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WO 2005/ 010994 PCT/ US2003/ 040320 5 NONPLANAR
VORAPBIRICTOR DEVI CE W TH PARTIALLY OR FULLY WiRAPSE}§3/040320
AROCUND GATE ELECTRODE AND METHODS OF FABRI CATI ON
159159* 10 15 BACKGROUND
ONAUANARRENISONDIRI Ol DEICE WIEH PARTIALLYZIR FLLY
WriEPED AROIIBIET “”§iﬁd&§%ﬁb§ﬂﬁwﬁmmﬁR'CAﬂ°N
fully depleted substrate transistor having a
partially or fully wapped around gate el ectrode and
their methods of fabrication. 2. DI SCUSSI ON OF IMMMMMIHHWWNW
RELATED ART [0002] In order to increase device
performance, silicon on insulator (SO) transistors sisarsos
NVENTHON f abri cati on of nodern
integrated circuits. 20 Figure 1 |IIustrates a mm"","
standard fully depleted silicon on insula *G00002"
t [ 0 ransi stor 100 |ncludes a S|ngle
1. & i HaE ONbstrate 102 having an
i nsul ating |layer 104, such as a buried oxide forned
thereon. A single crystalline silicon body 106 is
rodog, 3T 138sh ATpl PRIt 16 it b sPofigpfadki6 Fiddrafed dircuit
t
m*@?%déﬂﬁ%%‘?? et AT éﬁ ﬁgafﬂfyn [GRdsbsirate
fred I Py arid aw@lé@kﬁ:reaéﬁd/thenr
tragf;%g’sru te dgg rﬁ%,@gothg”)gwgactrodg 110aé [ 0003] Ful
mé{ﬁ@&j@bpfbbﬁ@at@mve been proposed as a tranS| stor
structure to take advantage of ideal sub-threshold
gradients for optim zed on current/off current
ratios. In order to achieve ideal subthreshold
2. @ISOUYRSIOMIOH RELAEERART 100, the 30 thickness of the
silicon body 106 nust be about 1/3 the size of the
gate length |

[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. SO! 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 SOl 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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0994 PCT/ US2003/ 040320 (Lg) of the
Wazﬁg&g{)gr or Tsi = Lg/3. However, as gate | engthEUS2003/040320

scal e especially as they approach 30nm the need for

(R BT e%ﬁsiﬁo@ﬂ%a??&af YR o5 Eife lotins A Sspecially as
Wﬁé’a%@“ﬁy R B 1O ar e BTag HERY TR RipesS (rei
9 A OB BT o, o

t%ﬂﬂés&héggﬁéé% thePbilicsith ?i‘%rlpﬁggﬂﬁbor%@fosbe §SS than 10

consi der e extrene one

nehbMetrs Jan@ BRsuridNb hanBiey t f
nanomnet e'?al s a udl ffi gﬁ It c%gargnég}gn%dqﬁtéfﬁég gg\?ﬂ q;(h. J’he

faboichtiormbf thin tsilicenTlras withBiknbBses bf IodB th@n ﬂgrﬂarfoah@teﬁh is
source/drain regions to decrease junction 1

corideredrtode éxtramely difficit! Ompoes siaht ﬁobuanﬂﬁ%Wmet thiformity on
silicon layer in the source/drain regions becones

themrdanetionie nangnieter igat difficuitichalidngear Qruthecdtbanband, to be able

foll owi ng the %ate etch and spacer etch | eaving
toj eniagtitbeea thisifime éa farosraised sourceldrairoregiprsntootiecrease junction
te (DG .device, such as shown in

A doubl e
rey {ngmf]@s b?ﬂogm giimosh imerossibie isinge thedhisssificer layer évthe e

salo Bt G86iong HesaTres cnsiaind SuiS Y0stsieh 209 various dleans
folptfadhi S 5131 438 Sarckriatoa 1l MsdilFotsiigan 106 farsiicon to
grgw'rod_e 208 is forned adjacent to the gate

ectric 206 forned on the two sides of the silicon

e
OB 5o ) 1 05 ST AP hve
enoBbacd o ddE HEaCSEcneR] s, s 4 o

deyitiec200 imeiudes @smb@n b@deOZCfbnﬁBQ ofhaw ﬁ@ula?tfngt Sbstrate 204. A
devi ce. Because the double gate device 200 has a gate

gatendieteitic 206ds ddrndubor wosides oftthesilicon Kb 20D Bintiegate
silicon body can be double that of 25 a single gate

elentroides2Cihis formed adipcent tatifeipate dieleickic206 femsédsonithe two
operation. That is, wth a double gate device 200 a

S'd‘?@l nyﬁh@ siicendwodyr 203 | Atsufficientlynibickdnaulating dayeri209, such as

ﬂ% 3. The npst nmanuf acturabl e form of the double
S"'é(a@ altfide; elgelricadly janiatespneata olectrgder208 fremtthetiep sbsificon

bog)cl)aog.atter ning be done with photolithography that

[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

2



~

10

15

) 20

25

2 WD 2005/ 010994 PCT/ US2003/ 040320 is 0.7 x smaller
WO 20050+ used to pattern the gate | ength (Lg) PET/§92803/040320
device. In order to obtain high density integrated
. circuits, it is generally desirable to have the nost
is D xssaalles than FaiiuseH jo petiarn the patedepeiit (Lgpof the deviee. In
l.ength (L é of the gate el ectrode 208. Although,
OFQSU&I %béér? iggr dansity integtaied ciscuits it isigsnesally ddsitaide thave the
ilicon fil since there nowis a gate on either side
m@‘f‘* FYUCEHYR MO,QF@W@@@C%{WH} tpspect fothevgate lengsh (Lg) of the gate
ifficul f i : le, sili
o3t Aubbhstdop bR h o LELTo Rl et oo
; i 202 wit. . ct rati
SRR ofhs®| inafe o Y g oft thef BissSir e sieang these
i i . The pillar of .
sdlUroS 4 Revep Bl hikatly MFREET S Mbchle il S Binel, sfcon booy
20%6’@1996@' BCdiRdonSBERAL &t8h Svhiéh Egﬁ ?t%c'ﬁﬁce 'sﬁlfcgﬁ gn_o%xl %Dg with an

03 is fornmed on tthe sem con or substr

aspeet retibr(heightiewidtBDéf aitlit &: gat e el ectrode 304 are
formed around the circular pillar. A source region

[0006B Figured ittastratestaheiliaogf MOSHET S0bi ce Hildl FMOSFET 300
Current flows between the source and drain regions In

includeisr 2 draip megien B 2diormed in ksdnieosthctbF 8ustraie P20BIr&iar
.15 with the pillar MOSFET 300 is that is formed with
siligpr pillan 883ds éoraasbow tre semidonductor ssbstrgtd. eA ateldrsiectric layer

é\nother roblemw.th the pillar MOSFET is that the
30§ gpd &oaleelasisede Bediarm rames aiasinddhedircalzapilael A source

rogdi LS PostogkonieBetipe SUoOPerE oRrentias bobien the
o a8 el el i Pty neTepBeluarto 1he sulogirateg h Soblerm
at e depl et ed

wit%ﬁ@p@gf W$Egﬁ§3fdgi%ﬁﬁél{i%gcgrﬁecgﬁvgﬂeja rafe gpd unconventional
Profe RS0t An el Bfotteii b Slfer Rsek i ot e

SOURGE Bhatirbint reB s A8 pricyd sy seddthiely MISHRRAN 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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around or an al nost w apped around gate el ectrode. 5
PGT/US2003/040320

WO390F0189%ure 5 is an illustration of a nonpla
transi stor having nmultiple senm conductor bodies with

a fully wapped around or partially wapped around
gate electrode. [0012] Figures 6A-6Gillustrate a

d of fabrjcating a nonplanar transistor wwth a
l@ﬁbf&'%ﬁ% 6@@@6'@@#{@9@)@ ng rifaasister havinga Tyly wrapped

| ectrode utilizin subtractive fabrication
ag)rug] gan ?@&%}W@Paﬁ‘?@éwﬂé gaje; ?'Pﬁfé@(?%te a met hod of
formng a nonplanar transistor wwth a fully wapped
around gate el ectrode or an al nost wapped around gate
. i J . ric , ONn

(A EEGRRS b o2y hostisfolra SRARTEM il Bttty

. ort . , .
SQAIcBh oy BOCRIANH o LA Mol gy peltial WAL around
gsteedédtAste, utilizing a replacenent gate fabrication

process. 20 [0015] Figure 9 is a plot which
illustrates body heights and body w dths which can be

used to obtain partially depleted and fully depl eted

[001R]fFiguees 8A-HG illasraie a hesthod of fdlridating thsor(plghaofradéistor with
nanoneters and 30 nanoneters. DETAI LED DESCRI PTI ON OF

a il WwresENEro mENTaIoN st Sviapped ardured gatesalettrode enitizing a
i s a_ novel nonplanar device structure which has a

suglrestive tahricgtien wheeassi s ful |y w apped around the
channel region or gate electrode which is al nost

entirely wapped around the channel region and their
US2003/ 040320

(0f3) FialieR AP sirate s mgthn o oprirka AGRBIRGgs transistor with a
rolfRBElRER {1Rh SRS BReB0e i priadiniSbred Ardune offe Slectrode
RS o e P TR ot Bt IR not been descr bed

in particular detail in order to not unnecessarily

obscure the 5 present invention. [0017] The present

[oqlgyghrgu'r@@ 8IASB@ iMtrite RAMBHIRPSS fOFRAINY & hBhpfinal Hansfstor 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 (L.g) 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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“fdr‘l‘btﬁg/l ment of the present invention, the nonplanar
MY has a gate electrode which is ful| §CT/US2003/040320

wr apped around the channel region. In another
reGHRGrC B offuuing kedoon phmrpunsPgITe AeRyopeaforih in order
to o Raofil] Gider AR G0t GeSalin iR, cinceBer Ihstances,
e e S
e 1 Al for LS et AGEUS B M

region o
prégeritinvifiont dt h (W!) di mensional constraints of the

sem conductor 15 body. Additionally, by conpletely or
[003e7] tThal prigsemtr ihooRgtrnig 4 h,@vémﬁiﬁb@éné?ftréﬂé%tofjﬁm&ﬁzﬁ.t [}an
' ng

drive current of the device is enhanced by provi

embedimedt 6f thegiresentrinesistion) thé aoApihar trahsietor HiY #aaRs
carrier density. [0018] Figure 4A is an overhead view
elestrogdervdhiph imfully twrapped tavourd thentharingh asgioni tienother
ful |y wapped around gate electrode or a partially
empogiipet @ﬁgarmegmténvemm ¢he nooplanar transisthaihas avgate
enbodi nents of the present invention. Figure 4B is a
eleciroge witen [sopaitially enalsnostiantirely mrapaed @roundthgnchannel region
n the gate electrode is partiall

of &%ﬁﬁ{gﬁeﬁ gﬁﬁé am}gn@%rﬁf@ trapgjsion hgvingra galsplestrode Which is
fulihfed ramding REicer iaSh ir almsekalaicuneliBe chanasi Gaion is
thal i o eP RO AELRICHI il PAIBE ot 1i2BHeR anpOfie Y fefax the
TR (7 P SRASHIR ST i PSP Bl A o

s ARty S0 EDTHRIF BumyBAR B Bpngiel e

devicw) theuties eurent 6fRld Geded isodn ' iti
the bottomb5 WO 2005/ 010004 Pc'%ngsego L pyReng 188 afiditional

cornérstihehe eevicendhich dricrbasys cérrigridensitgct rode 424 is
fornmed on the gate dielectric 422 on the top surface

[0018] Figeresdivis andwetheadbvidw, ofi s nboplemdr rdhsistort400owhichehas
..gate dielectric forned on the sidewalls of the
eithge ai fulbihwirnrad amund-gateialectrasieneia partiallywrappedareund gate
cli electric fornmed _on the bottom surface of the
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
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) conduct or body. Source and drain regions are _
‘?gfzﬁ@é"]ﬁ%*t he sem conductor body 408 on opposi FEI/US2003/040320

sides of the gate el ectrode 424. Because the gate
el ectr? e and, gate diel ectric surround the channel

SHEGFRRT Be $9MBIchEdtcton oy oA oBisRleaiade A2t is iarmadies the gate
oI55 48 oo, Fetade it e SPGBl fabive S formestadjacent to
o BB B ARb A ANRhe
forfie Sehectn 17 Bale dftedic ARGl e Do s e &1 R
s&RfidndubGr I%QJS/E' sdured %BrHJSinot%g (’ff{éqérr@%%{aﬁgﬁ the, gemigopductor

sem conduct or odies to I MenNnSi ons | €SS

bb@n408 obLeppRitetdidedioNiheyatd e ctiote 4J1E Bbf:‘elﬁ%é‘ i §te

t he nonpl anar transistor of the present 1 nvention

electrbtie snd dat Idieldepc suaduntians ichbAhelregich 8fthe semiconductor
fabricated where the thickness of the Sem conduct or

baxyi40&ad thiee sidds landfon atleastarportivtustt @ fourtiiyidal the
equal to the gate length of the device. Because the

seiicendueiapbadycanthensasiydullpdepletechwhenrthe itransistois turned

Can be operated in a fully depleted nmanner, the
‘CH@v‘ihééGQYSGI@HmW@rfpﬂnatlw of adudlly depleted tvansiston avith) gate lengths

Sideal ly 60 nV /decade at 25C) and

hol d sl
lo$8 et S BonemetePthat roadiEng thakse of Biatbisermiconductor
t 00 .nVN_and i deal | y about

o Rl Tl
atnBsf S F e te il 4O 5 he el Tt RS sGusture of

consu

g R ESPSRSG  BEPOA H L50Bl g vansttr
o BTEB Ay Ty AR BB B o

the: BemicUndDBtcr Uy drecedtRe to e Sleﬁ%tlgodﬁhe device, Because the

nmonocrystalline silicon substrate 4 upon whic

notelrmaplarvari trandistor btHeapRiseAPBveRtiGN cas b Spératétdin a fully
di oxi de film Nonplanar transistor 400, however, can

depletédbmandeorthardevied is thanbrtaAosd 840884 (i.e., very sharp)
PCT/ US2003/ 040320 known i nsul ati ng substrate such as
sulathreshold slopedideallyiGom\sidecade ati?6%Cand anieduicdddrain induced

barier (GIBL) Short Ghannel eect of less than 100 mV/V and ideally about 60
mV/V which resulits 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-
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‘& 020 Nonpl anar transistor 400 includes a
Qﬁ{"b #%t or body 408. Semi conductor body 40&CT/US2003/040320

provi des the source region 430, drain region 432 and 5
channel regi on 450 of the device. Sem conductor body

kngygn nsyiAing sihabate sueh@as swbsiratesdarmed fiaro sdicon aioxide,

rial, such as but not limted to silicon (Si),
n'g@’iﬁ%ﬁ’?‘lﬁ’ﬁs( 2B9 sapphifeSn ger mani um (SI xGey), gal | ium

Wﬂ%ﬂe@a SighSeii3hsisiahA00dn gy SasnEanduGor BPYEAOS: any
S§fcontiletit Loy, 4@9@%#8%5%%585%@%%335 5@?@5&'@ 452 and
clﬁa‘?ﬁe}’ Zé%orﬁ?élﬁ 85% éi{i"@@ﬁggétg" ﬁpﬂgi 8/ r\%hee rmgg of any

w&ﬁﬁﬁo@b%@?ﬁ.b&ﬁéu&f&( R s s PLEAZ: fnied (P ShicdrP(si)

desire For exarrpl e, sen conduc

geFimzgiem (Ceyssifddd érnﬁérhp?lﬁé‘(ést?l LY gagamh%séﬁfaﬁi %aﬁézdlnSb

i n. hi gh performance app

GaRnSasY and carbbn rmoluliss. %@nﬁd?i@{u@t‘&ib‘&fy 408 can be formed of
Sem conduct or body 408, 15 however, can

anyovslbkpswalrhateeiaf whivhvdmnbé rmsﬁb!walte‘#@l ﬂ'o?m lzmelﬁsulétmg state to
plications requiring |ess stringent performance,

ap
a earshictiye istateikyuapplying externel elpttrical comtsoisatSsmicéAductor body
i nsul at es sem conduct or bodé 408 from nonocrystalline
408jis idesily A piaglegrystedine filmwaen dne beshelactrisal pedormance of

presen nventjon, sem conductor body 408 is forned
traﬂﬁlﬁiﬁ?ra‘{%d i3 0esiEeq.s Far pxampls, sepdeondudior body e@&g a single

UGBS B TS Aok s otaton, sich
oA SRS, Sy
eSS 0 Tl G 4 o
recilﬂr@n% f%%%oéthﬁ%é’rﬂ é?'f;goﬁﬁn ﬁﬁuéfﬂgig‘?[%ﬁ]&%@% en@%pl@% Hsulator

406%@@9%&1&1@0#&%{0#% hoé?r%nh PncHUHy Q hé'éubéoﬁ%% trate 402.

to the body wd 414. In an € |man

In @ esestdimneneot lh@rprebbﬁ?t uhodmd}ﬂ%elﬁﬁéoﬁdwtéf Bodyf‘léS %Wfbrmed
hei ght (Tsi) 420 less than 30 nanoneters and 1deally

fromes singta oryatallina\@ligen iing.10994 PCT/ US2003/ 040320
nanoneters. In an enbodi mrent of the present invention,
[002 HeSBatsoNIcipn bory0408 has atpaieef terale oppdsitevsidevalia 410 and
to 2 tinmes the body width 414,
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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{’v 2 l Nonpl anar device 400 has a gate dielectric
g{ﬂé PIPY cate dielectric layer 422 is for medPERUS§3/040320
around three sides of the channel region 350 of 5

sem conduct or body 408 as well as on or subadjacent to

ngnomedars. J4n w5y embadisrentiod theprasemt inventios, thesady héight 420 is
b Fannejl {'i' 450 sem conduct or body 408 as shown in
BMRRIL & R be]y Widlth ﬁé4|§‘é|2ttirﬁ13$ }hQ)b@(ﬁY M)dtbrﬂdd@ll rrent of
t 4B
ldgd;?é N bfahiar eVt 4@1 ha$3 Qaie ﬂ\fﬁﬂﬂ@ V&S 422 j G@te]ﬁledeptrlc layer
L to

422 dENTed it anf o e 4%§Begﬂaap@ﬁggﬁf;$ shef
S ARLBY RS A0hE o e 3257 B Al o A oS Boron of the

ext
boRiUlrfedl ARG FRNREreRIcEE50 Sonfieiitdh Rior i 05 as shown
lngflgtdfr% mm?e ‘ﬁ'?r%ﬁg@' W erﬁ@BSﬂ@Hé@%f tHe gfé’féht invention, as

shiiven #cFiguee KBy the g3 dloNeetric laler
423 of itghe 1gyseeméconduct Jr bg%ly&@%gs ﬁ@e@ﬁj’fgg%gﬁfa&@ﬁﬂo

sidewelli#t2non ¢op sudsceh6t ol of adjadentiokiBewall 410 and is formed on
sem conduct or body 408 on each side. In the fully
a ppdiopeaf the botiom sutfact 468 0f semisonductirdudy 448 whith extends
gate dielectric layer 422 is forned on or adjacent to

fr W&&Mﬂl” 412 towardsttbe ceptes of the bottam, surfacer aradiceversta second
410, and on the entire bottom surface 418

906590@ Wg'%@ﬁﬁ@ﬂs .fr@@ sidevrli<4d0 towaads the centey pamormef the bottom
3| el ec,[fl er 42% can bhe any well -known rgFt
SuREE 4er 10 S{ Wrappe eﬁFSHBﬂr@BPﬁOQim&nhéhQWQQG igure 4B, the

is a silicon

ol aute {%’%?ﬁ%aéq%@?s'c% 65t R phge. cpERG473 g

Seﬁ*n%fs"gﬁj&t&] Eéé)ﬂ‘?%éegba ﬁéﬂsﬁ\%lﬁ\%ﬁﬁé en ﬁéfeggp@%out 1/3 the width
of Qél%'i%"dﬁ'cforl tﬁﬁ@rine@ eggﬁ‘ s?ctel @Qtﬂg f@MWr;%#%Fﬁaroun

forned to

enﬁiﬁd@ﬂéﬁ?ﬁﬁo@rﬁ it PRyuS 48, ﬁ?@ﬂétqﬁ‘é@&ﬂé’ﬁgﬁglﬂgg s formed on or

dielectric layer 422 is ate
adjeaget to sidewall aszaoﬁwﬁ@topnéuﬁ@céiwé e bk 5d1)a%léﬁht@§nd@Wéll 410,

not limted to tantal um pentaoxide (Ta205

andphdbe ETitiee pottorr surfaveok] 8lef thf @%neﬁ@o& Y semiconductor body
zirconi um oxi de (Zr02) and 8 WD 2005/ 010994

408:cHatssimarttic (agd 42intdmbe angwelkbkidhweYate %léctnc layer. In an
dielectric |layer 422 can be other types of high
emgpdimentraf dhe preserddnvantionpthd gatetdidlectriciayer is a smcon dioxide
(SiOg2), silicon oxynitride (SiOxN,) or a silicon nitride (Si3sN4) 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 (Ta20s),

titantium oxide (TiOz), hafnium oxide (HfO), HfSIO«Ny, zirconium oxide (ZrO,) and
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0023) Nonpl anar device 400 has a gate el ectrode 424.
2SN r ode 424 is formed on and around gatPET/US2003/040320

dielectric layer 422 as shown in Figures 4A-4C. In the

5 partially overl apped enbodi nent of the present

lan ol 2).nGritgydietectes; layies 428 xan ke other dgsesiaihigh K

ls fornmed on or adjacent the gate dielectric 424
dlﬁfﬁ%% spih asdatnat limitedde R4k channel regi on 450 of

te dielectric

TR DR g S G
AT 3 PSR BE e b T FiGogaac. n e
o) B BB Bk AR BB e 4, e
oA & 0 BRI S ind ARAIR e on

beneat

sIGEWAIL N2 F Y chashel 48§ on 450 GHsPMBSRUTESE b&fj% %B?hig formed on

al nrost all around gate el ectrode transistor

ate etigtettricilapet20frmed ©napkaop! :
’ beneat h bo?vt'%m su{rfnace 418qgg fﬁ?ggﬁ%ﬁgrg)&‘l’?gﬁﬂrggm" of

semidomdudtosbody 408 Lis tformdad oy of Gdljatene & Hat dieledhrid Rer 422
channel regi on 450 of the sem conductor body. The goal

foireed onrsidewalhé1@af the eharuiel oeiomod semiconttlictdrebary 468, and is
423 of -the device enough to provide good corner
forseed Peneathroridieeclly subadiacentioogate dielsotiicrteyer 422 formed

remai ning portion of the bottomsurface is fornmed on
beﬁsgﬁbgoﬁtﬂ%slﬂuaﬁapﬁg‘1|8a@féhe§bennewegm efsarpicandyeten bedy 408. In
A PPAN Go s Alress! Aldirauan ol clgsbdd laneiater of gmsssent
. i.d 412. of .the ¢ch I i f
iniéffioholktdatB P SRS extentls i eaﬁﬁé&?r@.séﬁ%c%2m°c

. ot f 6 t he.

appfNFe7 PR of ek BBt K5 Ao beth Sidnr e
ChamM e TERon PGP RO BB The goB Blip e HeTife
eletgBte WARErelind Ak coPrs @Eg dfthé Bégiﬁg e%ﬁgﬁttB pi?\éirde 290d

directly subadjacent to the gate dielectFic |

coriner zedtroh I tife slhesX&ll dredh@ BniodirhBAt FRY@HSiRIhgIBHion of the
408. Gate el ectrode 424 has a pair of laterally

bottemairface is fahaved b béAed amslildidy Byra4a6edn the fully wrapped
di stance which defines the gate Fanth (Lg) 9 V\g PP

aroppdszrobodinerbehnowalo IFiguré0B2 Ogats Gledtrddeati24 i form&dilon or
adquag@rgtptgfgr%;bg %ilqugttric?;yefrm%Zng(re;ggtoni sr,]iég\?vfail %q 2t,or}(?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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”pgposme si dewal | s 426 and 428 of the gate el ectrode
20PMOPH 3 direction perpendicular to the | afglr%s?‘ﬂpm'“)”o

opposite sidewalls 410 and 412 of semni conductor body
408. 5 [00241 Gate el ectrode 424 can be fornmed of any
430iaf4tansisjar 40@) &t eanembadiment af the presant isvBationie la&erally

the present invention to gate el ectrode 4%4 conpri ses

O@pos% pidemadis 426 ard 428 of Hie aeipaleetsode détduRin atdl@ﬁt'on

B R S SsEev 10 Bh A2ELS ot

beI ec ode can be a netal gate el ectrode, such as but
QV |mted to, tungsten, 10 tantalum titanium and

0 4554, B BEROTB B o AUBBRL G Ygipiarter.

TR o Vi g R L g s o o
p@@%ﬁélﬁﬁ?@lhcbﬁ%o@% aeéc?rﬁehﬂ‘é ﬁ% g%ef\ﬁéenww’gatoms/cm?’

ari be a e mat er | a
—Cﬁﬁ@%él‘oﬁlsléﬁéc kn ah érhbéunmérﬁraf tHepresent D'ernﬂéh the gate
limted to a polycrystalline silicon/netal
eldctrodeade ins aametl ghtepeleytrods i saichi aecbat hotdwmted to, tungsten,
el ectrode. [00251 Nonpl anar transistor 400 has a
tamtalucs titaguom at@thainaitadds anran egibodiment of theyresent invention
region 430 and drain region 432 are formed in
theegatecrieicicede istiodyied d®@m @ metesies hawingi alworfungiios compatible
el ectrode 424 as shown in Figure 4A. The source region
witBdheghanne! material (@gi,ch0432 eXrfer Hik nilds & berappsagiated, the gate
conductivity type such as N J 20 type or P@ g
eleshade 424 need Nat Recessaelyi %ﬁts"lﬂie f'l'%eﬁ?"e% fan be a composite

a1 B QT Rg=taes Rt 8ot (ited Thamabsyateieatichmetal
h450e o BRIy St (e IR i e, Ton o can

[0'8251 N@ﬁgl%'r‘l%ﬁ' ?r%'n% roztodjh%é Erﬁ?cépéyﬁﬁﬁﬁﬁtérﬂf‘é dP4in region 432.
Sé@f‘é‘éﬁ%@ﬁrﬁ#@o %Hed?' n%@ on 430 afb %’f‘qﬁ?ﬁﬁ%éﬁ? Ebn&uctbP So?y 408 on

present 1 nvention en transi stor 1S a symTe rrca

oéﬁ@d‘t@' éi@é’é of §Qtér ElRctr68: 924435 Hveh M Bigliré ag\, 0Théf§8urce region
have the same dopi ng concentration and profile. In an

430randithe arainfregion 482aeforined i the Ban%eonstmwltyltWe such as N-
transi stor 400 is fornmed as an asymmetric transistor,

type@rdbhipegedriduaiiviz 051 81 @athbdraenhtsLespi@senbilivention 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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concentration and profile of the source region 430 and
WO R0Wa9994 r egi on 432 may vary in order to obt dGT/ES2003/040320
particul ar electrical characteristic. The source and
drain regions may al so include epitaxial silicon
coregmdination amdl profike ofithe desrdeoregionpd30 @ttd thewdraia region 432 may
performance. 5 [00261 The portion of sem conductor ]
varydy onds tocahdaiaca pattisklan elecirical chagpdlaristin Thagoureg and drain
regi on 432, defines the channel region 450 of, .
regiehsmey @lsarieludmepitaxialsiisonregramthansl/ensilicides ferimproved
defined as the area of the sem conductor body 408
deyiee feHAENARGEt he gate el ectrode 424. At times

B
B
o oA 38 SRR R e 828 5 Behoongucior ooy

4@@38&9{1@&& 99 rtr@é;gafa a&gﬁmé AYaNtAtdmes ABARVE}, thE SolRce/drain

ope cryst Ine silicon. Wien channel

' yAé:aQ hé sligiReskridath $hé Yatecalebifoderaduyn, for example,
rergg(%\dﬁiga [ vi?gélsé@gl of t?etvvee? 1x1016 to 1x1019 15 P

diffLsioR/ teddfinkra aiareie) eslyion Rlightly sialler theernthei gateméairode length
when the channel region is doped it is typically

(LdYpénl ah@rmbedinmmb of the presantinvention chaeneifreghon 490 isciatrinsic or
region 430 and the drain region 432. For exanpl e, ]

undeped mensorystallicendilidorai in aegmbadimentoftheypresent invention,
conductivity the channel region 450 woul d be doped tq .

crpanqueegioomé@dsidmpey manoesrystellipe silican. t Wheadihaswmeh rrpion 450 is
drain regions are P type conductivity 20 the c

dore s pitaly sonackty sonshisiuY lave) of bRWasIS KL nde y10%
QR s PR ORTETBREIDE, RS rgPntioflede s Ffn region
s ey APfeg 019 p bR P RRORE N, G pyroe reaior
4%(233@3%(%?1?@??@@?03%@ %ﬁ%)fafed'tﬁlﬁl witef] tHSrsfoﬁfé@Bljg grrain regions

FOr—"exa channel  regi ons

a%r\glgyéiﬁ gWﬁBbCﬁ Ay the %H’Qnﬁ@l%gi?r{ £50 QR%Id bé t&?ﬁg&g% type

ransi stor 1s turn ON' curren

L RENBAW, SeherEBicbuted apBdrbinaredictisnarec@itgye conductivity
C@ﬁdﬁg t he g@itl&fed channel region 4509ign a di rec)?iseon

theadhannel réddioih Moukd BeN-efpestdraductivity.4(2thisl inan@er a nonplanar
2005/ 010994 PCT/ US2003/ 040320 )
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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providing a gate dielectric and a gate
‘%‘Sg@ﬁ%@é“v\hl ch surrounds the seniconductor bd&F/¥3p003/040320
all sides, the nonplanar transistor can be
four channel s and four gates,

terized havi ng.
W@Eif @)2925‘%'@%9 %éatecﬁéﬂeﬁﬂpc A argats elacrodepuhigbsniriaunds the
sqiBithRGuE0r 0BT o Alf dudsin8 honplaiies Hamaistor Cam b Pharacterized as
ons on

N P
bét@fe%n(tﬁé)sgﬁg% afd a%lﬁlreémg% %pﬁ%&{ Iﬂggvﬁgl%tpv\nﬁgtgnétgcﬁor body 408, a

source an aln redgion

s&%ﬁﬂ%&%@ﬁéqcﬁ@ﬁ’ﬁnﬁ& Jrd g?tc?fn%rbtetﬁmggﬁ'?ﬁggﬁﬁ{}%e% Grain

(g4) e source an rarn regrons

refiins A mg{tﬁp%?n%a 4l éﬁé@'rﬁi@ﬂﬁaﬁétgg bﬁgﬁlﬁoé% -thir&gaﬁ fu3) and

gate "wi Gnv) of transistor 4 the sumo

chaindehwhich éxtendobetvastrethe soliteéd ahd dréi'ﬁeregﬁir% I tHd'sBbwall 310
transi stor 400 is equal to the height 420 of silicon

of sedyiconti®tart bady40@ bhd 4lfourthl cianhbeand dake (d4)Bdtiveen the
body of 308 at the top surface 416, plus the hei ght

soypee amd drain cegiobe dy thedaitons isudface #1817 spimisondector body 408.
amount of the bottom surface of sem conductor body

Theagatapwidh'giew) ef kansisies 4094s the sgrr ofthe widtttshof the four gates.
tran?i stors can be obtained by using nultiple devices

Thah [$oi '&Q@ngmaﬁépf trepsigtor 404 isiggual to thecheight42@ of sitison body

urround si,ngl e gate, el ectrode 424). [00281 As
403@&1%‘@@?“?3@%@493%8 Hbﬁgwtﬂﬂﬁﬁﬂwoaﬁmﬂv &4 308 frtha dop isyrface 416,

oBHBI 2 5L 408 B B S e
ool 438 G AERRBAHEAE AR BGO 15 Lorger

trans

YA e 30 A R RS Rer

In FIgure

(eg: ﬁhmﬁpllreisﬂidow%diégaoé%h nﬁ@dibgsapém Ileogage;éiggtéc’a‘&é’ 424).

dewal | s and bottom surface or or

[0028} Asrtstad fAwedhe gl WIdHHT of tE4HRtOr 4681Se§UAYH tRE Sum of the
424 is fornmed on and adj acent to each gate 'dielectric

fous gateowidihs brazited fions semdcortiueterrbddyd 68 of #8nsiERF00. In order
sem conductor 25 body 408 al so includes a source
to fabricale the dramsistersawith fargeypate witiths, dransistond®bean include an

em conduct or body 408 on opposite sides of gate
adiﬁl@%ﬁl 06 dRUIEple semicaadmcton bodiegardingers 408 asestimeh iveFigure 5.

?'fé t he pr esen:b invention each sem conductor body 408
Eachysergicengugiorbady«A08has aiaate diglectrieiayer 422-fosmedg) its top
s _the ather 12 .

suriace 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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WO 2005/ 010994 PCT/ US2003/ 040320 sem conduct or bod
WR0050H0924 enbodi ment of the present invention @5@?}52003’040320
source regions 430 and drain regions 432 of the
sem conductor bodi es 408 are electrically coupled

semgendustonyodieardds. | laran emybpdimesof Meipeestriinyeardiodieagh
pad 580 as shown in Figure 5. Alternatively, the
S%@ﬁ tagiongt3h andstralngoinng 43 @bﬁhQrS@nHJCﬂBQU@iQh bpdies 408 are
her | evel s of netalization

el%&Hgalﬁ/dqéfp%;é Ec%q;gg%‘ QurCﬁggraqhng pad)54@sand pgrain landing pad
RIS S o
GATERS Bl RoBRIRT RVt ol éat%g'&aqlﬁﬁ'e(e 47 mel8l 1, metal
2 t?%f;@gs%bgdB@QétﬁgalﬁpﬁFer%@nné{IP{égﬁgg gg?ng rgf’ﬁd(?together into
S0, RSB ARSI A ST g s o
to & §uﬂh' cﬂ"tﬁébhté widtR. créa@asiysésth %e“s@i‘m@@n@@&b?b@@he‘sm% In

a fully depleted nanner wherein en transi stor

this way arteicdyat&FansitocHemogh bedorsd withGariygate Writh elesed.

t hereby providi ng the advant ageous el ectrr cal

[0029% Bachase $heé chanmeldegionf4stisrsuerouhdad for &Iy sides! st gate
transi stor. That is, when transistor 400 is 15 turned

electidedt e gatendietantind 22, transistdr 460 caarbesopersgedin a fully
450 along with an inversion |layer at the surfaces of

deplegecbmanper whesein when ﬁa@sngmmoawéumed “QNnibe manrtelheeglon

a d@oéurfaces 410 and 412 and on top surface 416 and
450 fullydeniates theerky progiding twwg%mbgwl%apyradw&tlcs

ot el R P
turfip SR et loh el 051%@39%5%% g b Borie with an
lnvbﬁ%ﬁ’ iby%? %:t ﬂ{ee§untfé§€568fafe Iﬁoﬁ'fe £58 [ign Lla n‘h%‘? ﬂ'ﬁ%&&ghri%%g is formed on

I nver srron

thefsigé I%brffa@és 14'1‘@ drﬂ:"@’f ShRQ oh%@ rsu\‘i%cgg%eérfﬂjoﬁfboétom surface 418

carriers, transi st can be said to

of theWenyi cdﬁ@ucﬁbleﬂod y). T PR inveRdion Fyer had@RE 8BRS conductivity type
transistors have i nproved el ect'rical performance

as (Hesawterdndtdrain mgongand foliya deptietté eariiel between the
partially depleted transistors. For exanple, operating

sourceasiddrain r@fonstoaaliow tyrrenltcpl fieivetherabeleveergi Vs depletion
transi stor 400 an ideal or very steep subthreshold

reginnogepletepfece capiexa lom bensathttbe inversioa layers. cEheentire
wth very steep sub-threshold slope of |ess than 80

ch&meae&%% 45Qrﬁa<qeeé31r|tpe invesion dayav/isl deptpied of gartiash, thus the

transus?tor can %e 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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13 WO 2005/ 010994 PCT/ US2003/ 040320 wi th sem conduct or
WOPONHIW-nesses of | ess than 30 nm Addit i onal RGE/US2003/040320
operating transistor 400 in the fully depleted

manner, transistor 400 has an inproved drain induced
Wﬁbraanycoro@.lmy bodwthickngsees of tesatthah 3 i deddifianally, operating
better "OFF" state | eakage which results in | ower

IrapaiRiR <08 the dulbbgenletpdrmpones; tr@oaatmmw%has |an lmﬁ)ra\red drain

i nvention the tri-

. enb t of
'"m%#“a% 'bgrgﬁf &dﬁm Eyye&ﬁ%f}%fect M@tprwd%efﬁ lle#@ﬁ “@Eﬁﬁmate

B 8 e RS 0Ol EABERGeS: Relton. 1
A 8 A A o i
e@%tg”%%"@?ﬁ "i\t’ﬁﬁ 8 IR g ﬁu@”?\“n‘;ﬁ’ o
[Oﬁﬁgoﬁl\%ﬁ?g |§’fa i Pc{tﬁﬁed?ttwb'aby@tgggﬁqan& ?%%éé(h sBEfH the body

e |l engt osen

héigmeéﬁ?d BH8y W‘dfﬁfWI"?iBh il HPddUceQﬁfHe?tf@lﬂl Béﬁ‘l?fﬂosgﬂf) ) 8 bhrtially

fornmed.” I n ot her enbodi nent

depletedi (P DY nohglanar fadsisioes By ¥ [hsthLaner
Ip;ngth( su{:h t}ﬁat a partially lggtgﬁgt ed rgng?‘gt%{?‘hm(%@ and

20 omn{©04) teseatisaly. Thenrmnbbmnmfnttdfmméwmm’ivddﬁ@n the body
resent invention can be said to be a nonpl anar
hetl%tnbody wdtbemwgatetleeghhra;ermosen ltayrave difnensionstiawidth a fully
gll on 450 are formed in both the horizontal and
epigied dransisterwili ke formeds dmcxtltoemmbodlrberml}s #esnonplarar transistor

enbc nduct or. devi ce of the present invention can al so
80y helghbdbedy wishih pad fateyianatle syeb dbeta padially sleplated
field fromthe gate electrode 424 is applied 20 from

ransIstons forped al (%2 and 94% and vertical sides (gl and
0§53 ToiecrPianerFaRgSiel pr it bissent feRuas SBnde Seid tnke 2
noRPleReh R b BB 30 IRt Prifs (abfeflegleis0 are
forfik! FRSAAINEhoFiz8HaF 8ndVsRiEat BlleBfond i SHEAnHACRP pBdy 408.

tl‘aCtI ve rication process

Thé@é@ﬂué@ﬁdu&ér Béﬁﬁé'oﬂrﬂi pRAShEhvehiib %%n'élé?‘b?tddﬁgggred a

substrate 602. A sil |con or sem con uct or

nofplaneddevice hetaabe Mtes elekiid fIE fRAR tRe gaboBRcrBdE1424'i§ applied
6A. In an enbodi ment of the present |nvent| on,

fromisathaorizpnial (g2 ramideg HQ&ihd vartivalesidés (g1and 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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nmonocrystalline silicon substrate 604 and a tos
WOOHB0PHg | ayer 606, such as a 14 WO 2005/ 010BGLE/US2003/040320
PCT/ US2003/ 040320 silicon dioxide filmor silicon
nitride film Insulating |ayer 606 isol ates
siliconidiotide ditroor fsilicon adtside film doslating tay@d H064s0latas
enbodi ment_is fornmed to a thickness between
Sezumrmm filmees ﬁpm@bségeée 60deand in embadiment isffermed to a
to as a "buried oxi . When a silicon or
ti @ﬁmm@@arzqq Bi0bRe 1nsigivia-aren A0ass somedurasrefired to as a
,, 602, on or seni condyct
i PREPE e B iiRanar Seeradidar ﬂmé@%]'s formed on an

in#ﬂ‘étﬂa%“%%%ﬁéﬁwgﬁ%ﬂ%n@é{i@ﬁ%’ge%ﬂbﬂg@ iy (S ffbubstrate

&d)nductor films, such as but not limted to
gerrranl um (Ge), a silicon germaniumalloy (Sl xGey)

[0(%@'] 'Altﬂﬁhﬁﬁ%%%g@n&@oﬁsﬁlm 668 l[ﬁ:ﬁgal tsm ??ﬁﬁm &5 ol

arbon nanotubes. 1n an e e present
embbb‘hﬂbhmt caf 'IS'eC&HQH%@é df 'sbﬁu@?dd&%:aﬁlrﬂsméﬁbﬁ]%b%ut not limited

(i.e., undoped) silicon fil In er enbodi ments

to gemamine (GeY, afsllldbnﬁé@rmmldmwwyt(&@é}? ﬂjrﬁfaréerilMQQGaAs)
conductivity wth a concentration |eve tween 1

InSH,@B&P 1Cabh] 8s atedinad carbon rizautulods] ult s emtidamrﬁ@ﬂt ofithe present
be insitu doped (i.e., doped while it is deposited) or

investidiopsemibnductor filng 608risnad intninsiﬂa(si.ﬁr,alr@o@eﬂ) sificondilm. In
exanpl e ion-inplantation. Do after formation

other gankediments, FenEcorduatmTim %l@d@medmacpetvpe@rtrbtype

fabricated easily on the same insul atd bstr at e.

congHStiHy Wit 2 @veperaifattqmelevglen»ﬁtweﬁauw Eg@g eﬁ*OWﬁIC‘éns
Seftigiicaer TR0 ot be 159ty Hoesq TisenHerstmilan Fidsposiied) or
dop f?ﬁsp‘ﬁ& et dh %ﬁ%%%ﬁ%&fp&ﬁ%ﬁﬁ%l@%ﬁ%&ﬁ%n Doping
aﬂé@féﬁ@%ﬂ%%@é&%ﬁ%?’“”??%ﬁ Knfos WA flces tabe,

TabyiGHERt o 8y AF LR ctiatic SKaPETTR RGNS oFtne

sehﬁ:%ﬁdhﬁﬁﬂ béRly R AIRIERoRtdetbmiABs Qﬁ@@l@bl@ﬂbv@l‘coﬁthé c@énnel

present invention, seniconductor fil 08 is forned
redidreof thecdeess, approximately equal to the gate

"l ength" desired of the fabricated nonpl anar
[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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' .. In an enbodi ment of the present invention. .
‘gfe)%ﬂdé'ﬁg%ét or filme608 is fornmed thicker than %2’2’??@83’04“320
gate length of the device. In an enbodi nent of the 15

WO 2005/ 010994 PCT/ US2003/ 0 0 t in ti
PP E B0 e, SaicAngwaor B SB0a arEnes ©ra ENsssshich wil
L anar t sisfor to be

b AR TP
R AR MR TR o o
[0085] Sk diRtdS0m ddB A% Eg%ﬁﬂgd 8{1 Hé&gﬁ@sﬁg%#eg@@ in any

on 1 nsul ator substrate, nown as

WEK-KBBWNFheModar IR dﬂ@%h@ﬂ*&ﬁoﬁfog@ir!ﬂé? Em@&é ®n A5 Qator sybstrate,

single crystalline silicon subst e and then anne

kriowrf s nihé BEVIOX teRAnkitied ©x§§én avdrhdiafe Irﬁﬁllel,ﬁt&féf &'hfgh dose into a

The portion of the single Crystalline silicon
singlesdrystakinalstiicen substrats aad then BAndSIae Tem the bkl ©Xide 606
film608. Another technique currently used 10 to form

wightn theisubstnates The portiepidfdhie singde tiystailiie bilicomn sub&eate above
techni que which is generally referred to as bonded

theduriedroxide beeemaaithgsiliqon filng 6081 | Anathemtsiohnidussciarrently used
thin oxide grown on its surface that will |ater serve

tofarm SOlsubstiatesdsan epitaxial silieon fiol transfec tasheiqueewhichds

ooBeF RS B SEEBFB, inEoob 2t Bt bbbt s
b2 AR S bbb 0 5 B e 08 n e
S S T
a0 B B 68 8 AR Bl 4 verer. s

ﬁrﬁ%&ﬂ%&h@nqiiﬁpéﬁ‘m}%rﬁ Ebﬁa’eéltd‘ﬂkeﬁuﬁfé&t ?ﬂe%: E%@%rb% silicon wefer.

silicon substrate. nown snoot hi ng

Theuirst waferi@ tHemativewaRingheHigiktress E@M eﬁéatee'ﬂfyﬁhbmdrogen

20 (CWP) can be used to snboth the top surface o

implant.cPhiduetalts fri & SCIructurel with dehin SiicdrhiagsnBAop, the buried
[0036] At this time, if desired, isolation’regions

oxideatndsinoeath allbon top dfitheesingletorys3aliine stiitopaubstiats. fVélknown
608 in order to isolate the various transistors to be

smpgthied techiiques, sucbmsdri@! amopthing or sbemical mearwnesl polishing
c%n be forned by etching away 25 portions of the )

(CNE) saphiecused 1n sogoththedorduniace afsepiepnductenfisn 6081to its
ed B

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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exanpl e wel | - known photolithographic and etchin

WQRWHOHIS, and then back filling the etched PE&U@H@:”O””O
with an insulating film such as Si02. 16 WO
2005/ 010994 PCT/ US2003/ 040320 &0037] Next, standard

[0p3 Tt Wext: viagdarthphatotthegeaphygan emm:nwt@@hamme used to define
define a sem conductor body or fin 620 in the

a semicnaygter dodyiariingdR0 mdhetsemc@ndtgé@reﬂlm 6a&§orshh@rtrlamate
shown in Figure 6B. In an enbodi nent of present

trﬁ‘ﬂﬁ}@ﬁf agaho Hén Figure&B.plugn qudﬁnﬁ%\ft? ﬁéﬁeﬁ%mh'HV‘éméP” the
fnr‘,\prdlgq]dydééq tgqrnpq ig g@@/gt X ﬁ@? §1§ %eétbﬁshgq?@ to or greater than
thg SPGB0l BRI el gDt 85 Yatrice e Fafbitor. 1n this way.
the b3t TbehA PriidiiostaRfy § ﬁstf%@f% Eathbde D8 afiststor are
agsb&ai’e‘ii‘ With tﬂ‘\%éaté Qleﬁﬁog%% ﬁﬁﬁ% aﬂ& é;é@ﬁrﬁﬁn%uctor body or

I nventi on sem con

fi n%@ﬂﬂncﬁﬂ&n'é?ﬁén’ib‘fb@ﬂn@ﬁt cﬁqHéﬂpréétbrﬁ%\f@ﬁ%HEHﬁJ §elﬂ%nductor body

deally I ess 10 than or equal nanoneters. In an

orélnib(will mané aokidtin 618 Neseiiani oregjlial 030 hRRometers and ideally less
sem conduct or bodies or fins have a width 618

thappr eguateo &0ynamprastars. imean enbodimenbofithehpriegbnt B®ention, the
In an enbodi nent of the present invention, the fins or

sepucoreRict@dmdies or finshdvée actigthwG 8 appeoxinsately equal tahie silicon
sem conduct or body height 609 and two tines the

bogly teiain §06: dn acﬁb@mbhdll'@ﬂ?m o dige pn&semmntmdtha ﬁm\pr podles

t he photollthograp y and etchl ng step can

629&%8 Fyyicth 18 whighds hatyeas * ﬂbs.sgf,m@enwwgr bpey h@lght 609 and
RS e e PR gucior PRRLRBIOREROM dthe (aw can be

1ods3E eiBeug b8 Phatalharshoy B ARShd b 2ok B e o form
muiHiS sife %@&@éﬁ'{aﬁ% 18, 5 Sid nahROLEs, ehgyn in Figure 5.
In ﬁﬁ@@%gf Qandibors WhSdifent é@*\/oge%‘ﬁ%%v)/ t:ﬁhrbee {eBREL R across a

pads Can be used to conn e various
wals IR PREbRRSgRaIhy: Snd Bfthiy stePIRinMEo HtusetPid P source

drai n regions V\,hen mul ti pl e sem conductor bodies are

landireppads 622 andaraindaadingr gaus 6240froml b3 mitbaductor film in order
sem coductor film 608 can be patterned into fins and

to prawvitiencpmiacisaregs f@StheetrandistomnAdditionélly, thg iamding geads can be
et chi ng techni ques which generally include the

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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i Of a photoresi st mask by maski ng, expgsin ~
%E@é@@%@i ng a bl anket deposited photoresi st Pf%’il‘4ll%'2003/040320
and then etching sem conductor filmin alignment with

SR BTN SR b oy B At 08
T BR3P e RS s BB 32080, knomr
hifiocHiElor Ll Bl ES SR A Bt RnRlesT @ BRng 1 reactive
8 B 30, AT ARG o 'y B PR e

pAbtctBsBNinagk! *P%ffé?%egrg HRAGShil 6(?'%?%(etcﬁfeﬁ% form a semiconductor

sem conductor film is etched orm a

bedyrios finG2ct ihl rif4Bsi
PAYCF iNG20 Bind dtive(Bfalh anding peRSBaou ¢ 624] PBsired) the

phetdresist mask Ve brhvatby welldkibwre EohnfiLRSs, sabs %sf#é/ Shemical
chem cal stripping and 02 ashing, to produce th

skipiping and Ozrashing, o Broduce Hi8. sUbrb8E shiswh, in FRigwe®®, i n
Figure 6C, a portion of the buried oxide |ayer 606
[0040hblext, B8 shavenirhFigare 66ndyirtion bbthe 6aked sxideray@ds06 formed
A short isotropic oxide etch can be perforned to
bengatbrsemicondicterbodnfddis mmovet): Axhoshisotrepinvaxide etch can be
all of the buried oxide | ayer 606 beneath

P 'ﬁé’t a6th i BINGIPERT theosgmisppducter bedy 626 andirervavef partion or all
o neTpurieh e fnyes BUR)befeih s sam{poadyeiar bRyt i the
fapEdit b S Pl GERRE iPliod Ges Rlechotin e instiation stcn
(BERAE B PREVER B p ol BB RSB GiTS hneig e
serRIELARdtarbaty bady 1 2 ertBSdnic: U i Braddtl Wil stch

y wap ar oun e

reRfiVesepppdxibfite AvE bethd Mdth %fmé/@ffb;_laﬁﬁ@ filfh g@g%ﬁ%eneath

from beneath the sem conddctor bo suc

eavhsside bhthe2SermRiBnea by Body 6200 YWHER fBARiMEa HaPRRESARth a fully
by source and drain | andi ng pads 622 and 624 fornmed

wrappeteroemd gatengleptrote othe arftire pertior dBthe IR dinsDR&ting layer
| ayer. Any well known isotropic oxide etch may be
606t isIremedediitarn bieseath thet sersicondutier body &20duatsuch a case, the
material (i.e., an etch which can preferentially etch
seffHeongusierpediy629 can dessuppartest by souncefanchdrdily landimg pgds 622
t.h m conductor film608). An etch with a
angeqe?ééi%irr\mpp)prbtheaqemamlng 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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@g | east O 1 is desired. Wien the sem conductor film
820?¥0§ Micon and the insulating film606 is RET/PSIA3/040320

oxi de, a buffered oxide etch (BOE) conpri sing

hydr oge nfluorldeg E%/can be utilized. 18 WO
(%{?d g@gatecphﬁ eu628 is fovoved] orend areungheach
d| eI ec r | ayer, 626 is forned on and around each
t YRR Ebat isa gate dielectdealayer6@6ds forneed on the top

i e n e e i

s@%&%@gﬁm@%@@a& 5o 2o B e orming
oM A5RS04 i
ULCERARA PR A el R

a conpl et yvvrappe

fdﬂhﬁ*gi‘étcbhi?plét%ﬁ%/r pp°pecf SR ﬁ teh&tl%a'égg?e B%et (%]ecltnc layer is

surface of the exposed sem ductor

forined et thieceritie begtom SeMase b F
di el ectric. The ggte 10 di ef@gﬁ)ﬁjﬁﬁgyégn'gg%a%ﬁgﬁpﬁd% The

géterdieldchic carcoe batepasited @M@@tn%r@?r@%bblé%dtrf@ The gate
formati-on of the dielectric 626 on the underside of
diglestriodlayen626 shouldduaifor62a. by a coaforardd processtwiithtemables the
present invention, the gate dielectric |ayer 626 is a
fogmatl%ﬁf thei dilesdricip26 evtthe entersidgobtive semiconddcionkady 620. In

Rl/’lgatl on process. |In an enbodi ment of the present

ar] eeRdingent QfHBesﬂf eserdinvantios, the gatediglestuic layen626 is a silicon
|cknq bet ween 15 5-15A. In an enbodi nent of the

d'?ff'@%é’ e?*HGéW?.Qfﬁwntw@ g4y wet exidation process. 6126an gmabodlment

ut not limted t

°fﬁﬁ“§ R ein‘? gg‘%ﬁﬂt'gﬁiﬁ%ﬁ lﬁjncﬁg%'aﬁ\f 19 i Brow traithickpgssief between
%f;ﬁ%hm%g’@%@ﬁf 8%159%5%'1 ent oxgtg é@%@ﬁgéﬁnc film 626 is a

O Mo 01 8 R P M B, s
asﬁhﬁtaﬁ ekiRdibecHR, %U&I%EQ%rAt‘é%E?ﬁ p[eggé}gj?d%'?%d . apg%m oxide

atom c | ayer deposition
(TiShRurmfhinnogideq HO,), MIST,N, SHRGMGADXIRE 24 |
bl gnket deposf(t edgover t’hg substratgwﬁzmgaﬁaqah$anum
oxidedtaOgller 68@riigH-ardfeldctritst Seclyat PZThRE BYT FsrmayBy
626 fornmed on the top surface 627 of sem conduct or
cheyoival Baporeepositiort (CWBY opatamicddyercdepositior PALDRt e
dielectric 626 fornmed on or adjacent to the
[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 dieleqtric 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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' Js 628 and 629 of the sem conductor bg 20
@ﬁpg& or'med beneath or subadjacent to the gaf€¥/ug2003/040320

di el ectric on the bottom of body 620. The gate

N T L B R ——
oS T AE5H G St B Ad BT RE1S et
1SS RN B G000, e BB e bb e Efcung materia
o BhoshteR A BAICRDEE, e e S afisRn ¥ ot e s SRR =
heihPoPLERLECHFed R b hel t%%&ﬁée?ﬂﬁcg@ggtgggb%lﬁﬁ%@% In

or height s cient to forma gate e

ehdogithest ofdthe Ippasdnttifeiftion tlRSghllce|BEIreid n@@ﬂ&fcomprises

senm conduct or bodi es 620. In énbodi nent of the

polyeystallinensitiedn.om atdthepeinbodiraeht ofttepressntdhvention, the gate
conprises polycrystalline silicon. In another
elentsodé meaterialf carhprigeses potycrystaliine siliconigerganium alloy. In yet
el ectrode material conprises a polycrystalline silicon
otfer aentiogimant ofjtheipregent inventian, énd gaterelectrofe mhaterial can
present invention, the gate el ectrode material can 10
CQIBRATe 3dnetahBimy such) ag tuagsiena santalga: and theiinitides. and

heir nitrides.  [.0043]_ Next, as shown in Figure 6D, a
(OB 481Ns 5, 50BN 1194 L3R Mk malsriPhiscOppReted and

SIS o S R LSS g e s
oS 0 ARy
wiph Wit gk B8 sHBGfankal P RhERARI RS ddtori bt ind e oate
eléQfodBFrihtEms ntoBd Sé%{:kf%%oéé.' ¢8R %Bé&ﬁﬁ%n& gf gféjng%%eﬁt

t hi ckness bet ween nanonet ers.

inVeHtRIN, te Rakl PRisk Phalfal BisicdnPtridey RHehan & thiddesE Between
usi ng standard phot ol ithography and etching

20-e0h nanoaetersheThharer magk nmwterlaneskbéIdrmed fred Bskhttetned hard
a wdth which is desired for the el ectrode gate length

mask 634 ukingdstandard plididhithodiaphyt dred glrhingeteehnioues. The patterned
material is etched. in alignnment with the hard mask

hasd mask 634 is farmeaddo @l widih whicreiBalesinedsior thevelgictrede gate length
t he present invention, the gate electrode is first

of 1 devieepi cal |y etched in alignment with the hard mask

[0(}491] 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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r ir of laterally opposite sidewall 639 and 641
&?2%M§| n Figure 6E. In 25 an enbodi nent of tFel/US2003/040320
present invention, the anisotropic etch is continued
E%iil just . about all of the unnmasked gate el ectrode
eigciradeanatggel isdemavsdancithe l}uﬁad ipsilating layes 606 expbsed. In an

latln ayer 606 is expas In an alternative
{i o Aresentipvantion. f awgptsapwte(t@w ipegermaed with an
e 20

aﬁé@@f'a%oé@ﬁt WS el o mshosabing PRGN R 474 Bidevial 639 and

- 64% Wﬁﬁd%%%deéé&? (ﬁ)éjgdf ﬁ%ﬂ énglﬁ’ggéﬂ{] \gq%g%ﬁlggﬁgllste it é)lfc'g%ment with

In an

A8 670 e AR S SN A OB A o o

et ch orrrs

ethd8V@hich@2® agotrEfidalf efche Q@a?e 81e%%68q'ﬁatte?laﬂﬁ)g9%te

insure that vertical si devval sTIn alignnen

sutmstahtiaglet@Rdg A€ hbrd ARk a‘?i@h’séﬁicbﬁ@h&oﬁﬂln% %b%oéﬁrﬂ?? used.

etch technique and etchant which can anisotropica

Weireotthe seriesred aterchiinogied gatecslieairodd e Birmed from the same
substantially etching the hard mask and sem conduct or

meterial, aghasnsibieon seliard sk sutte as siticonnivideasarf bé Wsaddo
ate electrode are forned fromthe sane materi al,
Pafigsn the semicanstucter firarintonbedies and ths hard sk leftton digring the
an be uysed to 10 pattern the sem conductor filminto

956 grteming ef%twpéﬁ%&% seawonsivctarrhasty Qrmpdlgafr@m etchlng
att rnin ch_F rot ect the sem conduct or
lggl g g,alt%ﬁfcg% t%ﬂgq befweea tggtl@teéalbqppppséte sndewalls 639
angi f%ﬁaﬂ be Wee gjbﬂtg gntbér&)eﬁfc?ﬁs | %qﬂ%@%i@?&gmaterlal
s %ﬂé%@ﬂﬁd ?%M%Zéatﬁﬁélé#t‘r@‘de reta B e oo
e85 SRl Sh T S RGA el oE i ormea by
a phehalith UBiiZeg @ I#Bf/tﬁkéé&?%e gyl sty [ 0045] Neﬂ]e as

shown in Figure 6F, a i sotropic etch

[00SE Neixs, véHaieth FigureBF, aREF PR éhl@él%‘plc% 'tﬁ@tét&H’Iscswltched

etch rempves the gate el ectrode naterial from regio

to amdsotropic btchheThse sotrepitustch redodys the batd Breciatie materlal from
el ectrode is not to be 20 forned. It I's inportant

regienmuedemeat thesseraitopducioo bedypwidne tlg@t;;at@b%drfo@éQs not to be
mat eri al fromunder the sem conductor body 620 so that

formgpl, ihigdportand tmeempee the undesireckportibns of tie gateseleetrode
? (ijral n regions to the gate electrode. The isotropic
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 aimost 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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etch which is utilized to renove the "stringers" can

PO HEIAWOMEd after the anisotropic etch conpl ePEN{PS2003/040320
etches down to the underlying insulating |ayer or can

25 be done after the anisotropic etch al nost reaches

the pagsivetad topgrdrtieu bhthengate Blectrodesshauld maaintdinl deairiginal profile.
assivation on the gate electrodes protects the gate

ﬁlee@qqrsa@f underruttingcan e contellad byunodifyina dhe aatausiof
ig@%ﬂﬁ@&éégﬁgg@ﬁ%@;d %ﬁ%& fﬁ%itﬁ%fe%%ssdg{q heigg&t@%ng layer.
TR G S ST RS S SR 205 ot
i i fhplceboElo? SRR egR! fRsia @:for e 8 asEAndssource and drain
S Bindihg e T b o BF Rl isHERe RSy onic ton

iSRS uBRAn gtrggﬁgag.?ﬁaﬁé hciﬂ*\ﬁetgétbﬁ. 9h %ﬁtérﬁlgﬁ?g of the

conpletely 1so0 om t he sem conduct or

pressmt iriveh®oR) theepHneith6gRaphy proesss asad tb Befdithd RefdOMask and

| andi ng pads. In an enbodi nent of the present :

therefong itien gateeletcBode 886 wiilizeda miniraaRtociBEl sstidimensidn
a hot phosphoric acid wet etch. In an enbodi nent of

lithbgraphyesrecess osento fabricateethehmomplandnogarsistor N(Thae ks in an
used to define the hard nmask and therefore the gate
embedimenteofdhe puesant imeerdioni the gate tengtivdlg pefi theigate slestrode
10 lithography process used to fabricate the nonpl anar
636 has asmiimupTfeaturesdimansion okiedmnsistor definedbyr esent

oA} e Saar P oo PR i it
fjined b h lith hy),.. .| di t of th
L e e

30 nanoneters and ideally |less than or equal
n%ﬂé@%te&% nanoneters. [0046] Next, source 640 and drain

B9 058, 9801 e AT Bl T B fomod
oStieshaads, B8 o0 TiPushe JUSHEo8 SBRUSAE RNt i

Figh@cds@g Srastandatdinl rdigforke6d ¢ AR A0 rediutiioslyd é8n ¥R formed by
oth sides 639, 641 of 20 gate el ectrode 630 i'n order

placing dopantgb44 inté 46nmicshdiktorasodiee 6R0Idh hbihiEieedEB9) 641 of
source and drain | andi ng pads 622 and 624 are

gate eldctrade @3(kin ender td fovmieyichs640 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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his tinme. For a PMOS tri-gate transistor, the
@Qrﬁ'%‘ﬂﬂﬁ??dtor fin or body 620 on opposite si dRCTHVS2003/040320
the gate electrode are doped to a p type conductivity
and to a_ concentration between 1x1020-1x1021
"'ta@@) RETRAGIMEBt efotheprasertdaverdiom dhelica-implantatigh mwsurdor a
ate transistor, the sem conductor fin or

t
N%mﬁr“bﬂ 1 ®ppPdifaciioninaseensicylne tysuksteate 800d @s shown in
d t
F@aﬁ%éﬁ el oa dRiopihigs d pabbiont s eistoger o be

odi nent

d%r?%iéﬁrg ﬂlpg{qﬁ: @}pﬁaerﬂﬁﬁorwa@plq@%yoﬁng oving hard mask 634. A
oL b4 5 R AR Pt
st%Prfrdn‘mloﬁmg%b%aﬂﬁ‘éW lérgsgg-ﬂgr%rf@Hc)&@é%@%bgf@é@%ﬁ or, The

di'rect1 on per

ch‘dﬁh‘éﬂré dion Bu4gYs %@ﬁbrt%\ﬁ tﬁ’é‘%@nﬁ& 0?61'3)0313}36%[5 }c?:r?ted beneath

pol ysilicon gate e ctr 't can
ortefwrdLKmieU'ﬁZ‘ Bt gte @I‘edtfdb‘ée@% bt datd Bleck H@\ea"wusf?ﬁ%tau

mask 634 5 polysilicon gate € ectro 630 w Il act
elestraderdbé digletriewand nidsk 63campeasedttb Wockstherddpiagduring the
dopi ng the channel region(s) 648 of the nonplanar
ion-irapkintation proicess.c raathelr ensgpdimedtEs dtisert methuoas, saoh @& solid
t he sem conduct or body 620 | ocated beneath or
soyiiee diffuion, byay be uged ¢o dope the semismductordady to form source and
el ectrode 636 is a netal electrode, the dielectric
draigrextersiens A4 thisrpajet, fakvirationmfecronplananipamsitatwitng partially

h\ 10 ion-i ntati on process. |n other enbodi nents,
OrE‘l'E/ r gﬂ“é@@l‘ﬁ' Q?Q‘Joé’ﬂpds COBRIRte. di f f usi on, may be
107 i oA ERBeDRCorRE HrRrertibyenton, Jisips ERGIGRS Ganbe formed in
sﬂ@?ﬂ&'ﬂn 31935 ridr té‘lrﬂ'zé to?ﬁ@ifoﬁ;bf%oﬁﬁ.’r%@ré i‘nd'sﬁrlﬂnfsrqlql Uit ERPSH
xR AR, Fold g SRR BTy 16 8h 8 rir

can

648 F s eviceard é%ﬂﬁ{a e coREL Ry Bt 3P "sﬁgﬁ@aﬂldﬁer

ext ensi on regi ons 0 regions are O edre

cofearteftionthhAghé BRI of theichRNNEAfRgRin bf‘ﬁwedd‘é/\} % regions

are of the same conductivity but of a slightly h

carm bederrhedbydon-implantdtingéeparits Wenehth ﬂi@)ﬁl@'elé@mwb futilizin
the device. Halo regi onsdﬂ(b:an be formed by y g

large angled iantisiplardatioptechnidueseat h the gate el ectrode by
utilizing 20 | arge angl ed ion-inplantation 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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048 Additionally, if desired, the substrate shown
ﬁ)?ﬂoém"? 6G can be further processed to form PCT/US2003/040320
addi tional well known features, such as heavily doped
source/ drai n contact regions, dep05|ted silicon on the
elestrade isslgsiredi Theggplacemant gat¢é method hegins: with the same
el ectrode, and the formation _of silicide on the
sybsirate andiprocessingas swln yFiguse 84 ansl 6B.af the subtractive method

G%ésr@%'é%é%@é) dgﬁe  haile gfj rheei‘ier?n{?ﬁér?aﬁétlﬁgﬁﬁ gigraasemlconductor

TR SRR S A kAo
wh

flkﬁ?@?d%m%ﬁe%ﬁ%g%%m 935788008 Badiendiing pads and

S ugggﬁﬁ%@%r gges sﬁ@%%sgﬁaqmﬁ?% lébgffl hihéﬁqﬁﬂaﬁ%layer is
fSfndd'® éHﬁéKlfé”s's d&lf‘éﬁthP%deug?l%%%l@ﬂ?n 'ﬁ#%"ﬁ%ulaﬁn‘g%yer 702 can be

patterning of the senicon

aﬁ?@uﬁéﬁl@qﬁétﬂétm@%r §udh &s ngoﬁﬂﬁn@tf@r stPiE:Hﬁtdl&Ei 8f Ths

source and drain I'andi ng pads ectric 5 f m 702

dietedthafilte70dds tarnicaloly aiatehsl Wﬁi@h%h‘h@é@lbcw&% adiied with
| andi ng pads and over exposed portions of the buried

regpact ta ihegsdmigendGEtBr filf GOanAchﬁcbnw%l theedielextrid dinmideally can
to a thickness desired for the gate height. The
be melgclivelyetched with0espect tbdhe andedying dhiriedi insullating dayer 606.
| ayer, such as silicon nitride or silicon dioxide. The
When thethuriedsinswiatiog layerfis sifisdn dioxiderand the semricendusior layer
with 10 respect

65@&5 %.h&g{jgggb ?étfn%glgser £03 .candmlllqnn m%réd@. Ehedlankst
denoiis iiietng Al 7?’?@ 7 Pateina Wit Wey dnostohoiwithoaraphy
@ Sl bR bl Y Giterif Bt h"ﬁ%&? 7041466 sffiegheSim 702
oL A M e s
inéﬁia#ting AT 02 YOS 1ot lr B: s%g‘gﬁ‘ﬂfé ﬁhﬁg lioA dr g8 Ib'a‘f’éJSI%ctrode

m an openi ng or relectri

by &ldanfakéendtitarAnG dpprodcH. 0¢ﬁé'di§le%§rfﬁ?ntf@2 %t@:hed with any

electrode is to beformed. The patterned insulating

sufifdble éAahbwhichecateanisotropicalipetch the didlectry fitet ¥02 vathout
the gate electrode by a damascene patterning

etabingesenticordectdr body 620 The insulating tayer Adiswstthedamtil the

sui tabl e etchant which can anisotropically etch the
undeslying buried insulatiog layer0f 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
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sem conduct or body 620. The insul atin
‘ﬁg}g‘f"%‘g@% s etched until the underlying buri eP 1US2003/040320
insulating |ayer 606 is exposed as well as the portion
sem conduct or body which is to provide the

i”g{i'é&lﬁgl'awgif&ﬁ*r@#t qifi reaoYewa porienbehthe insplagng dayex from
u{ﬁnéﬁﬁéa'&wgwf?m%?éﬁgq cfshathindh an smePalTHRNt dighe

P o dhe Sedered e SaoseiRnerSehisan U@t@oﬁpg*y‘%y an
B0 AR RN eﬁx %%@Sﬁ{\gﬁof“t AE St e 1 WRAb Bfound at
IegétgtHFEIoW?]- cé(?yh‘:é'i’s aro é}glc%n }'B@@? gfggaé]ﬁg{egébs‘ab&ntrol the

cuR MR e %Tﬁé@zq{q%noé‘%g&nﬁéiﬁ;&ft heBQeé ?r'iventlon when

undercut etch renoves a portion o |ns

folralrera hoaplndPdansieeriwidRaR afhest Wiappes, aﬁ@ﬁha%@@@té&mae the
body. In an enbodi nent of the present invention,

undedeutaatth e¢rabves approximatene 13201 herdsdibting H@heéth each
anount whi ch enabl es the subsequently forned gate

side 628 mndeb2%ofthaseaniconductor body620. Wikeh (ﬁum’mmgw menanar

of the sem conductor body 620 and thereby control the
deyiger with affukbw\wrapperéawné@aie dlecteodes the bunedtinsiflatimglayer

present invention, when formng a nonpl anar

U ialelbis wntwugﬁl untivig enlirgdpedating iﬁy@r@an@ath the exposed
POTHGH His SHarel e Glon gl VayermieIGIeT GehB28 s Eompitalv
’eﬁ'ﬁxsﬁaﬁi{{'ye%%'?%%gﬁﬁﬂc SRR RGR el the Buidadasuating tayer
wiftoBE Siotanhy $1ihe e SERMOPLLPe LT maY 8 dsbe, hhbrine
bufiBg. iﬁéiﬂ%ﬁgflaygg I élﬂ%bx@e E:aél?ﬂﬂe t gmlﬁ&gtgl?&))r ggdﬁnf%snlcon a wet

sem con

etm«pédambﬂgwg umtré@wc (Hb mz@a tBZfBrrﬁ‘tu?ﬂeF&ﬁ dp@mfgms

I nsul at | ayer significantly et

Adgftionefy dé’e?ﬁ%whWFlgUié 7@ this BAderde etdmuulsﬁudmwﬁ@ercut the

insul ating layer is silicon oxide and t

patterriecoindulating &7 04sresultingdn a slightly Iar@bﬁ bpeniny 768 86d then
buffered HF nay be utilized to form undercut opening

tremcis 704Addi ti onal |y, as shown in Figure 7B, the
undercut etch will slightly undercut the patterned

(0058} Mext.iangateagielectimiayes 624 isfprinedorsang aroynd threyexposed

openi ng 705 and then
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 6290f 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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|l trench 704. 20 [00511 Next, a gate dielectric |la
8’?42‘\(@ ¥W&ed on and around the exposed porti oﬁCT 53003/040320
(i.e., channel region) of sem conductor body 620 as

descri bed above. That is, the Rate dielectric layer
Pracess, ﬁt'@h a6 atamic lsyes depagiion (Aot shemigabvapbodgposition

g% formed on the sjidewalls 628 and 629 of
( éer&'&%tf?cﬁuffb‘d@m ferpation of agate diglectre fver pnothe underside 631

o $8RupSEE horcSedbadnhuct or pSLé'yf’Zf’n"I Eéh§a§2d§¥ e
1520 i "R Bl B Blohe P8 B B prketieated BV ing sybmirate
'@%ﬁéé’?ﬂ R i R 2ot BF 155 T BRALHIGIRG 485 Bt ietectri

o@%ﬁﬁﬁgg@h@%ﬁﬁéﬁwa P e eyr 08
LR SR

openings 08 and 706 Thie dgaﬁé r@védtmaeqfnaﬁermban%eéwméble material
| ayer on the undersi 631 of sem conductor body 620

used &2 foriea gatarelpatredel sechrasdgesoribeti adovies Ihlaﬁlﬂéﬁibodlment of the
deposi ted over the substrate 5 including on top of

préisent itvention aihergate 2lectcbdenmiatariad s amdetar filn ducheagbtitenot
_dielectric formed on and around sem conductor body

lirgited 4o tngsten (Watitaniumgy nitdge (Tid) &ndTtabajisikcidt ¢CoBajle The gate

material is deposited to a thickness sufficient to

e'ee‘fgﬂemtyr il $h0Ul@b§rfpﬂ’g§d by dmpsmm texhaiqye, esuch as chemical

can be any sui table materi al

qeﬁﬁfi?:ﬂ%ﬁg 052(’6‘3/ %@tpaa% laygs ideposiiend ALBY godhata. confprmal film
s Pt 'é'%sﬁ"ﬁfe Fondf % 704 5 R it or
e 765 AR oo AL B ke 702
OOFINGDS S BoATBREIL AR STEIREN oRER e matera

m cal

frotRRRS *té[j 8fdiefictic RfYel 78D s ﬁ%?égﬂé%ge' t%b :%Lﬁfdfé:%rrﬁ‘ég be formed

so that the entire”trench openi

assHdwih Figare!7der Ay whl KrdrPasd ggﬁaﬂéfﬁéﬁé“nztéﬁ%n Jschniques,
sem conduct or body 620 and the dielectric mask

such@s3¢hexhictl mechbnical palishing ot prRBMLeRhI b‘adktmbyitfécbﬁlized to
renmove excess gate material fromthe top of

reglioyedbe excessaagete material frdmathetqp efithei dieldctrienfilauTd2ce

may be formed
[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. If desired, well known additional features, éuch as
sidewall spacers, heavily source/drain contact regions, and silicide may be added

at this time.
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i on techni ques,
nmechani cal polishing or plasma etch back may be
utilized to ./ 20 renove the excess gate materi al L
[0053)E ioee BABGdasrebaianethad ¢f forming@ponplansn peviseshaving a

W?%%r%‘i?’&ﬁ% éxﬁ U&%égm??&%fot@gﬁ%gleit%gﬂ%a%;l%&%récﬁﬁﬁgment gate
o4 DS LRl SRR 6 oo,
st 0 e Shooot AR Y BB BBt Sholfe on o
Sgﬁ@éﬂggﬂqﬁbi gate process. If desired, well known

additiona Toeature_s, such as sidewall spacers,
[Ogﬁ@]Vﬂﬁé’ pR&UEsE Hedfir Witk %ﬁ%gé@g sggi&%agg%réééés%& 8s'SAbwn in

e ‘added at thi's tine

FigGre 6/520QRP80.4 AP tHOP mirior e SRREoAGSEOF ftn 808 to form

met hod of form ng a nonpl anar device having a wap
semioanductor body B20/oniboeibs6201a0d $alfcetdeni Ipdihg'\badsB22 and
a replacenent gate process is used after the .
6240 saeatiicial gete acitia layenB02 eatwr sacrificiat lgats eldcrodeB0nare
spacer, additional sem conductors for ray source/drain
forragd emer thedtopisurtaceanshsidawalls o ther silicatr body 62@iasnshown in

. 0056] The process begins wWith the same substrate and

reBAsimgrass ta fierh thensagrifigial gabndiglertd@andielestrades first a

Sa@ﬁ Figwf;ﬁf@g i%EC{Sﬁ??%%g?ﬁr}? %&é@&%tlzqrgtgnﬁetggayreg Ehr% stbstrate
ingi 8o e BREeed Suliies tinsviehie lovarale, Bik fptiriacesiend
Sidefif TR br Yoo BPodi, /76 nd Yeniip Bdknor efdisicigads 622 and
6200 N & sBRfficat e ol At el Bl 4 BaPREL S TBHER Grera
substrarkjaté %é&ﬁi@qa)?éf? rTHeF@aéfH#&%l gﬁwelggg"%? gfégit%g%b fs deposited

exposed surfaces of 1nsulating yer
to ahitkeess asslredst ' gadi’é*

sem conduct or | ggﬁgbgﬁgoggtgﬁgdgﬁgﬁgﬁ&ﬁge
elestrodeffoctia ngadlana deliceadThewberificihl gstediddticie material and the

deposited over a substrate gate dielectric |ayer. The
sagificial igate dielegitie natedal aréshentpatieaed by degiidsidvadtedhniques,

t hi ckness desired for the height 805 of the
sughas sdthephotylithographygncketching, to form the sacrificial gate electrode

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

OBt 'on' Cochni ques. 1 "Such as chem cal  FCTUSzNID

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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rode material and the |l sacrificial Pg%

dielectric material are then patterned by well known

t echni ques, . 20 such as wi th photolithography and _
WétF'deh'Q?'ei‘e of ther sampeosduetivitydyae tohediseddetiptna saage/drain
and sa {1i ficial] gate dielectric 802 shown in Figure
re@&?”ﬁ’hg gggrrpg|o(§%£andgﬁ garrr@ ARY| W %technlque, such as by
e R dinolandS copen Bofef P fig Sl qaneuclor body 620 as
<GPS B 0P BB a0 Srenep ron o e
SERERRLAT SER R el SO Ol gRh 20RO . 1 an

mater i a
efbotiirfint cﬁgh@9'ré!§éﬂtii%ti&?ﬁé?&%éﬁ%haviﬁg %saé@y%%ﬂt%eﬁgation

or source/drain extensions can orne

béetEepondnt? or1 xholaBAf/OR° apP fisiiviey. Si des of the
sacrificial gate electrode 804 27 WO 2005/010994

[0BSBY NS Fdeirad 2 fictactdic sitewdllidpagers 808 eahd&formed along
conductivity type to be used to forma source/drain

oppsiitersideWdiis ofi thersagrificial gate dlectroder804 g szl Figure 8B.
known technique, such as by ion inplantation, which

Sideplali specelspean ke fomedchby anfiavalkkravem teahniquey suh&ROby blanket
as _.shown in Figure 8A. The sacrificial gate 804

defm@um%C@lhf@rmagwd@waﬂ@gxa@ﬁr dieladtic sverthecsuhsirate including the

body,. 620 from bei ng doped during the tip formation
tog @é’ﬁace Angsidewalsiptibeisariicrboaie-eleptrode 80dtasowell espver the

ob 91338 o8 S BB T s TR L0 2
o2 5 551 B 0 Bubo PR RS s BT 8020 e
B3R o519 0 TERNEL RRASE il caue

to 48P QAdthidesirad ‘?&nfhl‘éL | ce?% ﬁgl@{allﬁ aﬁ@ﬁﬁédimﬁt?gﬁ%é&%’ﬁ

the substrate Inc ng top surface an

invdntioRethedd@ieicctrid %ad&trﬁa@riﬁﬂsr&gﬁ)sﬁgé t8D Rliheds b%‘f\ﬁé?/n 20-

the top surface and sidewalls a sem conductor bo

100 Harontbte ) ATIHG spassr haterit €an %%inéommtﬂid@%nmarpolgaé, silicon

exposed surface of insulating substrate 602. The

oxyiitridecora conbiratiomtheezofal THesdidkotid spacdranatdrial fkihems
which is approximately equal to the width desired for
anisegopisaly etcheaishackntoae monsottiendielectric spacarmeaternial from all

horizontal surfaces (e.g., top surface of the sacrificial gate electrode 804 and the

‘8'8?2@5‘2‘{%@@#]: or the nonpl anar device. The sacrifi lellg52003/040320'

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
8065 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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6 gntlon the dielectric spacer material is deposit
W8 20¥%9%- ness bet ween 20- 100 nanoneters. The §Hé‘&?903/04“320

material can be silicon nitride, silicon oxide,

silicon oxynitride or a conbination thereof. The
legvingestifiicientspaner matedali talproviderspacess 808 sotthesidewalls of the

et ched back to renove the dielectric spacer materi al
sagrificialiopte alectreda BAK. surfaces (e.g., top surface of

10035 RBE! 56' Shoin. B icureAC Lua ianel SHkn &aa@/qﬁ@uncageemcan

b€ A Bahg Bpped & a%l?é??%ﬁé el i thp SBimigonductor body
2811 o0 B30% o2 2 B34, AflRionaP Bl BB 82 Bimeg op the

e'dfél.@%% cﬁ%@ sﬁhﬁé‘t{r{]ol‘b%g%r%‘byséﬁq]b? 'u‘ﬁpiihﬁ e{%élla@t'ive deposition

ess or
0
p@%?ﬁﬁt ngpﬁ?%&g/tegﬁl‘it%) Cogﬁ neﬁlﬁagg U‘éBPgﬁéms/ng@n such  as epltaXIal

sili@srelond siicemcbhtinifd ?@%@hé Ssuh é&@eﬁ%n‘é@&%%y éﬁlﬂ%nd
620 and | andi ng pads 622 and 622 whi |

laB g/ HHRFRP B6d. B%M%Wémwmﬂ:@%ﬁ h@hfsrltcon containing
spacer material to provide spacers 808 on the

arebsesudhl as sécriftoial gade elecirodeal 80 dielettectspadersS8@8 and insulating
[ 0059] Next, as shown in Figure 8C, additional silicon

lagarBammahay wall knavdesaectiveadepasition prasessrmaybdiased to provide
exposed top surface and sidewalls of the sem conductor

thﬁ@@iyltloyalsgelt%@l siligem. g areembedimenicofahea pregentineention,

bedluret G500 O BHGOBSIEA Sficbnig Salegtvaly dapostied onto
sefBaic Enody PO &Rm Ao Bis o and BER GRS reidd,
sc iRy Hdlinf anc ng Bgd;eglzgnansggz o does not "
mﬂﬁﬁﬁ@éa% Eoshel REISBUECHERR rEgBhG iyt tothelfifi e
sefReGRItGOSody (geldd%dﬂlf?érﬁé]%lllcbﬁ}’ﬁrusﬁegog%ti%;o‘éﬁéé o\‘ﬂfé"@ate

sel ective deposSition process naybe provid

elddi®dadsh wef 2@ nn@ﬂhbaén@ihgqjddsm ahd 624, @b@wbm@;abcéﬁs 808
the present invention, et ween 50-500A of additi onal

prexeritde ahderlying pnevieusly lfehed ¢ip yregiops Hrickthemsmiconductor body
sem conduct or body 620 and | andi ng pads 622 and 624 to

620dram beirgdoped by the bedvsaurceddraitsimplant 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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OGOJ Next, if desired, heavy source/drain regll)ons
8% ed in the seniconductor body (and CT/US2003/040320

additional silicon, if used) on opposites of the gate

egectro_de as well as into the |anding pads 622 and
bybaot lisnied i titagpup criskel@nd gokalbean beblankes depoaiied over the

B AEdadgna B cHicoRgea e Eng dilectiveHBj0Re o be/subsirate is
o 0 BR E r DorE peemt
SRR B T4 W DRSS ori s Yol i 8608 Raoigas, such
sl A R0A0 N e A PR ek o e

titanfum si
el farerthetheldM i (le ﬁéifmrﬁ'@ﬁ Gtrﬂétaq’gﬂ@\,\e%%i eﬁr@&lg.glhlragt, gselective

additionally ad ITicon filmas

wét bichi b 56 0s6E té PErBre S enEéa%t%@ﬁ,e%éirvo@@egwgsih%%etan

surfaces of the exposed sem conductor b
siticide Br1anah tisislwagsilleideitan baisetedtiveRy forMe W oRfo the silicon or
"salicide" process. In a self-aligned or "salicide"
sqmisordsctoaregionsof arsybseatd ad shown s Eigure &9 WO
2005/ 010994 PCT/ US2003/ 040320 but not limted to
[0962]Nextnes showal indrigurectd) a dialecttie Iayexr@del is déguisstidaposited
over the substrate including the silicon regions and
ovgr dhe substratee gigndieleptiic layps i rmerddo a thickness salfficientdo
a tenperature sufficient to cause the bl anket
coEtNY eaverdha subsirsta Inclyding.saclioial e eladiioderB04. The

BB % L R0t STl A s oAbty Hec win
re?é)eﬁcg;@f% lﬂ{lﬁ] E%ér&f{ciﬂcé@%“ gltjaq}eﬁléf %g@h %se'sj}ggickgapc’%té%dw 6'2'0. That
150 St e B e R M3y RS e R

ele¥ode804 64K BeGBMAVBdSRtHIUL SY iﬂcé‘rﬂr;/'aghﬂgls%(/\r/%ﬁer%agfé%ctric

silicon or sem conductor redions of a Ssu

layeh@wa. | Aftdri maﬁ@t&fépo%ﬁing%é_?dielwem@ ttﬂesg@i&’tﬁ? !eegle?gg Hlaharized,

8D, a dielectric layer 814 is bl anket deposi

sutihes sheaticaltraectdfical pagdizdtionl itk the fop SUMESE bPthR dielectric
thickness sufficient to conpletely cover the

filns isbplanar withribe sdcrificialagatefalectrddeyane tied & s@dgcdB0fithe sacrificial
The dielectric layer 814 is forned of a nmateri al -

gatgreleetrede esposed asshowhyindtiglred8Di th respect to the
[ooggﬁ&iagtizgsas'np% in Figura B2, the sacrficial gate 804 and gate dislectric 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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15 is, the dielectric material is forned of a materi al
woeresmomhe sacrificial gate electrode 804 carP@REUS2003/040320

renoved without significantly etching away the
dielectric |ayer 814. After blanket depositing the

pditionesftthe dnsuldtingliagee606 fron bgreathsthel channekrsdion sfich

as chem cal nechanical planarization until the top
semidosnckicter hody GRGedeshown in FigureisF. pT e andarauit etdrecan be used

sacrificial gate electrode and the top surface of the
cemplatelyoemovedhgnsulatingtayed 606 fipsm benasthsthevghanmnel of

Fi gure 8D. [0063] Next, as shown in Figure 8E, the .
semigandugtosboghy &2 tsioexpegedhe endirepaderside gobthe grannel region of

SOMEAWGIOT oy AT ERALE forarblly i aPReddieling Gate,plectrode.
ABGisegueh, nd%fﬁélfmﬁfi ichgné Fmdinen %ﬁl@%@& b 35ustng tayer
608 ol pofifadRRReIRE of thes ey PepiB A Bt g Bbay 620 0
B AR raCaroiatRhE RcRELEXR e fatfticefed 85 Wloribed

a

)sed to a undercut etch to formundercut opening
818 as descri bed above. The undercut etch renpves a 30

[09652NERY, %Qf#ﬁé dRISEHHEB20HHAE Rtk BRIctrodB 824 arfeformed in
ay

i nsul ati ng er 606 from beneath the channel region
opdnings 81 6 @ndWBt&as Bhown &2 Figire BGWFirst) dgaterdiel@EtricTiiim 820 is

undercut etch can be used conpletely renove the
blanket depasifed ayer tieDsubbstrate b dineagdte tdielectriermaterial covers the top

sem conductor body 620 to expose the entire underside
swifacehand higewalls of thecharinel segioo o dive semicatiuctatbaedy 620 as

order to forma fully wapped ar oynddl%at e el ectrode.
well a8 the expesed lowas syases of the semiggndustashodyfid0 as described

ortigon of the insulating.layer 606 from beneath each
atiquge bite Ohte dRleelia mateialis FimesthY 8 comarmIal rage s Guch as
t a rtpally w ed aroun ate el ectrode can
CBB qri>. B et LS st GRSl 5 08 e SdBRERRalRR on the
i
oxBa llePSle of o2 Endi Redi8h Sy hE SR ot oo, Mot
I .

odt et RigHbord 2 BihkEfucpasReg el The Bafilectric. The gate
el&&tr&dd Aat&®yehay bBanyARell known gate electrode material, such as
described above. The gate electrode material 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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sidewal I s of the channel region of th
ﬁ%@%ﬁ@gﬂto body 620 as well as the exposed PGR@@”W3N“BZO

surfaces of the sem conductor body 620 as described 15
bove The gate dielectric material is forned by a
Glyrgouplevaricus Renplanar desicesotogattizr into fundtonalcircuits.
he formation of the gate dielectric materi al

sur.e
A@ﬁf Qar#'é!e Ye HisdRetHC iryasSlidaearbe rensoved ahthis tisw and oéplabed by
ndu 620. Next ate el ectrode
3%99 ?‘Q"Eﬁ@%ﬁﬂl%@ﬂ@ f@retbeobegk end’.ghhie completes this method
The te el ectr materi al may be any
0%?'1“%%&?9“82%@ @?HE%HQ@?@ | wrapiaﬂ:ﬂroa!@dzqr partlally wrapped
ﬂfﬁﬂe@ g @&R}v The gate el ectrode material and gate
ric are then chemcally nechanically
pl anari zed until the top surface of the dielectric
| ayerT 814 15 reveared—=s—showr—+m—F+rgtr e 8G Once the
gate electrode material and the gate dielectric
materi al are polished back or renoved fromthe top

[0066)| Fisus, inonikdriritdnsistdrd with EQH%II 'o??&lwga[ﬁﬁd é‘lgngmd gate

gate diel ectric | ayer 820 ha

elgetradati aa tail metister fabALARIT RERe BoER %s@%éd ally or
fully waps around the channel region of
sem conduct or body 620 as descri bed above. D el ectric
| ayer 814 <can left on the nonpl anar device as shown
in Figure 8G and becone part of the "back end" or
interlayer dielectric (ILD) and netalization system
used to 31 WD 2005/ 010994 PCT/ US2003/ 040320
el ectrically couple various nonplanar devices together
into functional circuits. Alternatively, dielectric
| ayer 814 can be renoved at this tine and repl aced by
another type of interlayer dielectric for the "back
end". This conpletes this nmethod of formng a
nonpl anar device having a fully wapped around or
partially wapped 5 around gate el ectrode. [0066)
Thus, nonplanar transistors with partially or fully
wr apped around gate electrodes and their nethods of
fabrication have been described. 10 32 WD 2005/ 010994
IN THE CLAI M5
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VW claim PCT/US2003/ 040320 5 1. A nonpl anar
WORLHRREY: or device conprising: a sem conduct oPCHY&3003/040320
having a top surface opposite a bottom surface forned
above an insul ating substrate, wherein said
] r body has a pair of laterally opposite
sidewalls; a gate dielectric forned on said top
surface of said sem conductor body, on 10 said bottom
urface of said sem conductor body, and on said
QEERE |y opposite sidewalls of said sem conductor
body; a gate electrode fornmed on said gate dielectric,
on said top surface of said sem conductor body and
ectric on.said laterally

adj nt to said.gate diel
1gpp%ﬁ?ép'ag%gﬁ\ﬂfq%gdk!rtogQ@H'@&ﬁr%r_rﬁ%ﬂ]%gog body andf

e A Lo, P o B L L5
R 5T IR N P oo

péli?b'ffaﬁlel‘glly‘ap%bgﬁt%smwa%n sai d sem conductor body is a
20 single crystalline silicon film 3. The

s emaagte uidlectridqyineéd 8h seickidp durfil® 8f $hid 3bfhiconductor body, on
sem conductor body is selected fromthe group

said hwitiem sgrfade gksaidsemitorsdudtebodig rdi‘i%ftbmﬁaid%iérévéﬂbpposite
arseni de, 1 nSh, GP, GaSb and carbon nanot ubes. 25 4.

sidewalle of saiddecnioondietorceody; cl ai m | wherein said gate
el ectrode conprises a material selected fromthe
gr o8vate egaitadegounep onysaiy gate dietactdc, arcsaid topsgsiaee of said
tantalum titanium and metal nitrides. 33 WO
seyaigsndueion horrandspiirrent o said gate Hhelestsie arosaiddaterally opposite
.gevi ﬁe gf _al aim1l wherein said insulating substrate )
SIdRWaAYs qksa ﬁeaaa%l@tqurrmwmb@ﬂeatmégﬁ;%ﬂ&lwtﬁ@ on said
| 1] bstrate. 5 6. The, sem copductor device of
botfom §PHagk S sel SMEOSdFEERARRAN devi ce

a pair of source/drain regions formed in said semiconductor 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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further includes at |east one additional sem conductor
BEUIPOFANY a top surface and a bottom surf ace PCEA$2¢03/040320
pair of laterally opposite sidewalls wherein a gate
dielectric layer is forned said top surface, said

bottom surface and said sidewalls of said at |east

one ot her sem conductor body, and wherein said gate

%| ecth®gemiepnayctardayicedf elaind 1guherein saiddnsulatiog sabsilate

top surface of said at |east one other .
CQQﬁ?rLs@ﬁcﬁEb@’SF'e fiaormgdi on @ meeecrystaling siligan substrate.
dielectric on said |aterally opposite sidewalls of
said at | east one other sem conductor body, and

o o kS A T A G v
T 1385608 SFIEREOHE EBoHOR SEmT@ilcR Wiy having g top surface

s e, S8y PoRRIASLGL AT BBl ol oo

i nsul ating substrate,” sai
dletéctrieldyer PR Hid 458 4@3 v ' ‘1 e
i nsullat |wnégr substratagd;j a ggﬁféc%i%; eg?rﬁ?@' %f%eega%%sggil deewalls

of said s Idaet ©nef othst SermRIBNBRBAI B, BAE Whe?8in dliféité’ electrode is
| aterally opposite sidewalls of Said sem conductor

foomey, orasaidayate dielectricah $dié top eliiface B shrca 18astseidlother
sem conduct or body not on said insulating substrate; a

sefaicenduetor body, &nd adihcent kesaidarte ditiletteicton saidtatepally opposite
top surface of said sem conductor body and adj acent
sifgwalls af gaidatdeastanerotbenaemiganduatarrtdyy and besiiath the gate
Sj dewal | s ,lcs){ sai d sem conductor body, and beneath said
d'@%Pg"Co% Faid bettora sugface of saisbat leastane athersemiapaductor body.
sem conduct or body; and a pair of source/drain regions
formed in said silicon body on opposite sides of said

A R ol L S 1
FTASEREHE) e BE AR R
e NSt i SR B A

PRI LAt S S8R SRS ANES i
el exyateddietsotiie farated 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 éaid 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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a material selected fromthe group consisting of

VWO RYSNE4] | i ne silicon, tungsten, tantalum tRACEU$003/040320
and nmetal nitrides. 11. The sem conductor device of

claim7 wherein said insulating substrate conprises

8an dhiederhicondtctomedvies of olaimoT wielreinl dai¢ seiicsiiyctor body is a
substrate. 15 12. The seni conductor device of claim|]

sipgler eyatadlinessiieen flomduct or device further includes at
| east one additional sem conductor body having a top
surface and a bottom surface, and a pair of laterally
gopp?@i te sidewalls wherein a gate dielectric layer is
for

§ semigonductar devies of slaim Huheseinaaid semicordlustordody is
of said at, | east one other sem conductor

%i de\galrl | s L )
SHBHPY RN R SrRum censisling, PkoeeanivBY Silicon germanid, gallium
Ld, gat LeLegtryc on said top,surface of said at
a'l%gh&te’ ﬁ?gb’dq;ﬂér&aggrﬁ'?fgﬁ%@@ﬂd?a'ﬁgﬂ%s-and adj acent to
said gate dielectric on said laterally opposite
sidewal | s of said at | east one other sem conduct or

16oCrhoSaBaRSa icRS!Soifre 614 Sablad b brorcs

surface o

Afatdr ' i ! | ko)
LT ey g R R Y angsen

tah@iimgtiwmnium ahdrmhets nitAges. te a bottom surface and a
pair of laterally opposite sidewalls above an -

i nsul ating substrate; 35 1 WD 2005/010994

PCT/ US2003/ 040320 formng a gate dielectric on said
11 opThe semieonsiuctarn deviemotaaiin Ftwheredtgaiddnsulatihg substrate
laterally opposite sidewalls of said sem conductor
coptiisesaaitioydedimifeersed an epmoniocrystéllisaisiicbntsubsirate.
surface of said sem conductor body; formng a gate
el ectrode on said gate dielectric on said top surface

1282& % femiedilicta efretn delas a?v?&réﬁééiﬁ?sééiéoé&&pr device
fuffer bR Bt 8T 8hb Hpclint SPyGanelichorigmy aavid adgp surface
anff BORPYRES, Bha 3944 SPHIGIEI BSOS kel Fheren o gate
dieRédHHi€ AYIGE RSt Wailfop 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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sides of said gate electrode. 14. The
ﬁ?%g%ﬁ%ﬁﬁf orm ng said seniconductor device of FETAY§#003/040320
13 wherein said gate dielectric and gate el ectrode

are rmad bene !ﬁ? the entire channel region of said
seni 6%”&:?&3 ectije opssaicfrp rwtaeRiobsaldisgmicanductor body, on

om surface of said

Sl oo on o

sem con
i nsul ati ng

P 8y o A BB Bl L v

supstrate

sai dfoh‘h@ &4 é"é%&ﬁ&gé%'ndsaﬁ?agé)ggrﬁccg@cggﬁo qu'g, gée of said

met hod arm érein

seicomionson) ahd bifosht tofellaiddhieldeyid BE 25 S8l opposite

claim 13 wheréin sai sem con

fdewalls2F
Sger s r%hlbzg?rmmdgr@tgz ng%ﬁ%&%}@t K'écr_‘saggi é\ét% dlelectric
farmesbon ab eastibgmrtics ofEaid oM @Qﬁécé:’@irééﬁ?s%(?ﬁ’c%g %tg»g body;

18. The nmethod of claim 13 wherein said gate el
aBdnprises a material selected fromthe group

consi sting of polycrystalline silicon, tungsten,

t anf@INiRg 2 pait ahseurcefsitaimeregions in rsattesemfcobRuciiibody on

net hod .of claim 13 wherein said insulating substrate

omﬁﬁﬁ% Qs ghsaig,gate elaatiedeor med on a monocrystal | i ne

silicon substrate. 20. The nmethod of claim 13 further

including formng at | east one additional
surface and a bottom

1‘Pewﬁggﬁ&§h§rf8r g’&h”hg%/é' q%altpg Sugtor 69\66@ iof laimytwhesein said

said taop

o o h e eSSk Sl reion o

surface
sawsgnﬁéo,{d%g* ot her sem conductor body, and
gate' electrode is forned on said gate

wher el n sai
dielectric on said top surface of said at |east one

ot her sem conductor body, and adJ acent to said gate

15di eTee tidthodof SR 133 BE@iN % [ 6’@6{\@ Lﬁfaq%fg of said

sqi d at | east 15 one ot he!r con
sebicanductartiodyeis fodhed eatggi@ ur@nxla&mgdstméftﬂa@éfmerem said portion on

said insulating substrate 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.

36



10

15

20

25

rface of said at | east one other sem conductor body.
‘%.2"&3‘?{8%0(1 of forming a nonpl anar transistor PCT/US 30031040320

conprising: formng a sem conductor body having a pair
posite sidewalls 20 and a top surface

f laterally o
@nd &%m%gﬁ @EG'ﬁHBé owhenein sgid gate electideet carnprises a material

portion of said _insulating substrate from

r Vi . S g sul
Sﬁ%?g%‘i ﬁggﬁh& OrouRiCONRIEting & Pebwyystalling silicont tungsten, tantalum,
sem co tor, bady and expose a portion of said
t'gagﬁrg‘né}gﬁ&?f?é@%ﬂg%ai d sem conductor body; formng a

gate dielectric on said top surface of said

sem conduct or body, on 25 said sidewalls of said

em . sal.d.expased bottqm portijon
197 MR of e 13 VhR P S SR s B itE MprisSE an
i L d: ' tor body and
O o EE b ¥ MR HAAIRAL SRBTSERRRHA conducs or
body; 37 WD 2005/ 010994 PCT/ US2003/ 040320 etching gate

el ectrode material into a gate electrode utilizing a

20. r The raethodtiofamaim ¢8 flvtisH ihe i | it
to forma gate el ectrode V\/nli Cfﬁaﬁsg%gfglrﬁg%tl%\@/gfr&ilfgeﬁltlonal

sgiconduetoebody havingea tapisuitecd and sUidtReeR sffagal &hd a pair of
sem conductor - body and is forned adjacent the gate

lataralleeppositer sidewalld and flermindevgatesdielbctyiui Idyér over said top
m conduct or body and is forned beneath said gate

S [
SiHiagee s8i0; kottosn suface asdisaid sidewalld of said ainisast osebther
e of , sai d sem conductor body; and pl aci ng

batt o urfa
Se&'@)ﬁaﬂa?ééph{? BAY whaiein saidcgale alectrodemisdppoedton saidgate
.of sai d gat electrode to forma pair of source/drain
d@&aﬁ@n@ S4ig Top Sutihge ﬁgﬁﬁ@oatdea%q Anewiher sratieondusiorbody, and
le crystallin

SRR 0 4G OO P sl SIS U5 ot

ICO

o A BE 2y AR g on s ot

monocr yst

g 58 aads 7 b Shrd U b1 <
21. A method of forming a nonplanar‘transistor comprising:

forming a semiconductor body having a pair o_f 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 sidewalis 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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f ] sem conduct or body having a top surface and
gg@g‘{"{gg)@girface and a pair of laterally opposiR(d/US2003/040320
sidewal I s on an insulating substrate; formng a

dielectric filmover and around sai d sem conduct or
bodyetCREreatn elegrasis matarial into ai gateidlecttede wiilizing aifint

whi CE expqQse he channel region of said

QRIRP BH'HL?E?%?O'@W by 8 igAtTamic atghdtotform agatsaelectrode which is

eni ng beneath said

@2&#@2@&3?@%Egﬁeéé@q%ﬁéwiéé& e temskrface,ef saidsepniconductor

53R B S Bt RS B o i

ormng a gat
-5 al ' I : ' eni conduct or. bo in said
SAIcaRUGCIE) B84 ol ¥ orh B BEAth R detectlois bagmed on saio
a8 DoRfior ) 4 3 010994
PCT/ US ooéc/’ﬁ%g i %&ﬁﬂﬁ%%%o@fﬁﬂ 5%%@?‘@908%‘8‘9&6&&“
mat @lacihg BYsantEah® SHi i¢drfauc ' i -
ope?lji' ng %ndson sai d g;(gt% gﬁﬁd(:i%rﬁé{:dttéﬁ&qﬁ?/%rgbgﬁs'séglb@’etsé)g said gate
edectfadeetodbrmad Pair o€ BbGReMGINegRAS, adj acent to said
gate dielectric on said sidewalls of said
sem conduct or body and beneath said gate dielectric on
sai d exposed portions of 5 said sem conductor body;
2Pembe mgethiar Of plaim 21 whereid saithsemictnductonBdoy it 9ermed from
surface of sajd dielectric filmto forma gate
SENOiR eryStRling siligen.ng said dielectric film and placing
dopants into said sem conductor body on opposite sides

of said 10 electrode to forma pair source/drain
of claim 24 wherein said

2§§ﬁ@%ﬁﬁﬁ$@ PIE%Wneég"?’géﬁ%éaidr ipRylading gubstrateseemprises a lower

L : The net hod, of claim 25 wherein said
mididefABalide sfibe FUBsPRisnid 8 b aliananide,

nonocrystalline silicon substrate and a top silicon

oxide insulating film 27. A nethod of formng a

240R hAAGA b FEFAIRG A ndYIBNArtHdMistor 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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&@imgﬁg a sem conductor body having a top surface and
0PIt ace and 20 a pair of laterally oppoBCTAIS2003/040320
sidewal I s on an insulating substrate; formng a

at.e el ectrode above said top surface of

sacrifi ci al
sai &*a@@@eeﬁwag &roaie @leciindleamiptariah bvepsaidi dielectric film and into
ly opposite sidewalls of said sem conductor
éﬁ@dé‘?%ﬁﬁ&”@a@} peidgate dipleciriglayarasusaid dop syrface af saif
‘ osite sjidewalls; 25 placing dopants into
s?ﬁ?@@e‘i#%%??‘%ﬁ’c@&#a%aﬁgv SAd giate dialectsic @assaid sigsvedlls of said
I {d, ectrode.to forma pair of
Séﬁﬁ‘?‘%@@@ %&&(?e%ib?%?%tﬂoﬁ?@ﬁﬁ&s@? ctriG g saist exposed portions of
Rt SerficBRENABRhody: VWO 2005/ 010994 PCT/ US2003/ 040320

sé
formng a pair of 'sidewal | spacers along laterally

oppemhdEng sERVEE | L fh G at - ,
el ectr od&g ng orm thgselgclftfoﬁj?oﬁ;ageﬁ‘?éi Z'%OHI' g’tﬁoé’gﬂﬂﬁ&fi%?f $Rd dielectric
5 pl aci ng dopants

filavjcefoent a ateseliedtriiglewal | spacers;
into said silicon and into said sem conductor body in

al i remoaing saididislectticsilshewnl! spacers; forming a
silicide on said silicon forned on said sem conduct or

bodyaclaaiopants into said semiideneldtoPBEHPLR RS B of said
dielectric |l ayer over said silicide,” said sacriticial

elgeiredefetarmoa painseurceddsain cegionewal | spacers;
pl anarizing said dielectric layer until the top

surface of said dielectric layer is planar with the
e of said sacrificial gate el ectrode and

0 urfac
25 a8dnefHod ot aim gawheselacaio semiiconaystardshdyr isrforrneg from
+ Sal 1ficial gate el ectrode to expose the channel
sm:gg%?{}%?%];m%g' I§ON15 seni conduct or body and said
i nsul ating substrate; renoving a portion of said
i nsul ating substrate in said opening beneath said

semi e.at | east a portion of
265CThe @g@#g@n‘?fg S%@Zzeé Whefeln 3aidinsufating stbstrate comprises 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 sidewallls 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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sem conductor body; forming a gate dielectric | r .
W0 #58P%r f ace and said sidewal | s of said 2O%%%US%O:”O‘“’320

sem conduct or body in said opening and on said portion

of said exposed bottom surface of said sem conductor
bodyformpingnk eairf sisiawalispacess atongl lateralydeppesiter sidewalls of said
sai 8 gate dielectric |layer and into said opening and
Saprifigia ogta elegiredect ric | ayer on said top surface of

sai sem ¢onduct or, body, adjacept to said gate .

i el TORTBSIPTLG Gl shtleendLGor Bar adiacenh i sdsideval
Dody... .and beneath said gate dielectric on said exposed
S1%¥n of said bottom surface of said seniconductor

e agRe dopaRls B SahHRRbaE o sgﬁﬁﬁfg@fgiﬁ EEWV in
%@hﬁ%g%n{e'{ ﬁ%gséﬁ%%én%é\?mlgﬁgﬁn F)sclrri conduct or body

is f i [ t i ik A : T ;
1 (0P o SHEB ek SCHA B0 ensold EiodBror Ry acjacet
to @l sigdewall dpavers; nonocrystal line silicon substrate
and a top silicon insulating film 41
forming a dielectric layer over said silicide, said sacrificial gate electrode and

said sidewall spacers;

planarizing said dielectric layer until the top surface of said dielectric layer is
planar with the top surface of said sacrificial gate electrode and said sacrificial
gate electrode is exposed;

removing said sacrificial gate electrode to expose the channel region 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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28. The method of claim 27 wherein semiconductor body is formed from single

crystalline silicon.

29. The method of claim 28 wherein said insulating substrate comprises a lower

monocrystalline silicon substrate and a top silicon insulating film.
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