METHOD OF FORM NG A SEM CONDUCTOR STRUCTURE | NCLUDI NG A VERTI CAL NANOW RE
BACKGROUND OF THE | NVENTI ON 51. FI ELD OF THE | NVENTI ON General ly,
the present disclosure relates to the field of integrated circuits, and,
nore particularly, to integrated circuits including vertical nanow res. 2.
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10 Integrated circuits typically include alarge number of circuit elements, which include, in
particular, field effect transistors. In a field effect transistor, a gate electrode is provided that
can be separated form a channel region by a gate insulation layer providing electrical insulation
between the gate electrode and the channel region. Adjacent the channel region, a source region
and adrain region are provided.

15

The channel region, the source region and the drain region can be formed of a
semiconductor 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
electrode, the field effect transistor can be switched between an on-state and an off-state.

20

Field effect transistors can be planar field effect transistors, wherein the source region,
the channel region and the drain region are formed in a semiconductor substrate or in a layer of
a semiconductor material provided above a substrate. The source region, the channel region and
the drain region are arranged along a horizontal direction of the substrate that is substantially

25 perpendicular to a vertical direction being a thickness direction of the substrate. Above the

channel region, a gate electrode is formed, and a gate insulation layer may be provided between



25perpendicular to a vertical direction being a thickness direction of the
substrate. Above the channel region, a gate electrode is fornmed, and a gate
insul ation | ayer may be provi ded between the gate electrode and the
channel region for electrically insulating the gate el ectrode fromthe
channel _reqgion. For increasing the eed .of operat i of fjeld effect
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can inprove the controllability of the channel region. However, simlar to
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el ectri Cazriel en(%ﬁ 8)5 %%n%rﬁegrated circuit, it has been proposed to use FINFET or tri-gate transistors,
respectively, instead of planar field effect transistors. In FInFET and tri-gate transistors, the

15 channel region and/or the source and drain regions, or portions of the source and drain regions,
are formed in fins, which are elongated semiconductor elements extending along a horizontal

direction of a substrate on which the transistors are formed. The gate electrode can be formed

on two sides of the fins and, in the case of tri-gate transistors, also on top of the fins, so that the

gate electrode is provided on three sides of the fins.

20
Thus, an electric voltage applied to the gate electrode of a FinFET or tri-gate transistor is
provided on two or three sides of the channel region, respectively, which can improve the
controllability of the channel region. However, similar to planar transistors, in FinFET and tri-
gate transistors, the source, channel and drain regions are arranged along a horizontal direction
25 of the substrate, requiring a relatively large amount of space for providing electrical contacts to

the source and drain regions and for the gate length.



t he source and drain regions and for the gate |ength. In view of
the situation described above, nethods that overcone or at |east reduce
sonme or all of the above-nentioned issues are provided. In particular, the
present disclosure provides nethods that may be enployed for formng field
effect transistors wherein the source, channel 5 and drain region are
arranged al ong a vertical direction of a substrate on which the transistors
are formed. This al.l ow a reductjion of t e extension of the field effect
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scaling of the gate length of the transistors. Furthernore, the present
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The following presents a simplified 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
15 invention or to delineate the scope of the invention. Its sole purpose is to present some
concepts in a simplified form as a prelude to the more detailed description that is discussed

later.

An illustrative method disclosed herein includes providing a semiconductor structure.

20 The semiconductor structure includes a substrate and a nanowire provided above the substrate.
The nanowire includes a first semiconductor material and extends in a vertical direction of the

substrate. A material layer annularly enclosing the nanowire is formed above the substrate. A

first part of the nanowire is selectively removed relative to the material layer. A second part of

the nanowire is not removed. A distal end of the second part of the nanowire distal from the

25 substrate is closer to the substrate than a surface of the material layer, so that the semiconductor

structure has arecess at a location of the nanowire. The distal end of the nanowire is exposed at



the bottom of the recess. The recess is filled with a second seni conduct or
material. The second sem conductor material is differently doped than the
first sem conductor material. A further illustrative nethod di scl osed
herein includes providing a sem conduct or-on- 5 insulator structure
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on the first sem conductor |ayer. The second sem conductor |ayer includes a
first portion provided on the first sem conductor |ayer and a second
portion provided 10 on the first portion of the second sem conduct or
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The patterning fornms a nanowire extending in a vertical direction of the
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di scl osure may be understood by reference to the follow ng description
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reference nunerals identify |ike 20el ements, and in which Figure 1
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stage of a method according to the present disclosure; 25Figure 2 shows a
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met hod accordl ng to the present disc
second semiconductor layer is different from a dop| ng of the second portion of the second

semiconductor layer. The second portion of the second semiconductor layer is patterned. The
patterning forms a nanowire extending in a vertical direction of the substrate. A part of the first
portion of the semiconductor layer that is adjacent the nanowire and is not covered by the

15 nanowire remains in the semiconductor structure.

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

20 elements, and in which:

Figure 1 shows a schematic cross-sectional view of a semiconductor structure in a stage

of amethod according to the present disclosure;

25 Figure 2 shows a schematic cross-sectional view of a semiconductor structure in a stage

of amethod according to the present disclosure;



Fi gures 3a and 3b show schematic views of a sem conductor structure in a
stage of a nethod according to the present disclosure, wherein Figure 3a
shows a schematic top view and Figure 3b shows a schematic cross-sectional

view, 5 Figure 4 shows a schematic cross-sectional view of a
sem conductor structure in a stage of a nmethod according to the present
di scl osure; Figure 5 shows a schenmatic cross-sectional view

of a sem conductor_structyre in a stage 10of a method according.to the
present di scldd{if%3a ad %%Ws@%v'gwa %68 S@’HW@‘@%%&“F‘WWP&\%WO%‘
sem conductor structure in a stage of a nmethod according to the present
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shows a schenatic cross-sectional view 15 Figure 7 shows a schematic
Cr 0ss- s&tgure AxPoOWSAFCRAMEE C SEsF-ssHENALVIBYY; st ruct ure in a stage of a nethod
according to the present disclosure; Figure 8 shows a
séhemati c cross-sectional view of a sem conductor structure in a stage 20of
a nmethod according to the present disclosure; Figure 9 shows a
schemati c cr ¢sgneéchovesmbchenaic gbssesestenmelcoad ot b semisbmductou steucture an sstage of a
met hod according to the present disclosure; and Fi gures 10a-10c

show sclotamtetiodacennsingto the pexert dizdosirer structure in a stage of a nethod
according to the present disclosure, wherein Figure 10a shows a schematic
top view and Figures 10b and 10c show schematic cross-sectional views.
5Whil e the subject matter disclosed herein is susceptible to various

nodi fi cati ong@REs shows a schematic cross-sectional view of a semiconductor structure in a stage

10 of amethod according to the present disclosure;

Figures 6a and 6b show schematic views of a semiconductor structure in a stage of a
method according to the present disclosure, wherein Figure 6a shows a schematic top view and

Figure 6b shows a schematic cross-sectiona view;

15
Figure 7 shows a schematic cross-sectional view of a semiconductor structure in a stage
of amethod according to the present disclosure;
Figure 8 shows a schematic cross-sectional view of a semiconductor structure in a stage
20 of amethod according to the present disclosure;

Figure 9 shows a schematic cross-sectional view of a semiconductor structure in a stage

of amethod according to the present disclosure; and



alternative fornms, specific enbodi nents thereof have been shown by way of
exanple in the drawi ngs and are herein described in detail. It should be
under st ood, however, that the description herein of specific enbodinments is
not intended to limt the invention to the particular fornms disclosed, but

on the contrar t jhtention is.ta cover all difi catjons
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t he devel opment of any such actual enbodi nent, numerous

i npl enent ati on-specific decisions nust be nade to achi eve the devel opers’
specific goals, such as conpliance wth systemrel ated and busi ness-rel ated
cdnstrai nt' s, Whilethewubjlectvaatyer fof sahusedh bereimp s ansegptédl € towvdrimua naidifesati ohdarebver |
it will be 20 appreciated that such a devel opnent effort m ght be conpl ex
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those of ordinary skill in the art having the benefit of this disclosure.
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t hor ough under standi ng of the disclosure. However, it will be apparent that
tHe 5 eqbivdienisnard aferndiiyedfalingwitha theysplid andscopecefdthaii nvention ek eskéned
specific details. In order to avoid obscuring the present disclosure, sone
wel | - Knawnhe agpendédsclaisst em confi gurations, structure configurations and
process steps are not disclosed in detail. Figure 1 shows a schematic
cross-sectional view of a sem conductor structure 100 in a

DETAILED DESCRIPTION

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

15 interest of clarity, not al features of an actual implementation are described in this
specification. It will of course be appreciated that in the development of any such actual
embodiment, numerous implementation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-related and business-related
constraints, which will vary from one implementation to another. Moreover, it will be

20 appreciated that such a development effort might be complex and time-consuming, but
would nevertheless be a routine undertaking for those of ordinary skill in the art having the

benefit of this disclosure.

The following embodiments are described in sufficient detail to enable those skilled

25 in the art to make and use the invention. It is to be understood that other embodiments



10 stage of a nethod according to an enbodi nent. The sem conduct or
structure 100 includes a substrate 101 that nmay be fornmed of a

sem conductor naterial, for exanple, silicon. The substrate 101 has a

t hi ckness direction 130 (vertical in the plane of drawi ng of Figure 1) or
vertical directio aect'vel . An.extension of the substrate 101 in the
ver 1 caldid B G BESH e okt BSIORER o wit o P i, Bttt 101
ina first harizontal di rectl on 128 and a 15second hori zont aI direction 129
whi ch areechani g nehangeamayo be a@ade (v EOUR rignard ng hEOe e 8eaPpedpl dheq inkesentao of
the substrate 101. In the figures, directions that are

per pendidtsel asuret olnt the fplll ewieg aleseripivinnguraereus kpsoficadetails aesiven Wi previdean
pointing towards the viewer is shown as a circle with a dot, and a

di rect i anordlgipi undersgnaingy of roen tiisel ostirevwerHdveeve) oitn wils  Be Cpperleat théth theen

The substrate 101 nmay have a top surface and a bottom surface that are
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101. The substrate 101 rmay have the shape of di sc or | at e.

The sem S r 103
and a arEPRCHERRn eriieghe dipibsytt bIEE el %&@ %@@”é&ﬁe%’ iy %%e

the sem conduct or. 103 and the substra The dielectric layer 102
separ at égu?tHEe%ﬁﬂ!@ﬁﬂ@ﬁﬁ@@@%ﬁ?eﬁ%ﬁeﬂ?ﬁﬁﬁ?@ NE€A ate 101, and provi des
el ectrical insulation between the sem conductor |ayer 103 and the 5
substrate 101. The dielectric layer 102 may include a dielectric materi al
such as silicon dioxide, silicon oxynitride and/or silicon nitride, and the
sem conduct orFiduay érshdbs8a sehematic crode saati grestrvieonaf U seoni camdti@on siluctusai 0D iasa
silicon, silicon/germanium silicon carbide and/or a Ill-V sem conductor
sl@gh as sgagklof ameahskaicdelingliocarsenbatimehc tTole seajoendub®d stragtuleeltdubhdtia@sstd al |y
undoped. The substrate 101, the dielectric layer 102 and the sem conductor

layer 1Qgbdrefem@ &35 eis aRNEeE® lof @Nscnilsdhdadten niafeM) fert Bxtpiphs esilicon. Thelhe
semi conduct or structure 100 further includes a trench isolation structure

104.  Theyd@fCibll 58! 2 RAes dirdei i’ £3 ticRYintBe PlaHB 2k 'dPéO(n hgg 8REIyutesS 9l @t i on
structure. The trench isolation structure 104 nay encl ose the portion of

the sermiearaUgiceiol Aberbad SouRaldurfdrahs & pkia0dol AR BHRA GRcAbPHT | cal

i nsul ati on between enclosed portion o sem conductor layer 103
may be smaller than extensions of the substrate 101 in a first horizontal direction 128 and a

15 second horizontal direction 129 which are perpendicular to each other and to the vertica

direction 130 of the substrate 101.

In the figures, directions that are perpendicular to the plane of drawing are shown as
arrows, a direction pointing towards the viewer is shown as a circle with a dot, and a direction

u 7

20 pointing away from the viewer isshown as a circle with an

The substrate 101 may have a top surface and a bottom surface that are substantially
perpendicular to the vertical direction 130 of the substrate 101. The substrate 101 may have the
shape of adisc or aplate.

25



and ot her portions of the sem conductor |ayer 103 that are not shown in
Figure 1. The formation of the sem conductor structure 100 may

i ncl ude applying techniques for form ng a sem conductor-on-i nsul at or
structure that may include providing a first sem conductor 20 wafer and a
second senic duct or fer f t sem conduct or. waf er |ncI s the
s conduct or Trapioata ssubiEe, 0b0 Pled? ThIOR bRt 4B Gk S8 0T FolcE o
waf er includes the conduct or . he sem conduc er 103.
e ot SR v 10g; et e ThE waw@e%b?ty%}t%ﬁem'ﬁen% Frialie

mat eri al of the dielectric |layer 102 forned thereon. The wafers may be
bonded 209 &HPSEFRI0L. WS bl -t ¢ sy i 1R separtes ‘lhﬁﬁ?"cﬁ@jﬂcﬁ%@y@fc%@rﬁé@%en
t he wafers. 25Then, the second wafer incl udi nq1 t he sem conductor materi al
of the SubsireisElc st priogigles el egBcakaRsuls o Ibetieer) theteay eareicer |ager JOBiasd ithey
process, for exanple, chem cal nechanical polishing (CWP), may be

per f or n@dbir@tqdn%v ﬂbedialxmibémnw’annayinckndealdiebesitrfcanﬁerdﬁl stidheasseigoie digaiglet or

| ayer 103. After the formation of the sem conductor-on-insul ator
st r uct ursaicon hoxynitredec Bnd/aroiBcoronitbdd, randt the esefriiebndenyorbksyéro 103 andyy inckedasa of
processes for formng a shallow trench isolation including

phot ol i tshogoaduiaior restedidl Nguchoad détory rsilaod/germatmessili¢apncarbide andfon & hev
configuration shown in Figure 1, the sem conductor |ayer 103 may have a

t hi cknessmicBnductorkgén &S §aNigaQidenite. MMe aidopaReddiafd® 108 rBay bé sliRePsaRf a
sem conductor layer in 10 an ultra-thin body sem conductor-on-insul ator

wafer (JhBoped afBbdratd 1012 Reicl d90c e S0 éﬁ%ﬁﬁ@'@@Hm'&@ndu@to@Ia(ylat:c Hb’g‘ﬁ)ﬁ% of a

sem conductor |ayer in a normal sem conductor-on-insul ator
10 semiconductor-on-insulator (SOI) structure.

The semiconductor structure 100 further includes a trench isolation structure 104. The
trench isolation structure 104 may be a shallow trench isolation structure. The trench isolation
structure 104 may enclose the portion of the semiconductor layer 103 shown in Figure 1 and

15 may provide electrical insulation between the enclosed portion of the semiconductor layer 103

and other portions of the semiconductor layer 103 that are not shown in Figure 1.

The formation of the semiconductor structure 100 may include applying techniques for

forming a semiconductor-on-insulator structure that may include providing afirst semiconductor

20 wafer and a second semiconductor wafer. The first semiconductor wafer includes the
semiconductor material of the substrate 101 and the second semiconductor wafer includes the
semiconductor material of the semiconductor layer 103. One of the wafers, or both wafers, may

have a layer of the dielectric material of the dielectric layer 102 formed thereon. The wafers

may be bonded to each other, wherein the dielectric layer 102 is located between the wafers.

25 Then, the second wafer including the semiconductor material of the semiconductor layer 103

may be cleaved. Thereafter, a polishing process, for example, chemical mechanical polishing



Figure 2 shows a schematic cross-sectional view of the sem conductor
structure 100 in a 15 |later stage of the manufacturing process. A

t hi ckness of the sem conductor |ayer 103, being an extension of the
sem conductor |layer 103 in the vertical direction 130, may be reduced.

After t duction of the thi.ckness, of the sem conductor |layer 103 the
e condaMFar apreper Rimb R i 68 SR SRR L et et e
20The reduction of the thickness of the sem conductor |ayer 103 nay incl ude
an etch process adapted to selectively renove the sem conductor material of
the sem conductor layer 103 relative to the material of the trench
isolation structure 104. In the selective etching of a first nmateri al
relative to a second material, both nmaterials are exposed to an etchant
adapt ed to ré¥isydhe hernfafier of g semigpndyEtogogRsHigy tuetHres Atetrentinselpéosecond
material. The etch rate of a 25material specifies a thickness of a portion
ofS a | aytructafe 104emambe foranedt hyamedns ofeprocaseesfer farimireg arshallowntrencht ilsel atiait er i al
is exposed to the etchant, wherein the thickness is nmeasured in a direction
per pendiicadiliding pretdl tteogsaphi cetehi i, okildeti omeendfor dépositibe. et ch process used for
reduci ng the thickness of the sem conductor layer 103 may be 5 a dry etch
process, for exanple, a reactive ion etch (RIE) process adapted to
selectively renove the material of the sem conductor |ayer 103 relative to
the material |gfthé f&@nﬁg{}u@ﬂi@h did@haihi Biguret 1,Ugk e doPductdrofay@X a0 hey hdle a
enbodi ments wherein the sem conductor |ayer 103 includes silicon and the
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may be a reactive ion etch process wherein an etch gas including IS

ufpd. The Hﬁlﬂh-%ﬂ yowi%du&%-oﬁ?ms&%ﬂ &' gth?é’-?bl%\%r,%da&ﬂ 188 fRduced
by neans of an etch’process. ternatively or additional'ly, a chenical
mechani i shi S - n | ical. I shi ng,
the s BsRRaa R HTERERE AT SR aHa g oy B e R R BB 67,
slurry is.supplied to an interface between the sem conductor structure 100
and thevﬁﬁgishing pad. Materials on the surface of the sem conductor
structure 100, in particular the material of the 15 sem conductor |ayer
103, are renoved by chem cal reactions between the material of the
seniconductor_la% 103 and chem cal conmpounds in the slurry and/or b

'sE'y%r 103

er
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and the polishing pad. In the chem cal nechani cal polishing process, a part
ofo t he tatem#a0eiod gweanammrm@r Qfess. 1A Ahi erepss0f dloe srani el ayes d OB HRaing 3ie
t hi ckness of the trench isolation structure is reduced. 20
extension of the semiconductor layer 103 in the vertical direction 130, may be reduced. After
the reduction of the thickness of the semiconductor layer 103, the semiconductor layer 103 may

have a thickness in arange from about 5-10 nm.

20 The reduction of the thickness of the semiconductor layer 103 may include an etch
process adapted to selectively remove the semiconductor material of the semiconductor layer
103 relative to the material of the trench isolation structure 104. In the selective etching of a
first material relative to a second material, both materials are exposed to an etchant adapted to
remove the first material at a greater etch rate than the second material. The etch rate of a

25 material specifies athickness of a portion of alayer of the material that is removed per time unit



After the reduction of the thickness of the sem conductor |ayer 103, an
epi taxial growth process nmay be perforned for epitaxially depositing a

sem conductor |ayer 105 on the sem conductor |ayer 103. Due to the

epi taxi al deposition of the sem conductor |ayer 105, the sem conductor

material of the sem conductor |layer 105 may. . .a to. the crystalline

ot r uct e SR GG s et et Sy R Bkt B3 Bilieifony 3.
Thus, a substanti all ﬁi ngl e- cr grstal i ne structure of the sem conductor

| ayer 10%5HFH C@@tBHi%ﬁ“ gefof themateridrhe epitaxi al growth process may be
adapted for selectively depositing sem conductor material on the

sem conduct or | ayer 103, wherein substantially no sem conductor nmaterial is
deposi ted on exposed surface portions of the trench isolation structure 104
and/ or only dhegehiprangsroisad fasredsieinp dabiskpese ohihie semigpndustor yeis1A3eBayohe
exposed surface portions of the trench isolation structure 104. In
sdme entaally miehpracegsofar exanspl e fa rebative e &dndRic) rocess adaptadrte sd edivelly ramdsh no
sem conductor nmaterial is to be deposited (not shown in Figure 1) may be
cover ed the natenials ki thel&nficondectamizlyer, 168 rehatiheets khe meteridl 10§ tise trermbnisolation de or
silicon dioxide, while the sem conductor |ayer 105 is deposited. Due to the
sel ect i \drugturef 104h eF@rpaxamplenlin embudi mepts adressn tisSsii esriduebl hayerolGeimciedeguct or
material or only a small anmount of sem conductor material 1s deposited on

t he maskilici BRPIe trendHicol B dr@Brurd 104N Acl SRFistiensl tiokiele, thé EteR brocess ) seown i n
Figure 2 may be covered by a mask while a selective epitaxial growh

process rffivél eRoath ipheSaThé 8 AACEER gééfFﬁFtﬁfd;?atFJ 13 (®bierTHRARhfck RS oPfihd he
sem conductor structure is perforned. hus, different sem conductor

D G 11 orURRAkelor el 07 R nd BeEATETL IR b BRI T YR BAARDNY Gop

e sem con or structure rently doped

2o Con AR D R APt e A
polishing, the semiconductor structure 100 is moved relative to a polishing pad, and a dlurry is
supplied to an interface between the semiconductor structure 100 and the polishing pad.
Materials on the surface of the semiconductor structure 100, in particular the material of the

15 semiconductor layer 103, are removed by chemical reactions between the material of the
semiconductor layer 103 and chemical compounds in the slurry and/or by mechanica
interactions between the material of the semiconductor layer 103 and the polishing pad. In the

chemical mechanical polishing process, a part of the trench isolation structure 104 may also be

removed, so that the thickness of the trench isolation structure is reduced.

20
After the reduction of the thickness of the semiconductor layer 103, an epitaxial growth
process may be performed for epitaxialy depositing a semiconductor layer 105 on the
semiconductor layer 103. Due to the epitaxia deposition of the semiconductor layer 105, the
semiconductor material of the semiconductor layer 105 may adapt to the crystalline structure of
25 the semiconductor material of the semiconductor layer 103. Thus, a substantially single-

crystalline structure of the semiconductor layer 105 may be obtained.

10



The sel ective epitaxial growh process nmay be a chem cal vapor deposition
process or a plasma enhanced chem cal vapor deposition process, wherein
paramnmeters of the deposition process, such as conposition and pressure of a
reactant gas, tenperature and/or a power of an 25electric discharge created
in the reactant gas, are adapted such that a selective deposition of

sem conductor material on the sem conductor |ayer 103 is obtained.

For exanple, _in enbodi nents wherein th em conduct or | ayers 103,

e ude 51 11 0B SR CEPET S Y B Ao e B e SR Bkt ng
the sem conductor |ayer 105 on the sem conductor |ayer 103 may be a

cheni calMaghondep %"F'PWSWCHQF (Y85 $03B wherels sebstankalhe Be| sersi C@Pﬂéﬁioé anateyigh b
deposi tion process wherein an etch ﬁas i ncluding a chem cal conpound

i ncl udi figresited epaxraser suifase Perdong ¢frthe framah i sol & apistructgie-Ofangion paly asiglc1 2,

is used. Alternatively, the etch gas can include a m xture of a chem cal
cdnpoundionnt aldiserg cenducioo matérist iexiepgsited o8i éxipasedasitiiaee pattions ot éhe trehahdi ng
chloride, for exanple, HCL and/or Cl2. 10The chlorine nmay react chemcally
Wi t h si lisotaionatracteredfdt he surface of the trench isolation structure 104
and/ or the mask, wherein gaseous reaction products that are not bound to
the surface are forned so that the silicon atons are renoved. Silicon atons
deposited on the surface of the sem conductor |ayer 103 and/or on silicon

al ready deposhtReheOBnbitPmERE FRIGHEC bOhd 8tficoriddistor eitttudd 10 ®R! Whichend 0 a
| ower extent, so that growmh of silicon is obtained on the 15surface of the

sem Con%ﬁ%ﬁddcﬁy PhateBis to be dePEBl@d Bk SRy @ Iﬂ@urb@} inftly &' @VrBd By QGRER, need

not be a chem cal vapor deposition process or a plasma enhanced” chem caI

vgpor dgRos)hiy mc‘?t';dl §akdnfitnte @@B&l'ﬁ«&ﬁ%@%ﬁ% cfn%

met al organi c ke em vapor p03|t| on e use

the por 1 55h ols HEbs %ﬁferen e %ff%éﬁ@%&?aﬁgr s 155#&6% or?. an

of t he SR dﬁié’ffailyr Py o PN B S SL o e e Efef” o

zﬂbﬁﬂ y SESio AR REL ok PAGTCR o AP T AGLCr SLKEIEyR B ML naf'y br o
covered by a mask while a selective epitaxial growth process for depositing semiconductor

15 material in other portions of the semiconductor structure is performed.

Thus, different semiconductor materials and/or differently doped semiconductor
material may be provided in different portions of the semiconductor structure 100. Differently
doped semiconductor materials may be used for forming N-channel transistors and P-channel

20 transistorsin portions of the semiconductor structure 100.

The selective epitaxial growth process may be a chemical vapor deposition process or a
plasma enhanced chemica vapor deposition process, wherein parameters of the deposition
process, such as composition and pressure of a reactant gas, temperature and/or a power of an

25 electric discharge created in the reactant gas, are adapted such that a selective deposition of

semiconductor material on the semiconductor layer 103 is obtained.

11



A concentration of the dopant nmay be in a range from about 1015 cnB to
about the solid solubility imt of each dopant (which can be

approxi mately 10213), for exanple about 1020 cm 3. The portion 107 of the
sem conductor |ayer 105 that is provided above the portion 106 may be
substantially undoped or the portion 107 may be doped inversely to the
dopi ng of the portion 106 of the sem conduct or |ayer 105. In enbodi nents
wherein the rtion 107 of sem .conduct or | ayer 105 ed

ver sel y 't o TOhE ARG SoPHER: F RSN 108, SHOHT HT KB HERtope
if the portion 106 is N-doped, and the portion 107 may be N-doped if the
por t i on S19eNte pElesiyeapitaxia giowth B@C%tuﬁq f@afqrm'ﬁ%t@eﬁ%wp@mua@r | ayer 109¥Y st or
may be formed in the sem conductor 10 structure 100, wherein a drain
region dlre sarrcandpeien ey esrlOBgnayolera ghenpiesh vieper q!ﬁﬂpﬁl@hpfpg@s@f ptaga enhanced

sem conductor |ayer 105, and a channel region is formed fromthe portion
1G¥. | n chebiodi mwrsdem@ﬁim prachss wherei sin ctcht gahencfusinged ¢hemigal I¢otmppend
transi stor, the portion 106 of the sem conductor |ayer 105 nay be N doped,
and i n endadingreitan ant ehlerine, tf breexaimpliesSi Gl o3I HCE: dne/of SiHYEL, iissisal. Al tehaatinely,
transistor, the portion 106 of the sem conductor |ayer 105 nmay be P-doped.
15 théfetthgaslcae Bl udé atietureoof ta apemibalcconipotifieei neleding Ginidor; tf o exbidpler SIHAS,
nmeasured in the vertical direction 130 of the substrate 101 (vertical in

t he pl arfd akutskzavé ifeluging ChiBBE fa)exBpleDQCOARIPI €1, t han the reduced thickness
of the sem conductor |ayer 103 that 1s obtained after reducing the

t hi ckness of the first sem conductor |ayer 103. 20

10 The chlorine may react chemicaly with silicon atoms on the surface of the trench
isolation structure 104 and/or the mask, wherein gaseous reaction products that are not bound to
the surface are formed so that the silicon atoms are removed. Silicon atoms deposited on the
surface of the semiconductor layer 103 and/or on silicon already deposited on the semiconductor
layer 103 react with chlorine to a lower extent, so that growth of silicon is obtained on the

15 surface of the semiconductor layer 103.

The selective epitaxial growth process need not be a chemical vapor deposition process
or a plasma enhanced chemica vapor deposition process. Alternatively, molecular beam

epitaxy (MBE) or metal organic chemical vapor deposition (MOCV D) may be used.

20
The semiconductor layer 105 may include portions 106, 107, wherein a doping of the
portion 106 is different from a doping of the portion 107. The portion 106 may be provided
between the semiconductor layer 103 and the portion 107 of the semiconductor layer 105 and
may be P-doped or N-doped. In some embodiments, the portion 106 of the semiconductor layer
25 105 may include an N-type dopant, such as arsenic (As), or a P-type dopant, such as boron (B).

A concentration of the dopant may be in a range from about 10'° cm™ to about the solid

12



In sone enbodi nents, the thickness of the portion 106 of the sem conductor
| ayer 105 may be greater than five tinmes the reduced thickness of the

sem conductor |ayer 103 and/or greater than ten tinmes the reduced thickness
of the sem conductor |ayer 103. For exarrpl e t he reduced t hi ckness of the

sem conduc 3, ma n_a ra put 10 n and

or ¢+ on 0BT PG e b Bish oA R APBK D RO 1o R AT T 5 e
from about, a drai jon of transi stor forned
1 e Gt oA GF 1k o tbe sraicapbcich et A0y 6@@%0@@@3}%%% A% 1
| ayer 102 may be obtained. A rel atlvel Iow thi ckness of the portion of the
seni condﬂ@’t%@gﬁgﬂmwd?@ﬁﬂ ienRPrtien ﬂ-&e”@éﬁ?@@m@‘f’%ﬁe’%fq h*‘@t(ﬁp'é‘g POef t er
the 5 reduction of the thickness of the seniconductor |ayer 103 nay be

suf fi ci @attioncloerad\thelgen cangbstonlayeraldSy ki enppasiiperys whereinibe peitigatler of éh‘e t he
sem conductor | ayer 105, while having only a small or substantially no

i | uenseMisANdustr diyet 165 &S daped dnietseiystoitoe deing htherpanéinstQér theastiorhi®@kness
of the portion 107 of the sem conductor |ayer 105 may be greater than the
10 t hi clomgsise Bfdopéreif pbe fpoiion 1106 ieN-tdpedsamd thenpbutaino07 ewge be N Hoaddf dine
greater than twi ce the thickness of the portion 106. In sone enbodi nents,

t he por tgorionl03 isk-dbed. sem conductor | ayer 105 may have a thickness in a
range from about 130-150 nm for exanple, a thickness of about 140 nm
15The thickness of the portion 107 of the sem conductor |ayer may be
greater than a sumof a gate length and a thickness of a source spacer of a

transistor tCAﬁﬁnlf%@Qlédﬂnttﬁ@foﬁgmrﬁoa@ﬂéﬁ&%r ﬁfai] BE fdhd 10 8he dtihductor
errbodl ment, the gate length nay be approximtely 26 nm (22nm Node), the

cknegg 85 t@O%%%EW%u tﬁ@t &&X|5W§@§éd3/r;é§rﬂge 86 106 of e kness

t he port| on e sem conductor Tayer pproxi mately 140

om 201 0 s&%%}éh&lﬁto‘??%}e} i(%”%d 4 hdFon iER& R o FRYbR0AE7  FerifBdlfigrs Pacer

wi || be  explained
wherein the transistor to be formed is an N-type transistor, the portion 106 of the semiconductor

layer 105 may be N-doped, and in embodiments wherein the transistor to be formed is a
P-channel transistor, the portion 106 of the semiconductor layer 105 may be P-doped.
15
A thickness of the portion 106 of the semiconductor layer 105, measured in the vertical
direction 130 of the substrate 101 (vertical in the plane of drawing of Figure 2) may be greater
than the reduced thickness of the semiconductor layer 103 that is obtained after reducing the
thickness of the first semiconductor layer 103.
20
In some embodiments, the thickness of the portion 106 of the semiconductor layer 105
may be greater than five times the reduced thickness of the semiconductor layer 103 and/or
greater than ten times the reduced thickness of the semiconductor layer 103. For example, the
reduced thickness of the semiconductor layer 103 may be in a range from about 5-10 nm, and
25 the portion 106 of the semiconductor layer 105 may have a thickness in a range from about 50-

60 nm.

13



The doping of the portions 106, 107 of the sem conductor |ayer 105 may be
provided by in situ doping the material of the sem conductor |ayer 105
during the deposition process. For 25this purpose, a dopant or a chem cal
conpound conprising the dopant may be supplied during the deposition of the
material of the sem conductor |ayer, so that the dopant is included into
the sem conductor |ayer 105.For form ng a substantially undoped portion

107 of the sem conductor. |ayer 105, a supply of dopant or chem cal conpound
compri si ng o Hbpaiian S0 g Ob e Ba et TR IS eaPBe i SFUGHE Dot o 307
5Figures 3a and 3b show schematic views of the sem conductor structure 100
in a | afeieshGhere torthe AiEl ertic P t10P iRy Be aelaged. A miftivelyd ownbikness S Nt i ¢
top view, and Figure 3b shows a schematic cross-sectional view along the

| i ne A- Rortienmf gl senBeondueipr ey@okdi ragaintnati A dhe:sep¥enndiacten Biaiure/ 1Qeftes g i n
Figures 1 and 2. 10A first patterning of the portion of the sem conductor

| dyer 10&8dushion ofdloe Hycknass ofr évecdemiiconbiaatorolayert 1@ may edel 8Aficientpter providedd | n
the first patterning process, a dunmy structure 108 is fornmed on the

sem condulotantiall yagiagl e ldpystallTieestaigtungy ofs thetseininoadddd@ |apey LOBCWhide havihg oy a
nitride. Alternatively, the dumy structure 108 may include silicon dioxide
or sil i coll oxyubstantialg.no Thituetaarythe eletteit dhaadt €8t 030f thetvansator el ongat ed shape,
wherein an extension of the dummy 15 structure 108 in the first horizontal
direction 128 (horizontal in the view of Figure 3a) is greater than an
extension of the dumry structure 108 in the second horizontal direction 129

(vertical 1 n iaenivirRe &ithdh@ibre1G700f thd Snli€thdlidtbrSbyd Q05 AR bRlgredter Bhiign 128,
the dummy structure 108 may extend across the
10 thickness of the portion 106 of the semiconductor layer 105 and/or greater than twice the
thickness of the portion 106. In some embodiments, the portion 107 of the semiconductor layer

105 may have a thickness in a range from about 130-150 nm, for example, a thickness of about

140 nm.

15 The thickness of the portion 107 of the semiconductor layer may be greater than a sum
of a gate length and a thickness of a source spacer of a transistor to be formed in the
semiconductor structure 100. In an embodiment, the gate length may be approximately 26
nm (22nm-Node), the thickness of the source spacer may be approximately 20 nm and the
thickness of the portion 107 of the semiconductor layer 105 may be approximately 140 nm

20 to provide additional tolerance. The gate length and the source spacer will be explained

below.

The doping of the portions 106, 107 of the semiconductor layer 105 may be provided by
in situ doping the material of the semiconductor layer 105 during the deposition process. For
25 this purpose, a dopant or a chemical compound comprising the dopant may be supplied during

the deposition of the material of the semiconductor layer, so that the dopant is included into the

14



20 portion of the sem conductor |ayer 105 enclosed by the trench isolation
structure 104, and/or ends of the dummy structure 108 may overlap wth the
trench isolation structure 104. The extension of the dumry structure 108 in
t he second horizontal direction 129 may be smaller than the extension of
the portion of the sem. conductor |ayer 105 e osed by the. tr h i sol ation
st r ute asBnpgRder: 1780 B8 i forsiaia SrmulAbn a8 poticht 58F thr IRT ¢ he
portion of the 25sem ductor | ayer 105 enclosed by the trench isolation
Str uct ursEmHEIRCYCOr Nater Lk TP HyPT CHEE GhRYETaER FOTAPUICGORIPrISING 2 Qopark By
structure 108 need not be |located at the center of the portion of the

seni condgombied dyisg theggrmeatieon 858 PEHOPHAE"t r ench i sol ation structure 104. As
shown in Figures 3a and 3b, a greater part of the portion of the

sem conductor |ayer 105 enclosed by the trench 5 isolation structure 104
may be located on a first side of the dumry structure 108 (bel ow the dumy
st uct ure 10&igunes Jseandi Insholv Ehevate \davaoidthe semicendictph istradture HE0 di arigter
structure 108 in the view of Figure 3b) than on a second side of the dummy
st r uct ursegé 6Bthé alzoufectuiiieg phoocesy. BiguneSashavddH&hematidtep vieewaraf Fifurg3bsh@es and
on the left of the dummy structure 108 in the view of Figure 3b). 10

As w | | doeheladtial drest-soeiopd, view dfchignhe bindg AcA i iFRyued 34, lverréspandi hg tothetoposse
formed in the sem conductor structure 100 may be provided in the part of

t he semseaiAHGi@Ts HOVHE HGgred @@n@n the first side of the dummy structure
108. By not providing the dummy structure 108 at the center of the portion
of the sem conductor |ayer 105 enclosed by the trench isolation structure
15104, nore space for formng the drain contact via may be provided

d . i . ]
St ore. ode 28 EOSSTEI ylr iR AP oy B ARt e
le. i o o S i Ltride,
e AR ShAlie®tol i€ A rdriel; HF el B NbASS o acpiyny SR ABE S ! e
| as enh ed chem,cal. va

doposi ¢ 19 AnaPe Y AR R 0B P AR R RN T o 0 Sl kP Elceur o

108 may Aq'?errﬁ)aztil%ls,rtﬂg %Ummy structure 108 may include silicon dioxide or silicon oxynitride. The
dummy structure 108 may have an elongated shape, wherein an extension of the dummy

15 structure 108 in the first horizontal direction 128 (horizontal in the view of Figure 3a) is greater
than an extension of the dummy structure 108 in the second horizontal direction 129 (vertical in

the view of Figure 3a).

In the first horizontal direction 128, the dummy structure 108 may extend across the

20 portion of the semiconductor layer 105 enclosed by the trench isolation structure 104, and/or
ends of the dummy structure 108 may overlap with the trench isolation structure 104. The
extension of the dummy structure 108 in the second horizontal direction 129 may be smaller

than the extension of the portion of the semiconductor layer 105 enclosed by the trench isolation

structure 104 in the second horizontal direction 129, so that a part of the portion of the

25 semiconductor layer 105 enclosed by the trench isolation structure 104 is not covered by the

dummy structure 108.

15



The patterning of the layer of the material of the dummy structure 108 may
i ncl ude a 25phot ol i t hography process. In sone enbodinents, a wdth of the
dumy structure 108 in the second horizontal direction 129 may
substantially correspond to a resolution of the photolithography process
enployed in the formati on of the dummy structure 108. For exanple, the
w dth of the dummy structure 108 in the second horizontal direction 129 nmay
be less than_twi ce the resol ution of the photolithograp rocess. . The
o dt i of |t he e Sbieetogtk et WBagha i Pouaal 1B RS h Mo may
be in a range fromabout 30-40 nm S _I'n other enbodj ments, the width
of the GEMEPNAUCHEYEY 05195810590l yrfbe ¥ercbrer! AivnisiBrtig 104 Asshovah nﬁgurﬁ%% be
smal l er than the resolution of the ﬁhot ol i t hography process used for
f or mi ng aASbdaeRgates thalicaf he pPewign af rihe gerhi cendvel@r hayat 405 ercosgd inthe trenet ur e
108 may first be forned with a greater wwdth in the second hori zont al
diF ect i osplaizg,striigureeidnphyebe | ogiigd lontanfinst side of thiesduamoy strucjure 408 €gbamdle t o
the resolution of the photolithography process, and an etch process my
t hen be dosnfyostnuettird 108 in deudewn gl iQerevBiadhdhtoathe tipte of therdunshy siccture1B18 then t he
second horizontal direction 129. Alternatively, nultiple patterning
pr ocessesewray Hrprresb) thaadnf arsedond rd degoft the dirimgy sisdioture t108 € add¥. thd Bbfingr t he
formati on of the dunmy structure 108, spacers 109, 110, 111, 112 nay be
formed agi@aenogtimmeditiings S fird Gh Bh@®ord (3. eff bethe Barly Stridibre 10820 tRYidNeoff or med
of substantially the sane material as the dummy structure 108. The spacers
109, 111:@@&(3{5)@ formed of a material that can be selectively etched
relative to the material of the dumry structure 108 and the spacers 110,
4. 20 I n enbodi ments wherein the dumry structure 108 and the
spacers 110, 112 are fornmed of silicon nitride, the spacers 109, 111 may
i nclude sili | xi de. L - LT i rei the
durmy struct (l;p‘%gw%géggtg"Iﬁgaé\;ﬁlagcezjr?%R%%H{a&l\fg%eflrtégll%ﬁ%% {osfwsﬁre?@%ﬁﬁgﬁboxi de,
}26 Spa%grrnfsco%é)u%tor 1st1r&ct%¥LOb Pncaly%%eprosv'iclje'dciﬁ%en;')a{[rtréfqlﬂele gehicsdnldhc PR 160' cgne’ and
the first side of the dummy structure 108. By not providing the dummy structure 108 at the
center of the portion of the semiconductor layer 105 enclosed by the trench isolation structure
15 104, more space for forming the drain contact via may be provided compared to an arrangement

in the center.

For forming the dummy structure 108, a layer of a material of the dummy structure 108,

for example a layer of silicon nitride, silicon dioxide or silicon oxynitride, may be deposited by

20 means of a deposition process, for example, by means of chemical vapor deposition or plasma
enhanced chemical vapor deposition. Thereafter, the layer of the material of the dummy

structure 108 may be patterned.
The patterning of the layer of the material of the dummy structure 108 may include a

25 photolithography process. In some embodiments, a width of the dummy structure 108 in the

second horizontal direction 129 may substantially correspond to a resolution of the
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25enbodi nents wherein the dummy structure 108 and the spacers 110, 112 are
formed of silicon oxynitride, the spacers 109, 111 may include silicon
nitride or silicon dioxide. Each of the spacers 109, 110, 111, 112
may be formed by substantially isotropically depositing a |ayer of the

e res ectlve er. over the ture 00 and

?ﬁéﬁr o pSolindgreh ﬁ??afm%?%f i Oarstb%s@ﬁ%]du%q? 3f¢6ﬁw? 108 o dfinda)
S Ubet e i ot Ot Snittfe SRR Serond b 4ot tedion 125 72 Hedessgn 1 or

exanple on the surface of the sem conductor_layer 105, the top surface of

t he dumftyyicgithe eivtiom@ dhewphptql Kooy SIRcesE: & N et thesghimmy SHICH4Te 408 in
structure 104, are renmpved at a greater etch rate than portions of the

| ayer mmﬁep@ﬂﬂhq?éwtﬁ&'fleptmﬁ\sl@ﬂn%/@@éﬁﬁrﬁéﬁéﬁtqbéw Br4qpure 100, such as
the sidewalls of the dummy structure 108 and/or sidewalls of spacers that
hdve al ready been forned. The ani sotropic etch process nay be adapted
to selectively renove the material of the spacer being forned relative to
ot her mat eri ah sthen einbedi syentsctbe cuidth arf tisd dunoriy iseud @@, 108 nn praer secand lzori zastal
relative to the sem conductor material of the sem conductor |ayer 105

and/ or tdivectront €19 alay dfe $nhetief @@ihuthe reshj aioandf thbehstorthegraplty beockssrured fomhi ch
can be the dummy structure 108 or another one of the spacers 109 to 112

The ani geiiapite dakrly PUOCASTOSTAY st HibORIPRH A theTOMMYBSruBRFd 108Haydfirst e
layer of the 20 material of the spacer on substantially horizontal

por ti ongofeditith &AL NHMGLIATHS Sdcbfd HorfzohfdP dtédioh aPDVRA exéPH;ﬁetaQNl‘dﬂ?that

ani sotropy of theetch process, portions of the material |ayer on inclined

PRS 1 OnSyBlor By S AKRARLNFHRTBHEBA b1 phORI oG Y prb6aR 6l AtnliRicssone of

may then be performed for reducing the width of the dummy structure 108 in the second
horizontal direction 129. Alternatively, multiple patterning processes may be employed for

forming the dummy structure 108.

15 After the formation of the dummy structure 108, spacers 109, 110, 111, 112 may be
formed adjacent the dummy structure 108. The spacers 110, 112 may be formed of substantially
the same material as the dummy structure 108. The spacers 109, 111 may be formed of a
material that can be selectively etched relative to the material of the dummy structure 108 and

the spacers 110, 112.

20
In embodiments wherein the dummy structure 108 and the spacers 110, 112 are formed
of silicon nitride, the spacers 109, 111 may include silicon dioxide or silicon oxynitride. In
embodiments wherein the dummy structure 108 and the spacers 110, 112 are formed of silicon
dioxide, the spacers 109, 111 may include silicon nitride or silicon oxynitride, and in
25 embodiments wherein the dummy structure 108 and the spacers 110, 112 are formed of silicon

oxynitride, the spacers 109, 111 may include silicon nitride or silicon dioxide.
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25Fi gure 4 shows a schematic cross-sectional view of the sem conductor
structure 100 in a later stage of the manufacturing process. After the
formati on of the dunmy structure 108 and the spacers 109, 110, 111, 112, a
pl anari zation of the sem conductor structure 100 nay be perforned. The

pl anari zation may include a chem cal mechani cal polishing process. In sone
enbodi nents, after the formation of the dummy structure 108 and t he spacers
5 109-112 and. bef rethe riz 0 a sacrificial Jayer (not sh ) of
Substant  ai | RS b oreet B 1o 3, 12 BadBt fored o5 ok ik oB R ver
the sem conductor structure 100. The sacrificial |ayer may help to protect
t he semdémﬁili@t%hawr&}éhe ragierial i theesnertamehages QY%[tth%W?Q”l‘i'H?thr drugiye i ng
the planarization process and nmay be renoved later in the nanufacturing

pr ocess ,ad epippforpingiat i SoHaPiB €ICHRIOCESS. ot her enbodi ments, the sacrificial

| ayer may be omitted. 10 In the planarization, portions of the dumy
structure 108 and the spacers 109-112 may be rem)ved, so that the dummy
structure 108 and the spacers 109-112 obtain a substantially equal

t hi ckness i n Ihhiee areésdtiopil etch precess,oporl@6 @ rtle éayeh ofothetrhaerdal mithes spanatar e 108
and the spacers 109-112 is exposed at the surface of the sem conductor

st ruct ursabst@flally horeshabdparioisof tidsentieneaudorstisiatire f00¢ farlexarapiebn dse slefacy | bed
above is used, in the planarization, a portion of the sacrificial |ayer on

top of tdﬂﬂq@béﬁmonamdtérqw 204, 0 @ﬁ@uﬂfét@ o BRCRInsmyL SR ch k2 1083hdBie EspBaTach

whereas a portion of the sacrificial l|ayer directly on the sem conductor

layer 1Qp HEentieBiafioRrdchife S HEQBABGEIE a%?éatéﬁ Eiéh @ard Ban pdidhs 61 thé Rfer

pl anari zation process, the spacers 109, 111 and the optional sacrificial

| ayer %Hﬂﬁi dyGt Rl mrﬁq@e
e%:leptl on O@r{eﬁ@g%ﬁégﬁ)ﬂh&s t Qg&éérg&rcug@(@rggpby t%:athgumryalif’?r ucttt??e 08 and
t he spa K)Eﬁ i ng across the

porti on%gpayrkjel%gganélérosnguc goﬁ%%&é’e%tﬂ%d@é%"é@zﬁgaﬁ %g trench isol ation
structure 104 along the first horlzontal dlrectlon 128, as can be seen by
conparing 25Figure 4 with Figures 3a and 3b. Wdths of the masks correspond

to the wiat hsI'he anltsot?opqc mrM process may be adapted to selectively remove the material of the
spacer being formed relative to other materials on the semiconductor structure 100, in particular

15 relative to the semiconductor material of the semiconductor layer 105 and/or the material of the
feature adjacent the spacer to be formed, which can be the dummy structure 108 or another one

of the spacers 109 to 112.

The anisotropic etch process may be stopped as soon as portions of the layer of the

20 material of the spacer on substantially horizontal portions of the semiconductor structure 100 are
removed. Due to the anisotropy of the etch process, portions of the material layer on inclined

portions of the semiconductor structure 100 are not removed and form one of the spacers 109,

110, 111, 112.

25 Figure 4 shows a schematic cross-sectional view of the semiconductor structure 100in a

later stage of the manufacturing process. After the formation of the dummy structure 108 and
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structure 108 and the spacers 110, 112. At the locations of the spacers
109, 111, gaps between the masks are provided, wherein a width of the gaps
corresponds to the widths of the spacers 109, 111. Figure 5 shows a
schemati c cross-sectional view of t he sem conductor structure 100 in a 5

| at er st e of t [ OCESS n etch erformed
for par (fAmAes Viﬁg%&ir L Fﬂtéorggwﬁ?om%qnﬁvc? PO TR e
covered by the rOV|ded b t he uct 08 and the spacers
S0C 31 2% bl T Pl Al B stﬁaﬁ%@”g% HEEL BTG TS oct | vel y
remove the material of the sem conductor |ayer 105 relative to the
materials of the dumry structure 108, the spacers 110, 112 and the trench

i solation structure 10 104. In enbodi nents wherein the sem conductor |ayer
105 i ncl udes |8ispme embegimeptReaf @ e forpatigptal the dupgmy stiéctypdO8 esd theEpacel» and
the trench isolation structure 104 include silicon dioxide, silicon

0X/ni t rilfe-1aA@nd befoid tihe pranaii zatipolen sackiticiglt I@Vﬂp{ﬂ@t&d&lswnhafy&bsa@twptth@m
selectively etch silicon relative to silicon dioxide, silicon oxynitride
and/ or gndterizbas the spackes 10% THé redycbe foroed ssemting sbrai canduatar soticta@ 10et The
process wherein portions of the sem conductor |ayer 105 that are bel ow the

dumy stsearidicitl dayed Snantdelphe wptactetne skiiconddctoralagers LSS tiach theatrénchniedl attdre hed,
so that the portions of the sem conductor |ayer 105 bel ow the dunmy

st ruct urgud® @adiuting treENR&RFisatiohtrodedariceifiay Bé Pdindved 16 ineRe FRAGEG NG
structure 100 after the etch process form el ongated sem conduct or

br ot r USipRShANMDeMALIBAbA! | o8 TdnibameniImsabditicROIDatmBHsiinal ong the

vertical direction 130. The portions t he sem conductor |ayer 105
tfjt are not covered by the dummy structure 108 and the spacers 110, 112
are not conpletely renoved in the etch process Instead, the etch process

o 25t he s ﬁaﬁs%%%ijaﬁ?&f%ﬁ‘y’e% s R SR 55 85 1 Bl g 08 1
struct urb% r%r%gvead?d tthat tho:-:p (? mmy structure 108 and the spacers 109-112 obtain a substantially
equal thickness in the vertical direction 130 and each of the dummy structure 108 and the
spacers 109-112 is exposed at the surface of the semiconductor structure 100. In embodiments
15 wherein a sacrificial layer as described above is used, in the planarization, a portion of the
sacrificial layer on top of the dummy structure 108 and the spacers 109-112 may be removed,

whereas a portion of the sacrificia layer directly on the semiconductor layer 105 may remain on

the semiconductor structure 100.

20 After the planarization process, the spacers 109, 111 and the optional sacrificial layer
may be removed for exposing the semiconductor layer 105 with the exception of those portions
that are covered by the dummy structure 108 and the spacers 110, 112. These features form
masks extending across the portion of the semiconductor layer 105 enclosed by the trench
isolation structure 104 along the first horizontal direction 128, as can be seen by comparing

25 Figure 4 with Figures 3a and 3b. Widths of the masks correspond to the widths of the dummy

structure 108 and the spacers 110, 112. At the locations of the spacers 109, 111, gaps between
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110, 112, whereas at |east parts of the portion 106 of the sem conductor

| ayer 105 may remain in substantially the entire area of the sem conductor
structure 100 enclosed by the trench isolation structure 104. Moreover, the
sem conductor |ayer 103 may remain in the sem conductor structure 100.
S5After the etch process, elongat. em conduct or protrusi.ons includin

et t s ot REKSOE PR Gr S A B, Sl G i eRiapBS B bESUARS ol Pt e
seniconﬂB tor structure 100 along the first horizontal direction 128. In
the etc éT%Hess, the sem conductor material of the sem conductor |ayer 105
may be etched to a greater depth than the thickness of the portion 107 of
the sem conductor |ayer 105, so that the el ongated sem conduct or
protrusions include parts of 10 the portion 106 of the sem conductor |ayer
105, and t hef&oure5ahawsmshemdic gesswedionalievd Pk the semicondugiep siiichbie 19 106,
107 of the sem conductor layer 105 within each of the el ongated

séni condaet gegeplotheuvaauiacturifigepracess.h Al etchepretass gy et pesfarme dorcpastialy
protrusions in the second horizontal direction 15 129 substantially

cor r espoedavihg portienswfdhé serhi cofdeicidu haygr $05 thett are @otl@® eieed dytthe megaqeos dadil O,
112. Between the el ongated sem conductor protrusions, there are grooves
havi ng aywheltiimsykstcauntilas hyd therspasond] 1P (see Bigwiedl) h Toé eich @reepssardysbel 09,
111. Thus, the width of the el ongated sem conductor protrusions and the
spaci ng Zagise & sbl Bgtivelyoreri/e dhs efekdt N GF Ghd kerficOidud®r 0afr MBY rerti¢eORs tid | ed
by sel ecting corresponding wi dths of the dumry structure 108 and the

20s pac e a3 drltte dummy stiuBtuRO B8, SRDQBEFE LS 110N d Whdltrbncpfisd AonsRaegrs 110,
112 may be substantiall'y equal to a width of the dummy structure 108, so

thpt al g%b%%%gﬁ&% \FRILAAG H&ﬁi?ﬁndﬂ&ﬂ [éﬁféﬂ'c)@?sfw&%\ﬂ% SH&sH %{at ﬂ'hé'lo‘f%nﬁr}gi be

same w n ot her enbodi nents, e wmd e spacers 110,

25smal | ruétto}n‘;yloénﬁe ¥}5aq§rg 15.)6, 185 S AT TPUNGH 531 o FrudtBR 108 Pl s £cBG dl%L(f?JQQ ated

sem conduc
silicon oxynitride and/or silicon nitride, the etch process may be adapted to selectively etch

silicon relative to silicon dioxide, silicon oxynitride and/or silicon nitride.

15 The etch process may be an anisotropic etch process wherein portions of the
semiconductor layer 105 that are below the dummy structure 108 and the spacers 110, 112 are
substantially not etched, so that the portions of the semiconductor layer 105 below the dummy
structure 108 and the spacers 110, 112 remaining in the semiconductor structure 100 after the
etch process form elongated semiconductor protrusions having substantially vertical sidewalls

20 that extend along the vertical direction 130.

The portions of the semiconductor layer 105 that are not covered by the dummy
structure 108 and the spacers 110, 112 are not completely removed in the etch process. Instead,
the etch process may be adapted to substantially completely remove parts of the portion 107 of

25 the semiconductor layer 105 that are not covered by the dummy structure 108 and the spacers

110, 112, whereas at |east parts of the portion 106 of the semiconductor layer 105 may remain in
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protrusion forned bel ow the dummy structure 108 is wider than the el ongated
sem conduct or protrusions forned bel ow the spacers 110, 112. The w dth of
t he spacers 109-112 depends on the thicknesses of the naterial |ayers that
5 are isotropically deposited in the formati on of the spacers 109-112 and

the degree_ of. anjsotropy of fthe etc rogces orned, in . the formation of
the spacarenigh i 3hi Bffetr bl SnftrilBp  FERed T SEBEE s Meac Sl o
by properties a phot ol i t hogr aph rocess, so that the widths of the

o ohoar SR Bhna obareen b SerDntuder Ga” 1l B e Hes ST eauds” ang
t he di stance between the el ongated sem conductor protrusions may be smaller
than a rSEYEMEIOBN of the 10phot ol i t hography process enployed in the
formati on of the dunmy structure 108. In sone enbodi nents, the spacers
109-112 may have a width in a range from about 5-20 nm After the
etch process, the dummy structure 108 and the spacers 110, 112 that were
used as a nad¥tedr rthe tetchf priosess,pelongstati seyni perolbeiss praikusions 1irahusiegl parthiot thean be
done by neans of an etch 15 process adapted to selectively renove the

mat er i alpodfontl0g ofl therspmicbnductan tayerl 05 extethd bhresstha sanisortiGtor $aLturel@ aom t o
the materials of the sem conductor |ayer 105 and the trench isol ation
struct uniee 1itsd. hotinorearbd chctiem tigs whier thienet¢h grodess)yhes seimicdnductorl Gitesinid of hiee
spacers 110, 112 include silicon nitride, the trench isolation structure
104 i nclsa@rsndiictdr t4/er i5rigBe atbed B FE&iidr GepfiURirnthe trigkeiess1dd Bhd i oHiesy
silicon, the etch process may be adapted to selectively renove 20silicon

ni tride gf tebink@ndRtct | dyef 0%, 85 thabtnk leeRfated @i ductor protrddrRlind (i parEBIvVal  of
the dunmmy structure 108 and the spacers 110, 112, the grooves between the

e{@ngat geh E&%rﬁ?&d&%é’ ESolUS! RS 108Y dHadh é%ﬁgﬁti%ﬁm%td?ﬁermgﬁr 105

and the space between the el ongat sem conductor protrusions and th

trench i on st.ruc e2510 i i - N eri 3. In
sone e nbdg)g(%oan;p Fl)"?'s% n S tlr%Hg tiﬁ%y()f b@%%ﬁﬁ@%ﬁl Bﬁ%{) 6%)9[9 fir?\én %’nwgyéérch o?fnﬁ?e Ej]p ﬁéqtéjl
material__ 113 é)Vfr t he sem conductor structure 100. Thereafter, a

pl anari 251 BN Lb:o(ggéogry?op%r exanpl e, a chem cal mechani cal polishing
process, may be perforned for providing a substantially planar surface of

t he sem conductor structure and for exposing the el ongated sem conduct or

protrusions and/ or for exposing the trench isolation structures 104,
The width of the elongated iconductor protrusions in the second horizontal direction

15 129 substantially corresponds to the width of the dummy structure 108 and the spacers 110, 112.
Between the elongated semiconductor protrusions, there are grooves having a width
substantially corresponding to a width of the spacers 109, 111. Thus, the width of the elongated
semiconductor protrusions and the spacing between the elongated semiconductor protrusions
may be controlled by selecting corresponding widths of the dummy structure 108 and the

20 spacers 109-112.

In some embodiments, the width of the spacers 110, 112 may be substantially equal to a
width of the dummy structure 108, so that all the elongated semiconductor protrusions have
substantially the same width. In other embodiments, the width of the spacers 110, 112 may be

25 smaller than the width of the dummy structure 108, so that the elongated semiconductor
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5The present disclosure is not limted to enbodi nents wherein the dumy
structure 108 and the spacers 110, 112 are renoved by neans of an etch
process as descri bed above. Alternatively, the dunmy structure 108 and the
spacers 110, 112 may renain on the sem conductor structure 100 during the

d iti f the fill terial 113 b duri th

R S R N ST A
6b sh h ti i f th i duct t t 100 i | at t

O ShOw SERSTBLY . 45 e 415, O gAROVCL o Structure 100,11 ater siage

Fi gure 6b shows a schematic cross-sectional view along the [ine A-A shown
in Figure 6a, corresponding to the cross-sections shown in Figures 1, 2,
3b, 4 and 5. 15 A second patterning process of the portion of the
sem conduct orTheayjeth of ¢5 Paearo L1 1A depprdsiondhr Wi gkeesseg of dre ptelidtlayaes theld i s
performed for formng a plurality of nanowres 114 extending in the

ver t i calarelispteepidabiy dedBiterdt intthefasmbisar eftthe g@gers 209-éhyariel thé dednee of anairopys 114
in the vertical direction 130 may be greater than w dths of the nanow res
114 i n tdhéhe étehsprobess padortred in 8@ fdimatiohiod thelPéceasn t03- hE?. sEusnithe modthzb titeal
direction 129 of the substrate 101. In sone enbodi nents, the I ength of the
nanow r epackistl00AL1P enot ¢iniited &l priperies oba pAddlithey alhy prodess, tiehat thaigeths ofor e
than three tinmes, nore than five tinmes and/or nore than ten tinmes the

wi dt hs  ahe &ibRgahaN@i sRBuctdrdprofiudi b fbini&t bd\@W tFeOgiaddrs diLo, elabi A 1AL 8isReH or
t he second horizontal direction 129. 25The portion 106 of the sem conductor

llayer 1QanfEaY tRe cRNBREE SerRRbNRRIDN td?&rdéﬂﬂ?‘u@%%ﬁﬁe Lk eritah & ResSUbST antneal |y
no residues of the portion 107 (see Figure 4) of the sem conductor |ayer

1 r emed-Rli t; j: 4 i C en
SR RS b R R S s B SR Pt iR e
may i ncl - h&! nat.eri f mqﬁ | jon 107 of the
sem con uc?glﬁ%%%ggqaggsw%glé g{lagﬁ%eg‘{th e'ﬁr?e{noq/eviﬁgoes ?ﬁ5?ﬁlﬁﬁ]e verti cal
direction 130 of the substrate 100 may be greater than the 5 thickness of
the portion 107 of the sem conductor |ayer 105, so that each of the

O e e Bk OYST o RO LA LS LB £13, 22 Bl 05 BT 1 O
asamask in the first patterning process may be removed. This can be done by means of an etch

15 process adapted to selectively remove the material of the dummy structure 108 and the spacers
110, 112 relative to the materials of the semiconductor layer 105 and the trench isolation
structure 104. In embodiments wherein the dummy structure 108 and the spacers 110, 112
include silicon nitride, the trench isolation structure 104 includes silicon dioxide and the
semiconductor layer 105 includes silicon, the etch process may be adapted to selectively remove

20 silicon nitride relative to silicon and silicon dioxide.

After the removal of the dummy structure 108 and the spacers 110, 112, the grooves
between the elongated semiconductor protrusions formed from the semiconductor layer 105 and
the space between the elongated semiconductor protrusions and the trench isolation structure

25 104 may be filled with a fill material 113. In some embodiments, this may be done by

depositing a layer of the fill material 113 over the semiconductor structure 100. Thereafter, a
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Thus, in each of the nanowires 114, a transition between a first doping
corresponding to 10 the doping of the portion 106 of the sem conductor

| ayer 105 and a second dopi ng corresponding to the doping of the portion
107 of the sem conductor |ayer 105 nay be provided. In particular, each of

the nangwires .114 nmay include a transition .bet n a P-doped or an N doped
regi on, AP pistess toh il ARG i sl Ty o iR opy
substantial | y undoped r.legﬁio S Provid d at a 8reater di stance to the
Subst r al® AEMCNFUbRaEl Y Bl Hare of theseiy gt g B amdERn mosep e cach
of the nanowires 114 may include a PN transition, if the nanowres are
formed felNERgd SRERHERNSHEIQCR G US Rpehd/ 05T GKROSEN Hhe trRACH spial e stiusitresslOdoped
inversely to the doping of the portion 106. In the second patterning
process, a dummy structure simlar to the dummy structure 108 20 (Figures
3a-3b) may be fornmed over the sem conductor structure 100. Simlar to the
dlmy st ruct Udihe pieat diselasurees boetdinaltacriy esbpdiotenisevhetgin thevdemany siuciat@d
shape, wherein a width of the second dumry structure is substantially equal
to or slandhhé ypapesatH), iAaae aemesul by intean®of anpéict eracessoas dedorbgut elowes
enpl oyed for the formation of the second dummy structure. In enbodi nents

wher ei n Alteenatively h tief duinenys eieongte d108Tnc tthel Ghadess 110, etRicesy adrhan drhehe
formati on of 25the second dummy structure and/or wherein multiple

pat t er nisagi BhALES SLGctarea 0e iy e degdsitiodf tHeofiINBatcfial Of3 dndengasadmoded My
structure, the width of the second dummy structure nmay be snmaller than the

r esol ut iggAn@fhelsitscRitpt lehf P FleaRNtIPSRAGprotixgever , the arrangenent of the

second dummy structure relative to the substrate 101 is 5 different from
t arrangenment of the dummy structure 108. Wereas, as descri bed above,
the length direction of the dummy structure 108 extends along the first

hor | Sal dis . i . _

ST Uot ur o mmy S ALPTh 8 S ER  RenfRonghiofr SFERHE B K e 1
d d t t .ext end h ti f th ' t

Str uct urOt e Rl B MERES, FENERR DU RB Ak v e tBab RN cona

10 hori | di ti 29 d the width of the. dd t t

o2 o SRRl SE 5o SRl O R B RR oS Bl S3

dummy structure 108, the arrangenent of the second dummy structure is

r ot at ed FRFSSRFUQRRFEWHTN BigHESXi ePet 7UD degrees. Further features of the

sleScond patterni ng process may correspond to the first patterning

A second patterning process of the portion of the semiconductor layer 105 enclosed by

the trench isolation structure 104 is performed for forming a plurality of nanowires 114
extending in the vertical direction 130 of the substrate 101. A length of the nanowires 114 in

the vertical direction 130 may be greater than widths of the nanowires 114 in the first horizontal

20 direction 128 and the second horizontal direction 129 of the substrate 101. In some
embodiments, the length of the nanowires 114 in the vertical direction 130 may be more than

twice, more than three times, more than five times and/or more than ten times the widths of the

nanowires 114 in the first horizontal direction 128 and/or the second horizontal direction 129.

25 The portion 106 of the semiconductor layer 105 may be exposed between the nanowires

114, wherein substantially no residues of the portion 107 (see Figure 4) of the semiconductor
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15 process descri bed above with reference to Figures 3a-5. In particular,
spacer elenents and/or a sacrificial material |ayer nay be fornmed adjacent
t he second dumry structure, a planarization may be performed, sonme of the
spacers and/or the optional sacrificial |ayer may be selectively etched
relative_to e material_ of the second.du st{.ructure and one or nore

ot hor s R o i fEkeph ey D8 Rt G T oflbity SoG RS oolPRS o
the sem _conductor |ayer 105 relatjve _20 to the materjals, of the second
Gy ARG 6 Tl T EIbE RO, TR e Doh s A PP ATH ' 300
and/or the trench isaolation structure 104 may be perforned. A depth of the
et ch pr deaxs qfgpatgia dram &g pritiel J0egqlLHe seri eoRducrpayer 305t hhedepdih of deess
enployed in the first patterning process. 25Thus, the nanowires 114 are
formed AeNMERst 1dnin e vaniceh dirpeliofe G 6h e substrate1ep mays be Preates ethadl thfur i ng
both patterning processes by a respective dummy structure and/or a

r gspect ithieknesshef thé portien 404 okihe semipndustailayeo h0S; Ise thse aachanh dhecnanowies Uk ur e
100 when the material of the sem conductor |ayer 105 is etched. The second
dummy stinaudearad owereportion fdymed froangetdrialt oft the podionelO6alf thdeengooriductor Eyert he 5
sem conductor structure 100 encl osed by the trench isolation structure 104.
Thus, aigpace for providing a gate contact via providing an electric
contact to the gate el ectrode of the transistor to be fornmed in the

sem conductor structure 100 may be provided on one side of the nanow res
114. For exanple, the space for providing the gate contact via may be

| ocat ed on t Reyg iigBicndf @ nafoli&s 119Pa WhesY chseiech  flrsHéhRIg@BrresbBnding to  The

present disclosure is not limted to enbodi ments wherein tthe first dunmy

S{@ uct Ulife Jo%@ n?”gr ttmfﬂéﬁﬁ)ﬂn%éjlﬂp%es%&gﬂﬁ&of TR MABN abd' S ?%580&6&@ or

structure 1 n the rst and the second patterning proces en th

mat er i al, of Lhe ?%%88(2@’:{53%‘%? h@rggrﬁ %(}'/g(gfttbése%i8&%gctoﬁlai§r18§hia$@kého d%d,ogg of

n v
the patternrng process erni ng processes, my

of . ai 11 @RDiSh st e R B2 ey PR REE el R VR A S B or <
2 sk VB Tk P e oL aha o Lioh. 105 U SR iBror

exanple, in the first patterning process, the dumry structure 108 ma% be
r emoved undoped region is provided at a greater distance to the substrate’ 101 than the P-doped or N-

15 doped region. Alternatively, each of the nanowires 114 may include a PN transition, if the
nanowires are formed from a semiconductor layer 105 wherein the portion 107 is doped

inversely to the doping of the portion 106.

In the second patterning process, a dummy structure similar to the dummy structure 108

20 (Figures 3a-3b) may be formed over the semiconductor structure 100. Similar to the dummy
structure 108, this second dummy structure may have an elongated shape, wherein a width of

the second dummy structure is substantially equal to or dightly greater than a resolution of a
photolithography process employed for the formation of the second dummy structure. In
embodiments wherein the width of the second dummy structure is reduced after the formation of

25 the second dummy structure and/or wherein multiple patterning processes are employed for the
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and the spacers 109, 111 may be used as an etch nmask, and the second
patterni ng process nmay be perfornmed as descri bed above. Thus, different
fromthe configuration shown in Figure 6a, only four rows of nanowires 114,
the rows of nanow res being arranged along the first horizontal direction

28, be f h [ 1
mamber - SRR o e sonc oy syt e arE O 25 Sl SRS 80T i ng

a differen r of nano Fi 7 shows a schematl C cross-sectional
o o of SRS Bora LT T abe ol Taihy PSS [ator Stage of the

manuf acturi ng process. After the formation of the nanowires 114, a drain
spacer 115 may be forned. The drain spacer 115 may be forned of a
dielectric material having a relatively low dielectric constant, for
exanpl e, si | iHQyyeve Bieiaandenentefihe sagend duniriy steciire relasive o the sabsale 108 i or med
of silicon nitride or silicon oxynitride. The formation of the drain spacer
115 may differeni deonathezaniaggamenp dicthd elpmsiyt stroptupe Hi8e S&/heress, ehdesanibesicaboupitiae
deposition process, a 10 layer of a drain spacer material is deposited
over t heerginilicatiduoft the dsinmyctructerell08 extehds abony the tesh ban Zon@hdirectien @28, ttiee
drain spacer material over substantially horizontal portions of the

sem condergtrodirsdtioncofute $636nd slughgastricturd anayaedtemb siohy ahe rsataaddifiorizbetaldr ai n
spacer material over inclined portions of the sem conductor structure 100.

15The suyettront nad.| y Tho, | thensdbnd dubin®N Stradtutehexteifi® 6688 eHe0 hordibh UsH e 100
i nclude the surface of the portion 106 of the sem conductor |ayer 105

exposed sBafcpRdRidr NeruBRROWOE @AcidkA B ¢hd ﬂeﬁdﬂelélﬁﬁ&e s@@&%%’f REtHRAREYA €S
114 and the trench isolation structure 104, as well as top surfaces of the

;FCPOW' " @i okt 31 gfl}‘g% thdpe1Jol &itFthe s %aéf tﬂé‘ﬁe%gﬁdlﬁﬁrﬁhgasfrﬁ&ure Hé‘%l'ohﬁﬂﬂe g tions

the sem con or structure I nc e Si etre

S0l 30T 9SGl ifont08, Ralod BmAIAROANE Kt Yncture 108 tﬁgsrrgﬁﬁﬁ%m% i n

spacer Lerial orne e an SN process *has a greater
thlckness on the h zont al rtions, of the s ctor structure 100
than on Sord B RELAAETE RilPhl abRBist B TR RIS od | n a6 r ect on
substantially perpendicular to the 25surface of the respective portion of
t he sem conductor structure 100. In particular, a portion of

Further features of the second patterning process may correspond to the first patterning

15 process described above with reference to Figures 3a-5. In particular, spacer elements and/or a
sacrificial material layer may be formed adjacent the second dummy structure, a planarization

may be performed, some of the spacers and/or the optional sacrificial layer may be selectively

etched relative to the materia of the second dummy structure and one or more other spacers,

and an etch process for selectively etching the material of the semiconductor layer 105 relative

20 to the materials of the second dummy structure, the spacers remaining on the semiconductor
structure 100 and/or the trench isolation structure 104 may be performed. A depth of the etch

process may be approximately equal to the depth of the etch process employed in the first

patterning process.

25 Thus, the nanowires 114 are formed at |ocations at which the semiconductor layer 105 is

covered during both patterning processes by a respective dummy structure and/or a respective
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the | ayer of drain spacer material on the surface of the exposed portion
106 of the sem conductor |ayer 105 between the nanowires 114 has a greater
t hi ckness than a portion of the |ayer of drain spacer naterial on the
sidewal I s of the nanowires 114. The ani sotropi c deposition process used for
formng the layer of drain.spacer materia a_high densjt | asma
chen oo b Slendif PR BREEE SPicSihBlon SudPe RRofud AR bRgH of i acer
115 includes silicon diaoxide, in the high density plasma chem cal vapor
depositisﬁﬁ'%?%@giayaa%éaet&%\% gas including silane (SiH4), oxygen (02) and
a noble gas, for exanple, argon (Ar) or helium (He), may be used. Oxygen
nol ecul es and nobl e gas atons in the reactant gas nmay be excited by the

hi gh density plasma source so that ions are fornmed. 10 A bi as voltage
applied to tﬁgeﬁﬁr@&mf@t gruchire neeclinet bECUrangRsl @ rthe aenigredf tthe gertion of wee
vicinity of the sem conductor structure 100 pulls the ions towards the

sur f ace sehicohductos sirsdweuldd enclesaduayt the & endoisol @kgrggniciusg $04. e dlaus, aispacedol ane
to formsilicon dioxide that is deposited on the sem conductor structure
100, whiprevidihga gatblcentga via posdisg am kleetnie cosbgt taiheigatersl etobed shd teahsistat &r i al
away. The rate at which material is sputtered may be particularly high in

t he vi cibeifoynedf ineblg esmiodndubier saunawe 168 nlaldbeamrdvided diend tielaoh thesinaliresn
structure 104. Paraneters of the high density plasnma chem cal vapor

deposi tiian. poOSEEDIe, HeGPaceFoPprasidmgdBagaté Yontdtt A% ) BeABeated-SHPEFight $dfe Of
the reactant gas, pressure and tenperature, may be 20 adapted such that a

net depggideitgivial sBbdh Faigdeexi de on the sem conductor structure 100
occurs, whereas the si rml?aneous sputtering of the deposited materi al

vents a formati on of overhangs at the edges of the nanowires 114 and/or
the trench isolation structure 104. Thus, deposition of material in the

ga0s Dot Ve B UL ER e o5 AR RAE BRI, P TRIA, ST

formti 9Bs %d %%isgcsdnd %Iﬁmmy structure remain on the semiconductor structure 100 in the first and
the second patterning process when the material of the semiconductor layer 105 is etched.
Alternatively, in one of the patterning processes, or in both patterning processes, the dummy

15 structure may be removed, and spacers adjacent the dummy structure formed of a different
material than the dummy structure, for example the spacers 109, 111, may remain on the
semiconductor structure 100 and may be used as a mask when the material of the semiconductor

layer 105 is etched.

20 For example, in the first patterning process, the dummy structure 108 may be removed
and the spacers 109, 111 may be used as an etch mask, and the second patterning process may
be performed as described above. Thus, different from the configuration shown in Figure 6a,
only four rows of nanowires 114, the rows of nanowires being arranged along the first
horizontal direction 128, may be formed.

25
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After the anisotropic deposition of the |layer of drain spacer material, an
i sotropic etch process, which may, for exanple, be a dry etch process, my
be perforned. In the isotropic etch process, an etch rate of portions of

the | ayer of drain spacer material on the inclined surface portions of the

sem conduct or ct na e substa || a n_etch

por 1 ons. of P RArEEGHbS IS FoaE oL SPAI@ R Po of R L D b P

hori zont ortions f t he surf em conduct or structure 100.

o po i p e LR rﬁ%@@%“ﬁﬁ?’?ﬂtBH@B%P?P%’V‘{'%H of drain spacer
material on top surfaces of the nanowires 114 and/or the top surface of the

trench isolation structure 104 may be 10 affected by an etchant used in
the isotropic etch process to a greater extent than portions of the |ayer
of drain spad@durerdsgvwysa schematifecrasgrpaiivnal ofiew ﬁfethﬁéﬁf‘hC@WUWBSthﬂtrﬁéooma
sem conductor |ayer 105 exposed between the nanowires 114. The etchant may
i rii er actlatedi stéget dfethe opanstactfusioe pasodss haftei dhe feumdatian @ the narowinedAi4.omdrast t he
| ayer of drain spacer nmaterial on top of the nanowires 114 and the trench
i sol at i epacet t1Eciay ke thddhed. Tbhe dreinspader At5may befoemed ef andielectdh nstalial Baviricgaces
at the portions of 15 the layer of drain spacer material on the portion

106 of tarelateaty mondidiettar coryet, faiOsxalplenatcort diexidanakernassel] the die spaet he
relatively small extension of the nanowires 114 and the trench isolation

st ruct urigs HHy de¥obrh&l 60 lii Gopi@ilde @F Gifiedn BMithide, The Sormialién of ®awirah shdeer si de
surfaces of the portions of the |layer of drain spacer material on top of

the nanausnsy ihitho@R3H hidBirddi©BEsbsitiBAl REdes ft fHeCANEoBodiE Hefditi dPorBtesdRput

the sane order of magnitude than the area of the top 20 surfaces.

Ther ef oy §/er6 5%%@ SRR al0fs déﬁ@ét@d DWEGRE séFﬁu%ﬁﬁdLﬁ'o RYcrlie 198! Rhaad af’“ the
ces of t e 11

top sur nanow r es nd t etrenc |so ation structure 104

th t t th

naﬁgvvlare tg)%andé)%ﬁ ?rdé\%ﬁh I'sol a ?(géri]“ é\t%fusac]%%r eg%ﬁ”z% (?rggté?g]:):f@eegtche
b til f dr t

br esent %”fﬁ%@?i%f’fﬁfﬁ%ﬂh@%hr% e Ebefo 0 BE B Bk ThiBia e

senm conduct or (19;15 bet ween t he naj;agvm res 114 and in the space bet ween

t he nané@ﬁ'r‘q@%p‘iri & FI ooyl SrUGretO8n st ructure. The remai ning

portions of the |ayer of drain spacer material formthe drain spacer 115,
as shown in Figure 7. The drain spacer 115 may cover the surface of the
portion 106 of the sem conductor |ayer 105, wherein the nanow res 114

el end t hr ougitechBsanighy iharizonial drogi onss fhe semicomrucion siryetee K0 insluge thind t op

surfaces of the nanowires 114 are exposed. Thus, the
surface of the portion 106 of the semiconductor layer 105 exposed between the nanowires 114

and in the space between the nanowires 114 and the trench isolation structure 104, as well as top
surfaces of the nanowires 114 and the trench isolation structure 104. The inclined portions of
the semiconductor structure 100 include sidewalls of the trench isolation structure 104 and the

20 nanowires 114,

The layer of drain spacer materia formed in the anisotropic deposition process has a
greater thickness on the horizontal portions of the semiconductor structure 100 than on the
inclined portions, the thickness being measured in a direction substantially perpendicular to the

25 surface of the respective portion of the semiconductor structure 100. In particular, a portion of

the layer of drain spacer material on the surface of the exposed portion 106 of the semiconductor

27



drain spacer 115 annul arly encl oses each of the nanow res 114. After
the formati on of the drain spacer 115, gate insulation |ayer 116 nay be
formed on the exposed surfaces of the nanowires 114. |In enbodi nents wherein
the nanowires 114 include 10 silicon, the gate insulation |ayer 116 may

i nclude siligcon dioxide and e for by a thermal. oxidation process.
| some ' Bifbofi Frafipdtthe Rl e B AdpaR ks g aiRyioBlY 1R eBf3ioxi ae
| ayer having a thickness of apout 2 nmand may be fornmed by a thernal

oxi dat i &Hxﬁg'&‘@@g 95‘&8?%3%59 &‘%BW”%& econds at a tenperature of about
850C in an oxidi zing anbi ent, such as a gas conprising oxygen and/or water.
In other enbodinents, the gate 15 insulation layer 116 may include a

hi gh-k material such as, for exanple, hafniumdioxide and may be fornmed by
means of tecHhedqisatroRie derasHion frecess rd kordfatraing te layeri @b rilral B ypeaces Magerial

sem conductor surface simlar to techniques enployed in the formation of
pl@anar fiayl k¢ aififle denstty alasing coen cal yaperi deporifin racess. i imsanhodinaents wijeseinftie med

of a high-k material. 20Figure 8 shows a schenmatic cross-sectional view of
t he semdcandpecerol15s heluddssiieod didxide, ia thalbigh dersity @l asina chemioa rvapaerateposi than
process. After the formation of the gate insulation |ayer 116, a gate

el ect r ogeockds! aneytahtegas diiohriihgpsriane (Sild.,) sexyige® (O ahda nelsl & gad, for @éxdrdfle, argon

The gate electrode 117 may include a netal. The netal of the gate el ectrode

117 may (Re GIrplraqHer ndrbeasait ORGoen iM&eduldsina thoBie gas afohe i g Beaelit hapde

117 to a work function of the sem conductor material of the nanowires 114.

The mat fidyale epbiidolty 196¥i8n BLRAY padfa Ldfcd @i RRERBFE fBfineghet her the transistor

to be fornmed in thé sem conductor structure 100 is a P-channel transistor
o an N- channel transistor. |In enbodi nents wherein an N-channel transi stor
is to be formed and wherein the portion 106 of the sem conductor |ayer 105

el udes an_ Nt by 190Ak e 1P HIRLA oolud e U . SPLIDGUS JAGJBY, k! ude

La, LaN or Ti wherein a annel ransIr'stor is to be

formed apnd wherein the rtion 106 o he,sem conduct or |L.ayer 105 i

P toped VMY FhcF S TeBlad Sty loddts SR I9% il R Srilor’ T 1 n

further enbodinents, the gate electrode 117 be formed of a. .

Son condRBOR e 18 DxlorsonS e bt Sl Grisarmean FKgn b n

spacer 115, the gnate el ectrode 117 no%y be formed by ani sotropicall
deposited on The semiconductor structure 100, while the noble gas ions simultaneously s;%tter

15 deposited material away. The rate at which material is sputtered may be particularly high in the

vicinity of edges of the nanowires 114 and/or the trench isolation structure 104.

Parameters of the high density plasma chemical vapor deposition process, such as
plasma density, bias voltage, composition of the reactant gas, pressure and temperature, may be
20 adapted such that a net deposition of silicon dioxide on the semiconductor structure 100 occurs,
whereas the simultaneous sputtering of the deposited material prevents a formation of overhangs
at the edges of the nanowires 114 and/or the trench isolation structure 104. Thus, deposition of
material in the gaps between the nanowires 114 and the space between the nanowires 114 and
the trench isolation structure 104 may be obtained substantially without a formation of voids.

25
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depositing a layer of the material of the gate electrode 117 over the

sem conduct or structure 100 and perform ng an isotropic etch process to
remove portions of the layer of the material of the gate electrode 117 on
sidewal I s and top surfaces of the nanowires 114 and the trench isolation
structure 104, The gate el ectrode 7/ covers a surface of the drain acer
115 “wher ei n Al Vestisape dEhasindidfe FRECHT U Bri¥ind el adrdtobi il ong
t hrough openings,in the gat | ectrode 117. Thus, the te electrode 117
bnnul ar IR Pk Stk eEA R Ge Akt BoCER ey e perORPRE 1 R ek STisbifttoron. of
the gate electrode 117, portions of the gate insulatjion |ayer 116 that are
not covdFESH b Tglerd Rortans ohdiee teyer apSPAHNARI b PN feains!ingd i aed ch
process. In 20 enbodi nments wherein the gate insulation |ayer 116 incl udes
si | i con PAIERE @é, the |9ersicaraucios suetrenOGraan Peosubgtaniially el 9 axgichg sy fcess
wherein the sem conductor structure 100 is exposed to diluted hydrofluoric
ad d.  portions of thehkeyeradft dain spasesunaerid icibe suisantaly berifantahgpartioBs of ftke t o
the drain spacer 115, the 25source spacer 118 may be fornmed of silicon

di oxi de,sudiae of delsamposductapistriicuneil@ t he source spacer 118 nmay correspond to
techni ques enployed in the formation of the drain spacer 115. In
particular, the formation of the source spacer 118 may incl ude an

ani sotropi c deposition of a layer of the material of the source spacer 118

and an isotr opitee %ofrbpi@@&ﬁ[é@cesﬁhﬁorﬂﬁh§@f_t tHePliagerd&iPaSInt sRBerPharegasomedp be a
hi gh density plasma chem cal vapor deposition process and the isotropic

et ch praGesss BRiie Ashdwi s Y18 hidlorRR@®B S8 ace of the trendiiBolbilbrEdeNeEFe 4 rhiyepessour ce
spacer 118 need not be substantially equal to a thickness of the drain

Sfpcer ]a@féctﬁ% By éﬁ’%gﬁﬂﬁ%iﬂ?ﬁﬁi%tiéffgfa@ﬂﬂrrso?@ssW%Péate%ﬁaﬁﬁM 2 @?r%tcﬁ(i@t er

thi ckness than the drain spacer on the source si

et et PR RSB Bd o 506 D00 e LR ©
exanpl &.o, o BAR SR ALIRN R 115" Pnd ALEP RS irfhrabt WA I S RASHH el Fud™®Y
surfaces of the portions of the layer of drain spacer material on top of the nanowires 114 and the
trench isolation structure 104. To the contrary, there are no such side surfaces at the portions of
15 the layer of drain spacer material on the portion 106 of the semiconductor layer 105 between the
nanowires 114. Due to the relatively small extension of the nanowires 114 and the trench
isolation structure 104 in the horizontal directions 128, 129, the areas of the side surfaces of the
portions of the layer of drain spacer material on top of the nanowires 114 and the trench
isolation structure 104 may be of about the same order of magnitude than the area of the top
20 surfaces. Therefore, a faster removal of drain spacer materia may be obtained at the top
surfaces of the nanowires 114 and the trench isolation structure 104 than at the portions between
the nanowires 114 and in the space between the nanowires 114 and the trench isolation structure

104.

25 The isotropic etch process may be performed until the layer of drain spacer material is

present substantially only on the surface of the portion 106 of the semiconductor layer 105
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be about tw ce the thickness of the drain spacer 115. Fi gure 9 shows
a schematic cross-sectional view of the sem conductor structure 100 in a
| at er stage of the manufacturing process. After the formation of the source
spacer 118, an etch 15 process adapted to selectively renove the materi al

of the nanowires 114 rel.gtive to the materjals of. t source spacer.118 and
She 1 e et e fuh8 bk pBRsEt [ rbhind 1% BB SR ST oo, o
t he source slpa r 118 and the trench isaql at.i on struct.lér 104 i ncl ude

si 11 con SHHSede N TETPIRENSRORIRNS % Shet e ot el ePeser et al far e FAR S s nay
be an isotropic etch process adapted to selectively etch silicon relative

to siliddn BisoRHE Figge 7. The dign wreer dile MY CoveE 8 SU agR0f theporéet HodH thehe

nanowi res 114 is renoved. Another part of each of the nanowires 114 remains
in the Semicopdustestlarer Opuwheed theganpwires gld extend Hepushepnepings e thg dreirg
denotes distal ends of the parts of the nanowires 114 that remain in the
sémi condpatenilstand stderseirfags anflttep surfasesofcthe maoewsss. 11#ase eékpased. éhds thel9 of
the parts of the 25nanowires 114 remaining in the sem conductor structure
100 aft eraih gecetdb apnuargsencloasgs daeh ofl tbe panoivires hBt. substrat e 101 t han the

hori zontal top surface of the source spacer 118. Thus, after the etch
process, a recess is provided at the |ocation of each of the nanowi res 114,
wherein the distal ends 119 of the nanowires 114 are exposed at the bottons

of the recesygtr gitfomhaiRnak ke Phinisher € §&E tsBliaforl REEM 6ayt e o fadl e
spacer 118. S5After the etch process, the recesses may be filled with a

sen CoNQRCH st iRhded bf t%%@u?nom RsIeM GOBRMRIHAMISRA@Ehe dedBWIFBY114NREUGE t he

same sem conductor material as the nanowires 114. For exanple, in
o or a9 RE R bV ARG L8P AL =4 61 B B ERLAEN By o
the nandr e h aesih FE folihs Sioeis) MR ol PRE" ol B A HERD Deer
formed fd?(%(ri%et I%apr?aﬁlltnigoan th}c 7negsf oft out 2 nr?rﬁ: PN lrJn(f'ﬂE/Qore oried b)% c<');15thermal oxidation
process performed for about 20 seconds at a temperature of about 850°C in an oxidizing
ambient, such as a gas comprising oxygen and/or water. In other embodiments, the gate
15 insulation layer 116 may include a high-k material such as, for example, hafnium dioxide and
may be formed by means of techniques for forming a high-k gate insulation layer on a

semiconductor surface similar to techniques employed in the formation of planar field effect

transistors comprising a gate insulation layer formed of a high-k material.

20 Figure 8 shows a schematic cross-sectional view of the semiconductor structure 100 in a
later stage of the manufacturing process. After the formation of the gate insulation layer 116, a

gate electrode 117 may be formed over the semiconductor structure 100.
The gate electrode 117 may include ametal. The metal of the gate electrode 117 may be

25 selected for adapting a work function of the gate electrode 117 to a work function of the

semiconductor material of the nanowires 114. The material of the gate electrode 117 may
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A type of dopant in the sem conductor material 120 nmay be the sane as the
type of dopant in the portion 106 of the sem conductor |ayer 105. In
particular, in enbodinments 15 wherein an N-channel transistor is to be
formed in the sem conductor structure 100 and the portion 106 of the

sem conduct ar | r 105 includes an N-type dopant. the sem condyctor

ater | it o ele fiEtahagor ot R e B sior A TARET PEbahe o1 o
is to be forned in the sem conductor, structure 100 and th ortion 106 of
e SenEBREHCHGH N e e G o s MERS OSSR 4 13
include a P-type dopant. In sone enbodjnents 20 wherein the sem conductor
mat er i alfory §d wheggghibg poitioa 196 f HissantcraiuCkh i el 39S insluderan N-hgei9eatr seni ¢
at a dopant concentration in a range from about 1015 - 1021 cni 3 (solid

sol ubi | ithgmetehefithe gate elegtkeglepilé may iddwdadia. Lalias i |pBbediments whgiem a fhe
dopant concentration in the sem conductor material 120 nmay be greater than
t He dopahannebinansistor i tio e formet laed poereindhe peBom 106G ¢fehe sami canddctot layer|185 e 105.
The portion 106 of the sem conductor |ayer 105 nmay receive a 25hi gher

t her mal Radapge.diheametal tof the patet decteogle stiGwmayrieclddd AlSAOY ornTidN.t e fuotherd on
107 of the sem conductor |ayer 105. As will be detailed below a
drai n r egribodin@htsathiergatesd ettrode 11Y gy bofomged bha tdme coreliicton maited bO for skapleur e
100 may be formed fromthe portion 106 of the sem conductor |ayer 105, a
channel poggiliesn.may be formed from portion 107, and a source region may be
formed 5 fromthe sem conductor material 120. Providing a | ower dopant
concentration in the portion 106 of the sem conductor |ayer 105 nay help to
avoid or at |east reduce dopants floating the channel region. Source

R DT e e

(solid sol ubi t) to receivet urce resi _ ain
the sem-arngad SO oSNt Gy bk e e Bl Lfife 10 ©
serm condUfPBTOTENGREIPuS Bf Py etit FivelBhindy v ek 2 i BRB o %,
range f rggtrg gc?r%}je %P?l gn éidé/\? Ils a(r:lg%bp éu?{aces of the nanowires 114 and the trench isolation
structure 104. The gate electrode 117 covers a surface of the drain spacer 115, wherein the
15 nanowires 114 and the gate insulation layer 116 extend through openings in the gate electrode

117. Thus, the gate electrode 117 annularly encloses each of the nanowires 114.

After the formation of the gate electrode 117, portions of the gate insulation layer 116

that are not covered by the gate electrode 117 may be removed by means of an etch process. In

20 embodiments wherein the gate insulation layer 116 includes silicon dioxide, this may be done
by means of a wet etch cleaning process wherein the semiconductor structure 100 is exposed to

diluted hydrofluoric acid.
Thereafter, a source spacer 118 may be formed. Similar to the drain spacer 115, the

25 source spacer 118 may be formed of silicon dioxide, and techniques for forming the source

spacer 118 may correspond to techniques employed in the formation of the drain spacer 115. In
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exanpl e, at a concentration of about 1020 cm 3. The sem conduct or
material 120 may be deposited by neans of a selective epitaxial growh
process, for exanple, chem cal vapor deposition process, a plasma enhanced
chem cal 20 vapor deposition process, a nol ecul ar beam epitaxy process or

a nmetal organic, chen cal or deposit] rocess, as.described. aboye in
e contEes o PRt B8 rCeREREL AR R HERER # 2Pubia8E BRRBN YR (e
deposition of the senm conductor materjal 120, substanti all o . .

o ontater & telra R ior She S e b 3t 8 o B Sl B LT B TSRSy s
deposited on the surface of the squrce spacer 118 and the trench isolation

st r uct urdePasHPN PrAGESS B1RAY SRy Nih SlenB/nRlena gllemicah vARSF JeROJL Q) PIoreR@eddhe n a
range from about 5-15 nm for exanple, a thickness of about 10 nm

The senil ¥YRBEIGEIOPIoREEENALPe AdY eiphPreesS n situ doped. For this purpose, a
dopant or a chem cal conpound conprising a dopant may be supplied during

t He deposition of the seniconductor material 120. 5 After the
deposition of the sem conductor nmaterial 120, an anneal i ng process nay be
perfornmed. THdednoewss ofghe smresypacan 18 otedvat be ddystantialyi eyuélite agkickesnduct or
material 120. Moreover, the annealing process may cause sone diffusion of

dopant s tie dreintshaces &€18. darome bdbodimmeets, thd solidde, spaser 11thaahsemajrdeedr thitlarss tion
bet ween the dopi ng of the sem conductor nmaterial 10120 and the adjacent

por t i ongh#fthé BRiMmgie 118s Thiid dnaheBslréd 948 sihee Paidwi B 118, mére shi® may be
sem conductor | ayer 105 is obtained. The anneal i ng process may enpl oy

a conbi npdyi @F férnfi AR la0sduRRr tac BN &R iraHi tdR 16)bePfoRRES fn BeOschitchaitoSPi ke
anneal ing (LSA) process, wherein the rapid thernmal annealing process 15may

by perf %Ifrgggrefl‘éb. EBPYLampI S FF B erbodfnb RIS Rickh&s Of trRRBMe 3786 1181y Ne

| aser s
be about twice the thickness of the drain spacer 115.

Figure 9 shows a schematic cross-sectional view of the semiconductor structure 100 in a

later stage of the manufacturing process. After the formation of the source spacer 118, an etch

15 process adapted to selectively remove the material of the nanowires 114 relative to the materials
of the source spacer 118 and the trench isolation structure 104 may be performed. In
embodiments wherein the source spacer 118 and the trench isolation structure 104 include

silicon dioxide and the nanowires 114 include silicon, the etch process may be an isotropic etch

process adapted to selectively etch silicon relative to silicon dioxide.

20
In the etch process, a part of each of the nanowires 114 is removed. Another part of
each of the nanowires 114 remains in the semiconductor structure 100. In Figure 9, reference
numeral 119 denotes distal ends of the parts of the nanowires 114 that remain in the
semiconductor structure 100 after the etch process. The distal ends 119 of the parts of the
25 nanowires 114 remaining in the semiconductor structure 100 after the etch process may be

closer to the substrate 101 than the horizontal top surface of the source spacer 118. Thus, after
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anneal i ng process may be performed for about 0.002 seconds at a tenperature
of about 1225C. Figures 10a, 10b and 10c show schematic views of the
sem conductor structure 100 in a |later stage of the manufacturing process.
Figure 10a shows a schematic top view. Figure 10b 20 shows a schematic
cross-sectignal view of the sem conductor structure 100 .al the .|ine A-A
Corr espafiarE PREe b eCr5Lroudr Bl Iosrlin ot sptieptlng canoifts 118 yuiein 0" o1

7, Sand 9. Figqu 0c shows schemati c, cross-sectjonal view along.the |ine
8 5. Thilsa enduiid of e RgNEeE B Sroutid BREOtaTeH OF eorsesaiaERdE .
structure 100 along a plane that is perpendicular to the plane of the
cross-sé'&@ﬁwqﬁ%ﬂﬂ Vit soupee spacer 118." Aft er t he deposition of the

sem conductor nmaterial 120, a source contact |ayer 123 may be forned. The
source contact layer 123 may include a silicide. For form ng the source
contact layer 123, a silicon layer, for exanple a |layer of polysilicon, may
bedb f or med ovéfter lile stelmprasesu theaecessas ueayudesfi 1@OwitT laesesidonductoranitayarl2df a
netal, for exanple a |layer of nickel, 5 tungsten and/or titanium may be
deposi t dthesemichedusior matenial H0emay Mbledetietsane sam centaetal Malgri grasciessnolvives
exanple a rapid thermal annealing process, may be perforned for initiating
a chem qah. r aet &emphet e embbdimensst wheraimd thdeasoviresonl14 lincltide dilven; i
reaction, silicide is forned. In addition to the nmaterial of the silicon

| ayer dep@rbh@@idpieterfah®2G@Ey 866 fHeRide s lisbr. Uabierr, 1bpirdy dland s cdndBetor
sem conductor material 120 nmay also react with the netal and forma 10

si |l ci dengte'900 ey! M GifffeRSE FRRT &%Pn@idfidéhﬂﬂs%‘f“i‘héjﬁ%d/ir%@ﬂ@%ﬁj%ﬁ e

material nay be provided nore closely to the substrate 101 than the surface
0t e SBMCBAMS e E1S0 Rt e Rbeb Adrmed 1IDR MebeHi il 107 T ke &l dndbt6r
eposition of the sem conductor nateria . wever, a portion o
unr eact qa%ep%?d sem conductor material 120 may remain on the nanow res 114,
so that there’is a transition between differently doped sem conduct or
materials at the distal ends 119 of the 15nanow res 114. After the
anneal i ng process perfornmed for formng silicide, excess netal may be
removed by nmeans of cl eanin rocess. 20Aft the formation of the source
ke il F0 ey R dh

contact |ayer™ 1§ OfdoRart dfthae, s eQngHCigr materigh L20; By i0f die, criee &5 1edwies & or
131. The portion 106 of the sem conductor |ayer 105 bel ow t he nanowi res 114
forns a d9PAN AN dhe PARIoN, HFsPsther semeondisdor [ s 105 T @AREHEN IPeZnbPdimenit
have been fornmed fromthe portion 107 of the sem conductor |ayer 105
pkovi de Veeraa an &Y -chasgel draneisior heta befimet d thessendpenductaio sifustrg fl0Q iqed the
transistor 131 is provided by the sem conductor material 120 and the
portion 106 of the semiconductor layer 105 includes an N-type dopant, the semiconductor
material 120 may be N-doped. In embodiments wherein a P-channel transistor is to be formed
in the semiconductor structure 100 and the portion 106 of the semiconductor layer 105 is P-
doped, the semiconductor material 120 may include a P-type dopant. In some embodiments
20 wherein the semiconductor material 120 is N-doped, the semiconductor material 120 may
include arsenic at a dopant concentration in a range from about 10%° — 10%* cm™ (solid solubility
limit), for example, a concentration of about 10?* cm®. The dopant concentration in the
semiconductor material 120 may be greater than the dopant concentration in the portion 106 of
the semiconductor layer 105. The portion 106 of the semiconductor layer 105 may receive a

25 higher thermal budged, and its dopants may show more diffusion into the portion 107 of the

semiconductor layer 105.
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25source contact |ayer 123. The transistor 131 nmay be sw tched
between an electrically conductive on-state and an off-state having only a
relatively | ow electrical conductivity by applying an electric voltage to
the gate electrode 117. The gate electrode 117 is electrically insul ated
fromthe channel region in the nanowires 114 by the gate insulation |ayer
116, and is isolated fromthe drain region and 5 the source region by the
drain spacer 115 and the spurce spacer 118, respectively. Since the channel
Fegion of thds Pahdies oaRleh Doy, 3 SATdBIPH ¢ FAWSH rBsbq 1Tesni e gat e
el ectrode 117 annul arly encl oses the nanowi res 114, the gate el ectrode 117
ext ends SBMN|CORYUSTAR FreH eIV be tagmesh frofhing oo 108 3@ Senpjgonductor layer
controllability of the channel that is obtai nable by applying a voltage to
t he gat d08] 26ehanpeereaion mayobe formed fremeRarten 104 anfl@ JopEeRS e O May Pe, for drain
region 106, the channel region in the nanowires 114 and the source provided
i rbthe ffronhihefsemivondentorovataiatl@O. rRiowdingla loRer demhnt cancediaior it thetpostion ayer
123 are arranged along the vertical direction 130. A gate length of the
transi stl06 ol &ie seaycadbaoraliayer al0bymayonal e $p enaild Do atal ebsh ireduce slepants fil deting dbee

el ectrode 117. For 15 reducing an extension of the transistor 131 in the
hor i zontchénndi regiohi ons 128, 129, a scaling of the gate length of the

transi stor 131 is not necessary. Shrinking the extension of the transistor
131 in the horizontal directions 128, 129 may be limted only by the

di anmeter and the pitch of the nanowires 114. 20An interface between the
doped sem corgyfck QbR it flss tHarrhdBubged MaP be bRRIUELARIM 8ldBpind 3t 187 &nfhe
substantially undoped or inversely doped sem conductor material in the
cfrpannel it nskst.ar i i e Anter t

i (Qﬂ‘il&é@)g;rt])yrt%@h@fti% rﬁéa%e e the b%t&é&hf&%q Yarkc A58 Afra?ﬁ‘?eé)& e

portions t em conductor | ayer n interrace pbetween

t he dop 1 I | i I i nd
the subdlAFLAPIgoH 8RR Ala bl g8 RE etaoohd ek 1400 B o
25t he cQﬁnnel reqi provided by the interface between the sem conduct or

mat eri al eﬂ’ﬁ'”é%gfﬂ %goriﬁrieﬁow res 114.

In embodiments wherein the semiconductor material 120 is P-doped, the semiconductor
15 material 120 may include boron at a concentration in a range from about 10'° — 10%* cm®, for

example, at a concentration of about 10 cm®,

The semiconductor material 120 may be deposited by means of a selective epitaxia

growth process, for example, chemical vapor deposition process, a plasma enhanced chemical

20 vapor deposition process, a molecular beam epitaxy process or a metal organic chemical vapor
deposition process, as described above in the context of the formation of the semiconductor

layer 105. Thus, in the deposition of the semiconductor material 120, substantially no
semiconductor material or only a small amount of semiconductor material is deposited on the

surface of the source spacer 118 and the trench isolation structure 104. The semiconductor

25 material 120 may have a thickness in a range from about 5-15 nm, for example, a thickness of

about 10 nm.
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The | ocation of the interface between the source region and the channel
region of the transistor 131 relative to the gate electrode 117 nay be
controlled by selecting the thickness of the source spacer 118 and the
amount of sem conductor material that is renoved in the etching 5 of the
nanowi res 114 that is perforned after the formati on of the source spacer
118. Thus, the location of the interface between the channel region and the

source region, may be relativel ecisely control|led. After the formation
of the sour cd TESHPLEOROLCLY Sraidrish 124 Fey 5§11 GbRY.abe" (s PoPaca ol of gy
source spacer 118, the gate electrode 117 and the drain spacer 115 nmay be
r emoved EMigaly é@FWnQ@W'%WeaMOW&%W@I'%&‘U% the slepasHignh gl t*ﬁfhe
portion 106 of the sem conductor |ayer 105 formng the drain of the

transi stseniconductos maighiesE- i n the region 132. In a region 133, the source
contact |layer 123 and the source spacer 118 may be renoved, so that the
gdie electrode 117 is exposed in the region 133. The regions 132, 133 may
be | ocated adjacent the trench isolation 15 structure 104. In Figure 10a,
t he | ocat i on Adfer ttheedépodtiom of sed setviamdsdtorunstena 1204 an snrealmgrpiocesalnhay be

i ndi cated by dashed lines 121, 122. The renoval of material in the regions

132, 13perfayndde Plar boeand hrycasany fivite cbpaniesthefseplwhdlctdr ogerdad Mpoand
etching. Thereafter, an interlayer dielectric 124 may be deposited over the

sem conqueeVer, ta@ameélufgt proesd Ry chibe SOME dR UM oMeiBbants fr61A thadeedi batiiBdtor
dielectric 124 may |nclude silicon dioxide and may be deposited by a

chem Ca'ma\fé}l%ﬂ)rlzﬁl%c’cﬁhttd Shodther RI-AS 181 BENAET 81 dbﬂﬁﬁ‘cﬁ%e YRR BSnBEBO fiafelian
process Optionally, after the deposition of theinterlayer dielectric 124,

g ghem gah éﬁﬁcﬂﬂérﬁd&ééntgﬁqrﬁ&%' &gtrﬁr%%ﬁﬂ% '?&E%@rtfr&h "Re dPﬁfonpi 6f 'tl?é ng

the surface of the Int ayer dielectri erea

source cgQnt 3 uchrﬂ:y%?ﬁ)Sr@Xt[))tgﬁfﬁoor med over the source contact Iaycr 123, a

drai n cont ac Vi a rmed in the region 132 of the sem conductor
structure 100, and a gate contact via 127 may be forned in the region 133
of the sem conductor structure 100 for providing electrical cont act to the
sour ce, dral and te of the transistor 131. The coptact vias , 126,
127 may be fi W@H”%?P%p%ﬁl'ﬁ%’t?m 9y PORBIRAELY ?v%raf%{]'i‘ﬁ%' a”’?%"r‘“%
tungsten. The cont act vias 125, 126, 127 may be formed by nmeans of
pr ocess FE0GES FHG 8 ﬁ?\%‘@?’ﬁ‘ﬁﬂwg (E%hpfr?ﬁe%n\ﬂh gpds ftaP'SﬁhefWﬁlea%‘ﬁff"trlgdwcﬁﬁs
enbodi nents di scl osed above are illustrative onla% as the invention

may be performed for about 5 seconds at a temperature of about 920°C, and the laser spike

annealing process may be performed for about 0.002 seconds at a temperature of about 1225°C.

Figures 10a, 10b and 10c show schematic views of the semiconductor structure 100 in a
later stage of the manufacturing process. Figure 10a shows a schematic top view. Figure 10b
20 shows a schematic cross-sectional view of the semiconductor structure 100 along the line A-A,
corresponding to the cross-sectional views of Figures 1, 2, 3b, 4, 5, 6b, 7, 8 and 9. Figure 10c
shows a schematic cross-sectional view aong the line B-B. Thus, Figure 10c shows a cross-
sectional view of the semiconductor structure 100 along a plane that is perpendicular to the
plane of the cross-section of Figure 10b.

25
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10 may be nodified and practiced in different but equival ent manners
apparent to those skilled in the art having the benefit of the teachings
herein. For exanple, the process steps set forth above nay be perforned in
a different order. Furthernore, no limtations are intended to the details

of constructi r desi.gn ei n .shown, other an _as descrjhed in the
ol ai - bel owATTy He. R o ibe S B B SHef ot A05R s e Gt 5T 8 by
di scl osed above be l5altere r nodifjed. an | . such variations are
Consi deB4oRenTHE FECaoBie s 12 b o e R, it Fm 0D SR e he
protection sought herein is as set forth in the clains below CLAI NS WHAT
| S CLAI \&te 11.23Aan%|t'¢%‘d|,ayg®rfﬁrr ieé"i‘%? %tﬁvsmoain@@/%w%mr@wm&r@ed eudhaur e
conprising a substrate and a nanow re above said substrate, the nanow re
conpr i sisAgicanguctos tstryetHiecHiPd ut heseafteat & fayen ofap dnetstt kan Examgliern kayereeft Nickdl,
direction of said substrate; formng a material |ayer above said substrate,
t He mat dungsien|angler tidanurh.amay henddposiied gors tieds ihconolayere; Theeaéles can arriegling
removing a first part of said nanowire relative to said material |ayer,
wher ei n peocess; dordexzanle afragidi termah aanaakng provess, neyoheeperfaimed Soralniteatidgaf  sai d
second part of said nanowre distal fromsaid substrate being closer to
sai d sulghémiatierdattion betwedl theemethl aad chensllient aln kidy elfenseal trbatios adilicide is
sem conductor structure has a recess at a location of said nanowire, the
distal eo¢hedl FRbdhitha @MHeEmbeti & Jofeie O fdn Abydr posited over the semiconductor
structure 100, a part of the semiconductor material 120 may also react with the metal and form a
10 silicide. Thus, an interface between silicide and doped semiconductor material may be provided
more closely to the substrate 101 than the surface of the semiconductor material 120 that is
obtained directly after the deposition of the semiconductor material 120. However, a portion of
unreacted doped semiconductor material 120 may remain on the nanowires 114, so that there is
a trangition between differently doped semiconductor materials at the distal ends 119 of the

15 nanowires 114,

After the annealing process performed for forming silicide, excess meta may be

removed by means of a cleaning process.

20 After the formation of the source contact layer 123, the semiconductor structure 100
includes a transistor 131. The portion 106 of the semiconductor layer 105 below the nanowires
114 forms a drain of the transistor 131. Portions of the nanowires 114 that have been formed
from the portion 107 of the semiconductor layer 105 provide a channel region of the transistor
131 and a source of the transistor 131 is provided by the semiconductor material 120 and the

25 source contact layer 123.
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15bottom of said recess; and filling said recess with a second

sem conductor material, the second sem conductor material being differently
doped than said first sem conductor nmaterial. 2. The method of claiml,
wherein said sem conductor structure further 20conprises: a gate el ectrode

annul arly encl,osing saigd nanpwire. and a gate insylatian.|ayer between said
nanow re’ and 10BTMgspet & 83y Posutens Bt B4 B R b ol R Sl T aL o
electrically insulating terial and is fqrnmed above said gate el ectrode.
o5 Oii-sitg hai Onfy st yply Ao efresical gaBrast i BY PRRG B ool 60 1t ur e
further conprises an electrically insulating first spacer annularly

encl osi RE 43¢ B eFiEeBLf e The gate elertrade 144 Az @lpcthieal iy dnsyiated T thsushpaash region

sem conductor | ayer provided bel ow said nanowi re and said gate el ectrode,
sai d nmat@Ehegdianpwiyes 11Adwy ihegeta i nsdlabertll asereldbr ansks I splatessfipra therdjaig pedien and

annul arly encl osing said 5nanow re.

5 the source region by the drain spacer 115 and the source spacer 118, respectively. Since the
channel region of the transistor 131 is provided in the nanowires 114, and the gate electrode 117
annularly encloses the nanowires 114, the gate electrode 117 extends all around the channel
region, which can improve the controllability of the channel that is obtainable by applying a
voltage to the gate electrode 117.

10
Moreover, in the transistor 131, the drain region 106, the channel region in the
nanowires 114 and the source provided in the form of the semiconductor material 120 and the
source contact layer 123 are arranged along the vertical direction 130. A gate length of the
transistor 131 may substantially correspond to a thickness of the gate electrode 117. For
15 reducing an extension of the transistor 131 in the horizontal directions 128, 129, a scaling of the
gate length of the transistor 131 is not necessary. Shrinking the extension of the transistor 131

in the horizontal directions 128, 129 may be limited only by the diameter and the pitch of the

nanowires 114.

20 An interface between the doped semiconductor materia in the drain of the transistor 131
and the substantially undoped or inversely doped semiconductor material in the channel of the
transistor 131 is provided by the interface between the portions 106 and 107 of the
semiconductor layer 105. An interface between the doped semiconductor material in the source
of the transistor 131 and the substantially undoped or inversely doped semiconductor material in

25 the channel region is provided by the interface between the semiconductor material 120 and the

nanowires 114,
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4. The nmethod of claim1l, wherein formng said material |ayer conprises

ani sotropically depositing a material of said material |ayer and performng
an isotropic etch process to renove a portion of the material of said

mat erial |ayer on sidewalls of said nanowire. 10 5. The met hod of
claim1l1, wherein renoving said first part of said nanowi re conprises
performng an isotropic etch process selectively renoving said first

sem conduct or. terial relative ial of said material |ay

156, The. et hddeQPCPAHITE IMeH B 1 FoLrEe Bl R ES CoRpR, r@@&ﬂﬁiﬁ%rm ng
a deposition process, said second senm_conductor material bei ng{ n situ
doped d&@ﬁg%%?rlde@éﬁ%gq q‘?@ﬂeﬁeﬁ@@leslﬂﬂw %@%@”%W%F% bigkesy Pldi ng a
sem conduct or-on-insul ator structure conprising a substrate, a dielectric

| ayer orihessaueresnaser 138 anching agopint of sergispnaustor dekesiel thal/isi erpovedan et t r i ¢

| ayer; reducing a thickness of said first sem conductor |ayer; after

r educi n@f theenanhivicenEldisthafis perfatmied eler the fargeiioiuch tbe shuigespaces |di18a>T|ha$ lthe
depositing a second sem conductor |ayer on said first sem conductor |ayer,

t he secodoudti@b sk theciatedacd batweaythe chanmet regiamgara the 1ssurced cagtanomayo be saéatdvefyi r st
sem conductor |ayer and a second portion on the first portion of said
second edsieydoedid. | ayer, wherein a doping of the first portion of said
second sem conductor layer is different froma doping of a second portion
of said second sem conductor |ayer; and

After the formation of the source contact layer 123, the source contact layer 123, the

10 source spacer 118, the gate electrode 117 and the drain spacer 115 may be removed in aregion
132 of the semiconductor structure 100, so that the portion 106 of the semiconductor layer 105

forming the drain of the transistor 131 is exposed in the region 132. In aregion 133, the source

contact layer 123 and the source spacer 118 may be removed, so that the gate electrode 117 is

exposed in the region 133. The regions 132, 133 may be located adjacent the trench isolation

15 structure 104. In Figure 10a, the location of the trench isolation structure 104 is schematically
indicated by dashed lines 121, 122. The removal of materia in the regions 132, 133 may be

performed by means of techniques of photolithography and etching.

Thereafter, an interlayer dielectric 124 may be deposited over the semiconductor

20 structure 100. In some embodiments, the interlayer dielectric 124 may include silicon dioxide

and may be deposited by a chemical vapor deposition or plasma-enhanced chemica vapor

deposition process. Optionally, after the deposition of the interlayer dielectric 124, a chemical

mechanical polishing process may be performed for planarizing the surface of the interlayer
dielectric 124.

25
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patterning said second portion of said second sem conductor |ayer, the

patterning 5 formng a nanowire extending in a vertical direction of said
substrate, wherein a part of said first portion of said sem conductor |ayer
that is adjacent said nanowire and is not covered by said nanow re remains

in said sem conductor structure.. . The pethod of , claim 7 erei.n,a

thi cknese of e b sresiEnAbhiad 2% ey be R Ol g sl Pt B 1 2p 2
greater than at le one qf the reduced i.ckness of said first

Jent condtith Bty ErZh ol eformed o e RERL L P HF ShRerbeudh Syt iopsnda

sem conductor |ayer and ten tines the reduced thickness of said first

seni cond@e@ntechyarl2’ My befermedt Wdhe 6991 &3 fsthe ppraicandycior shydwrdSR feF sai d
second portion of said second sem conductor |ayer is greater than at | east
one of tFVigiRg ellepfEisdl contagdp thersopise. antand gatef Yigittngslebhdll. sHif opiaeildeor

| ayer and tw ce the thickness of said first portion of said second

sémi conddbt 36, 124may beliiial wWitieame etihehl lyfcondugti vie mMatedid etag iexangale tinpstest Theor t i on
of said second sem conductor |ayer is one of P-doped and N-doped, and

wher ei n coatiact Vias 25, $267112'0 nty dedornhealyigr meamd of aradesecafrhofmbitiogaphy fetahangd
second sem conductor | ayer are substantially undoped. 11.The nethod of

cl ai m 7,anfl degosigionconpri sing formng a first spacer annularly 25encl osing

said nanowire, the first spacer conprising an electrically insulating
mat eri al . 12. The method of claim 11, further conprising:

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

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

15 altered or modified and al such variations are considered within the scope and spirit of the

invention. Accordingly, the protection sought herein is as set forth in the claims below.
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formng a gate insulation layer on a portion of said nanowire that is not
covered by said first spacer; and after the formation of said
gate insulation layer, formng a gate el ectrode above said first 5spacer,
the gate el ectrode annularly enclosing said nanow re. 13. The

met hod of claim 12, further corrpris'rll ving a portion of said gate
i nsul ation |layer that is not covereb—m:)d gate electrode after the

formation of said qate el ectrode. 10 14. A nethod of claim 12,
further Whpk 1 SCAAIMER: ng a second spacer above said gate el ectrode, the
second spacer annul arly enclosing said nanowi re, the second spacer
conprising an electrically insulating material. 1515. The nethod of claim
14, further conprising selectively renoving a first part of said nanow re
relative to gaid sememdd, gEngwWwherein a second part of said nanowire is
not renmoved, a distal end of sald second part of said nanowire distal from

sag d subst ratpoldh§ @ sehrReeductd? siadtGreoRpriEiag @ sibdtcdardl hareRireabsal gicsecond
spacer so that a recess is provided at a |location of the nanowire, the

di stal end of sai 1 i S al . 20
& REIRMHES, urt'her&ﬁ%g?%fﬁh éﬁﬁoﬁ&ﬁ&&%&%ué%ﬁ@&tm a

16. The nethod of claim15, ising filling sald recess wt

inavertical direction of said substrate;
forming a material layer above said substrate, the material layer annularly enclosing said
nanowire;
10 selectively removing a first part of said nanowire relative to said material layer, wherein
a second part of said nanowire is not removed, a distal end of said second part of
said nanowire distal from said substrate being closer to said substrate than a
surface of said material layer so that said semiconductor structure has a recess at
alocation of said nanowire, the distal end of said nanowire being exposed at the
15 bottom of said recess, and
filling said recess with a second semiconductor material, the second semiconductor

material being differently doped than said first semiconductor material.

2. The method of clam 1, wherein said semiconductor structure further
20 comprises:
agate electrode annularly enclosing said nanowire; and
agate insulation layer between said nanowire and said gate electrode;
wherein said material layer comprises an electrically insulating material and is formed
above said gate electrode.

25
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sem conductor material, the sem conductor material being doped with a
dopant of the sanme type as said first portion of said second sem conduct or
| ayer. 2517. The nethod of claim 16, further conprising performng an
anneal i ng process after filli ng said recess with said sem conductor

material. of,arapidt and | aser. s al. 519. The
ot hod of o1 8 m 1.3 heye Pt A RDe el segSia BBt AEIcRRE Bt RO o o
filled with said seniconductor material. 20.The method of claim 7, wherein
a plur a|6\ﬂt8yeCH\=Cé\|ﬂﬁém§WﬁH&fl§F &Y raned Aty eacl e S RO S bArsHAasg bEing r st
sem conductor |ayer in the patterning of said second portion of 10 said
seni condM@ad Repyeen aWW%l'W%D@NW@HOW@W@WI reArd $a dgaie elegteade,
transistor is forned fromsaid plurality of nanowi res, said contiguous
porti on safl rsatedal f liayest foraimy cospand eteclriagibyr irmllmvmmsm@eromuwlyaa”@blﬁmmd a
drain of said field effect transistor. 15 20

5 nanowire.

4, The method of clam 1, wherein forming said material layer comprises
anisotropically depositing a material of said material layer and performing an isotropic etch
process to remove a portion of the material of said material layer on sidewalls of said nanowire.

10

5. The method of clam 1, wherein removing said first part of said nanowire

comprises performing an isotropic etch process selectively removing said first semiconductor

material relative to a material of said material layer.

15 6. The method of claim 1, wherein filling said recess comprises performing a
deposition process, said second semiconductor material being in situ doped during said

deposition process.

7. A method, comprising:
20 providing a semiconductor-on-insulator structure comprising a substrate, a dielectric
layer on said substrate and afirst semiconductor layer on said dielectric layer;
reducing a thickness of said first semiconductor layer;
after reducing the thickness of said first semiconductor layer, epitaxially depositing a
second semiconductor layer on said first semiconductor layer, the second
25 semiconductor layer comprising a first portion on said first semiconductor layer

and a second portion on the first portion of said second semiconductor layer,
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wherein a doping of the first portion of said second semiconductor layer is
different from a doping of a second portion of said second semiconductor layer;
and

patterning said second portion of said second semiconductor layer, the patterning
forming a nanowire extending in a vertical direction of said substrate, wherein a
part of said first portion of said semiconductor layer that is adjacent said
nanowire and is not covered by said nanowire remains in said semiconductor

structure.

8. The method of claim 7, wherein a thickness of said first portion of said second
semiconductor layer is greater than at least one of the reduced thickness of said first
semiconductor layer, five times the reduced thickness of said first semiconductor layer and ten

times the reduced thickness of said first semiconductor layer.

9. The method of clam 8, wherein a thickness of said second portion of said
second semiconductor layer is greater than at least one of the thickness of said first portion of
said second semiconductor layer and twice the thickness of said first portion of said second

semiconductor layer.

10.  The method of claim 7, wherein said first portion of said second semiconductor

layer is one of P-doped and N-doped, and wherein said first semiconductor layer and said

second portion of said second semiconductor layer are substantially undoped.

11.  The method of claim 7, further comprising forming a first spacer annularly

enclosing said nanowire, the first spacer comprising an electrically insulating material.
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12. Themethod of claim 11, further comprising:

forming a gate insulation layer on a portion of said nanowire that is not covered by said
first spacer; and

after the formation of said gate insulation layer, forming a gate electrode above said first

spacer, the gate electrode annularly enclosing said nanowire.

13. The method of claim 12, further comprising removing a portion of said gate
insulation layer that is not covered by said gate electrode after the formation of said gate

electrode.

14. A method of claim 12, further comprising forming a second spacer above said
gate electrode, the second spacer annularly enclosing said nanowire, the second spacer

comprising an electrically insulating material.

15. The method of claim 14, further comprising selectively removing a first part of
said nanowire relative to said second spacer, wherein a second part of said nanowire is not
removed, adistal end of said second part of said nanowire distal from said substrate being closer
to said substrate than a surface of said second spacer so that arecessis provided at alocation of

the nanowire, the distal end of said nanowire being exposed at the bottom of said recess.

16. The method of claim 15, further comprising filling said recess with a
semiconductor material, the semiconductor material being doped with a dopant of the same type

as said first portion of said second semiconductor layer.

17. The method of claim 16, further comprising performing an annealing process

after filling said recess with said semiconductor material.

43



10

15

20

25

18. The method of claim 17, wherein said annealing process comprises at least one

of arapid thermal anneal and alaser spike anneal.

19. The method of claim 17, further comprising forming a silicide at said recess

filled with said semiconductor material.

20. The method of claim 7, wherein a plurality of nanowires are formed on a
contiguous portion of said first semiconductor layer in the patterning of said second portion of
said semiconductor layer, and wherein a channel region of one field effect transistor is formed
from said plurality of nanowires, said contiguous portion of said first semiconductor layer

providing one of a source and adrain of said field effect transistor.



