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[0002] The semiconductor integrated circuit (IC) industry has experienced rapid growth.
Technological advances in IC materials, design, and fabrication tools have produced generations
of ICs where each generation has smaller and more complex circuits than the previous
generation. In the course of these advances, fabrication methods have been developed to realize
the desire for smaller feature sizes. For example, methods have been developed that reduce the

pitch of features on a substrate without changing the photolithography technology used.

[0003] These methods and technological advances give rise to challenges however. For
example, alignment between layers of an IC becomes both more critical, and more difficult, as
the technology node decreases. Thus, what is desired is a device and method to allow for

reduced pitch of features, while maintaining an alignment with an overlying feature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Aspects of the present disclosure are best understood from the following detailed
description when read with the accompanying figures. It is emphasized that, in accordance with
the standard practice in the industry, various features are not drawn to scale. In fact, the
dimensions of the various features may be arbitrarily increased or reduced for clarity of

discussion.

[0005] Fig. | is a flow chart illustrating an embodiment of designing a semiconductor device

such as an IC.



description when read with the acconmpanying figures. It is enphasized
that, in accordance with the standard practice in the industry,
various features are not drawn to scale. In fact, the dinmensions of
the various features nay be arbitrarily increased or reduced for
clarity of discussion. [0005]Fig. 1 is a flowchart illustrating an
enbodi mrent of designing a sem conductor device such as an |IC
[0006]Figs. 2, 3, and 4 illustrate top views of enbodinents of
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[0008] Figs. 6-11 illustrate cross-sectional and top views of an embodiment of a

semiconductor device 600 according to one or more aspects of the method 500.

[0009] Fig. 12 illustrates a perspective view of an embodiment of a finFET device according

to one or more aspects of the method 500.

[0010] Figs, 13a and 13b illustrate cross-sectional and top views of an embodiment of

another transistor according to one or more aspects of the method 500.

[0011] Fig. 14 illustrates an embodiment of an information handling system (e.g., computer)

operable to implement one or more aspects of Figs. 1, 2, 3, 4, and/or 5.

DETAILED DESCRIPTION

[0012] [t is to be understood that the following disclosure provides many different
embodiments, or examples, for implementing different features of the invention. Specific
examples of components and arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are not intended to be limiting.
Moreover, the formation of a first feature over or on a second feature in the description that
follows may include embodiments in which the first and second features are formed in direct
contact, and may also include embodiments in which additional features may be formed
interposing the first and second features, such that the first and second features may not be in
direct contact. Various features may be arbitrarily drawn in different scales for simplicity and

clarity.

[0013] (Hustrated in Fig. 1 is a method 100 of designing and providing a semiconductor
device. Figs. 2-4 are top views of patterns provided according to the method 100 of Fig. . A
“pattern”, as described throughout the disclosure, may be provided in a layout design file (e.g.,

GDSII file), a photomask, formed on a substrate, and/or in other suitable forms.
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[0009]Fig. 12 illustrates a perspective view of an enbodi nent of a
fi nFET devi ce according to one or nore aspects of the nethod 500.
[0010]Figs. 13a and 13b illustrate cross-sectional and top views of
an enbodi ment of another transistor according to one or nore aspects
of the method 500. [0011]Fig. 14 illustrates an enbodi nent of an

I nformati on handling system (e.g., conputer) operable to inplenent
one or nore aspects of Figs. 1, 2, 3, 4, and/or 5. DETAILED
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semiconductor devices such as finFET devices. The width and pitch of the spacer element
features may be provided at iess than the minimum critical dimension of the photolithography

process utilized (e.g., a half critical dimension process).

[0015] Referring to the example of Fig. 2, a first pattern 200 is illustrated. The first pattern
200 includes a plurality of line elements 204 interposed by a space 202. The first pattern 200
may include any number of line elements 204. The first pattern 200 may be provided in a layout
design file. In an embodiment, the first pattern 200 defines a configuration of elements defining
sacrificial line structures or mandrels. These sacrificial line structure may be used to form spacer
elements 210 (e.g., abutting the line structure), and subsequently removed during fabrication of
the semiconductor device. The width and pitch of the spacer elements 210 may detine the width
and the pitch of features (e.g., gate structures) of semiconductor devices. In an embodiment, the
spacer elements define a portion of a feature of a transistor such as finFET element. (It is noted
that the spacer elements 210 are illustrated in Fig. 2 for reference only and the patterns may not
include features which define these elements. Rather the spacer elements 210 may be formed
using fabrication processes after the formation of the line elements 204 on a substrate, such as

described in further detail below.)

[0016] The method 100 then proceeds to block 104 where a second pattern defining a second
layer of the semiconductor device is received. The second pattern may overly the first pattern
(e.g., be provided on a subsequent mask of a mask set used to fabricate the semiconductor

device). In an embodiment, the second pattern defines a plurality of features providing a



device. Figs. 2-4 are top views of patterns provided according to the
met hod 100 of Fig. 1. A "pattern”, as described throughout the

di scl osure, may be provided in a | ayout design file (e.g., GDSII
file), a photomask, formed on a substrate, and/or in other suitable
forms. [0014]1n an enbodi nent, the sem conductor device described in
Figs. 1, 2, 3, and/or 4 includes a transistor. In an enbodi nent, the
tranS|stor is afield effect transistor (FET) such as a Fi nFET
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enbodi h ransi stor may include a planar-type transistor
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in line with)) the remainder of the edge of the line element. Any number of line elements may be
biased.

[0021] Referring to the example of Fig. 3, the first pattern 200 (described above with
reference to Fig. 2) has been modified to provide a modified pattern 300. The modified pattern

300 includes the sacrificial line elements 204 having a biased region 302, The sacrificial line



[0017] Referring again to the exanple of Fig. 2, a second pattern 206
is illustrated overlying the first pattern 200. The second pattern
206 includes a plurality of features 208 defining contact el enents.

I n an enbodi nent, the contact el enents 208 define contacts that w |
connect to the features (e.g., gate structures) defined by the
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bi asedi(ldgilodesI2saciTheaald me eichicot 204 Having a biased region 402. The sacrificial line
elements 204 have a width wl. The sacrificial line elements 204 at the biased region 402 have a
width w3. The width w3 is different than the width wl. In an embodiment, the width w3 is
between approximately 0 nm and approximately 10 nm greater than width wl. In an
embodiment, the width w3 is approximately 5 nm greater than the width wi. As illustrated, the
width w3 is greater than the width wl, however other embodiments are possible. The biased
region 402 underlies the second pattern 206. In other embodiments, the biased region 402 may

extend outside of the region underlying the second pattern 206. [t is noted that the modified

pattern 400 includes an embodiment where at least one sacrificial line element 204 is not biased.

[0024] [t is noted that the biased region 402 of the sacrificial line elements 204 provides for
the adjacent spacer element 210 to be shifted. As shifted, the spacer element 210 adjacent the
biased region 402 is no longer collinear with the spacer element 210 formed abutting the

remainder (non-biased) region of the sacrificial line elements 204.



el ements 204 have a wwdth w. The sacrificial line elenents 204 at

t he biased region 302 have a wdth w2. The width w2 is different than
the wdth w. In an enbodinent, the width w2 is between approxi mately
0 nanoneters (nm and approximately 10 nmless than width wi. In an
enbodi ment, the width w2 is approximately 5 nmless than w. As
illustrated, the wwdth w2 is less than the width w however other

enbodi nents are possible. In one or nore such enbodrnents
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on a substrate and overlying the layer having the first pattern.

[0027] [n an embodiment, the modified first pattern is formed on a substrate and defines a
plurality of mandrels or sacrificial line structures. The sacrificial line structures may be used in a
pitch-reducing fabrication method such as described below with reference to Fig. 5. In an
embodiment, the second pattern is formed on the substrate and defines a plurality of contact
elements. The contact elements may include conductive features provided a connection with
and/or between a gate structure and an interconnect feature (e.g., a muiti-layer interconnect

(MLI) feature.)



t he enmbodi nents of Figs. 3 and 4 may be provided on a | ayout design
file(s). For exanple, a GDSII file, or other suitable technol ogy
form The patterns may al so be fornmed on a phot omask. The phot omask
may be an attenuating phase shift mask (att-PSM, an alternating PSM
(altPSM, a chronel ess phase shift mask (CPL), and/or other suitable
mask types. The photomask includes a substrate. The phot omask
substrate may be a transparent substrate such as fused silica (Si02),
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r ef er efitasesses ¢ gnlysbrieflp dosyyikedt karginn fustyy thesamigpndgetos dqvipstoPl sy ingude
met hod - alri j sem : devi ce..: . [ :
The. senmisatist BViEahA MR B S ORHBLAN L ARKIGE pifolhe AR AT e
sem condisoirgrcageitticedibds| fidasetonbutos simplibed fon FEdttat@udassndifg gfSthe 6- 11

are various views of. an enbodi nent a device 600 fabricated :
ccor dHGHEY CRETHRTBP 0. Srpe: “ehe el ehE Y gee R FebiBe wapy
Fi gs. Gf dehiadtdubibedda eeg @khsRIdes)! PR SR\ LA hitMEomRtYd amthndibodiment,
intended to be limting. %gg. 12 illustrates an enbodi mrent of the
seni cotfureminondesioreieviga dPhmchides hiEpiskr e ik furthg gbogangnt, the soryeengluginr

enbodi ngNt. &fo it BenFEMJeRduUct or having a transistor (e.g., planar
transistor%. '



[0030]1t is understood that the nmethod 500 includes steps having
features of a conplenentary netal -oxide-sem conductor (CMOS)
technol ogy process flow and thus, are only described briefly herein.
Addi ti onal steps nay be perforned before, after, and/or during the
met hod 500. Simlarly, one may recogni ze other features of a device
that may benefit fromthe nethods described herein. [0031]1t is also
understood that parts of the sem conductor device 600 may be

q&/@y substrate

f abri c#03d] by lde mﬁtlmﬂeiﬁ)@é?ﬁglnm&lmd(o%ﬂﬂdéwsee&ﬁt@éﬂﬁﬂ@@mw
t echnol fl
echno °g¥ﬁl?er Oﬁlﬁisa%[:yuor %‘l{’e rsazﬂ}%(]otr %ﬁ%mé&f%? gd(; {Pngl%&? e’?heagu%%tg%é %ﬁg Bé gy

descri b& ere e sem con or devi ce I ncl ude
var i ousemichelucevitceseanch ieateaiemducoichafas igutdvitedriEtle subarng rsdomslude

bi pol ar. junction transistors esi sto aci,tors, diodes, fus
ot oo BT S P i Serchdr T e s SriindF EPin eaubunt RE PRV ERT
Concepfe§n@fltai)}k%n%(ﬁ§§di&ls@h@ﬁis%%ﬁﬁa@nurﬂ- R n$e® Th @ QRS Ho u AE ¥inti€orfl&or such

includes a plurality of sem conductor devices (e.g., transistors),
whi ch sayilisen pabide.cesHivatasenide, mdimn ametids. geidium PJ@S@‘@H? C bicyeRtEe may

e conne r heoPE LRl R e B L NE T ST TE e 0 s pe

begi ns latrsbbioedd odnQRe Wbeﬁrz&e.aEmmhmasrcdﬁ@e'rshmmM ltedrmefhaclsdibissulative lapmys,

have a Iur ity of rs and/or features formed thereon. The .. .
cubet r SPE S DR attre cobBRlvE e ElR a0 (G eisruie
waf er, [dysrsParlVdrGafdr 1alB@ kabie i @k art iYudinCdsuldecribed (Ci08 enBodiments below.

crystalllne structure. In alternative enbodi ments, the substrate may

i b K Ta S G A S T

ar seni g ihel P4AAEB. AP AR o@featml ;ﬂap RIS e ityTHRs a GG AI TRk EealBYs, such
include a silicon on i nsufyator O ) substrate. The substrate may

f ur t hees eespppadabovnwits eferaps tp ﬁgﬁé‘}f&t PeBerRe blogk 1 feofdhpgicthad 4 00. EI%m es
of | ayﬁ[ﬁatﬁ?a‘?fe Yes s { Bﬁéﬁe% hi@cqll Hﬁig 3@§é§!0ﬂﬂl%’@is&9§ﬁ% %nc]tﬁ%b dxligth of

I ayers, ectl ve' coat | ctive layers iIncluding

pol ysi bn@&atuiag{es the vddthloéonerspacd ayhzer ﬁ),lio'a[mg/fea’lul@t Abrs heisiemay kisowa i n
the art incl ng,as descrij.bed.i 0033

ot hot SIS S Ree ST st e SAEBR P (RS e h RSP ca
are fopaet AR, 4R cHY RS fpatEinclibe th Width bl dheGbadee Hath eStheplirdliLblRISURS
pl ural | i ne features, such as descri bed above with

I of sacrificial
referewiid%attiﬁpét pyorsybstpntiallyvarticl sslev@lls 102 of the method 100. The
pl urallty of features has a pitch. A pitch, for purposes of this

di scl ooy ]n i m%%@lﬁﬂny Belixd fhtrRinddiR af RAstWHE B REEO@atMadbBertfiasene
space to the following feature. This nmetric may al so be expressed as

| i ne/ sghe biagddine feqturganclydes p ivfage pliereingehmere ragipns egheibiee ¢lemet have
l'ine, ont. |

i deh oriaiRGuedolcRdh M osBohbEITH e FARTRE S2uh DELIIRE oL
| east ﬂMbEmsdnisltmrfbdtmie Inyaywerstibstadtiady stewat losis djs0@34d dthwee mmhrraﬂerenye tofthe

line f % a 3/01i* pi gs. Lﬁ da}it IL & grtnbgcﬂ%eihtl e fsaes%tg%(; u(}es mcrea%f?lg gecreasmg?he
width of the line element by adjusting one (or more) edges of the line element. In an
embodiment, the biasing amount may be between approximately 0 nm and approximately 10 nm.
The biased region of the line feature may include a region where a contact element will be

subsequently formed.

[0035] The plurality of line features may be formed using suitable photolithography
processes. In an embodiment, photosensitive material (e.g., photoresist) is formed on the

substrate. The photoresist in then exposed to a pattern using suitable radiation having passed
8



The biased Iine feature includes a feature where one or nore regions
of the line elenent have been an increased or decreased w dth as
conpared to the remaining width of the line elenent. The biased |ine
feature nmay be substantially simlar to as di scussed above with
reference to the Fig. | and/or Figs. 3 and 4. In an enbodi nent, the
bi asi ng i ncludes increasing or decreasing the width of the line
el enent by adjusting one (or nore) edges of the line elenent. In an
embodi thewgh ap eomﬂésﬁngﬂaﬁbgﬁﬁwnhvwb@0®§$WEQﬁxﬁﬁgﬁUwimﬁﬁevvb@mﬁwﬂand
appr oxj r

inclu errggrﬁo }/llec];tﬁ Staﬂ}é(%'@cgpggoﬁ}s@t&e fGE)rQr&\;n ve%{]ﬁ' Jgfgpeg’ﬁ%@z%geaﬁt FH% 6Srtrred
[ 0035] mhtifigd pmain' 400, désclibstieabbeatvith edermmye tbélg‘ ar ff‘hdexmsag)}mmremuiselhen

photoll ra an enbodi phot osensitive materia
e b Lo g SPET MDA R S ABEE P st " The: phot or eei ot i 1

t hen exposed to a pattern using suitable radiation having passed

t hr ougiodzsiphoRelBE#g. to ki aacamﬁtmﬁtﬂigirﬁ(iﬂandtébeu mnﬂt(ﬂfdestbsdevns oefrosed to
a pattern substanti all l.Lar_taq the fir fled

ebor | Dutriovde spsordici Srues 65 ns! Jesg su brefet i TS o 606,
pat t ergpgafiQ, 61@%&5&% ROQNSME 5. 'Bfes)I 8AGE dF MyBils®06 4608 ThA A¥pesed

photoresi st is then baked, devel oped, ‘and/ or other suitabl e processes
per f oringldde }ﬁz@@B@}IReVers,ranﬁgreﬂ@twmoaeﬂaimswabng Rivers. seaicoatiert@paycss,

sem cop I t 600
o oGS 0B 0 000 T YSHG2LApTI PEECBSR AR B1S 55 200
di sposadmpnry tidy anbsdtristeded 02 be rﬁinmngi the aiahstryte@t)z hmyemcﬁucﬁ@aﬁy n6Gie8er cind

nsul Sy v ol AR e IRy nice et R B RAGEREY e or

ot her &@M@fs Further, the plurality of layers 606, 608, and 610 are
exenplary onIy and not intended to be Iiniting the substrate 602 may
includ er of layers s 6

o uddOSHR or 15 S S et e RS e BB SiBTER (oA e
har d mkamr%rib%ay mlua@amo@ﬁoasr&ﬁiuéﬂ%éi 1. ORI hBb&nRhts! thehard

| ayers 606, 608, and/ or may include an anor phous car bon

mat er | mask materé ey IWWMS@!CW hiride sdicamexy-miidsy siigonrapidan andiere
OXIdeS i n [ , i r
ot her WUl Brofle IERIBEAAIAREIE G SRGAED i ARPLO
addi t i peeht @andlé subsfrenw6D2y Bhslapay 6bfe 608.esdft 6 thmtnke Bulpsd natgcddentioninle

| ayers 606, 608, and/or 610 be fornmed usin ntjonal .

bt e SUBES 16 R ik ahan as faRde! VREREar of o PG BT Pbysisevaser
oXi datde@@sntn&hmmablam%a%ﬁwm (ErC(BYRimosph@fy e ancs da YD),
(PECVD), atnospheric pressure CVD (APCVD), atomnmic |ayer deposition

(ALD), awmw!weeém@omm PovDyessui¢ @Nm@{?&\{@) bigh darsitowsmMEPEVD) |
0038] A
at om C ot ﬂBnﬁéA‘ @/[&YP3RQWD‘2 rﬂﬂfr 0%1“:'1 EL‘?}QB{% éﬁ)(%c%gs%gses [ ]

pIuraI ture strat as el enents 12b, and 612c,

are dIS osed on the substrate 602. The Iuralltg of features 612a
612b, 161268 n&ra?htwwé featiwesp Hysoasechan lementnliZar ¢ 13b. add2agre disposed on

p_hot Ort&? Elﬁqntstratlﬁé% o etsﬁ[uféﬁ c}f féa?tﬂ‘%y 2§a2rndq?1])l§p 81{12 :I'l?cq;ude !)tldg&si%ve

wi dt h tures hav a spaci ng
S. Themgedtid hucEPn dsmphblotkasst.t ’ﬂlee shomredist lfdae,uw @lCh, A2 2t hehsipacad8. W] dhan

embodi prm){](}x‘ési;[t ?e%ttyl%sdélga,vg lIZIS), 6e ﬁlé %Lvetaosp%ct]lgg gp éﬁig‘ pi%dh P includes the sum of the

width W and the space S. In an embodiment, the width W is equal to the space S.

[0039] The features 612a and 612b are illustrated as biased features (e.g., having a region of
modified width); however any number of biased features may be possible. The biased features

612a and 612b each include a region having a modified width Wm. The biased features and the

9



[ 0039] The features 612a and 612b are illustrated as biased features
(e.g., having a region of nodified w dth); however any nunber of

bi ased features nmay be possible. The biased features 612a and 612b
each include a region having a nodified width Wn The bi ased features
and the nodified width Wnnmay be defined by the pattern used to form
the features on the substrate, such as descri bed above with reference
to Fig. I'.%QO(_MO] In an enbodi nent, the width Wnis approximately |ess
t han appdiosd widte Wm ey be defifedrbaribe pavgrm wsaeé tadoam hafpatpres an thergbdiatient |

t he ng.hﬁaé’ﬁ@sk e%%BB\S)eXJvi‘iWFe «.J[S-T\.’ncg t@mgilm?_ss than the width W However,

ot her odinents are possi ble and thin the scope of the present
disclosure. It is noted that Fig. 6b illustrates the bias of the

f eat url@84@12alreancen@oZbnesibtths wiskih Bm froappfoximagelaitese e approsiagtelp i Onme
featur 61 SHC i ' el t
o apl <R RSy e B bR (GF Rk Bl A BRAEhy FY S RAL il
10041 1tRe fxidth ivigHoG@wdr Cothdr @ mbodiancandire/fmssiblrandl edthiir ths s@p2 af thé baentand

612c ar.e used as masking.elengents t tch,.an under]yi ng, | ayer, 610
Ceoe FORE! 178 ond bl Piar b6 TRt et Bhs L PR LGS0 15050 6 At oy
respechbyig)iNe aArIJ Q8B IR OH IR ured HE2hE BBIY Suck Gddihe £82Dis nBMehgéPEdtlimhe

pol ysilicon. ternative conpositions include anorphous silicon. The
el emrerit dippipecd ingals, HavevapodengybadengyemePPesitds: | i ne el ements, or
mandrels. The etching nay be formed using suitable wet etch, dry

etch, pbagme REGHingaRdW BFiRt Pein®ie HeEhiPEERSERD, Mt An: hRAIsed &N Ny,
the photoresist features 612a, 612b, and/or 612c may be stripped from

t he subsskingtadeniars to[eoh4n |uTies]ying lapet 640 Osee et Oprrto deetis pluenlil efdRategs
wh | | ] f i
ere 2§, 7‘3)?%,[ 4?%0% re%?e%ﬁ%l .elneegﬁeéﬁ%b%gﬁxlﬁ%t,gﬁ% gg,q%rgg%iw@bem@t afhe

si dewa e I'rne features forne e ‘spacer
el emenjddysitipnb @ liEoatredcougiorigocoinviadd annahospidcen. The camean 7(a0tEbs el
For ex

o R bR S S e LT 5B i
?R;S?E\gﬁﬁcﬁtg@ﬂy@bh, bRsrhETh SRAGLHhE! QBN Sroaksdst iATEr R tchirdemalphstofkist
features 612a, 612b, and/or 6 [2¢c may be stripped from the substrate 602.
[0042] The method 500 then proceeds to block 506 where a plurality of spacer elements are
formed abutting each of the sidewalls of the line features formed in block 504. The spacer
elements may be formed using conventional spacer formation processes. For example, a layer of

material, such as oxide, may be deposited over the features formed in block 504 and etched,

using an anisotropic etch, to form spacer elements abutting the sidewalls of the features.

[0043) In an embodiment of forming the spacer elements, a layer of oxide (e.g., silicon
dioxide) is deposited in an atomic layer deposition (ALD) chamber. The oxide layer is then
etched in a dielectric etcher, e.g., plasma etcher designed for etching dielectric films such as
silicon oxide. [n other embodiments, the spacer material may include silicon nitride, silicon
carbide, silicon oxy-nitride, and/or combinations thereof. In the embodiments, a layer of spacer
material may be formed by conventional processes known in the art such as, chemical vapor
deposition (CVD), plasma-enhanced chemical vapor deposition (PECVD), atmospheric pressure

chemical vapor deposition (APCVD), low-pressure CVD (LPCVD), high density plasma CVD
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[0043] I n an enbodi nent of form ng the spacer elenments, a |ayer of
oxide (e.g., silicon dioxide) is deposited in an atom c | ayer
deposition (ALD) chanber. The oxide layer is then etched in a
dielectric etcher, e.g., plasnma etcher designed for etching
dielectric films such as silicon oxide. In other enbodinents, the
spacer material may include silicon nitride, silicon carbide, silicon
oxy-nitride, and/or conbinations thereof. In the enbodi nents, a | ayer

of spa@ﬂP?(ﬁ‘éDb atagic rgr G¥DHALEE o LEb andéor dtom arocesset swsinghomh The

the akrRUehy@ %Jag%gt@ jalf @aoétatett'u e UV pBLASTABARANGE Gt
heni cal vap e , Eric pressure c

vapor dep05|t|on ( APCVD) , Iomfpressure CVD LPCVD), high denS|té¥

pl asnmal00¥6) (R@rem/@)to tzet cxainplel ofyFegs. &a@d(m t of ApESCr mAiak 808t Eymed
roces 0 i f

Phon oo BeSRabesimhb 58 hyralit 305 BT BE B My 2R ER e R okt K5

[ 0044] fzaf aichidag dtabectltvanaxmmhﬁt ofsilfcog sxid8asilivod n8hde, ailicay exynitfidg padier

material 802 is forned on the substra e. r rial,.802

be. & CONPORIS pgRsPiopndn 8L BN TR aPF oG AT g hickest S
di el eCtﬁplr&mt%grﬂoaAm %lﬁt@thyaﬁe%h 16 QRd Atiiflendifd doieQmifthd.r i de, silicon
oxyni tride, [ or other "suitable conposition. In an enbodi nent, the
spacer material | ayer 802 ha th| knes f approxi mate by
vay of [W8¢3npI Befriigigihy W@ﬁ@ﬁtﬁ"&l&s A brfbeishager R ’ﬁéﬁléﬁf ﬁ%%ﬂ
the exgyml geRbichldds fordasabd e%?nents%ﬁ ﬂﬁ@@ﬁac&&ﬂ@ﬁén@d 9(?]23&Y@f011§Qc2al{LEtﬁrgg the

8a, 8b) is then etched to formspacer elenents 902. The spacer

el enensidevgdiz othe featerped)2abT2bi fmgi T0Re by deampitodanest, thehepagss analgred layerpto2
702D, e i r

et ched OSEE i Pl SRR EERLes FELARARCR ARLRRNE didy R igplsin
may f orhmstdhﬁaiest (eqe metrsmoﬁg ﬂthmzsmmewattiemp(s@tgte linreermmentsgintl e swhsterd al

on the t of the I|n el enent s, and strat sur f a

e concRBRER) g STEbFER FHY BRIV 4R ELFE ALE SURSEr TRl RRIon of
for mat j,@QpRE: éiaﬁerﬁpma}emmrmu&@&ldmat [thddrhyl m@desgtg (ea@ diotréaeal the
lithograp % processes (e.g., to renove the end caps of the sPacer

el emen@rsi cgmf thespgoer @tﬁlmqnta%m aFiasot iWgstrasgs thai @t 1he Qigseyl resign ohthgfleatyyes
feat ur &), 10490 the LB2R: oPEnSRBGELhi éoagat%@tset Q@Bthéi \%ﬁ\’dg teds sl fdsst -

| n ot her words, e spacer el enent at th I ased regl IS no
| onger 9Godt thertdiased ngdm it he longemiohlient with theeerspadenf éieemmt ei@mznt(%Z @e g

t he nop- bi ased re |on) I n the res exa S

002 | STGAPEBESSIIegRNT Vg WAL besP Hebte el A T AERevSr Bne:
enbodi pRAkFat WehiRed S hobOR4 BlhihenmRiimads 50Qodsiten proceeds to bl ock
508 where the line features having a first pltch (and havi ng been

the 1t Wloar  bedeibag SHE g B bl Sof R O ede@eSREVGATE

el emenggehf( @ dMeidghebh ﬁﬁlﬁe@ﬂﬁblb@(@é#rﬁegﬁ?lb@ﬂlﬁbc&@p&%ﬁ@h@;edThﬁﬁﬁeiﬁtﬂﬂlﬁﬁérﬁ
may have a pitch that is less than that of the features forned in

bl ock $Hedine fastuses reashsdiemered by heetgtehamoessv | htepaseylements darged pmploghe
resol u ubd @@m%ﬁlpo%tthé tttbxtr&tg PR09 éa%!:ﬁsﬁt}ih?g{agepgétltﬁotgl&t dy&@t h,mhtab@nprfteafa%s

500. merous other configurations a epen I'ng on
desi gnfonzeqdunrtﬂam.rﬁOé ﬂman erhbochmmtpthndmdt movsdai/inayebﬁ&ﬁs thhmthamesoiution
enbodi nment e fea

wet et céarpfal'htagy 3AEE !)P? "3;1 e%‘useit? glhﬁ)ow?\}um%gocug otfeP ESit igura 1ons are
possible depending on the d631gn requirements for the semiconductor device 600, In an
embodiment, the features are removed using a wet etch process. The wet etch may include a

phosphoric acid etch.
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[0047] Referring to the exanple of Figs. 10a and | ob, the sacrificial
line elements 702a, 702b, and 702c have been renoved fromthe
substrate | eaving the spacer elenents 902. [0048] The net hod 500 then
proceeds to bl ock 510 where the spacer elenents are used as nasking
el enments to etch underlying layer(s). In an enbodi nent, the spacer

el ements are used to define a pattern in an underlying hard mask

| ayer. The hard mask nmaterial nmay include an anorphous carbon
nater|@HM7]n dkﬁﬂnngﬁhbdﬁnnmﬂeof&b%lﬁamﬁlHﬁsﬁeﬁaﬁékkéhﬂmd9mﬁm&Vﬁ%@
oxi des i |tr Sil X and/ or
ot her ¢ O?ti ?Z&&I E:rrl |r'?:mcr’m‘?etd g{r%lma s)éllblskrtaltre Egagmr‘glsthé %”P%gﬂa %Eé?\'ts [ayer,
as patterned, nmay then be used as a nmasking elenent to etch

under | yo0#§] t ar@eﬁndtlayieﬁro@sben fir nceads terbﬁmﬂﬁr}r@ mtheredhd sppegt eiesneetsaueused@s

forn1a | ur al truc ur.t h

ot v PPt el o S8 Ead G FRL 4h B Bpbi O B TRRTL IFbse fhe used 10

3 truct YeRss a gdiesEnRA Iuy@drlyn@qmcgmlm 135:1;] uG‘huF:&a n{mlyrriae:risamay fnlcmldabn or
unmy gate structures. For exanple, the ys ate struycfure
may be a@@ﬁ&eaﬁ%@qwﬂ%e@ aluetheiFmbogispests, g"éthérdl %r%aw ‘EJC

?at e SkfiGh H:'h% &lifon &Jy%‘ﬁ'ld@rbnﬁdoﬂ%ar%%ﬁeGMVd?%fﬁeF Qmabfé%éw?ﬁé mateRals. The

g., provide gate structures for a finFEI device). In an

al t er nanderlyirgribodinaskniayert dsepatiemned, stayukanlreasedgse masking elereqdt i giph
p! anar u%%ear SI Sgro %ﬁg%%;f)sg“?n] algeef Sr rgl aCTa);ep% SB%EPA E)lx(xg a d)'l_'l!lrﬁht%é)f #Qteand

f %
Fig. |1 | enmen areised as. nas
etch t hﬁudﬂlﬁl@ﬁrﬂn}él foghdraydod B, @polysilitOalayérds Eohath tpdbirea piufallQQOf I n an

enbodi nent,, the |l ayer 608 is an oxide hard mask I tt
1102 mi§ypdcopsEte %ec@%&@m%%@r?emga%%%twﬁs A% Fﬂff&ﬁF&*}Fﬂﬁf %@%Eﬂée
and/ or sGiBSEE af&- eerh?esfaegegs.ﬁ&&lrgawelu%?esrmy eaubRimMel rdflam bhe metal

substrate 602. In an éenbodi nent, the sem conductor device 600
descri lgeld. énbmveﬂwlnmerrtethegetnéeuqﬂeeﬁrg@lmeé on éigs extgndimplroigghe gigstradg
9b, 10 10b,..1 | V. i

11 ust ot ony ahs YAl Kb adoPERLeuRef h PR ARE RO RS e |,
t he pa&ﬁeﬁmeié@2$m3mmﬂeﬂﬂasmalnmskmng el ement to introduce the
pattern into the Iayer 304 (see Fi g. 11a) In an enbodi nent, the

Iayer S o T,

pl ur al |€0%9Lf S%f{%m}sq #Outlcl:l Szl-gaen%;ﬁ{g%lzz\g ﬂ% an?wgStl rﬁggl%éu e %%%ﬁgn{‘o’%?%@l “uS%de
a gat e ag meble@g élemeritayﬁtclﬁmld/u@dler@ngaﬁﬁn é()&(ﬂlg dde) toFoien pateen diOél dcami c
| ayer may include a dielectri suc

c terl as, Si
si | i coMRpdifegl thedpyer ég%is&g)})xmegl? Eas dfily@f eﬁfer pattetfy II[!IQSO %)éﬁlsed as a
di el ectydsging QRMAND e(clﬂ'tﬁlé"uﬂﬂ)erlylﬁg diyers a@aPLIMEAONThd LS fenfanamb asaydle

high k materials i nclude hafnium oxi de, zirconium oxide, alum num
oxi de, rémadved drpndihoxubitratgloddi na (Hf 02- Al 203) al | oy, or conbi nations
thereof. The gate dielectric |ayer

[0050] In an embodiment, the semiconductor device 600 described above with reference to
Figs. 6a, Gb, 7a, 7b, 8a, 8b, 9a, 9b, 10a, 10b, 11a, and 11b provide a finFET device. Thisis
illustrated by way of example in Fig. 12. In the example of Fig. 12, the pattern 1102 is used as a
masking element to introduce the pattern into the layer 304 (see Fig. 11a). In an embodiment,
the layer 304 is a polysilicon layer. The layer 304 is etched into a plurality of gate structures
1202. A gate structure 1202 may include a gate dielectric layer and/or a gate electrode. The
gate dielectric layer may include a dielectric material such as, silicon oxide, silicon nitride,
silicon oxy-nitride, dielectric with a high dielectric constant (high k), and/or combinations
thereof. Examples of high k materials include hafnium oxide, zirconium oxide, aluminum oxide,

hafnium dioxide-alumina (HfO,-AL;0;3) alloy, or combinations thereof. The gate dielectric layer
12



may be formed using conventional processes such as, photolithography,
oxi dation, deposition, etching, and/or a variety of other processes
known in the art. The gate el ectrode |ayer includes conductive
material. In an enbodi nent, the gate el ectrode includes polysilicon.
I n ot her enbodi nents, the gate may be a netal gate with the gate

el ectrode including a netal conposition. Exanples of suitable netals
for formng the gate electrode include Cu, W Ti, Ta, TiN, TaN, N Si,
CoSi, #&mdbefounstysinacomiationabpioedssespreh @Sap@teltte@&lmawe%ﬁ%t&m daposiiger
may be

physi oS OER R SARNFBE LRPS R AERSFR MR, L hIE Bl dSEl: Alludes
deposi towtucivevterigll asaeereimhiainesdghe Bzﬁﬂnkeafrodwammdedepkysullt:mro rnERPECVD) ,

at nospheri ressure chem cal va e ositi D).. | ow pressure
VD (L Beon R GRS Han gy o fretia e PpRe eSS ey @R
(ALCVD):@mgmm.r XaRgles BT Q6@BIS @fetHH DMorining the gae blebedeUdilng: Cu, w Ti, Ta,
phot ol |tholgﬂrl\g&g and et chi ng processes. %LF0051 The gate structure

5

f or med Ti4 £0Si mrd/erFembanasany thergolor hsep etectlegq yateyialdayss man &g
lror)E/t theﬁﬁmeﬁtb %n\}enﬁo Fﬁ%ﬁéss&l IETRAGD the B siciply Pﬁﬁ%a% of Ii%nEmB@Qi\Qﬁ)

at a or ion o e gate structure ¢ the desi provi des
for a Cxpnttaﬂtg) ahemiznt vapor dsposicomeh Dk pglsma@olnﬁme@i getntidnd vaton Yiepobitionn

enbodi shifted region is prov ded..t

T onmiiC YR FadBherirs it aPhalt MRSl AT Bl v

bet weeQLREEDYRiEh dEhiitiGilikhe @D (HME‘(BHE)Q@tbﬂ:ﬁ@ldy@MBCALCVU)elnﬁhbr bihel
region may directly overly the top surface of %he fin extending from

t he suBsqcﬁ%tﬁ%knoﬂ@f‘éﬁﬁ%“@%dWEQh%tQQWB%‘éP}HTanﬁle INEPIOGESERi ft ed regi on
1204 is illustrated in the gate structure 1202. 100521l n an

enbodi ngsY| thﬁe%@i@sﬁ@&dllé%@ﬁeddﬁ%lc@:ﬁ 560 thcA@scs kel aladiset Mgtbtlil(as defined
reference to @tgth 6a, 6b, 7a, 7b, 8a, 8h, 9a, 9b, 10a, | | a
©§

and |1 By grecbity RagH<int)- (Téu hiftegjos AEfpet regigisnay be ata pphffcgl quhe Gale
L1 ust cafed. ?)ﬁst’é@}{e Qés FRY& thia E deitact éiémerlxtrto bO%r ﬁ?é@f@%ecd?lhe&éc&het%%)

t he pattern asamasmgeerrent to I nt uce
pat t er in amerobadneedtatye shlﬂe)dllegmees ﬁlogtded.maa)ccounh fearan elpodénntmieranaelaad/or

e 30 S4B e B0y LR NSLy A0 b9 4SO e

a gat e sihfted REton hay @jeel] y andlfyatie ﬁ)pgaif&eeifﬁtetﬁtﬂd@endln‘g fasn é’mmbhma&nt

the gate structure 1302 is a _sacrifjcial or wlgrq( %gte structure
(e.qg., Rsbryjeg to.t%mamptore“ Himtld. aehilied iggion 130 sabyipled 4t s eggetipqyre 1202
rem)ved fromthe substrate and a netal gate el ectrode formed inits

pl ace. [4033p3] Than gabedinkht et RichB@Rtor Aevithen(r dptidnaaBoNe it R fdaicaad
in the place of a_du ate structure 1302, may include a g aﬁ?
di el ectgscoa, ahete, Fta@g% a,dbel Weifh. d 1gpe fbaﬂ’m%‘t‘}éﬁtfégsmtg‘i (CigodIf8ki de,

sili cogamlgtgggdefhlssig h[lﬁﬁﬁﬁ@@’wgy ég%ﬁylpléjl'n%fqgr Cihekin@e Bt Big. 13, the

di el ectric nst ant nbl nati ons t her eof anpl es
of hi glpatkermif @ is abest s mohastiog lebeinehuim ioxddiies thz|pat§@n|mimt®>daxte30‘htsmﬂgum

Cher cof e DRl e By Der Ty PabTRS" oS ePhaORR R hTE

pr oces $RFalkY 6NzASstuRIeEOI30R hog pap Byuctwril 86 mﬁ)ﬁmcﬁﬂﬁ)@gaﬁeldﬁﬁhcnﬁi lepdrng,
and/or a variety of other processes known in the art. [0054] Ther%{gate
st r uct apdonagpe lgsiradpe I ApimdiaF o edc sioiug 707 eﬁéawfb?@éowu y gate

dummy gal&ure (e.g., polysilicon). The gate structure 1302 may be subsequently removed from the

substrate and a metal gate electrode formed in its place.

[0653] The gate structure 1302, or the replacement gate formed in the place of' a dummy gate
structure 1302, may include a gate dielectric layer having a dielectric material such as, silicon

oxide, silicon nitride, silicon oxy-nitride, diclectric with a high dielectric constant (high k),
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structure 1302, may include a conductive material. In an enbodi nent,
the gate el ectrode includes polysilicon. In other enbodi nents, the
gate structure 1302, or the replacenent gate forned after the renova
of the gate structure 1302, may be a netal gate with the gate

el ectrode including a netal conposition. Exanples of suitable netals
for formng the gate electrode include Cu, W Ti, Ta, TiN, TaN, N Si,
CoSi, and/or conbinations thereof. The gate el ectrode material |ayer
may beantlisy seabisptiensihesenti Enampley olddaisle siatenislainglylcthadniwpoxigly cHrcgaium
physi ¢ v t g I

Gepos 01 PRRSHFBERL Hefuh Mkac A PRI oG ML P o PR s
at nos phiergac cpelestsuﬁee/ex:lheyﬁae:ﬁ#mmammg dmperﬁnoha!qmoc(e@d@%ﬁ as) nbw;thﬂegwhg,

CVvD (LP h.densj t sma CVD at oni c.

CAL Tty SO P it BUBE S avat Pheingbesses s gt ©

phot ol i t hography and etching processes. [0055] The gate structure

f or mred0D8d]bl oTke gdtOstrunalre B2, ar thhirdpiaedmont gafeffseﬁedrlﬂgtaqﬂac(eaﬁ? a(deih'my@hte
by the shjft the.s geer e emant Thi s d or offse

oy betttu b, fahERa; Ao GuEv iR AR TRE BESEREEFEH dos
for a iaeniagolsliRERNN dtkerRMbbAINTRE, he glie strERMBQGHE G tREEMARMend ghtdn
enbodi nent, the shifted region is prOV|ded to account for an

al i gnrigrned afics theremowmh af b 2aiessrctig 18HS maydie oaetlptow il Bsgateelggtrode
bet ween LG d %e‘%al%ﬁqg H<f @{%H'\pkg%f &nd &'n?éta@lgf& %ﬁﬂ% Iﬂa% Rhdd ed
egi on may ect | e top sur aceo ten ngfrom
t he sube;iudaﬂe, WRET, @BrTiNgTaTd Nive @samptler ocimiﬁngtoniﬂlele@f s1ﬁilef gae@eic(égxdgn
1204ISI|| strate |fnth ate str cture 202. .Referri oh 1
o) Betggiat R ApSRe bt By B8 S0 ER Tl SRS 08 e Bl st Pobind) vamps
str UCtde@snﬂ&Q@VIj)Q%ﬁtEﬂfﬂQ e vEIR dé R tioR[OVERdSash-dnAiibed tiaical

features of the sem conductor device. I n an enbodi nent, the net hod

500 i NEPRERoTiBe kG D)k aliftoselerisID&iTeE G'Eﬁweq%éfa@atdép%setr%ﬁﬁﬁé@h ow-
descri a
Fegi o or e o bR i e B B o b PR TRE ™!
spacerangfogpthet procgssesdmpaotin the @rtentludrey phatditbeimaphynnd e@hma@dﬁcowei he
substrate, in particular through one or nore |ayers, such as

i nsul | a r

T ed urth, oogess HAISTRE Eoh B HSIOLRL R ERfinth 3 Bk oot Grdetnes,
t ant al bMﬂle Bhlfta)lﬁtiwrspam clkmknt). cﬁhabhlftedmtcdfsetsnegimmdae bemea adrting pf thd gate
pol ysi li con, and/,or, ather gri al s si b | udi n one_or r

Pot Y actBFgR s RSk RiongES Rrinodaleldierb bR B PP Rlong
sui t althenRRBbOkichh Ay shiFky ,regi‘@m: Rippgkideand act@RASbE di0dligafREeBREMcE frddor,
CVvD, PVD, ALD). The contact elenent is illustrated as el enment 1304 in

FIG 13Wrif @eﬁaiqrucwlcam@q%@t&rmweeﬂﬁ@ gabnttye e angrtherspsiated eachy g he
I ncl udg;RAGES Fl'l fia ldngcﬁf?f%v%ltu; Hl%tt &3facd HEnERR RGN RR e BRYNE BB rate.

conti nue, epl acerre gate process, to provide that the
sacri fRﬁclaihggathe esamMcpﬁFlgslhraehrﬁeckmgecm F2081is ilberasedos theagage dmdture 1202.

or oot rguey e T 0EPPER [Hich SR MEiupot RIS FrRutRlf

openi nge2wi t hi n which a rretal gate wll be fornmed, as is typically
performed in a replacenent gate process. The SaCI’IfI cial gate

2 o054t o BemelRy sl BBot AP o K etd e R B U

r enoveg d&yboanne@l& ¢hd NGthsO6O0 inPRdSBIMIAs a ch@hictRicaiEat én thiiigh@ructures
dilute-I1-1F, and/or other suitable etchant. In an al ternative

embodi desiitbed phryved B BloRK P £4-al hegantackelsent iy badginsd onarresier opipe gate
sui ta%%mﬁ?lfeyde% (Egbge ﬁa@t% 1on|-:8ﬁm e‘?teﬁeﬁi%ﬂﬁsA Ot ed b gqf?(hudea

and/ or ori ne et c ary processes to renov
dummy ‘gattehdi el tbe subiscate,dy eammmlart uhdmgh bogiodnok lgas, plithse irdilatiogdy .,

formed on the substrate. The via may then be filled with conducting material such as, copper,
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the sacrificial gate structure. In an enbodi nent, these openings are
defined by the features forned in bl ock 510 having a shifted or

bi ased region. Thus, the openings include a biased region (e.g.,
region having a different width). A gate structure may then be forned
in the openings. The netal gate structure may include interfacial

| ayer(s), gate dielectric layer(s), work function layer(s), fill

metal |ayer(s) and/or other suitable materials for a netal gate

st r uct alwminupmg tusghten, tandlod] tremte, nicked, epbelalmejeltsiiciler metelnibideago! yilieHer
includ n r r I t

rat or | S8 O el PR s} OB B Flos RO o BN TR Fontge
such adergédtinegrbedxingdd ukiay editabi ;ﬁ@)olﬂiﬁogsadhy omhm@;ymi diapnsieon( fioCdpes (Thae

interfacja ielectrjc la for ation,
t her na&bxl)gﬁt ﬁ&iﬁ ib%?ﬂ %@F%deg%@tffltf ??E‘? FKSin’dS or ot her
suitable dielectric. The gate dielectric |ayer may i nclude silicon

di oxi dj@0s7] ot hedn @wbodaidng, thki Rhwedsrforened|in bk élmmdiudemnft\,mg@mtmctures
dielectric s a hl%é‘}li‘k dielectrjc |ayer

al t er ot Dehadh SRR ConT RS, fEkornE e@*%évemé et @%W@V@PB}%@PH c
first ﬂE;‘?ﬁé@?aWu@tuFe@ Brcd@hmBvel f%lﬁ@z{eréugsﬂ‘-aer ARGepIRNde Witk idalldA® stuBIes
gate electro i's not rem)vedg The high-k dielectric |ayer may

i ncl ude-ehatdliding vsicbeqireiromde). Al hearemarsivé the saqrifisiohlgrrine gravidss £o1 ¢

B R R

ot her g lbxabdse Tt eciifidial ghhestigetue lﬂmebﬁcmem igclixdgyremoniny ablenfrgasd by

atomcla tion (ALD eni c deposition (,.CVD

hyo P e THERBSITY Biie (BB 1R BTt eLEPaITS TR Roved by
[ 0059] @‘&m%§&u®hts¥@ﬁasw Kxgnktlﬂé?twﬂmmr%l@leslﬁ Nalireethdi MitadiabichdRt, 1M
A, WN, ZrSI MoSi 2, TaSi 2 WN, ot her suitable p-type work

f unct i Biermasiveeinbodmensy the sxehiliaiel BnsrucHEe 8wy be Esiaayse &Y ¢ Shta y\%f‘wg
functi T C Jﬁﬁ% TaSi N
M, Zrlglg er;Eer SIJJ {]&E%g%rg&mdé:@um%%g%(g%%ﬁlerlr)g%ée&r ?égfiﬂ-@ 5

conbi nabiens to leeeothe d@mmy gaté diettiroayeaingbide Qqadsogasa:ﬂ"esb dulutad lihe
material conposition of the work function layer, and thus, the

mat er i f ot r

functi @ES% ujg%s?oa! g‘ﬁ ftmrugem q%é thr eﬁ%%l %\'t @Qﬁﬁg%%?ld édJac hl'eté%géé%? ﬁf
t he det\he serifib@t gitssttuetibe ]fn@nrmtbodmdnhehaseemmgum dedigedy thﬂﬁ@ztmm Kk
functi I ) eposi t.ed C\VD,,,PVD, and/or .o r SUI abl e
e smmads Hiod s TERE ¢ SRR e ef ool Tty SR TR BB or
sui t abdcglon% gr keloh-haiRg aldiffdredtBiiah). nmgaiéeutzaﬁm@hybyemmﬁé@n thc

pl ating, and/or other suitable processes. The fill netal nma

deposi Qf@dlnﬁ%‘eThet melabgaiastugives an inghida inteciapia (y(S)eide dinleple yrsf(ﬁ)t PAREK
in the r e

- onoval ST R, PR fla (s} ddrcARE AERRRIMAAEN R03 iebll HRE seided®in
the f aaha:rreaﬂaoﬂmmmmdthn mnebdi @ate sﬁﬁﬂumfmetmrthmlmweﬁﬁmmpg byemdeetch stop layels,

sacrificial ,gate ure : re subse ent

7o actl ot sk oS it 8158 MR SR i e MGG e
st ruct i@ dxifel 1&5@@(&&0@% fstiReh exymedills elionNegTain(ascidpdicResic yct hey be
shift of the spacer el enent abutting the hiased region of the

sacri ffoened by @hﬁe@ﬂ pxidatipnethernya joxidaer, aogie laygrrdepestiondgildn: ¥ Dapaddor
preseng h%?uﬁ{bﬁ e igfebbic! ?B%@H%@cﬁ&qm% ?%c‘?ucfe%llﬁom diR[Rlor 9AELIuiadlBE

shifte set region e at a portion of the gate structure
wher e diblectdesingm qmim;hmmm thogatadicBntriads a bighrahtledtoc bperf dArpoted ebaye, in

connected here 0 ruct u
ST HEMEl SRS Sipb B iiEn BT 1AL BT i o e A TR R TR s Wi ehe
and/ or gaed diekectid fbiRd unddiiyedt the dulRhgGasseidctrods is nbﬂ%h\ﬁeﬂi 1 Mae piahea

struct ure and the associ ated cont actf) Referring to. the exanpl e of
dielectric layer may include hafnium oxide (HfO,). Alternatively, the high-k dielectric Tayer
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features such as, a trench including a fin, a shallow trench
isolation (STlI) structure, a line including an interconnect (e.g.
netal |ine, contact via), a gate structure including, a contact
including a via, and/or other features known in the art. [0062] One
system for providing the disclosed enbodinents is illustrated in Fig.
14. 1llustrated is an enbodi ment of a conputer system 1400 for

i npl enenti ng enbodi nents of the present disclosure includin8 t he

syst ensaneriionel hiodkide eter hibled dirdecsiies, such aghiQenB b OmdaOs, HREOedndut er

t 1400 j ncl t ] | /i di f . £
syst emy, LdQ cemqgmat?%%% il it Agamo{hte%?%&g; 0.1 Bl QA g%tggﬁl@?mpﬁe 0

desi gni ng circurt or c Inclu rformng

ver i fi fpahédby aoaleisyes degosgion (BRD), dh¥iB)cal epbr dapbsiton 6 ViPaphpetad vaor

| ayout l.ace royte, DFEM . and/or other suitable tools and/or
procedﬁ?§§9m[6§@g]*ﬁ@”é@%ﬁﬁ%&@ﬁ§§% &% 1400 i ncl udes a mi croprocessor
1404, an input device 1410, a storage device 1406, a system nenory
1408, p@osdIspl Byengldd, p-apd warlcloneoion et ls ariude i TalNL K, 8d, Al, WN, ZrSi,,

i nterconnected by .one or nore huses 1402. The storage device .1406 |
be a Maphy 4hs Wés,‘b@ﬁd(’%}?li %?thmwm@ pRIcEaR MR eor&Pmé?Hg?tlatmg?fW
St or ageygNArG -t ﬁh@w@.qtchlﬁduaﬂ mcd1€inefuQE @g@x% eYA L FaARD G NBY, TRE, ¢AERDI e
of receiving a ? oppy di sk, CD-ROM DV | or any other form of
conput BaSiNelitabt. etheesiiahetiape wask foagitoainmiaratm o @xtisesions direel. A work
i nstrugti.ons, Th ' .0 ' .

net vor g gRRg S S ST AR AN RATEL R oy T O (B TR Eer B s
comunihe atagerial dihthofilseworiofiedionl lyer & ahnghans tumedts twoalt fuantjorcai@roghat a

t 140 I t I |t i.nt ted t
Syot eneHEh o yaFE R i b Be Uil hatinie e G I ESTRE or
ot her feelRPTRR WG IdRKEERSayd QPR Bhgerooiaalyar VBYBYBMnlARQtichalitidRSs

har dwar e capabl e of executing machi ne-readabl e i nstructions as wel ]|
as t hepreestss-whkeelill metadlegeummnigelide 4L (Wyglilerndipr pHienhsableduaieile The fill
instr ' L LNC

e raceon o BPRgPbE RS PR BB el EE R PRk Ul PR mey
machi niee depdsited oeerable enrkofuhaionstoaldger@p undbsrepy il mgas tifel roppipingi pokten

or “obj Babe Eaish rapSan e P SR b L P E¥nbfpnscos any.

set of instructions capable of being executed in a client nmachine or
server[0084]y c O, hedn amboofmdraribevieneraformsdfin Wk 5 hhyf theo mptliod 808 provide

conput er .system The system nmenpry 1408 may be configured to store a
oo griBaf SRR supiSy Whioh ROl 7 e Bered ded FptrorE el a mogpat®
nodel sy d@ek Sas tha¥ytficlal bAS straftPihcRUNLEhiitetf GoTRE @Fiob SR dictified Hiethe
desi gn of a sem conductor device. 100651Conputer readable nedi uns

i ncl udwifpabhe vieceralement abuties ths hiasechegRa Hig saifjciad dine structure). This
shifted or offset region is also present in the later formed replacement gate (e.g., metal gate).
The shifted or offset region may be at a portion of the gate structure where the design provides
for a contact element to be formed (e.g., connected thereto) to the gate structure. [n an
embodiment, the shifted region is provided to account for an alignment tolerance and/or error in
the fabrication process (e.g., between the gate structure and the associated contact). Referring to
the example of Fig. 13, a shitted region 1304 is illustrated in the gate structure 1302. Inan
embodiment, the gate structure 1302 is a metal gate structure formed by a replacement gate

methodology such as discussed above.

[0061] While the method 500 is described above as patterning a plurality of gate features,

one of ordinary skill would recognize that other features may be provided including device
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sem - per manent data storage such as a conpact disk read only nenory

(CD-ROM. In an enbodi nent of the present disclosure nmay be enbodi ed
in the RAM of a conputer to transforma standard conputer into a new
speci fic conmputing machine. Data structures are defined organizations
of data that may enabl e an enbodi ment of the present disclosure. For

exanple, a data structure may provide an organi zation of data, or an
organi zation of executable code. Data signals could be carried across
t r ans nifesgirersugie as aritsneiniclydive @ tanel shatlawdisoel isolakioro@d Todugtusy, plise ur es,

and t ht : r t od] .

i sci ol Bl SRl &4 FRETREL Lo B URIGFRIE Mhucle IR BT Bl
one or invhrdneof viteadie bthod&aard kaswdevthees. descri bed herein. In
particular, the conputer system 1400 may be operable to generate,
store, i pul at e f . i : . tern
Cevor 0B P ey ERds R NSl PEDART, B Bl AYOH £ 30
exanpl ejustrited s andneaid Mt of Ocvenpaer Rptan A#00 foe irpgithenting ctddedimdoeschf the
above (Figs..2, 3, .4) r be gener at ed, ni pul at ed nd/ or. st or

usi ng iy gisplopwr f@&%im M ﬂﬁgmdg??%ﬁﬁ? AR I %bé)_%’%wﬁﬂt‘%r
syst emeddPReMB¥icRE 400 it iddeP FimdliodaflyQibvidRg if@bnk iok okddtemlof MkliGingd &
comuni cated to one or nore other conputer systenms for use in

fabri cairuicershint iopluding prifenmied sigulafensduerifiradopenasions 2. PR iey:
embodi aeplon BEEAANS: Ay ARG IROTRYLSe. PHRE MBS RCAT R ODRIAN 1k O
recei vé, generate, store; or conpute nodel’s or data relating to an

of f set pafcedunes.f eatures in a fabrication process. [0067] 1 n sumrary,
the nmethods and devices disclosed herein provide for nodifying a

| ayout 435 UdlAg BhBRlRlsRel 1438 iRV SribBpREEIMMaoh O R ABHES 410 A D
an overlyinhg feature. rexanple, a dacrrPicrar 1ine el ement may be
bi asedswtuph deviad 1406¢coRfseanmmkemonaltdOBon dikplsp &tldr amdat @miradinigdtioh dpricy |1 4@

for a shifted pattern at the point of_ the biasin ., of fset or

hi 11 edl dltRRHE el _%ﬁ puftumomehgn Wel Bie TS iedife Bakbr » SpBedits
to pat g8 Aen ROMIobtR¥ETS icB YE bhyt BRdr storig@delicantn ddaRiod! @e BBy aevice
better suited for allgnnant with a subsequently forned feature (e.?.,
a gat e 1406 gaebe sireblea tﬂﬁﬁwa@t&‘)ﬂopwﬁ%n%@ﬂwwnﬁg/ DhROM s AR GBS
conpar ¢ E)lﬂeprre?ﬂbgé &4 fm, thdd ha QBntgﬁilcyoHngféﬁ-lexé%QLQ iR GRAGRE _eI enment
formed “ad) acent & mandrel as the spacer patterning can not easily
suppor tomhranaaitisidevied 14ii2dtdy. béreoddnf, setetvorrk shidf ¢redy ethendsvicerragnable the
assi st not onbé in i rovin% t.he ﬁole&an & of LQe 1:gnding area for an
over Iy PHEPYEERYAIFR to SomubienR o iyher mpdciy I6is faderstit Bl gotil® syste
per f or MME&ulErePreseri@ pluralkDOPBleFtvasectédconpueivapdémenich depersbbed is a
finFET transistor including a substrate having a fin extending from

t he suBeMPYERE. mAnFanes spagRhonese apdorherdelcRhoniclsviceh. The gate
structure includes a first portion and a second portion; the first
and seqgusd] POritHeRBMpRE Hyshay B108 ifdlidt hedaRreaAfalddoRRBARINAhBREeRMhdable
edge where the first edges are substantially collinear and the second
edges arbudisseanell ay thy selovare fugrecuting agattupisalupadine rapdapleiipiugiuy)
an of f 364 Qﬁ%ée‘ Ofksirl RERPSS awﬁc@hés%y chin@Ro o b1 a%?(fﬁ)é?r%ry
porti on. € of T set portion has a tirst edge and an opposing sectond
edge. Thrdiuhi, seth adyeMan® AV gand ecwhiic eddrestarce omothecablagméaicesd dubh ahe

first d d fot i rst d d. ti on '
HER R RN TR N

of f set c8de, fdteckifplef [l@iﬂdﬁthﬂalf%ft%re&!ﬂ@orﬁ@e@%@nﬁ@éﬂoifQi@ﬁucti%n@@d’ﬁaﬂl@bf being
el ement connected to the offset portion of the polysilicon gate

st r uct greshterin aplieniedhineat sericheA gueemainptipg Al hardnarecdsPiygEsayor in
ot her t fi . ool |
connec?@ﬁgé%ﬁﬁgﬁgmh%§ steri P Sﬁgﬂﬁaﬁ&?QHOQQ& b0 B5n tfHufeddb stoRW skl | ¥

I'n" an enbodi escrfibed 15 a transistor 1ncluding
a gat e dsthbasctlitnaydiedmokegl files, design rules, PDKs, models, decks, layout files, and/or other

information used in the design of a semiconductor device.
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t hereon. The gate structure includes a first portion and a second
portion; the first and second portions each have a first edge and an
opposi ng second edge where the first edges are substantially
collinear and the second edges are substantially collinear. The gate
structure also includes an offset portion interposing the first
portion and the second portion. The offset portion has a first edge
and an opposing second edge. The first edge and the second edge are
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[0071] Al so described is a nmethod of fabricating a sem condu
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the plurality of line elenents. WHAT IS CLAIMED IS: 1. A nethod of

f abri cagliting ta a8 efffet ohHutfealuragdy p EOICHERIOSIhg: providing a
substrat e; forming a plurality of Iine elenments on the
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material will provide for a shifted pattern at the point of the biasing (e.g., offset or shifted
element). This can allow use of the shifted spacer elements to pattern underlying layers such that
a resultant feature may be better suited for alignment with a subsequently formed feature (e.g., a
gate aligned with a contact). This method may be advantageous as compared to providing a
“jog” or additional width of a spacer element formed adjacent a mandrel as the spacer patterning
can not easily support the additional width. The offset or shifted element may assist not only in
improving the tolerance of the landing area for an overlying feature (e.g., contact), it may also

improve device performance (e.g., Rc).
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el enent s; after formng the spacer elenents, renoving the
plurality of line elenments fromthe substrate; and

etching an underlying | ayer using the spacer elenents after renoving
the plurality of line el enments. 2. The nethod of claim1l
wherein the formng the spacer el enents includes formng a confornma

| ayer of material on the substrate and etching the conformal |ayer to

formt pac : i
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and an opposing second edge where the first edges are substantially collinear and the second
edges are substantially collinear. The gate structure also includes an offset portion interposing
the first portion and the second portion. The offset portion has a first edge and an opposing
second edge. The first edge and the second edge are non-collinear with the first and second
edges of the first and second portions of the polysilicon gate structure. In other words, the offset
portion is offset or shifted from the first and second portions. A contact element connected to the

offset portion of the polysilicon gate structure. In an embodiment, the gate structure is

contiguous, or in other words, the first, second and offset portions are all physically connected.

[0069] In an embodiment described is a transistor including a gate structure disposed
thereon. The gate structure includes a first portion and a second portion; the first and second
portions each have a first edge and an opposing second edge where the first edges are
substantially collinear and the second edges are substantially collinear. The gate structure also
includes an offset portion interposing the first portion and the second portion. The offset portion
has a first edge and an opposing second edge. The first edge and the second edge are non-
collinear with the first and second edges of the first and second portions of the gate structure. In
other words, the offset portion is offset or shifted from the first and second portions. In an
embodiment, a contact element connected to the offset portion of the gate structure. In an
embodiment, the gate structure is contiguous, or in other words, the first, second and offset
portions are all physically connected. The gate structure may be the gate structure of a planar

transistor, for example, having a single interface surface with an underlying substrate.

[0070] In another embodiment, a method is described which includes providing a layout of a
device including a plurality of transistors. The layout includes a first layer defining a plurality of
sacrificial line elements and a second layer defining a contact element. The method continues to
modify a first sacrificial line element of the plurality of sacrificial line element in a region
underlying the contact element to form a modified layout. The layout may be used to fabricate

the semiconductor device.
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form ng a contact el enent on the gate structure. 6. The

met hod of claimb5, wherein the contact elenent is forned on a shifted
region of the gate structure, the shifted regi on being defined by the
spacer el enent abutting a sidewall of the biased region of the first
line el ement. 7. The nethod of claim6, wherein the gate
structure is formed on a fin extending fromthe substrate.
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structure. 10. The met hod of cIa|n1I wherein the form ng
spacer elenents includes formng a first spacer elenment abutting the
first line element, wherein a first region of the first spacer

el ement abutting the biased region of the first line elenent is

of fset froma second region of the first spacer el enment abutting the
first region of the first line elenment, wherein the offset is |less
than approximately 10 nm
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11. The method of claim 10, further conprising: using the first
region and the second region of the first spacer elenent as nmasking
elements to etch the underlying layer disposed on the substrate.

12. A finFET transistor, conprising: a substrate having a fin
extending fromthe substrate a gate structure formed on the fin,
wherein the gate structure includes: a first portion and a
second portion, wherein the fir .ions each have a
first edge and an opposi ng secoﬁ@ gﬂduﬁ@%%gﬂ%ﬁg#%in the first edges
are substantially collinear and the second edges are substantially
col linear; &nd A methagpldhbirgetingesamiomdieipedgyosi engnaclsingt i r st portion
and the second portion, the offset portion having a first edge and a
second edge, whepginidheubiksd;, edge and the second edge are

noncol linear with the first and second edges of the first and second
portions of the e structure; and a contact el enment connected to

t he of f set portigwnﬁﬁfﬂﬂ@ab%ﬂﬁ lige plgeenis an the subsirateigeluding affiry Hpeelement
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- different than the first width;

forming spacer elements abutting sidewalls of each of the plurality of line

elements;

after forming the spacer elements, removing the plurality of line elements from

the substrate; and

etching an underlying layer using the spacer elements after removing the plurality

of line elements.

2. The method of claim 1, wherein the forming the spacer elements includes forming

a conformal layer of material on the substrate and etching the conformal layer to form the spacer

elements.
3. The method of claim 1, wherein the second width is less than the first width.
4. The method of claim 1, further comprising:
forming a contact element on etched underlying layer.
S. The method of claim 1, further comprising:
using the etched underlying layer as a masking element to form a gate structure;
and

forming a contact element on the gate structure.
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14. The finFET el enent of claim 12, wherein the first portion

I ncludes a sidewall, and wherein the first portion sidewall
interfaces a lateral sidewall of the fin. 15. The finFET

el enent of claim 12, wherein the gate structure includes a netal gate
el ectrode. 16. A sem conductor device, conprising: a gate

structure fornmed on a sem conductor substrate, wherein the gate

structure | @Cl Ud?ﬁé method ofagifrri 5,%hepé?5 me%gﬁl%ﬂ%l%&?fs%ﬁneg%gtaj S(Plgheg rg,tf'_ion

wherein the first and secon portions eac ave a ftirst edge
opposi nfjthseptrtuddgethe ahidietnerai eirtghiefihed st the dgrsr deeers abgtiags sidbwvail

colline nd the. secgnd. edges, are substantially collinear; and
an offgg@e gﬁ?%5ﬁ“?ﬁ$gF§B§ﬂﬁ§e#W§nFirst portion and the second

portion, the offset portion having a first edge and a second edge,

wher ei n t he7fi r sThedgdoedntclaines, sdeoidthegge saueureon fohkd neartinwktehdinbe
first ﬁgd ecagnd edges of the first and second portions of the gate
struct (P8 e substrale. 77 - The seni conduct or device of claim 16, wherein

the gate structure includes a netal
8. The method of claim 1, wherein the forming spacer elements includes forming a

first spacer element abutting the first line element, wherein a first region of the first spacer
element abutting the biased region of the first line element is noncollinear with a second region

the first spacer element abutting the first region of the first line element.
9. The method of claim 8, further comprising:

using the first spacer element as a masking element to form a gate structure on the
substrate, wherein the gate structure includes a first region that is noncollinear with a second
region, the first region of the gate structure defined by the first region of the first spacer element
and the second region of the gate structure defined by the second region of the first spacer

element; and
forming a contact element on the first region on the gate structure.

16.  The method of claim 1, wherein the forming spacer elements includes forming a
first spacer element abutting the first line element, wherein a first region of the first spacer
clement abutting the biased region of the first line element is offset from a second region of the
first spacer element abutting the first region of the first line element, wherein the offset is less

than approximately 10 nm.
1. The method of claim 10, further comprising:

using the first region and the second region of the first spacer element as masking

elements to etch the underlying layer disposed on the substrate.

12. A finFET transistor, comprising:
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gate el ectrode. 18. The sem conductor device of claim 16, further
conprising: a contact el enent connected to the offset portion of the

gate structure. 19. The sem conductor device of claim 16,
wherein gate structure interfaces a single, planar surface of the
sem conduct or substrate. 20. The sem conductor device of

claim 16, wherein gate structure is a contiguous structure.
a substrate having a fin extending from the substrate;

a gate structure formed on the fin, wherein the gate structure includes:

a first portion and a second portion, wherein the first and second portions
each have a first edge and an opposing second edge, and wherein the first edges

are substantially collinear and the second edges are substantially collinear; and

an offset portion interposing the first portion and the second portion, the
offset portion having a first edge and a second edge, wherein the first edge and the
second edge are noncollinear with the first and second edges of the first and

second portions of the gate structure; and
a contact element connected to the offset portion of the gate structure.

13.  The finFET element of claim 12, wherein the offset portion directly overlies the
fin.

14. The finFET element of claim 12, wherein the first portion includes a sidewall, and

wherein the first portion sidewall interfaces a lateral sidewall of the fin.

15, The finFET element of claim 12, wherein the gate structure includes a metal gate

electrode.
16. A semiconductor device, comprising:

a gate structure formed on a semiconductor substrate, wherein the gate structure

includes;

a first portion and a second portion, wherein the first and second portions
each have a first edge and an opposing second edge, and wherein the first edges

are substantially collinear and the second edges are substantially collinear; and

an offset portion interposing the first portion and the second portion, the offset

portion having a first edge and a second edge, wherein the first edge and the second edge
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are noncollinear with the first and second edges of the first and second portions of the

gate structure.

17.  The semiconductor device of claim 16, wherein the gate structure includes a metal

gate electrode.
18.  The semiconductor device of claim 16, further comprising:
a contact element connected to the offset portion of the gate structure.

19.  The semiconductor device of claim 16, wherein gate structure interfaces a single,

planar surface of the semiconductor substrate.

20.  The semiconductor device of claim 16, wherein gate structure is a contiguous

structure.
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