TRANSI STOR | NCLUDI NG A GATE ELECTRODE EXTENDI NG ALL AROUND ONE OR MORE
CHANNEL REG ONS BACKGROUND OF THE | NVENTI ON 51. FI ELD OF THE | NVENTI ON
Generally, the present disclosure relates to the field of integrated
circuits and, nore particularly, to integrated circuits wherein
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In a field effect transistor, a gate el ectrode may be separated froma
channel region by a gate insulation |layer that provides an electrical

i nsul ation between the %&@K@I@@UM?W@E‘IWENW@N region. Adjacent the
channel region, a sourc are provided.

The channel ﬁﬁ@{ﬁ E aﬁgg ! Eﬁl on and the drain region are forned in a
sé(;m co?ljduct F A ,%I te e doping of the channel region is
different fromthe doping of the source regi and the drain.region.

Dependi g or STl aAlve L pEskrb Aissgsu g Heieedo (i fiRe Garieozes] SIRIGR TR 1 ol o
effect transistor may be switched between an on-state and an off-state.

For i muasiquiagivy hi® petepigtasaeteuits Whareigr seraigorductiiansi npul alon diealgniflues| areef f ect
transistors, it has been proposed to enpl oy sem conductor-on-insul at or

t echnolengytoyddn sem conduct oron-i nsul at or technol ogy, the source, channel
and drain regions of transistors are fornmed in a

10 2. DESCRIPTION OF THE RELATED ART

Integrated circuits typically include a large number of circuit elements, which include,
in particular, field effect transistors. In a field effect transistor, a gate electrode may be
separated from a channel region by a gate insulation layer that provides an electrical insula-
tion between the gate el ectrode and the channel region. Adjacent the channel region, a source

15 region and adrain region are provided.

The channel region, the source region and the drain region are formed in a semicon-
ductor material, wherein the doping of the channel region is different from the doping of the
source region and the drain region. Depending on an electric voltage applied to the gate

20 electrode, the field effect transistor may be switched between an on-state and an off-state.

For improving the performance of integrated circuits including field effect transistors,
it has been proposed to employ semiconductor-on-insulator technology. In semiconductor-
on-insulator technology, the source, channel and drain regions of transistors are formed in a

25 thin layer of a semiconductor material, for example, silicon. The thin layer of semiconductor

material may be provided above a substrate of a semiconductor material, for example, silicon,



25thin layer of a sem conductor material, for exanple, silicon. The thin

| ayer of sem conductor material may be provi ded above a substrate of a
sem conductor nmaterial, for exanple, silicon, and may be separated from
the substrate by an electrically insulating material, for exanple, silicon
di oxi de, Ca red to jntegrated circuits, wherein field effect. transistors
are. T orEdTah D% St deck R bR sttt 1, pe Bretiticalis e ieind massia dt BRETRE: or
technol ogy may al |l ow reduci ng parasitic capacitances and | eakage currents
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radi ati on. However, sem conductor-on-insul ator technol ogy has sone
speci f iabulk samcondyciari subsidete semeednductonhin-disul ahayl tecwnotdgy ey elhdw eeducingat i ng
body effect. The body of a sem conductor-oninsulator field effect

t ransi giepdsitfodapac encazndil éskbga\durfentderdsLdeaditiaityeof iBegtdiédsci coaite ol thatspect
electric 10 charge may accunul ate and cause adverse effects, including a
dgpendqa(;&qiﬂﬁg}%gw eshol d voltage of the field effect transistor on its
previ ous states and a reduced controllability of the channel. US

2011/ 0291196 Al di scl oses a sem conductor device that includes a Fi nFFT or
tri- 15 gate transistor on the basis of a sem conductor-on-insul ator
substrate. The sem conduct or device includes silicon substrate, above
whi ch 15 f orHSUSET (e eadhelor Pk pepfardgamolady ias g Serit sies aastated
silicon dioxide material. Furthernore, a plurality of sem conductor fins
are pr dhereathania ch &t udedhe sa-pallediflostiag bedy effeck Ehe bedyrof|asseat candietpapny
formed on the buried insulating |ayer. The fins include a source region, a
drai n riegilaor e d effecthieanaielor f@gis@capdditer W20 the sudrss aten Ooifthistvepacitan miEctricegi on
along the length direction of the fins is determ ned by a gate el ectrode
$0 r uct Wherdentiby etdithuidle 8he chilisectelvEmb effe@k, inslubihgas dérhi&ickiof @Re tHREShoRY
spacer structure. A gate dielectric material separates the el ectrode
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surfacechgrfmetl he fins. 25

US 2011/0291196 A1 discloses a semiconductor device that includes a FinFET or tri-

15 gate transistor on the basis of a semiconductor-on-insulator substrate. The semiconductor

device includes a silicon substrate, above which is formed a buried insulation layer, typicaly

in the form of a silicon dioxide material. Furthermore, a plurality of semiconductor fins are

provided and represent the “residues” of a silicon layer initially formed on the buried

insulating layer. The fins include a source region, a drain region and a channel region. The

20 extension of the channel region aong the length direction of the fins is determined by a gate

electrode structure including an electrode material, such as polysilicon, and a spacer struc-

ture. A gate dielectric material separates the electrode material from the semiconductor

material of the channel region at the sidewalls of the fins and, in the case of a tri-Gate
transistor, on the top surface of thefins.

25



Conpared to planar field effect transistors, transistors wherein the
channel region is fornmed in fins may have an i nproved controllability of

t he channel. However, for sone applications, for exanple for formng
transistors in integrated circuits according to the 22 nmtechnol ogy node
and beyond, it may, be desirahle to provide still further inpproyenents of
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di scl osure provides a sem conductor structure including a transistor having
an i nprieveed HbHNP Hnayalave) anyinsaroyeeCcioaailina A the shaPRdd Heweyssr FrnPich a
transi stor. 10SUMVARY OF THE | NVENTI ON The follow ng presents a

si npl i fappdcasionsdoyexsma @torifaive ng krans starson deegreied grroviisRecardbagstiodhe 22 nm
under st andi ng of sonme aspects of the invention. This summary is not an
exhausttestiiolgg modevnd beyond, it MegTHel desirablié td srotiele stin tferiske dmpviethentsiof yhekey or
critical elenents of the invention or to delineate the scope of the

i vent | QRroll dplit§ Y ehd RS Of hErah§<tBF. €sent some concepts in 15a sinplified
formas a prelude to the nore detailed description that is discussed |ater
An illustrative sem conductor structure disclosed herein includes a
substrate and a transistor. The transistor includes a raised source region
and a raised drain region provided above the substrate, one or nore
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| ayer. The one or nore el ongated sem conductor |ines are connected between
t he railaEingsimpeoved gpatnol laldity Rethegharng! ancha methedif enforminaskigh atransigior.
direction of each of the one or nore el ongated sem conductor |ines extends
substantially along a horizontal direction that is perpendicular to a

t hi ckness direction of the substrate. Each of the el ongated sem conductor

Lo nes includes a channel wsguIRMRYICE J®ERVENTICHN extends all around each
of the 25channel regions of the one or nore elongated sem conductor |ines.

The gate i nsy{ Al |8RilPYREents a smplified summary of the invention in order to provide a

basic understanding of some aspects of the invention. This summary is not an exhaustive
overview of the invention. It is not intended to identify key or critical elements of the inven-
tion or to delineate the scope of the invention. Its sole purpose isto present some conceptsin

15 asimplified form as a prelude to the more detailed description that is discussed later.

An illustrative semiconductor structure disclosed herein includes a substrate and a
transistor. The transistor includes a raised source region and a raised drain region provided
above the substrate, one or more elongated semiconductor lines, a gate electrode and a gate

20 insulation layer. The one or more elongated semiconductor lines are connected between the
raised source region and the raised drain region. A longitudinal direction of each of the one
or more elongated semiconductor lines extends substantially along a horizontal direction that
is perpendicular to a thickness direction of the substrate. Each of the elongated semicon-
ductor lines includes a channel region. The gate electrode extends all around each of the

25 channel regions of the one or more elongated semiconductor lines. The gate insulation layer



is provided between each of the one or nore el ongated sem conductor |ines
and the gate electrode. An illustrative nethod disclosed herein includes
form ng one or nore elongated 5 seni conductor lines on a |ayer of
electrically insulating material. The layer of electrically insulating
material is.prpvided aover substrate including a different material_ than
the | ay o ade Beepy 5 of 1R Pniyor Bondaed SaicBngiqrdiies gl thedlson  of
each of the one or nore el ongated sem conductor |ines extends substantially
al ong LeHOoM9ontal direction that is per pendi cular to a thickness direction
of the substrate. A portion of the |layer of electrically insulating
material 10 bel ow a central portion of each of the one or nore el ongated
sem conductor lines is renoved. A gate insulation layer is fornmed on the
central portAnllgdraeae im@hod hisclosed deraiwiiec edesnipahied siedTior anctacd omgaddnes. A
gate el ectrode that extends all around the central portion of each of the
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| ayer provides electrical “insulation between™the el ongated sem condu
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taken in conjunction wth. the acconpanying. drgw ngs, in which |Iike
 of or erfe L LA GARAE . s RBGEI DR HirECtiost 4 <P e finé pmore longetegt e
la, Ib and I c show a schematic top view and cross-sectional views,
r es pectsenegapduger Ia@@ﬁaﬂdﬁamaaﬁal& #aeg a heri zantd direstépn thatis pPerpeddcuento i n a
stage of a nethod according to an enbodi nent;

athickness direction of the substrate. A portion of the layer of electrically insulating material

10 below a central portion of each of the one or more elongated semiconductor lines is removed.
A gate insulation layer is formed on the central portion of each of the one or more elongated
semiconductor lines. A gate electrode that extends al around the central portion of each of
the one or more elongated semiconductor linesisformed. The gate insulation layer provides

electrical insulation between the elongated semiconductor lines and the gate electrode.

15
BRIEF DESCRIPTION OF THE DRAWINGS
The disclosure may be understood by reference to the following description taken in
conjunction with the accompanying drawings, in which like reference numerals identify like
elements, and in which:
20

Figures 1a, 1b and 1c show a schematic top view and cross-sectional views, respec-
tively, of a semiconductor structure according to an embodiment in a stage of a method

according to an embodiment;



Figures 2a, 2b and 2c show a schematic top view and cross-sectional views,

respectively, of a sem conductor structure according to an enbodinent in a
stage of a method according to an enbodi nent; 5Figures 3a, 3b and 3c show a
schematic top view and cross-sectional views, respec- tively, of a

sem conductqr._structyre carding to an enbodi ment in a .stagge of a nethod
accor ding ¢ ATERABGA ehec ow achematie; g Viaw g0 o setyond s, e
schematjc top view and cross-sectional views, respeclOtively, of a

seni corfti§bt &I & BRNIEPRRUSIOL RHEW i gCeapding e rAfoemBrthimentyi nya stagigof A methask hod
according to an enbodi nent; Figures 5a, 5b and Sc show a
schenatdccording toiapwmindineantiss- secti onal views, respectively, of a

sem conductor structure according to an enbodi nent in a stage of a nethod
15accordi ng to an enbodi nent; Figures 6a, 6b and 6¢c show a schematic
top view and cross-sectional views, respectively, of a sem conductor

séructure aqt}gtqr% Ry 3&a&ﬂ3@§t&9@b'§§lﬁﬁmé¢i§ t?p%ﬁ@\gﬁn@&r BRiBRY \RELSTEdpRg tO an

enbodi ment; 2 Figures 7a, 7b an c show a schematic top view and

Cross- ' . S ' - emi-copduct or r Ycteu rdi ng
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Fi gures 8a,. 8h an%@c show a schematic top view and cross-sectional views,

r espect3FEANT 19 eN eMOAdMEShduct or structure according to an embodiment in a
stage of a method according to an enbodi ment; and

C
).

Figures 4a, 4b and 4c show a schematic top view and cross-sectional views, respec-
10 tively, of a semiconductor structure according to an embodiment in a stage of a method

according to an embodiment;

Figures 5a, 5b and 5c show a schematic top view and cross-sectional views, respec-
tively, of a semiconductor structure according to an embodiment in a stage of a method

15 according to an embodiment;

Figures 6a, 6b and 6¢ show a schematic top view and cross-sectional views, respec-
tively, of a semiconductor structure according to an embodiment in a stage of a method
according to an embodiment;

20

Figures 7a, 7b and 7c show a schematic top view and cross-sectional views, respec-

tively, of a semiconductor structure according to an embodiment in a stage of a method

according to an embodiment;



S5Fi gures 9a, 9b and 9c show a schematic top view and cross-sectional views,
respec- tively, of a sem conductor structure according to an enbodinent in
a stage of a nmethod according to an enbodi nent. While the subject matter

di scl osed herein is susceptible to various nodifications and 10
alternative forms, specific enbodiments .thereof have been shown by way of
exanpl e 1 1 UV Bk Sy d LG SR B 1 entl BiSerdedond Tevs Msnfe be
under st ood, however, that the description herejin of specific enbodiments is
not i nttBi§be Pl ta SEMiEPRAUCHE SivGkIRe PerPréing ttAenpepbodivneal Iy 8rsagedifse Mgl but
on the contrary, the intention is to cover all nodifications, equivalents,
and al taseordtrigwe snfealbbdimenisiantdi n t he spirit and scope of the invention as
defined by 15t he appended cl ai ns. DETAI LED DESCRI PTI ON Vari ous
illustrative enbodi ments of the invention are described below In the
interest of clarity, not all features of an actual inplenentation are

dgscri bed i niblies o8P hld S@EHMNa sHiemA® thh M ePbnd® s SediBn@RRERS radRd t hat

I
in the devel opnent of any such actual enbodi ment, nunerous
i nmpl e i Qn- eci Sj j e e.d rs'
speci 1 iegbales SEREhEd S8 B e 6 AT EibodrBiel Y RrB R RUEURRE 2, o
constraints, which will vary fromone inplenentation to another. Mreover,
it wilCEEALgHP 80 eAPadMeRht " such a devel opnent effort night be conpl ex and
ti me-consum ng, but would neverthel ess be a routine undertaking for those
of ordinary skill in the art having the benefit of this disclosure. The
present subject matter will now be described with reference to the attached
5 figures. \Vhiletie sibjact mattersdlisdgsatidresea ansisusesptibbstoaras oss hexfitdat ahd 3nd
depicted in the drawi ngs for purposes of explanation only and so as to not
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skilled in the art. Nevertheless, the attached drawings are included to
descri | @b Peldih Ueldidke npk.e t LAl o} The
wor ds gﬁgﬂgﬁ?%gsﬁgg} rlr'1er elngjbg\rﬁu belltu%]éjgﬂ;dszjggﬁﬂang phthg,r\’%‘%é’te fﬂ?)e have
a rreamd@cr?p?i%%' ﬁetrgﬂtof specific embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is to cover al modifications,

equivalents, and aternatives falling within the spirit and scope of the invention as defined by

15 the appended claims.

DETAILED DESCRIPTION

Various illustrative embodiments of the invention are described below. In the interest

of clarity, not all features of an actual implementation are described in this specification. It

20 will of course be appreciated that in the development of any such actua embodiment,
numerous implementation-specific decisions must be made to achieve the developers’

specific goas, such as compliance with system-related and business-related constraints,

which will vary from one implementation to another. Moreover, it will be appreciated that

such a development effort might be complex and time-consuming, but would nevertheless be



10 with the understandi ng of those words and phrases by those skilled in
the relevant art. No special definition of a termor phrase, i.e., a
definition that is different fromthe ordinary and custonary neani ng as
understood by those skilled in the art, is intended to be inplied by

consi stent usage, of .the term or. phrase herein, To the. extent that t erm or
b ase & oyiiEe oo el dhdReCpL BPA ST fp e 8t MeSinge IR hetelF et i

t hat understood by skilled artisans, such 15a special definition will be
expresHIsEle®ieforth in the specification in a definitional manner that
directly and unequivocally provides the special definition for the termor
phr ase. The present disclosure provides transistors and net hods for
the formation thereof wherein highly controllable and stabl e el ongated
seni conduct orhd pireesnt (subfecth nizker @il ndve be2dbsciiot with asferamactyi thesattatited
particular in enbodi nents wherein the el ongated sem conductor |ines have

ree! at | vehed plyhoud B RisSslomd Al QUREBIR: schBAH col) BRI ihaRs brdblibds @

arly defined orientation and [ ength nmay provid Furthernore, " th

resent, _di rovi de t] i ) i - Lah- k
gatz i nfgﬁbgr‘rblbg%%rfm%{@raﬁ %t|0%a§néﬁgﬂi§ g% %@@éb%{hééﬁ%@%@%hégéﬁr@gﬁ@ Q‘%t%nt%gat ed
sem congductor |jnes are coat C letely, with the excep- 25tian of end
cort | oddogorsl] REouR a6 o UEhITLEE b stidripaia AGkbed drangos are
transi stor such as, for exanple, a raised source region and a raised drain
r egi on.inafHeed togdegeri ke and expldnHiLstaive granleoel HEIPsesEndisclesud dbgrwedsf
gate control nmay be obtained. This may enable the use of higher drive

cur r entandi phraske usett e h eshodil d theeundesstomid sandri nieraletied e hay eca kaegei ngLoonsigtest | n
the off-state of the transistor. 5 The present disclosure provides a

i@bri cagitpthe iritier Slirg 6 tABSE WbRls A8\ b tiRise sRilleban el rd @@hoat. o
provided in an el ongated sem conductor line with an all-around gate

el ect r agg. ?|T(§gﬁ nﬁfcjﬁréfiaf‘%rﬁ‘r& @2@ iR é@nﬂ%ﬁﬁ&rigﬁﬁweﬁthm the ordinary an

sem conductor-on-1nsu f'or exa € a semcon tor-on-i nSlﬂ at or

waf er wherein the top silicon layer has, a,thickness.10 in a range from
About SEoRiY k8 nekelBa B Bhet Biud I HE RS el QS s 1
a range from about 10-20 nm The top silicon |ayer may be structured into
thin stoNgaentsearohetam ehyrRdIRe nwh et extentip@taiedn of Rlrags isiieadeday be
in the sane range as the thickness of the silicon layer, for exanple in a
range ftodhavedspacid nganimgf iog., aeneaving ethep Handlat iunderstobd Ly iskilled yrtisensyisdely i n
order to produce other devices. 15

15 a specia definition will be expressly set forth in the specification in a definitiona manner

that directly and unequivocally provides the special definition for the term or phrase.

The present disclosure provides transistors and methods for the formation thereof

wherein highly controllable and stable elongated semiconductor lines (which may also be

20 denoted as “nanowires,” in particular in embodiments wherein the elongated semiconductor
lines have relatively small diameters of, for example, about 10 nm or less) with a clearly

defined orientation and length may be provided. Furthermore, the present disclosure provides

a gate formation (optionally using a high-k gate insulation material and a metal gate
electrode) wherein the elongated semiconductor lines are coated completely, with the excep-

25 tion of end portions providing electrical connection to other portions of the transistor such as,



On top and around the silicon stripes, a dumry gate structure nmay be
formed. The dunmy gate structure may include a dummy oxi de having a

t hickness in a range fromabout 2-3 nmand a thicker polysilicon, which may
have a thickness in a range from about 40-60 nmon top and around the

silicon stri s ent the du ate structur.e rotection 20 spacer
my be 1Pb ENRBS AR PHisk criey B B0 et g o Obe LY e SeA kP
growth process to formrai sed source and drain regions. In the selective
epi t axi@n '@W@K)\Pmdﬂﬁ%é@?sh'glﬂ ﬁ'@grﬁ? ot gdeicontrdgaaspe Sﬁ"r}ﬁ'e\Té'\'ﬁ may [ende the owt h
at the gate. The silicon grown in the selective epitaxial growth process
may be Usa of htgheddpeicurtantsihdine o-sksteafdhe rans stapdraHower wakagedugentisvatheon
anneal is needed. Thereafter, a silicide my be formed at | ocations where
si | i conoff-stateat plasteshsisidie dunmy gate structure may be conpletely

encapsul ated, for exanple with silicon nitride, so that silicide is forned
ofly on the raised source and drain regions. Thereafter, the structure may
be covered with a relatively thick |ayer of si licon 5 dioxide. The silicon

di oxi de may - r t ) or

pl asma enhanﬁgedé %ﬁc%% ngﬂ?\" ésp &?%?n %’Z@g V&Q%r%%l?dr d&ﬁgglg}:lféaﬁﬁ sa‘gas

i ncludin traeth orth SI|IC i s used,. The silicon dioxide may
be. pl arfAPEL eSSV B dhe Qng%@tfﬁﬁ@aﬂuw JiBRiviEY @hed - aioHad diifny

gate structure is exposed. Then, the du ate structure, incl ud|

pol ysi |dlestedandhe ﬁfé'rtmgrﬁﬁefdﬁhfﬂ@/ bevary exieem %@Woﬂd}l@mrr@ igsy atioe

et chi ng. Thereafter, the partly exposed el ongated sem conduct or I i ne
may be fooeydngil ehysembcpodmbrhm-imgulatos elabs tvheee n thalep et imon hay es haga thinckaiess
removes the oxide fromthe extrenely thin sem conductor-on-insul ator wafer

wmder neatdrahdiefremangat 6 rﬁ@@n@@tﬂl&h@s d‘ 'aﬁ%nd&hh‘ﬁg oxi#8 indDRti6h PRHRRISA a

sem conduct or line is conpletely free "hangi ng” between the source and

drain rp %Bﬁt A9H Min Ofmﬁ@ﬁ% ﬂ&)rfgyer aﬁﬂé&frﬁéi'ur%g‘i@r o tHR stffks 65%10””0“

S|I|con OXI e |s rennved source aln reglo
enough | ear XI de from 81 |l onga sem conduct or e etel y.
0 Then, ProndERker VT w Rkl Ea M oL e, RS AR B TR SR AT ST T
al l ows grow ng
t%e S||ICOI‘] layer, for example in a range from about 5-8 nm for nanowire applications, but it

may be wider in order to produce other devices.

15
On top and around the silicon stripes, a dummy gate structure may be formed. The
dummy gate structure may include a dummy oxide having a thickness in a range from about
2-3 nm and a thicker polysilicon, which may have a thickness in a range from about 40-60
nm on top and around the silicon stripes. Adjacent the dummy gate structure, a protection
20 spacer may be formed. Then, silicon may be grown using a selective epitaxial growth

process to form raised source and drain regions. In the selective epitaxial growth process, the
protection spacer may prevent silicon growth at the gate. The silicon grown in the selective
epitaxial growth process may be in situ doped, so that no subsequent implantation and

activation anneal is needed. Thereafter, asilicide may be formed at locations where silicon is



dielectric material at the bottom side of the el ongated sem conduct or
lines. This nay be done by creating a thermally grown silicon dioxide, but
hi gh-k materials may al so be used. Hi gh-k materials nmay have advantages in
terms of |ower gate |eakages. Thereafter, a gate el ectrode, for
exanple a netal, gate electrode, my be for .. The te electrode ma
comp er@PgRH | e el B LBurday e eRERE Rt T eite B
thin sem conductor-on-insulator wafer in order to avoid any air voids in

t he dealk@N NHde OB IS g is frmed Onbr onfidie s sl 9rqecird Sn FEIONS. S
Thereafter, contact and backend wiring nmay be manufactured in accordance
wi th standard sem conductor processing techniques. Figure |la shows a
schematic top view of a sem conductor structure 100 according to 10 an
enmbodi ment i Thekeaftion Otbe Ctruatune Mya bé Wol &red PRitle &6 el @tedyr diiclg |&@r ai silicon
enbodi ment. Figure | b shows a schematic cross-sectional view of the
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schemati c cross-sectional view of the sericonductor structure 100 al ong the
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of sem conductor material may include silicon or another sem conductor

mat er i dNeans @t iehervicgy Meglani Ge paRbSHi nghyintd jthe dummyagaie geuevred s exposgd. Then,

sem conduct or 20material, such as gallium arseni de. The substrate
101, t hbe dayety d#e stofictarlecicichidoa potysilisan axidi thg doaingr 0xéte,anay béeenh@ayedrbyl03  of
sem conductor material forma sem conductor-on-insulator structure. In sone
gorbodi MRIHfa sl defvs aphiggnduct or - on-i nsul ator structure may be an extrenely
thin sem conduct or-on-

Thereafter, the partly exposed elongated semiconductor line may be completely
exposed using a selective oxide etching step which removes the oxide from the extremely
thin semiconductor-on-insulator wafer underneath the elongated semiconductor line. Thus,

15 the elongated semiconductor line is completely free “hanging” between the source and drain
regions. The amount of etching may be adapted such that not too much silicon dioxide is
removed under the raised source and drain regions but enough to clear the oxide from the

elongated semiconductor line completely.

20 Then, a dielectric material may be formed using a process which also allows growing
dielectric materia at the bottom side of the elongated semiconductor lines. This may be done
by creating athermally grown silicon dioxide, but high-k materials may also be used. High-k

materials may have advantages in terms of lower gate leakages.



25i nsul ator (ETSO) structure, wherein the layer 102 of electrically
insulating material may be an ultra-thin buried oxide (UT-BOX) that has a
t hi ckness in a range from about 10-20 nm and the |ayer 103 of

sem conductor material has a thickness in a range from about 5-8 nm The

d d b
Cayer 102 8 r@f%@%ﬁ%@%ﬁ@(%&%&%ﬁ 6 RS oy eleifodk By gl T
sem conductor nmaterial nay be forned b nmet hods of formng a
sem corﬁﬁfb@'@?ttqslﬁm&yweﬂy&'ﬂhl@ﬁﬁh@d ﬁf@él\/\um' mieLxisedayen gt Bie ediemkytbins

wherein at |east one of the wafers has a layer of the electrically
i nsul atdemicamnduetoi-a-instil adrevaf eryigrorde@Xofaypiteanyt dieveids jn tesdevioegwbich cofild he
waf ers, optionally at a | ocation wherein hydrogen has been inplanted into

t he wafteysoursadofpdeféshiomeaageeathconduct or material of the 10cl eaved wafer to
provi de a snooth surface of the |layer 103 of sem conductor material that is
formed of a portion of the cleaved wafer. Fi gures 2a, 2b and 2c show
schematic views of the sem conductor structure 100 in a |l ater stage of the

T5con conaucPeF R eny Pl PRl Ut D TRk OB el

Cross-sectio .views al on he l i nes A-A and B-B, respectively. The
| ayer Gﬁdn %H@BEWBP%QQ&?‘? hRlOUgRy be structured using techni ques of
photol it hogr aphy and etching for form ng el ongated sem conductor |ines 201,

202, 203. For

Figure 1la shows a schematic top view of a semiconductor structure 100 according to

10 an embodiment in a stage of a manufacturing process according to an embodiment. Figure 1b
shows a schematic cross-sectional view of the semiconductor structure 100 along the line

A-A and Figure 1c shows a schematic cross-sectiona view of the semiconductor structure

100 along the line B-B.

15 The semiconductor structure 100 includes a substrate 101 that may be formed of a
semiconductor material such as silicon, an electricaly insulating layer 102 that may be
formed of a dielectric material such as silicon dioxide, and a layer 103 of semiconductor
material. The layer 103 of semiconductor material may include silicon or another semicon-
ductor material, such as silicon/germanium, silicon/carbide or a 1ll1-V semiconductor

20 material, such as gallium arsenide.

The substrate 101, the layer 102 of electrically insulating material and the layer 103 of
semiconductor material form a semiconductor-on-insulator structure. In some embodiments,
the semiconductor-on-insulator structure may be an extremely thin semiconductor-on-

25 insulator (ETSOI) structure, wherein the layer 102 of electrically insulating material may be

10



20 this purpose, a mask (not shown) covering portions of the sem conductor
structure 100 where the el ongated sem conductor |ines 201, 202, 203 are to
be provided may be fornmed. This may be done by neans of techniques of

phot ol i t hogr aphy. I n enbodi ments wherein a width of the

el ongat ed

2 vav ol Er A TR S e B BRI SR g s PR e DB 0"

patternl n techn ues nmay be used for the formation of the mask,

Ther eafangihe laerekOsipf &?’B@@@@U%y“@@'%é’@ Bthienessina rangai rem Fhaudld- Bobves
portions of the | ayer 103 of sem conductor material that are not covered by
the mask. Portions of the |ayer 103 of sem conductor nmaterial covered by
the mask are not renoved in the etch process and formthe 5el ongated

sem conduct orhd dentsond0dtor-86-2hsulkfss . structure proviglee by figedubdrae 10T anelligtor0d | nes
201, 202, 203 have a longitudinal direction extending substantially along a

hori z O'Bffé et daft§§ r‘nsﬂlbtlﬁbj %&ér%@%ndl fhell &fr 168 oV séﬁ‘ﬁ’c&{duaog Hﬁa@er?&an?a?%eh&rnhépm al

in the cross-sectional "view of Figure 2c) that iIs perpendicular to a

t hi ckn f

Cross-sectl oﬁg% Oﬁﬁ;&éﬁﬂ%% %H;urggagi)a n@:‘u%‘?% ét%\‘?%é(t?@rll%q'@%%%nfng 0efl tg)vrﬁ)gat ed

sem cond ctor lines 201, 202, 20 the | o di nal direction may be

o oat aril R VaFeA 43S one dithe fafess Braiover Qe EoEGR b SheETSAY 802,

203 in wi dth direction of the el ongated sem conductor |ines 201, 202, 203
(hori zdh@ &yer A02 hermeadetiierepn, Feaylimg:ene af éhﬁ)W@‘l@BS Qntionsl yedt teckosatian wheretre

el ongated sem conductor lines 201, 202, 203 in 15the thickness direction of

t he sulisdragea hbd been implanté?dhmtexlnewaienmmﬂfpdihbinglaomﬁtmﬂustenimtwof the | i nes
201, 202, 203 in the thickness direction may be substantially equal to the

1t Canﬁé&v@lﬂ Wk th PYsi del& SnBdthSBTbEOGTAHE | er TBE BF behi coricdRitlorkcgdtid bRy iar e

f or med.
formed of aportion of the cleaved wafer.

Figures 2a, 2b and 2c show schematic views of the semiconductor structure 100 in a
later stage of the manufacturing process. Figure 2a shows a schematic top view of the
15 semiconductor structure 100, and Figures 2b and 2c show schematic cross-sectiona views

along the lines A-A and B-B, respectively.

The layer 103 of semiconductor material may be structured using techniques of
photolithography and etching for forming elongated semiconductor lines 201, 202, 203. For

20 this purpose, a mask (not shown) covering portions of the semiconductor structure 100 where
the elongated semiconductor lines 201, 202, 203 are to be provided may be formed. This

may be done by means of techniques of photolithography.

In embodiments wherein a width of the elongated semiconductor lines 201, 202, 203

25 is substantially smaller than a wavelength of light employed in the photolithography process,

11



The extension of the el ongated sem conductor |ines 201, 202, 203 in the
width direction may be in the sane range as the thickness of the |ayer 103
of sem conductor material fromwhich the el ongated sem conductor |ines 201,
202, 203 are forned. In sone enbodi ments, the el ongated

sem conductor lines 201,. 202, 203 may hayve a width in a ran f rom about
55 o MR B R teE i, FeR G ey PR 1 Y Bt bne's Perastr o (o

el ongat ed sem conductor |ines 201, 202, 203 and/or the thickness of the

el ongat®e PEESomaviPedReriarmed Jlde etoly proces rerapves opHNSY e ey 103 @fkness
of the layer 103 5of sem conductor material fromwhich they are forned may
be gr eaemiconductor iRk plethaBare nBhcevetkday Hieanask c enttnnsof vieshagercf03t dfesemi-

sem conductor structure 100 in a |later stage of the manufacturing process.
Fi gur e cdadshiovmateriaicbsmedd oy trepmuskeaveaiot réraoeinincthe @bt srocess fand tome thdo,

and Figures 3b and 3c show schematic cross-sectional views along 10t he

4 nes Aqdh BrRonbgEHaridswel Y202 203, A dummy gate structure 303 including
a dumy gate insulation layer 301 and a dummy gate el ectrode 302 may be
formed on the el ongated sem conductor lines. In sone enbodi nents, the dunmy
gate structure 303 may additionally include a cap layer 304 that is

15pr ovi ded t he dummy gate el ectrod 0 The dumy gate. insulation
ayer 301 e B ORGR oRyREREa: 11 2901 202 268 NV STRIIGA CHES by
gate insulation |ayer 301, for exanple a | ayer of silicon dioxide, having a
t hi cknexx¢endingsubgianfial ly rabengamlanitzoptal diesti omHerdi 63l tie the topIvigre pf bifguke 2aanst i al

of the 20 dummy gate el ectrode 302, for exanple a |layer of polysilicon,
havi ng herizbntek ime $lse crosstseciioga Viewnofabmute 20) @@t nsnpegentieulfao tored thickness
Thereafter, a layer of a material of the cap |ayer 304, for exanple a | ayer
ob si | idheetion b thd Subdiatd 110 (RertiBhlq K ARSE obdseeti b YRWS P R GlRes 2 4rdlEt)nmnray be
formed. The layer of the material of the dummy gate insulation |ayer 301,

the | ay, f oot I : ] e e -ﬂ[&ﬂ] r of

t he rrat%hngllono#qp ﬁ?@%ﬁé{j as)@/@}éoggﬂ& 5'1'13%/5 | e:L ’ T2 g?’msd’jr Eﬁﬁ]ﬁégﬁ%‘ 0 %@ﬁ%tﬁffon

Processes, RGeS tRATTH GenyBROF 1iSBBRELLP SRt 2hRlctor lines 201, 202, 203 in a
width direction of the elongated semiconductor lines 201, 202, 203 (horizontal in the views of

Figures 2a and 2b) and an extension of the elongated semiconductor lines 201, 202, 203 in

15 the thickness direction of the substrate 101.

The extension of the elongated semiconductor lines 201, 202, 203 in the thickness
direction may be substantially equal to the thickness of the layer 103 of semiconductor
material from which they are formed.

20

The extension of the elongated semiconductor lines 201, 202, 203 in the width direc-

tion may be in the same range as the thickness of the layer 103 of semiconductor material

from which the elongated semiconductor lines 201, 202, 203 are formed.

12



pl asma enhanced vapor deposition. After the formation of the |layer of the
material of the dummy gate el ectrode 302, the |layer of the material of the
dummy gate el ectrode 302 nay be planarized, for exanple, by neans of a
chem cal mechani cal polishing process. 5Thereafter, the |ayers of the

materials of the du .gate jnsulation | ayer 30 t e ect rode 302
and the cap Inapme SRPAEt ahe BinBind Sen i icie ind AR i o Sy g
etching. The dumry gate structure 303 nmay extend across the el ongated

seni con¥gét by arangedrom @boyd15-8 20 anddnay IgimeR@nensiesn | othen empashmeNtRathe
structure 303 in the longitudinal direction of the el ongated sem conduct or
| i nes 20itth 202he Hdhoaiedr sang ednduntor Hnesi 204, F02Fi208rand8s tnedthinknessooft &te i n
the view of Figure 3c) nay be approxi mtely equal to a channel |ength of a

transi sd@nigated domidontingar limest202, 36271208 rdtredpondisty tol dicthzkhes3.of Tiel aget F3si on
of the dummy gate structure 303 in the |ongitudinal direction of the

% 002l G deRRBGRAI R a 1T HHNIN? B foRfEA hayBYgRael " 2 range from about

2-5 nm An extension of the nmy gate structure 303 in the width
direction of the elongated sem conductor |ines 201, 202, 203 (horizontal in
the views of Figure 3a and Figure 3b) may be greater than the extension of
the dummy gate structure 303 in the longitudinal direction of 20ihe

1 ongat ot STPUBHARAIT T DEhETEV s Bt e ChEloh Bupituie LDOA  hat
each of the elongated sem conductor |ines 201, 202, 203 is covered by the
dummy dateestage ofcthgmeangegturing process. ghigeke Jpashonts aagbiemdi Glopwi & REHgedl vi ews
of the sem conductor structure 100 in a |l ater stage of the manufacturing

pr oces sconéuigor @rutture hodysana S glres8b iand 3o phew esshanfiatitcheeoss-sectional views along

10 the lines A-A and B-B, respectively.

A dummy gate structure 303 including a dummy gate insulation layer 301 and a
dummy gate electrode 302 may be formed on the elongated semiconductor lines. In some
embodiments, the dummy gate structure 303 may additionally include a cap layer 304 that is

15 provided on the dummy gate electrode 302.

The dummy gate insulation layer 301 may be formed by depositing a layer of a
materia of the dummy gate insulation layer 301, for example a layer of silicon dioxide,
having a thickness in a range from about 2-3 nm. Thereafter, a layer of a material of the

20 dummy gate electrode 302, for example alayer of polysilicon, having a thickness in a range
from about 40-60 nm may be formed. Thereafter, alayer of a material of the cap layer 304,
for example a layer of silicon nitride, having a thickness in arange from about 4-10 nm may
be formed. The layer of the material of the dummy gate insulation layer 301, the layer of the
materia of the dummy gate electrode 302 and the layer of the material of the cap layer 304

25 may be formed by means of deposition processes such as chemical vapor deposition and/or

13



sem conductor structure 100, and Figures 4b and 4c show schematic
cross-sectional views along the lines A-A and B-B, respectively. A sidewall
spacer 403 may be forned adjacent the dummy gate structure 303. The 5

si dewal | spacer 403 may i nclude a portion 401 that is fornmed at a side of

| ongi t W SR Yart Gerlions) Dt BdoanAtAalnb B R e Fikdla bhie' 505

Addi ti onal |y, the sidewall spacer 303 i ncl udes a portion 402 at anot her

si de ofdunHBY gageecHade3es: ﬁ%‘ﬁ!ﬂ@@'@mﬂl@ﬁﬁl (Pféhgd%%(rﬁd%‘?'ﬁ?rq%% MeAYRA ar to
the |l ongitudinal direction of the el ongated sem conductor |ines 201, 202,
203 andlappasd, fer examplel Oy sadivs ofna oty bal tthreh@eal ipohishig priosessr ovi ded.

Mor eover, the sidewall spacer 403 may include portions at sides of the
dummy gate structure 303 that are substantially parallel to the

| ongi tudi nal direction of the el ongated sem conductor |ines 201, 202, 203

(ot shown ithedpref, 'tl%'lbgérsbhtttéhnaié%ét P8y Qe Frﬁélaﬁ&fr! @("BUELCEHér ate

structure 100). Thus e sid spacer 403 'may be an i ntegral feature

ext endi ngl pacer
403 rrtatyegl%t'%gj g%ﬁeaéﬁq gethg%gm( %}%?%@at er)}jé%%gﬁ erfﬁ gg’bg eqngyoérp@gﬁltﬁ(#ggr x‘l%tnrggl e,
the sidewal | spacer 403 and the cap | ayer 304 may be formed of silicon
nitridECHPE si dewal | spacer 403 may be forned by substantially
isotropically depositing a 20 layer of the material of the sidewall spacer
403 on the sem conductor structure 100. In the isotropic deposition
process, a rate at which material is deposited is substantially independent
of the ori enfladuwmmyfgatehstrusturd 3@ ey extendactdss theed! emgatdd semi clolastot Bdes
Exanpl es of isotropic deposition processes include chenical vapor
feposi t20an26N 208! AsTEXtPRIOAE Btk AReTY ¢ale raB@Fe SEENA%he IoPBitudiRal direction of
the elongated semiconductor lines 201, 202, 203 (vertical in the view of Figure 3a and
horizontal in the view of Figure 3c) may be approximately equa to a channel length of a
transistor to be formed in the semiconductor structure 100. The extension of the dummy gate
structure 303 in the longitudinal direction of the elongated semiconductor lines 201, 202, 203

15 may be in arange from about 2-5 nm.

An extension of the dummy gate structure 303 in the width direction of the elongated
semiconductor lines 201, 202, 203 (horizontal in the views of Figure 3a and Figure 3b) may
be greater than the extension of the dummy gate structure 303 in the longitudinal direction of

20 the elongated semiconductor lines 201, 202, 203, and may be adapted such that each of the

elongated semiconductor lines 201, 202, 203 is covered by the dummy gate structure 303.

Figures 4a, 4b and 4c show schematic views of the semiconductor structure 100 in a

later stage of the manufacturing process. Figure 4a shows a schematic top view of the

14



Thereafter, an anisotropic etch process nmay be perfornmed. In anisotropic
etching, an etch rate at which material is renoved depends on an
orientation of the surface of the material that is exposed to the etchant.
Hence, in the anisotropic etch process, the material of the sidewall spacer
403 may

5. e SEocDRey i icint JEBLRET RsbPEChE G 48 Shaf el B S MSHE

structure 303, a surface of the |layer 102 of electrically insulating

mat er i ZA0SHBYBES Ak ARER-B.HESPeCBhat ed semi conductor |ines 201, 202, 203,
and top surfaces of the el ongated sem conductor |ines 201, 202, 203 than on
inclined portions of the sem conductor structure 100, such as sidewalls of
the dummy gate structure 303. 10 The ani sotropic etch process may be
perfornmed uniisideival syadee108Imayf bé feemetl dejsabnt the daemyddide ssucules803ntTHa | y
removed fromthe horizontal portions of the sem conductor structure 100.

Agldi T ag@afan, e?'4(@hha}9VrﬂL%eg$nP6ﬁﬁn%lﬁﬁétfi ol 2'a §6EBY tHeGddrey TRt | al

of the sidewall spacer 403 fr sidewal I s of the el ongated sem conduct or

| Syt o 0a R B RO B AP b,
O O Ah 7, S LR SRR 250 3 TS el

source region 404 and a raised 20drain regi on 405 may be forned. The raised
sour ce 402gt grotherssidgmef thadumanyseaie &f@twer@gitw igepsiaaljal bepgspend ekl to the
opposite sides of the dumry gate structure 303. The rai sed source
regi on |é0gHuaingl dhrectrani cfetthe ait arigated esgimbcond 0domiagesiz01f @0RE2DDendeppmsite they an
in situ doped sem conductor material on portions of the el ongated sem con-

2pduct ajdd omesichGhe pdlidn 4A3 s prhvagenNt Moy e ffe/ s Bev&| §iacCa0s Mayp Aol udehe
type of dopant in the

portions at sides of the dummy gate structure 303 that are substantially parallel to the longi-

tudinal direction of the elongated semiconductor lines 201, 202, 203 (not shown in the figures
which show a section of the semiconductor structure 100). Thus, the sidewall spacer 403
may be an integral feature, extending around the dummy gate structure 303.
15
The sidewall spacer 403 may be formed of the same material as the cap layer 304.

For example, the sidewall spacer 403 and the cap layer 304 may be formed of silicon nitride.

The sidewall spacer 403 may be formed by substantially isotropically depositing a

20 layer of the material of the sidewall spacer 403 on the semiconductor structure 100. In the

isotropic deposition process, arate at which material is deposited is substantially independent

of the orientation of the surface on which the materia is deposited. Examples of isotropic

deposition processes include chemical vapor deposition and plasma enhanced chemical vapor
deposition.

25
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rai sed source region 404 and the raised drain region 405 may correspond to
a type of transistor to be fornmed in the sem conductor structure 100. In
particular, in enbodiments wherein a P-channel field effect transistor is
to be fornmed, the raised source region 404 and the raised drain region 405
may i ncl ude P-type dopanpt.. a in enmbodinents wherein.a N . channel
(ot o of f et e enghieplopis e nipana i s intel Bt utpic AgiNGoA and
the raised drain_ region 405 nmay include an N-type dopant. The

nat er i ctofte #avhie) waigrialdsFeaovedgiesendsen ag e enlseon af kieguidacsiah thesgaisHas05
may include substantially the same material as the material from which the
el ongattbal iseaxposed-to 10e @tchant. | Herge, A0he A0Dirop@3etaln erdcessytioe material of the
Alternatively, different materials my be used for the raised source region

404 andsiddnel Ir spiase 03 madynbe 8OO S reovédiernebsaniil | yaid zbatel pdreéord efngat ed
sem conductor |lines 201, 202, 203, on the other hand, for providing a

s{rain th@sén'i%orﬁi&ﬂﬂ%Erﬁ&ur%elr@oc%%bﬁﬁrfb&ertﬁh@d@}mm%q%}e strbewf®303, BRlrf&AnP! e,

in enbodi nents wherein the el ongate 1

sem conduct of nes 201, 202, 203

i ncl ude(si.l | I al . S U, i i 4 he forned
of si 1 15ane VB aah B ofeRirRAtY, B g Mater Sk B Dty 20K oSt BBl e
sem conguctor |ines 20 202, 203, whi be hel pful, for . Vi t he
vobi |1 ApCor Tigp €BF 250, 2% PaiaB At ob e Rt S B oeOh et 485 A2y be
formed of silicon/carbide, which may be helpful for providing a 20tensile
st r ess.20R thamen|iaclied okt oRgyofi the sevigontiEtoroBiuciueg 109, kick e6 als of the The
formation of the raised source region 404 and the raised drain region 405
may i nadundvy gatestrectiied3d3epi t axi al growt h process, wherein the material of
the rai sed source region 404 and the raised drain region 405 is deposited

om exposed portions of the elongated sem - 25conductor |ines 201, 202, 203,
but substantially no deposition of material or only a deposition of a

100 why ch ar et 2T URICTach A s a0 HtBngRt il e L R S Lot or
mater as!pagefr 4[)5 ¥s gulbcs)paﬂf?l rE\I Fydre?n%r\rlieg ?rr(])gnuﬁwte Brilzg)rr{{glspozrg (%ns O%Q[ﬁe sezrgi%bnductor struc-
ture 100. Additionally, a slight overetch may be performed for removing the material of the
sidewall spacer 403 from sidewalls of the elongated semiconductor lines 201, 202, 203.
15 Portions of the layer of the material of the sidewall spacer 403 at the sidewalls of the dummy

gate structure 303 are not removed in the anisotropic etch process and form the sidewall

spacer 403.

After the formation of the sidewall spacer 403, araised source region 404 and a raised
20 drain region 405 may be formed. The raised source region 404 and the raised drain region

405 may be provided on opposite sides of the dummy gate structure 303.
The raised source region 404 and the raised drain region 405 may be formed by

depositing an in situ doped semiconductor material on portions of the elongated semicon-

25 ductor lines 201, 202, 203 adjacent the dummy gate structure 303. The type of dopant in the
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S5Features fornmed of other materials than the el ongated sem conductor |ines
201, 202, 203 include, in particular, the cap | ayer 304 of the dummy gate
structure 303 and the sidewall spacer 403. The cap | ayer 304 and the

si dewal | spacer 403 may encapsul ate the dummy gate el ectrode 302 which may

be formed of polysilicon, sp. that substantially no depositi of ,materi al
or oni e spligeBlin % adh e Pasedl HAIrD et P Hah EBR0hR ot 0B, Gat o
10structure 303 and the sidewall| spacer 4083. In the selective

epi t axiEANSGAH R WegPopek i theremisnakieiob AlrddureckdRd Uit Rt eHi@Te 1 i SMbeHA MarEs
exposed portions of the el ongated sem conductor |ines 201, 202, 203 may
occur buhdieina Piebaril tRdegtkecdiransttdrdn tobe foreesluthet reised sadge (egant 4&adnd n
Figures 4b and 4c) and in horizontal 15 directions (horizontal in Figures

4b and the )ai sddedieie, regiiba 498 maoimdiuce @rP-tgveaiopaht, g Mnerabodi fente xwieesa apes t i ons
of the el ongated sem conductor lines 201, 202, 203 may grow over the gaps

bet WeenHbhit $1eff 8AER GrahSHIoF 95 868 Pornidd e 2f5ke sB¢e réflen 482 dnbiahe &S 2l sed

source region 404 and the raised drain region 405 cover the portions of the
| ayer : : i i L. at | terial between the el ongated

sem coﬁé@?%@%?ﬁ%é{%%&yﬁwé% th the excep- 20 tion of those
portions which are covered by the dummy gate structure 303 and the sidewal |
spacer 403. I n enbodi ments wherein the rai sed source region 404
and the raised drain region 405 include silicon, the selective epitaxial
growt h proceB¥ @aisrialyefdtieoia sed rsauiieg regien it sed e upiced desiregedhon 404 naayd t he
rai sed drain region 405 may be a chem cal vapor deposition process or a

pl asma iachdmedutantidiy ta sanapated alpasthie rnaepa dtessyhibie tlee d oagatechséraiicbn-gas

i ncluding chlorine, such as Si Cl4, SiHC13 or Si H2Cl12, is used.

A t er naducke livies 201¢ heixlare@mpedind i ncl udi ng chlorine, such as HCL, may be
used in addition to a reactant including silicon, such as SiH4 or SizHo. 5
Alternatively, different materials may be used for the raised source region 404 and the
raised drain region 405, on the one hand, and for the elongated semiconductor lines 201, 202,
203, on the other hand, for providing a strain in the elongated semiconductor lines 201, 202,

15 203. For example, in embodiments wherein the elongated semiconductor lines 201, 202, 203
include silicon, the raised source and drain regions 404, 405 may be formed of silicon/
germanium for providing a compressive stress in the el ongated semiconductor lines 201, 202,

203, which may be helpful for improving the mobility of holes, or the raised source and drain
regions 404, 405 may be formed of silicon/carbide, which may be helpful for providing a

20 tensile stress. A tensile stress may improve the mobility of electrons.

The formation of the raised source region 404 and the raised drain region 405 may
include a selective epitaxial growth process, wherein the material of the raised source region
404 and the raised drain region 405 is deposited on exposed portions of the elongated semi-

25 conductor lines 201, 202, 203, but substantially no deposition of material or only a deposition

17



Chlorine atonms nmay react chemically wth silicon adatons on silicon dioxide
(for exanple, on exposed portions of the layer 102 of the electrically
insulating material) or silicon nitride (for exanple, on the sidewall
spacer 403 or the cap |ayer 304 of the dumry gate structure 303). In the
chem cal, reaction, sequs_reaction products are. forned, which re not
bound 1t 4 s b anpup & FeliTa SR rmebla: 6 e Fofiep ROty s a0 uBlBii T e
on the el ongated sem conductor |ines 201, 202, 203 may remin on the

seni corfieéerBied<af rpend s tha Grexdiéf erent Mo Eer semiendyglar Bisterish PbHesdanggdl ¢ he
rai sed drain region 405. As an alternative to a chem cal vapor deposition
pr oces sseancopdacianliresi?@hc2i?, 26&nmi cal 15 vapor deposition process, nol ecul ar
beam epi taxy (MBE) and/or netal organic chem cal vapor deposition (MOCVD)
may be enployed for form ng the raised source region 404 and the raised
drain region 405. In enbodi nents wherein the raised source region 404 and

tde rai sed dtj ped REED of Bfher hateiEl s %&&Wg@m&@w%gz@@z@m al,

SIUCh as silicon/gernmaniumor silicon/carbide, I vapor deposi tion, I

br gant Coninde i B8 LiAeRlnAR eOZ b LRRurEl) GaE At Y Al ©
i sed i 404 and the rai dr ai [ 405, As

a1 oady PEAABNAH° agb e AHeenidneSRrUal seL e PO 3P Shedan iy S or

the formation of the raised source region 404 and the raised drain region
405 mayelestrogde 308 erhishy areyt beiformed ofepal ¥dmenne 158 rthatesudstpati allyf nQ Bepastioseef
source region 404 and the raised drain region 405 is in situ doped. For

t hi s pungesa, oraonl g paniEpasian efs a snillc bmoayt dfematecibe otaas onSthe ayoouy djate

i ncluding a dopant or a dopant in atom c or nolecular formmay be supplied
foir i ng dieubedEECdridvBe SBEVAKERceto3M h process. The dopant is incorporated
into the sem conductor material of the raised source region 404 and the
rai sed drain region 405. For providing an N-type dopant, such as phosphorus
(P) or arsenic (As), in the raised 10 source region 404 and the raised
drain regio 5, a.dopant . speci es. such as phosphi ne or _arsine
(harB) | vy e DEBR A RS Rr oGRS eGP B Sl b R AL 300 o
provi ding a P-type dopant, such as boron, a doi)ant speci es, such as boron,
bor on dPPPLRIrRAEEONSHE 1he Seapded serpisPREHEQr BE8 YOL.nglld, B3 SigyfIccaPRilin H t he

sel ective epitaxial growth process.
thickness direction of the substrate 101 (vertical in Figures 4b and 4c) and in horizontal

15 directions (horizontal in Figures 4b and 4c). Hence, the semiconductor material grown on the
exposed portions of the e ongated semiconductor lines 201, 202, 203 may grow over the gaps
between the elongated semiconductor lines 201, 202, 203, so that the raised source region
404 and the raised drain region 405 cover the portions of the layer 102 of electrically
insulating material between the elongated semiconductor lines 201, 202, 203, with the excep-

20 tion of those portions which are covered by the dummy gate structure 303 and the sidewall

spacer 403.

In embodiments wherein the raised source region 404 and the raised drain region 405

include silicon, the selective epitaxial growth process employed for forming the raised source

25 region 404 and the raised drain region 405 may be a chemical vapor deposition process or a
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151 n sone enbodi nents, portions of the sem conductor structure 100 which
are not shown in Figures 4a to 4c nmay be covered by a mask, for exanple, a
har dmask including silicon nitride, during the formati on of the raised
source region 404 and the raised drain region 405, and the portion of the
sem conductor_structure. 100 sho in.Fiqures 4a to 4c may be covered by a
ok U, eSS (R0 Hhatid) B et R G ahEg i ar

20 to raised source_and drain regi_||ons 404, 405 are fornmed in the other

por t i orfSl Qe FechsasilondRiEiChy Ok Stk zria usesh. Attelnstivelys Achemiqa, campend ai sed
source and drain regions and/or raised source and drain regions forned from
di f f er éncludimg ehiosiing, such apHE&V i by be asadi ihfaddidion to apeactst Btctutlimg sgorb sudhor med
in different portions of the sem conductor structure 100. Fi gures
5a, 5b ®&mBiHSor Sy schematic views of the sem conductor structure 100 in a

| at er stage of the manufacturing process. Figure 5a shows a schematic top
vi, ew of the sem conductor structure 100, and Figures 5b and Sc show
schematic cross-sectional views along the lines A-A and B-B, respectively.

S Af t ] I LAl se I 4 an e i sed
drain regi oﬁé%@ﬁe %\féﬁ%ﬁh‘%\gpeﬁ c?hgﬁ'scgﬁgf gﬁmegg%fgd&ésﬁg%ﬁﬁ ﬁ(ﬁoen?gr'g’f( H%n(rqéergl i ng
process, nmay be perforned for _djffusi dopants from the rai sed soyrce

ot on CHaDlEn, FEOS] BOdons 8f e SR A0aGH TREHirY JS IS REt SRt Tat ed
sem conductor |ines 201, 202, 203 adjacent the dummy gate 10structure 303.
Thus, &ilionridedirsramo, é)ﬁdh%lsde\é(a'{wsp@gi 803 sothengep |Byer fa¥ i dhe Auadh of

t he el ongated sem conductor |ines 201, 202, 203. Si nce dopants from
t he r aigabristamture 80BE gl rothedhdmicall reédetom, ajasemlis deartion pegducts &6 Sommeeg, dinfdhuse
both in directions parallel to the thickness direction of the substrate 101

foerti Gpé nbNbdund faetheisaibceodf thieGmfnBitictamétrietlre a0d. 1 3iliE®T H&Rat&l on the

directions (horizontal in the views of Figures 5b and Sc), portions of the

St uct Ui OB ST oo o B0 e Y aTor S5 B Rt B0 371 ©
i rect i o e oGl Ry g0 4P SRl BTaRST sl eRE 4080z, 203 ey “be
substantially smaller than the w dth of
As an alternative to a chemical vapor deposition process or plasma enhanced chemical
15 vapor deposition process, molecular beam epitaxy (MBE) and/or metal organic chemical
vapor deposition (MOCVD) may be employed for forming the raised source region 404 and

the raised drain region 405.

In embodiments wherein the raised source region 404 and the raised drain region 405

20 include a compound semiconductor material, such as silicon/germanium or silicon/carbide,
chemical vapor deposition, plasma enhanced chemical vapor deposition, molecular beam

epitaxy or metal organic chemica vapor deposition may also be employed for forming the

raised source region 404 and the raised drain region 405.
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20 the dummy gate structure 303 in the |ongitudinal direction. Thus, a
portion of each of the elongated sem conductor |ines 201, 202, 203 bel ow
the center of the dumy gate structure 303 nay remain substantially
undoped, or the portion of each of the el ongated sem conductor |ines 201,

202, 203 bel pw_t he center f t he ate str.u tur 303 may
appr oxi mat el'§5 @tﬁ n‘?‘ttqvﬁl ﬂ}en%ﬁ:gvgfeqt% 1‘3@0%?’ %ﬁffz mﬁlct or

material. 25 a channel re i on, that |s drfferently doped t han
t he soneeatmg@fothese%ﬁwr@%egmraﬂ ased Ok redon A9 ineRYde Adaptedent r al
portion of each of the elongated sem conduct or lines 201, 202, 203 that is
| ocat edsubletialy thé serdiconguctit reatsti aluatt tneeai3ed sorhe regiam He4 aneghenafs@r @an

provi ded between the source regions 503 and the drain regions 504, which
are | oqagied 408 isn eitd dpgdd. i Povsthid plirpeses bafvpatteghesiesyiveisiosl uedydse & ichericg01,
202, 203 that protrude from bel ow the dunmy gate structure 303. In sone

eESTbOd' BRfipound el &G & doHBnP bP BEfopalit ™ AVEHC foncfl&Fdi‘&r%rﬁt*’tﬁa??B@B pli@g! on

503 and the drain region 504 in each of the el ongate sem conductor |1 nes

201, 20 r e r 550-
700c antindye S Phala @W{ro o sl Rl FrbahebanRth o0

10 After th rmati on of the s i 503 .an he drain regions
504, sidEia qetss of Greasphob tisseatay Bhandiee %S@Oﬂérnrereglgnggé Sour ce regi on
404 and the raised drain region 405. A layer including nickel, cobalt,

pl ati num titanium tungsten and/or an alloy of nickel and plati nummay be
deposited over the sem conductor structure 100, and a further annealing 15
process may Hue ppaiifliog@adN-type dopentcsuth aa pbbsaos! (P) eaaseroo (A8 wetba raibesl et al
and the sem conductor material in the raised source region 404 and the

1@ sed Purkhedi68uonaiPine rdiker @afr l,onFl@Bt 4 86sanP Epecle, sehak P%ﬁpﬁmef(PH@ not

reacted with sem conductor materia be renmoved by an etch process

200uri ng 4G%e f(%girﬁan d8¥ He & Iréd'd&frnﬁethﬁoééécﬂt)é O%%uﬂﬁa%vttﬁ prBGest 2l £

source regron he rarsed 1on 4 e~cap layer 304 and
t he sidewall er 403 ma sub tantial | r event tac bet

metal dEpOOnECAP S dopal Seit toorfte s Pors BReBiBe el S R0 heth

structure 302. Thus, a formatron of silicide in the dummy gate el ectrode
302 nmy(Bhe @qgig}gtdg?qrer@(ﬁy v 812y bg sugpsied during the selective epitaxial growth process.

15 In some embodiments, portions of the semiconductor structure 100 which are not
shown in Figures 4a to 4c may be covered by a mask, for example, a hardmask including
silicon nitride, during the formation of the raised source region 404 and the raised drain
region 405, and the portion of the semiconductor structure 100 shown in Figures 4ato 4c may
be covered by a mask, for example, a hardmask, when raised source and drain regions similar

20 to raised source and drain regions 404, 405 are formed in the other portions of the semicon-
ductor structure 100. Thus, differently doped raised source and drain regions and/or raised
source and drain regions formed from different materias for providing a different type of

strain may be formed in different portions of the semiconductor structure 100.
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The source regions 503 and the drain regions 504 need not be fornmed by
nmeans of a separate annealing process that is perfornmed before the

formati on of the suicide portions 501, 502 as descri bed above.
Alternatively, the annealing process used in the formation of the silicide

portions 501, 502 be, adapt ed, such t hat ants fr the rai sed .source
Pogi on 404 Todpastrd % SR SraNAd: ails A PSR ekt SRhSD B o
sem conductor lines 201, 202, 203 and_formthe source regions 503 and the
drain rla§f é&@gesxﬁ@emffacwr%pnog?&an’aame 22 sapiMe A FChEMBt ot ¥ew phnee
required in the formation of the sem conductor structure 100. Figures 6a,
6b and senicmducteic seunttrecLlO0j e Frguresneh srchbe shalu cClhemaior crosusesti UGD viewsa 10
| at er stage of the manufacturing process. Figure 6a shows a schematic top

vi ew ofgldritethe finesandeed BB, gbspectivelye 100, and Figures 6b and 6¢ show

schematic cross-sectional views along the lines A-A and B-B, respectively.
After the formation of the silicide portions 501, 502 in the raised source
region 404 15 and the raised drain region 405, a dielectric |layer 603 nay

be fornmed on ] [ re. .8 [ . 603 may
i ncl ude sil i%%%qgféﬁiﬂn%g(g@ﬁﬁ{h%@%{e%ﬁ écgég%aggoﬁéﬁ@gégg%c@ emeé@ﬁ%\%’p%r
deposition process_or plasm enhanced chem cal vapor depositiaon process
wher o 1ANEH 1 BIGERSH 1G5r HEIE % G (Hecas] SPBeAioa PREeSs, el cpsperformed for
Alternatively, the dielectric layer 603 may include silicon nitride and/or
si | i corfidughg dopanss fiom Eheckai seeHsodice region td thegrisasl ¢lsainvegien 498p6%i ti on
process or plasma enhanced chem cal vapor deposition process nay be used

f or depmstidnsngf thee eonfated rsemi dondatoratidéo 0%, 202; 02030 agjacdant itHe ,dunesypeetd vel vy,
of the dielectric |ayer 603. After the formati on of the

o el ectdiuetut@30T, 18, a sdifcetieg§loAGDBIaAd haly#h r TRYmEaPMETorineg i R 8dchios ek
source region 404, the raised drain region 405 and the dummy gate structure

303,  anglhngated semiconductor lines 201, 202, 203.

Since dopants from the raised source region 404 and the raised drain region 405 may
diffuse both in directions parallel to the thickness direction of the substrate 101 (vertical in
15 the views of Figures 5b and 5c) and in horizontal directions (horizontal in the views of
Figures 5b and 5c), portions of the source region 503 and the drain region 504 may extend
below the dummy gate structure 303. A distance over which the dopants from the raised
source region 404 and the raised drain region 405 diffuse in the longitudinal direction of the
elongated semiconductor lines 201, 202, 203 may be substantially smaller than the width of
20 the dummy gate structure 303 in the longitudinal direction. Thus, a portion of each of the
elongated semiconductor lines 201, 202, 203 below the center of the dummy gate structure
303 may remain substantially undoped, or the portion of each of the elongated semiconductor
lines 201, 202, 203 below the center of the dummy gate structure 303 may be approximately
egual to aninitial doping of the layer 103 of semiconductor material.

25
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it may include a bul ge above the dummy gate structure 303, which is caused
by the topology of the portions of the sem conductor structure 100 on which
the dielectric layer 603 is formed. 5A planarization process, for exanple a
chem cal mechani cal poIishing process, may be performed for providing a

substanti al | Ian rface, o sem conduct or, structure 1 n.the
chem cal  mectiuf & 4nenseH et 5% i d BT, SRBR e ne Mutehrfat B2 A s 603
above the dunmy ate structure 303 may be renoved. Moreover, the

pl anar i Faniredop peE By bedyovideshipe Qﬂﬂ%do@ptl¢ra9fe@%bgﬁthﬂdﬁﬁgﬂﬁé Samrﬁwd@%@re

el ectrode 302, so that the dummy gate 10 electrode 302 is exposed.

Por t i orles@@], 2222@3 thahis | ddatgosed ow the duyemy @oie strueture 3. r Hiesthanseb uegtens egi on
404 and the raised drain region 405 remain on the sem conductor structure

100 andire ptowidedabesrdepithd bourbé pegind BB ahd tiicadrain regitohs 504, ama th aickt locdedincess.
The rai sed source region 404, the silicide portion 501, the portion 601 of

t@e di &Bfofti dhs of thel Ry at&iéé%gf}d(?ﬂdu@@r Iﬂ%tzb@‘zd&oéo@fhaf ﬁ%trﬁtl@ﬁ%ﬁr‘ BelGPaEEr 403

forma feature 604 coverin portions of eac | ongat ed

sem co 0 S

o ovi daih] g, BREARE ages ?negs.@o% SR e eﬁrp%ﬁ%ic%& eB3oy @ for
portion 602 of the dielec er 603 an he ti on 402 of ;the sidewal |
B pacer TaBBnEdReaet HEISH 5t ane o adeiparch e'ﬂo&ﬁérof B Soggetesh SBicBRgat ed
sem conductor lines 201, 202, 203 20 wherein the drain regions 504 are

f or med.duator tlines 20%.f A¥e 203 Mayhke perderiiedsat GolempeEs.re i eden@s §ogr ahowk 550-
dielectric |l ayer 603 and the sidewall spacer 403 are exposed, which nmay
encaps ui0at @ ahthenag e pedotmenhfer atinidia agbugefaire dbad ibetbmdunctesr | i nes 201, 202,
203, the raised source and drain regions 404,405 and the silicide portions

591, 502. Figures 7a, 7b and 7c show schematic views of the
sem conductor structure 100 in a |ater stage of the manufacturing process.

Fi y . . iy
and Fi gur es Thang OAnARS, sc'%iﬁd.ﬂffé?f%ﬂg%@si%ﬁ BRDBHH RG] S0 YR, o
A- A and t Af t th th
dunmy PS50 PG 'Vﬁf’farr@,edt'ﬂéh%mrﬁrsaar%f 800 A3 BT ST el
removed., This may be done hy neans of a first etch process adapted to

sel ect 1498t yA Jayeb el ydiveg ﬂ'ﬁk@r Pehaltopl o Am iRy AdnosEnepeios da e of BICKE ve to

the materials of the dielectric |ayer 603 and the sidewall spacer 401 and a
second andghatinuocsy be deposited over the semiconductor structure 100, and a further annealing

15 process may be performed for inducing a chemica reaction between the metal and the
semiconductor material in the raised source region 404 and the raised drain region 405.
Thereafter, portions of the metal which have not reacted with semiconductor material may be

removed by an etch process.

20 During the formation of the silicide portions 501, 502 in the raised source region 404
and the raised drain region 405, the cap layer 304 and the sidewall spacer 403 may substan-
tially prevent a contact between the metal deposited over the semiconductor structure 100 and
the dummy gate structure 302. Thus, aformation of silicide in the dummy gate electrode 302
may be substantially avoided.

25
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10 adapted to selectively renove the material of the dummy gate insul ation
| ayer 301 relative to the material of the el ongated sem conductor |ines
201, 202, 203. The renoval of the dunmy gate el ectrode 302 and the
dummy gate insulation |layer 301 forns a recess in the sem conduct or
structure 10Q. At the .bot t he .recess e 15 ral portions_of the
ol ongat ed selecOHaIRaP Pita e an3a5agssd el BRI Bl kefit 107
of electrically insulatin % mat eri al between the central portions of the

el ongateRareanbeahiag oreness thalds pedermesigaeforg e tormaiqrhefsiea silitse PoBiNeS0tegi ons
503, portions of the layer 102 of electrically insulating nmaterial between
t he solhO2eas dagtrovesl 08¢, tAlternatiaiety, thsydrmeslimproaess ysod in dresfasatiore of dyeer 102
of electrically insulating nmaterial between the drain regions 504 20remain

cover edslixydd garti ons5016682 ma) be adapted dtich thise Slofants Bdmanelraised Sbaree Ef@1E04 C
views of the sem conductor structure 100 in a | ater stage of the

ngnuf a‘%{nﬁrthé‘ﬂal%%ﬁﬁfiegl bh ags %lfﬁiiaeffﬁle"fﬁe éoﬁﬁe@&i@ﬂ@oﬁd&@to\/ 1B 2GN S0k :EU@ es 8b

and 8c show schematic cross-sectional views along the Iines A-A and B-B,
o Baapridoln B8 sawee eh S5 PaPAE SR TRMaR 5P ﬁ{#iy'esmgﬂéfz%?“m%

electrlcall insulatin materl relative t he materi al of the elongated
Som 6 orER (0 oS 5 B b e IR B e PakcRy SPYRerigBum |

spacer 403 and/or the dielectric |layer 603 which are exposed at the
surfaces of the features 604, 605. 5 I n enbodi nents wherein the |ayer
102 of electrically insulating material includes silicon dioxide and the

si dewal | spdégured 68 Gimahd Greshibinesohetnalii c vieapaf ti6dSenninoridudies ssudtuieatOOnintar i de,
the etch process nmay be adapted to selectively renove silicon dioxide

1@! ati Vgret Safd6f heMmERREHFINgprodser Figlreda sHofsel RAGALRTop evE BN tHecdkemi- | | nes
201, 202, 203 and silicon 10nitride.
conductor structure 100, and Figures 6b and 6¢ show schematic cross-sectiona views along

thelines A-A and B-B, respectively.

After the formation of the silicide portions 501, 502 in the raised source region 404

15 and the raised drain region 405, a dielectric layer 603 may be formed on the semiconductor
structure 100. The dielectric layer 603 may include silicon dioxide and may be formed by

means of a chemical vapor deposition process or plasma enhanced chemical vapor deposition

process wherein tetraethyl orthosilicate (TEOS) is used as a reactant. Alternatively, the
dielectric layer 603 may include silicon nitride and/or silicon oxynitride. In such embodi-

20 ments, a chemical vapor deposition process or plasma enhanced chemical vapor deposition
process may be used for depositing the silicon nitride and/or silicon oxynitride, respectively,

of the dielectric layer 603.

After the formation of the dielectric layer 603, the dielectric layer 603 may cover the

25 raised source region 404, the raised drain region 405 and the dummy gate structure 303, and
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I n enbodi nents wherein the dielectric |layer 603 includes silicon dioxide
and/or silicon oxynitride, a relatively large thickness of the portions
601, 602 of the dielectric |ayer 603 over the raised source region 404 and
the raised drain region 405 may be provided, so 15 that the raised source
and drajn_reqgions 404, 405 and the silicide tions. 501 02, thereof are
ot ex b a0l e BB bt e Ui RO HaDT istobmd o nh Rty o1
the portions 601, 602 of the dielectric |layer 603 may occur. during the etch
proces<of HRPEHS B BreesaNipRAUBEr SHTHSHUER P19y Whikht theHielectiGd ayes IS

i sotropy of the etch 20 process, an efficient renoval of portions of the

| ayer Ifodmesf. el ectrically insulating nmaterial below the central portions of
t he el ongated sem conductor |ines 201, 202, 203 may be obtai ned.

I n sone enbodi nents, the etch process for selectively renoving the
electrically 25insulating material of the layer 102 may be a plasma etch

ocess. | N £oyEaRRMA ;!)TB{:;ées@,’foF !@ﬁamﬂb%%nﬁée@hné&h%@ég)dﬁ%neﬁ)r@c&@rﬁ%ﬁ

pl asma process, wherein t sem conductor structure 100 is provided I'n a

reacti I: S i act ant
gas. i n 2 YRGS (N3G aRS e S Feck sRing S b G WP 108
chanber,. ternatively or addjtionally, a. plasnma etch process wherein the
o1 2 T14he PR g MesTACHASOShing i cemy. nofidF die ApeewTe IRust 03 by the
chanmber, for exanple by neans of a radio frequency electric discharge, may
be per faiMFBY . Jateh strecsurec3@3, imay g remevesk c M greenass enplpn@izatipn 41reeess yayan
appropriate selection of the conposition of the reactant gas and ot her

par anmetremsvefthd bap éyeh 304 doas $he wicmnas gatieod ectroale802, sb eéhg@iethatdunemy dite
pressure of the reactant gas and/or the power of the electric discharge

€0P| oy edlectiotie 302 A dxpBisddh PRl GEBA1, 0P GFORE drRIEATH BRSO3 cVver tHe rhie@fsciite gas
i ncluding CF4, SF6 and/or NF3 may be enpl oyed for sel ectively etching

silico LA i - S0 [ L Lt T h

o1 ocoss Pof ARG FkE bichleoRORERfhal] bn B8 aiba by sruorellD 8K 0,
the layer .102 need not be a dry. etch process, such as a renote plasma etch
proces 50%6 n g%?i@ﬁgﬁy E?ngrt%fdaﬁgwgtbg Ql.aﬁ?rhzaﬁpﬂﬁocmodi ments, a wet etch
process may be enpl oyed. For exanple, diluted hydrofluoric acid nmay be used
for selectively renoving silicon dioxide relative to silicon and silicon

nitride.
The raised source region 404, the silicide portion 501, the portion 601 of the dielectric

15 layer 603 and the portion 401 of the sidewall spacer 403 form a feature 604 covering end
portions of each of the elongated semiconductor lines 201, 202, 203 wherein the source
regions 503 are provided. The raised drain region 405, the silicide portion 502, the portion
602 of the dielectric layer 603 and the portion 402 of the sidewall spacer 403 form another
feature 605 covering end portions of the elongated semiconductor lines 201, 202, 203

20 wherein the drain regions 504 are formed. At the surfaces of the features 604, 605, materials
of the dielectric layer 603 and the sidewall spacer 403 are exposed, which may encapsulate
the end portions of the elongated semiconductor lines 201, 202, 203, the raised source and

drain regions 404, 405 and the silicide portions 501, 502.
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Due to the isotropy of the etch process, the etch process may renove
portions of the 20 layer 102 of electrically insulating material bel ow the
el ongat ed sem conductor |lines 201, 202, 203. Additionally, the etch process
may renove portions of the |ayer 102 of electrically insulating materi al

bel ow the feature 4 5., Thu in the etch process, an openi 801 in
Che layer 10300FS Zrdt a1 d o Sroamale kssgt dbe SR Bupai 10 =

i ncludes parts 803, 804 extending bel ow the source and drain regions 503,
504 i n |gige SE08 M dhe AWM BHIYURTEESS| | HEYre %2 §hows axschemai Gy wiewmel 818 t he
portions 401, 402 of the sidewall spacer 403, the raised source region 404
and t hesemidasiddctdr stiucturediOOnaad Gigures i gnd éc 8aow dakénaalicl ¢rosssseBlianal views
schematically show the extension of the opening 801. As can be seen from

Fi gur e #eng thetinepsm agd BMHE, regpecttvdgnd bel ow the sidewal | spacer 5 403, the
rai sed source region 404 and the raised drain region 405 to a smaller
extent bel ow the el ongated sem conductor |ines 201, 202, 203 than at the
gaps between the el ongated sem conductor |ines 201, 202, 203. This nay be

caused by thg.i >_of t ] J 203
on utS he e%/c h '&;;frt éorg ieJé ? féﬁ‘%@f@rogo@g?%’ﬁ Bg%b%ﬂaﬁg%é %ﬁg@%@% fL"h(?ﬁ%c‘é%ng ?gg\éee n

that an extension of opening 801 ong the longjtudinal  direction of the

o1 ongan B SR B i SR Peeuowsh T Bany, B 0pE by s ph Al Surte Bicemy

hori zontal in Figure 8c) may be greater than an extension of the recess

bet weerpdapied 5@ selPeive! yagmovedhe grateriab of theedimmy g5t e ectamie 3070l aine to thared by
the renoval of the dummy gate el ectrode 302 and the dumry gate insulation

| ayer 30aterid$ of the dielEhiei cd ayerrédiBcamddhe sivewalh espaaeg 480 hnth @l seeorichetcls process and
drain regions 503, 504 and the raised source and drain regions 404, 405 may

be contappted th &yeciNeltRmaRe trlhateed &F thodurainy IR iAsMaTEN 18fer&thbiaBvefo t he

electrically insulating material of the layer 102. In sone enbodi nents, a

Pl al il nflersP HEBAGARA sSHEHRIRGF findd 21, 202 Aasem conductor structure
The remova of the dummy gate electrode 302 and the dummy gate insulation layer
301 forms a recess in the semiconductor structure 100. At the bottom of the recess, the
15 centra portions of the elongated semiconductor lines 201, 202, 203 and portions of the layer
102 of electrically insulating material between the central portions of the elongated semicon-
ductor lines 201, 202, 203 are exposed. The source regions 503, portions of the layer 102 of
electrically insulating material between the source regions 503, the drain regions 504 and
portions of the layer 102 of electrically insulating material between the drain regions 504

20 remain covered by features 604, 605.

Figures 8a, 8b and 8c show schematic views of the semiconductor structure 100 in a
later stage of the manufacturing process. Figure 8a shows a schematic top view, and Figures
8b and 8c show schematic cross-sectional views aong the lines A-A and B-B, respectively.
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20 fornmed using techni ques as described above, and paranmeters of etch
processes that are enployed for form ng openings simlar to opening 801,
such as a duration of the etching nay be varied. Thereafter, the

sem conduct or structure 100 may be anal yzed, for exanple, by nmeans of

techni ques o ctron m crosc f determnin n of the
openl ng 801. '&'} process m%é 8%8‘8%@0%§F@h|%%9%§' %ﬂ@g@l @cﬁqcﬁﬁg jemove
insulating material 102 may be optim zed for obtaining a suitabl e ext ensi on
of the tbpEHASig gbthe 'W%rlé)?ri)f RACItCalY inpetpting mpateriah relalive @a{hﬁ\ynfltﬁ@bloﬁm%g
material of the |layer 102 bel ow the source and drain regions 503, 504 and

t he r aigepatsdisesecanddctdr hines 203920 203 Gnd/on 0 insteri alsmf ok sidewalt sacer 403
electrically insulating material 5 fromthe layer 102 is substantially

conpl etaldjor tenaidecitl gy 6EwhRhta@éxpossd dtanssupfaceds thé foanmesdbas 608.conduct or
| ines 201, 202, 203 wherein the channel regions are provided, as descri bed

above. Thus, after the etch process, the central portions of the el ongated
sem conductor lines 10 201, 202, 203 corrpri sing the channel regions are

and ubst antarTSP B LRFn e Threh ol RN B o ?h%%%aiﬁhagé%iﬂi’
and oc Ufish ek '@‘é&ﬁt% S e i@#‘e&‘fs Biebiets, Favef P OGSO s
| ater stage of the manufacturing process. Figure 9a shows schematl c top

vi ew, FiGigeethaistehrrragesa mayHensiepied ¢ oe sctivishit ieniye Sk}icéwdmwwfelaﬁléelw me A- A
and Figure 9c shows a schematic cross-sectional view along the |line B-B.
Af t er rsembadndgctothengbaid i ab nthef el drigatddagesni carifictor |elesc201i @8PR) Y038 rend| sili camg
mat eri al below 20 the central portions of the el ongated sem conductor

Lo nes 3Ptige202, 203, which may be done by neans of an etch process as
descri bed above with reference to Figures 8a-8c, a gate insulation |ayer
901 may be forned.

In embodiments wherein the dielectric layer 603 includes silicon dioxide and/or

silicon oxynitride, a relatively large thickness of the portions 601, 602 of the dielectric layer

603 over the raised source region 404 and the raised drain region 405 may be provided, so

15 that the raised source and drain regions 404, 405 and the silicide portions 501, 502 thereof are
not exposed during the etch process, athough some removal of material of the portions 601,

602 of the dielectric layer 603 may occur during the etch process.

The etch process may be substantially isotropic. Due to the isotropy of the etch
20 process, an efficient removal of portions of the layer 102 of electrically insulating material
below the central portions of the elongated semiconductor lines 201, 202, 203 may be

obtained.

In some embodiments, the etch process for selectively removing the electrically

25 insulating material of the layer 102 may be a plasma etch process. In some embodiments, the
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The gate insulation layer 901 may include an electrically insulating
material, for 25exanple, silicon dioxide. Alternatively and/or
additionally, the gate insulation |ayer 901 may include a high-k materi al
having a greater dielectric constant than silicon dioxide, for exanple, a

dielectric constant greater_ than out 4. Exanpl es.of hi.gh- terials
ol oo PSR AT PG E) o6 2 et BieeTie sFossss MTEFs B e S el SR de.
5The gate insulation |ayer 901 may be formed by nmeans of a substantially

i sot r opi®® igdPeyred o ageadivaschamber anc i P6P0Se toraplasnes that i eiepied | frempor
deposition process. Features of the chem cal vapor deposition process

enpl oyegdadtant geldnfapleanacgeneattiomehgabe ihak i sepaste Frage thedGbctiy clianbess pond
to features of chem cal vapor deposition processes enployed in the

f or mat i minerndtiv@at er adubtidratli oa plasnaresch hratessivehensrdhé plasaveotehted dtonpki@nar
transi stors, FinlHET 10transistors and/or tri-gate transistors. Due

t9 the rbg@if Q¥ difectth ﬂ%%&tﬁd@@%ﬂ&%ﬁexéﬂﬁlg%ﬁ FebRsH b ft&jiehcy991
may cover all” exposed surfaces of the el ongated sem conductor |ines 201,
202, 20& :

. n. .t i .t h te.,l i I no
ser cortiertfe i SHerad e berrRtlRET O T v BRlefe] RS b oBken 7
203 is exposed. Additional]ly, the. gate jnsulation |ayer, 901 may cover
o dewn  FEADIOHTRE AT tad borbpas B o tig oo Qs el Slhen paraitess ahiiey 801
formed in the layer 102 of electrically insulating material. In particular,
t he gat&ch pOGERSUB ab.afpe exgopl entgperide addyessura Sfuthedeactatt depandpethieng 801
where the substrate 101 nay be exposed. Thus, the gate insulation |ayer 901
may pr quowcke o€ thecd edtdaldi scharge amptoyet éoveresti rg tha pkasalae d hrsoohe, emiiadi méres, a
formation of which will be described below, and the substrate 101 which, as

gescri begttaR@es ind®iing CF, 818 aﬁd@?NF‘%Qﬁ%“% efpliRbE Faraddectively etching dhigorgat e
me

i nsul ation | ayer 901 need not be for by nmeans of a chem cal vapor

deposi tdi&ﬂd@té?éiﬁ/%sto shbbs LR ¥irfe. @ddi tional ly, a thermal oxidation
process nmay be used

The etch process for selectively removing the electrically insulating material of the

layer 102 need not be a dry etch process, such as a remote plasma etch process or a plasma

15 etch process. In other embodiments, a wet etch process may be employed. For example,

diluted hydrofluoric acid may be used for selectively removing silicon dioxide relative to

silicon and silicon nitride.

Due to the isotropy of the etch process, the etch process may remove portions of the

20 layer 102 of electrically insulating material below the elongated semiconductor lines 201,
202, 203. Additionally, the etch process may remove portions of the layer 102 of electrically
insulating material below the features 604, 605. Thus, in the etch process, an opening 801 in

the layer 102 of electrically insulating material may be formed that includes parts 803, 804
extending below the source and drain regions 503, 504 in the elongated semiconductor lines

25 201, 202, 203 and/or below the portions 401, 402 of the sidewall spacer 403, the raised
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25for formng the gate insulation |ayer. For performng the thermnal
oxi dati on process, the sem conductor structure 100 may be provided in an
oxi di zing anmbient, for exanple, a gas including oxygen and/or water vapor
and an anneal i ng process nmay be perforned for initiating a chem cal

reacti on between e m conductor material of t | ongat e em conduct or
| Tnes. TRureBEon 4t tad 8 RBSHRLR Tacli &1, Ao 10wy ¥R SR T o Bhéas

sem conductor material, 5 for exanple silicon dioxide, is forned. The

oxi di zi%ymmexmoa@m@%m&&m cally with material of the substrate
101 exposed at the bottom of opening 801, so that an electrically

i nsul ating layer providing electrical insulation between the gate el ectrode
and the substrate 101 may be provided. 10After the formation of the gate

insul ation |&yein Bken rogdti gurelsacthe ogeni A 801my lertehd baed. the sidewall Sozgane
enbodi nents, the gate el ectrode 902 may I nclude a netal, wherein the

&It CUER! (HEFbRR Shdte 'ke%;iséf?@@h B tHe! 18 shPBERd i@ibrpfﬁoéf !Bea%él?er%xﬁégﬁ bade 902

) t
may be adapted to the type of transistor to be forned int
sem co r ruct . Sj i s LR Db d,
the gance ol ortlEThabaal’ink oBL %2Rt o ERChaRD ket Pedanaiel
titaniumnitride. |f P-channel _transistor ig.to be forned in the
e corearuds: o g, 786 e This Bk e Sl oY g0s AP PREN ke aREHchum
alumnumnitride and/or titaniumnitride. 20ln further enbodi ments, the
gat e elsegicandectoonesaP1 0% doxerithereted reeastonduct or material, for exanpl e,
pol ysilicon. For formng the gate electrode 902, a substantially
i sotropic deposition process, for exanple, a chem cal vapor deposition
process or a plasma enhanced chem cal vapor deposi -
10 Moreover, from Figures 8a and 8c, it can be seen that an extension of opening 801
along the longitudinal direction of the elongated semiconductor lines 201, 202, 203 (vertical
in Figure 8a and horizontal in Figure 8c) may be greater than an extension of the recess
between the portions 401, 402 of the sidewall spacer 403 that was formed by the removal of
the dummy gate electrode 302 and the dummy gate insulation layer 301.
15
The extension of the opening 801 below the source and drain regions 503, 504 and the
raised source and drain regions 404, 405 may be controlled by an appropriate selection of the
amount of etching of the electricaly insulating material of the layer 102. In some embodi-
ments, a plurality of semiconductor structures similar to semiconductor structure 100 may be
20 formed using techniques as described above, and parameters of etch processes that are
employed for forming openings similar to opening 801, such as a duration of the etching may
be varied. Thereafter, the semiconductor structure 100 may be analyzed, for example, by
means of techniques of electron microscopy, for determining the extension of the opening

801.

25
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25tion process may be perfornmed. Due to the isotropy of the deposition
process, a conplete filling of the opening 801 in the |ayer 102 of
electrically insulating material, the gaps between the el ongated

sem conductor lines 201, 202, 203 and the space between the portions 401,

402 of the sjdewal | spacer 403 na e abt.ai ned. Thus ormation of voids
' the som ctnnr g derEitediiety Bolaio Easty, Bl te b Pllpfeed

| eakage paths may be avoided. 5 After the deposition of the materi al
of the fgheliaginga sugklesytensign of H1eAPE2iIRE B8% Whesd B8t topgRucEQ e dedriedlyni cal
mechani cal polishing process, may be perfornmed for renoving portions of the
mat er i dhsubdti nghiaigs sleofe theclayeydED0baow e sharse pad rdrdepegions $03n56b pnadthe he
portions 601, 602 of the dielectric |layer 603. Additionally, the

pl anar irziabd esurod agediSi ey chigr4eaPAEs Rakinoees bof tHehee@iadatyi insulbtidy atetialy er
901 deposited on the portions 601, 602 of the dielectric |ayer 603.

Ther eafftGh, thé N8/ep RGNS al ISt ESHRYIEE) teidvedaForRt the @efir&aT hfibnd bR St or .

A source of the field effect transistor 1s provided by the 'source regions

cour co JaeH FRTCFERORI fRR0r cP% O Il B dnd Yerlafe A PRoRS 723

by the drain (r?gg\:‘ ons 504 in the el ongated sem conductor |ines 201, 202, 203
and t h&'esd|hed Qi n region 405. A channel of the field effect transistor
is provided by the channel regions between the source regions 503 and the
drain regions 504 in the elongated sem conductor |ines 201, 202, 203. The
el ectrical conductivity of the channel of the field 20effect transistor my
be control | echusyafter tioe ¢taly proapss thedebted oetiorshod tlyad engdtatsenodandd®@r Anes t he
sour ce.
10 201, 202, 203 comprising the channel regions are “hanging” freely between the source
regions 503 and the drain regions 504, and substantially no material is provided all around the

channel regions formed in the elongated semiconductor lines 201, 202, 203.

Figures 9a, 9b and 9c show schematic views of the semiconductor structure 100 in a
15 later stage of the manufacturing process. Figure 9a shows a schematic top view, Figure 9b
shows a schematic cross-sectional view along the line A-A and Figure 9c shows a schematic

cross-sectional view along the line B-B.

After removing the portion of the layer 102 of electrically insulating material below
20 the central portions of the elongated semiconductor lines 201, 202, 203, which may be done
by means of an etch process as described above with reference to Figures 8a-8c, a gate

insulation layer 901 may be formed.

The gate insulation layer 901 may include an electrically insulating material, for

25 example, silicon dioxide. Alternatively and/or additionally, the gate insulation layer 901 may
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Since the gate el ectrode 902 includes portions above each of the el ongated
sem conductor |ines 201, 202, 203, bel ow each of the el ongated

sem conductor |ines 201, 202, 203 25and adj acent each of the el ongated
sem conductor lines 201, 202, 203, the gate electrode 902 is provided all

around .egch of  t channel, reqgions fornmed in the el ongated sem conduct or

! hos 4600 gohighie MRTE neiiY Ardteodt Teiertfo oSty P o ioR ek HRnds of
the transistor as conpared to planar field effect transistors, Finl-FT

t r ansi s8mplea R elestrig LoBstantgreniet thies abapet-oibxampascof 41 gh-k Hpatgy a ghncude
surfaces of the channel that are not covered by the gate el ectrode, may 5be
obt ai ndwfnium dioxite haebwien siliche oxyni tiltpend aircafiumitioxiad.sed source regi on 404,
the raised drain region 405 and the gate el ectrode 902 relative to each
other may be simlar to the relative arrangenent of raised source and drain
regions and a gate electrode in a conventional planar 10transistor. Thus,

eyectrical cRRNGAL hiRiNAien | ARy SDANAASbETofRY BeTRBISol A shdRRRY iSiEplar to

ectrical connections to conventional planar field effect transistors.

The pr dil scl gsu I t,|m j I e
hreo GrSRguPLaesER 8 shiubt oy RS A ST VAT oA Pt Bt TiduBES
ot her e di rents, a 15snml] er nunber of el ongated sem conductar |ines, for
ol 1 ghe BT dDer RO OES STHyet € LeriPUBAIIY Je RSB rtRY o
than two may be provided per transistor. The particul ar enbodi ments
di scl odayer §0bwmay=008esnand4$e featuresof e cahyanas slepesitian preeeserpyentidoyeddn theed and
practiced in different but equival ent manners apparent to those skilled
formation of gate insulation layers that are used in conventional planar transistors, FInNFET

10 transistors and/or tri-gate transistors.

Due to the isotropy of the deposition process, the gate insulation layer 901 may cover
al exposed surfaces of the elongated semiconductor lines 201, 202, 203 so that, after the
formation of the gate insulation layer 901, no semiconductor materia of the elongated

15 semiconductor lines 201, 202, 203 is exposed. Additionally, the gate insulation layer 901
may cover sidewalls of the sidewall spacers 401, 402 and surfaces of the opening 801 formed
in the layer 102 of electrically insulating material. In particular, the gate insulation layer 901
may cover a bottom surface of the opening 801 where the substrate 101 may be exposed.
Thus, the gate insulation layer 901 may provide electrical insulation between a gate el ectrode,
20 the formation of which will be described below, and the substrate 101 which, as described

above, may include a semiconductor material.

The gate insulation layer 901 need not be formed by means of a chemical vapor

deposition process. Alternatively or additionally, a thermal oxidation process may be used

25 for forming the gate insulation layer. For performing the thermal oxidation process, the
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20 in the art having the benefit of the teachings herein. For exanple, the
process steps set forth above may be perforned in a different order.
Furthernore, no limtations are intended to the details of construction or
desi gn herein shown, other than as described in the clains bel ow

et o L R ohhe L B b R TR IR e P35 ab°ﬁ%ﬂ%sscope

and spirit of the |nvent| on. 25Accordingly, the prot ectl on sought herein is
as set IPHEIRYIONYgeNANG QL aerapeiand an ANl Ng-RrPCESS ragypaveesormed Aor initiat-

sem conductor structure, conprising: 5a substrate; and a transistor, the

t ransi ghgra ahemina sdanlon betwaes e ssoucanductemateriandl the rebingeied demi condiegidoron
provi ded above said substrate; one or nore el ongated sem conductor |ines

connectlgwsbol \#en2G3ardi thaogiekki spanbient @aharneoxidesdi the sahisendudtarinmatéreg] on,
wherein a longitudinal 10 direction of each of said one or nore el ongated

Sem ConguelAhplb!dRBNANEEHESs N hébkivi A Bibrenh ey 2983 ?Eactdbﬁe?r%él@n that

is perpendicular to a thickness direction of sald substrate, each of “said

el ongat Gd, SEALFENGFUHLENABS 1P RpdSH Y MeCBHONEof ' GHhMY 801, so that an

electrically insulating layer providing electrical insulation between the gate electrode and the

substrate 101 may be provided.

10 After the formation of the gate insulation layer 901, a gate electrode 902 may be

formed.

In some embodiments, the gate electrode 902 may include a metal, wherein the

particular metal that is used for the formation of the gate electrode 902 may be adapted to the

15 type of transistor to be formed in the semiconductor structure 100. If an N-channel transistor
is to be formed, the gate electrode 902 may include lanthanum, lanthanum nitride and/or

titanium nitride. If a P-channel transistor is to be formed in the semiconductor structure 100,

the gate electrode 902 may include aluminum, aluminum nitride and/or titanium nitride.

20 In further embodiments, the gate electrode 902 may be formed of a semiconductor

material, for example, polysilicon.
For forming the gate electrode 902, a substantially isotropic deposition process, for

example, a chemical vapor deposition process or a plasma enhanced chemical vapor deposi-

25 tion process may be performed. Due to the isotropy of the deposition process, a complete
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a gate electrode that extends all around each of said channel regions of
sai d 150ne or nore el ongated sem conductor lines; and a gate insul ation
| ayer provi ded between each of said one or nore el ongated sem conduct or
lines and said gate el ectrode. 2. The sem conductor structure of claima1,

wh in.said bstr. i i d i al i d
e U4 PP Bt IR e T BBl B B
insulating material provided between said substrate and at | east portions

of sai dhe giosgaied grmisendyier Hnes 201 8820398 and thergace elveahgdoRtonsiLcdd e of
claim 2, wherein each of said one or nore 25el ongated sem conductor |ines
conpr i S¥shexs dewal tepacergiO3rmanioe ebtained.nThesyadermatian of vbida irethe semiriondudieri ng
provi ded between said source region and said drain region, at |east a

por t i orgtroittusel @D Whidh eeulti&gisoir chsdfrgf getgori| ekdgdpdthy\mapbd aveltekd sour ce
region, at least a portion of said drain region being provided bel ow said
rgi sed drain region. 54.The sem conductor structure of claim3, wherein a
portion of said gate el ectrode bel ow said one or nore el ongated

said ayer deEBeddbu T Hie beTR 8 BHBak Aol Y Bl PRIt RetEaT

regi OnSf'or example a chemical mechanical polishing process, may be performed for removing
portions of the material of the gate electrode 902 that has been deposited on top of the
portions 601, 602 of the dielectric layer 603. Additionally, the planarization process may

10 remove portions of the gate insulation layer 901 deposited on the portions 601, 602 of the

dielectric layer 603.

Thereafter, the semiconductor structure includes a field effect transistor. A source of

the field effect transistor is provided by the source regions 503 in the elongated semicon-

15 ductor lines 201, 202, 203 and the raised source region 404, and a drain of the field effect
transistor is provided by the drain regions 504 in the elongated semiconductor lines 201, 202,

203 and the raised drain region 405. A channel of the field effect transistor is provided by the

channel regions between the source regions 503 and the drain regions 504 in the elongated
semiconductor lines 201, 202, 203. The electrical conductivity of the channel of the field

20 effect transistor may be controlled by a voltage applied between the gate electrode 902 and

the source.
Since the gate electrode 902 includes portions above each of the elongated semicon-

ductor lines 201, 202, 203, below each of the elongated semiconductor lines 201, 202, 203

25 and adjacent each of the elongated semiconductor lines 201, 202, 203, the gate electrode 902
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105. The sem conductor structure of claim4, wherein the portion of said
gate el ectrode bel ow said one or nore el ongated sem conductor lines is
provi ded in an opening of said |ayer of electrically insulating material.
6. The sem conductor structure of claim4, wherein parts of the portion of
sem, conductor |ines

d de bel '
oot TR GAra HALR BRIt L B8 iR B IP B R SO o, 0

source and drai n regi ons 7. The sem conductor structure of claim®6,
wher ei 1inNg 29%+ 0 oThl!%é‘nﬂmp’fQV@ﬁ @f‘trgﬂm't@[eﬁ‘céhél%mﬂeb@fe e lrge Qi @ one
or nore el ongated sem conductor |ines along the longi- 20 tudinal

di r ect icompafeddaipthnantel dreffeetrteanaisions) & rédE Tsisaniststord and Wi-géte tregs stersgwberncsy  t han
an extension of portions of said gate el ectrode above said el ongated

sem conderetaps ohd trasoRl Pifgedsitd theodiginhd dhaadre dotr @vbiedyahe gae @ eetréd®mayor e
el ongat ed sem conductor |ines. 8. The sem conductor structure of

ck ai m e dpiihdeer conprising a sidewal | spacer 25formed adjacent a portion
of said gate el ectrode | ocated above said channel regions, said

Moreover, the arrangement of the raised source region 404, the raised drain region

405 and the gate electrode 902 relative to each other may be similar to the relative arrange-

ment of raised source and drain regions and a gate electrode in a conventiona planar

10 transistor. Thus, electrical connection to the transistor may be made in a manner similar to

electrical connections to conventional planar field effect transistors.

The present disclosure is not limited to embodiments wherein there are three
elongated semiconductor lines 201, 202, 203 as described above. In other embodiments, a
15 smaller number of elongated semiconductor lines, for example one or two, or a number of

elongated semiconductor lines greater than two may be provided per transistor.

The particular embodiments disclosed above are illustrative only, as the invention

may be modified and practiced in different but equivalent manners apparent to those skilled

20 in the art having the benefit of the teachings herein. For example, the process steps set forth
above may be performed in a different order. Furthermore, no limitations are intended to the

details of construction or design herein shown, other than as described in the claims below. It

is therefore evident that the particular embodiments disclosed above may be altered or modi-

fied and al such variations are considered within the scope and spirit of the invention.

25 Accordingly, the protection sought herein is as set forth in the claims below.
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What is claimed:

1. A method, comprising: forming one or more elongated semiconductor lines on a layer of
clectrically insulating material, said layer of clectrically insulating material being provided over
a substrate comptising a different material than the layer of electrically insulating material,
wherein a longitudinal direction of each of said one or more elongated semiconductor lines
extends substantially along a horizontal direction that is perpendicular to a thickness direction of
said substrate; removing a portion of said layer of electrically insulating material below a central
portion of each of said one or more elongated semiconductor lines to expose said substrate;
forming a gate insulation layer on said central portion of each of said one or more clongated
semiconductor lines and said exposed portion of said substrate; and forming a gate electrode
extending all around said central portion of each of said one or more elongated semiconductor
lines, said gate insulation layer providing electrical insulation between said elongated
semiconductor lines and said gate electrode and between said gate electrode and said exposed
portion of said substrate.

2. The method of claim 1, wherein removing the portion of said layer of electrically insulating
material below said central portion of each of said one or more elongated semiconductor fines
comprises: forming a first feature over a first end portion of each of said one or more elongated
semiconductor fines; forming a second feature over a second end portion of each of said one or
more elongated semiconductor lines, wherein the central portion of each of said one or more
elongated semiconductor lines and a portion of said layer of electrically insulating material are
exposed between said first and the second feature; and performing an etch process adapted to
selectively remove a material of said layer of electrically insulating material relative to a material
of said one or more elongated semiconductor lines and one or more materials exposed at surfaces
of said first and the second feature.

3. The method of claim 2, wherein said etch process is substantially isotropic.

4. The method of claim 3, wherein said first feature comprises a raised source region, a first
portion of a sidewall spacer formed above the first end portion of each of said one or more
elongated semiconductor lines, and a first portion of a layer of dielectric material formed above
said raised source region; and wherein the second feature comprises a raised drain region, a
second portion of the sidewall spacer formed above the second end portion of each of said one or
more elongated semiconductor lines, and a second portion of a layer of dielectric material
formed above said raised drain region.

5. The method of claim 4, wherein the formation of said first feature and said second feature
comprises: forming a dummy gate structure over the central portion of each of said elongated
semiconductor lines; forming the sidewall spacer adjacent said dummy gate structure;
performing a selective growth process, said selective growth process forming said raised source
region and said raised drain region; depositing the layer of dielectric material over said dummy
gate structure, said raised source region and said raised drain region; planarizing the layer of
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dielectric material, wherein the planarization exposes said dummy gate structure; and performing
one or more etch processes to selectively remove said dummy gate structure.

6. The method of claim 5, further comprising forming a silicide in said raised source region and
said raised drain region before the deposition of said layer of dielectric material.

7. The method of claim 5, further comprising in situ doping said raised source region and said
raised drain region during said selective growth process.

8. The method of claim 7, further comprising performing an annealing process, wherein dopants
from said raised source region diffuse into the first end portion of each of said elongated
semiconductor lines and form a source region, and dopants from said raised drain region diffuse
into the second end portion of each of said elongated semiconductor lines and form a drain
region.

9. The method of claim 1, wherein the formation of said one or more elongated semiconductor
lines comprises: providing a semiconductor-on-insulator structure, said semiconductor-on-
insulator structure comprising a layer of a semiconductor material, said substrate and said layer
of electrically insulating material, said layer of electrically insulating material being provided
between said substrate and said layer of semiconductor material; and performing an etch process,
said etch process removing portions of said layer of semiconductor material, wherein one or
more other portions of said layer of semiconductor material are not removed in said etch process
and form said one or more elongated semiconductor lines.

10. The method of claim 1, wherein said gate insulation layer comprises a high-k material having
a greater dielectric constant than silicon dioxide and said gate electrode comprises a metal.

11, The method of claim 1, wherein forming said gate insulation layer comprises petforming a
thermal oxidation process.

12. The method of claim |, wherein forming said gate insulation layer comprises performing a
chemical vapor deposition process.

13. A method, comprising: forming an elongated semiconductor line on a layer of electrically
insulating material that is positioned on a substrate comprised of a semiconductor material,
wherein a fongitudinal direction of said one elongated semiconductor line extends substantially
along a horizontal direction that is perpendicular to a thickness direction of said substrate;
forming a dummy gate structure over the central portion of said elongated semiconductor line;
forming a sidewall spacer adjacent said dummy gate structure; performing a selective growth
process to form a raised source region above a first end portion of said elongated semiconductor
line and a raised drain region above a second end portion of said elongated semiconductor line;
depositing a layer of dielectric material over said dummy gate structure, said raised source region
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and said raised drain region; planarizing the layer of dielectric material, wherein the
planarization exposes said dummy gate structure; performing one or more etch processes to
selectively remove said dummy gate structure to expose a central portion of said elongated
semiconductor line and thereby define a gate cavity laterally defined by the sidewall spacers;
performing an etching process through the gate cavity to remove at least a portion of said layer
of electrically insulating material below said central portion to expose said substrate; forming a
gate nsulation layer on said central portion of said elongated semiconductor line and said
exposed portion of said substrate; and forming a gate electrode extending all around said central
portion of said elongated semiconductor line, said gate insulation layer providing electrical
insulation between said elongated semiconductor line and said gate electrode and between said
gate electrode and said previously exposed portion of said substrate.

14. The method of claim 13, wherein forming said gate insulation layer comprises performing a
thermal oxidation process.

I5. The method of claim 13, wherein forming said gate insulation layer comprises performing a
chemical vapor deposition process.

t6. The method of claim 13, wherein said etching process is substantially isotropic.

17. The method of claim 13, further comprising forming a silicide in said raised source region
and said raised drain region before the deposition of said layer of dielectric material.

I8. The method of claim 13, further comprising in situ doping said raised source region and said
raised drain region during said selective growth process.

19. The method of claim 13, further comprising performing an annealing process, wherein
dopants from said raised source region diffuse into the first end portion of said elongated
semiconductor line and form a source region, and dopants from said raised drain region diffuse
into the second end portion of said elongated semiconductor line and form a drain region.

20. The method of claim 13, wherein the formation of said elongated semiconductor line
comprises: providing a semiconductor-on-insulator structure, said semiconductor-on-insulator
structure comprising a layer of a semiconductor material, said substrate and said layer of
electrically insulating material, said layer of electrically insulating material being provided
between said substrate and said layer of semiconductor material; forming a patterned masking
layer above the fayer of semiconductor material; and performing an etch process through the
patterned masking layer to remove exposed portions of said layer of semiconductor material,
thereby resulting in the formation of the elongated semiconductor lne.

21. A semiconductor formed in accordance with the method of any one of the preceding claims.
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