THRESHOLD VOLTAGE ADJUSTMENT I N A FI N TRANSI STOR BY CORNER

| MPLANTATI ON BACKGROUND OF THE | NVENTI ON 51. FI ELD OF THE | NVENTI ON
Cenerally, the present disclosure relates to highly sophisticated
integrated circuits includi &g[ht ransi st or el enents havi %]% a doubl e

gate or triple gatEdRhI@EdNNOLE AT ADIUS TEUNTPYNGN IGIN THE
RELATED ART TTRANSISTOR Yo ORNER M PHANTATIONT Ccui ts,
such as CPUs, storage devices, ASICs (application specific integrated
circuits) and the like, requires the formation of a | arge nunber of
circuit elenments on a given Chih N Ra Af di Q pecified
circuit layout, wherein frétreerte b ';f Ig] sent one

i npor t ant ti/pe of circuit elenent 15 that substantially determ nes
perfo?mance -of t BHEEE] . Generally, a plurality of
process technologies are currently practiced, wherein, for many types
of conpl ex ci rcugﬂmeyﬂlhncﬂhadirf?ﬂgﬂ'f desklgswt frelatest toahighi eppdistivegd integrated
technology is currently one of the nbst prom sing approaches due to

t he superi otir@itanadtdng ahndsor eemeswhafing pefoabicngts peaiblapatt architovrere
consunption and/ or cost efficiency. During the 20 fabrication of
conplex intggg@ted circuits using, for instance, M3S technol ogy,
mllions of transistors, e.g., N-channel transistors and/or P-channel
transistors, are fornmed on a substrate including a crystalline

sem conductor layer. A field effect transistor, irrespective of

V\:hetl‘ll r an i\l—ch I m&.@m&mﬂ”amismr i's

consi dered, “'t ypiaﬂ-&sgﬁ-@j: Functions that are
formed by an interface 25positioned between highly doped regions,
referred to as dFig fbepadioaslpdencedingggatedypjgruits, such as CPUs, storage devices,

ASICs (application specific integrated circuits) and the like, requires the formation of

a large number of circuit elements on a given chip area according to a specified circuit
layout, wherein field effect transistors represent one important type of circuit element
15 that substantially determines 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
20 fabrication of complex integrated circuits using, for instance, MOS technology,
millions of transistors, e.g., N-channel transistors and/or P-channel transistors, are
formed on a substrate including a crystalline semiconductor layer. A ficld effect
transistor, irrespective of whether an N-channel fransistor or a P-channel transistor is
considered, typically comprises so-called PN junctions that are formed by an interface
25 positioned between highly doped regions, referred to as drain and source regions, and

a slightly doped or non-doped region, such as a channel region, disposed adjacent to




a slightly doped or non-doped region, such as a channel region,

di sposed 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
el ectrode fibeheghlndpredangions Ihe figldaeifast trregiiton thenepndegiitytod dhe channel
therefromby a thin insulating |layer. The conductivity of the channel
regi on, upoargioos iaf thonirivk carrelt capaldiint ofvde chadirale diwentl id tmtrolled by a
application of an appropriate control voltage to the gate el ectrode,

depends on, gadrenRgr &l REmbNiaBRsent tthehél ORAME] ERRMEM dphRifed hBRfrom by a
.nmobility of the charge carriers and, for a planar transistor

architecturg; i e : i
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majority of integrated circuits are based on silicon due to

subet it i al T T UUE) hE AT EphoT R R fioPoltihyi e 1 the get
characteristics of _silicon and related materi als and processes and
the experi efedrogat Fropads Aurmege e Ithaes she Jepant conpralFaiogr ke mehiiiyg
will likely remain the material of choice for future circuit

gener at i onsthdebirgaearicor andade pplodactrasisnerelarsiore, fly distiecadbetivoemthe
i nportance of 15 silicon in fabricating sem conductor devices has
been the supetrdeeinddhit ik shich $s Ao @fGiddite antiginhéldensthli oxi de
interface that allows reliable electrical insulation of different
regions fromeach other. The silicon/silicon dioxide interface is
stable at high tenperatures and thus allows the performance of

subsgguent hi h §EIRAL A8 ARGERRS SEm A Al Bl SAULL Silea Y W EXATRLS

for anneal cycles rva cure crys
Wi t hout sacrifici %ge_elect ical characteristicg of the interface.
For the reatbHatsirlmisdavabily. i welbvelertoodshoretsrstiss g dlicon and
silicon dioxide is preferably used as a gate insulation |ayer that
separ at es ti§bitefanaterplaend pereesses agd Eiet xpeienspebepdofuripgl ths lasi b mreass.
metal -containing materials, fromthe silicon channel 25region. In
st eadi | y i npheosforeg silléaonc evilpelifaby mamam ofic frnabithl ebf eboict r ansiustreordrcuit
the |l ength
generations designed for mass products. One reason for the dominant importance of
15 stlicon in fabricating semiconductor devices has been the superior characteristics of a
silicon/silicon dioxide interface that allows reliable electrical insulation of different
regions from each other. The silicon/silicon dioxide interface is stable at high
temperatures and thus allows the performance of subsequent high temperature

processes, as are required, for example, for anneal cycles to activate dopants and to

20 cure crystal damage without sacrificing the electrical characteristics of the interface.

For the reasons pointed out above, in field effect fransistors, silicon dioxide is
preferably used as a gate insulation layer that separates the gate electrode, frequently
comprised of polysilicon or metal-containing materials, from the silicon channel

25 region. In steadily improving device performance of field effect transistors, the length




of the channel region has been continuously decreased to inprove

swi tching speed and drive current capability. Since the transistor
performance is controlled by the voltage supplied to the gate
electrode to invert the surface of the channel region to a

suf fi ci ent | pf higgphashelr igelogeips ogn fcontimpopsliy dicatgated do dawrevsdsviikdhing speed
current for a given 5 supply voltage, a certain degree of capacitive
coupling, prodidded doyretthenpabibaci Sarce fthe maosiiyr péréorgahee 8l aottroded bytthe
channel region and the silicon dioxide disposed therebetween, has to

be mai nt ai ngditadet subplidibtooHt ghfdaflectioas RARNVEY thdirkbabnle dhangd Redid tPa
pl anar transistor configuration requires an increased capacitive

coupling to i I : : nayi 0 j :
ransi stor  Sayelfiul Muib By (Giti B p R T, BEREY e QHEEASLy o given
i ncreased | eakage current and.to a dependence of. the threshold .
Vo tage on SHETE e T slih S of RREHORG Bl ntgBoyded i 6 et
applied acrgoss the gate el ectrode and the transistor hody at which a
conduct i ve &HEKRAEMY BgeHe clestpds ihs shaume! segiemand Hegsilison diggidesdisrased
scal ed transistor devices with a relatively | ow supply vol tage and

t hus r educethear¢hebstnn) baswto bt apentaimyd.s liftdres ofirtbah deoreaBngtheahemtal &ngth for
i ncrease of the | eakage current, while also requiring enhanced

capaci tive a@lylat Gansifiortdoafigattoetagairésateinti@adel agdeairebuplegi void the
Thus, the thickness of the silicon dioxide |ayer has to be

correspondi @%Ml%%&ﬁ%ﬁ%?b@ﬁﬂ&ﬂ@uﬁ&? tfaBAMbF SPcraARACT TR GRorP RhYERD
the gate and the channel region. The relatively high | eakage current

causeg by direct,! {A@{?g' W% o 1‘6[%%%9@% G LSl Srd] ra?lﬁ% AeHbidefed N Mne
silicon dioxlide gate G Thsln Atian Iaye@ may teach va ues TS an
oxi de thickness in the range of 1-2 n at y. hot be conpatible .
with requir Sl Mragﬁ@rlft@? e la‘mf@eﬁﬂe g ivoltage is the Voltage nnplisdy
of further device scaling, possibly based on well-established _
material s, AeRss thagsicplestrodontd Gatansigasbodas whtdrg grdpeisedhannalbigins
a "three dinmensional"” 25architecture is provided in an attenpt to
obtai n a desi foeoh i0hianctahnsliregibn. Wapteesiatly tdubed tsamBtol ke casupl b oglatively
controllability of the current flow through the channel region is
preserved. T@Ntéup?bew@ltagap-aﬁal iRd FRUGEETShBMoe BREAPARPSBH bl &l
a thin sliver or tin of siliconis formed in a silicon layer of
substyat e, @Q?{ £ 1 . i r o
surfgge, a ga éﬁ ?%ﬁ@ggﬁ%%fﬁgfgggg%%gﬁggéwgg%gggfé tﬁgggﬂgnﬁg?%iﬁnge
are provided, ther realizing.a,wltiple gate.,transi,st.or e ..
channel e o EyT Bt 5SS B Fuell piirBE R itesy GRE siticon
multiple gate transistor and FinFET will be used herein as .
i nt er changedisride layardas t/bg earraspondingly desipased toprawida Hha eaairedosmpacitapec
width of the silicon fins is on the order of magnitude of 10-25 nm
and the hei bbitveehéreeghe gl the dhheedregon. oTheredptivelydeglofeaB@ed@irrent cdused
sone conven-

by direct tunneling of charge carriers through an ultra-thin silicon dioxide gate

20 insulation layer may reach values for an oxide thickness in the range of 1-2 nm that

may not be compatible with requirements for performance driven circuits.

In view of further device scaling, possibly based on well-established materials,
new transistor configurations have been proposed in which a “three dimensional”

25 architecture is provided in an attempt to obtain a desired channel width, while at the



t Ot onal approaches for formng FinFETs, the fins are fornmed as

el ongat ed device features foll owed by the deposition of the gate

el ectrode materials, possibly in conbination with any spacers, and
thereafter the end portions of the fins may be "nerged” by o
epi t axi al | y sgpodmegsuaeden saagnlishitiorofathe cuprthlomyhioagluthe ¢hanad rpgien is
manuf acturi ng processes, thereby al so possibly increasing the overal
ext ernal 15pesestdnde thf chhesoreeBed FinkTdhavabemdremsed & wbghantin sliver
For this reason, process strategi es have been devel oped in which the

sem conduct @f fihid¥fsilaof if esmd ihn dlicielaledll @SEhte, MRIEH oM Bdih KRIBRALS
to the gate el ectrode structure, wherein the sem conductor fins are

restricted g ,éi@gieéﬁ-&ﬁ‘ &Pﬁ%ﬁdsu?fgc@ya %Qt% Gefeb ! ﬁgt%ﬁﬁ)idgn@tar%é ¥ &Ltrode

only, while 't rain’and source regi ons are preserved as conti nuous

sem cqanduct gor .regions, thereby elim.natin addi tional epitaxjal
arowt it ¢ echiriit POareelh TG FaRE Srie 2 plagbr Hhigbe o
i nstance, disclosed igl on-PuQ{ished Ger man ﬁatent %gplications by
NDY et al . &¢nmaybe fledapletsd. Jird FORYANEGISHhe rms muliiRle gpis irangisior and
on a bul k substrate"” and "A self-aligned fin transistor fornmed on a
bul k subst r &id'EJy wilhtbe dsied hetetth a8 inteshergeablel tgrmsThd ydically,oigusophisticated
these German patent applications is herein incorporated by reference
in its enti applicatiénercakldih of Hesstliqonoiesis ot thatoedsr @f nepablide 6H80-25 nm
formation of FinFET or nmultiple 5 gate transistors on the basis of

"t wo- di nenshen @le hIBIUAGESUE IAGHE LRES DT OFaphRuddI8t 36-80 @1 diERRE eABlen-
transi stors and conventional planar transistors may be provided

concuy ent | yioult HOM. LEINIT LAY SERRERYS BLORES 3RS KANGERE LBhghle dovice

actual” formation e sel gned sé&m con

Consequent |y, ,separ.ate sem conduct.or devices in, whi¢ch the.advantages
of 't hree. di SRR ASO I BT WaE dREHISr L AR 6 eais B i) il TEseiBR
efficiently exBJoLted_nay be fabricated on the basis of these process
t echni ques, coibinatien witheanyasascers.nindhicreagutie ehpeitisng chghe §ns may be
overall process conplexity since many of the conventi onal

t wo- di nensi Omateep? byegstakipbihnirquiag,a silichn asateded, vbichanipnesoft dr@implex
and source regions, gate electrode structures and the |ike, nay be
appl i ed conipilifclugiigt poceits | BbRbgaileo t FRRSIYS ifdrsasaind thid@vpladnakternal
transi stors. Althoug% the 15 hybrid concept may basically have the
pot enfl al ofeREtt B Y réBftng il RAVEOLEL el cOnduct or devi ces at
acceptabl e fabrication costg, It turns out that a significant
variability of transistor characteristics, in particular of the

t hreshol d voltage of transistors of different gate length, is

observed when conparjing the nmultiple gate transistors with the planar
transistors in tFer dBif E@P@hc@@?esae%tf%%g,lesaéaw Ikree’éedeveilgped in which  the

semiconductor fins are formed in a “self-aligned” manner with respect to the gate
electrode structure, wherein the semiconductor fins are restricted to the area covered
20 by the gate electrode structure only, while the drain and source regions are preserved
as continuous semiconductor regions, thercby eliminating any additional epitaxial
growth techniques. Corresponding manufacturing strategies are, for instance,
disclosed in non-published German patent applications by NDY et al. entitled “A self-

aligned multiple gate transistor formed on a bulk substrate” and “A self-aligned fin



20explained in nore detail with reference to Figures la-If

Figure 1 a schematically illustrates a perspective view of a

sem conduct or device 100 which may include nmultiple gate transistors,
such as tri-gate transistors and planar transistors, according to the
overal | deviiéesistagernedanadulybsernbe e He elchdgesperiiyly.e Thedisglosure of
multiple gate transistor 150A is illustrated, while any planar

t ransi st or s theag Gemadn sheninapplidagockey heeinlipCorponpdibyesfecaensabsity atteety 01,
such as a silicon substrate, a silicon/germani um substrate or any

ot her appropriate carrier material for formng thereon a

sem conductor |ayer 102, for instance in the formof a silicon

material . Generald, erafl?,Qhés%rHrG&QgHﬁ%iesleﬁXﬁé tﬂﬁoﬁ%g}‘nef‘ticﬂf QVHALET 88 nfdiltiple

cont i nuous sem conductor mat er | at an 1niti manuf act uri ng

st age .and may, subseguent | e .di vided into a.plural.fty. of

ser conduct Brer ST Bh e PR of BRGNS Be Lintflcgprocesses so that
sem conduct or region 102A is illustrated, in ngure 1l.a, in and above
whi ch the t HHpkfigtegpionglokansisters rapd qconypntionple plaBrfragsiiers 18Ry P& grevided
any other nultiple gate transistors or planar transistors are

provi ded i ncetverrgedy setho@oregsirnggapareld precevicewxodpt itrethovaeival formiakiempt
10 | ayout of the device 100. The sem conductor region 102A conpri ses
a pl ural it ytlafseFeatigaahsimat@rdution sind 0oneijwdntlgy sephatessealidond pasi dévinee th
bet ween a source region 151S and a drain region 151D. Furthernore, a

dielectric ai@rihdladéiiags JronfRAihatesal bid adb-aGRAsidngl irl®istors may be
sem conductor fins 104 and extends up to a height level that is

oS . INIGRRSELEs WS ABSR O 0 SOUFORSLAL 0,80, i

defines the electrically effective hei ght, of the sem conductor, fins
104, whi ch P%tlh? S s by SrdgcontortBedang %vgra%eee'f’%%g PYRPIGKILY piace maiy

exposed portion of the sem conductor fins 104 in Figure |a. Moreover
a gate el ecPf Hifecavieniéendl dwashinensiongt piacaudicabtisesst Rechsaniheotlvauatar of
fins 104 and typically conprises an el ectrode material 162, such as a
pol ysi | i condrmat end abprce2@gmns.chde taatedarstrattums chrtlhihe| likeg, mayn be applied
conbination with a sidewall spacer structure 161 which may have any

appropri at ecé:ambhyufodtthd fulthplé Lhermeictors 1R @atpharel 66hdiNEE. SARKMAHIRe
160A conprises a gate dielectric material 163 which is provided so as

to separateplifify ebRGH! L8 FRESH aﬂwavjeﬁt%efﬁ&éﬂtlﬁh%fﬁﬁmiﬁf?@g%‘%agfd% fdoRRrful

104, which represent "the channel region of the transis

Consequent | the, gate el ectyrode nmpterjal 25163 i.s . forned.on a.to

sur't ace. Toatermik AR isBieRt 1! ar Rl b Bautr s of e O uRl a didhean
variability of transistor characteristics, in particular of the threshold voltage of
transistors of different gate length, is observed when comparing the multiple gate

transistors with the planar transistors in the semiconductor device, as will be

20 explained in more detail with reference to Figures la-11f.

Figure la schematically illustrates a perspective view of a semiconductor
device 100 which may include multiple gate transistors, such as tri-gate transistors
and planar transistors, according to the overall device requirements. For convenience,

25 in Figure la, a multiple gate transistor 150A is illustrated, while any planar transistors



sem conductor tins 104, while the electrode material 162 is forned on
a dielectric material 163. Consequently, the sidewall surface areas
104S and the top surface 104T act as "planar"” channel regions which

are controlled by the "nultiple" gate el ectrodes defiped by the gate
i of ootric A PAPWL63h fiideiDo.darins & SHEETC I tHshar aglicopsungets,
formed on the corresponding surface areas 104T and 104S. Hence, in_

t he confi gueatlicon/ashasmummrubsteaie er pay otlive appropdatenaftas enaied sfon Gurgiing
104T forma tri-gate configuration, wherein, however, the entire

sem conduct direrddnna s0dicoeduosselays 10Pe fohastete e ghoiforaf of heilicoanaatstiar
150A, which may thus be controlled by the conbination of these

nul tiple gaiReeraR$, the sehi@ndicEsURSEd @PRVEovIEEd as a confin@blisEsehficonductor
schematically illustrates a perspective view of the device 100,

wher eisn, fo a?é?{ﬁ‘l’%{'/'gﬁ Nhial Bﬁﬁuﬂ@tﬁﬁn lsﬁ%& raﬂgem? Eﬁﬁg?’ﬁeﬂtii%%i('@ieg Y5& a

la) is not shown. reover, for convenience, si nghe sem conduct or

fin 104 is iJlustrated. in,Figure |Db. shown, the drain and sour,ce
tegi ons 15188y &7 00 Buske eonsgon deff A WhEst Al mipdficir
profile which may be obtained on_ the basis of conventional planar .
t ransi st or Hﬁﬁﬂ?i@%%ﬂ?ﬁ&mﬂg@ﬁﬂﬂdﬁﬁg?lﬁoﬂl?%%ﬁ@ﬁ@éwbvhﬁ@?p69%$ﬂ©150AIS
i npl antation processes, so that the drain and source regions 1515,
151D el ect r iferaledy 1o othge semiconduer segidrso aejucther mitipld Gate trahsistbrs ac pbanas
a channel region 152A of the transistor 150A, as di scussed above. 20

Figure | c sohadimbiscat byoviddduatthadesica 100as te@itedfin thiewr @€ \hec 6vek&0 circuit
wherein the nultiple gate transistor 150A is illustrated. For

convemi ence Wit Bt 1R&1e$icBqh8. SBF LRAAHALAL fdgionl Pdh ReLPEsRS HibRlity of
channel regi on 152A for connecting the drain and source regi ons 15&5,

151D, whil ' ] [ [ 1 I ,
251 ransi st or 1 RoBRET ARG PE USRS Bl TPl BB BB B sy 518

160B is for gg(? aad?zg\r{?egion 151D. Furthermore, a dielectric material 103 is formed laterally

adjacent to the semiconductor fins 104 and extends up to a height level that is
recessed with respect to the surface of the semiconductor region 102A. In this
15 manner, the dielectric material 103 substantially defines the electrically effective
height of the semiconductor fins 104, which is to be understood as the vertical
extension of the exposed portion of the semiconductor fins 104 in Figure la.
Moreover, a gate electrode structure 160A is provided above the semiconductor fins
104 and typically comprises an electrode material 162, such as a polysilicon material,
20 an electrode metal and the like, in combination with a sidewall spacer structure 161
which may have any appropriate configuration. Furthermore, the gate electrode
structure 160A comprises a gate dielectric material 163 which is provided so as to
separate the electrode material 162 from the semiconductor fins 104, which represent
the channel region of the transistor 150A. Consequently, the gate electrode material

25 163 is formed on a top surface 104T and on sidewall surface areas 104S of the



a planar channel region 152B that continuously laterally connects to
drain and source regions 151S, 151D, respectively. The transistors
150A, 150B may have substantially the sane gate length, i.e., in
Figure lc, the horizontal distance between the drain and source, ,
regi ons 151&migagyctosfinsphis éBY@Q’ ‘E‘S\Fg“@'@g%ﬁ%‘ﬁri 1P 1y framed o @ dielectric
architecture 5 wth respect to the vertical and | ateral dopant
profile in tiaterh 4 Geuscgentlyethe sigicwal sprgics areps 1G4S amcibe tepssurface 104T
di scussed above, the transistors 150A, 150B are typically formed by
usi ng process dsephnadwhsnitchadgi@rseviddnaenrbytralpgdl byate t@uliiphtgaandedtooles
150A, 150B, except for the actual formation of the sem conductor fin

104. 10For gx@iHlisy tiR FAPUEMctid fRESRL 355 ah8 e hdhcchPERLPGIL RBterial 162
sem conductor device 100 as shown in Figures la-ic may conprise the

fol | owi . : ' h ' t '
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structure (not.shown), whi.ch.may . include sophistic | r aphy

ot che | depos PorAmAbar i d e e 0 FiFe TR eg (L (A B gate
doping of 15 ¢the various sem conductor regions is established by

usi ng appr opPiitgueationp Mastaiei berverss thaswiting seaiceniugtssiin Thody wareseits the
mask may be forned so as to include a gate opening, which basically
det er mi nes thmnkthtrezian i de amdsigosilioDAn wiiich heaydbhe ékecintwiled by the
structures 160A, 160B. To this end, well-established deposition,

|'i t hogr aphy canibingfisilof tBeRRhEIUPER dfes, BRPhlkediscihbar até.er, an
appropriate hard nmask is provided to define the 20 position and

| aterjgl di mensions of the semi conductor fins 104 within the gate
opening for the transistor 160A. To this end, any sophisticated

deposition and patterning,techniqu are applied. Thereafter,, an

o sot ropi ¢ et chi8EEdbetneRaRY S RaREE BPBkeRip TRECBLFE sele g0
region 102A, thereby fornm ng the seniconductor fin 104 down to a
speci fic depRreinTly @ayedences the ssfeadeqtioge spepied C0AJ gy a ta)ds ppdewn.
dioxide, is filled 25into the recesses laterally adjacent to the

resul ting sé&frewisduet eanveninng4 singkd semicandoetos findPérs ilbstiated enbged by
pl anari zation and etch techni ques, thereby al so adjusting a desired
hei ght | evelAsfshiowihéhedib@lreatd iscurpatggiial 1308 (FASduve 4 Bedicdideieayl and
al so adjusting the effective electrical height of the sem conductor
fins 504. | Beﬁb&%&baﬁ@{)ﬁﬁl&! Qi ﬁgy t&@ﬂibtéiﬁ&i §§@hé¢9&bﬁ@§iﬁ @Jnr\]zfeﬁﬁ(br&m pl}éB

for the planar transistors is reliably 5 covered by the hard mask in

order to avqid.an) rial. Si A cQrr WalsB -
openi ng for al? ﬁsé&@?/a'ﬁ%ﬁlgfcéﬁgoth%ﬁﬂﬂg’r f?ﬂelln%}%@r%vg& g? R@E@hgg}%ﬁ%@g&?n
the gate electrode structures 160A 160B e d by, depositi
by anpr opr PREESTRcR A DO G el UNeL ol EerECR Srnseo A
the electrode nmaterial 162 (Figure | a), followed by the renoval of
the corres pw@pﬁ]giqm ikin 1104, whick acts as a channel region 152A of the transistor 150A, as

discussed above.

20
Figure 1c¢ schematically illustrates a top view of the device 100 wherein the
multiple gate transistor 150A is illustrated. For convenience, with the single
semiconductor fin 104 acting as the channel region 152A for connecting the drain and
source regions 1518, 151D, while, in a second semiconductor region 1028, a planar
25 transistor 150B is provided in which a gate electrode structure 160B 1s formed above



10 manufacturing stage, the gate electrode structures 160A, 160B may
be used as inplantation masks for the further processing, i.e., for
formng the drain and source regions 151S, 151D in order to establish
the required conplex vertical and |ateral dopant profile. For

exanpl e, tha plangr apnaeli 168108 d 48 M sontgruopgy Aataiglly renercts ta didg awdsewee
regi ons 151S, 151D may include an inplantation process for

i ncor por at i mggions3 5di8 al 31 Damebpsaivelye Thepansisopelilds MDBmayddoe edbstantially
i npl antati on energy and possibly with reduced dose, while typically a
count er - dopihigsafeegiteenith, A Sid Fipeeripomhatiedzomaisdistahye utwtdnethb dgdis and
tilted inplantation techniques, in order to adjust the overal
transistor charaedsesdsSid16S 190, hiy RAY I hdStahitifsiie! dmuoltiagenss
the transistors 150A, 150B. To this end, well-establi'shed maski ng
Fegl Mes and\ﬂitrkrlpr:e %Eta ttol {8 v%&t%&nétlt%ﬁgferaﬁ gl\g%a[% %I%f?lgqlll @l?et %rggl éﬁ’”idt s%urce regions

correspondi ng cl'eani ng reci pes e provi upon T enovvi ng

aresist m a applied. Consequently, the vario ni sns t hat
can’ i nfl uondsl 4] HICPy D HESgPTE a@ﬂveesthsﬁaﬂ“ﬂﬁr%%dgaéﬁgﬁ@ ord picalfy
transistors 150A, 150B are typically commonly applied to these
transi st or s fayged Hat using Huekses itgvhniqpess Hot drey shmapaliopprlivd toythe tonsistors
transi stor necessarily significantly affects the other type of

transi st or. 150A 2808 ascepufor tHeawembformbti@at oftthe sérhicesheta finoldages of
the multiple gate transistors 150A significantly differ fromthe

t hreshol d voltages of the planar transistors 150B when transistors of
different gate lengths are considered. Figure Id schematically
illustyates a typi V, - devi
ol anat’ and mai t1 e O R RRA Lot Murkgl 17 2o HOLGARMA B0 dovice
operated in saturated_.state. .Curve A repres s.the correspondin
Uhr eshol d voP? Apeid) eBRE 1l FoTes) it 0 loPeppputes ssajeacs Alter
| engt hs ranging from22-54 am while curve B depicts the situation
for the pl afuming fheissrisandygon regape ity 1@k (FigesHE) X oreages ot
the nultiple gate transistors are significantly | ower conpared to the
pl anar 10 t epgspsdtor iselatioh §taichss uimetl thowiy nediiell ymay fiecludel $ophisbemed
effects in the sem conductor fin 104. It is believed that one

mechani sm t fiedogfa@E| dich, dep@itiordiarel dndrpahelshioofetidgues sthabadin dsgag el
segregation and out-diffusion of a well dopant species at the coner
of t sem (P Y - ] .
ol oty o i Sragoun et @R bt MECIRARNed BT SHE RuRlod Miplaaion
fromthe to urface.15 and t sigdewal | ,surface. ar f.th

sen conduct grE MenRgERaRG: o MRl P huel M PR BREE T 1 Dfude g e
reduced overall threshol d yoltage. nsequent |y, both

geonet ry- de PRI Ve %t@liﬁé?%@aﬁl%eﬁﬁewfaﬁ% AN pREeTLe the ppte electrode
potential, |ower conduction band energy and an increased current
density at simectures heds I60Bt N hisrand owellrestahlishpdhdeppiion, lithography and etch

techniques are applied. Thereafter, an appropriate hard mask is provided to define the
20 position and lateral dimensions of the semiconductor fins 104 within the gate opening
for the transistor 160A. To this end, any sophisticated deposition and patterning
techniques are applied. Thereafter, an anisotropic etch process is performed to etch
into the semiconductor region 102A, thereby forming the semiconductor fin 104 down
to a specific depth. Thereafter, a dielectric material, such as silicon dioxide, is filled

25 into the recesses laterally adjacent to the resulting semiconductor fin 104, while



20Fi gure le schematically illustrates a typical doping concentration
for instance, in a section at the center of the sem conductor fin 104
and thus of the channel region 152A. As is evident fromFigure le, in

the corner areas 104C of the fin 104, a reduce | | dopant

concentrat i 6F°FS PFEts M%?%%#—B%Iﬁ@&%ﬁ@ggba %d%§3t?%nﬂ8ﬁbiﬁ§F$8nabo
with a locally increased electric field, may result in higher current
25densi ty i AdiEpEnecyauredahcigly lege dor the dielectrijmaiewal| F03s@ER@wat bh £hergby
illustrates a corresponding sinulation of the current density within
t he channel alsegiijpntinsha, effehiévedyctdta deight bhidic camiavgdanori fiver das dd should
charge canier density at the corner areas 104C, thereby resulting in

the overal | bbapprediateg that fifcashdoddivabt @genq0PBasede bRnkheansistors is reliably
correspondi ng threshol d voltage of the planar transistors, as is al so

evi dent fromydQuhg e WHRNLGQATRAT NG r&Vf"lﬁ ﬁgﬁ'ﬁgd& material ér@si?ﬁ dgra
\Y S e

to reduce the msnmatch of the threshol ol tag etween nultrip

gate transi st and pl anar transi,stors, in trategies,; t

Prpt ant at; oo batEe B e alT U bt DRoATHE Merdiidat ¢lofe gt
also referred to,as halo inplantation, is applied separately for the
mul tiple gaf@shrilngete @P%tm%ost‘f”ﬁ@rﬁl Ly ltqogn%’?gtbﬁrf@‘.mq’% by legositing any
strategy, two additional inplantation nmasks, inplantation processes
and associ aterfopiaaniatnyiaby ey asreezateedjalecteid nhaseridli 6hanthtie dactindé swaterigl
on the one hand and P-channel transistors on the other hand. That is,
t he i npl ant 462 qRigasguapclibaed flor Hengeralab ofSthe aginensndim@Siakit y Innthis
conbi nation with correspondi ng drain and source extension regions,

has t19 be pafbhefpRanEWiER, iRé hteChRIRGle LanstsSlBlA qeéhspmlg aNGled as

transistors in order to control the resulting threshold voltage

di f 1 erent |y fot, ik 1BLe BRLR: KEABShALELAANT. RLANRLALIA0SLS &1 source

respectively." I'n additiron to sign cant I'ntreas
nanufacturiQ%écost

[ ur ns, out tF . tqf el ectrical, behavi or B th
Tl i pl e 20 S (AP EPdReHE taetTlish Horalir e Evaner gadil anbinen
for instance in a range from22- 54 nm in particular it turns out

that only sHeRant grpfiaelFor caaiapist Gedmplmmfation saguepceseiop dotning thmdrain and
i ncreased counter-doping inplantation dose in order to appropriately
i ncr ease t heowdw egholsdl M6l tlagle ropincduds amifplguiriord djocesshiol encorporating
however, the multiple gate transistors of increased gate lengths, for
i nst arsce of didh MY scdk@ ddadt shecide Griddeiced URplantation energy and possibly with
reduced dose, while typically a counter-doping species is also incorporated, possibly

on the basis of tilted implantation techniques, in order to adjust the overall transistor

characteristics and in particular the threshold voltage of the transistors 150A, 150B.

To this end, well-established masking regimes and implantation techniques, in

20 combination with corresponding cleaning recipes that have to be provided upon
removing a resist mask, are applied. Consequently, the various mechanisms that can

influence the finally obtained threshold voltage of the transistors 150A, 150B are

typically commonly applied to these transistors so that a change in threshold voltage

of one type of transistor necessarily significantly affects the other type of transistor. It

25 turns out, however, that the threshold voltages of the multiple gate transistors 150A



25to0 | ess hal o overl apping, while also the comer effects, described
above with reference to Figures le and If, remain substantially
unchanged. Furthernore, it has been observed that generally the
dependency of the threshold voltage on the gate |ength of various
transi st or s Sigsifrspdy giéndinre dee teholdnwlieges pigtherdanargraapisiary biPRivden
of the counter-doping species or halo species upon formng the drain
and source tmgiistns.offifferent galkdempticoms eonsedece]. f or i ng t he conpl ex
vertical and | ateral dopant profile of the drain and source regions
separately, nultiple gate transistors and planar transistors, for

i nstance by separately using halo, i.e., counter-doping, inplantation

processes nay re:?é%,_& e A chéRia Mczﬁl?/nmugtﬁatg@@u{@ﬁ;aprdeﬂ&dfeh&y"of W 'tﬁre%old

the sane tine a gnlflcant m Smat ch bet n the multi'ple gate

transistors _anpd t Ian rs i
parti CSIS,H ar fofr%a% rtlétgngﬂ?1 Er}%g%a%e rﬁ“ﬁ‘é%r%%% %lffggﬁnggﬁgiw when operatpd,
present disclosure i dlrgﬁted to various nethods anq d&vlces t hat

may avoid, & 2SPIUUEEpafeeduiye A HEIEFIE s coesppidipg ¢ doyoltage values

probl ens |dent|f|ed above. 15 SUMVARY OF THE | NVENTI ON
for multiple gate transistors of gate lengths ranging from 22-54 nm, while curve B

depicts the situation for the planar transistors 150B. Generally, the threshold voltages
of the multiple pate transistors are significantly lower compared to the planar
10 transistor which is assumed to be mainly affected by comer effects in the
semiconductor fin 104. [t is believed that one mechanism that results in a reduced
threshold voltage is an increased segregation and out-diffusion of a well dopant
species at the corner of the semiconductor fins 104, Furthermore, the overlap of the
electric fields generated by the gate electrode structures acting from the top surface
15 and the sidewall surface areas of the semiconductor fin 104, as discussed above, may
also contribute to a reduced overall threshold voltage. Consequently, both geometry-
dependent effects may result in higher electrostatic potential, lower conduction band

energy and an increased current density at the corners of the semiconductor fins 104.

20 Figure le schematically illustrates a typical doping concentration, for instance,
in a section at the center of the semiconductor fin 104 and thus of the channel region
152A. As is evident from Figure le, in the corner areas 104C of the fin 104, a
reduced well dopant concentration is present which, as discussed above, in
combination with a locally increased electric field, may result in higher current

25 density in the corner areas 104C.
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The follow ng presents a sinplified summary of the invention in order
to provide a basic understandi ng 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 20 elenents of the invention
or to delineate the scope of the invention. Its sole purpose is to
present sonme concepts in a sinplified formas a prelude to the nore
det ai | ed descri pFigare thathematiciigcilisstedded atcerresponding simulation of the current
General ly, the present disclosure provides manufacturing techni ques
and 25sem cagiigtwithid ek CRnhd N\.‘gio@lhlm,t HRle®yJatalyt [RIGkiSk OfnS irtfhsed
pl anar transistors may be forned on the basis of drain and source

regions hav %:l%{g%es '#%21{39 Nehdly % tie Cél‘?lgle 31%919 ailcP ':cl?écr-édge resgfﬁ\%l\‘gi i.ﬁsfh@ N&&rall

Wi th respec drai n-and sourc opant Speci es an respect

to couynter-daopi ng,.species,,. While at the,sane tine.a superior ,matchin
of the t hreSHBre ERTalev st soBatse o] Qre nphiliod, (PIREoId Yoy @Eg g e
pl anar transjstors for 5 various gate |engths nay be acconplished, To
this end, iPlapgdransisiers atisgisodidanhipmd’ipgedd whepicampamnsheuryyse aophBnt
concentration in the coner areas of the sem conductor fins may be
very efficient so as to individually adjust the threshold voltage
behavior of the nultiple gate transistors substantially w thout
affecting the planafdet (RRSIUSE BHSmidNASIEbN tHEUthtdshble \ORhgest HesnSinaltiple
and planar transistors nmay have substantially the 10 same drain and

sour ce dopapiie GRMisRd ahil OgﬁanaTh@ads%&ﬁg, BOLMAL E|RcoRE, eI HORARion of a

concentratign in the conmer areas of the sem conductor fins may, In
sone il l ustrative, enbodi ment be,acc lLished b 0N, j Qn
o ocels, “whefinistoRMasgh RS (GuRTRT MRibE B0 f RO AR eh PRI BlCE,
a self-aligned ner intqQ the corner areas, wi be | )
acconpl i shelf mﬂ?}@%eﬁ@fam%raﬁmfflpé%g%ﬁtrﬁwf%ﬁ@af %%@r HRRNSIORih T s
may al so be used as an etch mask upon patterning the sem conductor
fins at anystgpesyepwp additivanufrapletpiiony meslsgémpBotasiernweencksps agd |asgagfated
adaptation of the dopant concentration, in particular of the corner
areas of t heleseng stepduict equitédnfr Nrayannel @oconpt oshiedond bdmuind P-channel
affecting the planar transistor by the corresponding inplantation

process so thdistddnt fE ML hn¥ Ol 112065, Gha faplafthiiet kéfuede fohGoRhialdalo
20 transistor and in part of the nmultiple gate transistors may be

f5iaient | . ' ih . _ ) : . oo
Fechriques’ KRBT BomG rerafnforlliltiorSahay SR S "HioRion
mul tiple gate.transistors .and the r transistors.

One i |l ustr&EHVE ttﬁ?\ apaﬁf%l@?eést@ac 8? T HaPBT S RNURETS A K- Hnge Eng stors
mask 25above a sem conductor region, wherein the hard nask has at

| east one niklerdesdeyeantrol the resulting threshold voltage differently for multiple gate

transistors and planar transistors, respectively. In addition to significantly increased

overall manufacturing costs, it turns out that the electrical behavior of the multiple

20 gate transistors is degraded for different gate lengths, for instance in a range from 22-

54 nm, in particular it turns out that only short channel transistors sufficiently respond

to an increased counter-doping implantation dose in order to appropriately increase

the threshold voltage (curve A in Figure 1d), while, however, the multiple gate

transistors of increased gate lengths, for instance of 54 nm, are hardly “degraded” due

25 to less halo overlapping, while also the corner effects, described above with reference
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that determnes a lateral size of a sem conductor fin to be fornmed in
t he sem conductor region. The nethod further conprises performng an
i npl antation process to incorporate a dopant species at and near a
surface of the sem conductor region, while using the hard nask as an
i mpl ant at i oo dagkes Theandet fhodnfior substantinllycombpeingds pFerthegrmiregit s diech
process to formthe sem conductor fin in the sem conductor region,
whi | e the habskri@stal sendsdig ths d@rnédneh offdskhashald vpRiideosiileGatelength of
i npl antation process. Additionally, the nethod conprises formng a

gate el ectr Qdgo il kAHSIHIE i PRBMEBACLAR %P&H Inér A8 4R fmb18ntah6h dose of the

sem conductor fin. 10A further illustrative nethod disclosed herein
relates to form a sem Lce LS
Cormime 11 v cpufbDfodty GREOOONES SeENbGP kit BEUIET AR IR R0,

in a first sem conductor region and second drain and source regions
of a ﬁianar transistor in a second sem conductor region, wherein the
mul tiple gate transistor conprises a sem conductor fin connecting to
the first drain 16 2 eridequsues doinaps disscompex mertipd dnfl daterpd dopavinprqide of
separately adjusting a threshold voltage of the nultiple gate

transi stor liyx pirdui didgoarceoryias- egpiatdy.s pediigs patet trensseons c emt ydémar
fin so as to have a concentration maxi nrum at upper coners of the

sem conduct @fandisiBrs, 28OM6tahdd bpLEREAVS Ha1E BASIUE! Bbund@\dopaediiselageasn
herein conprises a sem conductor region conprising a drain region and
a source re - - :

Fegi on 1ot uP it e S RETICRANR Qim ey LA L HRE RS IR SF B AaRARNEY
t he sem conductor region,so.as to connect with.a fir end rti.gn .
ther bl o el ina Hepaae i s UG tud hndifomnp e WenB R
25portion to the source region. The sem conductor fin conprises a
count er - dopisﬁ]é present, in particular for transistors having an increased gate length.

The present disclosure is directed to various methods and devices that may
avoid, or at least reduce, the effects of one or more of the problems identified above.
15

SUMMARY OF THE INVENTION

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

20 elements of the 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.

Generally, the present disclosure provides manufacturing techniques and

25 semiconductor devices in which multiple gate transistors and planar transistors may
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speci es having a concentration maxi nrumlocally at and al ong upper
corners of the sem conductor fin. Mreover, the sem conductor device
conprises a gate electrode structure fornmed above and laterally

adj acent to the at |east one sem conductor fin. 5BRI EF DESCRI PTI ON OF
THE DRAW NGBe formed ofTies basscbbdraie andysotnse upglens haoug Isybstantiel e tlece sanee
the follow ng description taken in conjunction with the acconpanying
drawi ngs, i dopdni ptoflié kier hefacende respet & thel dieint dnldysolidealoph@ngptiss and

and in which: 10Figures la-1b schematically illustrate a perspective
view of a mylidiBiRcaBlBuikRISHEE PeclR! WREL ANhE BAndasikS Rbefor matching of
conventional process strategy; Figure Ic schematically

I11ustrates it tﬁqpeghéﬁh%ltgéengel{ggl&io@'rﬁul??%e?%a%é %Qx?siis%rg”anﬁ%ngrg ﬁé@s?ﬁﬁrg for

transi stor tornmed accor conven rocess s
Figure Id schematically, illustrates a h representing the |
threshol d voriagEbaraghbmaypeErampiacat e it BE e pEon otz dhat o
transistors for various gate |engths, according to conventi onal
process st r Hcagyasiptiop @fithgdepant sorpsatration igcthe seirce afepsy of theussimi¢anductor
perspective views of a dopant concentration and a current density,
respecti vel Yins afaydeseny elivdume sors to mdofidallyadyusnthicdhakhotuivbligdeereatior
transi stor;
of the multiple gate transistors substantially without affecting the planar transistors,
wherein multiple gate transistors and planar transistors may have substantially the
10 same drain and source dopant configuration. The local adjustment of the dopant
concentration in the corner areas of the semiconductor fins may, in some illustrative
embodiments, be accomplished by an ion implantation process, wherein an
appropriate dopant species may be incorporated in a self-aligned manner into the
corner arcas, which may be accomplished by using a hard mask as an implantation
15 mask, which may also be used as an etch mask upon patterning the semiconductor
fins at any appropriate manufacturing stage. Consequently, a local adaptation of the
dopant concentration, in particular of the corner areas of the semiconductor fins, may
be accomplished without affecting the planar transistor by the corresponding
implantation process so that the threshold voltage characteristics of the planar
20 transistor and in part of the multiple gate transistors may be efficiently adjusted on the

basis of well-established implantation techniques upon forming the drain and source

regions commonly for the multiple gate transistors and the planar transistors.

One illustrative method disclosed herein comprises forming a hard mask

25 above a semiconductor region, wherein the hard mask has at least one mask feature

13



Figure 2a schematically illustrates a top view of a sem conductor
devi ce 25conprising a multiple gate transistor and a pl anar
transistor with a hard nask for defining the lateral position and

si ze of sem conductor fins, according to illustrative enbodi nents;

Fi gures 2b- Pmtsdé¢temmnescal latetal | it odt @ senpersipelori e i éw dfrmmd in the
portion of the 5sem conductor device upon incorporating a

count er - dopsagicopdtit@srekieaal The nietlee Agtheakeapriads Fer®emimponduepRntation
fin, according to illustrative enbodi nents; Figure 2d

SChe”at'Ca|b&xk&iHﬁﬁ&@@@émﬁaQ@ﬁéﬁ%@é&&@aN&ﬁWﬁ&ﬁzJﬁ@&§@HT%RﬁQ%ﬁE&ﬁmE%D
hayi ng an individual |y adapted dopant concentration wit

concentrati %@Fg&bﬂ'%&ggttheah@l Cahl?ése?? %@?&%Ea@loﬂ%%& | 'rh%'%ﬁétﬁéd Yftther

enbodi nent s ur e sthemn es a VI éW 0
sem conductor device i.n a furthe advanced nufacturln st ag

accor di ng t GOMPIERSt P%}ﬁ?%ﬂ%r%b& REQeess &Fj igifRe oo pEBgO %é%?ﬁﬂca} |the

illustrate cross-sectional views of the sem conductor device of
Fi gure 2e; semiconductor region, while the hard mask is used as an etch mask after performing

the implantation process. Additionally, the method comprises forming a gate

clectrode structure above and laterally adjacent to the semiconductor fin.

10 A further illustrative method disclosed herein relates to forming a
semiconductor device. The method comprises forming first drain and source regions
of a multiple gate transistor in a first semiconductor region and second drain and
source regions of a planar transistor in a second semiconductor region, wherein the
multiple gate transistor comprises a semiconductor fin connecting to the first drain

15 and source regions. The method further comprises separately adjusting a threshold
voltage of the multiple gate transistor by providing a counter-doping species in the
semiconductor fin so as to have a concentration maximum at upper corners of the

semiconductor fin.

20 One illustrative semiconductor device disclosed herein comprises a
semiconductor region comprising a drain region and a source region. The
semiconductor device further comprises a channel region formed by at least one
semiconductor fin that is formed in the semiconductor region so as to connect with a
first end portion thereof to the drain region and so as to connect with a second end

25 portion to the source region. The semiconductor fin comprises a counter-doping

14



Fi gures 2h-2j schematically illustrate top views of the sem conductor
device during various process stages for incorporating a

count er-dopi ng species locally 20restricted in corner areas of

sem conductor fins of P-channel transistors and N- channel

transi st or s spacissgaringwe bgnceaflion maxinfuing lgaalip et sehelvagivpa sorners of the
illustrates a graph indicating the shift of the threshold voltage of
mul ti pl e gasanicomhgios tfimr sMoreavet, ahé eemiconducwardgiicg comprisa@ra gapichgtrode
i npl antation dose in the corner areas of the sem conductor fins,
accordi ng t Qiridihid FrhRlia¥6v RO FBRRjacKkt th ehd 4 ReaSitdtic @i dPREL @S fin.

di scl osed herein is susceptible to'various 5 nodifications and
alternative fornms, specific enbodi nents thereof have been shown by

way of exanple in the drawings and are herein described in detail. It
shoul d be understood, h e ha o de [Wel AN i%r | n of
speci i ¢ enbodi nents is 4 i e on to the

particul ar forns, discl seé, but on.the contrary, th vi ntion is to
Cover Cal I mod 1 455 FGREIEURY b HESToai e Fekacs o RiBP e gewriefih
10t he spirit and scope of the invention as defined by the appended

cl ai ns. DETHMkeEDnDESCRCET OKith the accompanying drawings, in which fike reference

numerals identify like elements, and in which:

10 Figures la-1b schematically illustrate a perspective view of a multiple gate

transistor formed on the basis of a conventional process strategy;

Figure 1¢ schematically illustrates a top view of a multiple gate transistor and
a planar transistor formed according to conventional process strategies;
15
Figure 1d schematically illustrates a graph representing the threshold voltage
behavior of multiple gate transistors and planar transistors for various gate lengths,

according to conventional process strategies;
20 Figures le and 1f schematically illustrate perspective views of a dopant
concentration and a current density, respectively, of a semiconductor fin of a

conventional multiple gate transistor;

Figure 2a schematically illustrates a top view of a semiconductor device

25 comprising a multiple gate transistor and a planar transistor with a hard mask for

15



Various illustrative enbodi ments of the invention are described
below. In the interest of clarity, not all features of an actual

i npl enentation are described in this 15 specification. It will of
course be appreciated that in the devel opment of any such actual )
enbodi nent , defimeg dslaterpl pssimnanidoiresyfesini¢anddeler Snpriscerdie tbdllpgmave
to achi eve the devel opers' specific goals, such as conpliance with
syst em r el atetlodintkntatisi ness-rel ated constraints, which wll vary from
one inplenmentation to another. Moreover, it will be appreciated that
such a devel opnent effort m ght be conplex and 20ti me- consum ng, but
woul d neverthel ess be a routine undertaking for those of ordinary
skill in the art in I f LAl i uy.: : T
present subj ect EQ??%}QV?P?dﬁﬁﬁﬁ ghag%%éﬁhé&gaﬁgh9$%¥g?E%%%p?%m?ﬁgwng
attached figures.. Varipus structures, .syste and. devi ces are .
Schomt | cal PR e b i PSR GRS Ay dn crm
only and so as to not obscure the present disclosure with details
that are weRfeakabmprrrisondysion fiakiqepuling te tHpiratiys cmbedi@entiel ess, the
attached drawi ngs are included to describe and explain illustrative
exanpl es of the present disclosure. The words and phrases used herein
shoul d be understood and interpreted to have a neani ng consi stent

wi th the under st angdir®gd edheinaasaiyWiltslttanthebspptiiasaswy by tHehestcamlidtbetin
in the relevant art. No special definition of a termor phrase, i.e.,

a definitio ﬂa%jﬂgtsa{l g%‘}}q‘bdg‘gﬁ gfgatei)tédr Mﬂahthﬁ)_n%lg}a'ﬁﬁﬁ Wit 8 cSHShRIBSY maximum

nmeani ng as unde skil'led in the art, 1s intended to be
inplied by consistent usage of the termor .phrase herein. To the
exteﬁﬁ t hat ¢ af%?ﬂﬁgg%Sﬁ%g§8gﬁéﬂ#ﬁ¥%ﬂﬁgﬂlngﬁgﬁb a speci al neaning,
i.e., a nmeaning other than that understood by skilled artisans, such
a 10 special definition will be expressly set forth in the
specification in a definitional manner that directly and o
unequi vocal | y pr &igude ge sehemspiediaillugledteni taroricvor & feanicendyrior dptieadea

further advanced manufacturing stage, according to illustrative embodiments;

15 Figures 2f-2g schematically illustrate cross-sectional views of the

semiconductor device of Figure 2e;

Figures 2h-2j schematically illustrate top views of the semiconductor device
during various process stages for incorporating a counter-doping species locally
20 restricted in corner areas of semiconductor fins of P-channel transistors and N-

channel transistors, respectively; and

Figure 2k schematically illustrates a graph indicating the shift of the threshold

voltage of multiple gate transistors in relation to a varying counter-doping
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The present disclosure provides sem conductor devices and

manuf acturing 15 techni ques in which the corner areas of

sem conductor fins receive an appropriate dopant concentration so as
to appropriatel dapf the threshold voltage characteristics of .

il C1 pl o gatBoPHafSE S5t o B ST Aishod Yol SR CCOREIGUREY | BROI Hy
drain and source areas and any counter-doped areas or hal o regions of
the nul tipl dlustpléve qabpskirgedss. In this manner, the drain and source
configuration nay be established 20 commonly for planar transistors
and nultiple gate transistors while the required adaptation of the

t hreshol d vol tage characteristics may be achi eved by incorporating

t he dopant speci ®hiieh the | Qbidct Y a6t Idisdl@dd MRBRAT isNkGscEHIBIE O UESHQLS
fins with a concentration maxinumin the corner area substantially

wi t hout af f aclii Mg ibieafoRRR GO IGEY 'é?éc'if@@ex‘nﬂ diRenQ" BP0 A e SREY SRown
region of the nultiple gate transistors and p?anar 25transistors. In
this manner, the ain and source regipns ,na e formed an. the ba

of & common®pruseleReRuloh B® URifrREMERE FRin rBrT TG af, FEuriR B
enbodi ments, the inpncorporation of the dopant species_intq the )
Seni conduct BRdgad Y HEL B0 S (¥EBIGh hetein BASPECBF Codigenth i not
which is also used for patterning the sem conductor fins, such that
an addi t i onaiteidepltehimat thennveatin e theopartiadari foguas diselosedt het dmithe arngiry,
may 5al so cover at |east the channel area of the planar transistor.
The addi ti oral inttapianis tepecired! wbdiflosti@eneqoviited, and hltaaativgy thlding within
i ncorporated at any appropriate manufacturing stage prior to actually
pat t emni ng tespffEhE R GE He ihidiSion LHBERRY b?/rtﬁé’hﬂ:!eﬂgec?ciﬁllrﬂh degree of
conpatibility with a plurality of process O strategies for formng
mul tiple gate transistors and planar transistors in a hybrid

sem conduct or device. For exanple, in sonme approaches, the hard mask
for patterning the sen conduc fi 5 g'ded on the basis of
a mask which includes gate op > 1 npl ant ati on process
may thus be perfornmed prior to actually‘Pattern[ng t he sem conduct or
fins within the Yerpesihypiaitivg cabedingpéngeithe sfvention apdespiibed pelewgdndhe
transi stors. On the other hand, the correspondi ng gate openi ng of

pl anar transitstgrd daityehatatl featmoasertfeh ool iemplaraltatos kererdeseribed in this
During the inplantation process, the unavoi dable scattering of the
dopants speckgsificatibine [Selll 608sled BE apRbeihfedl thatintthe dbIdB® b the such
hard mask results in the incorporation of the dopant species into the

area in whi S&uélh&n@:ﬁfnﬂ@ﬁt, %ﬁ%ﬁ}%@qﬂlﬁéﬁﬁenfte{tﬁﬁ-sﬁﬁﬁﬁlz UePSions 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 appreciated that such a development effort might be complex and
20 time-consuming, but would nevertheless be a routine undertaking for those of

ordinary skill in the art having the benefit of this disclosure.
The present subject matter will now be described with reference to the

attached figures. Various structures, systems and devices are schematically depicted

25 in the drawings for purposes of explanation only and so as to not obscure the present
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20 subsequently fornmed on the basis of the hard mask and an

ani sotropic etch process. On the other hand, the penetration into the
depth of the sem conductor material may be efficiently controlled by
adj usting inplantation dose and energy of the inplantation process so
as to obt ai Aisglogesividudetarc bt irarvdhkiaw touthpsa skillesl wohmert. dyesgtheless,
after etching the sem conductor fins w thout unduly affecting any

si dewal | 25f8wrdtacedalreamge hretihaudeino closwlibe tiod efplais.illGonseqeremiplss ofisie
controlling at |east one process paraneter of the inplantation

process, a grstdtefsdobutd. amnd wdids aad PasséLdscdeigren sthf)ulﬂaﬁe(lhﬂldt@st@cﬁd hhe
t hr eshol d voltage characteristics may be achieved.

reference t ?e}légl?%@@ ezakmezirﬂ V\% B&{sididok '\%ﬁ{hr Rk 'uﬁ@e@ﬂm&ﬁ% Q;?@}Il(%e‘%(!’rlis Qﬁ’d"’

be 5describ n nDre etail ereln reference nay a

Fi I

F s Lo eI RBE B S e f%”ﬁaseffce:ﬂi%ﬁﬁ%ﬁ%ﬁ%w gy pprase
first sem conducto regl 20%@ in a d ove whi ch mul tiple gate
10 transi st bf ids d¢ %“ftg?tn‘éd feeenh Teupothe YdiRBO ARG QUSRS BRI B

in and above which a planar transi sto_r _| s to be formed. The
seni conduct ondarggedhy three gkillabmBheray, ibénteusteddel be impliad tapgensistentitsage of
sem conductor material and may be | aterally delineated by respective
i sol ati on stlfeueim e phrads hein. f 06 thensitanakat sadefn odiphrays secttaalded e Wateha
reference to the sem conductor device 100. Furthernore, in this
manuf act uri Bebcial meaning, i.e., a meaning other than that understood by skilled artisans, such a
10 special definition will be expressly set forth in the specification in a definitional
manner that directly and unequivocally provides the special definition for the term or

phrase.

The present disclosure provides semiconductor devices and manufacturing

15 techniques in which the corner areas of semiconductor fins receive an appropriate
dopant concentration so as to appropriately adapt the threshold voltage characteristics

of multiple gate transistors for an otherwise given configuration of the drain and

source areas and any counter-doped areas or halo regions of the multiple gate
transistors. In this manner, the drain and source configuration may be established

20 commonly for planar transistors and multiple gate transistors while the required
adaptation of the threshold voltage characteristics may be achieved by incorporating

the dopant species in a locally restricted manner into semiconductor fins with a
concentration maximum in the corner area substantially without affecting the dopant
concentration in the drain and source region of the multiple gate transistors and planar

25 transistors. In this manner, the drain and source regions may be formed on the basis
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15 stage, a gate mask 210 conprised of any appropriate material or
material system may be fornmed above the sem conductor regions 202A,
202B and may conprise a gate opening 210G which thus defines the

| ateral size and position of gate el ectrode structures to be forned
above the seé&hipcOREEYBPCYseGrovsc0bRtherpeR:, iFsenh dhybrieve grpbadinents, the
manuf acturi ng stage, a hard mask 220 nmay be provided so as to define
the 20 | at ércalposation dhibe powsint smoiesfints ¢éng sanmdorctuotor finn maty belecdroplmbdd
in the gate opening 210G formed above the senm conductor regi on 202A

To this endopntiebhasdt dTasd nddl WEvh BOIRY iRE (ONEatRniADIR sEBRfdoni@AdUfiesS
220A, which may be used as an etch mask in a later manufacturing

stage in or X i ' ot QL. -
9 g&fh Qe E@%H&:f}%%%ﬁ%&ﬁﬁaﬁoh?ﬁ?&%m&? k0 su{csgtlué;gala%ék may

wi thin the gate opening ere orm ng correspon

sem canduct oy tins. he ot her h t he .hard mask 220 may

el any codsp ehfpieatt e gheghd e b B ofea above e

sem conduct or region 202B. The sem conductor regions 202A, 202B may
be formed on the basis of any 5 appropriate process strategy, as is,
for instance, also discussed above wth reference to the device 100.
Sinilarly, the gdhe addisikng Kopmyspeees of the demiconduatest gy by incorporated
depositing one or two appropriate materials, such as silicon dioxide,
silicon nitaiae @pibire hhkeactamed sagd gicn tdgetubly patsdshihp g dedernductor
stack so as to formthe gate openings 210G therein. In other cases, a
mask feat ur gngBheRBy [RGB SP hih a%,rré’@t)f REmpREHiRIZRithQy BRGLIRPSIFt JrOfkss
of the gate openings 210G fol l'owed by the deposition and
pl anafry zat i . i t sk 2 T , .
P ovi el Srchiat % ER L Bfie % AR ORT bl AR Gpis D6
provide the gate openings 210G Next, the hard mask 220 nmay he
Pormed. for SHACORREET B9t : P d BRURHIET O DB AP TEL Canthe. fard maskc for
sophi sticated |ithography and etch processes in order to formthe
mask feat ur @attpios tﬁ%éﬂﬁ@éﬁﬂt&m finc Byerba pevislse fimdie 2o ¢fna gk which
second sem conductor region 202B. Figure 2b schematically

i Il ustrat esimipies ghtonpafingd) ehsein tho mapzhtiod pvdcess @ABOthiimbapdérbvtied prior
advanced manufacturing stage. As shown, only a portion of the first

sem conduct @f adt@glyqiauéPaty ths sérhictisductl §hs WG BleRoAespoRdih® ch%pening of
feature 220A is 20 forned in the gate opening 210G which in turn 1s

a pargs of t i Sl i he. e = :
i Pet ok 1, ARGITBRE radlERTROR e P Budd 91 SeERREbSHAM S0 WBenifl of
provided in _the formof sili.c di oxi a ilicon nitride, .

P eopeot s vel g SRSt B roifbe et bonofieTiatd PRk maleeh; Rpring the
appropriate material system nmay be used. Consequently, the hard mask
feature 220EnBlgutaran Ho¢Eseather upgwidable scattering of the dopant species In the

semiconductor material at the bottom of the hard mask results in the incorporation of
the dopant species into the area in which the actual semiconductor fins are to be
20 subsequently formed on the basis of the hard mask and an anisotropic etch process.
On the other hand, the penetration into the depth of the semiconductor material may
be efficiently controlled by adjusting implantation dose and energy of the
implantation process so as to obtain a desired concentration maximum at the corner
areas after etching the semiconductor fins without unduly affecting any sidewall

25 surface areas of the semiconductor fins. Consequently, by controlling at least one
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25sem conduct or regi on 202A within the gate opening 210G which
corresponds to a sem conductor fin 204 still to be fornmed. Moreover,
in this manufacturing stage, the hard mask 220 (Figure 2a) and thus
the feature 220A may be used as an inplantation nmask during an

i npl ant at i oprgsesscparemeRo ofithe vimipbintatiod apegsss, spdetieed @ and thus a desired
i ncorporated into exposed surface areas of the sem conductor region
202A Wi t hi ndedree 6f mg@ahmpe el thepsRdl0 Coltdderdhag ctehtids mpyebt ahieoad.pr ocess
230, appropriate inplantation paranmeters, such as dose and energy,
are used in order to provide a desired dopant profile for the species
231 within the sem conductor material of the region 202A. For

exanpl e, a |ow i gpyapkal Fﬁ%ﬂg%ﬁ&{ggy 282bx %ﬁﬁé’rﬁhﬁ%&ﬁw eldbda n% 1ﬁle|ﬁfasywﬂlol{ov¥_lbe

for instance, a range O used 1 n conbi nat

an ap oprl e so a obt |n a deS| do

oot a1 BfsctBAF ih g detalo el FaHpRoRaL &S5 THIE ¢ Sigwes Nt brib
of the inplantation process, a certain degree of dopant scattering
may occur, EPEPRIEICal so incorporating a certain anount of dopant

speci es in the material 202A bel ow the mask feature 220A. 15Fi gure 2c
schematically illustrates a portion of the device as shown in Figure
2b. As illustrated, the dopant species 231 is incorporated into an

exposed portion gf utélga seEheeodUciiRbtrired £idpaview®2A ddadtoridactoptievice 200
covered by the nask feature 220A, while also, due to dopant

scattering, ¢gn ﬁ&a@anﬁ@ﬂ@% omu&megleﬁ%mslﬂ%%owé wmapmﬁmp d%ate
into an area t orrespon s to the sem conductor fin 204 stil
be foryed

) he dopant, speci es. 231 i,s
cor nel ar catibuier 51 AT TR Gt T BERHE e utiu B B58 guithe ppove
appreci at ed t n ure 2c, th ft half of the g
openi ng 210@5‘(‘%1 @Biaé‘arzB NSRGLQTHISy t@?’ﬁe‘}éﬂn?cg gﬁ? é?f@’ccﬁn%ﬂct“gcfteg’(?ﬁs 282A 2028
indicated by L, is illustrated. That is, the gate opening 210G sliced
at the hal fmﬁalvm@lm@ngt ARY tappEOPtibie @@pmwuﬁpbfmat@l%fawh@asp@:i@@aﬂy

231 as illustrated in Figure 2c extends along the entire 25l ength of
t he openi ngd@i&ed 4y ehmotide fsolatibestrbeuappsdsifat adtabbgtalsol diseessd above
illustrative

with reference to the semiconductor device 100. Furthermore, in this manufacturing
15 stage, a gate mask 210 comprised of any appropriate material or material system may
be formed above the semiconductor regions 202A, 202B and may comprise a gate
opening 210G, which thus defines the lateral size and position of gate electrode
structures to be formed above the semiconductor regions 202A, 202B. Furthermore,
in this manufacturing stage, a hard mask 220 may be provided so as to define the
20 lateral size and position of semiconductor fins to be formed in the gate opening 210G
formed above the semiconductor region 202A. To this end, the hard mask 220 may
comprise one or more mask features 220A, which may be used as an etch mask in a
later manufacturing stage in order to form recesses in the semiconductor region 202A

within the gate opening 210G, thereby forming corresponding semiconductor fins.
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enbodi ments, a concentration maxi nrum of the species 231 is formed at
or near the surface of the material 202A within the opening 210G
(Figure 2b), wherein "near the surface" is to be understood as an
area ranging fromthe surface 202S to a depth of approximately 5 nm
or | ess. Consedseridryhand, bheorheshmasit 22h mmieliahly ebverha lsae dicegald opadag
when provided at a depth of approximately 5 nmand less relative to
t he surface 220@$orntm@ubbec thodenkbotidta@sedien DORIPOSi tioned at or near

t he surface 202S. Figure 2d schematically illustrates the
device 200 in a further advanced manufacturing stage. As shown, an
etch process 216 may be applied so as to etch into 10 the

sem conductor nma i.al . | I Wol®

and thus the masi[%% g%%hcr%ggééweg@ng2@‘?’0%@%2@&%@@?@égrtlﬁlgggsﬁgfg&)

etch process 216, the sem conductor, fin 204 is fornmed by faorm
cor r espondi ABPPRIAYS BECSISTURKEY S8 CYriBRRRSy alF%SﬁB‘r‘FS?g%‘%?X’H Telgtepee to
desired depth. To this end, any well-established ani sotropic etch
reci pes may thsedeyied 180, Sonkselyudst gfe ki AP oy be dhrmal, deodstagca 1tg;
the main part of the previously incorporated dopant species 231

(Fi gure 2c) dopogithg crenavied, apgiepratanpartalsonudf ag bidicapdoixaek, sidicon nitride
preserved in corner areas 204C of the sem conductor fin 204. It

shoul d be appd @@l 1Atcednd Paterhif® OFRElin@ 1826 stdBd 6o a8 & foemEe YRdepshiagd
as areas which have a | ateral extension of approximtely 5 nm and

| ess al ong élﬁi@%é}eigi gg%&%@&?se%mnaﬂngﬁ% Eegtu@é &grﬁ%lﬁé@g&gzﬂo"ﬂﬁkg ctjhe size

direction, indicate corn ar eas C exten

along the length.direction L with ire Jength of. .the o
Sen ddhduct GhE prifion ¢k ey b Tk RERR frSisicing panarizpioy
a slice at half of the transistor_length is illustrated. . ,
Consequent | YI thgirpaierial oh gheggiaapsk18a d hotratter, thepigyintsly erayided magk region
of the dopant species 231C is provided with a decreasing

concent r at i omyahenge rémodeipnhordén woprovide Bhageteatpeniggs B0 dVéxt, the hard
direction W 25 Consequent |y, upon using the mask 220 (Fi gure
2a) as an i mpkkntAl indy vaskoraid, dor ehstdhcBRdk GLoihg f depakingnt kehniques and
sem conductor fins 204, the dopant species 231C may be provided in a

highly I Oc%&ﬁﬁgicﬁﬁ%ﬂﬁ‘iﬁogﬁlpﬁ?gnﬁ RELGREdL&s iR BEP (P forkNBe HRSE CQNFCIDA
fins 204 wthin the corner areas 204C substantially w thout affecting

5 any ot her {f ansl

at el ng Al Bt CR U A o i RS A gt o

removal of the hard mask 220 (Figure 2a), the further processing may
be continued on the basis of any appropriate process strategy, for
instance by formng gate el ectrode structures and subsequently
formng drain andisen?echeagtionly Mlnetraiesen porkien of the semiconductor device 200

in a further advanced manufacturing stage. As shown, only a portion of the first
semiconductor region 202A is illustrated, wherein a single mask feature 220A is
20 formed in the gate opening 210G, which in turn is a part of the gate mask 210
comprising, in the embodiment shown, a first mask layer 212 and a second mask layer
211, for instance provided in the form of silicon dioxide and silicon nitride,
respectively. It should be appreciated, however, that any other appropriate material
system may be used. Consequently, the hard mask feature 220A covers an area of the

25 semiconductor region 202A within the gate opening 210G, which corresponds to a
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10 Figure 2e schematically illustrates a top view of the

sem conductor device 200 in a further advanced manufacturing stage.
As shown, a nmultiple gate transistor 250A may be fornmed in and above
t he sem conduct or, regi.on 202A and nmay conprise a gate el ectrode
struct ure 2685cq9preligrddetitiia be ot | Motegy el Brifiis iganufgeturing stage, the
sem conductor 15 fins 204. Moreover, a drain region 251D and a
source regi land 26816220 EFigurerdad and thuk ¢hesteatuco e ey be aigédas @oplantation

| aterally adjacent to the gate el ectrode structure 260A. Simlarly, a
pl anar transkst doriz@0B imypldaetibor pedess N2EN dinabdig hdogam speciduc3or is
regi on 202B and may conprise a gate el ectrode structure 260B and
drain and s@u§p6ral@dhRNSpdftiBuried sreadMethb QethREndlcaiiatgish 202 A 8GR ehe
of the transistor 250B, a planar 20 channel region 2&%8 ext ends

bet ween t he . 0. urge. I.egi 1 D, Q e, ent | :
wdtnior ¢ natt ShehiALPL00 IR ARB ISR et 2§, Bt Affaion
252A of the multiple gate trangi stor 250A is fo d by.the one o
more sen COMIBHER: Fiassinge B3 pey, S2died fogaler o provide's ggfingloppn
schematically illustrates a cross-sectional view of the device 200

al ong t he siefiledar therspegiesdHuwihindhe womisensiptor materiabel the rrpieit H2A. For
regi on 202A, founed in a sem conductor |ayer 202, which in turn is
provi ded abowepde, sulbst matlent20i creogipoef sEsotimatally 8ilnS ke, sodecmstance, a
regions 251S, 251D of the transistor 250A. Mreover, 5 the gate

el ectrode shhiebf0s-LEOA MY Heoikld iis @ombiatien il SCifprEprid @bdeddo 266,
such as a silicon oxynitride material, a high-k dielectric materi al

d | i and i [
an gbe_ | KhtaiftdddTR¥d 4B t%@H&hﬁEﬁor@“Dﬁ%nﬁ%ttkie?gﬁlgmétmg{rﬁ ﬁgcr:%ggza?!% to

the drain and source reglions 251D, 251S an

region, i.e the r inin rtion of the senm cond or _region 202A
whbch ay e gelBnsT Bk MeBlREPh BBl 4 gFuRE TERE Ml SOEE TR
counter-doped 10 with respect to the drain and source regi ons 251D,
251S, wher ef§yuaiberelic plse difosgatieen SpEn AReHMett: ‘?")Pame?rpé?‘ﬁ%ép thy material
hal o regions. Mreover, a dielectric material 203, which determ nes

t he el ect riZRIA belew tompskefehwrag?t0Aof t he seni conductor fins, as

di scussed above, may be provided in the transistor 250A. Furthernore,
dependi ng on process and device requirenents, a spacer structure 261
is typically fornmed on s dewalls of the 15gate el ectrode structure

260A;5 Si M pighideYoc dchEmbdANS | iBlPated a0RBriich HOMBRIEvicH a8 hwAPAVEhRE
sem conductor regiron 202B and nay conprise the gate el ectrode

et ZA0o\ DAL ALY 8o SO ML 05028 L o
the semiconductor material 202A that is not covered by the mask feature 220A, while
also, due to dopant scattering, a certain amount of the dopant species is incorporated
into an area that corresponds to the semiconductor fin 204 still to be formed. Hence,

20 the dopant species 231 is also present at corner areas 204C of the fins 204 still to be
formed. [t should be appreciated that, in Figure 2¢, only the left half of the gate
opening 210G (Figure 2b) with respect to a length direction, indicated by L, is
illustrated. That is, the gate opening 210G sliced at the half channel length, thus the

dopant profile of the species 231 as illustrated in Figure 2¢ extends along the entire

25 length of the opening 210G. 1t should further be appreciated that, in some illustrative
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20 extending into the sem conductor material. Mreover, the drain and
source regions 251D, 251S and the hal o regions 251H nmay have
substantially the sane configuration as in the transistor 250A since
t hese conponents nmay be formed on the basis of a cormmon nanufacturing
sequence. embodimepisgacancagirgidoiemakingan oy tha snesics 48 bds formed at or near the
cross-sectional view of the transistor 250A as indicated by the
section | i neutfieg dftheéFingigriel ZBRA Fhbim, thaspédihgi3t(aladyret bg, wherein “near the
sem conductor fin 204 may be provi ded and may extend in the depth
direction agG@idd Mgtc ke GRIkSEod QUM LRARMSng AGm thelsuiiad Z0PSeto HUGIN of
with reference to Figure 2d, 5 wherein an electrically effective

height is a%{@%%ﬁgdt@y st oghe%h.e%ﬁéeﬁu@mfﬁraic%hce%aéﬁomﬁiaﬁnnarﬁ R G Aebiks

not visible section of Figure 2g.” Moreover, the sem conductor

fin 204 co S t he .coper ar 04C havi ng.i ncor porat ed. t her.ei n f he
speci o5 5318 hauieng P reT Bl BT of RamoNAE il PhF BT EsIR R Gl
204C. The species 231Cis, in one illustrative enbodi pen a
counter-dopﬁ%&gw cgndgsiapd ag bpiag posifongat aF BFas e inge 20388
regions 25 ID, 251S, thereby locally reducing the charge carrier
density therein in order to efficiently conpensate for any corner
effects, as, for instance, previously explained wwth reference to
Figures 1 e and [Figurdi?d sehematcudiycilhstraeyitice dagics iinin @ farder @dvanced
2e-2g may be forned on the 15 basis of any appropriate process

strategy, V"ﬁﬂa‘ﬁﬁfa'&ﬁ%n% Biak AR s kv 8RR Ir&ksP 1 4 By BahSHIFLE Lk & &l M@
the correspondi ng gate openi ngs 210G (Figure 2a) after the renoval of

the hayd magk 280 SRLAYE Gatfht zoEp@svﬁaé L§he NGB8 758 Bh L AL DB Bfs
I'ng any approprrate p % egy e

deposited by usin rocess stra and cess

mat eri al may, be renoved, |l owed by the renoval .of the gate ma 0
(Fi qur o 20 Tex@at FREe 2208 s BocteR Vonsur HEBE1 CHittte o RO T e (T 10
the drain and source regions 251S, 251D and the hal o regi ons 251H nmay
be fornmed byemisprdpcias! fMedPhbisi Soraed Byl HIaRg GITIEARPIHEEK iTPRySTe8 gitnele
Thereafter, additional processes, such as anneal processes, possibly
fol | owed by séoicomdigtororgant 2024)i dovgy, td or desistl adepeh.onTo hibisbeisd, sanyf well-
netal silicide, may be applied in order to conplete the transistors
250A, 250B. cCamspauembdiyopié BRhIedp&NSay HE2bMicd 5Tbhsedhditl yiraMrile the etch

formed commonly for the transistors 250A, 250B, thereby
15 process 216, the main part of the previously incorporated dopant species 231 (Figure
2¢) may be removed, while a portion of the species is preserved in corner areas 204C
of the semiconductor fin 204, It should be appreciated that the corner areas 204C are
to be understood as areas which have a lateral extension of approximately 5 nm and
less along a depth direction, indicated as D, and along a width direction, indicated as
20 W, while the corner areas 204C extend along the length direction L with the entire
length of the semiconductor fin. It should be appreciated that, in Figure 2d, also a
slice at half of the transistor length is illustrated. Consequently, within the corner
areas 204C, a maximum concentration of the dopant species 231C is provided with a

decreasing concentration along the depth direction D and along the width direction W.

25
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obtaining the required threshold voltage characteristics for the

pl anar transistors 250B, while an efficient shift or adaptation of
the threshol d voltage behavior of the nultiple gate transistor 250A
may be acconplished by incorporating the dopant species 231C, as
descri bed above. Crascghenilye upen #pipe dg @ﬂ%ﬁwﬁaﬁgmﬁ@a} AT Y} poplantprien Brsls
t he dopant species 231Cis to be perforned differently for N channel

t ransi st or s amhen Rtcbhraakefor tfommsg shosanicervartobying @64 the migpam species 231C
addi tional 1ithography step, mask renoval and cl eani ng process for
each type ofnakr BHSirstioed ilNey arijthel l06dized anpakedldrmy the en@eylea@MpPbeXhe
process sequence in conventional strategies in which the halo regions

are provi degerﬁﬁ@@dxﬁ&ﬁ'fliﬁsfﬂﬁl Withih! (B¢ €088t Sredd SO %@{aﬁti%ﬂﬂﬁﬁvﬁh&ﬁ%ﬁecting

transistors, thereby also 10 requiring a separation o channe
transistors_and P-channel transistors for.,ea [ i St.Qr .

o o Pact ur 8 il ARG WEACPUE 0 Sl Bl T Sl SHffour atferyrenthe
be obtained. Furthernore, t resulting threshold voltage

char act er i sBf§0 L@tqrrfﬁwave?gﬁgoﬁfs&qrs&a?o %JEW%%@}‘ 033‘9%#@& fggsk 220
w ||l be described |later on in nore detail. 15Wth reference to

Fi gures 2h- ffigutg %8).0be Sthes prensssingunay bpeonésisd jonelie basisrof enydenpappriate
whi ch a dopant species may be locally incorporated into the corner

areas of therwesw tangdyciorndtime Gyofortwy glité tlecente dtyoesesodindmubbdqulestly
gate transistors, wherein the incorporation may be achi eved at any

appropri at e i daindndiguted88en2Aitinie. 2h schematically
illustrates the sem conductor device 200 including the sem conductor

regi ops 202A, 202B in an early manufacturing stage, while also
regi ons 202C and 202D nmay be provided. The regi on 202A nay receive a

nmul tiple gate transistor  of first type while t regi on, 202C ma
Tocei ve asmul ti phEugmlespn Gy ibels S e visetidthe EReSRFRF ferbnaw
an N-channel transistor and a P-channel 25transistor, respectivel

may be provitefirthenadvaacest mapuipdwdng singen s HPRAs? Bubide &y trab%st%iliﬂ?é’a
in and above the regions 202B, 202D, which may be of the sane or

di fferent typgbeTomndlis asddbo thasadniveskic®? Gegien 2@ el ey esnpmse a gate
conprise the mask features 220A for defining the lateral size and
posi tion of ckemdeofditaironcbAn®ried Boveodidedteriliyt Mfadeagtone s2B2Ainductor

202C, while the regions 202B, 202D may be conpletely
15 fins 204. Morcover, a drain region 251D and a source region 2518 are formed in the
semiconductor region 202A laterally adjacent to the gate electrode structure 260A.
Similarly, a planar transistor 2508 may be formed in and above the semiconductor
region 202B and may comprise a gate electrode structure 260B and drain and source
regions 251D, 2518. Due to the planar architecture of the transistor 250B, a planar
20 channel region 252B extends between the drain and source regions 251D, 2518 along
the entire width of the transistor 250B. On the other hand, the channel region 252A of

the multiple gate transistor 250A is formed by the one or more semiconductor fins

204, as discussed above.
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5 covered by the mask 220. The hard nmask 220 nay be provided prior to
form ng respective gate el ectrode structures 260, which nmay conprise
a pl acehol der material 265, which is to be noved and repl aced by
appropriate gate materials in a very late manufacturing stage.
10Fi gure 2i scherdgire 2fsghamatigally disaicha et wstiogd vigw &fftg@ fipage 200
advanced manufacturing stage in which an inplantation mask 215A, such
as a resi st almgkhe sestipn &Y bEgusnleasAt shoexp tesenh@ndegooree®0 282 Aofoamed
ion inplantation process 230A in order to incorporate a dopant
speci es 23| A ianb@nicsisnd layeasfwiiibie isehinC Bngleideld iRgt anstddcal®,
also in corner areas of sem conductor fins to be fornmed on the basis
15 of the n%ﬁﬁlpﬁiﬁé%tt% &3i Aouid r&diGnsAsDE! 2 13NGf tht AEnBSK2 ko AViIcBver,
cover at |east the sem conductor region 202C. Wth respect to any
rocess 2

proce par anet er f the inpl.antation Q he s

e a mgraptt SedtodseBur R sy RS s Aol RedTod,cushan
may be renoved, possibly in copbination with an apprqpyiate cl eaning
process. 202 silicen wgﬁlﬁéﬁ Qiate@éﬂbén*ﬁgli’féfdﬂ?lﬁctPPI%‘t’fﬁaﬁtﬁé‘ the Bk e cooo B
with a further inplantation mask 215C, which nmay expose the region
202C to a f gendsde ai piscapdeampionalpi@ciess tradrain mdgiogeme regonn2olh@bab end
desired dopant species 231C into exposed portions of the

sem conduct dfont @gvedNo2B&I. relziont hé.s thraemaining paitiopraf ahe sérhicesduotod region
vol tage 25characteristics for a transistor to be fornmed in and above

the region 202§ WAYctbSayatd ey fisea§odn$erfé‘ﬂo?&1 dé56Ms 380 2PV BourtdrSpkd
this case, appropriate inplantation paraneters nay be selected in

conbipati on it ' ' 1t aty i8S r A
o oceai ng. At ByRRLARRE SRl Bl TBLARA 223D, SRR Bl A R ond b
gate el ectrode structures 0 includin e placeho] der materi 65
CRi qur e oh) 4058 o ERAEAg pHag eoTe) ST POS CEPlsCriiBa B a0 akyh
exposed portions of the hard nmask 220 nay be renoved and the )
processi ng seiprB@cs gt placiagalby clentive hgieht af ihapemisenguetoryiég anglischsrd
regions and the |ike, by applying a common process strategy for

cor r espondi agowondydia piovided yipés todnsistor?SDAt dristheithaite, dlepending on process
sem conductor region 202A may be commonly processed with the region
202B when t hgs deviedicgiiSeh@REIa\eBacr structure 261 is typically formed on sidewalls of the

15 gate electrode structure 260A.

Similarly, the transistor 250B is formed in and above the semiconductor
region 202B and may comprise the gate electrode structure 260B having basically the
same configuration as the gate electrode structure 260A except for the portion

20 extending into the semiconductor material. Moreover, the drain and source regions
251D, 2518 and the halo regions 251H may have substantially the same configuration
as in the transistor 250A since these components may be formed on the basis of a

COmmon manufacturing sequence.
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10 nmnultiple gate transistor and a planar transistor of the same
basic type, such as a P-channel transistor or an N channel
transistor. Simlarly, the regions 202C and 202D nmay be treated in a
common process sequence, thereby establishing substantially identical
dopant profiles Figuret B selreapaticaly iBetliates 4 etfispaedtiopalesien oy e Gansistor
transi stor, as already discussed above. In a | ater nmanufacturing

st age, the Mgcehdhdettedrbyahi akectRG51iAs g F Higue: 26) Ty, be ilhereteddthe
and the mask features 220A nmay be used as an etch mask for formng

sem conduct @mitdiASctoN fAnh 204 RAy BBAMETIAEd aBG1 RS eRRAA in2tagciegﬂi detction
removi ng the hard mask 220, appropriate gate materials nmay be

rovi ded, s i ah- i i t.eri.als t.aki- i.Ni
p &E%Brdﬂ‘% @ c@blgg {%déﬁjleﬁﬁé{-s, %OFE% I%{t Iger’ shoWh v%'th &?&E'ﬂ"?gb i Ué"f';] t2d,

el ectrode materia s an strategl es,

speci es 231 231C (Figures 2i,.2j) .nay. be.inco r at,e on _renpwj.ng
he’ bF acenofharingt sieb SR 5 BB ksl B ISy ke Pl AP 505,
etching into the sem conductor regions 2Q2A, 202C, wherein a .

cor r espondi WHIChaSaGyY Y nehyisdlaid the setipp 8Pl 4E- Mdgregucraigispatponductor
Consequently, also in this case, an appropriate dopant species my be
provi ded | oltmR04 compridee throrreneramresad46f havives meaipombadiibersin the mggeidsa31C
instance in a very early manufacturing stage or in a very late

manuf act ur i Ny idg@nc&iRsbaRtidxahln withih chet coaldr arhi2ogCamhe phasi@r231C is,
transistors. 5 Figure 2k schematically illustrates the

threshol d vl RG8uEHA AGhBEdiSkhCE cBhntBMIdPiR} §eBRE FithrApRLiSth FhSdRRVIHg
received different concentrations in the corner areas. As shown,

curv A B and C.il| the thre : r.diff t e
Cengths, " i - 6 gsbi S0 2685 ARy IR0 Al IRl Blonllsh ity i
wherein curve A 10 indicates the transistors w.thout .an additional
dopant s pecied SO eIEn PrEmRaEaE TG SENGREFShindor IEgAYRS: Breviously
illustrates transistors having received a specific dopant

concentrat i W}almW@DWf@Q%@tta%ﬂMﬁ \e adilft i ng the threshold vol t age
characteristic of curve A up to higher threshold voltages. Simlarly,
curve C represents transistors having received a further increased
dopant concentration in the corner areas, thereby 15 even further

"degradi ng" the tKARSiSsRIuclonUeFohs sNalit aDBigaRarRCILhh$ bk Fosmed on the
however, w thout substantially affecting the overall flatness of the

threg ?Ol d VR’JS&W%@I?#% b/ Prog?ﬁss%qi :[ #vﬁ)ichb%aﬁﬁ)rﬂﬁ%r&thfeln%sitti%neof the

sel ecting dose an ntatfon energy, e concentration
comer o Sos TSR B8 S0 Bolnethe et P S by She D
adaptation Jeglotvgieof the hard mask 220 (Figure 2a). Thereafter, the gate materials may be
deposited by using any appropriate process strategy and excess material may be
removed, followed by the removal of the gate mask 210 (Figure 2a). Next, the spacer
20 structure 261 in combination with the drain and source regions 2518, 251D and the
halo regions 251H may be formed by using well-established implantation and
masking regimes. Thereafter, additional processes, such as anneal processes, possibly
followed by forming contact regions, for instance on the basis of metal silicide, may

be applied in order to complete the transistors 250A, 250B. Consequently, the regions

25 2518, 251D, 251H may be formed commonly for the transistors 250A, 250B, thereby
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20 threshold voltage characteristics of any planar transistors,

whi ch may generally have a higher threshold voltage, as previously
explained with reference to Figure Id. As a result, the
present discl osure provides manufacturing techni gues and .
sem conduct MMAGEE B raquiRed dhreshodd iortagsh sharagigistisg doe ﬁﬂ? H408F jteppisigrs
of multiple gate 25transistors may be adjusted separately with
respect to PpiEharhiteranelifisteot shifihirladaptaiéarent theltbshad abltigrgbaiagiomebithe
process sequence for inplenmenting the drain and source regi ons and

t he hal o regubipe ightet Ransistdrt 250/ ngat Be tacansplshed Dyahdopoaniag the dopant
transistors. To this end, an appropriate dopant species is

i ncor por at eghckREak| ¥, dsdsHPRAULDRE. RIBEHd Ve dppRecR&al BN GhRrpdrhtitsh of
for instance on the basis of a hard nask, which 5is al so usedpfor

patt eg ni ng %Q%oﬁ?&?gﬁ?ﬁ?sﬂ%1%gftb R erf>(l)11rm%ds&?ﬁg&?%%ﬁgﬁ}%ﬁnﬁg&%&g%g ahd

di scl osed above“are ive dn ven

nodi fied an racticed in different, but eguival ent manners apparent
[0t hose skProhutel ftuosy Perhy g rimeinaiiiore] GRosHEny shnimgareroval
herein. For exanple, the 10 process steps set forth above may be
per f or med i #hdeclepnfiepioness dpideach tyer effeangisios, Negeithaless agananpsedatogthe very
intended to the details of construction or design herein shown, other
t han as desoamiled pravetsheeqobaiens doelowonilt stiagegtdseneflocke tey halenegibhatre
the particul ar enbodi nents di scl osed above nay be altered or nodified

and al | suchrovaiell abpRRslyafod naMsit dafce@anstdié And PRANSE ARG ANG, SRtdblytaldf
the invention. Accordingly, the protection 15sought herein is as set

forthyin thleéqﬁilri%%n? SQ&H&%}% of NANRhel transistors and P-channel transistors for each
transistor architecture, a significantly reduced overall process complexity may be
obtained. Furthermore, the resulting threshold voltage characteristics are improved

compared to conventional strategies, as will be described later on in more detail.

15 With reference to Figures 2h-2j, a process sequence will be described in more
detail in which a dopant species may be locally incorporated into the corner areas of
the semiconductor fins for two different types of multiple gate transistors, wherein the

incorporation may be achieved at any appropriate manufacturing stage.

20 Figure 2h schematically illustrates the semiconductor device 200 including the
semiconductor regions 202A, 202B in an early manufacturing stage, while also
regions 202C and 202D may be provided. The region 202A may receive a multiple
gate transistor of a first type while the region 202C may receive a multiple gate
transistor of a different type, for instance, an N-channel transistor and a P-channel

25 transistor, respectively, may be provided. On the other hand, planar transistors may
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VWHAT IS CLAIMED: |.A nethod, conprising: 5formng a hard mask above a
sem conductor region, said hard mask having at |east one mask feature
that determnes a lateral size of a sem conductor fin to be forned in
sai d sem conduct or, regi performn .nmpl ant ati on pE ocess to

n, an
i ncor por at e & faEREhin @rffg@b%%e fe” Bipn 29 B 203D STy fegOF the same or

sem conductor region while using said hard nmask as 10an i nplantation
mask; per f odiffasent dypeet T tips gadss hard hanknd Kais dowed scoadigceasaprise rib¢ mask
sai d sem conductor region by using said hard nask as an etch mask
after perfofgturgs 3204 fomgdfmmdgthcdatepr] aeesaid @nilion of semiconductor fing td bg
a gate electrode structure above and l|laterally adjacent to said

15sem condugdiBfedfih fhe regions 2024, 200€, MBIIBAEE REioak 2078 Lo2WREELA chaprRidng
said hard nmask conprises formng said hard nask so as to conprise at

| east a sec ORI cond l.cong - lon. .
be usesd for e orrérgaﬁ t{‘{g%agl% gzg'n\éﬂ{ehgzgggrg%%e a gﬁgnrggragg';d rg%g)glf){s?(glr@ﬂnﬁg
respective gate electrode structures 260, which may comprise a placeholder material

265, which is to be moved and replaced by appropriate gate materials in a very late

manufacturing stage.

10 Figure 2i schematically illustrates the device 200 in a further advanced
manufacturing stage in which an implantation mask 215A, such as a resist mask, is
provided so as to expose the region 202A to an ion implantation process 230A in
order to incorporate a dopant species 231A into exposed areas of the semiconductor
region 202A and also in corner areas of semiconductor fins to be formed on the basis

15 of the mask features 220A. On the other hand, the mask 215A may cover at least the
semiconductor region 202C., With respect to any process parameters of the
implantation process 230A, the same criteria may apply as previously explained.
Thereafter, the mask 215A may be removed, possibly in combination with an

appropriate cleaning process.

20
Figure 2j schematically illustrates the device 200 with a further implantation
mask 215C, which may expose the region 202C to a further implantation process
230C in order to incorporate a desired dopant species 231C into exposed portions of
the semiconductor region 202C. In this manner, appropriate threshold voltage
25 characteristics for a transistor to be formed in and above the region 202C may be
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3. The method of claim1l, wherein form ng a gate el ectrode structure
above and | aterally adjacent to said sem conductor fin conprises
formng a gate mask having a gate opening and filling said gate

opening with qne ,or nor teriglg. 25  form sai d gat e, mask. .
5. The met h8tIBYede @sit a@?%@ﬁnﬁ@aﬁd ise dn ﬁﬁgkcqsw PRt IPplpniagon

5form ng said hard nask. 6. The nmethod of clainms, wherein said
i mpl ant at i opajpmstss may deselepted ipepmbingtian Witk se appropfiats amglagkation yaesies.
107. The method of claim1, further conprising form ng drain and

sour ce regi @hsreafterstieghreendicpimdy bt contmegd by rafideng themmisk @ 1 S@iadd gatreng
el ectrode structure. 8. The method of claim7, wherein
form ng sai ¢heOsadd BledinétcSAMCESes BMI iQASIHETRE bREShold Ghté@N Iy (FRurd 7y,

second drain and source regions in a second 15sem conductor region of
a planar tr @J’i%h %Hﬁing the gate electrode structures 260, any exposed portions of the hard
mask 220 may be removed and the processing may be continued by forming drain and

source regions, halo regions and the like, by applying a common process strategy for

corresponding conductivity types of transistors. That is, the semiconductor region

202A may be commonly processed with the region 202B when these regions receive a

10 multiple gate transistor and a planar transistor of the same basic type, such as a P-
channel transistor or an N-channel transistor. Similatly, the regions 202C and 202D

may be treated in a common process sequence, thereby establishing substantially

identical dopant profiles for the drain and source region for each type of transistor, as

already discussed above. In a later manufacturing stage, the placeholder material 265

15 (Figure 2h) may be removed and the mask features 220A may be used as an etch

mask for forming semiconductor fins in the semiconductor regions 220A, 220C.

After removing the hard mask 220, appropriate gate materials may be provided, such

as high-k dielectric materials, metal-containing electrode materials and the like.

20 In other strategies, the dopant species 231A, 231C (Figures 2i, 2j) may be
incorporated upon removing the placeholder material 265 (Figure 2h) and prior to
actually etching into the semiconductor regions 202A, 202C, wherein a corresponding

masking regime as described above may be applied.
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9. The nethod of claim7, wherein perform ng said inplantation
process conprises to incorporate a dopant species at and near a
surface of said sem conductor region conprises incorporating said
dopant species as a cou teridoEgnﬁ speci es ZOCon@ar%d t? a drain aqg
source dopant spedjsgauently, also iy Mg st AR IPPEIPTRIGARPANT I[TEFR  HAY BC
formng said gate el ectrode structure conprises providing a )

pl acehol derbievidad desaly & thercorrsr wireig of i sonzicendvalok fing.dhpuisigogin a very
pl acehol der material of said placehol der structure and providing gate
mat eri al s adarlgrm@bifetdrorgtagy wan d venplagnmatifectupnpgess sarsthnsallyl withobt
process. 11. A method of form ng a sem conductor device,

t he net hod gﬂﬁnﬁggﬂpgamﬁQﬁﬂﬁggﬁiirst drain and source regions of a
multiple gate transistor in a first sem conductor region and second

drai nsand source regions of a planar 5 transistor in a second
sem conductor region, said nultiple gate transistor conprising a

. q ¢ . T . q . _
and separat el y LS PogehrHiPaLRal drhiss b Be il Ry e gueE e
transi stor by providing a c unler-dopigg species in said

p (
seni conduct BRI e rassislers Tokmgdeee idndiigtenheonsntptiensihibgcotsh areas.

comers of said sem conductor
As shown, curves A, B and C illustrate the threshold voltage for different gate

lengths, i.e., for transistors having a gate length of 22-54 nm, whercin curve A
10 indicates the transistors without an additional dopant species in the comer areas. On
the other hand, curve B illustrates transistors having received a specific dopant
concentration, thereby substantially shifting the threshold voltage characteristic of
curve A up to higher threshold voltages. Similarly, curve C represents transistors
having received a further increased dopant concentration in the corner areas, thereby
15 even further “degrading” the transistor threshold voltage characteristics, however,
without substantially affecting the overall flatness of the threshold voltage
dependency. Consequently, by appropriately selecting dose and implantation energy,
the concentration in the corner areas may be adjusted so as to obtain the desired shift
of the threshold voltage characteristics, thereby enabling a desired adaptation to the
20 threshold voltage characteristics of any planar transistors, which may generally have a

higher threshold voltage, as previously explained with reference to Figure 1d.
As a result, the present disclosure provides manufacturing techniques and

semiconductor device in which the threshold voltage characteristics of multiple gate

25 transistors may be adjusted separately with respect to planar transistors while
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fin. 12. The method of claim 11, wherein providing said

count er-dopi ng species in said sem conductor fin conprises formng a
hard mask above said first 15 sem conductor region and said second
sem conductor r %ion sp.as to cover at |east a channel regiaqn gf.sakp
pl anar tran’%fi‘?‘ftg esén?ilaglé%ﬂn‘ioﬁ?én?rh8”:*??%598}%%!1‘555%’1’ t mSFt“ggaﬁH ramn an
sem conductor fin of said nmultiple gate transistor, and perform ng an
i npl ant at i o¥WupRcotaREIShync shenJaloaragictiaria thesraubiiple gatenjiprgittessi o1 ﬂ%@kf.
2013. The nethod of claim 12, further conprising using said hard nask
as an et ch masistaf.t do therdndr at agprepiide idnpdnanp@atidsan iprogaestsd $acally it the
formsaid sem conductor fin. 14. The nethod of claimll, further

conpri si Ng ek afehs d f BRCRATCOMdLIEDPIiRs, Zrgadtahct balisd I8dsRroMahRR! Akl Whidg
a threshold voltage of said multiple gate transistor. 15. The net hod

of Clﬁi”‘lﬁsakH%%Pfﬁm Qﬂ&ﬁﬁ1Hﬂ@ﬁﬁﬂb&ﬁ%ﬁ@gﬁﬁ?second t hreshol d vol t age

of sald secon tipfe gaté€ transistor e masking said nultiple
gate transistor.

The particular embodiments disclosed above are illustrative only, as the
invention may be modified and practiced in different but equivalent manners apparent
to those skilled in the art having the benefit of the teachings herein. For example, the

10 process steps set forth above may be performed in a different order. Furthermore, no
limitations are intended to the details of construction or design herein shown, other
than as described in the claims below. It is therefore evident that the particular
embodiments disclosed above may be altered or modified and all such variations are
considered within the scope and spirit of the invention. Accordingly, the protection

15 sought herein is as set forth in the claims below.
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16. The method of claim 15, wherein said nmultiple gate

transi stor and said second nmultiple gate transistor are transistors

of

i nverse conductivity type. 17. The method of claim 12

wherein said inplantation process is éBEfEEorned by using an
i npl antati on energy of approxi mately 6 evV. 18. A

sem conduct or devi ce, conprising: a sem conductor region conprising a
drain regi oZWWHAd B €bdMERegi on; a channel region formed by at |east
one sem conductor fin fornmed in said 15 sem conductor region so as

to connect with a first end portion to said drain region and to
connect with a second end portion to said source region, said

sem conductor fin conprishbd @npeider - dopi ng speci es having a
concentration nmaxi mumlocally at and al ong upper conmers of said

sem canduct or i Ry i, %91? zgf?élﬁeagggc?ﬁtsérﬁ%néﬁ&&%%ﬁ, $a9f fRd nARRYGviAR

| ateral ly adjacent to sal

least one mask feature that determines a lateral size of a semiconductor
fin to be formed in said semiconductor region,

performing an implantation process to incorporate a dopant species at and near
a surface of said semiconductor region while using said hard mask as

10 an implantation mask;

performing an etch process to form said semiconductor fin in said
semiconductor region by using said hard mask as an etch mask after
performing said implantation process; and

forming a gate electrode structure above and laterally adjacent to said

15 semiconductor fin.

2. The method of claim 1, wherein torming said hard mask comprises
forming said hard mask so as to comprise at least a second mask feature covering a
second semiconductor region to be used for forming therein and thereabove a planar

20 transistor.

3. The method of claim 1, wherein forming a gate electrode structure
above and laterally adjacent to said semiconductor fin comprises forming a gate mask
having a gate opening and filling said gate opening with one or more materials.

25
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one sem conductor fin. 19. The sem conduct or device of

claim 18, further conprising a second sem conductor region conprising
second drain and source regions and a planar 25second channel region
t hat extends between s r.ai n regl on apd said secgnd _ source
regi on, wherein ggl d J’&lfﬁefgﬂfg g Be?r BHTTBHSS agﬂgﬂ@amaslgégcnge@ﬂgioﬁ to
and source regions have substantially the same dopant profile. 20.The

seni conduct derndag baie gt nedskii m 18, wherein a length of said 5channel
region and said second channel region is approxinmately 70 nm or |ess.

5. The method of claim 3, wherein said gate mask is formed prior to
5 forming said hard mask.
6. The method of claim 5, wherein said implantation process is performed

in the presence of said gate mask.

10 7. The method of claim 1, further comprising forming drain and source

regions in said semiconductor region after forming said gate electrode structure.

8. The method of claim 7, wherein forming said drain and source regions
comprises concurrently forming second drain and source regions in a second

15 semiconductor region of a planar transistor.

9. The method of claim 7, wherein performing said implantation process
comprises to incorporate a dopant species at and near a surface of said semiconductor
region comprises incorporating said dopant species as a counter-doping species

20 compared to a drain and source dopant species.

10.  The method of claim 1, wherein forming said gate electrode structure
comprises providing a placcholder structure after forming said hard mask, removing a
placeholder material of said placeholder structure and providing gate materials after

25 performing said implantation process and said etch process.
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[1. A method of forming a semiconductor device, the method comprising:

forming first drain and source regions of a multiple gate transistor in a first
semiconductor region and second drain and source regions of a planar
transistor in a second semiconductor region, said multiple gate
transistor comprising a semiconductor fin connecting to said first drain
and source regions; and

separately adjusting a threshold voltage of said multiple gate transistor by
providing a counter-doping species in said semiconductor fin so as to
have a concentration maximum at upper corners of said semiconductor

fin.

12, The method of claim 11, wherein providing said counter-doping
species in said semiconductor fin comprises forming a hard mask above said first
semiconductor region and said second semiconductor region so as to cover at least a
channel region of said planar transistor and determine the size and position of said
semiconductor {in of said multiple gate transistor, and performing an implantation

process by using said hard mask as an implantation mask.
[3. The method of claim 12, further comprising using said hard mask as an
etch mask after performing said implantation process so as to form said

semiconductor fin,

14.  The method of claim 11, further comprising masking a second multiple

gate transistor when adjusting a threshold voltage of said multiple gate transistor.
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15, The method of claim 14, further comprising adjusting a second
threshold voltage of said second multiple gate transistor while masking said multiple

gate transistor,

16.  The method of claim 15, wherein said multiple gate transistor and said

second multiple gate transistor are transistors of inverse conductivity type.

17. The method of claim 12, wherein said implantation process is

performed by using an implantation energy of approximately 0.1-2 keV.

18. A semiconductor device, comprising:

a semiconductor region comprising a drain region and a source region;

a channel region formed by at least one semiconductor fin formed in said
semiconductor region so as to connect with a first end portion to said
drain region and to connect with a second end portion to said source
region, said semiconductor fin comprising a counter-doping species
having a concentration maximum locally at and along upper corners of
said semiconductor fin; and

a gate electrode structure formed above and laterally adjacent to said at least

one semicenductor fin.

19, The semiconductor device of claim 18, further comprising a second

semiconductor region comprising second drain and source regions and a planar

second channel region that extends between said second drain region and said second
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source region, wherein said drain and source regions and said second drain and source

regions have substantially the same dopant profile.

20.  The semiconductor device of claim 18, wherein a length of said

channel region and said second channel region is approximately 70 nm or less.
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