B g v
608 sTBAdveld FRIrh %@h@aﬂﬂh@%e@ﬁlébn@lﬁiopﬁody 620. In such a case, the
semiconductor body 620 can be supported by source and drain landing pads 622
and 624 formed on the remaining portions of the buried insulating layer. Any well
known isotropic oxide etch may be utilized which is selective to the semiconductor
material (i.e., an etch which can preferentially etch the insulating film 606 without
significantly etching the semiconductor film 608). An etch with a selectivity of at
least 10:1 is desired. When the semiconductor film 608 is silicon and the

insulating film 606 is silicon oxide, a buffered oxide etch (BOE) comprising

hydrogen fluoride (HF) can be utilized.
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performed to "undercut” the sem conductor body 620 and
renove a portion or all of the buried oxide |ayer 606
whemwsaldvs he sem conduct or body 620. In the faPeT/Us10086010320
of an al nost wapped around gate el ectrode, the
insulation etch (undercut etch) renoves only a

[00RDr Negi) adjaté ifclbatsiglltdr RS is Fomkaneabhdidteudd each
seni conduct or body 620. In an enbodi nent of the

semicesdottor been6R0oNn, THahés, et gdte dicletiviedayppB2dXisifatreed ba the top
of the body width of the insulating film 606 from
surfanecdd hof serolcosiddetoobody 626 @i welhds ondhe bateyaly2tppodtien
 formng a transistor vvithaf-ull wr apped around gate
sideyvals 62&@ndtf}?@ @frﬂaqheofrtbetsem«\cm ¢2820 néMln@n fargning a
| aye 606 is renoved from beneath the sem conduct or
par@a%ywmeq rogngrgade slagdo @ht@ez@a gligl @%@%Uay%wormed on

thegPoSER pORIN Baf REes ISP ain SagiteBROE 6 when
AT .
S IR S
gaté'cﬂélb&ﬂn%%' tVe S'éﬁe?bﬁﬂed BR|S@ BPB %‘HSJVH rdiélélit‘f”o%me gdi8

h wth a sel ivity of at ["east

dne;é@mdlggier SYeehollg trefhmed @dsnfbhhm BReks whidH E84bles the
and the insulating film®606 is silicon oxide, a

forinafiére betheodiebetrit 626 OBGR undeidesdniie sundicogéuctor body 620. In
fluoride (HF) can be utilized. 18 WO 2005/ 010994

an P@bodBren3sfihe dreserit ddEhitioNethe, gate ghelectiicdhwart646&cis a silicon
| ayer 626 is forned on and around each semn conduct or
diowdedigeatricfiratgrown vathyatdey/sieé bisiciatipe pregass. dan embodiment
formed on the to surface 627 of sem conductor body
of the grasetanventignome siicanuexidafiing ingiswe tea ﬂypm cpf@etween
8 .and 62 of the m conduct or bodi es

5-1 H”@é‘r‘?ﬁ‘ﬁ@&ﬁ“eﬁ BA G Bfapn sa@w Jhe Ginee giaecinc fim 626 is a
o B G A UL SO B Giloche SR A, such
o= PSRRI B RO ioh SR ol EARB A, rGRIPLBASh o
iR S RETHICAR SEoRY: o e aF 8o
oxicgi,; t(l_gadg RAth@chigh® ldctfcssuéh a5 P 8he !Bt fdred i
chemical vapor deposition (CVD) or atomic layer deposition (ALD).

[0042] Next, as also shown in Figure 6D, a gate electrode material 630 is blanket
deposited over the substrate. The gate electrode 630 is formed on the gate
dielectric layer 626 formed on the top surface 627 of semiconductor body 620 and
is formed on or adjacent to the gate dielectric 626 formed on or adjacent to the
sidewalls 628 and 629 of the semiconductor body 620 and is formed beneath or
subadjacent to the gate dieleofcric on the bottom of body 620. The gate electrode
material 630 is formed by a conformal process, such as CVD or ALD, in order to

ensure that gate electrode material can fill beneath the undercut portion of the
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10 dielectric layer 626 should be fornmed by a

conformal process which enables the fornmation of the
waele@seoed c 626 on the underside of the senm coPdIUS03/040320

body 620. In an enbodi nent of the present invention,

the gate dielectric layer 626 is a silicon dioxide

senditeh@edtor Bodly ontieatane getd Bleatrddy cuRrtoapialigasrifally wrap around
process. In an enbodi mrent of the present invention,

the tseenisonduntor odyd@08.i The igategelestrotie naatehialcd3essn be deposited
between 15 5-15A. In an enbodi nent of the present

to & inakmess betwéen §a0-800DAL bran embfadimesihei gata electrode material
deposited dielectric, such as but not limted to a

is dﬁpgﬁthﬁ s @éhlﬁkraﬁwéi%ht sufiigigntdadarm gsgate edgctindedwith a
ectric, as tantal um pent aoxi de

he'@htt%frﬁt l%ﬁﬁté&re@élm%&tr@z'yelgh% QHWIC@de(—hOo@pd es 620.

em%@@fﬁﬂf b 15 et enteln ehEbar eltfioyd ﬁﬂ%@“%%@ra%ses

polrysip R agigha A0 AT e pog Bt iy %ﬁﬁ%sbr‘ﬁséﬁt higMortane gate

e'em%a@e@e'%g@%régsw%ﬁaﬁ@ﬁ R SBERGh 89, 13 et
othgll gmpbem%eﬁ?& thﬁ gFégerm thveAtibA eth@;%fa%? e?&cﬁr’o%‘étrhét%rﬂa%ﬁrﬁ

orned on t top surface sem conduct or

§A%:tanfim, istich @sTBAg$tEn Ofan&slintic AL thair hRtdaat e
ielectric 626 formed on or adj acent to the 25

[0043]0ewt| bs sEBRNAN RS 6, o herdsaasic aradetalds depdsiteéiPand
and is forned beneath or subadjacent to the gate
defimiedlietot a pattemedHwardonasint32 whinyd&ies thadocation where the gate
electrode material 630 is fornmed by a confornal _
elegirerteisdo hauformad. Bwhard mask matesabean be forsaed pbany graterial
gate electrode material can fill beneath the undercut

Wh'SB Mill pat be suhstantalyetehed miilesybseateniboeiohing4bs aste
cloSEds SR LA Patevsianirates WP SHpoGETS R de PErS B dy
invergian, diis ARt SeSl iaaa s ahhaes g &%6@5@@3' S fifyeen
20-98 ﬁgﬁgﬁfe‘tér%dem&aﬁ%' @53@ it SRASh & e QIH @F?ﬁé&e@ hard

suaf ficient orm a gaee

maEl@BQEtusgfl?cé’ttanH R)G;ShétarggggFdﬂﬁ‘;%@ﬁ@g%&h@%ﬁ@fme patterned

sem con tor od| es

harBR8§0634 T§’fé‘ﬂr‘h’e@rto 4 Rt dhfehek eieisired ¢orrﬂ%b€tflé@ﬂode gate length
conprises polycrystalline silicon. In another

of th8llediceent of the present invention, the gate

[0044] Next the gate electrode material is etched in alignment with the hard mask
634 to form a gate electrode 636. In an embodiment of the present invention, the
gate electrode is first anisotropically etched in alignment with the hard mask to
form a pair of laterally opposite sidewall 639 and 641 as shown in Figure 6E. In
an embodiment of the present invention, the anisotropic etch is continued until just
about all of the unmasked gate electrode material 630 is removed and just before
the buried insulating layer 606 is exposed. In an alternative embodiment of the

present invention, the anisotropic etch is continued until all of the unmasked gate
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el ectrode material conprises a polycrystalline silicon
germanium alloy. In yet other enbodi nent of the
w@e@sonmov4 nventi on, the gate el ectrode materi aPCTHI028040320
conprise a nmetal film such as tungsten, tantalum and
their nitrides. [0043] Next, as shown in Figure 6D, a
elebods MRakriaTas Ashaved SndeRoBi &dlirurhtingaby&esba 8%sosed. In an
patterned hard mask 632 which defines the |ocation
embbdineertt loé tlmpeseat Bwentiolg the anisot@plostehds p&tferrhed dvith an
mask material can be formed of any material which
appippliatecitcihahécivforastd phssivaiingrmalymer filn solibe gidgemdlly639 and
etching the gate 15 electrode material into a gate
64eoklberdade elqc‘.%roslﬁ tedistilingere thett verisapsidewatls in algnimentnyith

B e e
etCﬁmn’[ﬁIEl’hlg% g%a%rnéseoa{pﬁ yt%@bﬁﬁpgé}attertgf{@% rlal WIt?mut 34

sublBR <Rang U PR aE g S B erafﬁ%é%éa "BE e
wheR tR& SEPﬁI St c H{wl it ag%at[%'ee)féctwb% %%tf?”ﬁleﬁ?rtornﬁ’ﬂ?e same

mat er i nnen ard
mafe?il, tRichYdBife it beh 4 %‘Eé h6e1°>s63|h{:6h ﬁﬂn&’é‘ Badiy b
t he ‘present invénti on, e gate electrode Is first

patiinh $ed semicorlduytor ifh wtolm)daés SHANEHY hatdt Ma bk Refhan @uﬂﬁg khe

to forma pair of laterally opposite sidewall 639 and

gaté pattemisdeten forprbteptittee SEmidonddbtornoeyioe dotrsstfrerh didtting
present invention, the anisotropic etch is continued

duringtthe gals etchabbhs distdnoefbetiveen rihe el apposite sideaddls 639
material 630 is renoved and just before the buried

and e&lidatinemthesgae lemshi(sglkofiibs si¢vicen Whealthe haed mask material
enbodi ment of the present invention, the anisotropic

is siigen nitdde g m?e@ﬁtarﬁlwtmq matertahis ﬂhﬁmtwe@olgatl@orzdhwte

010994 P USZ 03/040320, el ectrqod t i
cletEii, 1 BRTITUOBEAIL S HEA M P RGoRUGEHS BOB e GBdarmed by
nt t t he

a i@l g, HP@E&Z@ GB6T chan appropr i ate

1008 377 Bao®h T PR B8 ¥RL 0% AsdElo iR efep switched

to e%ﬂ%’trrﬁ%& Radn, VERS 'is‘b?r‘olpﬁi %@Hﬁ%l’;ﬁgﬁ? ttl‘?%)pgfé”&%tr%é Pna'fleﬁéﬁrom

ard sk 634 are ne € anisotropic
regiohs indeedutA #ee 88fhiconductor body where the gate electrode is not to be
formed. It is important to remove the undesired portions of the gate electrode
material from under the semiconductor body 620 so that “stringers” are not left
which can short the source and drain regions to the gate electrode. The isotropic
etch which is utilized to remove the “stringers” can be performed after the
anisotropic etch completely etches down to the underlying insulating layer or can
be done after the anisotropic etch almost reaches the underlying insulating layer.
A polymer sidewall passivation on the gate electrodes protects the gate electrode

from laterally etching during the isotropic etch step. Some lateral undercutting

635 of the gate electrode 634 may result near the bottom of the gate electrode but
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et chant which can anisotropically etch the gate
el ectrode material wthout substantially etching the
whaood/onmsk and sem conductor film 608 can be uRE€HUS2003/040320
When the sem conductor filmand gate el ectrode are
formed fromthe sane material, such as silicon, a
the lpRisdivaRsktiopUysdtians obthe ?él@ diédtrddéesifaiid hainigetlitd 8rigPal profile.
pattern the sem conductor filminto bodies and the
Thehdegreasflundetduttimy dam begontrelled ay enpdifyimy thengmeunhot o
protect the sem conductor body or bodies from etching
inswulatingn tpyeh endatcaittatgedind Teedetbtod thve rdoeisedrio thlénsulating layer.
| aterally opposite sidewalls 639 and 641 defines the
Theygate ¢leeitpde §34)s eichedantibthieqgate wirairodeds isampletelkisolated
material 1is siljicon nitride, and the %ate el ectrode

fromédhe spanicanslugiarifiém Pasy ugssd sgasfprmdbﬁ bogy&29and gaurce and drain
reg I8N UG AT op T ARERPPT TSNS S BiF oA BVABIdpiisotropic etoh

s Bt AAgH AT oprBRE BB ik <ty S Pe g g o the
pregofiiintenfit, 1 fliotolhgbinifiroaBs Bt b adiife b Bt and

the IgRY tﬂ%?eﬁe e eE! m%bg% rﬁﬁ@%uﬂ'@f &nbﬁ@st%ﬁ%psion

el ectrode Is not to be or med. IS Inportant to

lithé GEBME prdtesdndesith eabmaitd it RoRplahBetraadistos! (g‘hfat deh an

nmaterial fromunder the sem conductor body 620 so that

embésdifrigngef the piegentinveetidn thehgatb Iemgthghgy of theeytewidtrode
and drain regions to the gate el ectrode. The 1sotropic

63Ghadhawhinbhuindeaturé dimaengion oé theyandistot sefinedeys” can
be perforned after the anisotropic etch conpletely
phatelithegragbyh Incan amboaditeentyafiibe ipnesandinventipaythe gatedength is
25 be done after the anisotropic etch al nost reaches
less fanerRGUa) fh g0 ingsameteisndigeslly lessiaay aeeadaldevéd |
assi vation on the gate el ectrodes protects the gate
”ar&”&tﬁf%de fromlaterally etching during the isotropic

10081 3%eR o 8ires F R it 649 550100 orlfe (aRRistor #8 TgHned in
serfe S0 Er Azt of oah iy “ies et elespR ot
PO e SR R P TeaRh B PR SR BRI TR} can e by

i COPH LGS HEFIORIBLEH e 6 0 0, B o
gate electrode 630 in order to form regions 640 and 642 as shown in Figure 6G. If
source and drain landing pads 622 and 624 are utilized, they are also doped at
this time. For a PMOS tri-gate transistor, the semiconductor fin or body 620 on
opposite sides of the gate electrode are doped to a p type conductivity and to a
concentration between 1x10%-1x10%' atoms/cm?® to form the source and drain
regions. For a NMOS tri-gate transistor, the semiconductor fin or body 620 on
opposite sides of the gate electrode is doped with n type conductivity ions to a

concentration between 1x10%°-1x102' atoms/cm® to form source and drain regions.

In an embodiment of the present invention, the body is doped by ion-implantation.
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The gate electrode 634 is etched until the gate

el ectrode is conpletely isolated 5 fromthe
wa@eossoonguct or film 608 used to formthe body BCDUS2UA3/040320

source and drain region |anding pads. In an

enbodi nent of the present invention, the isotropic

In &8t éMbobisnerarided pebsdnt irivehfen atha%nmprénwdn%cwrg ingt
etch. I'n an enbodi ment of the present invention, the

vertital tdirectitro §reaph virpcime psrpemeitutar td tsnbwatteiﬁoo»aasishﬁwﬁﬁ in
and therefore the gate electrode 636 utilizes a

FigwiendGuidVben gate tlestrode B8Ass arpalysilidonhgaje ainirqutes desem be
used to fabricate the nonplanar transistor. (That is,

dopeg @Hlngeﬁhsdawmntar@athm@rosa@% bmﬁlrstmemwvrtgnhandengak @34 A

ng of the ate el ectrode 636 has a_ m ninu

PO'Y%@%W@@. EQAsnOHF Willact tafsaﬁh@?aéiMP PaRY§THdke Ign- lmplantatlon
Lith t of th

sted founepuAIthaENdane BaRlis T of BE noPhiants (A ip (e

oL fsoﬁ%gﬁérﬂﬁib'f@L%?%goeﬁac@ﬁaoﬁy o e Boar
orsru‘?lgiu‘?l%gfbg/rthyé‘;até %@8%%366‘”?95?% 5 dé §36 isp qnetal

sem con 6N “oppos|

ele®t&Sd, rtﬁ’@'&e@é’@né‘ﬁa?d“ﬁ%k'é% &Hro Gs Can§g%k°tﬁe @Bg rg{/@ﬁrﬂwg the

regi ons 640 and 642, respectlve fornme

ion-PmpRIntetichoR@BESS.btothet @rrﬂﬁ@i‘irﬁ@ﬁ‘t@uéﬂférr nRaAbaes, S1xH Msolid
both sides 639, 641 of 20 gate el ectrode 630 in order

source Hiffusione giaynise 646d &ndopd theaserdilvandutctor Body e féra sbiirce and
source and drain | andi ng pads 622 and 624 are

draint éXteasidns.tAidhisgpant fatwricdtipe of atnonphararttransitoFoitha partially
PMOS tri-gate transistor, the sem conductor fin or
orfbkhdwrmdowouamg@éﬁe@oimdeés eompledegat e el ectrode are
ped to a pe conductivity and to a concentration
[004a7dtlm@émb@rr@otmfﬂbgpramﬁmmwno hale' niegienssealt be femrpd in
ate transistor, the

SilcG R RTRE R ?Q{W@?{Oagﬁgwgozs{sgé/ﬁraqaﬁﬁ%n@ O SPUERS g

o e il BHIEA SR i B PSS region
oA ARB IRl TR SR B I HEREI B Bl

or BB PRI, oA BRI e coucn, o reions
cani B Rty foRGmiphahthfify aBpavits Beneafthe ddte@lectrode by utilizing
large angled ion-implantation techniques.

[0048] Additionally, if desired, the substrate shown in Figure 6G can be further
processed to form additional well known features, such as heavily doped
source/drain contact regions, deposited silicon on the source and drain regions as
well as the gate electrode, and the formation of silicide on the source/drain contact
regions as well as on the gate electrode.

[0049] Figures 7A-7D illustrate a replacement gate method for forming a

nonplanar transistor with an almost wrapper around or fully wrapped around gate

electrode. The replacement gate technique is ideal for use when a metal gate
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vertical direction (i.e., a direction perpendicular to
substrate 600) as shown in Figure 6G Wen gate
webk@sniwee 630 is a polysilicon gate el ectrodePCT/USIA5040320
be doped during the ion-inplantation process by first
"renoving hard mask 634. A 5 polysilicon gate el ectrode

elebP6dMd dedfeld. aphardPiadehontiiRY endthbd ®ehiis Wil tinsahieon
step from doping the channel region(s) 648 of the

subsdizpd andproceiigch®showhén Fiduaa Bl and BT thd SubBatthe method
portion of the sem conductor body 620 | ocated beneath
desmribedrabovad &ftdrypatieeninaoé thel semicoddué®e filnh fintgat semiconductor
el ectrode 636 is a netal electrode, the dielectric
bochawflmﬁgﬁ apg4he dormadiansefsauscefind kirain danipg meddua idirdectric
he 10 ion-inplantation process. In other enbodinments

fﬂrrb?@?ers Wﬁﬂk@disep%ﬂ@% ox8r Ehﬂ semicgpdveter Bpdy agﬁ&ndlﬁwaaé and
OVl RPRSS PO (N ApUTARS %@é’thgbl%%b{s&%a%é”ﬁ%f b Beris
ordE3nd Blecbedr %%'?%%E& tﬁe Bafiehefl Topdidtine P8 Ean be
anfgiﬁ’if’%ie h?atﬁ |5{) gh&ﬁg@%nkeﬁ‘?@’nb@br sn|l&%h%p%>g88.' e

can I con or 10

dlefe%fﬁ'ﬂaﬁth’?‘Oﬁ’fs i%rﬁ%Hrcﬁ%{rﬁé?érfél WA BE s% &?f‘%’téﬂéﬁ with

ext ensi on regl ons 0] reglons are dope ons

resb@&ﬁ‘t%%é%ehh@or?dl@%}eﬁlnf &8 .OAddifidRalpf, tﬁé‘@!éﬂ&ychéﬁlrﬁrubally can

are of the sane conductivity but of a slightly higher

be seleHVIYy atdh Wit fedpeet totiengnddrlyirtebetanimellatiegilayerd06.
the device. Halo regions can be forned by

Whieorthie rypirigdtinsulatingl layanisssilicomediokiderendotheesemhieohduater layer
utilizing 20 large angl ed ion-inplantation techniques.
603 Bosiijondiek: insaledingylayert7Qfecan bel silichs reéltidst riateeblghkein
in Figure 6G can_be further processed to form

demheanwiatmﬁum KRB nthesenaltessed witbrwelskmnauy .phytqﬂla’maphy
amiour e ar h&ugggct)? én r@ﬁénlpggnsng,\ggf gril@t ?(ng {g\ee(ﬂelec{}lc ﬂm 702

LS e o A -
BT e SR B s BT B e oot
by Eroaaf?ﬁész:‘egge (p@ fg’?mﬁg a@pg?%&fht @é’ﬂ%ﬁﬁ&ﬁ@ﬂl‘?ﬁ 78b i %{dﬁéd with any

Wrappe e replacenent gate

suitBfd Bichgat W%dhd@aﬂ ahigbtrsitamheichangeicdéctelatitn 292 without
etching semiconductor body 620. The insulating layer 702 is etched until the
underlying buried insulating layer 606 is exposed as well as the portion of the
semiconductor body which is to provide the channel region of the device as shown
in Figure 7A. The opening 704 is formed with a width 706 desired of the gate
length (Lg) of the nonplanar transistor.

[0050] Next, the buried insulating layer 606 is etched away from underneath the
semiconductor body 620 to form an opening 705 which undercut the active
channel region of the semiconductor body 620 as shown in Figure 7B. When

forming a nonplanar transistor with an almost wrapped around gate electrode, the

24



10

15

20

25

WD 2005/ 010994 PCT/ US2003/ 040320 el ectrode is
desired. The replacenent gate nethod begins with the
W@ 2008/01%bst rat e and processi ng as shown i n Fi BCUF/ESHA/040320
and 6B of the subtractive nmethod described above.
After patterning of the sem conductor filminto a

ins@athg AYer eheercud @tbh ®Imdves Hgortnchftthe ifsulamig BPepfrom
source and drain |anding pads, a dielectric film702

undesnbatardesh siép oé tHeesbmicendttter bedy.c timdnentsodimeyt ehithe

| andi ng pads and over exposed portions of the buried
presesiiheentian, [ty endé@8t ettheundesabtatthe gemigarduckor Haalyrimdan

to a thickness desired for the gate height. The
ampurtvhich egabigacdthe mybsegvenily foangd gate alsicodadalveapragound at

| ayer, such as silicon nitride or silicon dioxide. The
leagf; the dewer eomerawi7iie semicendudonhody Bel apddherahy gongghthe

curBE By BIRE SOMSTE e g8 CbRATEBR AT TG PiEREN T ¥PRiQn, phen
f Of%'g{%g'@gﬁﬁ"a'e?f fengtf wﬁ@ﬁ‘?%@ﬁs‘g&yrﬁé%@%@% IbabE oo, the
undgl b FenbDey 2Bl BNP d o ik TndRRY @b Ge Atk (2

sid%%28fanéoec’-geﬁéf‘th%ese%ibb@?br%&i?%g&ﬂ@zoW\%éﬂ kg 3 nonplanar

eposited 1 nsul ati ng IS then patterne

dew&d itk 2oy RRapSEd BRAGIHEGRIYE eldéiradad tied BOHEW irsefimigdags:

to forman opening or trench 704 in the dielectric

undertum et is edntintuedadritinése entiredasulatingvagee beheathahe exposed
electrode is to be forned. The patterned insulating

porfioh i & Pehdrmetsegioddi thietdeonicomductonbod\he20 & cemplatelpf

the gate electrode by a damascene patternin
remapiedo oy, WEh &nawesliseirepic etah whizb Zainseteh ¢ Butied insagting layer

_suitabl e etchant which can anisotropically etch the
withpu | sigitifigantly; atehing shevseminandpotasthody ey BRiussdd When the

body 620. The insylating |layer 702 is etched until the
burlEUBP VARG D6 IPls ORGeiang ihay i idobRbeEiEon. a wet

well as.the porti of the..sen conductor body whi
et oyt SulEtei e piv s iR TOR e fral BpEntd) 7.

[ L QM o F [ | Sif '

i8S, 68 BB £ reTS EERRRaf B S0 BT A v

. _ : ‘ .
08 e B e ok ep BHEEEA0 n tr
trefidie7opem conduct or body 620 to form an opening 705

whi ch undercut the active channel region of the

[00SHMNERNE Yrlt® Highesttic R r 82458 @vmddon-afit =eouiid théhexposed
portion (i.e., channel region) of semiconductor body 620 as described above.

That is, the gate dielectric layer is formed on the top -surface of semiconductor
body 620, is formed on the sidewalls 628 and 629of semiconductor body 620 and
is formed beneath or subadjacent to the exposed portions of the underside 631 of
the semiconductor body. In the case of a fully wrapped around géte electrode, the
gate dielectric layer 624 is formed on the entire underside 631 of the channel
region or the semiconductor body. As described above, the gate dielectric layer

may be any suitable material and should be formed with a conformal deposition
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form ng a nonplanar transistor with an al nost w apped

around gate el ectrode, the 24 WO 2005/ 010994
wERADsSOBRO03/ 040320 insul ating | ayer undercut BCTS2003/040320

renoves a portion of the insulating |layer from

under neath each side of the sem conductor body. In an

proesbe,Eutkrds &oniib fayepdepesitioh (XEDY bPBhernltal uaﬁ&*&éﬁosmon
etch undercuts the sem conduct or body by an anount

(CWib) whinsmrabdsfficiehiefosmbtien o atgaye timlestrde gajce oalthe tunddeside 631
to wap around at 5 |least the | ower corners of the

of sasmiicondideior bodp6a§. 620 and t hereby control the
current flowin the corners. In an enbodi nent of the

[0082]1ex: ajgaie slactiedeviRateriat l@rbiamigﬁtaie@@ﬁm%ﬁaer the substrate
transis an al nost w apped around gate

inclydisigt o1 rOﬁM éf't@lecms?dlé%rum%@eﬂ onéﬁﬁ\pégnar%%w tha eplg dielectric
orted fai og@a“{ezaﬂaa@q@xrb%@g i L

BB ABER0A RN Heblafhd 14 Y PRERE AT e
opdrnGEAIS BHAF0e) THe LAE qu&woe%ann Acahd L RIS Adlerial

€’ expose

use%ﬁ@ féﬁﬂ%\/\gét‘érelé’@cpddeﬁ&%H ﬁs mﬁ%ufédeélﬁ/over 9 SmbBB¥nent of the

isotropic etc can etch the buried

preséﬁﬂh%mm Itrae/géte Setihedd nidtanmdlfis §&ﬁéﬂa}’ﬁl@rﬁ dlich%d ﬂsnsit not
seni conduct or ody may be used. Wien the 15 buried

limitedsta @higstenl @Y titarsursi difride(TINY sled edtshit Siicide (CoSiz). The gate

sem conductor body is silicon, a wet etch conprising
eletirddeemaderidt simaylddae farineidanda depbsition tecterique, sophrdsnghemical

705. Additionally, as shown in Figure 7B, the
vapehdepesitioat e Djiarlaternicgayendepasitian(ALiheso that Beronéatmal film
. .insul atir% | ayer 704 resulti n% in a slightly |arger
is feymad $@) thaisha gatikenisench erering 764 is fitkeq gzl ENeBbB uredercut

| ect I 624 rnmed on and around t
reg&gﬁggg Seng: %Itrgq]s%%ﬁacg)nduewéiﬁg? Ggggemgﬁhedgelectr% mask 702
tor. bod O as de That
00N 8 WiarbirieBoN ooyl BIRtedEir RS R e ey %a}ﬁm%t@ﬂa'
f ' h
frorﬁé*éé?d.?dsﬁ@%*éﬁr%'ny%@ﬂ@f ugﬁﬁaatboawéﬁ‘ég%ﬁozo S i< formed
a : J

s RAET LS TREAERER khOub BRARRERR D B4t Brnhidtes,
suchageoimidal methaMeaRRFdnmgBHasAb otel BSEK RIS bd Ofized to
remove the excess gate material from the top of the dielectric film 702.
[0054] Next, as shown in Figure 7D, the dielectric film 702 is removed. At this
time, source and drain regions may be formed by doping portions of the
semiconductor body 620 as described above. This completes the fabrication of a
nonplanar device having a partially or fully wrapped around gate electrode utilizing
a replacement gate process. [f desired, well known additional features, such as
sidewall spacers, heavily source/drain contact regions, and silicide may be added

at this time.
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gate dielectric layer 624 is forned on the entire

undersi de 631 of the channel region or the
wa@eossoongct or body. As described above, the getBUS2003/040320

dielectric layer nmay be any suitable material and

shoul d be fornmed with a conformal deposition 25 WO

[0089)08igQAD 8RB B TEL DA MEABE 2P fortiRg BfonplaEt RS RMifg a

| ayer deposition (ALD) or chemi cal vapor deposition

wrapOunt orifoluweapeidf arourd igateoeleetrode wiferabgatreplacement gate
di el ectric layer on the underside 631 of

prosess soushacafter thedgrn@ion ¢foakiRfors fkegtumesgatieh ak diptregibas,
material is blanket deposited over the substrate 5

spacet adtlitiepad semigorsiuciire fesciayi soures/drairy o2giangl aod silisideodn the

-and around the gate dielectric formed on and around

SOWPEYRdeEiPBs body 608 and onto insul ating |ayer 608.

0B TR ERRRRSHITLE L Srers e ckafinags snayn i
Fioff oA e ok aRRh TR E0 o P Sl b G TP Rhe taform
seriofFet) Bod B0 pol b PP Gy Rl g AR5 b
624, pBHTSH R o6 502 it e ficlal Pl 8ot e gy are
formBe ova the @F%a_@@%daaéiéé\}véﬂs &l idep BRYEED BY sfown in

deposi tion techni que, such as chem cal vapor

Figdepsai in orddr@Mrnetheasadrificidl iy didrieasd dh@Bldofloldl, fdt a
that a conformal film is fornmed so that the entire
sacrifieiat hatepdielectyici8gern mafdrial scblasketeddpositet beeutidesubstrate
15 regi ons 705 beneath the sem conductor body 620 and
incluﬁ'@gotﬂelwpse@ sueiaees7oRinsulpbing BHyexéos, the topaswafaiceatanan
. technique is utilized to renove excess gate materi al
sidewalls efrernispnaictar bpd 620 end spaicomgudter landingspads 622 and

| gnari zed top surface y be formed as shown in
624, '88%‘ aﬁ@.cr'fé\ﬂgl Q@me?wm% materialis bisnketAenosited svepa

AT e

o RIS 08 Bl T 8L

ele&i’cgﬁeefb'i' kh& nbhpIBhdPdeiSe.” ?ﬁ@‘é%gr'fiﬁ‘él %éﬂe%leét}da% m%?éﬂa‘f?and the
and drain regione may Be foraed By Hoping portene b

sactifi€ial §58 di@BEtRIRAtRalNrLRBn IR bPGbIabRWH tebRhRues,
conpletes the fabrication of 'a

such as with photolithography and etching, to form the sacrificial gate electrode

804 and sacrificial gate dielectric 802 as shown in Figure 8A. The sacrificial gate

electrode and the sacrificial gate dielectric are patterned into the same shape and

at the same location where the subsequently formed gate electrode and gate

dielectric are to be formed. In an embodiment of the present invention, the

sacrificial gate electrode material is formed from a material, such as silicon nitride

or polysilicon.

[0057] Next, if desired, tip or source/drain extensions can be formed by doping the

semiconductor body 620 on opposite sides of the sacrificial gate electrode 804
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nonpl anar device having a partially or fully wapped

around gate el ectrode utilizing 25 a replacenent gate
wee@sos®94 | f desired, well known additional feBCT/UER)3/040320

such as sidewall spacers, heavily source/drain

contact regions, and silicide my be added at this

with irﬁEurlt% MiGha QAR LIORALLTET {ygeA8 e @fs”élﬁ%oforhoé)%ﬂlrce/d rain

Fi gure 8A-8G describe a nethod of form ng a nonpl anar

regitesi. CEne iy retlods cami &p farmed d?/@fnyfwéll nowra faushicue) saeh as by
gate el ectrode whereby a replacenent gate process is
ionirmpthnddittaer, whieh fmmlanta dopavits 80dirto dinasemicdnduesor dy620 as
as tip regions, spacer, additional sem conductors for
Shqvayirsh%gwﬁe%r dihe see:glf@latgaﬁeos&ﬁt pieyetts e ahaanebregion of the
source/drain regions. [0056] The process begins wth
Semlﬁ@nék@m@r 99%5?&”@”&%'nﬂrdﬁ@&sfﬂu{gqga@eé%ﬁ@ﬁnﬁhon stefur & an
A,and After tterning of the sem conductor
ermpoyifagsS hﬁe PRt e RomdiesroSday T8 Biosoapasngston

d
bet@%%p%ﬁﬁk@ arl qéi‘t’ﬁ alﬁ??r%g %3%5'8% and a gggrl ficial

oS L RSP 0 BB o g
opp?sﬂ% rs?‘de%élls'd? R& g%&nﬁcﬁ’ el ed’a’t?%iéb?ro%@cgdfés‘:%%wﬁﬂii Bi Figure 8B.

ectric an el ectro sacrifticral

Sidgivell epheds danrviss fd?‘ﬁfie%lrbyﬂén*ﬁ/eh|kﬁ6mttegl%la§ét ﬁs?bhoy@ by blanket
the substrate including the exposed surfaces of

depositingad togforrayesideRal spheert diglesticl Aee shaBdbstpatdamelliivg the
of sem conduct or body 620 and sem conductor | andi ng

top padsaceé 2Adaidevidlscif4he Nextificial gate elddtmidel 8@ate well as over the
el ectrode material is blanket deposited over a
top subece and sidawalts &l aasennlos)nkiay@r botiy&28=and landingl papist 822 and
el ectrode material is deposited to a thickness
62405 Vel @staito ﬁ%eﬁ@@%ﬁﬁ s\gtEsedf lnﬁda%nug)g@bﬁreate@z ofhed
el ectr for the nonpl anar devi ce.
dielggel %naepémag%rﬂaé S BEOTISHEIOr T UknESS atHich iapproximately equal

acr.i [ aI d| el ect terl

to tiERidth o WGk e See Sl s estbosinent o e mipsen
0 acrifi.cial

inveli b 08 C@@? é’%%%qgﬁ%@ﬂé”? 4@50&55?(5 b BigR s botileln 20-
100&%&%@@"“?5&9 @Rgb&l%ﬁt%l%rl cgnf)esﬁ'ﬁﬁ:ro'(rf frfd%l sﬁ’i%r‘? oxide, silicon

'ectrode an e sacriticral ectri
oxyRRid&bP8 EohibiRatidHetheAsss. Sﬁ?%o(ﬁe%ﬁlc spacer material is then
anisotropically etched back to remove the dielectric spacer material from all
horizontal surfaces (e.g., top surface of the sacrificial gate electrode 804 and the
top surface of semiconductor body 620 and insulating layer 606) while leaving
spacer material on vertical surfaces (e.g., the sidewalls of sacrificial gate electrode
804) to form sidewall spacers 808 as shown in Figure 8B. By making the height
805 of a sacrificial gate electrode 804 sufficiently taller (e.g., 3X) than the
thickness or height of the semiconductor body 620, an “over etch” of the

anisotropic etch back can be used to remove the spacer material from the

sidewalls of the semiconductor body 620 and landing pads 622 and 622 while
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at the sane | ocation where the subsequently forned
gate electrode and gate dielectric are to be forned.
wo pooan1mebodi nent of the present invention, theCRES2003/040320
sacrificial gate electrode material is formed froma
material, such as silicon nitride or polysilicon.
lealiR@S(Ffidettspalckr AR de prdid®Epacsts BBRASHRIHE sidewalls of the
extensions can be forned by doping the sem conductor
sadrifidial 632 elaclepe804e sides of the sacrificial gate
el ectrode 804 27 WD 2005/ 010994 PCT/ US2003/ 040320
[0089]t Kextnpashbivasn dligureed G,aadslittmal aiicon i8t1 § angdber silicite 812 can
used to forma source/drain regions. The tip regions
be tamegskortothe éxpgsethiopnaiirfaderaiwhsidewahs qlithe seroisoagueipr body
ion inplantation, which inplants dopants 806 into the
620 aRd dasking Pads F8apng R4 sAdditiendl Silieoni Gany ke fxmerhen the

o S Sl B R SLEP e 8 Gl s
e s B By eSO Y, S0 o cpav
SUFESER S o B 8 S Ao AP B AR 2D e
Iantéﬁgcp%o%r | aﬁé‘ﬁzﬁ%n“dc’dc}‘%ﬁdﬁﬁggﬁﬁggﬁ 'otnenc%-gi%@% Sn@kning

I cial gate e shown 1'n Figure

are%@; sddh S 989l dial 3RS Blctroa é@lﬁ, H%lé@ﬁc BYaddrs 808 dnd insulating

f
nown techni que, "'such as by bl anket depositing a

lay6oB0®r pal, widlldewr sslipsdry debaditist piotesy efiayteeused to provide
substrate including the top surface and sidewal |ls of

thetduklittanat epitaxial siliptire lal acémbddinddht cishevpldsems irnemtionhe
top surface and sidewalls of a sem conductor body 620

between| X800y op additional epithxizd siicas imeelectieelpdepositad onto
exposed surface of insulating substrate 602. The 15

sergicendeetor body 828 mnsdeedingIpads eP2ppyd 624 te fora faisekness

which is approximately equal to the wdth desired for
SOYrp@/dsRAegioN80s. I n an enbodi ment of the present
006" §8k Fieniced. Sebred PR 6SaiaR bR iRl C i er
so B RE o B30 R PR R Bl) O BBpBE}EE s e gt
e B4E 5 OB B B B4 magh sk eos
preVERMN! Underlying previously formed tip regions and the semiconductor body
620 from being doped by the heavy source/drain implant 810. Additionally, as
before, the sacrificial gate electrode 804 masks the channel region from being
doped during the heavy source/drain formation step.
[0061] Additionally, if desired, silicide 812, such as but not limited to cobalt silicide,
nickel siliide, and titanium silicide may be formed onto the exposed surfaces of the
semiconductor body or onto the additionally added silicon film as shown in Figure
8C. Silicide can be formed onto the top surface and side surfaces of the exposed
semiconductor body or additional silicon by utilizing a self-aligned or “salicide”

process. In a self-aligned or “salicide” process, a refractory metal film, such as
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hori zontal surfaces (e.g., top surface of the

sacrificial gate electrode 804 and the top surface of
w@eesoongct or body 620 and insul ating | ayer 6PG)/USII0S/@10320

| eaving spacer material on vertical surfaces (e.g.,

the sidewalls of sacrificial gate electrode 804) to

butfrmt indiedetodithniapa kel 808 cebals bamvbe HlanKdt@eposB&d oRYr the
maki ng t he hei ght 25 805 of a sacrificial gate

subsitrate inctlalidy thessifitorcregivns/anddietectie region8Xrhe kabstrae is
t hi ckness or height of the sem conductor body 620, an
then @neealedcie'a timperaturarsiufiisientpo caese the hlekkehde pesiteslatetal
to renove the spacer material fromthe sidewalls of
layemie reagi w&fhamﬁldworb@@maan@g segionsiuiong patiside2 Regidns, such
ile 28 2005/ 10994 PCT/ US2003/ 040320 | eavin
as §'§PWW@$ SRECES 93 fasinspigti 'Bg é@méﬁ%p\a@é}% re@ags vgith the

mefag‘égé]t ewa|t.|arc'\g frgh%muﬁﬁe%%d" ?%dﬁ te eﬂlf‘r%%%;h%% %iedgptlve
vel S S o S LU B e
SI|I 81251@%39)%1‘9/ Emeﬂ p@cﬁ%l@@@ve%ég)rsljﬁ rﬁg%l éﬁﬂeaémcon or

I con can forne e ex

serﬁléﬁh@mgrufég%ndo@pé’ s@@&r:ﬁé détéHo'V\m ﬂQ:I?UI%eééCt Ive

deposition”™ process. A selective silfFcon deposition

[0062] ¢ Sasienowh s Fijurt GD).a GibRittasiaget 8 fKistblankéd desited
onto silicon contal ning regions, such as sem conduct or

oveb thiy séiiratad W@rtdelﬁegtrmﬂdyerﬁﬂomﬁ@ti 24 tlaioknetzesuffisient to

deposit silicon on non-silicon containing 10 areas,
completelasoidhe fsubsmategacledmgaacrlﬁdlal gaié, eldcteddx 804 .c The

spacers 808 and insul ating %er 606. Any well known
dlelgeilrlédawewelﬁé@rme@ of praziessl @b@mmselecmejy etthed with

ﬂé%tl onal epitaxial silicon. In an enbodi nent of
reSFPEFf‘g to e aaerifiGiR) gate m?terl%a%@hagéegmdwt@rohﬂcw @2l That
silicon s s cti veI e ited onto
s, @B dRnBacToienhR oRadT aha malRti g tBQfaSH%C'%IZQ@t?o
a| n. r 0060
oD ) 8%@3%3%2@&?@39@}0 B BB eSSl o ididori
t R i 0 f .

oy, S RBNE Booli (8 ML AL BBl B aparioea
sucg Bﬁg%ﬂe‘ﬁﬂcélarﬂgbﬁ%l%cbﬁa@%?za%ﬁ WBiftheTop e HHE biklectric
film is planar with the sacrificial gate electrode and the top surface of the sacrificial
gate electrode exposed as shown in Figure 8D.
[0063] Next, as shown in Figure 8E, the sacrificial gate 804 and gate dielectric 802
are etched out to form an opening 816 where the gate electrode is to be formed.
Removing the sacrificial gate 808 and the sacrificial gate dielectric layer 802
exposes the channel region of the semiconductor body 620 of the nonplanar
device as shown in Figure 8E. Removal of the sacrificial gate electrode forms an
opening 816 where the gate electrode is to be formed.
[0064] Next, as shown in Figure 8F, the substrate is exposed to a undercut etch to

form undercut opening 818 as described above. The undercut etch removes a
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prevent the underlying previously fornmed tip regions
and t he sem conduct or body 20 620 from bei ng doped by
w0 b@sheryy source/drain inplant 810. Additi onaPCTUSHe3/040320
before, the sacrificial gate el ectrode 804 masks the
channel region frombeing doped during the heavy
porsion iof el inauratihgriapdri 606 fombencd@bile desrd esabhf | f
desired, silicide 812, such as but not limted to
sengigbaducter bbdy 680 asrshokel indfiguied®s. ahd unideanitwith can be used
silicide may be fornmed onto the exposed surfaces of
corpletely serveve duningotading baysr 66 foomdeaneatmatid chamsl by
added siljcon filmas shown in Figure 8C. Silicide can

SerBeOnBr iRt PBAY §20 e exBRses ther erfise aingesside of thef elannebregion of
serSuiHos prgy B0t SRl fen 8 hSiraRAeskarouRR site slodiade.
Alte?[g?g‘}'élg,ﬁt}"\h&rﬂﬁéﬁﬂt;&aﬁa%@' ae 6;90 E%S@ﬁorﬁ 8¥ {haecitnglrﬂ)éting layer
0t B2 Sl e et Febih S bBRuTbr Bo6y 820 0
raEASBIAN Sy EHBLG i IRGUBLRA CARLEN Aod o RSt

abdvenperature sufficient to cause the bl anket pleposi ted
nmetal layer to react with the silicon containing

[00631dNlextsas gafendiglottrid 820 bHE a JBicdstrodl8Y Breédformed in
sidewal | s spacers 808, as well as insulating | ayer 606

openingds &3 ane8d8 asi shovirhia Figetea8Garfirst he gars @iklastid film 820 is
remai n unreacted netal in these areas. Next, a
blanjst geppsided arer thecubstiateh eThes getet dieteetrio/matdrial covers the top
unreacted nmetal while |leaving the netal silicide 812.
surfege @ndssideyallssef theichanpalregionsed thetseveicynd ustemiodn630 as
ntgo the silicon or sem conductor regions of a '
welkas the ehosed IoNBuAUTACES ¢fuhe ssmicangycierazdyng3Q as gescribed
h in Figure 8D a djelectrigc |ayer 814 is bl anket
abofidy Jdhet date Breriripphatriplis faed by qanipealarecess, dich as
t. 1.C S lcl.ent .10 conpletely cove
OV P ol RS 15 tolinpliah of e gB IR eBL R E Bl on the

oxo§364 Bl ] 0610 o YRR Rl AOSFA GoApEAL ov.

n cat _ ! I X
gat% afictroteiméateaal i U@’Gl@'t'td%léogiseq"@vér tfe g%?%rgfrél‘@ﬁffl&s%e gate

ody 620. That 15 is, el ectric matel
eledt@deadatriaknidt s by wallkheln §die eladrddd rﬁbﬁéria@,aéL{%:h as

el ectrode 804 can be renoved W thout significantly

desettilndd agoesva¥he lyatalelectrotie inwaterial and gate dielectric are then
chemically mechanically planarized until the top surface of the dielectric layer 814
is revealed as shown in Figure 8G. Once the gate electrode material and the gate
dielectric material are polished back or removed from the top dielectric material
814, a gate electrode 824 and gate dielectric layer 820 have been formed. The
gate dielectric and gate electrode either partially or fully wraps around the channel
region of the semiconductor body 620 as described above. Dielectric layer 814

can left on the nonplanar device as shown in Figure 8G and become part of the

“back end” or interlayer dielectric (ILD) and metalization system used to
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| ayer 814. After blanket depositing the dielectric,

the dielectric layer is planarized, such as chem ca
wore@haniogal pl anari zation until the top surfackCDiS1008040320

dielectric filmis planar with the sacrificial gate

el ectrode and the top surface of the sacrificial

20
eleﬁtgi§§xlf&&¢ﬁ|§] QdRoEX Héﬁﬁgnéﬁdéﬂ@ﬁtdg@tﬁérgh'{‘oeﬁuﬁﬂ-iorﬁ?é&ﬁg%ﬁs.

as shown in Figure 8E, e sacrificial g

Altexngtiasy edidlieetrRabyérc8 f08an BE fefiovB8 &t BYS tihfe A% Re@Bced by
openi ng 816 where the gate electrode is to be forned.

andieerolype of ifterlsgridiélectrial fogthiee'b808 eadtl Thie caeplefdstthi’d method
gate dielectric |ayer 802 exposes the channel region

of fafminge semlgnardiavica hdnddy a6y eiapped amupldeorgrar@slly wrapped
device as shown in Figure 8E. Renoval of the

aroynd opiq eleglrodet e el ectrode forns an  openi ng 816 where
the gate electrode is to be formed. [0064] Next, as
showa—+n—Fgure-8F the substrate is exposed to a
undercut etch to form undercut opening 818 as
descri bed above. The undercut etch renoves a 30 WO

1 040320,. portdpn of th
ool it PGP RBTE < BERYS B deRuabiin W whamil arugegte
' - [ [ 8F. The

ele g R it Moo et £33 HBVE e YeseBeS: ne
insulating | ayer 606 from beneath the channel of
sem conduct or body 620 to expose the entire underside
of the channel region of 5 sem conductor body 620 in
order to forma fully wapped around gate el ectrode.
Al ternatively, the undercut etch may renove only a
portion of the insulating |ayer 606 from beneath each
side of the channel region of sem conductor body 620
so that a partially wapped around gate el ectrode can
be fabricated as described above. 10 [00651 Next, as
gate dielectric 820 and a gate el ectrode 824 are
formed in openings 816 and 818 as shown in Figure 8G
First, a gate dielectric film820 is bl anket
deposited over the substrate. The gate dielectric
mat eri al covers the top surface and sidewalls of the
channel region of the sem conductor body 620 as well
as the exposed | ower surfaces of the sem conductor
body 620 as descri bed
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15 above. The gate dielectric material is fornmed by a
conformal process, such as CVD or ALD, in order to
wepmanedrhe formati on of the gate dielectric nBCEUSRD3/040320
on the exposed underside of the channel region of the
sem conduct or body 620. Next, a gate el ectrode
IN TRESE] Avgs bl anket deposHed over the gate
drerectric. The gate electrode material may be any
wel | known gate el ectrode material, such as 20
descri bed above. The gate el ectrode material and gate
Wediigihectric are then chemcally nechanically
pl anari zed until the top surface of the dielectric
| ayer 814 is revealed as shown in Figure 8G Once the
gate electrode material and the gate dielectric
1. mafdranplanar sepucorshstortdaiceocomprisingd from t he top
dielectric material 814, a gate el ectrode 824 and
gad seqieonaiiciordadyaving e tep $urfaee APPesifa ot swface
ate dielectric and gate el ectrode either partially or
forlgg |3§°°W? APsngh! amﬂjsvﬁgregﬁawh@!em paigi amigpneygtor body has a

@uct or tbod¥ l% as descri bed above. D electric
paig %ﬁy@ CraAOPRGIE RFWRIP t he nonpl anar devi ce as shown

| o BRI e A B B sBlrabe Bl pr 0RO b poay. on
sauﬂ‘F)Sﬁohosﬁhc%f%%fé%%%ugglbwO% Qﬁgﬁ%olater gppasite

ectrically couple various non anar evi ces

sudé\némf%ﬁasenﬁ&or@ubwm Nternatlvely, di el ectric
| ayer 814 can be renoved at this tinme and repl aced by

anglgaes elexpede forimmdceoh 8URT gatbaligiettricCoh @id 1) sPRRE of said
end”. This conpletes this method of formng a
senmoonmditm‘(arr boldy e abdpcenttoasdidigate dietuticoasaithidtarally opposite
partially wapped 5 around gate el ectrode. [0066]
sidawalts, ofreaigh samiconduates itodyremdbbaregiiasaidagdte dieletiniclon said
wr apped around gate electrodes and their nethods of
botfoanslidace ehsaid\semieendusderdhodyeand1o 32 V\D 2005/ 010994

PCT/ US2003/ 040320 I N THE CLAIMS W cl a
a pair of source/drain regions formed in said semlconductor body on

opposite sides of said gate electrode.

2. The semiconductor device of claim 1 wherein said semiconductor body is a

single crystalline silicon film.

3. The semiconductor device of claim 1 wherein said semiconductor body is
selected from the group consisting of germanium, silicon germanium, gallium

arsenide, InSb, GaP, GaSb and carbon nanotubes.

4.  The semiconductor device of claim 1 wherein said gate electrode comprises
a material selected from the group consisting of polycrystalline silicon, tungsten,

tantalum, titanium, and metal nitrides.
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5 1. A nonpl anar sem conductor device conprising: a

sem conduct or body having a top surface opposite a
whedsomsur f ace forned above an insul ati ng suPSTL/D81083/040320

wherei n said sem conductor body has a pair of

| aterally opposite sidewalls; a gate dielectric forned

on said top surface of said sem conductor body, on 10

said bottom surface of said sem conductor body, and on
5. saiTtelserdcahductongodcd of clainddwathérsirngaid ahslilating substrate

sem conduct or body; a gate el ectrode fornmed on said
corgarisesie beiderfilm, fooned anda mmmostystaliiee silicsmisdbstrate.

sem conduct or body and adjacent to said gate

dielectric on said laterally opposite sidewalls of

said sem conductor body and beneath said gate )
6. di dhesemicondiicier deviee Bbelaim! wharatiesajd semigonductor device

R o0 e BB BB SR 8 S
e T
B BT AL B8R ERBCE L oIS, A9 SGRSHE v

of ss%:?dll 8€ic8dt HhO BH S cHTi M RASSB R %ﬂg%hﬁ@ﬂ?&@@e glegfrode is

icon germanium gallium arséni

forraBd opaghe Paf@@i@té&‘i’@'on 48idtop Hiprae B SaRAMOEAST SIRY bRr

of claiml wherein said gate el ectrode conprises a

semigbrdiictor bedg ctreidadjacsntttbsalll gate didlesiritansaigfiaterally opposite
pol ycrystalline silicon, tungsten, tantalum

sidewalinofusgid ahbastoaé otfi¢rrseneison AR tHHEMNO FnALUREGhth the gate
PCT/ US2003/ 040320 5. The sem conduct or devi ce of

dielecticron said dxodiom suiface atsaidat tepsé obstatihaeresericopdustes body.

an oxide filmfornmed on a nonocrystalline silicon

substrate. 5 6. The sem conductor device of claiml

vvhegrei n said sem conduct or device , further includes at

I

JONpIANaL §EMICHR U HRVIGHERMPESINGody having a t op

suf fS%ﬁ‘lelCOHdUCtOF body having a top surface opposite a bottom surface

having a portion formed on an insulating substrate, said semiconductor body
having laterally opposite sidewalls formed above said insulating substrate;

a gate dielectric formed on said top surface of said semiconductor body, on
said laterally opposite sidewalls of said semiconductor body, and on portion of the
bottom surface of said semiconductor body not on said insulating substrate;

a gate electrode formed on said gate dielectric on said top surface of said
semiconductor body and adjacent to said gate dielectric on said laterally opposite
sidewalls of said semiconductor body, and beneath said gate dielectric on said
bottom surface of said semiconductor body; and

a pair of source/drain regions formed in said silicon body on opposite sides

of said gate electrode.
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and a bottom surface, and a pair of |laterally opposite
sidewal s wherein a gate dielectric layer is forned
W@ 200d/0100p4 surface, said bottom surface and sai BICT/US2003/040320
sidewal s of said at | east one other sem conductor
body, and wherein said gate electrode is 10 forned on
8. saiMheG¥nGicEh@Iq6t abWcOBf S/aird 70\WReRI a8 cPhic8RdGLtat body is a
| east one other sem conductor body, and adjacent to
singlel ctygiallimedsilidoaciim.c on said laterally opposite
sidewal | s of said at |east one other sem conductor
body, and beneath the gate dielectric on said bottom
surface of said at |east one other seni conductor body.
9. 15 The serieapdugiar dedee obelain ffovherein saidseemicorduaior body is
sem conduct or body having a top surface opposite a
selgefed A dhe SEQUP FRNAISINGOTERTMaRIM osiieqn germagnium, gallium
i nsul ating.sybstrate, sajd sem conductor body having
arsenids, 1195 GRoCREe FiteHarh San6iRss: above sal d
i nsul ating substrate; a gate dielectric fornmed on said
top surface of said sem conductor body, on 20 said
| a I . . : C " '
10,6356 SeniiogRARIL: ot B Phlct 7Skoe B sdfalg el pomprises
. ied ~i i . F te:
A AT oRT e Ao ertfy o Pl 2aife 3RELA, BingSten.
tantdloms Htdran 2d metdl nitiesd.conduct or body and adj acent
to said gate dielectric on said |laterally opposite
sidewal I s of said sem conductor body, and beneath said
gate dielectric on said 25 bottom surface of said
11.seffhe eduicondudionyeviean df eajpai7rwivdrerosaid édsiraling selgstets
formed in said silicon body on opposite sides of said
conypligesedr oxideddm fRamed opcD BIoMLOYSLal T 5ilis20 88D SiA820
8. The sem conductor device of claim?7 wherein said
sem conductor body is a single crystalline silicon
fi%gl 9. .The, sem onduc}or,d vice of claim.7 wherein
12'sai e

© SEIERHRR RRIy! Hlgim 4 WsTel $a1C SeBHiFe iRy ice
o L R BB - 4 e
andl:P SoRSH §8ﬁ%¢§;ﬁaﬁrg eag B4 6F 1% raf) BpBbLitd BiaERals SHeTeifd Sate

ectrode ¢
dielectric layer is formed said top surface, said bottom surface and said sidewalls

of said at least one other semiconductor body, and wherein said gate electrode is
formed on said gate dielectric on said top surface of said at least one other
semiconductor body, and adjacent to said gate dielectric on said laterally opposite
sidewalls of said at least one other semiconductor body, and beneath the gate

dielectric on said bottom surface of said at least one other semiconductor body.
13. A method of forming a nonplanar semiconductor device comprising:

forming a semiconductor body having a top surface opposite a bottom

surface and a pair of laterally opposite sidewalls above an insulating substrate;
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a material selected fromthe group consisting of
pol ycrystalline silicon, tungsten, 10 tantalum

wao paoatiaema and netal nitrides. 11. The senm condeCT/U82003/040320
device of claim7 wherein said insulating substrate
conprises an oxide filmfornmed on a nonocrystalline

si farmimg awaté tRtectrid bn kid fﬂp%mfﬁéw&@mlé&]‘d'uféﬁx@ody, on
claim1l wherein said sem conductor device furth

said tajetaly opaosite akiewatls ofiddidt semniabndestoc body cirer onb@ﬂbéast a
having a top surface and a bottom surface, and a pair
porB@n p&ﬁ@lﬂéq’r{;ﬂ@ppd@m ef saideeaticenductordiadya gat e
ectric layer is forned said top surface, said
&%’Wﬂgsa ORR @le&H@d@ ancaid geteaditectriss or apid tap Swsﬁme of said

sem uct or body, and wherein said gate
Sef@F@%&‘% b?&fy Q@gﬁgﬁ?@at brsaasatedielectiers seid l@temlly; apposite
I east onduct or

i T
o %4 02 BNG340 o RS R B 58 or oy

andgdi el ectric on sai d bottom surface of said at |east one
ot her sem conductor body. 25 13. A nethod of formng a

NORBMARAS paRHF S0 HIdaIn %Yérﬁ?n%%‘ﬁ’%éﬁl'id&ducfo‘?rﬂadg%rp

sem conductor body having™a top surface opposit

oppbeli¢ sidesufrsbitt gatersleétrgxid.r of |aterally opposite
sidewal | s above an insulating substrate; 35 WO

2005/ 010994 PCT/ US2003/ 040320 form ng a gate
dielectric on said top surface of said sem conduct or
14. hotlye methehfal formiegsiald/semiposiduetos deeioe| diclaif thintherein said
sem conduct or body, and on at |east a portion of said
gate,dialesiic and gate elechard ase farowstbenanth tueigntifeohanmg! eegion of
at e, elgctro e on said gate dielectric on said top
SaiPRPICORIUEOL 8PEY- 5 seni conduct or body and adj acent to
said gate dielectric on said |laterally opposite
sidewal I s of said sem conductor body and subadj acent

15. o TEER R} B ol 75 alisein L RPtoodh B8 nafibtos fitief 2k
ser IS RLAT R T ok SO GEURERY b FBAE iy b spgion o
saidah8e@lbfiRg8ubstrate is located beneath said gate electrode above said top

surface of said semiconductor body.

16. The method of claim 13 wherein said semiconductor body is a single

crystalline silicon film.
17. The method of claim 13 wherein said semiconductor body is selected from

the group consisting of germanium, silicon germanium, gallium arsenide, InSb,

GaP, GaSb and carbon nanotubes.
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14. The nmethod for form ng said sem conductor device

of claim13 wherein said gate dielectric and gate
web@sniwee are fornmed beneath the entire channeCT/USPODHMM0320

of said sem conductor body. 15 15. The net hod of

claim 13 wherein a portion of the bottom surface of

18saiTthe raethioelastdigiit 3 boyeihsaidgaetlonsdd Qoﬂnpﬁgéébirﬁgterial
substrate wherein said portion on said insulating

seleatesitfram ¢heé grour edresistirenefaidly agstallinatsicone Qirgatien ahentum,
said top surface of said sem conductor body. 20 16.
titamhen @pd oetabhitides.m 13 wherei n sai d seni conduct or body
is asingle crystalline silicon film 17. The nethod
of claim 13 wherein said sem conductor body is

selected fro 25 the group consisting of germanium
19 hﬁeaﬂ%@ﬂr&m@m 1 %;mh%r%sards@ﬁv@ang ISHbBtrategmPpIisasHan
.and car bon, nanot ubes. . WO .2005/ 010994
OX'@%%}"DJ H@ﬁ@ﬂ@éﬁ@”oﬁ@ﬁéﬁﬁ@ ﬂﬁ‘{%%u f@%@-ai m 13 wherein
said gate electrode conprises a material selected
fromthe group consisting of polycrystalline silicon,

20L ARSI A (AT T B yhions
serfildBAHIADELEAVREVPES &P s Rarld 4 Bolt s &nd a pair of
n Lgﬁdb g & rethod of

nmonocrystalline silic strate.

Iaterb% opissifeusitdRalld a6d Whns%fggjdié dgbISdtrik SRR VR said top

addi tional sem conduct or y having a top surface
surteve, aaiddidttom surfhes endaaitl sidpwills of saidGit ledronke! other
opposite sidewalls and formng a gate dielectric |ayer
seraicendgeipdbody aut fvhersin saiddyaie etantnoslerié forenehdn Saidigate
sidewal | s of said at | east one other sem conductor
dielggtric ompaidvipe serface af daigeatdeasteanerattier semiamndedtosody, and
said gate dielectric on said top surface of said at

adjpea o skl grtptielsetiiccuherid dateralympposiia sideyyaliserftsaicbat least
Onezg@gg\ggr}rﬁcogﬁﬂg ?’fj)rolgg/ glgg ahgatlh%grgzltcla %ie?gc%?ig Iotnesaid bottom

surface of said at least one other semiconductor body.

21. A method of forming a nonplanar transistor comprising:

forming a semiconductor body having a pair of laterally opposite sidewalls
and a top surface and a bottom surface on an insulating substrate;

removing a portion of said insulating substrate from beneath said
semiconductor body to undercut said semiconductor body and expose a portion of
said bottom surface of said semiconductor body;

forming a gate dielectric on said top surface of said semiconductor body, on
said sidewalls of said semiconductor body, and on said exposed bottom portion of
said semiconductor body;

depositing a gate material over and around said semiconductor body and

beneath said exposed portion of said semiconductor body;
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15 one ot her sem conductor body, and beneath the gate

dielectric on said bottom surface of said at | east
wop@soides sem conductor body. 21. A nethod of PEDUSI0NE040320

a nonpl anar transistor conprising: formng a

sem conduct or body having a pair of laterally opposite

si steMmbl gate SRciideanieBiabintd é‘@%t@é[éc@ro@@tdtmﬁﬂwg%gﬁr%? €

on an insulating substrate; renoving a portio said
anisoopiatdtcty fallobedrat @ iotopidetenas forsaadats e otRIBUFRIeR is
body to undercut said sem conductor body and expose a
formediaven the gateadidiestica layesom trec®podurtamiedfsaid semteidatior
body;, formng a gate dielectric on said top surface of
bodypid istarmed adiacant Buwrigateotielezficsfarmed iotetihel didevodlissaf shid
sem conduct or body, and on said exposed bottom portion
sergicondygtgr 58%’ 8pddt farieceriieatia spisksgate shielacigistfermed on said
nat gri a{. ove][ a %ground sai d sem conductor body and
XREEIR VR 6 Alf GoHaTpHTAGHOTHAId spmicLEts dehoand
b i L 005/ 010994 .PCT{ US2Q03{ 040320 .etchin )
odidcing BoP PRz Samicany et by o Bapesfzesides O sad gate
' j ic.etch foll owed by a
ele{:‘ﬂg%#ér gdpfbgmg? E)Efrt% tésg Q'ﬁ%%%ﬂ%@%ot rode which is

formed over the gate dielectric |layer on the top
surface of said sem conductor body and is forned

22.adirrc@ethddher @aine 2 divelepsirdaid E:Qﬁﬁﬁiﬁmd%tdrfbg)dgg% g%}’eréosfrom

of said 5 sem conductor body and is forne
singleiallystaliee diligbactri c fornmed on said exposed portions

of said bottom surface of said sem conductor body; and

pl aci ng dopants into said sem conductor body on

opposite sides of said gate electrode to forma pair
23. ofTheomethwddeflaim 3gmhesein sai® MsulBtiagreetstreteotornprses 2 lower

wherei n sai. d sem conductor body is formed from single
mogegrysiallinerdlican subsirateand arHep @dicesdxide,cl ai m 22

wherein said insulating substrate conprises a | ower

nmonocrystalline silicon substrate and a top silicon

24, O)ﬂ %%tholdlsof forming a nonplanar transistor comprising:

forming a semiconductor body having a top surface and a bottom surface
and a pair of laterally opposite sidewalls on an insulating substrate;

forming a dielectric film over and around said semiconductor body, wherein
said dielectric film has an opening which exposes the channel region of said
semiconductor body;

removing a portion of said insulating substrate in said opening beneath said
semiconductor body to expose at least a portion of said bottom surface of said
semiconductor body;

forming a gate dielectric layer on said top surface and said sidewalls of said
semiconductor body in said opening and on said exposed portion of said bottom

surface of said semiconductor body;
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24. A nethod of form ng a nonplanar transistor

conprising: formng a sem conductor body having a top
waeesac®and a bottom surface and a pair of |BCEUS1003/040320

opposite sidewalls on an insulating substrate; formng

a dielectric filmover and around said sem conduct or

bddgnketivepesiting 20gstai dlectrclengtdrial bl dai@BcPR M hd into

whi ch exposes the channel region of said
said epeoingdanst on sbiddyate rdistestriodayerpor said topEusads of said

i nsul ating substrate in said opening beneath said
Sef@'@ﬁﬂ@dﬁi%g@@y, asirnent do exidagate alieltetrs onasgid stdewaliefof said

sai d bottom surface of said sem conductor body; 25
sempigpPRgyEHORbedy andbeneathy said palediclastimipa saishexposedqmrtions of
sa'cimd sali % sﬁ)dz)\g)%l | s of said sem conductor body in said

: ﬁ%’ﬁ‘i“}?@ Clslo ol ¥ai d exposed portion of said bottom

. sal j duct body, 38 WO _2005/010994
L BB o' BB RO G551 oo P cltace ot i ctectc
filmBEHh %I%é?é‘%fec?@d%' dielectric filmand into said
openi ng

nd on saird gate dielectric layer on said top

S%lir@?iﬁg(gaiééfe‘ijec?ﬁmiﬁﬁ%tor body, adjacent to said

gate dielectric on sal | dewal | s of said
. _ ' . ol .
e oo IOl SeiengaLier §BUP A roiE shias fseit

electetaviorfgrra @ phigsderceldginregrngat eri al fromthe top
surface of said dielectric filmto forma gate

el ectrode; renoving said dielectric film and placing
doRants into said sem conductor body on opposite sides
25. offhg anethod ©f eladmt 24 wbetain Saidnsemipanductorboey i farmed from
. regions, 25. The method of claim24 wherein said
S'”%%%W@Eﬁ“ﬁlﬁ:?'ljﬁeorbody is formed from single crystalline
silicon. 15 26. The nmethod of claim25 wherein said
i nsul ating substrate conprises a | ower

[ 1i jd i .subst.rat e and t ili
26. gﬁﬁ%g%ﬁé@ p&'{:féﬁasjé \}vﬁgrnems ga% |rrlgul§t|r?gnsu€straqrg csélmp;rf:s%g a lower

monocrystalline silicon substrate and a top silicon oxide insulating film.

27. A method of forming a nonplanar transistor comprising:

forming a semiconductor body having a top surface and bottom surface and
a pair of laterally opposite sidewalls on an insulating substrate;

forming a sacrificial gate electrode above said top surface of said
semiconductor body and adjacent to said laterally opposite sidewalls of said
semiconductor body, said sacrificial gate electrode having a pair of laterally
opposite sidewalls;

placing dopants into said semiconductor body on opposite sides of said
sacrificial gate electrode to form a pair of source/drain extensions on opposite

sides of said gate electrode;
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27. A nmethod of form ng a nonplanar transistor
conprising: formng a sem conductor body having a top
waeasacwoand bottom surface and 20 a pair of PEI/Esz03/§40320
opposite sidewalls on an insulating substrate; formng
a sacrificial gate electrode above said top surface of
s doeirgearba R dideiall e?@éﬁoﬁgné’t‘é%lfyd q%ﬁé%épevgaus of said
| aterally opposite sidewalls of said” sem conductor
sadrifitial gate diegtrodef i ci al gate el ectrode having a pair of
laterally opposite sidewalls; 25 placing dopants into
sdotmisgnsilbaomdore said semdigonduapposdy adjsicdeistocfais giddwall
sacrificial gate electrode to forma pair of
SPpAWUB;ce/ drai n ext ensi ons on opposite sides of said
gate el ectrode; 39 WO 2005/010994 PCT/ US2003/ 040320
f RAsing deppals ints saip gdiganiansiatoesaid sleotigonditateradady in
.opposite sidewalls of said sacrificial gate
al'%f)"gec’itr"ﬂ ’salgosgv@ﬁvyﬁl ¥AG&%Dn on sai d sem conduct or body
adj nt_to .said si.dewall . spacers; . | aci dopants
" TbBfEia, S BrB S S D08 ShicCemGonaicigt Bydy Adiacent
to s%h(# el accyan s}ﬂatcgrssai d sidewal | spacers; formng a
sifrcide o

sald silicon forned on said sem conduct or

ATl Ry S o BB B g

saidgidevRlliesidcef® and 10 said sidewal | spacers;
planarizing said dielectric |ayer until the top

s pidreriziny saidi dleldteicasyer uhtll xelop surflledtaaidbidediiClayer is
top surface of said sacrificial gate el ectrode and

plasai itls #ve tdp surfdce ofataid ehetficialdate sleekpdaemhd sHaeYbiftial
said sacrificial gate el ectrode to expose the channel

gate @lgaifodsfis expdsed;5 sem conduct or body and said
i nsul ating substrate; renpoving a portion of said
i FeToxindnzRid spstificialygate elegirgdede wxpgse dreabtansdiregion of said
semiconductor body and said insulating substrate;
removing a portion of said insulating substrate in said opening beneath said
semiconductor body to expose at least a portion of said bottom surface of said
semiconductor body;
forming a gate dielectric layer on said top surface and said sidewalls of said
semiconductor body in said opening and on said portion of said exposed bottom
surface of said semiconductor body;
blanket depositing a gate electrode material on said gate dielectric layer and
into said opening and on said gate dielectric layer on said top surface of said
semiconductor body, adjacent to said gate dielectric on said sidewalls of said
semiconductor body, and beneath said gate dielectric on said exposed portion of
said bottom surface of said semiconductor body; and

removing said gate electrode material from the top surface of said dielectric

film to form a gate electrode.
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sem conduct or body to expose at |east a portion of
said bottom surface of said sem conductor body;
wo eosiony9a gate dielectric |ayer on said top seCT/EHSE®03/040320
and said sidewalls of said 20 sem conductor body in
sai d opening and on said portion of said exposed
bottom surface of said sem conductor body; bl anket
depositing a gate electrode material on said gate
28.dilétesvettiad dfegfaim a7 avhereinsesditondutorn ingdyeisdoRNed Hioth single
ate dielectric layer on said top surface of said
crystafinesiHeest or body, adjacent to said gate dielectric
on said sidewalls of said 25 sem conductor body, and
beneath said gate dielectric on said exposed portion

id bott f f sajd semi conductor body;
2. i Batbory it heraineeld basioas sHbelatr impriss ajower

. of .said dielectric, filmto f gat
moR e ng 13 vuPsBok o1b8dep surpuEmBER0 28

The nethod of claim 27 wherein sem conductor body is
formed fromsingle crystalline silicon. 5 29. The
nmet hod of claim 28 wherein said insulating substrate

conprises a |lower nonocrystalline silicon substrate
and a top silicon insulating film 41
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