1 A FIN-TRANSI STOR FORMED ON A PATTERNED STI REG ON BY LATE FIN ETCH FI ELD
OF THE PRESENT DI SCLOSURE Cenerally, the present disclosure relates to

hi ghly sophisticated integrated circuitsyincluding transistor elenents
having a double gate or triple gate architecture (FinFET). DESCRI PTI ON OF
THE PRIOR ART The fabrication of advanced integrated circuits, such as
CPUs, storage devices, ASICs (application specific integrated circuits),
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on a given chip area according to a sq$ﬁ%fied circuit layout, wherein field
effect transistors represent one inporta @ type of circuit elenents that
substantially determ ne performance of the integrated circuits. Generally,
a plurality of process technol ogies are currently practiced, wherein for
many types of conplex circuitry including field effect transistors, MOS
technology is currently onéLSf OFREHE®RESHEOMESOY CRppPRPaches due to the
superior characteristics in view of operating speed and/ or power
consunption and/ or cost efficiency. During the fabrication of conplex
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ef fect tramshittodure (RimeBSPecti ve of whether an n-channel transistor is
considered, typically conprises so-called pn-junctions that are forned by
an interface of highly doped regions, referred to as drain and source
regions, with a slightly doped or non-doped regi on, such as a channel

regi on, di sposed adjacent the highly doped regions. In a field effect
transi stor the conductivit %%R*RJI@N RdiFE BIOR ARTe. , the drive current

capability of the conductive channel, is controlled by a gate el ectrode

formed adj ﬁcg t.to thF channel region and separated therefromby a thin
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wherein field effect transistors represent one important type of circuit elements that
substantially determine performance of the integrated circuits. Generally, a plurality of
process technologies are currently practiced, wherein for-many types of complex circuitry
including field effect transistors, MOS technology is currently one of the most promising
approaches due to the superior characteristics in view of operating speed and/or power
consumption and/or cost efficiency. During the fabrication of complex integrated circuits
using, for instance, the MOS technology, millions of tfransistors, e.g., n-channel
transistors and/or p-channel transistors, are formed on a substrate including a crystalline
semiconductor layer. A field effect transistor, irrespective of whether an n-channel
transistor is considered, typically comprises so-called pn-junctions that are formed by an
interface of highly doped regions, referred to as drain and source regions, with a slightly
doped or non-doped region, such as a channel region, disposed adjacent to the highly
doped regions. In a field effect transistor the conductivity of the channel region, i.e., the
drive current capability of the conductive channel, is controlled by a gate electrode
formed adjacent to the channel region and separated therefrom by a thin insulating layer.
The conductivity of the channel region upon formation of a conductive channel due to the
application of an appropriate control voltage to the gate electrode depends, among
others, on the dopant concentration, the mobility of the charge carriers, and — for a



2 planar transistor architecture - on the distance between the source and
drain regions, which is also referred to as channel |length. Presently, the
vast majority of integrated circuits are based on silicon due to
substantially unlimted availability, the well-understood characteristics
of silicon and related materials and processes and the experience gathered
during the |ast 50 years. Therefore, silicon will likely remain the

mat eri al d¥anaidiapeistasrarghitegivee ciarciiet distanes hetwens the sogdednt @fraifB8gions,
products. & eRsard R thRe A% .éﬂ%ﬂgthi mportance of silicon in fabricating
sem conduct or devices has been the stpérior characteristics of a
silicon/silicon dioxide interface that allows reliable electrical

insul atio if fenent .« egk r ot her. The silicon/silicon

di oxi de inﬁ%%?gbfé e Q%Sétbﬁ’gjéa}[wh({fgﬁ@ggﬁ%gr PETLS 255 PoSRAORPIERE T4 to

per f or manéebpfandiay edpisritechiyilabditpethat wed-priecesse shadsctafigidseaukiedn f or

exanpl e faqr " tivate d nts and to cure crystal damage
wi t hout s%grd?r??'ﬁléérjlé@&%‘e'ggsl gie'gq ﬁfoccaelssﬁﬁgpggﬁgﬁxgﬂ’ Qe patngeeq AbEng Salast For
the reaso®d ywrat edhewfombaileonswili tioaly dieenditiehé snpeakebabhyicHsed ragra gate
i nsul ation;|.a [ el ffect. transistors,th separates the gate
el ect rodetewb?% ee"‘r‘?r{]"i‘@d”%oﬁﬁg’%%@ f8r My BI9G4chh g&”%‘{ Y alhecdpmiiant ng
mat feri al s,immr?arqumef sili}t:?ccitm fatreoaiel §6@@ic@ﬁﬂudt|6r aéﬁﬁé@, :chﬁsihﬂéréhﬁ%%lp@%i ce
per f or man egt transistors, the |ength of the channel region
has cont i %ﬁ%%scf%ﬁ ?aé;gn(%d%éﬁgggésg]'qod‘ F‘Wﬁfdﬁvg‘*%r\ﬂi‘qec%%ﬁga“@ﬁ’ée@“ah@ glectrigal
current capabitiant yf &iffecentt hegibnanBomt @achesfher TneR isFiceARiIIRh! a5h.bye. t he
vol t age SHﬁ’erfL d.to tﬂﬁ% gﬂfte electrode to invert the surface of the c%annel
y “hi

region to A SOftieid eh dRaPsEREssiang Hhuts Blews dhagperferntser eff

drive cursededuent aigh wanpsapeYpoebsaae asdaeerdy@irld C#Sx%i?@m?fe @?%%ieﬁi ve
he gate el ectrode, the

coupling, provided by the capacitor fornmed by t ]

channel r%gcll%‘?ﬁ tgn%pttvﬁée s‘ﬁpia@g’n agrole Berediceysiidletiampee avdhavdesacrifisigt thepe

nai nt ai neelecirtcal dhamceatisticialf tleeiteAsbag the channel length for a planar
transi stor configuration requires an increased capacitive coupling to avoid
the so-called short channel behavior during transistor operation. The short
channel bedatieore a¥ys | RAdteldOo @Na b\ QAR hBaka a
dependence oE the threshold voltage on the cﬁanngl &:ézér{gpﬁ @%Sdg%gsas 9/t§I y
scal ed t r'ARYPYPBr 1ayeliiBebiel effeg! teangistosl yhatoserarptasy thel gadgeelantiotiéius
reduced tisqedi@lydcorplioae onBYIySHIhE  orf SARY i a6 8258 Of L he

| eakage CU?I} rent whil ﬂé al sorrrgegﬁi ’rci.ng(_)renha.nﬁ{ebégl)égﬁggﬁr!@baé%ﬁ%g’i ﬁ&mo S he
gate el ect'fGHechaigidesitdnnén siaaglisnimoraviag ddwice Betfhircmess sf Gibid bifesi | i con
di oxi de |teaieistBas the 106y B s B RAAM ' rouLde for the
required capaci tan,ce_blgg ween t he gggg}%ﬁ%?ﬁhg%gﬁgﬂaﬁfsq eafagrg.ec%eg fo

rel ativel'(PPROYh $EEKARR eRaqdemndc dlived chyredi rexpabilinndinsy toé ohasiger

carriers g cans W [ Ll di,oxi: I.nsul ation | ayer may
reach vaIFfJeZs for CanS g)??jggn%ﬁib?kiﬁ'gs&s&%ﬁet%@Hr“gﬁgtga%g %—i’ir‘?ﬁ?%t??é@ gr‘?ia@“’f’:iﬁt be
conpat i bltBe vyfRGee @i emshegngloregient tr rarcdideithemigh raairds . derdsaly i S
reason, JaX=TaT ety el ect r ur. have heen devel gped i n which new
ot o el e o e A E s B R0 Y e BB eteroH wi ¢
addi t i on&Rprarid¥e codelingt pravides) by nthercdercitar foroet dy fhergsupesiteddeanaci tive

coupling ena,t; e eGt: e, t he channgl reqion, ile at the
same ti mghgr%y\%t 2?%]:8ﬁggﬁﬁeﬂf%s%f’%ﬁgdlsgigﬁagéspgﬁ?? eﬁ‘leée%‘%qwgef‘o%]qse\;%l be 1o

thi s endM&blaced ditingteuk tihtedasceasiog itae ehbahesl langthused, plwhachaddisich 0 be
understo b [ ial.s having.a dielectrjc constant of 10.0 and
hi gher . I%g? &%ﬁgh?@bg"rgfwaﬁ%’gag?d rF@rOéag‘t'Hﬁi %‘é‘é‘ﬁ’é@ PYQigt Be Aanpated used,
possi bl y shertcahaisineabiebaviar tduringnirendismmad peratiyn t hhé sdbgl @fdnniet HERLEGE al S,

in order I Lsiicated high-k netal te el ectrode structures.

For examr)]fag', @?Eatggarrriﬂ&gﬁ%equgggﬁ’g (ﬁrea?ﬁ&”ggt@h%g?p'?ﬂ%e% of decbiendd

st Ir :.IC'[ u[ geltage ginater cheans| serats. Mr@giﬁﬁygﬁﬁf@{\ tEdF?is@%x_Sidlévfétfes_ with a d

wel | - es ; s..i €. _using conpventjonal gate dielectrics an

pol ysi | i E%%f"ﬁ%?g?‘&g’ﬂﬁﬁﬁ‘é?’éﬁ% ?’Pfi”é fﬁ‘@Pﬁaéb@c‘fh ¥rlfage oy seffer o t hen

i ncor por ar exkponeatigemerease offethaflaakage n@irehadehild QisoPFd@inid ehakREP any
asi c transistor

metal li zatlon. syst nd ter conpleting the b ,

conf i gurgétéa(c)}!ri}“ﬁé/y Crog' "B %fg%%egijt& réchl riogﬁnt‘?‘rﬁg%r?%q”r\ﬁ’tfﬁ’gﬂ% hhegsn- khe
dielectric material and appropriate gate el ectrode materials. Consequently,
in any such repl acenent gate approaches wel |l -established process techniques
and materials may be used for form ng the basic transistor configurations,
while in a late manufacturing stage, ie. after perform ng any high
tenperature processes, the sophisticated gate materials nay be

i ncor por at ed.



In view of further device scaling possibly based on well-established

mat eri als, new transistor configurations have been proposed in which a
"three dinensional" architecture is provded in an attenpt to obtain a
desired channel width while at the same time superior controllability of
the current flow through the channel region is preserved. To this end,
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gate approaches well-established process techniques and materials may be used
for forming the basic transistor configurations, while in a late manufacturing
stage, ie. after performing any high temperature processes, the sophisticated
gate materials may be incorporated.

In view of further device scaling possibly based on well-established materials,
new transistor configurations have been proposed in which a “three dimensional”
architecture is provided in an attempt to obtain a desired channel width while at
the same time superior controilability of the current flow through the channel
region is preserved. To this end, so-called FinFETs have been proposed in

which a thin sliver or fin of silicon is formed in a thin active layer of an SOI



correspondi ng gate etch process. Furthernore, since this highly conplex

"t hree-di nensional" etch process may have to specifically be adapted to
FinFETs, it is typically not possible ta use the sane etch process for a
planar field effect transistor thereby requiring a redesign of any existing
circuitry so as to avoid any two-dinensional transistors. As already
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7 In sophisticated process strategies, a self-aligned contact regi ne may be
conbined with a replacenent gate approach, wherein the actual replacenent
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For these reasons, great efforts have been made in order to provide FinFETs on
the basis of a self-aligned process strategy in which the semiconductor fins may
be formed so as to be self-aligned with respect to a gate electrode structure. To
this end, in a further step, the gate opening is patterned by complex lithaography
techniques so as to obtain a further mask, which may then define the lateral
position and size of the semiconductor fins, which are subsequently formed on
the basis of a complex patterning strategy. Thereafter, an appropriate dielectric
material, such as silicon dioxide, is filled into the resulting structure in order to
appropriate adjust the electrical effective height of the previously etched fins.
Although at least some of the problems identified above regarding the
conventional SOl-based FinFETs may be solved on the basis of these
approaches, it appears that upon further device scaling and in particular with the
introduction of sophisticated gate electrode structures, the patterning sequence

described above may no longer be compatible with any such further
requirements.



reliable contacting of the drain and source areas due to the presence of
the self-aligned contact elenents. One illustrative nethod discl osed
herein conprises formng a plurality of gisolation regions in a

sem conductor region of a sem conductor device wherein the plurality of
isolation regions laterally delineates a plurality of fins in the

sem conduct or region. The nethod further conprises formng a place hol der
gate el ectrode structure above the sem conductor region so as to cover a

centr al f.th | ural i i solation regions and fins.
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THE DRAWNGS ric material between and above the gate electrode structures, planarizing

the material system and performing a compiex contact patterning process so as

to form openings that connect to the drain and source regions on the one side

and to the gate electrode structures on the other side may no longer be

compatible with currently available lithography and patterning techniques.

Hence, “self-aligned” contact strategies have been developed in which a
conductive contact material may be provided in a self-aligned manner with
respect to the transistor length direction by, for instance, forming an opening in
the interlayer dielectric material by a removal process that is selective with
respect to the gate electrode structures. Thereafter, any appropriate conductive
material may be deposited and planarized, thereby forming self-aligned contact
elements that connect to the drain and source regions.



Furt her enbodi nents of the present disclosure are defined in the appended

claims and wi |l become nore apparent with the follow ng detailed .
description when taken with reference te the acconpanying draw ngs, in
which: Fig 1 schematically illustrates a perspective view of a
conventional SO -based FinFET transistor; Fig 2a schematically illustrates
a top view of sem conductor regions, one of which conprises a plurality of
sem conductor fins separated by isolation regions according to illustrative

' ; b hematically illustrates a cross-sectional view
tegtr)gglggegtliéﬁ?érﬁ?tz'%g‘?i g%(‘?%ssc?ﬁégt?lgfﬁsgoﬁdﬁ%'tf”@r“gf‘?ﬁ’\sc%mami $OUiEtS danay g ons;

Fig 2c schemtinedblity a répatsmeesgatd appidal, hetdlf 1568 HERIGH ttaeémgggb?e In

an advanced nuf acturing stage in which place holder gate electro
structur e?‘%@a%%q'ﬁ%ﬂg i ‘?“%i g@Yd PecReftatmed  #ijer prayédinattes self-aligned

Cross- sectbotueh evdrevnial OMgh Fughr NS kB bRIacH i@t\fbr?iﬂrgﬁl‘isjiﬁd‘f&rmuﬁggpr@dtﬁli@ce :
hol der gate el ectrode structure according to illustrative enpbodi ments, Figs
2e - 2i sbf?en%‘quﬁgl 959’“?']%'% At elagyahs ragdistorsnal tirrswsowf howeveertheoraduct or

devi ce ducbmgsyerdingStEReey aeiUhbhHeSEEPRaLbR VAR Wh@gfo%%g&n RdRepnge
regions of planar and three-dinensional transistors according to
i | [ustrat ?\V/‘Ee)n ann%)(p(ljzp%ﬁf@ process strategies may be applied as described above.

In view of the situation described above, the present disclosure relates to
manufacturing techniques and semiconductor devices in which three-dimensional
transistors or FinFETs may be provided with superior transistor characteristics,
in particular to parasitic capacitance, while avoiding or at least reducing the
effects of one or more of the problems identified above.

SUMMARY OF THE PRESENT DISCLOSURE

The present disclosure generally provides manufacturing techniques and semiconductor
devices in which a three-dimensional transistor, which may aiso be referred fo as a
muiltiple gate transistor or a FinFET, may be provided on the basis of a replacement gate
approach, wherein the semiconductor fins may be provided in an early manufacturing
stage, while the adjustment of the electiically effective height thereof may be
accomplished through a gate opening formed during the replacement gate technique. To
this end, the semiconductor fins may be formed in a semiconductor region by using
shallow trench isolation techniques wherein, if required, any other active regions of
planar transistors may also be formed. In this manner, a substantially planar surface
topography is obtained for the further processing of the device, thereby enabling the
application of “two-dimensional” process techniques for forming the FinFET transistor.

In some illustrative embodiments disclosed herein, the height adjustment of the
semiconductor fin through the gate opening during the replacement gate strategy is
accomplished after the provision of self-aligned contact elements, thereby enabling a
high degree of compatibility with highly sophisticated manufacturing strategies. In this
manner, overall transistor dimensions may be reduced, while nevertheless during a



10 stage in which self-aligned contact elenments are provided according to
illustrative enbodiments; Fig 21 and 2m schenatically illustrate top views
of the sem conductor device in still furgther advanced manufacturing stages
when adjusting the electrically effective height of the sem conductor fins
and providing sophisticated gate el ectrode materials according to
illustrative enbodi ments; and Figs 2n and 20 schematically illustrate

cr oss- secté¢lphld cuitamipgaf theherali adESownce anebt pd & Rt BetdmRITIhOEST-Aldned
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Wi th overgiblechi@ha@risieshd 48 BRBSde fdierfaN8l®0ffed B 8" 1BREs and above the

central portions of the fins.

A further illustrative method disclosed herein relates to forming a semiconductor device.
The method comprises forming a gate opening in a place holder gate electrode structure
that is formed above a central portion of a plurality of fins, which in turn are formed in a
semiconductor region and which are laterally separated by isolation regions. The
method further comprises forming a cavity in a central portion of each of the isolation
regions through the gate opening so as to adjust an electrically effective height of the
plurality of fins. Additionally, the method comprises forming a gate dielectric material and

an electrode material in the cavities and the gate opening.

One illustrative semiconductor device disclosed herein comprises a semiconductor
region comprising a plurality of fins that are separated by isolation regions, wherein each
of the isolation regions has a recessed central isolation portion. The semiconductor
device further comprises a high-k metal gate electrode structure formed above a central
portion of the plurality of fins and above the recessed central isolation portions.
Furthermore, a drain region is formed in each of the plurality of fins so as to connect to
the central portion and a source region is formed in each of the plurality of fins so as to
connect to the central portion. Moreover, a first self-aligned contact element is formed

above each of the drain regions and above the isolation regions. Additionally, a second



11 incorporating appropriate sem conductor alloys, incorporating strain

i nduci ng mechani sns and the |ike, nmay be achi eved by using

"two-di mensional " transistor manufacturigng strategies, thereby enabling the
concurrent fabrication of planar transistors. Hence, well-established
circuit layouts regarding less critical circuit portions fornmed on the
basis of planar transistors may efficiently be re-used in sophisticated
sen conduéethlignediwetact aleimest knfprped Bbovessrnd afrth¢ sowte cagiansi drsl atye bige
formed Onkkﬂﬁbpaﬁﬁéﬁpf the three-di nensional transistors. By formng the
sem conductor fins on the basis of STI techniques, the resulting fins may
be considered as narrow active regions of planar transistors, which are
appropriately separated by corresponding fin isolation regions so that
desired conpatibility with two-di mensi onal manufacturing techniques is
ensured. During the repBREtEREESQRIRTIOMNCESTHEEDRARGRIGowever, the

t hree-di nensional transistors may be treated differently by providing an
appropriate etch mask, so as to allow the controlled recessing of the fin
i sol ati onFuggeoresbddiecetsy oadhaspicsgnt hiesebdiget ke deahed hei BBt apfeld
central pg&hhgqﬁ}ofnfhe sem conductor fins qggze uently, until this
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appl i ed, Wwoenitalsinanite réfeeend iy PRr &doaipyifehfadhbgnadvont act el enents
prior to perform ng the replacenent gate approach, thereby ensuring
scalability of the overall process sequence, since the self-aligned contact
regi me neyigal | avemaftichbherustedostd gbrsplectine vMerdl 4 chat&irlnfigmnsips of
t he trans's%@ﬁs. Wth reference to Figs 2a - 2p, further illustrative
enbodi ment €71 YaH¥Pbe described in more detail, wherein also reference
may be made to Fig 1, if appropriate. Fig 2a schematically illustrates a

top view ’fp.f 2 sem conduct or device 200 in an early manufacturing stage. As
shown, a Fi9r sf LhEMAKkaletbystragson Po3ueunaf sesomudeniedatticone afegi on

203b may Wrichajei@idey £1elurapat &dsdmMicdnd8diof ¢id %Fatbﬁﬁis@%ti&?rrgb@qs

i solation structures 203c, which may be provided'in t orm o shal | ow
trench is%‘?cé’t”y'ﬂﬂ.to #W%@vw&oq'mn}é%m conductor region 203a may in turn be
divided into a plurality of "sub regions” which are also referred to as
sem conductor fins 210, which are laterally separated by correspondi ng

i sol ati ont Betfl 8FeDaBIallyTHUStratesen forpgs-padionay viepteoegh =cenigalt pottion

sem condugting seAsMiictdifhsl M faiRRRANS of which are defermined by
the internmedi ate isolation regions 2(513f and’'t he overall |ateral dinensions
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Fig 2c schematically illustrates a top view of the semiconductor device in an

advanced manufacturing stage in which place holder gate efecirode structures
may be provided;

Fig 2d schematically illustrates a cross-sectional view along a transistor width

direction through a place holder gate electrode structure according to illustrative
embodiments;

Figs 2e - 2i schematically illustrate cross-sectional views of the semiconductor
device during various manufacturing stages in forming drain and source regions

of planar and three-dimensional transistors according to illustrative
embodiments;

Figs 2j and 2k schematically illustrate a top view and a cross-sectional view,

respectively, of the semiconductor device in a further advanced manufacturing



t he sem conductor region 203a, which in turn is defined in size, shape and
position by the isolation region 203c. It should be appreciated that a
depth of the sem conductor fins 210 is {gus determ ned by the depth or

t hi ckness of the isolation regions 203c, 203f. For exanple, the base

sem conductor |ayer may represent a bulk configuration in which an upper
portion of a crystalline substrate material may act as the sem conduct or
base nateftade In Witk salfealioned sentacbneiecteorts f ars Rididay sbdRehbY to
connect t Qi ifi@ticbEMmbdikdpisubstrate material, in which are formed the
trench isolation structures '203c, 203f. Fig 2b schematically illustrates a
cross-sectional view along the I|ne b of Fig 2a, ie. along central
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processi ngequethcehescontingltb idetistive Whaieherissti cs. Mreover, as shown, the
sem conductor fins 210 extend through the sem conductor Iayer 203 and are
| aterally separated by the isolation regions 203f and 203c. The
sem conduct or device 200 as shown in Figs 2a and 2b may be forned on the
basis of the foll ow ng process technl ues. The sem conductor regi ons 203a,
203b may be formed on the basiREGHLGEIPESSREBTIGMNed STI (shal | ow trench
i solation) techniques, ie. by using appropriate |ithography techniques,
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bet ween the gate el ectrode structures 260, according to the design rules,
may be inpl enented above the sem conductor regions 203b, 203a. The gate
el ectrode structures 260 nmay represent place hol der gate el ectrode
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structure 261 nay be formed so as to conply with the further processi ng of
the device 200. To this end, appropriate materials, such as silicon
nitride, silicon dioxide and the |ike, nay be deposited and patterned in
order to formthe spacer structure 261. Furthernore, during the further
processi ng drain and source regions may be formed in the sem conductor fins
210 and in the region 203, thereby enabling the application of any



14 regions, ie. in end portions of the sem conductor fins 210 and exposed
areas of the sem conductor region 203a and by refilling these cavities with
an appropriate sem conductor alloy, suckyas silicon/germanium silicon/tin,
silicon/germaniunitin, silicon/carbon and the |ike. Also, the drain and
source regions may be forned on the basis of an epitaxially grown

sem conductor material that is in-situ doped, while in other cases the

seni condudR@rpalatey saproprieve deerhicongugter i aitoyspnidustoovating. sfram inglange in
the form hdd pho alloy and the |ike. Also strain

nenori zat ?@%&t"j@(’: rﬁf%ﬂégﬁﬁggb@%g}pq ?%’H,gv?? %éfolf%?%l MOadigIshE DpRl” dtansister

i nstance ieMiaelaningsttatagiss stlomrsby renaibdeg the esaneat oxsiclkibn tapBhat or

per f or man ho, reci.ated that in any process technique, the
sane or d?’%?é’rsté%'? paég%%év%g"gaﬁg’t"@&%‘gr?ﬁfr“ﬁéa\é Pirég?rdl“tﬁr les arisigabcipguit
appr opr i avertyensafkined dénd wasidi opinanalarisiaAdsl G9! &fiGenly®e re-used in
t hr ee-di @Q?ﬁigﬂ@ét frans st(fr% gependl ng. on the desired final transistor
characteristics. - For exXanpl B OLPOHCEHr iTIfy 284 et Brmasto £ritieal sincalts nay

sel ecti vebepiotrarilabn dheviiadsig @6 thiequese-danEh&bRAad@uheBIARE a8y rFBVmF\‘Q ked
by an appg%wido%éﬁcparfd mask maE)er,l alr Simlarly, anr opriate inplantation
masks may be Apprred TH SPdlE PRsiEnth SdlidechiguappiisprasaitinadGparnnas feci es
as requi rednsidéieg 2es saheoat | gahley iddistsd r 8t esid ' uc deyj ce.
200 in an E%irv%ncgq manuf a}ct rin estagé._ It .sh%ul%ﬁgbg%%ﬁgi a g&ht héa(l'lte t he
cross- sectVORPI'E T hRER2E 81%3’3{ REIEERRNYING 1 isplgtion regons exputivat| dgsitehie

transi st ocor2p8ubimywhie tvepieeasioad) st ok ! ) ¢ tor
fin 210 c rép\rflggl#g drain and source rggi ons 2 £g§hm®chgt%€§?@dr@g®§nd to
i

the respe MSEF ¢ BBifs RIPCER® FPRUENCS, Weivesen deat thate-gomenson@10c,
covered byatdigtoeefidyabe Yttate ® UFEIERER bt S G 6 thally
corresponds to“a 8hanne| regi on orf t eiéanfsﬁ gr% %gwﬁﬁﬁiﬁgﬁ%elﬁohand,
the transisi%RIOEERe fRYIreRhreces stidapithanin ssatten resgironsheBbyp aditstio nay

t hus reprtasesifecionRt igat®Useigh@ioh @R 8RYS regi |.on ransi stor width
direction, ie. al ong a_di r_éeict i'on perc_pendlp?glrg(?ﬁét)gﬁtﬁ’ee 8?@3&"%‘8“ ﬁoénﬁ”%f Fig
2e. As prediiRsepilyi delilsén mamdaettsng rirasesisuacieved) ansdasial prycdae
formed orstidiegpasdys bef agpiRldurial ifstaRl i W guesy fior i nstance by

i ncor por at i ng a se‘yrsﬁ conductor al | 0y o Q@%ﬁ?@@%ﬁ%ﬂﬁ\l gﬁ SEET#'QQ?%IQOV%Q‘%&O\W
seni cond P BFNFaPERT K1 pediorming ther eeblagePsRt gty appstaahc ehdrgby RULGIHNG
strain i chi®iRer vidd RO in order tao.incorporate a dopant
speci es, such ag a p- toype o.pgﬁ%gggg%n%%’oérf%aengh%- %‘i}{)gi'%}?ﬁaﬁn(%@%é@igg@eand
the |ikeMAsaliay afugipas sediicaibowd the ove s plahetiah gimamidact Uhe NG HsReHRI ques
may be applied differently for the transistors 250a, 250b, if considered
appropriate. Figs 2f and 2g schematically illustrate cross-sectional views
of three\itheftdrance teriigsi 22 or £pi fumhechtiestspea timbabinyerdesiignesypsocess
sequence JaBayrih& apphbLed as propriately adjust the characteristics
of the drai nland sour ce O%g%'?owg.grea}gi ggiggffegg?‘? t IF’?/ PRAGSEr ated . df

cr oss- se@Ppuidlai€i ew of the device 200 wherein, for convenience, only a
central gate el ectrode structure 260 is shown. Furthernore, the | eft hand
side of Fig 2f represents an n-channel transistor 250a, which may conprise
a drai n 69 gawcbemadighbn iRBlmted artopnatanceafwnmiedn@ttéheshBasbsoah, An

epitaxia LLd rial jncluding, a high n-type dopant
concent r gfa?%n. Eu?%ﬂﬁgﬁﬁoﬁéga %’oﬁh?‘@?'— aofnﬁgfj SP%? USoTHERE N Hdoand a
i ndi cat edieamd52amiovayubler preyicted263b asndp ad] Usteraier ablinddtépsiist

charactefi sti im.| arl at the right hand side a cross-section of the
transi st %‘%wgﬁgu‘ﬁr@ﬁ}wggrbéé@ﬁm‘% ORI UGt RSP S orv il BYRY rhgyprowisted

i nst ancein fhenfiorisd asisdltear trehoblugdlagomi FulrhePmBeP afle SBMIEANRALE Yo gl OY 1N
the formef 3, sili ctg% er gancieﬁn ail loy in order to induce a conpr 6851 ve
strain conponem i n-th&Cc8R{FS MagR MUBR e HRinrib regiersy whioh. aroplsexanpl e,
the drairefemed surase sexgicond@sidp fhs t #€0 P-wifigANGle tLANaIP! Ypa?20d HY
basi cal ldé’orFees %i’f inned cﬂét't he si.ze agéj shape of the i ncozr)(ﬁorat ed
seni condtet o RISy 1SHAtIPR sT4Gi0RY t 40¥opanhusortbenfipat 2 bh. mRr exivesenta
corres po&idnwedcamﬂemncdnn@rdrdge@mﬂh85@(@raqrdiH@ln@iorn%gif%%mxreb&etBFrﬂgﬁ'egef'hs ?

€ a
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to typical two-dinensional transistor configuration and which may thus al so
be inplenented in the two-di nensional transistors, such as the transistor
250b as shown in Fig 2e. In order to nore appropriate conply with the

t hree- di nensi onal configuration, additional nodifications may be applied,
for instance with respect to the halo regions 252n, 252p.



Fig 29 schematically illustrates a correspondi ng configuration in which an
addi tional shallow inplantation may be perforned, for instance by
appropriate masking the two-di nensional ¢4ransistors, as discussed above,
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laterally separated by the isolation regions 203f and 203c.

The semiconductor device 200 as shown in Figs 2a and 2b may be formed on the
basis of the following process technigues. The semiconductor regions 203a,
203b may be formed on the basis of well-established STi (shallow trench
isolation) techniques, ie. by using appropriate lithography techniques, possibly in
combination with a second lithography mask so as to specifically define the
lateral size, position and shape of the regions 203f. In other cases, the regions
203f may be formed in a separate patterning sequence, if considered
appropriate. Hence, well-established etch and deposition techniques may be
applied followed by planarization processes and anneal techniques, if required.
Hence, a substantially planar surface topography is obtained for the active
regions 203a, 203b and the isolation regions 203f, 203¢.



17 Fig 2i schematically illustrates a cross-sectional view of the device
in a further advanced manufacturing stage in which the gate el ectrode
structure 260 represents the high-k netgd gate el ectrode structure, while
also the electrically effective height of the sem conductor fin 210 is

adj usted, which may thus substantially correspond to the depth of the drain
and source regions 251n, 251p, respectively. Consequently, in this manner,
appropriate transistor characteristics may be adjusted by using basic
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Thus %@ éﬂgttﬁ iikel erre ts 225 ﬁed(se teral confined by t he spacer

st ruct ur & fe"reM&n %868?%' ?'6% pla§§ dbigjorder to form the spacer
structure 261. Furthermore, during the further processing drain and source
regions may be formed in the semiconductor fins 210 and in the region 203,
thereby enabling the application of any “two-dimensional” manufacturing
strategies. For example, appropriate implantation techniques in combination with
associated masking regimes may be applied in order to incorporate any dopant
species, as required for defining the overall transistor characteristics. Similariy,
strain inducing semiconductor alloys may be incorporated into at least some of

the transistor elements, for instance by forming cavities in the semiconductor



Moreover, in sone illustrative enbodi nents, appropriate contact regi ons 254
may be provided in the drain and source regions 251a, 251b, for instance in
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such as a p-type dopant species or an n -type dopant species and the like. As



20 etch process nay be perforned in order to selectively renove material of
tge isolgtion regigns 283f, for which well-established plasma assisted etch
reci pes are available, a high degree of{selectivity may be acconplished
with respect to silicon, silicon nitride and the material of the

sel f-aligned contact el ements 225, such as titaniumnitride, which may be
acconplished by initiating a certain degree of polynerization during the
etch procédssustrmsabeent opredpeindigg t as uitativing oeessigutBemegnibealappRéd i ons

203m of -t lykrd iBRIPT AR P QNS L5 0, FsB' FG85 e e appropriate.

Figs 2f and 2g schematically illustrate cross-sectional views of three-dimensional
transistors in which a specifically designed process sequence may be applied so

as to appropriately adjust the characteristics of the drain and source regions.

Fig 2f schematically illustrates a cross-sectional view of the device 200 wherein,
for convenience, only a central gate electrode structure 260 is shown.
Furthermore, the left hand side of Fig 2f represents an n-channel transistor 250a,
which may comprise a drain or source region 251n, for instance formed on the
basis of an epitaxial grown silicon material including a high n-type dopant
concentration. Furthermore, a counter-doped region or halo region, indicated as
252n, may be provided so as to adjust overall transistor characteristics.
Similarly, at the right hand side a cross-section of the transistor 250a may
represent a p-channel transistor which may, for instance, comprise a strain
inducing highly p-doped semiconductor alloy in the form of a silicon/germanium
alloy in order to induce a compressive strain component in the central region or
channel region 210c. For example, the drain and source region 251p of the p-
channel transistor 250a may basically be defined by the size and shape of the
incorporated semiconductor alloy and its in-situ dopant concentration. Moreover,
a corresponding counter-doped region 252p or halo region may be provided so
as to comply with the overall requirements. It should be appreciated that the
configuration of the drain and source regions 251n, 251p may correspond to
typical two-dimensional transistor configuration and which may thus also he
implemented in the two-dimensional transistors, such as the transistor 250b as
shown in Fig 2e. In order to more appropriate comply with the three-dimensional
configuration, additional modifications may be applied, for instance with respect

to the halo regions 252n, 252p.

Fig 2g schematically iflustrates a corresponding configuration in which an
additional shallow implantation may be performed, for instance by appropriate
masking the two-dimensional transistors, as discussed above, thereby obtaining
the modified halo regions 252n, 252p including a corresponding “wrap around”
after having appropriately adjusted the effective electrical height of the



wherein a depth of the recesses thus determne the electrically effective
hei ght of the adjacent central portions 210c of the sem conductor fins 210.
Since highly controllable etch processeggfor removing silicon dioxide are
wel | -established, a high degree of uniformty with respect to the fin

hei ght may be achi eved. Next, any etch residues nmay be renoved, for
instance on the basis of nitrogen hydride (N2H2), thereby avoiding the
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formed on any exposed silicon surface areas, thereby providing a base oxide
for enhancing interface characteristics prior to the deposition of a high-k
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di el ectrimendberdied 20y id) el NRLERD MAil %Y the like. In other cases, a
silicon/phosphorous semiconductor alloy may be incorporated by selective
epitaxial growth techniques. Consequently, the drain and source regions 251n
may substantially be defined by the incorporated highly doped semiconductor
material or alloy. Moreover, upon forming the cavity for tncorporating the in-situ
doped semiconductor material, a depth may appropriately be adjusted so as to

substantially correspond to the effective electrical height of the semiconductor fin
210.

Similarly, drain and source regions 251p of the p-channel transistor 250a may be
adjusted by appropriately forming cavities and incorporating an in-situ doped
semiconductor material, possibly in the form of a strain inducing
silicon/germanium alloy and the like. To this end, an appropriate etch process
may be applied wherein, if required, the two-dimensional transistors may be
masked by an appropriate hard mask material or resist material and a cavity etch
process may be applied commoniy for the p-channel transistor and the n-channel
transistor, thereby ensuring a high degree of uniformity of the resulting depth and
shape and size of the cavities. Thereafter, an appropriate hard mask regime
may be applied so as to sequentially form the materials 251n, 251p for the n-
channel transistor and the p-channel transistor, respectively. To this end, well-

established selective epitaxial growth techniques may be applied.



21 appropriate work function netal 267 and a highly conductive el ectrode
nmetal 268. Fig 2n schematically illustrates a cross-sectional view of the
central gate electrode structure 260 whefein the cross-section is taken

t hrough one of the isolation regions 203f. As shown, during the repl acenent
gate process sequence, the central portion 203m of isolation regi ons 203f
have been recessed during the etch process by using the etch mask 205 (cf.
Fig 21) wherein the degree of recessing, as indicated by 203r, may thus

define the;el i | f iLve height of the. sem _conductor fins, which
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elements 225 may be comprised of any appropriate conductive material, which is
compatible with the further processing of the device. That is, in some illustrative
embodiments, the contacts 225 or at least a surface fayer thereof may provide
etch stop characteristics with respect to the place holder material 262 and the
material of the isolation regions 203f (cf. Fig 2a), which may have to be etched in
a later manufacturing stage selectively with respect to the self-aligned contact
elements 225. In some illustrative embodiments, the elements 225 may
comprise a titanium nitride material, at least at a top surface thereof, since
titanium nitride is highly resistive with respect to any oxide etch recipes, thereby

enabling an efficient recessing of the isolation regions in a later manufacturing



As a result, the present disclosure provides sen conductor devices and
manuf acturing techniques in three-dinensional transistors or nultiple gate
transistors and may be formed on the baggs of a replacenment gate approach
which, in turn, may be applied so as to enable the provision of
self-aligned contact elenents. To this end, the sem conductor fins may be
formed in an early manufacturing stage on the basis of STl techniques,
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and fins;
Moreover, in some illustrative embodiments, appropriate contact regions 254

may be provided in the drain and source regions 251a, 251b, for instance in the
form of a nickel silicide, nickel platinum silicide and the like.

The semiconductor device 200 as shown in Fig 2k may be formed on the basis of
the following processes. After completing the drain and source regions 251a,
251b and applying any high temperature processes, if required, the dielectric
materials 221, 222 may be deposited, for instance by plasma enhanced CVD
techniques and spin-on techniques and the like, possibly in combination with
additional low temperature anneal processes. Thereafter, excess material may
be removed, for instance by CMP, etching and the like, wherein finally the place
holder material 262 may be exposed, ie. a top surface 262s thereof, may be
exposed. In this manufacturing stage an appropriate mask may be provided so
as to define the lateral extension of the self-aligned contact elements 225 in a
direction perpendicular to the drawing plane of Fig 2k. To this end, any
appropriate mask materials, such as resist, hard mask materials and the like,
may be used. Based on this etch mask, the material 222 may be etched and
may thus be removed from the spaces between the gate electrode structures
260, wherein the etch process may be selective with respect to the material 262,
while at the bottom of the spaces the etch stop liner 221 may be used for
controlling the etch process. Thereafter, the stop liner material 221 may be



form ng drain and source regions in each of said plurality of fins in the
presence of said place holder gate el ectrode structure; renoving said

pl acehol der material so as to expose sajgl central portions of said _
plurality of isolation regions and fins; fornmng a recess selectively in
said central portions of said plurality of isolation regions so as to
adjust an electrically effective height of said central portions of said
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thSgFZFIEg'E’l eﬁx%afpg%,s.V\Pele(e:stalgﬂshed’ tungsten-based deposition techniques may be
applied if tungsten is considered appropriate for the further processing of the
device 200. In some illustrative embodiments, the conductive material may be
provided in the form of a titanium nitride material, which may have a higher
resistance which, however, may provide for superior etch stop characteristics.
Furthermore, due to the relatively large area of the contact elements 225 and the
reduced height, the overall contact resistivity obtained on the basis of titanium
nitride is compatible with the overall device requirements.  Thereafter, any
excess material may be removed, for instance by CMP, thereby providing the

exposed surface areas 262s.

Next, the place holder material 262 may be removed on the basis of selective
etch recipe, such as TMAH (tetra methyl ammonium hydroxide), which may etch
silicon very efficiently with high selectivity to silicon dioxide, silicon nitride,
titanium nitride and the like. The etch process may be stopped on or in the

dielectric material 263.

Fig 2| schematically illustrates a top view of the semiconductor device 200 in a
further advanced manufacturing stage. As shown, an etch mask 205 may be
provided so as to cover the transistor 250b while exposing a portion of the
transistor 250a and thus at least a portion of a gate opening 2600 formed during
the previous removal of the place holder material. Thus, within the gate opening
2600, except for the residues of the layer 263, if still present in this phase, the
central portions 210c, 203m of the semiconductor fins 210 and the isolation
regions 203f, respectively, may be exposed. It should be appreciated that also
end tips of these regions may be exposed by the further gate electrode
structures that are partially formed above the transistor 250a, depending on
overall size of the etch mask 205. The etch mask 205 may be provided in the
form of any appropriate mask material, such as resist material, possibly in
combination with optical planarization materials and the like. Thereafter, an



24 4.The nmethod of claim3, wherein said conductive contact material is
provided so as to have an exposed surface that conprises titaniumnitride.
The nethod of claim1, wherein formng ggid drain and source regions _
conpri ses depositing a doped semni conductor material in the presence of said
pl ace hol der material. 6. The method of claim5, further conprising formng
recesses in said plurality of fins and form ng said doped sem conduct or
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conti nuouﬁqesed]amnduerﬁi@as! P&YLA$.210¢ of the semiconductor fins 210. Since highly

controttable etch processes for removing silicon dioxide are well-established, a
high degree of uniformity with respect to the fin height may be achieved. Next,
any etch residues may be removed, for instance on the basis of nitrogen hydride
(N2Hy), thereby avoiding the application of highly reactive etch chemistries,
which are frequently used for moving any polymer residues after plasma assisted
etch processes. In this manner, integrity of the self-aligned contact elements
225 may be preserved. Furthermore, additional cleaning processes may be
applied, for instance on the basis of ozone and the like, without deteriorating any
exposed materials, such as silicon, silicon dioxide, silicon nitride, titanium nitride
and the like. At the same time, a chemical oxide may be formed on any exposed
silicon surface areas, thereby providing a base oxide for enhancing interface
characteristics prior to the deposition of a high-k dielectric material. Thereafter,
the high-k dielectric material may be deposited into the respective gate openings
2600, followed by the precision of any appropriate work function metals which
may be patterned so as to form a corresponding work function metal or p-
channel transistors and n-channel transistors, respectively, followed by the
deposition of a highly conductive electrode metal, such as aluminium, aluminium
alloys and the like. To this end, well-established replacement gate process
strategies may be applied. Finally, any excess material may be removed, for
instance by CMP and the like, thereby forming electrically isolated high-k metal
gate electrode structures.

Fig 2m schematically illustrates a top view of the transistor 250a after the
replacement gate process sequence. As illustrated, the gate electrode structures
260 may comprise a high-k dielectric material 266 in combination with an



10. The method of claim9, further conprising nasking said continuous _
sem conductor region and said second isolation region prior to formng said
recess in each of said plurality of fingy 11. A nethod of forming a _
sem conduct or device, the nethod conmprising: 25 forming a gate opening in
a place holder gate el ectrode structure that is fornmed above a central
portion of a plurality of fins formed in a sem conductor region and being
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portion ohggach of said isolation regions through said gate opening so as
to adj ust an electrically effective height of said plurality of fins; and
formng a gate dielectric material and an electrode material in said

cavities apd ﬁ?i&h%%aﬁic%ﬂgnhﬂ%trates a cross-sectional view of the central gate
electrode structure 260 wherein the cross-section is taken through one of the
isolation regions 203f. As shown, during the replacement gate process
sequence, the central portion 203m of isolation regions 203f have been recessed
during the etch process by using the etch mask 205 (c¢f. Fig 21) wherein the
degree of recessing, as indicated by 203r, may thus define the electrically
effective height of the semiconductor fins, which are formed adjacent to the
isolation region 203f in a direction perpendicular to the drawing plane of Fig 2n.
Thus, the gate electrode structure 260 extends into the isolation region 203f and
is thus formed on the recessed portion 203m and comprises the high-k dielectric
material 266, the work function metal species 267 and the highly conductive
electrode metal 268. It should be appreciated that the configuration may be
different for n-channel transistors and p-channel fransistors, depending on the
process sequence applied. That is, two or more specific layers may be formed

on the dielectric layer 266, if required.

As previously discussed with reference to Fig 1, generally the parasitic
capacitance C, which typically occurs in conventional three-dimensional
transistors at portions at which the merged drain and source contacis connect {o
the gate electrode structures in areas in which a gate-channel capacitance is not
present, is substantially completely avoided in the transistor 250a since the gate
electrode structure 260 connects to the isolation region 203f. Consequently, the
resulting parasitic capacitance is substantially zero and thus provides superior
performance characteristics compared to conventional three-dimensional

transisfor architectures.

Fig 20 schematically illustrates a sectional view as indicated by the section llo of
Fig 2m. As shown, an electrically effective height 210h of each of the
semiconductor fins 210 is determined by the degree of recessing 203r of the

isolation regions 203f.



12. The method of claim 11, further conprising formng a conductive contact
material laterally adjacent to said place holder gate el ectrode structure
prior to formng said gate opening. 13.pJdhe nethod of claim 11, wherein
form ng said conductive contact naterial conprises providing etch stop
characteristics with respect to a place holder material and said isolation
regions at |least on a surface of said conductive contact material. 14. The
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of claim 1g,-MheL 8P cPrﬁbrﬂnFrrﬁ‘s ?ec?quedsoqrocﬁm e Idora]xzsw appropriate dielectric
material such as silicon dioxide, possibly in combination with silicon nitride as an
etch stop material, may be applied and may be patterned so as to form
corresponding openings, which may thus connect fo the contacts 225 and the
gate electrode structures 260. Thereafter, any appropriate material may be filled
in, such as a highly conductive copper-based material in combination with
appropriate barrier materials, thereby enabling a significant narrowing of the
corresponding interconnect structures as may be required upon further reducing
the overall lateral dimensions of the device 200. [t should be appreciated that
any appropriate interconnect regime may be applied, for instance a double

exposure/patterning of an appropriate hard mask material.

As a result, the present disclosure provides semiconductor devices and
manufacturing techniques in three-dimensional transistors or multiple gate
transistors and may be formed on the basis of a replacement gate approach
which, in turn, may be applied so as to enable the provision of self-alighed
contact elements. To this end, the semiconductor fins may be formed in an early
manufacturing stage on the basis of STI techniques, thereby providing a
substantially planar surface topography, which enables the application of any
desired two-dimensional process techniques. Consequently, any planar
transistors may be formed concurrently with the three-dimensional transistor,
while additionally any specific modifications may be applied, for instance when
forming the drain and source regions, if considered appropriate. The final
electrically effective height may efficiently be adjusted during the replacement
gate approach and after the formation of the self-aligned contact elements.

Further modifications and variations of the present disclosure will be apparent to those
skilled in the art in view of this description. Accordingly, this description is to be
construed as illustrative only and is for the purpose of teaching those skilled in the art the
general manner of carrying out the teaching provided herein. It is to be understood that
the forms of the subject matter shown and described herein are to be taken as the

presently preferred embodiments.
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CLAIMS

1. A method, comprising:

forming a plurality of isolation regions in a semiconductor region of a semiconductor
device, said plurality of isolation regions laterally delineating a plurality of fins in said
semiconductor region;

forming a placeholder gate electrode structure above said semiconductor region, said
placeholder gate electrode structure covering a central portion of each of said plurality of
isolation regions and fins;

forming drain and source regions in each of said plurality of fins in the presence of
said placeholder gate electrode structure; removing said placeholder material so as to
expose said central portions of said plurality of isolation regions and fins;

forming a recess selectively in said central portions of said plurality of isolation
regions so as to adjust an electrically effective height of said central portions of said fins; and

forming a gate dielectric material and an electrode material in said recesses and

above said central portions of said fins.

2. The method of claim 1, further comprising forming contact elements laterally adjacent
to said placeholder gate electrode structure prior to replacing said placeholder material so as

to connect to said drain and source regions.

3. The method of claim 2, wherein forming said contact elements comprises providing a
conductive contact material that has etch stop characteristics with respect to said

placeholder material and material of said plurality of isolation regions.

4, The method of claim 3, wherein said conductive contact material is provided so as to

have an exposed surface that comprises titanium nitride.

5. The method of claim 1, wherein forming said drain and source regions comprises

depositing a doped semiconductor material in the presence of said placeholder material.

6. The method of claim 5, further comprising forming recesses in said plurality of fins

and forming said doped semiconductor material at least in said recesses.

7. The method of claim 6, wherein forming said doped semiconductor material

comprises forming a strain-inducing semiconductor alloy.
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8. The method of claim 1, wherein forming a recess selectively in said central portions
of said plurality of isolation regions comprises performing a plasma assisted etch process
and removing polymer by products of said plasma assisted etch process by using an
oxidizing chemistry so as to form an oxide layer on exposed surface areas of said central

portions of said plurality of fins.

9. The method of claim 1, further comprising forming a second isolation region so as to
laterally delineate a continuous semiconductor region having a lateral size that is greater
than a lateral size of each of said plurality of fins, wherein the method further comprises

forming a planar transistor in and above said continuous semiconductor region.

10. The method of claim 9, further comprising masking said continuous semiconductor
region and said second isolation region prior to forming said recess in each of said plurality

of fins.

11. A method of forming a semiconductor device, the method comprising:

forming a gate opening in a placeholder gate electrode structure that is formed above
a central portion of a plurality of fins formed in a semiconductor region and being laterally
separated by isolation regions;

forming a cavity in a central portion of each of said isolation regions through said
gate opening so as to adjust an electrically effective height of said plurality of fins; and

forming a gate dielectric material and an electrode material in said cavities and said

gate opening.

12. The method of claim 11, further comprising forming a conductive contact material
laterally adjacent to said placeholder gate electrode structure prior to forming said gate

opening.

13. The method of claim 11, wherein forming said conductive contact material comprises
providing etch stop characteristics with respect to a placeholder material and said isolation

regions at least on a surface of said conductive contact material.

14. The method of claim 13, wherein said conductive contact material comprises titanium

nitride at least at a surface thereof.



25

15. The method of claim 11, further comprising forming a drain region and a source

region in each of said plurality of fins prior to forming said gate opening.

16. The method of claim 15, wherein forming drain and source regions comprises

selectively depositing a doped semiconductor material.

17. The method of claim 16, wherein forming said drain and source regions comprises
forming drain and source cavities in each of said plurality of fins and filling said drain and

source cavities with an in situ doped semiconductor material.

18. A semiconductor formed by a method in accordance with any one of the preceding

claims.





