METHODS OF PATTERNI NG FEATURES | N A STRUCTURE USI NG MULTI PLE SI DEWALL
| MAGE TRANSFER TECHNI QUE 5BACKGROUND OF THE | NVENTION 1. FI ELD OF THE
| NVENTI ON General ly, the present disclosure relates to the
manuf act uri ng of sophisticated sem conductor devices, and, nore
specifically, to various nethods of patterning 10 features in a

structure suMEEBH©ODSYEGF PA FRERNEN GiFHATURBSINA ISTRIFGTAIRE
circuit deyySR$GOMUY, FIFESE SHVEWA D MEAS{BEaTRNN'S'EE‘R TECHNIQUE
sidewal | image transfer technique. 2. DESCRI PTI ON OF THE RELATED
15The fabrication of advanced integrated circuits, such as CPU s,
storage devices, ASIC s (application specific integrated circuits)
and fhe like, requires thBACIGROUNDGF THIEJINMIN of circuit

el enments in a given chip area according to a speC|f|ed circuit

| ayout, wherein field effect transistors (NMOS and PMOS transi stors)
represent one inportant type of circuit elenment used in manufacturing

such integnat edEELDUWDF THER IINSENP@OM field effect transistor,
irrespective of 'whether an NMOS transistor or a PMOS transistor is

consi dered, typieabhiy Ctﬁ%’féséﬁsd@é?&%ge RIHEL R ﬁ@%ﬁu@dc&rfr&%%hfsﬁ@a&ed

are formed in a sentcon ducti ng substrate that are separa ed
channel re at ul pQsi |on
channel r oarBoueRE %%/ﬁ%eﬁma%@e it SETVESR 1R ta%a“emmg

the gate insul at| onlaer a i ng.an roprj ate voltage t
% rt)eatt.lres %n a strugtuw suc aspap a%/er gf mateari%Puse% {n orming 1nteggrate<§) c1rcu1t

devices or in a semiconducting substrate using a multiple sidewall image transfer

technique,

2, DESCRIPTION OF THE RELATED ART

15 The fabrication of advanced integrated circuits, such as CPU’s, storage devices,
ASIC’s {(application specific integrated circuits) and the like, requires the formation of
a large number of circuit elements in a given chip area according to a specified circuit
layout, wherein field effect transistors (NMOS and PMOS transistors) represent one
important type of circuit element used in manufacturing such integrated circuit devices.
20 A field effect transistor, irrespective of whether an NMOS transistor or a PMOS
transistor is considered, typically comprises doped source and drain regions that are
formed in a semiconducting substrate that are separated by a channel region. A gate
insulation layer is positioned above the channel region and a conductive gate electrode
is positioned above the gate insulation layer. By applying an appropriate voltage to the
25 gate electrode, the channel region becomes conductive and current is allowed to flow

from the source region to the drain region.



25gate el ectrode, the channel regi on becones conductive and current
is allowed to flow fromthe source region to the drain region.

Numer ous processing operations are performed in a very detailed
sequence, or process flow, to formsuch integrated circuit devices,
e.g., deposition processes, etching processes, heating processes,
maski ng oper at i dlusierais grodessige nperatiqnstane pérbornetliion iy dettidet segeehce, or
circuit devices involves, anong other things, the formation of
various | ageicsssTloaf, torfirer duah irdedatedtirerinddvices) e. & COBOSITGn Paidets@f Stdding
those |l ayers of material to define a desired structure, such as a
gate el ect [RUEwed AN BIdceSBAGRESKIR! SperlMECOicICRI BARES, MRVBrRARM of
very successful 1'n inproving the el éectrical perfornance capabilities
of transis ! i : | b educing: t i N Ling"
vari ous co%rrlgé %nqgﬁao tﬁ% e??%‘}r?g‘l}ég’t %?(,gngs%{%ﬂglsn ’ﬁﬂéégé%g%réﬁg%&oﬁl%lﬁgs
trangi stors, In .fiact, devi.ce di nension aon 10. nodem day transLstgr
have been PENtEa! 115 Ralisring At roiing ATHRRs Offhpicdavs gt Bratie fp define a
features is very difficult using existing 193 nm based _ .
phot ol i t hogesishystgigres sagidat acdrotlegipderThsidewdd\dpeeerdelsi glaeiee Aepigners
enpl oyed various techniques to pattern very small features. On such

t echni que hsvegbesar atrlyysucoswiul ds impsowdegahd clecagel pedmshiace toapdinlitipseof
15 Figures 1A- LE depict one illustrative exanple of a prior
art si devalrhndidt®oRvided peineiity B¢ RAEIAS theSizS SO sédlink! Gbkidus|oBmpdnents of
mandrel 12 is formed above a structure 10, such as a sem conducti ng
substrate. rel -ar et er | .
e.g., amrbﬁggﬁagggﬁ [ %glrl\,]aggg%%ag?ﬁnggﬂ& @%é&nyrlﬁ{eohgi %‘eﬁt&% t 12& 'rdrg.}rllﬁ‘(rsg Olnz
may .20 var ependi ng upon, th articul ar,applications. The mandr.el
T 48y be PerhaaaresRR b oBR i b & e RGNl FfarRREIT Sen
mat eri al usi ng known deposi tion, photolithography and etching tools
and t echni faBges Nexeryadilipdinasing exisgne el 9ppnmabysgd gthollitqesapky tools and
material 14 is conformably deposited above the mandrel 12 and the
struct ure tOhnothgy. | Hyusy dofics gestgmersnimtve eimployed varyubtechogyssite pattah vary
variety of materials such as, for exanple, silicon nitride, silicon
di oxi de, etmall Asatwired.| €nt ecthi tecti@ier 8 geberatln l@BIWROAY ® Bldewall dhiapg transfer
process is performed to define spacers 14A adjacent the mandrel 12.
Then as shwpuihfe Figure 1D, the mandrel 12 is renoved by performing a
sel ective etching process that | eaves the spacers 14A to act as nmasks

in g 5

Figures [A-1E depict one illustrative example of a prior art sidewall image

transfer technique. As shown in Figure 1A, a mandrel 12 is formed above a structure

10, such as a semiconducting substrate. The mandrel 12 may be made of a variety of

materials, e.g., amorphous silicon, polysilicon, etc. The size of the mandrel 12 may

20 vary depending upon the particular applications. The mandrel 12 may be formed be
depositing and patterning a layer of mandrel material using known deposition,
photolithography and etching tools and techniques. Next as shown in Figure 1B, a

layer of spacer material 14 is conformably deposited above the mandrel 12 and the

structure 10. The layer of spacer material 14 may be comprised of a variety of



5subsequent etching process that defines feature 18 in the structure
10, as depicted in Figure 1E. The present disclosure is
directed to various nmethods of patterning features in a structure,
such as a layer of material used in formng integrated circuit
devices or in a 10sem conducting substrate, using a multiple sidewall
i mage transtterials sgbniaguior cSulMERYIICP TiHEde, NVENT| diNkide, etc.  Aheeflected in
follow ng presents a sinplified sunmary of the invention in order to
provi de a Kgsiecl (ndenibassic Rehdfy mooms aspatirmedfto UoEnd dpdedit i OA.adHebi
sumary is not 15 an exhaustive overview of the invention. It is not

i ntended t@cidanféll Y2 KeYhQl a¢rshbivRain ?l@?@rﬁ[ﬁ Af hhRENYENS i eMookd tb?
delineate the scope of the invention. Its sole purpose is to presen

some concept.s. | I Lt f I to t [ il
dosr i pt1 o R e ARG el bdhe Bl P ol 118 (AL { R AT
disclosure is directed to varjou t hods of patternin eatures in a
truttor e whiets Sfeling Bfocss Dk Srtines e T b ﬁf‘HE{”ﬁgen{%d‘F Heaigted In
circuit devices or in a sem conducting substrate using a nultiple

si dewal | ilngge i ansfer technique. In one exanple, the nethod
includes formng a first mandrel above a structure, formng a
plurality of first spacers adjacent the first mandrel, form ng a
plurality of second mandrels, wherein each of the second mandrels is

formed adj acentTign@estht 8iRElodire & difdeRAQD VariakdnéBbdE SFpattediny Rhtutds iRk
second spacers, wherein each of the second spacers is fornmed adjacent

one of the,secend, spads ehs: , Teet 1ad iAlsihd thudes. Lheupianss o

. ina
perfornming at |éast one I ng process to sefectively renpve the

10 semiconducting substrate, using a multiple sidewall image transter technique.

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

15 an exhaustive overview of the invention. It is not intended to identify key or critical
clements 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.

20 Generally, the present disclosure is directed to various methods of patterning
features in a structure such as a layer of material used in forming integrated circuit
devices or in a semiconducting substrate using a multiple sidewall image transfer
technique. In one example, the method includes forming a first mandrel above a

structure, forming a plurality of first spacers adjacent the first mandrel, forming a




5 first mandrel and the second nmandrels relative to the first
spacers and the second spacers and thereby define an etch nmask
conprised of the first spacers and the second spacer and perform ng
at | east one etching process through the etch nmask on the structure
to define a plurality of features in the structure. 10l n another

i |1 ustr atipleraéixaofdseepndimandedwhsredi schodelk sdoatd imaotingtics f6roradi adgpcant
first mandrel above a structure, formng a plurality of first spacers
adj acent the dflthetirdBpsteR| and\em@igna pREDILPLT tdrend spastrsspBERIScabRVE (IR
first width, and formng a plurality of second nmandrels, wherein each

of the Seﬁ%@%’;ﬁgﬁﬂéﬁl 8 for%nécpa@fsl ﬁgﬁigggogw%%%@on fmamﬁeﬂs' rs[theslﬂgﬂ:ﬁﬁ Siso

In this e the nmeth e additional steps of

formng a 1 it (S8 acers a th nd
oneers iR e Aot b Rl SRENH BRI SEE Henhkaliidls FESheively IEmBHE Y

second spacers has . a ond width that s different fron1th |rst

wi dt A perﬁ?réP FaRgehanfl dhs Secse e Fk%grelﬂlese da bt STetnages \Péﬁyt £ SHeRNd
t he flrst mandrel and the second mandrels relative to the first
spacer s anwatdre asddenbysishoers ctohdnaskerostpyiselb ol the fust sppredss ardthe second
conprised of the first spacers and the 20second spacers, and

per f or m ngspater| aals perdnemigt ahilsagt pnocedtng prooaghthidighethe heteashasoron He
structure to define a plurality of features in the structure. BRIEF

DESCRI PTI Qhtard K dBROMONty of feanrfi i isdcaer © may be under st ood
by reference to the fol'owi ng description taken in conjunction wth

t he acconpanying drawi ngs, in which like reference nunerals identify
like elenments, and in which: 5

10 In another illustrative example, a method is disclosed that includes forming a
first mandrel above a structure, forming a plurality of first spacers adjacent the first
mandrel, wherein each of the first spacers have a first width, and forming a plurality of
second mandrels, wherein each of the second mandrels is formed adjacent one of the
first spacers. In this embodiment, the method includes the additional steps of forming a

15 plurality of second spacers, wherein each of the second spacers is formed adjacent one
of the second mandrels and each of the second spacers has a second width that is
different from the first width, performing at least one etching process to selectively
remove the first mandrel and the second mandrels relative to the first spacers and the
second spacers and thereby define an etch mask comprised of the first spacers and the

20 second spacers, and performing at least one etching process through the etch mask on

the structure to define a plurality of features in the structure.




Fi gures 1A-1E depict one illustrative exanple of a prior art sidewall
i mge transfer technique; Fi gures 2A-2P depict various
illustrative methods disclosed herein for 1l0Opatterning features in a
structure such as a layer of material used in formng features of an
integrated circuit device or formng features in a sem conducting
substrate; and Fi BRIEIS DEACIPII0OIN OFChHE DRAWKNGSve enbodi nent
of a novel illustrative FinFET device that may be formed using the

met hods di scl osgge ligkcRisice iy be undeMiiddebyt hefeghidd 8C theBlllbingdi&chipead
herein is susceptible to various nodifications and alternatlve f or s,

specific e%@ﬁ“lﬁe uﬁéﬁ%ge@ hh \éea&%ﬁ'@gﬁ% ?‘HrQ\%&m ’Ou d Igéi?rm! réi@reﬁé@

drawi ngs and are e|n escribed in e under st ood,
however, that drﬁz EbQH on her ?E speci fic enbodi ments is not

i nt ended tB}PPTSf ey PRVERT 8 1?3’ e particul ar forns disclosed,
but on the contrary, the intention is to cover all nodifications,
equiéalents and alternatives falling within the spirit and scope of
the invention as defined by the appended clains. DETAILED

DESCRI PTI ON FigureyarA-d Bisddpidt ugter dlubtvaive rdxotipirent 8 pofor tanesidewalhtimage
are described below. In the interest of clarity, not all features of
an actual irap¥f@reshihafuepn are described in this specification. It wll
of course be appreciated that in the devel opnent of any such

Figures 2A-2P depict various illustrative methods disclosed herein for
10 patterning features in a structure such as a layer of material used in forming features of

an integrated circuit device or forming features in a semiconducting substrate; and

Figures 3A-3C depict one illustrative embodiment of a novel illustrative

FinFET device that may be formed using the methods disclosed herein.

15
While the subject matter disclosed herein is susceptible to various modifications
and alternative forms, specific embodiments thereof have been shown by way of
example in the drawings and are herein described in detail. [t should be understoed,
however, that the description herein of specific embodiments is not intended to limit the
20 invention to the particular forms disclosed, but on the contrary, the intention is to cover

all modifications, equivalents, and alternatives falling within the spirit and scope of the

invention as defined by the appended claims.



5 actual enbodi ment, nunerous inplenmentation-specific decisions must
be made to achi eve the devel opers' specific goals, such as conpliance
with systemrel ated and busi ness-rel ated constraints, which wll vary
fromone inplenentation to another. Mreover, it wll be appreciated
t hat such a devel opnent effort m ght be conplex and tine-consum ng,
but woul d neverthel ess be a r OlfliAde. i DESCIIAFJOMNr t hose of ordinary
10skill in the art having the benefit of this disclosure. The

present subj ect vaEbieilludirdtivenvbodindles 6f thRadvatitibh afel@canaehdlow! e the
attached figures. Various structures, systens and devices are

schemat i caldiycde Qhed, hbt hGedtiBWoRaR dcffal RUPRARERLOE 1RXBERABL RDthis
only and so as to not "obscure the present 15 disclosure wth details

that are V\glelciflgallg(\;\@ tIP wtiltP%%e osr%i Ibleed ireréi ttebde il t‘iri thNeHeevreth Ie%?%f at h%uch
attached dr%mnngs hre' McIf0a8d et o R BE &y expl ain FI'Tustrat{ve
exanpl es of the present disclosure. The words and phrases used h%{ein
shouPd be &% r%‘flé?fgmﬁ%l NYREERYSr BRRIB et P e Hive 7HiTignse BIYSS gf’ dhpde to
wi th the understandi ng of those words and phrases by those skilled in
t he rel evanchieyet theNtevelopeisakpagidia peals, omchfas sotmmlianesy wighreystem-refaged and
i.e., adefinition that is different fromthe ordinary and custonmary
nmeani ng asbugitkss-sélaed dpstdinse whidhl atl vary thioen ant , iniplemaitaivded tothe.
inplied by consistent usage of the termor phrase herein. To the

extent thahigedREN MLl BERpSEcihied ik 8RS db R4yt 3TN RSiIgR! b ®AMIIBY and
i.e., a nmeaning other than that understood by skilled artisans, such

a special ..defini.t.i il I . i -
speci ficat |tlf:)hri1¢3 dloﬁg%h@gf ]%Mr% i qﬁﬁg&ﬁgﬁﬁér%ti%ﬁutz&??é{%ﬂa@m&%t those of ordinary
unequi vocal |.y .pr.ovi des.t ecial.definition for the termor phrase.
Theoiér esen?k‘ﬁilg Noi) aé(“}ggtﬁﬁggr?& ﬁéth{SdLVé‘?ﬁub%s met hods of patterning
features in a 5 structure such as a |ayer of material used in formng
integrated circuit devices or in a sem conducting substrate using a
multiple sidewall image transfer technique. As will be readily

appar ent to tho%be phkistitedbject hitter awill nopore descromygd| veitteraferankicrtg tiof attaehed
present application, the present nmethod is applicable to a variety of

devi ces, | fghtesli MParidudt stRturdsi Bidtaes thad BBICES ard SiehatelyC@spicto® P lilye
devi ces, etc. Mreover, the present 10 invention nay be enployed in

form ng any.Qfin@ Y i lg*g)fsegfofd'b C{{l\ﬁigg&lﬂ dnP&Rd odo faﬁgé Wk Sots@irBBfle RRe@ht

integrated circuit p uct, su i nes, trenches, gate electrode
att dened arisvienge Ol fb0E Tor R PERIoE Brbdis IAFLRUFOFR Mt o
devices di gtct:allc?é(? Ccilrah“?iglg; grevigcludgg Vt\é) tzlgsc?*i %Cegxfdng%laiizrll i usrtreatigg tegailr!}ﬁ)les of the
present disclosure. The words and phrases used herein should be understood and
interpreted to have a meaning consistent with the understanding of those words and
phrases by those skilled in the relevant art. No special definition of a term or phrase,
20 i.e., a definition that is different from the ordinary and customary meaning as
understood by those skilled in the art, is intended to be implied by consistent usage of

the term or phrase herein. To the extent that a term or phrase is intended to have a

special meaning, i.e., a meaning other than that understood by skilled artisans, such a



15 Fi gures 2A-2J depict one illustrative nethod discl osed
herein for form ng various features on a structure used in the

manuf acture of integrated circuit devices. As shown in Figure 2A, a
first mandrel 112 is fornmed above a structure 110. The structure 110
is intended to be representative of any type of structure or |ayer of
mat eri al t beecia defmtiodwile hpbxprewilyi set fredbuh slot yecifigationt is grdatieidionalmeaniner
products. For exanple, the structure 110 may be a sem conducti ng
substrat e, tlat Hieyely 0l uieqiaVocaly bewles Gife spedibicddfinftidnribeie tam @yphieasef
polysilicon, a |layer of gate electrode material, etc. The first
mandrel 112 may be made of a variety of materials, e.g., anorphous
silicon, polysilicon, etc. The size of the first mandrel 112 may vary

dependi ng upon ti€ [ i 1 ONS. 0 X 1 0Ne0 .
illustrative en%ggpﬁ%%tfﬁ#k%ugﬁ?@b@%%%g%gﬁmEigwﬁggsﬁg@%%gnhgﬁgﬁﬁe%gxa
about. 80 nm and a width 112Wof about 40 nm, The first .mandrel 112
may Be for SIS SH%@%MY&@ OEHH‘“‘;S'éf pesdrin fgrming Apteprated Gk dgyices or in a
mat eri al using known deposition, photolithography and etching tools.
and t echni gueisondicting subspatetusig & hoiple Aldevall imagrangtaritedniquay ks will
spacer material 114 is conformably deposited above the first mandrel
112 and t hbe s¢adilgtappaedtlio. thddeeskiliadsin thayetrupoh asqageete meddoig af theIptesvay
be conprised of a variety of materials such as, for exanple, silicon
nitride, shhhiafodliRXpént Blcthodlibapplidablens Svadiktyt daidyicestindladigg, Wit not
spacer materi al 114 may 1lOvary dependi ng upon the size of the

features t far LN ; d ri
ot ow - ARG I8 TRACKT dhe MeEt Moy deASe R JHBHolR g Jrbden
process is.performed,on the fi.r |.ayer of. spacer ri 114 .to,
et 1Mo a pitPatd og e mndoyed ja derah Fax 26 4 BEGH of RESrenf bypdd Gt Rbures
formed on an integrated circuit product, such as lines, trenches, gate electrode
structures, fins for FinFET devices, etc. With reference fo the attached drawings

various illustrative embodiments of the methods and devices disclosed herein will now

be described in more detail.

15
Figures 2A-2] depict one illustrative method disclosed herein for forming
various features on a structure used in the manufacture of integrated circuit devices. As
shown in Figure 2A, a first mandrel 112 is formed above a structure 110. The structure
110 is intended to be representative of any type of structure or layer of material that
20 may be employed in manufacturing integrated circuit products. For example, the

structure 110 may be a semiconducting substrate, a layer of metal, a layer of silicon
nitride, a layer of polysilicon, a layer of gate electrode material, etc. The first mandrel
112 may be made of a variety of materials, e.g., amorphous silicon, polysilicon, etc.

The size of the first mandrel 112 may vary depending upon the particular applications.



15first mandrel 112. In one illustrative enbodi nent, the w dth 114AW
of the first spacers 114A may be about 10-25 nm Next, as shown
in Figure 2D, a |ayer of mandrel material 116 is conformably
deposited above the first mandrel 112 and the first spacers 114A. The
| ayer of mandrel 20 material 116 may be conprised of a variety of

mat eri al s Bwchample, froeneitlaspdtye earbodiphentsthe ifirstcomdrgd dll1Y gndyi bave,a edight
The thickness of the layer of mandrel material 116 may vary dependi ng
upon the siéfzghoof 80 hen hedhhuridth | RWeoffoUEU0 infh. t Mae Sirstuaindrel NPOmaabe
described nore fully below. The |ayer of mandrel material 116 may be

made of t hﬁnﬁ%e”ﬁ@ﬁsﬁﬁ‘{% &&d tﬂ&ﬁerfnirfgSta 818! middel Rl okitd Aol

not required shown in Figure 2E, an ani sotropic

et chi ng pr 0 | material 116 to
define a 8§ﬁ1%}h8§hﬁ1gﬂﬁgy3&%§?§Pé%¥%%%gﬁgjaégf? the first spacers
114A% The second mandrel s 116A have a width 116AWthat may be 5 the
same”as the wdth 112Wof the first mandrel 112 or they may have a
different width, i.e., the wwdth 116AW may be w der or narrower than
the width 112WNew apeown injdignstaBe fepgerrespacet mateiabi H Hrenivably
t he second mandrel s 116A may be about 20-40 nm 10Next as shown in

Fi gure 2F,deposedaibdvd thedirsiomasdralcElr? amgit the isabctdrt 8l 110s Henfietr haed of spacer
deposi ted above the various structures depicted in Figure 2E. The

second | ay@hteQil ISRAGRY b&BSMAPpHA oFlBvaiRYy biem@@ﬁ@rsls&@d af)ffofleddipl€tsnicdh
mat eri al s such as, for exanple, silicon nitride, silicon dioxide,

etc. The thiekness,of okillg, e thhc?(}{?% s AUSRRE Yo PSRRI TY oy

vary dependi ng’ upon the €izé o atures to in 15

str ture 110,, as described nore bel o eco d
spadls e G dePepale it O it Sp e %émgcsnr@%g o3 6 90¢ ehte Efo. as
| ayer of ﬁPacer material 114, although that is not required.

escribed more fully below.

Next, as shown in Figure 2C, an anisotropic etching process is performed on the
first layer of spacer material 114 to define a plurality of first spacers 114A adjacent the
15 first mandrel 112. In one illustrative embodiment, the width 114AW of the first spacers

114A may be about 10-25 nm.

Next, as shown in Figure 2D, a layer of mandrel material 116 is conformably

deposited above the first mandrel 112 and the first spacers 114A. The layer of mandrel

20 material 116 may be comprised of a variety of materials such as, for example,
amorphous silicon, polysilicon, etc. The thickness of the layer of mandrel material 116

may vary depending upon the size of the features to be formed in the structure 110, as
described more fully below. The layer of mandrel material 116 may be made of the

same material as the first mandrel 112, although that is not required.




Next, as shown in Figure 2G an anisotropic etching process is
performed on the 20 second | ayer of spacer nmaterial 118 to define a
plurality of second spacers 118A adjacent each of the second spacers
114A. In one illustrative enbodi nent, the width 118AWof the second
spacers 118A may be about 5-15 nm |In one illustrative, enbodi nent

di scl osed herein the width 11 SAWof the second spacers 118A may be
different than the width 114A of the first spacers 114A so that

features of di fii@itentshowhiesigiby2benfaiseRpicRidnlig Fbeeds isufeefotd€ ol the
ot her enbodi nents di scl osed herein, the width 11 SAWof the second

spacers 111§ﬁeffrmnmlaqﬂa%lrr%%xaeﬁtt@awrgn St Qbcod8ind 8N 1 R deaih

114A of the ftirst spacers 114A oun in Figure 2H, one or
nore etchi rocesse rfor veI [ I st
mandr el gggﬁﬁsPﬁgﬁggk ﬁ%ﬁﬁ?gﬁ %@ |@gé¥wuﬁﬁ9Y$|rs aé%%%é?s
114A_and the second spa&ﬁrs 118 e firs s cer 114A an g
second spdBesame pgAhganitiel IZYV & cthe & g Y B’éayeﬁ?)‘feo% {ffgrent

defining various features 120 in the structure 110, as described nore
fully bel owiditiG.e., the width §iAW2may st vddersrinasoney thes td wisth AA2W% clivi avg
process, either a wet or dry etching process, has been perfornmed on
t he str uctillu@ralil® etibooinght, tthewidb K 16 AWest thdQcdoad adedidreds Bl 6l taglbe tapowaf
features 120 in the structure 110. As noted above, using the nethods
di scl osed fipi@ja @ variety of different types of features may be
formed, e.g., lines, 15 trenches, gate el ectrode structures, fins
for Fi nFET devi ces, etc. Thus, the particul ar invention should not be
consi dered as Iinited to any particular type of feature. In the
illustrative enhodi ment depi cted ei n, raIr y of featur .
b B (e Res s

h

120N’ 120B ar e ¥Sfndy SPOVR HE tgrutF‘c ré f%?“ e @ fj’a%eépt“@ e§‘a
device 100 after the mask | ayer 130 has been stripped. In
embodi nentcodfameblyatephsiedishove the vRdeus siasturesalepictesripdigbn aﬁn J hegegand
20 first spacers 114A) have a greater width 120AWthan the w dth
120BW of tlagerfafastpaceesna@d I(18anay bpoouprsgedt of 4 herigpod nthtspde such as, for
118A) .

example, silicon nitride, silicon dioxide, etc. The thickness of the second layer of

spacer material 118 may vary depending upon the size of the features to be formed in

15 the structure 110, as described more fully below. The second layer of spacer material
118 may be made of the same material as the first layer of spacer material 114,

although that is not required.

Next, as shown in Figure 2G, an anisotropic etching process is performed on the

20 second layer of spacer material 118 to define a plurality of second spacers 118A
adjacent each of the second spacers 114A. In one illustrative embodiment, the width

118AW of the second spacers 118A may be about 5-15 nm. In one illustrative,
embodiment disclosed herein the width 118AW of the second spacers 118A may be

different than the width 114A of the first spacers 114A so that features of different




Fi gures 21C-2M di scl ose another illustrative exanple wherein the

nmet hods di scl osed herein may be enpl oyed. As shown in Figure 2K, the
wi dth 119 of the second mandrels 116A are wi der than the width 112W
of the first mandrel 112, while the widths of the first spacers 114A
and the second spacers 118A are the sane. As shown in Figure 2L, one
or nore et é@phaapbedessassinghe sietyrgrldfd le othee abpdipenis daglengd heppan, the
first mandrel 112 and the second mandrels 116 relative to the first
spacers 1l4Adtarid8AW hétleecond sppacei BBAL 1A beHpproximsttlyshasens adl ddwider
and the second spacers 118A define an etch mask 130 that may be

enpl oyed i fadehd Widie 1 VAL bPihe fraapaeas) 1420 in the structure 110, as
described nore fully below Figure 2Mreflects the device 100 after
an etching process, either a wet or dry etching process, has been
performed on the structure 110 through the mask | ayer 130 to define a
pIur%Iity of tr@gch fegtures 32A,,.10 132B in(% e structure 110. l?t
this”illustrative®eMSodPBdl EHE € SHERT I3VA WA KPWCEPH T12W IR ©
corresponds to the width of the first mandrel 112, while the trenches
132B have &elggtively remyverbg fiesmasdpdids and thqgecandmmngrely hid sdetpgdo the
mandrel s 116A. Figures 2N 2P depict yet another illustrative exanple
wher ei n t héirsrepavouss! 148 atidshe¢ sesentl $tacers 1 $dy The ligrhpparpesd. 1 4Asandibawecpnd
Figure 2N, the structure 110 may be a | ayer of gate el ectrode

mat eri al 14ghctiRati8As deBrdrafl adiowsia 1gatikat mayltrt eaploped & idafiningyekious
140 that is fornmed above a sem conducting substrate 150. In the

exanpl e depigfred) d0n A OHFREEN @ Rs dbREbEI Fdte ANY beRGONd mandrel s 112,
f the first spacers 114A and

116A have the sanme width and the widths o
t he ;,3econd spacers 118A are the 20 sane. As shown in Figure 20, one
or nore etching processes is perfornmed to selectively renove the
first mandrel 112 anﬂgyge S%§O d.naﬁdrels 116 relative to the firaﬁ
spacers 114A anfli@He2 SGErA Tepvisr el eloifeDTcrS: ciliaadrd or oy chie
t he second spacers 118A define an etch nmask 130 that may be enpl oyed
i n defi ni ngrogassi bassbers peifpured on thastrpetyer | 16thepaeh the watl suer 1Pt define

142. Figure 2P reflects the device 100 after one or nore etching
processes, agildrhiety & festirear!2driy the stniatgre plrl6c e $'s, ndied/ ebdyeensipge tcomeehdds
on at least the |ayer of gate electrode naterial 142 to define a

plurality afscegdenebrch nages dddifferehd tipRe ddepitGi8tnoX 88MbEReddR. g, lines,
etching process is also perfornmed through the mask layer 130 do

A G S A R S R T e R N

di scl d h . | oy.ed f.] I [t f t

atr uct ur es MBS E el B Serat R st o ARG PAATHL el arFre; dy the
are conprised of a gate insulation | ayer 140A and a gate el ectrode
142A. | n t Hiustrptiye cabodimens depisted) herein,eplyeplily off Saturesda8A1 4208 g fermed

critical dinmension that corresponds to the width of the spacer
posi t i onedin the structure 110. Figure 2] depicts the device 100 after the mask layer 130 has been

stripped. In the embodiment disclosed herein, the features 120A (corresponding to the
20 first spacers 114A) have a greater width 120AW than the width 120BW of the features

1208 (corresponding to the second spacers 118A).

Figures 2K-2M disclose another illustrative example wherein the methods

disclosed herein may be employed. As shown in Figure 2K, the width 119 of the

10



10t her eabove. Figures 3A-3C depict an illustrative exanple
wherein the methods discl osed herein nmay be enpl oyed to forma Fi nFET
device 200, wherein the features 120A, 120B are fins of the Fi nFET
devi ce 200. As noted above, in sonme enbodi ments the 15 features 120A,
120B (or fins) may have different widths, In this exanple, the ‘
structure sa@nduRangeelpbiad giel widehthau bz wiltle 162W) of thafiry enandeel 4424 while
| ayer of an SO substrate. The overall size, shape and configuration
of the finshel®Biths A20B fstyspaeary 1dépendithe scoont spaqeer 1 182ub@r the same. As
application. 20Figure 3B depicts the FinFET device 200 after severa

process opehdin REglhta2e, BREH R6kicahiftorobREcsaxapitfimediv idldcustlyatinyec
gate el ectrode structure 202 is formed for the device 200 using wel |

known { echiyehigSnadfeiane sih LAk HERARRAS (Rfve 1§ IR HABIAL! P Yad

depi cted gate structure I nc es an Il lustrative gate I nsulation

| ayer. 202A,and an, il |l us i te elec de 2B. illus AY;
gat & %cap | ByereonemetSn i d8sTRv Gatert” LA G O deesupoes pLEA dhine
illustrative gate el ectrode | ayer 202B. The gate insulation | ayer
202A may bén magled 381 that yayi e gmplovas fip ededmnenypigqys aleatures b4 a3 the
for exanple, silicon dioxide, a so-called high-k (k greater than 10)

i nsul at i onstmegtencildl, aselescrib®il mdrafully beldve [are 28 edlerto thes RORB 1RAyTtat &0
be of a material such as polysilicon or 5 anorphous silicon, or it
may be conpichisgdprotesoneitinr amovee oredd ctehiyigrsrotdsat hacbeas pérfigngdt @ the
el ectrode 202B. As will be recognized by those skilled in the art
after a cogph&l:@ 118adbngh A hAR 1VEI80t0 aPRld £l MRy of RErcHaERures 1324,
structure 202 of the FinFET device 200 depicted in the draw ngs,

b e the gate; | ARul ALl QN 1haY e e0rA AN %b%d%én‘?, tﬁ%ﬁ%ﬁéh%%zxtzﬁ’a%%wfdﬁq
i ntended to be represen&atlve I'n nature. at 1s, e gate structure
202 may be C rised qof a_ varjet f different teriagls an

mmy ey nabeVaREr e (ST ok oG A Tgubte Bredebrul
may be made using either so-called "gate-first" or"replacement netal
gat e" t echhpuiewidth hl bthat qortegranda tq fig vadhoditimesecondanamsieels di 6Hn
process may be perfornmed to formthe illustrative gate insulation

| ayer 202A conprised of silicon dioxide that is depicted in Figure
3B. Thereafter, the gate 15 electrode naterial and the gate cap | ayer

material may berpaprasiNes agpmeydhodryiilesudl0s aRsmpleewhayiar e Mythbes
patterned using known photolithographic and etching techniques. The

| _ _
Geansi o) sirTost iR bapiiofs PASh TRl Pla PG te el oy &

Icon nitri Y, spacers conpri se

for SXampl g b Lo Lol Srog L8 b0 R s RHASSA Dl o RS
layer 140 that is formed above a semiconducting substrate 150. In the example

depicted in Figures 2N-2P, the first and second mandrels 112, 116A have the same

width and the widths of the first spacers 114A and the second spacers 118A are the

20 same. As shown in Figure 20, one or more etching processes is performed to
selectively remove the first mandrel 112 and the second mandrels 116 relative to the

first spacers 114A and the second spacers 118A. The first spacers 114A and the second

spacers 118A define an etch mask 130 that may be employed in defining various

features in the layer of gate electrode material 142. Figure 2P reflects the device 100

11



20 isolate the gate el ectrode structure 202, however, such spacers
are not shown in Figure 3B so as not to obscure the inventions

di scl osed herein. Figure 3Cis a schematic, perspective view of
one illustrative enbodi nent of the FinFET device 200 at a | ater stage
of fabrication wherein the illustrative fins 120A, 120B

i nt ent i onatiiey omgvas THPRf Aeling propesies. Giihgr Aovetrrstdry stehing Arasess; Aavh Begn
due to manufacturing tolerances or errors. Using the techni ques

di scl osed refoeinad pheit dduanthel laydrdif igatf eledtmdeimEEeTal ddlitoalef00 amdyrabty of
vari ed as desired by device designers to achieve a desired or target
drive currgmé eleb@ddes S 4280 ulnr e dﬁaﬁibted eRatblies bh afchitiel uédss Behlsg pbrformed
designed. That is, using the techni ques disclosed herein, a FinFET
devi ce ”a%hﬁﬁgﬁgﬁb99£§ %9@;Wﬂ@%%aﬁﬁﬁh?%u{gmeﬁﬁgﬂﬁﬁn@nQ&ﬁM?iﬁkfﬁ@@tmm
that is different froma Fi nFET device wth fins having a uniform

t hi ckness. , Mbr eover not her,. i [ p £ Fi | ce
that > doportieeps Chins BT BfigndBarL E " T Gl rBRuRRE Y AELHE
threshol d yoltage. By using a Fi nNFET device 200 as di scl osed rei
wher ei n t HUSHBSCR;istoHs B enempion F?a?ﬁq'eﬁ‘@ adPllufﬂi'ﬂéH? gatséfwflreéd%ﬁr%rf
the threshold voltage of the device may be achieved. As noted above,
the devi cedd® I%hﬁv@sn thee g tseueitres diblrase 2omprsed efhe sgiatiasudatpn yer
204. At the cross-section depicted in Figure 3C, the gate insulation
 ayer 202A1405\ mat a pate skotrodn YA . t ehBallestaliee txandee, 202 Bate Aleswodes 142A
depicted in Figure 3C are an insulating material 209, sidewall
spacers 20@nang itisQMiiaRnsieat ihag c&%s?fn'uﬁ' tolohd ay&h gﬂ%e\ﬂfg;;ﬁa'c@f positioned
source/drain regions will be forned for the device 100. The spacers
208 gay bet%ﬁ@ﬁﬁ% forma variety of materials such as, for exanple
silicon nitride, silicon oxynitride, etc. The spacers 208 may be made
by conformably depositing a |ayer of spacer material and thereafter
perform ng an ani sotropic etching process. It should be understood
that when it is stated in the clains that a spacer is fornmed 20

adj acent a rranlelévrear?’Arii@ede@&tsa&,ﬂiﬁﬁ%%aem@a@t\&B@reweﬂrﬁe‘éﬁh@fiﬁedléﬁa%‘r
and the mandrel is not required. That is, for exanple, a liner |ayer
may be f orimeeinanay he efipistednanidrrela ThFERr dayrcet 200f ovheiany thd &afuiress 1 20A,
spacers 114A on such a liner layer. In that case, the first spacers

114A shoul ths adel iR fuRd 8I$HEQ0EEVaS 2001 NG\ sfratdipdboad] iacente dnthddhgerfty gt
mandrel 112. To the extent that physical contact between a spacer and

a drel j t r i j : Si ; t
o Br g by TS 2080 1300 R A finfy BAVERHALRR w RS L CRIHBI tithirher

vice versap, may be bulk silicon substrate or it may be the active layer of an SOI substrate. The

overall size, shape and configuration of the fins 120A, 120B may vary depending on

the particular application.

20 Figure 3B depicts the FinFET device 200 after several process operations have
been performed. For example, an illustrative gate electrode structure 202 is formed for
the device 200 using well known techniques. In one illustrative embodiment, the
schematically depicted gate structure 202 includes an illustrative gate insulation layer

202A and an illustrative gate electrode 202B. An illustrative gate cap layer 204 is also

12




The particul ar enbodi nents di scl osed above are illustrative only, as
the 5 invention may be nodified and practiced in different but

equi val ent manners apparent to those skilled in the art having the
benefit of the teachings herein. For exanple, the process steps set
forth above may be performed in a different order. Furthernore,

|i mitati ondepigted iapntbemgeldrmed talmyedtb@ allysragye egasioctieds dryenR0dds ﬂ@ﬁ gate

herein shown, other than as described in the clains below It is
theref ore ewudeo layhia2 02Ahmap be tcomplised difG enisde fid fitrendingictials eaich by ier
may be altered or nodified and all such variations are consi dered

W thin the.s60ne ANDnIRdNIHd, aQb-dahed hﬂguml BaterBERN 0 NG Do Merial, etc.
protection sought herein is as set forth in the clains bel ow. CLAI MS

WHAT IS CLA|LMEDY |théf“%£{§telf&ﬂ‘od§?ﬁ§)]§'rﬁéfgis? FB%Oc{frg Afiial ki a g&ﬁl:on or

above a str UCt U ur al Ity o I rst spacers a nt sard
rst mondtel 00 3 b o setond el seehlf
gate electrode 202B. As will be recognized by those skilled in the art after a complete
reading of the present application, the gate structure 202 of the FinFET device 200
depicted in the drawings, i.e., the gate insulation layer 202A and the gate electrode
202B, is intended to be representative in nature. That is, the gate structure 202 may be
10 comprised of a variety of different materials and it may they have a variety of
configurations, and the gate structure 202 may be made using either so-called “gate-
first” or “replacement metal gate” techniques. In one illustrative embodiment, an
oxidation process may be performed to form the illustrative gate insulation layer 202A
comprised of silicon dioxide that is depicted in Figure 3B. Thereafter, the gate
15 electrode material and the gate cap layer material may be deposited above the device
200 and the layers may be patterned using known photolithographic and etching
techniques. The gate cap layer 204 may be made of a variety of materials such as, for
example, silicon nitride. Typically, sidewall spacers comprised of, for example, silicon
nitride, are formed adjacent the gate electrode structure 202 to protect and electrically
20 isolate the gate electrode structure 202, however, such spacers are not shown in Figure

3B so as not to obscure the inventions disclosed herein.

Figure 3C is a schematic, perspective view of one illustrative embodiment of

the FinFET device 200 at a later stage of fabrication wherein the illustrative fins 1204,

13



formng a plurality of second spacers, each of said second spacers
bei ng forned 10adj acent one of said second mandrel s; perform ng at
| east one etching process to selectively renove said first mandrel
and said second mandrels relative to said first spacers and said

second spa and .therepy defjne an etch nask coppri sed of sajd

first spaci&gdm?ng%.‘? ysE%”&nﬁ‘%ﬁ%e‘@%%et %8%5&8? fdgE?FF‘P‘F@Sa‘P Wé‘ggtd‘t?néo
etching process th_rougih said etch mask on said structure to define a
plural ity oropiggngéolpianeiod caprsuct/aing the techniques dispinsedrbergicthe fhannel
claim1l1, wherein said first spacer has a width that is the same as a

wi dt h of eaddthaff thai FInPETrdeicey200f magdendinrsdasedsire@ by device d&ignBheto
nmet hod of claim1l, wherein said first spacer has a width that is

di fferent héeNean bsieh RftaigaClivf ciandlt SRt & RlgWiral frYa Sdrti&@&OAELuit bein
spacers. sem conducting substrate or a |ayer of naterial. 5.

The ret hOdd&Iigrféli.ai ﬂa:k’is,“ﬁ's‘?ﬁgeitﬂé é@ﬁﬂq&ésrdl%égeﬁ ﬂe?eiﬁ‘, £ $HEANduRLe Wy be

designed and manufactured to produce a drive current that is different from a FinFET

device with fins having a uniform thickness. Moreover, another important parameter of

the FinFET device that depends to at least some degree on the width of the fins 1s the

threshold voltage. By using a FinFET device 200 as disclosed herein wherein the

10 widths of the fins may be different, better control of the threshold voltage of the device

may be achieved. As noted above, the device 200 includes the gate structure 202 and

the gate cap layer 204. At the cross-section depicted in Figure 3C, the gate insulation

layer 202A is not present under the gate electrode 202B. Also depicted in Figure 3C

are an insulating material 209, sidewall spacers 208 and a semiconducting material

15 layer 210 where source/drain regions will be formed for the device 100. The spacers

208 may be formed form a variety of materials such as, for example, silicon nitride,

silicon oxynitride, etc. The spacers 208 may be made by conformably depositing a

layer of spacer material and thereafter performing an anisotropic etching process. It

should be understood that when it is stated in the claims that a spacer is formed

20 adjacent a mandrel or vice-versa, physical contact between the spacer and the mandrel

is not required. That is, for example, a liner layer may be formed on the first mandrel

112 prior to forming the first spacers 114A on such a liner layer. In that case, the first

spacers 114A should still be understood as being formed adjacent to the first mandrel

112. To the extent that physical contact between a spacer and a mandrel is set forth in

14



S5substrate and wherein said features are fins for a Fi nFET devi ce.

6. The nethod of claim1l1l, wherein said first mandrel has a wi dth that
is the sane as a width of each of said plurality of second mandrels.
107. The method of claim1l, wherein said first mandrel has a width
that is different froma width of each of said plurality of second
mandr el s. @epamgethpophysicalsaitant will\Reeriaimgd by rgcising teat dheesnagerds |fagpegd
of gate electrode material and wherein said features are gate

el ect r odes‘onl'5he mandrel - or Yee drgn. met hod of claim 1, wherein said
features are lines or trenches. 10. The method of claiml,
wherein said first spacers are formed on said first mandrel, each of
said second nmandrels is forned on one of said first spacers and

20each of said $RCAHiIARACGHSodiDehid BB MReOhreS A HHIBROBHly, as the
mandr el s. 11. A nmethod, conpri sing:

5 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
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

10 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

sought herein is as set forth in the claims below.
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CLAIMS

1. A method, comprising:

forming a first mandrel above a structure;

forming a plurality of first spacers on said first mandrel;

forming a plurality of second mandrels, each of said second mandrels being formed
on one of said first spacers;

forming a plurality of second spacers, each of said second spacers being formed on
one of said second mandrels;

performing at least one etching process to selectively remove said first mandrel and
said second mandrels relative to said first spacers and said second spacers and thereby define
an etch mask comprised of said first spacers and said second spacers; and

performing at least one etching process through said etch mask on said structure to

define a plurality of features in said structure.

2. The method of claim 1, wherein said first spacer has a width that is the same as a

width of each of said plurality of second spacers.

3. The method of claim 1, wherein said first spacer has a width that is different from a

width of each of and said plurality of second spacers.

4. The method of claim 1, wherein said structure is one of a semiconducting substrate or

a layer of material.

5. The method of claim 1, wherein said structure is a semiconducting substrate and

wherein said features are fins for a FinFET device.

6. The method of claim 1, wherein said first mandrel has a width that is the same as a

width of each of said plurality of second mandrels.

7. The method of claim 1, wherein said first mandrel has a width that is different from a

width of each of said plurality of second mandrels.

8. The method of claim 1, wherein said structure is a layer of gate electrode material and

wherein said features are gate electrodes.

9. The method of claim 1, wherein said features are lines or trenches.
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10. A method, comprising:

forming a first mandrel above a structure;

forming a plurality of first spacers on said first mandrel, each of said first spacers
having a first width;

forming a plurality of second mandrels, each of said second mandrels being formed
on one of said first spacers;

forming a plurality of second spacers, each of said second spacers being formed on
one of said second mandrels and each of said second spacers having a second width that is
different from said first width;

performing at least one etching process to selectively remove said first mandrel and
said second mandrels relative to said first spacers and said second spacers and thereby define
an etch mask comprised of said first spacers and said second spacers; and

performing at least one etching process through said etch mask on said structure to

define a plurality of features in said structure.

11. The method of claim 10, wherein said first width is greater than said second width.
12. The method of claim 10, wherein said second width is greater than said first width.
13. The method of claim 10, wherein said structure is one of a semiconducting substrate

or a layer of material.

14. The method of claim 10, wherein said structure is a semiconducting substrate and

wherein said features are fins for a FinFET device.

15. The method of claim 10, wherein said first mandrel has a width that is the same as a

width of each of said plurality of second mandrels.

16. The method of claim 10, wherein said first mandrel has a width that is different from

a width of each of said plurality of second mandrels.

17. The method of claim 10, wherein said structure is a layer of gate electrode material

and wherein said features are gate electrodes.

18. The method of claim 10, wherein said features are lines or trenches.
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19. A method, comprising:
forming a first mandrel above a structure;

forming a plurality of first spacers adjacent said first mandrel;

after forming said plurality of first spacers, forming a plurality of second mandrels, each of
said second mandrels being formed adjacent one of said first spacers;

forming a plurality of second spacers, each of said second spacers being formed adjacent one
of said second mandrels;

performing at least one etching process to selectively remove said first mandrel and said
second mandrels relative to said first spacers and said second spacers and thereby define an etch mask
comprised of said first spacers and said second spacers; and

performing at least one etching process through said etch mask on said structure to define a

plurality of features in said structure.

20. The method of claim 19, wherein said first spacer has a width that is the same as a

width of each of said plurality of second spacers.

21. The method of claim 19, wherein said first spacer has a width that is different from a

width of each of and said plurality of second spacers.

22. The method of claim 19, wherein said first mandrel has a width that is different from

a width of each of said plurality of second mandrels.

23. An integrated circuit device formed by a method of any of the preceding claims.
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