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METHODS TO FORM SAME PRIORITY CLAIM This application clains the
benefit of the filing date of United States Patent Application Serial
Nunmber 11/833,386, filed August 3, 2007. TECHN CAL FI ELD

Enbodi ments of the invention rel ate genera{ly to integrated circuit

fabrication techni ques. Mrre specifically, enbodi nents of the
i nvention rel at e SEMICONDUETORSTBUGERRESOMNUSIING TIGIET BH&31 CONTACTS

i ncorporating reduced, or "tighhD METEODS i ZORS! SAME| | gnnent with
active area features and, optionally, associated conductive |ines

t her eover. BACKGROUND As a consequence of many factors,
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el enents include transistors, capacitors, electrical contacts, |ines,
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Fl ash menori eSgenfiddhductor structures incorporating reduced, or “tight,” pitch contacts in alignment

with active area features and, optionally, associated conductive lines thereover.

BACKGROUND

As a consequence of many factors, including demand for increased portability,
computing power, memory capacity and energy efficiency in modern electronics,
integrated circuits as fabricated on semiconductor substrates are continuously being
reduced in size. To facilitate this size reduction, research continues into ways of reducing
the sizes of integrated circuits’ constituent elements. Nonlimiting examples of those
constituent elements include transistors, capacitors, electrical contacts, lines, and other
electronic component elements. The trend of decreasing feature size is evident, for
example, in memory circuits incorporated in devices such as dynamic random access
memories (DRAMs), static random access memories (SRAMs), ferroelectric (FE)
memories, electronically-erasable programmable read-only memories (EEPROMs), Flash
memories, etc.

A NAND Flash memory chip, for example, conventionally comprises billions of
identical circuit elements, known as memory cells, arranged in a plurality of arrays with
associated logic circuitry. Each memory cell traditionally stores one bit of information,
although multi-level cell devices can store more than one bit per cell. Each such memory
cell comprises an addressable location that can store one bit (binary digit) of data. A bit
can be written to a cell and read to retrieve the stored informatioﬁ. By decreasing the sizes

of constituent elements, the conducting lines that connect them, and the conductive



A NAND Fl ash nmenory chip, for exanple, conventionally conprises
billions of identical circuit elements, known as nenory cells,

arranged in a plurality of arrays with associated logic circuitry.
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Lowey et al., and US Pat Apﬁl i cation Publication 20070049035, to
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The critical dimension (CD) of a mask scheme or corresponding circuit element to
be implemented on a given semiconductor material-based integrated circuit at a particular

level is the scheme’s minimum feature dimension, or the measurement of the smallest



- 3 - width of the snmallest feature that exists in that schene or

el ement. Due to factors such as geonetric conplexity and different
requirements for critical dinensions in different parts of an
integrated circuit, not all features of the integrated circuit my be
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sem conduct or #$EE of the present invention; FIG 2Ais a
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enbodi ments of methods of the present invention for formng

seni conduct or tegratedsitciilsang hmtncehwdepsrablEasity afahe grays of electrical elements on
computer chips. Accordingly, a need exists for improved methods of forming features

with reduced critical dimensions relative to conventional methods; improved methods for
increasing feature density; methods that will produce more efficient arrays; methods that
will provide more compact arrays without harming feature resolution; and methods that

simplify or eliminate acts in the creation of reduced-size features.

BRIEF DESCRIPTION OF DRAWINGS
In the drawings, which depict various embodiments of the present invention:
FIGS. 1A-1D are partial views of an embodiment of a semiconductor device of the
present invention;
FIG. 2A is a partial top plan view of a workpiece that may be formed according to
embodiments of methods of the present invention for forming semiconductor devices like

that shown in FIGS. 1A-1D;



- 4 - FIG 2B is a partial cross-sectional side view of the
wor kpi ece shown in FIG 2A taken along section |ine 2B-2B shown

t herei n; FIG 2Cis a partial cross-sectional side view of the
wor kpi ece shown in FIG 2A taken al ong section |line 2C 2C shown
t herei n; FIGS. 3-5 are partial crossysectional side views of

addi tional workpieces that may be formed fromthe workpiece shown in
FIGS. 2A-2C, the cr BE32Bdee puhalicrass-septipral pide viak enthepvosknigog shown in KIG. 2A
conpri sing secthon,; ‘:‘1%%‘3 - 178 ol Wa ther&h: 2A FIG 6Ais a
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pitch-mul tipli contacts are fornmed i n alignment with underlying
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BEST MODE(S) FOR CARRYING OUT THE INVENTION

Embodiments of the present invention include semiconductor structures in which
tight, or pitch-multiplied contacts are formed in alignment with underlying features of an
active area of a semiconductor structure. In an embodiment, a ti ght pitch contact and )
aligned conductive line are concurrently formed. As used herein, the term “tight” pitch
refers to a pitch and attendant feature size smaller than that which can be achieved using
conventional lithographic techniques absent pitch multiplication. Stated another way, a
tight pitch may be characterized as a sublithographic resolution pitch.

Embodiments of the present invention may include any of the processes or
structures described in United States Patent Application Serial No. 11/215,982, and
described in United States Patent Application Publication No. 2007/0049035, to Luan C.
Tran.

Details of nonlimiting embodiments of the present invention are described
hereinafter, with reference to the drawings.

As will be apparent to one of ordinary skill in the art, the various layers discussed
hercin with respect to fabrication of a semiconductor structure may be formed by methods
known to those of skill in the art and suitable for use with the material of a given layer.
Examples include, but are not limited to, spin-on techniques, spray-on techniques,
chemical vapor deposition (CVD), atomic layer deposition (ALD), physical vapor

deposition (PVD, also termed “sputtering,” and related selective processes, such as



Enbodi ments of the present invention may include any of the processes
or structures described in United States Patent Application Seri al
No. 11/215,982, and described in United States Patent Application
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| ayer to an unueletiali figmlbaipdeyetpargrimyed ipsbye degren, Agentvihen aseletivy clely

| ayer, material,s from both layers.are r v 5 :
whan & sel ect | SETER IR F5CS L Rnl SRS Brat s il YRR nog
pref erabl y t hi gkoesaighihs eoitrfeads the pattammahsfere Mavkbdasigferd they eadv sgagebusly
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and is taken in a plane oriented transverse to those of FIGS. 1B and 1C.



- 6 - Referring to FIG 1A, the sem conductor substrate 100 rmay
conprise a nunber of |aterally extending conductive traces or |ines
166. The conductive lines 166 nay have a tight pitch, and may

conprise a conductive material such as, for exanple, copper,

al um num or doped polysilicon. The sem cogductor substrate 100 al so
may conprise a nunber of l|laterally extendi ng conductive |ines traces
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al ong the sem e%f%ﬂﬁi HEhO (/erﬁ&g Al BbE 013‘131%'. 1B between an active feature 112 and a portion of a
laterally extending tight pitch conductive line 166. In other words, each tight pitch
conductive via 164 may provide electrical communication between an active feature 112
and a laterally extending conductive line 166. Furthermore, as discussed in further detail
below, each tight pitch conductive via 164 may be integrally formed with its associated

tight pitch laterally extending conductive line 166.



I n enbodi mnents of the present invention, the active features 112,
conductive vias 164, and conductive |lines 166 may have a tight pitch,
and may have wi dths of about 10 nmor |ess and nmay be spaced by a

di stance of about 50 nu or less (e.g., 10 nn). Thus, the pitch of the
features 112, conductive V|as 164 and conductive Ilnes 166 may be

about 60 urn or |ess ge . O course, these el enents T&
wi der or narrower tHhapest Oi"}’rﬁhlﬁﬁ@ &Qythﬁéo@&%‘@d’lﬁdrﬁéaﬁwp@?gl?w& “3

nm apart from er?r%o gﬁ'%ﬁ'ﬁ{ere i Qﬁé‘ﬁot 208 t 1hOre gfoﬁ'g}“ﬁlggeﬁlﬁ&ﬂ‘ﬁctgif ddvhe 100 are

invention. In ment s e I hvention, dctive features 112,
conductive vi ashomn Fﬁthcbmtdut:mlRI@ 1G. rias»thbwomyhmwéucawwxas ho4dado not
about 35 nit, or ab 5 urn ent of t

the present i n%’gﬂ}dl 13 3 ?r‘HV CBIéduﬁg‘éeoh % P@e Wﬁ aglsr?e %vénn%nc%ﬁdgﬁé‘tto? act19e
device 100 showamkdd 12 @5@ mbAedtbhd Sdictase in Datkrdd@irétion paralle] tddrcBnotAd,along
28, and 2C illustrate a workpiece 180 conprising a partially formed
sem conduct or HEsFEEONRYEtor FURsESS Hi%ul ar, FIG 2A is partial top plan

view of the workpi eﬁleenﬁ)%glmeﬁs%fﬂ%%résé}t%v@ﬁ‘ﬁ&n' @k a&fv@%%hﬁ@scltmod"bﬁhuc‘ﬁk/@w
of the workpiece 180 taken along t section |'ine 2B-2B shown in FIG

2A. FIG 2C i svias pah tamcbnonéuc@sghlseédﬁﬁi man havsiadightpitshy anfl maydavioridhis e€ebout

180 taken al ong Ll RECHE O 15:c28s 2EaBARNN Ll FLhn 1coB 22 18URY | i,

FIG 2A, FIG Mang anes par al
anot her. . thReftelr ¢f thrgfehtoreEll 3, c&ﬁpcmheneadm \aad t@ﬂnmmshnésllﬁ&my beebout

formed in a sepl conduc bstrate 110, usi t hods own_in th

art For exampPeImaY 5t € RLa Ok B ST TSR POV e B o P
of the sen congtah@ma$BOGaE Bord dPlessish 0NEn Akt ften biRAbhESwilibat dPYrting
be formed in the surface of the sem conductor substrate 110 by doping

t he seni conduckom tkagsenrsofthe invention- tIn emepdimers alige nVpriogedctivs ﬁéfawﬁéé%
layer to cause dig.RehlaY $6d, G SnBctitd fndsQ 66 HIDhARS: deoq%b@da@é% or of

P-type doped sem conductor ‘material regions. As depicted I n
FIG 28, additawontl5material |ayers may be fornmed over the

sem conductor =ubs gk A1, BPNRSLL ol SEPAL BB HFme o EATR e
active feat ur egmidoddomgr deeice 10Bshown in FIGS. 1A-1D is descnbed below.

FIGS. 2A, 2B, and 2C illustrate a workpiece 180 comprising a partially formed
semiconductor device 100. In particular, FIG. 2A is partial top plan view of the
workpiece 180. FIG. 2B is a partial cross-sectional view of the workpiece 180 taken
along the section line 2B-2B shown in FIG. 2A. FIG. 2C 1s a partial cross-sectional side
view of the workpiece 180 taken along the section line 2C-2C shown in FIG. 2A. As
shown in FIG. 2A, FIG. 2B and FIG. 2C are taken in planes parallel to one another.

Referring to FIG. 2B, the active features 112 may be formed in a semiconductor
substrate 110 using methods known in the art. For example, a patterned mask layer may
be formed over a surface of the semiconductor substrate 110, and the active features 112
may be formed in the surface of the semiconductor substrate 110 by doping the
semiconductor substrate 110 with ions through the patterned mask layer to cause the
active features 112 to comprise N-type and/or P-type doped semiconductor material
regions.

As depicted in FIG. 2B, additional material layers may be formed over the

semiconductor substrate 110 and any active features 112. For example, & field oxide

layer 111 may be formed over the substrate 110, and the active features 112 may be



exposed through apertures in the field oxide layer Ill. Furthernore,

a dielectric layer 116 may be formed over the active surface of the
sem conduct or substrate 110 (the surface of the sem conduct or

substrate 110 on or in which the active features 112 have been

formed), and a hard nask layer 118 may be_gornmed over a surface of

the dielectric layer 116 opposite the sem conductor substrate 110

By way of exanpriesedifironsh ancrtict ixthohcld pxide lyelébt Fyrdheragrer diglgctpglpyer 116
conprise what B%yﬁ%?ﬂﬁ%@w eli'ﬁice%l’:ﬁ\%dsuffgce'o@tﬁe@&nﬁﬁﬂdu@tﬁr @bstdit o R Vsﬁllface of
dielectric (ILD)7 The d YECtI‘IC | 'ayer 6 may conprise any suitable

el ectrical i nsﬂnleaemlcomdmcﬂoumbstga,te bk} qmmwhnclu thngcteocefcqwra‘sll%am brien formed),

(P50 decomBei ALPrruy T Ehe e ERRFERERE iRy Eaifed b g

di oxi de (Si 02) oppéBitopesknsitdridaasr stbstedg 0. spi n-on gl ass and | ow— k
dielectrics, such as fluorinated glass., The dielectric | ayer
optionally may be pPANAYPZEaMaYiaREG e 1%141%#*}?@11%?0“& IéYFérll %YS‘??’I’”SG what

process (e.g. ’1s@€ﬁ%ﬂly§@#err%'1§ﬁie@ﬂasﬁthﬁf@r%lel‘dm o). PRldadRg
(CWP), etc.) to renove or shave off any portions of the dielectric

| ayer 116 t hat laperdil f it compigrady suitdble eomeﬁd@nlagqrmmd@mgwrmpﬂymm ore

exarpl s, the deuPLa FRERCLEY SRR qoopies Bl SR Ibn SRl 7
i ghtly doped @PSG), denorapaed tetractingortha@sihicatefTHOSA) dobyd s)ﬁcomplmmquSlOzhat

will eventuall e orrre.b etchin h, th ielectrig l.ayer 116
to formthe cotnitned SHiesg Sioatoecipi e dasssd W cifectrics, sSelt g tygrnated gtiss
desirabl e t hat ThdReledtad ﬁrérrlll 6 optanally hipbdigadaramdingfa Jodaind o pieReghtion

and graded BPSG to stinmulate faster etch rates near the bottom of the
BPSG (the bot tRAtase{est injehanical pelishing.chemicrlgrechpniead golishigigeP); 41¢.) as

been shown thaf, | 0eoaheh Johs %loﬁE’%@me&ﬁc Bler! ﬁ@%ﬁat g@m@édtwamly due to
related to the concentration c? opant therein. fore

concentr at i on widetlying td)@paﬂﬂh}ﬁhﬁfqrm@)mms@lﬂm rn@kdd&thegawmd to exhibit

a gradient in adir P

the BPSG that w | [gsaéjaﬂ%l Qrgl lIIlIq[%rga? Bn@];s E) eFot\%}e%rléye’ E{Bﬁmgféot& GE‘?%MIY
BPSG rel ati ve doped BESGot hgﬂﬂy@ifopéd’IBPﬁPSﬁord\‘S td thgntaggiettivaligfof bllitﬁhmgs that will

o T Db ox mos e epgH pedpiotia by GRS PuatRs AERlnit et 1B R lrhdfaEroRive

the regions neass tAGFIRLBPIReRn, ttffi&y%E?S&iﬁbﬂ'éltmth@Hleﬁc%llﬁB&r PIEXeBmmed of
the verticality of the openin be mai ntai ned as the openin s are

etched into tHEaBh3gPed mﬁ&%ﬁﬂ%’é p sRalaigistsr plohentes nF?féhfb the
thereof by caugpdig tﬁé‘ﬁ‘ob{oﬁﬂlefaﬁée t‘afﬂ-[}]et&r%nt"ah&lﬁc\!ﬁﬁé%gé tﬂt‘ﬁ% I?lhe@the
i gher et

t he openi ngs near ottomof t BPSG to ex
rate. Heateh i BP3S mme@hlenapatyelimlaaé tathe evrehntsatiop of askmant thagin.

conpri se any S'H feq‘ eethérgbncena nﬁ? é&)ﬁi}«? t?ogal\nlw llgl B?’%grngglyr}gr i fi ;(;:gdﬁl)itian

the art. As nonh- ex
conprise silicondigitira di&c(x@ 3w the tsp bﬁth@BPSﬂthﬂ]dBot(oﬁl &3 th€ BPG that will cause

materi al s sol d_under th t radenane Oﬁg erlal o% nt a

Qara, Cali forlhf 8517 P bE A Bbiompits ﬁsﬁ%‘f & biiiashofipg e AS

oxi de, siliconmoxgidh éﬁtH@SIdamgbﬂmerB%Gdﬂthﬁrﬁé@Qﬁe\unge heér*&fé tbp KBhe BPSG

Optionally, where process conditions permt, an antireflective

coating (ARC) willbe exposed to an etchant for a longer period of time relative to the regions near the
bottom of the BPSG during an etching process, the verticality of the openings may be
maintained as the openings are etched into the BPSG from the top of the BPSG toward the
bottom thereof by causing the regions of the sidewalls of the BPSG within the openings
near the bottom of the BPSG to exhibit a higher etch rate.

Hard mask 118, which may serve as an etch stop layer, may comprise any suitable

mask material known to one of ordinary skill in the art. As non-limiting examples, the



(not shown) also may be forned directly above the hard mask 118,
directly below the hard mask 118, or both directly above and bel ow
the hard mask 118. Such antireflective coatings may conprise, for
exanple, a dielectric antireflective coating (DARC), which may
conprise a material such as, for exanple, gilicon-rich silicon
oxynitride, or a bottomantireflective coafing (BARC), which may
conpri se a mat baril alasls Ufmasconfpoise lkampitade (Siulk), sibtan aarhdder (Side.g., materials

t radenane DUV 1 r Sc 0

oo oA and 2818 wites e Sena STy ee o RisrPRr Senip et CRIPH slion
118 over a regéRbonCiitridd €SiANS,|siiebn-tich by silidddboxiynitridei z(lhlnlnhml cﬁclmaﬂz@ﬂw
to formthe conductiye.vias 164 (FIG @{ The apertu%ff 3/ &%\C
formed in the Wl nERkoNEHE ¥ lierPéoce?ScFP“ ppeRnit ap Rt ccifve conntlg (ARC)
phot ol i t hogr apfy s&k& Elﬁ&ﬂa)bﬁ‘@m&d QRBMPMIYe the BirdReRRN L4, ab@tgmeiaw the hard

nano-i npri nt I|thograp y, or any other ‘suitable process. Shown in

FIG 2A, the apeskt Ulgeorlb%ldmyﬂ}h@@ée enddhstest the hyrd mag hh?glﬁuab argfieffsetive) n
nbodi t
Pongt hand A wange TRABFREYS for e lelE A MR A R0l gD AR®), which

conventi onal pha¥ adm;ﬁrhegmmnelmabsuph ax ﬁssmanEcsrhcemactpdlbqonmyxﬁmiﬁe, or a bottom
enbodi nents, the erture ave at | east on nsi on (e.q.
S bt | PR R PR M F it e 6 PRRLI g B i, ha
usi ng convent i gighndRNOk dhddnRagDAPNI © B BYeR&SRSence of RollaABOONE
particular non-limting exanple of a nethod that may be used to

orm
the aperture 128 inAf ﬁ@WﬁaIPE GyadR and gB, %‘QPSWF1@1?“‘%‘?&’?9?@%1@{0“3“}13}“"‘1
material (not y 58 101 abhed PAp A RS
118 (and any B@%"‘i{lé;g?ra @ g{ﬁﬁglre%})é@%r%ﬁﬁﬁghgﬁot 5§e3| st materi al
may conprise asopdsaive alak ééﬂoﬂfé@olrﬁésﬂ"b@ apregttuesr 128 Imaly ho frmed inghehagd mask 118
ordinary skill_ in

. he art
phot or esi st co‘r%};\gf % 5 eéar\}\ﬁl? ﬁp{llcf. bj'% rtfgﬁ% r%z}pth?/ %?ecﬁ% E@a&-@ﬂh&o‘?aph?gxgn beam 248
nm or 365 nm \/\I&megremgrt ﬂmnsympﬁmtm,thog&ﬁhy,ma ammbdremgﬂ)h prdm&r SﬁlSCSho‘&)IBI ens

or electron be i thogra h| stens. Exanples o

hotor oot ot oaieh Py BRI s WIS Sem BT 1o Sl ipen sy ayme Pbgpieats
(ArF) sensitivgephohey @%'n%y,hav@dlmeﬁsl?&{s% @5h Rhgtf dhd abicﬁh)ftm ni4§®e bfrad by
an ArF Ilght source, and krypton fluoride (1CrF) sensitive

phot or esi st, L&¢ fesﬁlﬁﬁ?fbﬁ‘fé@ﬂ‘éeﬁl“%i phoplighaegphigpgocgised Eor prampls, ghjome
source. ArF phgf gﬁéﬁp I

utilizing relati veﬁ]?/én% glret g%)ﬂﬁﬁ SMV% gtﬁ%gﬁérﬁidéﬁlh??%g@g?a%g%ﬁﬁn% .

Kr F phot or esi stppraxaiyatbly theseidinning Feahiohgjzer obivanableaniye lnopisotasial phitsdithegraphic
systens, such as 248 nm syst ens. Known processes (e.qg.,

phot ol |thograpl?‘f|% %xposure and devel opnent processes, etc.) may then
used to pattern theas @mrtmﬁlap:hmtlﬁﬁmﬁg s;tmrrﬂﬁcﬂranﬁéthddahétmmmbamsmlpefdrmnbe

(not shown) therein rtion he hard nm

t he phot or esi sﬁpeﬁﬁrteé%é) H’itﬁg &@’a‘f‘]ﬁ& g’?’ W&@S‘E}é%er g&ﬂfe%‘c’?”ﬁ TRe d
| ayer of phot ofg8iddvelE QlirkRk opm@rﬂmmgklhﬁ(ajmrgm;alj&&onﬁmhereover)
pattern in the photoresist |ayer may be transferred to the hard mask

118. In ot her Tesrrbstoresisematerdseay comgrissang suikphledhaiisisymaerial ngygn to one of
renoved to cr I [ :

n PGS, 2 arg By RUARSt fitfile i AHRRLE, ERRSorticofBu R 26
118 to form t henapetet (e, 1.’6281mm93 ina EBﬁm:breSdSbmwlesgthsﬁmn@, pilocess,

i ncluding, wthou m t at ess

ot herwi se, as ¥AG \}ﬁﬂg‘:‘ r‘nl“f"l‘?é“"&rSé’S‘e‘T'%or eﬁ%&&‘%’%ﬂ’t 'é" F?esy%?rgie%’{amples of

i nvention, renguaile pRyorbsst efatiatsastiile, B a@mosihitanb (hrgdﬂrﬂubh@é'ldﬂﬂ?) sensitive
dlrectlonal) etch. Dry etching éib i n sone enbodi.nents, provid
enhanced cont rRYCIEFSISE e e‘%qtqrr-%%ﬁm ledPistisg math %Wléémsfe a'%ﬂ @W%dec

et ches i ncl udeg Pindfi® }ﬂ%résfsm k eﬂm&cﬁwsﬁﬁﬁ@l@ f1sOiRa ﬁﬁf’ LGkt Slilliré’éS BF
Cl2/HBr, or a tluorocarbon plasnma having fluorocarbon plasna etch
photoresists may be used with photolithography systems utilizing relatively short



The etching process used to renove the exposed portion of hard nmask
118 may stop on, or not consume too nmuch of, the dielectric |ayer

116. After formng the aperture 128 in the hard nask 118, any

remai ni ng portion of the |layer of photoresist naterial nay be renoved
fromthe substrate. As wi |l be betteyy understood after a review

of later portions of this specification, the hard mask_118 may
function as anvaydneglight.egydp3 %d%?h%@eﬂgé@a&“eﬁ‘&P@Wéﬁﬂo%ﬁrt‘@‘iwegpg@f

under! ying | ayghcoridhddrifhy sRfent! Ll Lt A [RMmAEI NG undesit ably

renmoved during one or € subSequent etching processes. Therefore,
the thickness of thEndvarprorrsssk (é.lélBthﬁabtlerthtbtmﬂﬁ@ntam@/dfch}iODklemf@rocesses,

Survi ve any SubsSIue Mo SLAN) DAl Bl REBISESonbllesiauifl HbEK o B g

create steppedf a R i's“a“par
cross-secti Onakho\Mn?tNe&ixﬂﬂo legost ﬁ)pdil’ﬁaﬁ othe FrBmagB] I8l thxbﬁglftaé phgorasist material.

addi ti onal workpiece 182 that m romed fromthe workpi ece. 180
(FIGS. 2A-20C) bycerths areryrehas geen f%;‘gﬁgg}& Ay oSO AL Byer ing e bard
| ayers over thgafd 13! thb it phbresisPla grérlrﬁag%%%ﬁgi}er%ﬁ% tHan8rdkRAkang m
further fabricate the sem conductor device 1 10).

Addi ti onal | ayether waigs, iheekpased region oéharrpiask 1b3nm}H@rm§P‘@ldé@§Tﬁﬁfé theayer
134 d h
and anot hey, eﬁﬁ{enggﬁﬂﬁe el rbneﬁ%/} i(’)gﬁ]& dg% . Qﬁlqﬁn&‘ H%g%’bl’fﬂ@

the dielectric™ ayer y nanone ers

to about two henpdsaddeglamﬁ‘rhﬁ lerdma200 Smmformnha dpeitkn é3Smaylepefficd hyomy
the desired fi na hei ht or, t.hick ess:.9 .t he €9 d%lfcttlve | i nes fJﬁF6"

The diel ectric® ?}EPT % ‘H%lk’fh%wd oW a&?“ YL i Y SPRPCEsReE e s
to that of di ekdalihhelagty @i erddRimAgs of theoptdeni ihvenort ¥auavaPmayj beeffected by an
insul ating | ayer 134 nm se TECS having a dielectric constant

(K) of about 3amsotrppic &Qy ﬁ]ﬁﬁl,vw%facmabf% By stelippmps sspFephgdigaenys, provide

conductor or i el eRRRRt of te éﬁif’caﬁﬁﬁﬁb&%ﬁ%&a@ﬁpﬁ%‘fﬁﬁ&t%@& eﬁdﬁleﬁﬁclude but
1A-1C), a fluorinated glass, havi n%@ﬂl@l el ectric constant (K)

about 2.6 to 2argnotiumitedéo, éwmsowea rmlasiat Gl HSr, rmtl&lmpfgbmg}am%o
be enpl oyed. T,

transparent car %m%%a%kﬁ érgs?%{@éiﬁ%fq'@%ﬁén?ﬂc Jd%l@mﬁmnt%wdq? CF4’(C€1H3’
spacers 152 negFHb afibChR#EY Tow etrh mlagniohlrldaph)s[catl@mpoﬂ'dMartd rghbt algi mclhdea
spacers 152 nm orned usi t hods known i

For exanpl e, |ttt reEpautan] felF fu s arataorael e Riten ST BB,
Abat chev et al An 8RRt BefoShad, &5 wWagloe Aén-MaRink eRknpls) u§igg b Q,MCP%OO etch
11/511,541, filed August 29, 2006, and entit|led "Sem caonducto

Devi ces | ncl udiagbes; e fippingrbat OaPescep (e and abpyef-280 wssmtialen & sy 7-60 mTorr
Met hods _For ﬁb&ﬁ‘ﬂe%tlﬂﬂgut%@@rlb@(ﬁw 8 pd G 228 Mot 560 W thoth pdditr.

| ayer 138 ma e provi ded between the spacers 152 and the hard mas
136, as shown ¢frp fRItiGr ndn- hfnﬁ@gAmplayneM@éomcwmb@s@y@lagmmxé%r

<, Y, SO | g AR TR Ll g 1l ey

oxynitride, or any TekehnDpRCesaatd thgemove the exposed portion of hard mask 118 may
stop o, or not consume too much of, the dielectric layer 116. After foriing the
aperture 128 in the hard mask 118, any remaining portion of the layer of photoresist
material may be removed from the substrate.

As will be better understood after a review of later portions of this specification,
the hard mask 118 may function as an etch stop layer and may be used to prevent material
of underlying layers, films, or structures from being undesirably removed during one or
more subsequent etching processes. Therefore, the thickness of the hard mask 118 may be
sufficiently thick to survive any subsequent etching processes, but not so thick as to create

stepped topography therein.



Anot her non-limting exanple of a process that nmay be used to form

t he spacers 152 conprises a |lowtenperature atom c | ayer deposition
(ALD) process perfornmed in one or nore cycles to achieve a desired
spacer material thickness. Briefly sumarized, a | ayer of photoresist
material is deposited over the hard mask 438 (and the optional ARC

| ayer 138) and patterned usi n? standard p,hot_ol,ithograi;)hlé Eéo@%sses to
forma plurality ofFl6pdifanpsial prosssciiongbyiowsinplapiodhas of KG- g ¢ isiraing an
that define a i |4 ' :

about 51 xt'y nanshel kltes 16063 MIFbERRR PRI ARG BOSCL LI by
| i nes and openiong®igi(agt depositym pddiforphmateriddiysts overtths fiest hard meskni 18t fo Bl

2 o e R NS PRI BB RSB PO,

process. Such pAGE6ESRSerdnRy kidtids, forextimplepariothedieledteit layed 134 tahd mokisy Bard
of spacer materi al maﬁ be deposited over the pg%éiagned
4

| f
phot or esi st ma®as 130. Bygay ek &iepins ang npifnifatiopd %“%F%%%SEW%Q’QF from

deposi tion ( A'—Boupﬁﬂﬁx%%m%ﬁ (e AR S RAREd naRAR&Ers (TADAR) & thR¥8Ess,
the photoresist material. The spacer material may be bl anket

deposi ted i n adapamiieg orsthe Hesirbdifinal heiglgor Sickpessof thheorndagliverlimgs bfo. any
exposed surfaces ofth el i i i nQ: S .

lines formed from thHE C%f%ot ocrlg%e?g%ﬁnlgﬂe)%?ﬂai : lﬁg?%?fﬁ%ﬁé-@#{rﬁﬁ??ﬁng%%wf
exanpl e, a thidieleyetayafl1si As aaonlthiong ekermphi, 02 Jnssltngelkyard 84 mag compryse

be deposited i ALD chamber at a rature of bet n_about .75
and about 100 @Eﬁgﬁ haying¢ Wﬁ%ﬁ%?@s%ﬁ?’g&ﬂﬁ #é‘xgﬁ?ﬁpg’f Ig\gﬁﬁ??tg’ﬁés %’I%D),
H20, and pyri difQoydd2kaMndudibEoriEdceihdRe: e sEificeRhatr devial 18DYBIGS, 0A-1C),
enable filmgrowh at the | ower tenperatures. Each ALD cycl e may

conprise a pul sBugringied glsswhavmesedipladiac sensapidly oFberlcLh - bmay baiewplayed-
of HSD and Pyrgdine. ' A28k P S8y LAfHsO g
from about 5 ste)g%n ga%ligh%gg%fxnﬁga%@%%%ﬁ@?yé%ﬁgﬁgaﬁace may 'E%Flen be
pul sed from aboumpR, s seepatent cabebdifl) nBitgabonds with a m xture of H20
and pyridine, and b 0 I I from
about 5 seconds tor@%%ﬁ ggoghks}é)c{f\gi%@{t#%atcggsl ﬁ‘ﬂ“.gﬂge %gjf)%{sa?‘{e?(ﬁ)%%%gt e
may be about 2ZmikAB6yThetightpechabmes 152 acgds foraypd ngsginkthbds laown in the art,

substantially stoichionetric SiQ2.filmw w bul k. .c i,pat i
o o ey el Sk pmagle. ghose flspiosss Tt Ubhed Sd Pty L AT apiliney o
at 9. | §). Rddidite@BRtes eNBRN PRGN SEie NePBITEI, S¥8] fed ALiguseyo, 606, and
formed by any suitable process that does not destroy the underl

. . . s not d . i ng
phot or esi st mewdiilpdlSengasedustr Rgvicedrc/nére Fingiftielidrrays %Wa&ﬁag%ﬁhé%@df
or assisted chem gak,y D g@ggmmmcﬁﬁ@/ﬁ)e Dbk O ,@awce]aﬁé?gag

conformal deposition tec q fter depositing the layer o
spacer mat eri ahay lse ovided hebuken SipapagerselSe latd thg pardenask hfu et dwinen FKr.h

t he spacers 1 S inElG 4 fr. r : -] "!ﬁﬁ:
known to thosgﬁ})ef‘@%%y %11r3§ R Fnengt %gﬁadrlg% Eamg;i)nﬁgg@%@%%ﬁ* §Li’laagieD

hi ghl y ani sot ragetal &hedn wghnp b Harddary skitlen dpactanclwiicd) bpimoc Bagedaya

i ncl ude a physi.cal conponent, and o0 include a chemi cal

conponent . Thes”écﬁétf@wél"&‘lﬁ‘gfyroéé@é‘gﬂ%éﬁa% SOFI98- exanpl e, a reactive
ion etching (R E) D&Qﬁl?e?ﬁon-ﬂ&%it&g%xﬂﬁﬁlé bEAtpratesOPBr thiyBeluseDioG¥AIME €,

the spacer etch may be perforned using, for exanple, carbon

tetrafl uori de spars) L Zredmarieps A lqwaFempsraiseralomiy layen depesiden Gplelrocess
material. Afte - I g ded: I .
pattem of el on%é@gﬁés%%g?é? glllﬁa\?f': céggﬁgﬁﬁgtdf%}épw gdﬁ%éér%l g{?‘%}%ﬁg %ﬁgﬂy
ARC | ayer 138 sumnidnieed)aidayenaipkoBBistmmstena is depositepaver tralhasndskdBd frnd the

layer during torf) iondl ARC layef‘t;[r(i QS)parng %gﬁe%ied-lr:irslglg Rt photolithography processes to form
a plurality of openings in the layer of photoresist material that define a plurality of lines
therebetween each having a width of about sixty nanometers (60 nm) or more. Afier

forming the alternating lines and openings in the layer of photoresist material, the width of



- 13 - etch process renoves the relatively vertically thin portions
of the layer of spacer material, but |eaves behind vertically thick
portions of the |ayer of spacer material. In general, spacer nateri al
deposited on laterally extendi ng surfaces of the workpiece 184 is
removed during the spacer etch, while at lgast a portlon of t he

spacer material deposited on vertl calé% xtend| ng surf ésuch as
for exanple, t e ligpganabqredused (Rdtheiv gﬁ’é\?P%I&%ﬂs)}“CF‘?i'ﬁ Ysirg H#A chlllg

phot or esi st mit‘r‘é{ %%%m#r%“%} A3 tﬁrﬁﬁur%ﬁ 'jﬂ‘d%lécguclﬂ%ﬁocea_s@ﬁaré R84t indBe art. A

illustrated in | 'udes 1 ndi vi itch spacers 152.
Any renai ni ng padﬂtmla tisn dfvertdfepastronaseriad sy bﬁé@}@ﬁlﬁé‘élovembe patiemse tryer of

portions of th e

| eavi ng behi nd&t‘%ge Sﬁé%a ena]l%g’ég}%}?ge g&f)o\ég%g@&a%&@mﬁ M)e §§§§§p@%‘é})

of course, upoprotdsemaRbetdedko doposivdpader alageribl ot l\hbph)d10rphﬂtnmteei§al. Stheapaber
the ARC | ayer 138 .are for s .for .for

m tight
pi tch feat ur esMalepiplananhe bﬂﬁ“g?ﬁdeﬁﬂsftiddnéﬁ%‘@?rsm%stgatéhmf?@ﬁt°|'—tF‘géea%%s g @y
known in the apg, oééaquﬂ?aés Qﬁh@wmkgﬁégéimbmdﬁgmwmamssofrﬂ{e e foRh bRt the
i nvention. By vvay of exanple and not Iimtation, methods such as

those di scl osephdteresisiimatatialtAsaconshmiting expmple & din lover REsilicnoatoxided Bisk)
A, filed Ma 7
Ile rclzc}@t%e[ nfathQ'Lal mg)ﬁge @gagl&hﬁ% ﬂbegaenﬁﬁegg%qt n ?ﬁtﬁr%ro?ﬁetﬁ/een about

Rel ative To Ph ogra atures ormt
pi tch spacers 1%&hd about 100 F@ﬁrearratmgsph@eléb@)nﬁng lmnaté!axd:rlmlgnq)ﬁﬁﬁﬁslslzo and

(e.g., an anisotrpo chi process) na use tra
theToatter n of PriedGatiads ThEBheis i he RERuAT iy o iR bthe lower
wor kpi ece 186 ghpwhtuidd. Ehéh ALD cldle @taiaecsmméd@uls& hemhand 2mhd51136bm33
be etched using the spacers 152 as Referring to

6A and 6B, anotHersef 8 FHyesf deRsad Pglﬂf@ﬁe aﬁﬂl%}nmwoa%%%%w&raw se
etch, may thenpb [gﬂftﬁﬁ HANES sedSidath 1Ha8: BRREGHS. BRZuffdcGhayRhon ﬂ@%gem&k,

136, and the unde lying hard nask 118 as mask structures to form
ti ghtly pitchetbout %mmcb to gRubhescenss fithlaingieee efdhOLed Prddies audoay be

expose the und%@ %} %& %gfo iﬁ]gé Bﬁméart 1 at tggg’cgﬂatswab%{ 1R Es. 1

shown in FIGS 1S a cross-sectional view o

t he wor kpi ece fb&Bmﬁgad@nsmcm rafaenaylbankowd 2. Ssz%/cycﬂ&aﬁfﬂembcevezﬁaczﬁ rsdyoesultiima
FIG 2A, and FlI IS a CL0SS-Sectian vi.ew of

wor kpi ece 188 T“g\ﬁtéﬁlaiuﬁs?ﬁgg %ﬁ?%’fﬁl%‘&ﬂ? ﬂﬁ%on?ﬁ'l%og IW?”FW prlade
2A. Remog gk &f%)nﬁt(ezmiy Femat 418, aﬁwei enkn ae%h.ayer 134 and the
dielectric layer 116 may be effected with a suitable etchant or

conbi nati on of et chBsgditionghembodiments. thesprcer@atyryl mavDS fasd OX ARY Sitpgle
si nul t aneousl y. I{)ségpmgt &o@senat%aﬁeogmgmaa{ﬁﬁg aJoto@émsE Hl%teﬁﬂaﬁ@lhﬁn Dt i

t he underlyi ng ARC | ayer or exanple, a plasma formed from a
m xt ure of Ci Flmited to, plasma- enhanced or assisted chemical vapor deposition (PECVD) or low-
temperature and conformal deposition techniques.

After depositing the layer of spacer material, a so-called “spacer etch” may be
conducted to form the spacers 152 shown in FIG. 4 from the layer of spacer matertal. As
known to those of ordinary skill in the art, a spacer etch is a highly anisotropic etching
process. The spacer etch process may include a physical component, and may also
include a chemical component. The spacer etch process may be, for example, a reactive
ion etching (RIE) process. As one particular non-limiting example, the spacer etch may
be performed using, for example, carbon tetrafluoride (CFs) and argon (Ar) plasma for an
oxide spacer material. After a spacer etch is performed, it may leave behind a pattern of

elongate spacers having an effectively reduced pitch. The ARC layer 138 or the hard

mask 136 may act as a partial etch stop layer during the spacer etch process. The spacer



- 14 - CAF6, and 02 may be used to renove material fromdielectric

| ayer 134 and dielectric layer 116 if dielectric |layer 134 and
diectric layer 116 conprise silicon dioxide, as such a plasm renbves
silicon dioxide with selectivity over silicon nitride, fromwhich one
or both of the hard mask 118 and the hard ygask 136 may be fornmed.

The etch may be an oxi de trench and self- Ilgned cont ac

some enbodi men€tsh PIOREss Ry e reddivaly ) F?‘C@ Ydhin P‘?ﬁ'@n%?%ﬁ f%ﬁ?f gépacer material,

straight in pr Qﬁﬂléa%?sg&hﬁlla%ﬁﬁglgltﬁﬁk p&%h&%f%@qaﬁ @ﬁip@&r bfdterial. In general,

comuni cation wth features 112 are not pinched “g. at the bottom
m ddl e, and/ or spacgp. mafdyial depokiteden lderolly extaniligh S@éﬂcé‘mﬁthﬁ werkpigee t8ds removed

mat eri al s of d| ele [.c I%%é ‘%P%e]a?ﬁ?sﬁg 31’?'61{18%@%0539&'&%{%&*‘ lomf?:fi Hard

mask 118, such lfrhngt eSpa% a PYFS I's cap abI e
of stopping t heerGéatlh exididingsisfatds@pich as;ilfgt erirmplc, ths@@kwaﬂscﬁih@hmpre@musly

Used to T or m cONPRL FORGHRUOEEOEFERHA] BoGe 4B U eP a1 e

previously desggibed iReIEidincludes 1nd1§ﬂil&1 !1%'It§ftéﬂspﬁ'def@ml on across the
bottom end of each contact hole e |l arge enough (e.g., about

30 nnt) to mnini zeA@bmanngrm@ﬁaﬁ@epkf@@rm@mw@bﬁ@@ém%pwwsmﬂw
subsequent |y fﬁk@‘ﬂ o ) Qy?e%*;}ef&ﬂﬁft&ﬁleqrgge%séﬁg %&ﬁﬁﬁ%ﬁ&&&ﬁs&l%he

Further, the a nt o cont act es 112
si gnificant. Fpnoc@sashhatmy: ub¢dudzperainoivetuse, upGbtha matdhiebirumatersisAmm whigh

al i gnnment tol erance out tvvel ve nanoneters (12
run), while foPhoLr W\ga%@&ﬁﬁ\@‘sﬁ%gﬁg?rg? & nm feature size, it may
be | ess than about @ihghhethadidbEfoathise (@ntli)lﬁh features, likAhe tighNpich spegers 152

portions of the spacers 152, the ARC | ayer 138, or th har d -mask
136 may be renBiPdd BRI thaekarwrpindietag w&e%m@wef{aw&aﬂ bpgimgnts ofjhe

sui tabl e stri ppiag: @bshih. eB?WﬁQ opéx‘aﬁ@@%ﬁ&)lotﬁfnh&hoﬂ Pndtiiddb ik ab th8se disclosed
trenches 158 and the contact h conductive material to

f orm t he conduittWnited States PaeaieP ubhention No k@ Q£ 29 & Alj Aled Meuch 1, 2007, and
After form ng k i _ .

Sl toh contact vofed Al RUlER el GRERaSL TS FADRIAOLTERPRDAEE iy BRlised o
conducti ve mat foraiht pitaly sgreers h$2.oduced into the trenches 158 and
contact holes 160 t far ]%}ﬁ} gondrgtl ve |i es 16a6.an At ge ??nductci v?
vi as 164, respectl e PGP ?5‘? RAYS R ¢y Stehing process
sem conduct or ﬂ@ybs:@e&mr@bﬁme batteb] &8%he s];écemszawmyrdqﬁasex 3raidefom the
not limtation, one or nore conductive materials my bmow ded

Wi thin the treWeRBEcHS o fHECooriatie Horssha bisd Bt smedie lpbpsing
deposi tion (CVR) g agg}ng;cﬁlaﬁ.{%gor deposi tion (PVD), electroplating,

el ectrol ess plati ng by a conbi nation of such processes.

Refemng to FIGS. 6A and 6B, another etching process, such as a high density
plasma etch, may then be performed using the spacers 152 (FIG. 5), hard mask 136, and
the underlying hard mask 118 as mask structures to form tightly pitched trenches 158 and
self-aligned contact holes 160, expose the underlying active features 112, and form the
workpiece 188 shown in FIGS. 6A and 6B. FIG. 6A is a partia) cross-sectional view of
the workpiece 188 taken in the plane of section line 2B-2B shown in FIG. 2A, and
FIG. 6B is a partial cross-sectional view of the workpiece 188 taken in the plane of section
line 2C-2C shown in FIG. 2A.

Removal of material from the dielectric layer 134 and the dielectric layer 116 may
be effected with a suitable etchant or combination of etchants. The removal process may

also substantially simultaneously remove the remaining material of the spacers 152 and

the underlying ARC layer 138). For example, a plasma formed from a mixture of C4Fs,



- 15 - In this manner, the tight pitch conductive vias 164 and
tight pitch conductive lines 166 (FIGS. 1A-1D) are forned
substantially concurrently in a self-aligned manner, and there is no
need for alignnment tol erance. Furthernore, the tight pitch conductive
vias 164 and tight pitch conductive |ines. {466 are integrally for med
wi th one anot her_during fabrication. sul t

i dentifiable bEuiserihOraiiisaiiediaarmeye n@aﬁ%‘ag:g?li“éiéeﬂa"& &iﬁiﬂ@ﬂql‘?&"c

vias 164 and Cﬁ@&"‘lqg'lf‘/(ﬁe]lsdtﬂ@ﬁyérqu and diectridy2186 Bﬁﬂpﬁsb@?h%d)ﬂﬂoﬁéf@@éu@ha
an initial filmor seed layer (not shown) ¥ conductive material may

be formed over plafrea m@@@dlcsuﬂfoatdes‘fmwsglmtwﬂﬁa‘éﬁ stlicempitridesfora fdpich one or
contact hole 1 Otk li{l‘aglhar%' na%k?Y§£nd%Hél£a?& 51236 Bth?b%%ﬁnvﬁ features 112

and the hard usi ng an el ec ess process.
Thereafter, a condutheaﬂlmmanaixlmn&mélsdﬁhmmﬁamremt-tohoIrnsomer t he

seed layer to fi]l each trench 158 and conptact hole 160 wth
conducti ve mat &ppdiments, the et w;tp:adﬁy BGHhI Lhrfaaye@?asﬁﬁ'lggt BRF esz?ﬁhat

initial film NBhueORIE] & cealc@¥bonthuri@A6h Wk Batubds 102 a8 not bintiR0] ATt the
nitride (TiN), etc.), which may enhance or facilitate the adhesion of

a bul k conduct beteermamiédle. andieniepr The siell muipye 8 ishgelerity frfthecpatenaly ofi n
the contact hoh%l%ctﬁ@? B/@x@qlg %qufftt%gmﬁé g:éﬁal 0 'Hﬂ 'ina@l@ fg-’gl}c'h\f@at feéat?%]?’

materials, such as co m num an ni ckel are a sd suita .
use as conductihﬁneﬁmnhaed magks! 1Biig dapable distapping dlot etdho | Agsanis®@opin dryteked, used in

trom a mat er; arerucgor b glerSRISE Bk By SRRt R B S o B TR o

sui ci de, tant alghicBhthdtindRs ( JERdh kbR EideIsall Wrtitaliog pPREviOEsl descréted herein.
that acts as both an adheS| on |l ayer and a barrier |ay

prevent diffusion ofhqlAeet dirensien aoss th bpikem ead %fcﬁﬁfih"c‘tmatcééql‘g%@ﬁ’éaé’be large

etc.) between gpiex (@%( a%utt:ab%nﬁwm%&e%mm ?e@féi%ﬁé‘e beBfecd AdosRBiRGHa 164
hol es 160 and the™b conducti've nmateri al .g., alum num

copper (Cu), esubsgquently foimeag vethin ¢peh eontacehrie G%iﬁﬁl ifs fenure hE3 dfwsthest the he
tight pltchtr e

seed | ayer %Q‘l%ﬁtto]fﬁgnt?ﬁg?lﬁpﬁottb% ur& 115?’5 s?@nﬁ%gtt ﬁ&?g \%Ert bRG éb%@g%ter
i ncl udi ng, but (36®1tn)lfeanure elde e, ahgnmsetblerbm:mnwlbe\]ﬂipman dla‘mos're&\{emanc(r@m

QLRI A RN M ETE S E E RN F LS

di nensi ons of élgﬁmgﬁ@ﬁeta@&@ﬂp cont act holes 160 are reduced, t he use
of ALD techniques nmay be require

nt
conductive |ines 16‘%11%9136’@%&%“6%@93%@3 é?%@ier‘%%% qy9 p%ﬂdé?réﬁ hard
from one anot hen b s LSRRI E0RA¥NnERE 8 f;)?ééé‘@%h}yﬁ‘e S8hed [, bfyrsﬁh'ﬂiblehe

wor kpi ece. Wthout liniting the scope o resent invention, such
renoval may bestripping and cleaning processes) prior to filling the trenches 158 and the contact
holes 160 with conductive material to form the conductive lines 166 and the conductive
vias 164.

After forming the tight pitch trenches 158 and corresponding tight pitch contact
holes 160 in a self-aligned manner, one or more conductive materials may be introduced
into the trenches 158 and contact holes 160 to form the conductive lines 166 and the
conductive vias 164, respectively, of the at least partially formed semiconductor
device 100 shown in FIGS. 1A-1D. By way of example and not limitation, one or more
conductive materials may be provided within the trenches 158 and the contact holes 160

by chemical vapor deposition (CVD), physical vapor deposition (PVD), electroplating,

electroless plating, or by a combination of such processes.



- 16 - effected by way of a polishing or planarization process (e.g.,
mechani cal polishing, chem cal - nechanical polishing (CWP), etc.) to
renove the conductive material with at | east sone selectivity over
(Le., at a faster rate than) the material of dielectric |layer 134.
Alternatively, a timed, selective etch progess may be enployed to
renove excess conductive naterial. . Processes, and. structures.
according to enbodi Wéh‘ﬁ@aﬂf‘erttﬁ%“gﬁ@%‘h‘fonﬁ‘l’ﬁ‘éﬁ{’l?ﬂ“ps“r@a t‘ﬁéﬁ‘?ﬁf‘&“@"“t".ﬁe
use of "thogrﬁRéEMts?PﬂéS?wﬁ%? ateGoin R sliK:hfa I RRRhGRRE ﬁl%rseﬂ-%l{?ﬁﬁ%énﬁer,
a manner not possible wth conventional techniques. For exanple,

| i t hogr aphy appatthtresos tead &r aligrgrenbiateranot. diuathermorrd, thetight piigh cemdaictive
typically a fracgtion . Q..o pone-third) o 1.0i f i Lth
Wl ch thoy ey Bt erh Sl RSN e loo B hRLR PR Wi R SR

i nventi on, howesig, fabrichtisg raaphyswdiptharead nsidantifialyle beurelngyl beywedn each of the
fabricating features that wll ali ith features of nuch smaller

di mensi ons andc%eﬁmﬁtcmﬁ%{l%\‘ea‘f’l%@? a\é\% fmdughys fpes; 1r‘?g'r easi ng the

al i gnment tol er ancegs gde donliA8s 2RMMpRP R HSIm SFbKaLbRE Nt shown) of N

enbodi rents of the present invention, a sem conductor structure
includes a ti gerndpstive matesigbimay be/rmedycaie cxnopdaufaces Pfhiacpach ek s and
active area feglylenid i, Hc[ﬁ%in%%@er%ﬁﬂ%&?Bftﬁ@é{cti%fJa%&ﬁCﬂz d fhB fiarg 118,
tine fromthe Same materral so-that they conprise a single integrally
formed st ruct unsng dyelactrelats piging Ipeocesse Mbéredfer, atchedichveduatiial endyibae and

t he contact hole at sanme Line.usin C i natLon .of superi.npos
mok st r uot ur egceoiblafelip SEVEE e Fig T g, sk Bonh A S Bon gl BB S e
enabl ed. Fabri ¢abi@ive attesiapnd, thus, tinme and naterials are saved.
Further, as the contact hole is, sinultaneously formed with the trench
for the conductive fFYWéYO'ng”&Htﬂéﬁf‘%?le%‘%aﬁﬁ‘%l&f*lifﬁ‘ﬁ‘ﬁ%ﬁﬂcoﬁ’ﬁmﬁwaﬁrﬁéseed
and its aSSOC'ﬁE@HaIQ&’ﬂ AGhinhShitB [INT, @€ Whith maf 8tan@NS rhiiSE teQBhesDdR
used herein, the term "semi conductor structure" includes wafers and

ot her bul k' sentfedndiueondictiye hatcriakwmpriging tungstenia thersgrfagge vithin taf codiagte,
and singul ate i 1 r Act S.1C I .
packaged and SWE%E‘%QS@%&‘%‘%@S?Q{%? f&‘?#’%‘ﬁ‘i“t% tlé% l}zg&ga\%ﬁ gﬁgs&k ?Oﬁ’p gl?%lgrglsnsu m
sem conduct or aidminkelaresiso suitable fdenbbozh cordiicS vaahattitiids witias dntcontastduotes d60

i ncl ude net hods flort fa]brilgﬁti ng simultaneously formed tight pitch
contact hol es B FHESaRches in or on semi conductor structures.

The tight pitch comhatier bab@bBmans alstddayer AEHeHTIOY RN ahibterRI(elWS ind@sten,
vari ous nethods includin for exanple, pi tch_dou%l i ngf (or pitch

rnul tiplacti onijm?gﬁe&é’é@é%m&dmt@ SB‘&’(dPet?‘HiﬂH’@‘,th% j2&0) Qb‘t‘)@d‘fl@,c"?l’er (Cu)),
maskl ess phot Oété.} RAGCARE Yoth 3R AdIREUANG BN b BErrich ngr lé. L D@Qﬁéﬂéﬂé’difﬁﬁﬂﬁﬂbr
met hods nmay enpl oy a net hodol ogy, in which trenches and associ ated
17 - di scr et e, inferdiBusian, {p redusk gemart sgsetanes efs.) hetwednonaterdal at the surfagestof

pitch to exte r I j i ey r
el evati ons, oPt geélwgeé?nggg%%fag{hors@ rl(é(():gllﬁ%tielsg‘%géoiﬁgadgﬁ@éﬁgggﬁﬁgjr@ﬂ?@gAD’
are then fill esdppéri@u)sendubtvisve ofitht extrealely shmallsinesenbofttherigit pitdf t he

nmet hods, a nask is vi ded .wi.th .one. o r ertures at ,| ocatigns.
Where the-cont Serte i ERg it e RornEs oy Betreed g ittt tin
extend ther eov@l., aksht § AAYURLhEWH bid@ess@indlGding OuLsot #fkted fo2 Pl chemical vapor
t heret hrough, and the conductive |ines and contact plugs are

subsequent 'y siereritioa{EdENIAYd plopurdayer dpronition h-ReHmigjgegahbeused to form the
enpl oyed, it &E%Ht%l\é ea% Rl Q@ﬁfétﬁﬁlktc)!nd&fcti\%q{i’dtéda?rﬁég gaé?altéraltcfﬂnérﬁfo% gnd

align the con Ines w the contact plu
trenches 158 and contact holes 160 are reduced, the use of ALD techniques may be

required.
Optionally, adjacent conductive lines 166 may be physically and electrically
separated from one another by removing any excess conductive material from the

workpiece. Without limiting the scope of the present invention, such removal may be



Enbodi ments of the invention include internediate structures that are
formed during the performance of such nmethods. Enbodi nents of the

I nvention may include, but are not limted to, internediate

sem conductor structures which may include material |ayers that serve
mul tiple functions. In a non-limting exangge, a single nmateri al

| ayer may serve_as an etch stop, a hard.mask, and a poljsh stop .at
different stag ége%ﬁd by wayt F@&lﬂﬁ%&ﬂg % P%E%’%zét}?n process (gig;, %&?ﬁéﬁ‘?‘ﬁaﬁ%‘ﬂls}’m&
foregoi ng descriplit ARl fbtis ?&ﬁpﬁ%ﬂcb kS RmolHBE BorfetiletnAigHal Bith at
construed as |limting the scope of the preéesent invention, but marelé):}f/‘,r

as providi ng i lehsisemesdlestisitosves s aemibeie rate thas) thomatariakafisisdictrsdeer
the i nvention b, L ' Lt Ni pe
of the present ATvaN SR iHEE PRGN BRE-EPERRAT AR Bdublcal
enbodi nent s nayorldectBephapyratd i n conbi nation. The scope of the

I nvention is, therefore, indicated and . limted, onl t he appended
L on g Thet 1 bR Sscsand dhire o(ine D bRttt i a o may
description. Abkilafdint hwb‘f,]iﬂ%@}aﬁgjr Spsrafiidéh tRMiibAte aniedihBndi6r devices ina
enbodi nents of the invention as disclosed herein which fall within

t he meani ng anthasiespet nossiblpwith convertionakicehyiqyes. diop s, {iep@pRy apparatjiges

- CLAI M5 What -?l!'ﬂg& hS. s ] [ .
conprising a pb%rc §1 ty gltolle'??ngc tllmbtf%héﬁr%@ﬁggfcl% ?@%ﬁ&ée)% Og{géﬁ?&)%gmlmmm
i ntegral |y for feetirasizewith wignltlthey imap be emplaygad. &y use pf the ethbadjmertts of thgpresent
pitch conductiyve contacts. .. 2. The sem conduct or. struct ure of
Bl e m 1. wher eFeTRE BT ipgsayprpitst ok BEane b Sy tat
conpri se a pl uwil dligy vath femmetiefirinoh skia& dimensions and. aliffieers eliraaes eiftdively
structure of claim2, wherein egch coh}?ii ctive via of the plurality of
conduct i ve vi adCERERNYE AFTHHNLREALY ‘g‘f’gr@l’lhyd’@ﬁﬁﬁ@?'i ve line of the
plurality of tight pitch conductive lines to a tight pitch active
area on a sem conductor substrate.

CONCLUSION

In embodiments of the present invention, a semiconductor structure includes a
tight piich conductive line and contact aligned with an active area feature. The line and
contact may be formed at the same time from the same material so that they comprise a
single integrally formed structure. By creating the trench for the conductive line and the
contact hole at the same time using a combination of superimposed mask structures, a
tight pitch and alignment therebetween may be enabled. Fabrication acts and, thus, time
and materials are saved. Further, as the contact hole is simultaneously formed with the
trench for the conductive line, any potential for misalignment of the iine and its associated
contact is minimized in at least one direction. As used herein, the term “semiconductor
structure” includes wafers and other bulk semiconductor substrates, partial wafers, groups
of dice, and singulated dice. Such semiconductor structures comprise both packaged and
unpackaged, integrated circuits, as well as in-process semiconductor structures.

Embodiments of the present invention include methods for fabricating
simultaneously formed tight pitch contact holes and line trenches in or on semiconductor
structures. The tight pitch contact holes and line trenches may be formed using various
methods including, for example, pitch doubling (or pitch multiplaction) processes, double
patterning, double exposure, maskless photolithography, and advanced fine line

lithography. Such methods may employ a methodology, in which trenches and associated



4. The sem conductor structure of claim 3, wherein each conductive
via of the plurality of conductive vias extends through an aperture

i n a mask | ayer. 5. The sem conductor structure of claim4,
wherein each tight pitch contact of the plurality of tight pitch
conductive contacts extends through a conmpn_aperture in the mask

| ayer. 6. The sem conductor structure of claim5, wherein the
conmon aper t ur disirptes Ihteraﬂiusﬁhlat@wemur@ 2 formged e tighicpitel foeprépad hrogh two or

| ateral direction d b [

general ly per p@ﬁ’Eﬁ cﬁﬁ%ﬁ’f‘t orl ¢ tf?f{n lg‘%usl’ gﬁcél atlg‘#’ ?ﬂta %ﬁo#@lcﬂo g%‘%gﬁ%t?l\%emncms
l'i nes. 4nd apBgus SRt &ﬁﬂﬁlled ®ith sdxrduatmrnmt@ial dnyommanknfdiméms asﬁsthes

t hrough 6, wherein the Ilve rea conprises at | east

feature sel ecté’&thPii%anc 18 PFQY Ef%dc‘,‘ﬁﬁsoi“gﬂ W@re&Per&lr%S(ﬁJﬁ’E@mngwjiFrﬁolﬁ Coﬁtac
gate, a CO“dUC{ﬂhgﬁarQ%@fﬂﬁlne% ﬁ’é?ﬂgéécﬁé ﬁbﬁn&d ®&Rtend thereover 8nd donunicating
sem conductor structure of any one of clainms 1 through 7, wherein the

tight pitch coeehtast hales 4r¢ ereajechtherctbrrugh; @ﬁtthemo%wt%lﬁ@aé@d cpataE GRS
each have a wi g{b q@%}nt Iygs aﬂ?{ﬁsﬁ?@% d5%{eﬂr§u%h}]tgc%§llqéﬁstar% ?lgtl%lﬁyed:rﬁ?emoves the

sem conduct or whereir'n

conductive |i nesesitgdof ahidlttongjh:tts o fooh agd alganché coadenting bt svitidhdcdniaeeplags.

width of less than Emgochments otrrhe invention include intermediate structures that are formed
during the performance of such methods. Embodiments of the invention may include, but
are not limited to, intermediate semiconductor structures which may include material
layers that serve multiple functions. In a non-limiting example, a single material layer
may serve as an etch stop, a hard mask, and a polish stop at different stages of a
fabrication process.

Although the foregoing description contains many specifics, these should not be
construed as limiting the scope of the present invention, but merely as providing
illustrations of some embodiments. Other embodiments of the invention may be devised
which are encompassed within the scope of the present invention. Features and elements
from different embodiments may be employed in combination. The scope of the
invention is, therefore, indicated and limited only by the appended claims and their legal
equivalents, rather than by the foregoing description. All additions, deletions and

modifications to embodiments of the invention as disclosed herein which fall within the

meaning and scope of the claims are to be embraced thereby.



10. The sem conductor structure of any one of clainms 1 through 9,
wherein each integrally fornmed tight pitch conductive Iine and tight
pi tch conductive contact conprises a unitary nmass of at |east one of

t ungst en,

copper, alum num and nickel. 11. A method of

fabricating a sem conductor structure, thegrethod conprising:
substantially concurrently formng a plurality of tight pitch
conductive lines and a plurality of tigKiLAIM&Eh conductive contacts;

and integrall yv\éﬁ{{y e&ach tight pitch conductive Iine of the
PRk et

plurality of ti

&onductive lines with one ti ght pitch

conductive contact of the plurality of tight pitch conductive

cont act s.

12. The nmethad of claim 11, .further. c risin .
provi ding el ectrical- corft SEHCHEEAISHUSHEROTPHTHES b?lfl‘@htyé’gﬁgli‘f@ﬂt%gondu‘:t“’e
contact and a ﬁf?ésregﬁﬂ%gl'aﬂﬂf&hﬂﬂv%ﬂ?hE&ﬂp@tﬁk'c‘dﬁa@bﬁ@pl@iﬁaliﬁr cmti%ﬁﬁiiticﬁy of

tight pitch active areasS on a surface of a sem conductor su

strate.

13. The net hodcofugtivgicantacts.or claim 12, further conprising: formng a
first layer of dielectric material; formng a mask | ayer over the
first layer of dielectric material; providing an aperture through the
mask | ayer to the fl.rst Thayenicafdudbedtecturd of chmh ér whdrgin flempidralgy af tight pitch
second |l ayer of dielectric materi al e, mask .l ayer and the

aperture;

A th
f or nPHGUEVECoRtEs (EOV’I’&FG??lb%%&ffwuftﬂvénvéar’?% in the second

| ayer of dielectric material; and formng a plurality of tight pitch
contact holes in th3e first layer of dielectric materi al

The semiconductor structure of claim 2, wherein each conductive via of the
plurality of conductive vias extends from one tight pitch conductive line of the plurality of

tight pitch conductive lines to a tight pitch active area on a semiconductor substrate,

4, The semiconductor structure of claim 3, wherein each conductive via of the

plurality of conductive vias extends through an aperture in a mask layer.

5. The semiconductor structure of claim 4, wherein each tight pitch contact of
the plurality of tight pitch conductive contacts extends through a common aperture in the

mask layer.

6. The semiconductor structure of claim 5, wherein the common aperture in

the mask layer is elongated and extends in a lateral direction over the semiconductor

substrate in a direction generally perpendicular to the plurality of tight pitch conductive

lines.

7. The semiconductor structure of any one of claims 3 through 6, wherein the
active area comprises at least a portion of a feature selected from the group consisting of a

source, a drain, a gate, a conductive pad and a conductive trace.

8. The semiconductor structure of any one of claims 1 through 7, wherein the
tight pitch conductive lines and the tight pitch conductive contacts each have a width of

less than about 50 nm.



through the aperture in the mask layer. - 20 - 14. The met hod
of claim 13, further conprising sequentially formng the plurality of
tight pitch trenches in the second | ayer of dielectric material and
the plurality of tight pitch trenches in the first |ayer of

dielectric material using a single etchinggprocess. 15. The
met hod of claim 14, wherein using a single etching process conprises
usi ng an ani sot ropi c plasma etching process. 16. The net hod of

claim 15, further rrpr Iﬁ'll ngﬁg&y&%gﬁ&%mleeﬁ% a%lﬁgi‘g dreih i dehf ﬁ&h!c&?/cﬁ%%ve

of dielectric mater € secon ayer ectric eria
exhibit a vari ﬂﬁs@n@ﬂa@hxghtqﬁteh d@ﬂdhdilﬁretbt&a@snasl@hmmvmdthoéimsathat dHoirit nm.
process. 17. The method of claim 16, further conprising doping
the at | east one of the first layer of dielectric material and the
second layer of dielect g SLRbeIdab: thibllicrdapaniofansne pisiuRE ol bierein
concentration of the dopant wthin the at | east one of the i rst

| ayer of di el eeth irdegmaltyefpinadd t@untcheo@getmdnnba@cbmg%plt@ @n@@tlm gontact

terial t t hi ck f the at | t
Tayver of di ol cERERENAPAT S AL e Sas b afen, ERPk; A, pRILL

mat eri al . 18. The net hod of any one of clai ms 13 through 17,

further conprising fpor mﬁprgleﬁocﬁ)!) cal.rlﬁl ngemtl é)gﬁéct rsm&grﬁéﬁ%:?i%@?g%g{,g}s

the second layer of dielectric nma i'ng

. of dielectric whstaruaﬁy cerienoergly fbﬂneng)d plnaluyto)fng}ﬁt SpReqidactive lifierdid b PRirality

plurality of tight tch tr The met hod of any one of
clainms 13 through fg g@\ﬁgF}éFwﬁﬁ‘?lvFéﬂg?ﬂ’tS@ﬁ@gof forming the plurality

of tight pitchnteganghesimgedcd Qhihig cbﬁ@c%%i@'df?l% }:mraﬁt?fgm mRhithtonductive
contact holes conprjses, at | east one of a pitch multip |ca ion

process, a doubl e- A BihPrfgisht Ritch sendugtivesappe ot sdwiridy pf ighbpidch a
maskl ess phot ol i t hegt RPN RRASESS, and an advanced fine |ine
| i t hography process.

12.  The method of claim 11, further comprising providing electrical contact
between each tight pitch conductive contact and a corresponding tight pitch active area of

a plurality of tight pitch active areas on a surface of a semiconductor substrate.

13. The methed of claim 11 or claim 12, further comprising:
forming a first layer of dielectric material;
forming a mask layer over the first layer of dielectric material;
providing an aperture through the mask layer to the first layer of dielectric material;
forming a second layer of dielectric material over the mask layer and the aperture;
forming a plurality of tight pitch trenches in the second layer of dielectric material; and
forming a plurality of tight pitch contact holes in the first layer of dielectric material

through the aperture in the mask layer.



20. The nethod of any one of clainms 13 through 19, further
conprising: providing conductive material in each tight pitch trench
of the plurality of tight pitch trenches to formthe plurality of
tight pitch conductive lines; and - 21 - providing the conductive
material in each tight pitch contact hole-pf-the plurality of tight

pitch contact holes;to formthe ral.hty of tight pitch. |
cont acts. ZlyiThéﬁﬁQFﬁ@%“%#ﬂ%Pé?ﬁig%?C%ﬁ??%%ﬁ*@%ﬁ%@ﬁ?ﬁﬁékéﬁ%
substantial |y eapaiy &ddhk yitdhntehelds & thgsceaitidugd bf éiekptie riatkial antl thegagrblity
tight pitch trench of the plurality of tight pitch trenches and .each
tight pitch confagh pridh Eenghespmie Srshfayes of glicketrcipaiertiah PeiRge Bage gfeling process.
hol es. 22. The nmethod of claim 13, further conprising: formng
anot her mask |layer having a plurality of apertures having a tight

pitch over the secohd | ditermailioddifelaei4,ivderent esingd singneiclebeiriorrys tdmeprises
second |l ayer of .dielectric nmaterial. and the first |ayer of dielectric
mat eri al t hr ouH"§ He B P%Fgﬁ§n%ﬂaﬁﬁ%pPﬂ?%s of the another mask |ayer
and the aperture of the mask layer to formthe plurality of tight

pitch trenches in the second |ayer of dielectric paterial and the
plurality of tight Mitchiheamthediol plameld, figtheneonnrisig crugngrat fspst one of the first

diel ectric rmat ﬁ&ér%lfdie[ectric material and the second layer of dielectric material to exhibit a variable

etch rate during the anisotropic plasma etching process.

17.  The method of claim 16, further comprising doping the at least one of the
first layer of dielectric material and the second Jayer of dielectric material with a dopant
and causing the concentration of the dopant within the at least one of the first layer of
dielectric material and the second layer of dielectric material to vary across a thickness of

the at least one of the first layer of dielectric material and the second layer of dielectric

material.

18.  The method of any one of claims 13 through 17, further comprising
forming a plurality of tight pitch spacers over the second layer of dielectric material, and
etching the first layer of dielectric material through the plurality of spacers to form the

plurality of tight pitch {renches.

19. The method of any one of claims 13 through 18, wherein at least one of
forming the plurality of tight pitch trenches and forming the plurality of tight pitch contact
holes comprises at least one of a pitch multiplication process, a double-patterning process,
a double exposure process, a maskless photolithography process, and an advanced fine

line lithography process.

20.  The meihod of any one of claims 13 through 19, further comprising:
providing conductive material in each tight pitch trench of the plurality of tight pitch

trenches to form the plurality of tight pitch conductive lines; and



23. The nethod of claim 22, wherein fonning anot her mask | ayer
conprises using a spacer etch process to formthe plurality of
apertures in the another nmask | ayer.

-21-
providing the conductive material in each tight pitch contact hole of the plurality of tight

pitch contact holes to form the plurality of tight pitch conductive contacts.

21.  The method of claim 20, further comprising substantially concurrently
introducing conductive material into each tight pitch trench of the plurality of tight pitch

trenches and each tight pitch contact hole of the plurality of tight pitch contact holes.

22.  The method of claim 13, further comprising:

forming another mask layer having a plurality of apertures having a tight pitch over the
second layer of dielectric material; and

etching the second layer of dielectric material and the first layer of dielectric material
through the plurality of apertures of the another mask layer and the aperture of the
mask layer to form the plurality of tight pitch trenches in the second layer of

dielectric material and the plurality of tight pitch contact holes in the first layer of

dielectric material.

23.  The method of claim 22, wherein forming another mask layer comprises

using a spacer etch process to fonm the pluralily of apertures in the another mask layer.



