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specifically, sem conduchpriGRYNGSSND FABRITCA PHeG gt 8ahsE 15t hat are
arranged to facilitate an increase in density and a decrease in pitch

of such arrays, as well as an effective decrease in pitch of contacts
of such arfays. Mre speC|f| cal |y, PREGRPFeEEMM nvention relates to

S€ m co n ductor devi Q'ﬁl lECQl‘ﬂglIl ?ﬁ&%" tﬁgb gﬂ ?ﬂhg dlhég Eﬁmmes Paterk €

di mensi ons of many Bres or“sem con ces
ever - decr easi mg;phcntffoa(SBhaltm a1isnt,Sepddsd Angifse2d, 2089, fmr WIQ{MDUCTOR

ggggirr:): |e§hed %}‘@Eﬁmﬁ‘ﬁ@?ﬁ%ﬁ%hﬁﬁﬁgﬁﬁ%@% current

chal l enge in ¢eENEASTS A NIBVMEEHODREHUR DESIGEBNG @ND PASRECAFUNGYTHEe
fabrication of conductive structures, referred to in the art as

"contacts1® tB&MEfe used to establish conductive |inks between bit

| i nes and correspondi ng conductively doped active-device regions in a
sem conduct or substrate. Due to limtations in the height-aspect
rati os that may be achi eved by st atBCBNIEABYAFEDet ch processes,

contact 30 hol es higl Q. syt fx}eﬁu&”rte age' gg%g lgnt% A %angucti’cgstﬁ§lc{esfm]§ﬁt§ﬁélude

cannot be fornmed. result, con are ftornme
nore process $imepRch drniys bad, Irmre apdna"melm csemlcondtmtoreiamhea:tbmlaﬁuddmdnmciss

fabricateglnabasela er .of.dielectric, The base he

Cont act hof e Bt B BB o R G eyt i Bhr b S A eeireR P i of seh

so-cal l ed - 2urays, as well as an effective decrease in pitch of contacts of such arrays. More
specifically, the present invention relates to semiconductor devices with staggered

contacts.

20 BACKGROUND
The dimensions of many features of semiconductor devices are
ever-decreasing to facilitate increases in feature, or device, densities. Each time
another decrease in feature dimensions is accomplished, a variety of challenges have
been overcome.

25 A current challenge in decreasing device dimensions has been presented by
the fabrication of conductive structures, referred to in the art as “contacts,” that are
used to establish conductive links between bit lines and corresponding conduetively
doped active-device regions in a semiconductor substrate. Due fo limitations in the
height-aspect ratios that may be achieved by state-of-the-art etch processes, contact

30  holes having sufficient dimensions at the bases thercof cannot be formed., Asa
result, contact holes are formed in two or more process steps. Initially, a base
portion of each contact hole is fabricated in a base layer of dielectric material. The

base of the contact hole is filled with conductive material, which forms a so-called



conductive "plug"” in the contact hole, which is in electrical

comuni cation with the underlying active-device region. One or nore
upper |ay jelectric material are then forned ov

| ayer of Syg’élzg%{ogl(sgé mat erial and the conductive plugs ﬁ%ﬁ%g@@i{%’io

t her et hrough. An upper portion of each contact hole is then forned

t hrough 5the one or nore upper l|layers of-2dielectric material. In
order to properly align the upper portion of each contact hole with
its correspongifiictitdiPlud e tHdichBnst HNS wakhas didteridadédmomusitatidnevitpper
portion of each contact hole nust be significantly snaller than the
di mensi ons acHedeslyigactivhdeica REoRoRgE eX MoE UBPEAYer s ok HelednfRiigrighae
of across theuyloR. 3l REEHE badser SPBEIETE YifatdalhddhE cdRRcBFhgs that
m sal i gnment nmay 10 occur and a ‘contact fornmed in the upper portion
of each cont aexteinbiherettagughotArceppeupirtion ef esrleeentact holeys hen Eosmad threygh
sufficient.electrical co Ny e With [ts. r i ive
lug. 11 the Hriseel ot REIsga pEBEbHE s Y GRAADRISRE Y AAiGE
each contact hppes panientodeachroahiact lvbntvalk its carsisparslingeplg tiwedmensiciont act

formed therein and, the congductive plu be undesirahly high.
15Accor di ngl y?cr???etp‘ég%ﬂ"én Hgtgaélpli’%l}’g‘é’(?ﬂtogg%gh§f)?tﬁ&%fe ugr% siggicanty
fabrication pgQgessien thd@dinchsiehd dck@k Ehedop 0Ntk BorRKlcRCHIRASE thaditnkesions
di nensi ons of features of sem conductor device structures. D SCLOSURE

OF THE | NVENTP{Mroms tirtop seessof raphieridustive PEg atrago seallapilispment may
devi ce StEYCT LR ah § Bori R R AP1HR ph&DohbRlof Bich dfifac K fudflndY . t e

presence 0 e contacts thereo addi'tion, the present invention
i ncl udes net hoatsmiicatt glectiivally emestabhislcovdiicient lectlisel eommumicption meid. its
In one aspect, a sem.co Vi i

presont 1 nventr ST TLGeLsee Gy dbhediipsiolt SuRIRE Bulths betnt Hfocc
contacts, a deeitiogdf ehsbate-nte drheoantallpidntitt resiptabes atleenvednoct

mai nt ai ned i n_acti ve-devi regions and bit |ines wthout

conpr oni si ng f‘}@céfl?qr‘ﬁl‘éﬁ‘ig‘e\ﬁﬁ R &Hggﬁ‘é’ eb‘B%SH@‘\g_y&Fﬁ%‘ be fabricated
or their feliabiliyeord®ghisaldrd @ Bédls fartBnta@r st RR 26O BehiAd Blbrid@iinC e
structure” includes wafers and ot her bul k sem conduct or substrat es,

partial waf er srocggseuipat feeiligiencontinneddastrascindle gmeasions pffeatures of

sem conduct or Qﬁ\‘,j;&ﬁwﬁa?ﬁkkﬁ&é’&ﬁénﬁ&fm” se 30 both conpl eted, packaged
and unpackaged, integrated circuits, as well as in-process

sem conduct or device structures. -3- For exanple, a

sem conduct or device structu 'IﬁC@# Efﬁaﬁﬁ? fﬁﬁ&ﬂ ngs of the
present invention may incl udiﬁ%(gfr@gg?s WHI:.il con ul\t(I: ive plugs that
have wi dthe that a[h¢ peesdnt atveatieninedasdmidoadyitdralese sfrudtires with feature
active-device regions or bit. Lines of the structure, The relati.vel

| ar ge conduct fj%“b?ls[gl&% APt hWEd ?SH@rpr%sﬁ??eégélée W"Eaﬁfséla‘?rﬁ%tng? Béfbn?rhﬁe
prevent or el piaatdehiieh PERIEDIEIbEs foPabritimgR¥aldoiditgrierict oRgnts.
correspondi ng contacts nmaybe m saligned therewith. Additionally, or

al ternatively, thelupirerBecoHscafconfacionsiuice Sunqtae ascesding fothe SFAER i ve
P82 20, e AP AL ens BpsaEch IR lan shede, Uoper
25  state-of-the-art pitch may be achieved or maintained in active-device regions and bit
lines without compromising the efficiency with which such devices may be
fabricated or their reliability. As used herein, the term “semiconductor device
structure” includes wafers and other bulk semiconductor subsirates, partial wafers,
groups of dice, and singulated dice. Such semiconductor device structures comprise
30  both completed, packaged and unpackaged, integrated circuits, as well as in-process

semiconductor device structures.



enough to prevent an undesirably |arge anmount of contact resistance
bet ween a 10contact within the upper portion and the conductive plug.
Anot her e present invention includes nethog
fabrlcatlﬁgsggﬁ@%@%g of sem conductor device structure %Hgﬁ%ﬁngﬂmm
met hod may enploy a so-called "dual damascene"” nethodol ogy, in which
trenches and/or apertures are forned that3-extend to two or nore
different fabrication levels, or elevations, of a sem conductor

15devi ce structur eForTé)@nip[eeaeéiﬁﬁomnﬁ(w ﬁe»amnmumesthamcdrbﬁmeﬁ tdabiadgs of
wi th conductive naterj al I n an Wf1’;1r@Ie of @l éhodt is. wWth
qop

the scope of terEEBSEREORMANING factsivy e Blugs tha %?“'r"réﬂdthés
are contact hﬂla?%l) r@é%‘h REPerfdx SHuaHe %ﬂt&h@s andle extvendvice Péguirﬁ%r Bittinkd o¥e

trenches to under g conductive When such techni ques are
enpl oyed, theths sitrgntmw tTheaplativate btga@ronclmqtm glugp mpy Apyrapersirieees with

20effectively @qﬂi

f or med dur|§ngdianu‘:%ﬁ;l%?@?%t %reveé]rt & %lpéggw' t l?Otr?ﬁ'}tJ ﬁiy gﬁg%%égg?fﬁ%p%{@}sseo&

i nvention. W thoespohding corm;tstlh@bmmiseligﬁedtﬂlmee\pﬂes@dmtwnnﬁemnadinmati‘#réy,

i nvention |ncluqu i nt er pedi at e se %Eitor evigg saéﬁctures Hﬂat

i ncl ude mat er P SMEYRIONS UPEEY T‘Fﬁlo CENERFNEY PR NHBF CRRRRPIETE o
si ngl e mat eri almetdioay erostBle 6RionEoAse eppee beMiod bdPach@oiastthoteraky bcalaﬁgea

polish stop at different points_in a fabrication process.
anot her aspectnonghdo pryewap WrAGFEARlY JHSF ABPYH @ coRiTh B tangs b%sff%. ng

sen condughor -Gaxd G fh'e‘%}n?’é'r%ﬁi’&ntaﬂd o d RRHuGREhARGE S Q her
features and a vantages of the present invention Wwll| becone apparent

30to those of ordi Aapthestsptdt of thetpiesenkrinvenipn inghidgpmethads Br fabniceing he

Claim. w0 2bOO0Y AR RIS TR, Sitha A0l By PRBERAGE coled

aspects of t hédynl ésmadcenainastbadoingyy i vdesicrerivbes fmelfoe iapaﬁlr&rare Yuirtaled that
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inventionis device structure. The trenches and/or apertures are then filled with conductive

material. In an example of a method that is within the scope of the present
invention, bit line trenches are formed, as are contact holes that are aligned with and
extend from the bit line trenches to underlying conductive plugs. When such
techniques are employed, the alignment tolerances of lithography apparatus are

20 effectively increased,

Intermediate structures that are formed during such methods are also within
the scope of the present invention. Without limiting the scope of the present
invention, the invention includes intermediate semiconductor device structures that
include material layers that serve multiple functions. For example, a single material

25  layer may serve as an etch stop, a hard mask, and a polish stop at different points in
a fabrication process.

In another aspect, the present invention includes methods for designing
semiconductor device stractures with offset contacts.

Other features and advantages of the present invention will become apparent

30  to those of ordinary skill in the art through consideration of the ensuing description,

the accompanying drawings, and the appended claims.



Fig. 1 is a schematic representation of the manner in which active
areas, or active-device regions, which include conductively doped
sem condu r jal, are arranged on at |east a portj i

sem condug‘&ﬁrm@@%?% ate; 10Fig. 2 is a partial cross-stedgtorﬂgg OI’”%76970
representation of a partially fabricated sem conductor device
structure including conductive plugs that-are of fset or staggered
relative to one another, with a row of conductive plugs comruni cati ng
with every ot her abtiaileeftewicceaspeds ofthe bresers arvierisorodre decitbat lieanafeer,
regions of a setgi cfonduct o% Substrate; 15Fig. 3 is a schematic
represent at i off BFETPET O BHUBY 5 senmi conduct or device structure

illustrating the manner in which the conductive plugs of Fig. 2 and
overlying contact hol es and contact a%ertures maﬁ be st agger ed;

Figs. 4 through 19 depi ct BRIBRPIESCRIF TN QFCHEE SROVINER conduct or
devi ce stryctures jngl Hf&wﬁggs,swﬂﬁﬁg@& &%gﬁgbﬁar@n@as%@&ggfmﬁg{éséma

partial cross-section of a Sem conductor device structure tha
i ncor por at es tmwaniiimgs of the present invention. MODE(S) FOR CARRYI NG

OUT THE | NVENTION Ei g, .1 | C LG SRt | -of 1. ive
areas 12, which are®a ésoaéfﬁ? e?t%rljfl’%g%%aqﬁ[ér%g{hﬁ as ‘%Iaﬂé??] \1/‘%-a Eel\};/]‘i?f:u%&st’ of
regions," in actbericciendeptdnay whioh &fchale eoddiictively Hopedlsymsosdiidr npaerial,on
of sem conductor substrate 10 shown. The.term"seg%tc nduct or

substrate" as§aTdngRe Y, %?eé‘ﬁc?d?ﬁ%%%@ SEENOPANIRIE BT ce,

seni condugg or waf eff, 2 A pdridl cYRb-8éctiondRebredehRtion ot &pedTlycfantdueddor
substrates as well as devices and groups of devices singul ated

therefrom Assimirensueier devicesituptpe Bolfmgsondicyerlaprhgareckierent s
that compri sescondicklet b SRRAHANESURAToRlor LoRISAN AAREhAnicating

substrate 10. se elongate elenents may be oriented parallel to one
anot her. | n senhcuerywdtes pctivevieriss régiongfiaclerienniraenve-davageaegbng ¢l ar t
t echnol ogi es < 5-0naug igh%%{r&g_r ated, active areas 12 may have w dt hs
of as small a&3BBU 0> and may be spaced a distance as snmall as
about 50 mngn or | esBig( ®ish schdativngeprapaudiioh daponion afietdisicondibtes detitei r

pitch may be as snall| as.abput 60 rimor less.(e.g., about 20 nm. O
course, acti vgrﬁﬁagk%ga?wg%@aW‘ﬁé‘? %’FL ]éerCrOHW(S)"r“V Riigs Tgﬂﬁ’ni ﬁ?fg may
be 5 spaced MB{&AHg doRERt K@ andQoEtaRafire MAYhOResRRQL her Wi t hout
departing fromthe scope of the present invention. In Fi % 2,
evice

which is a cross- sBigsioraughdfgapiat eamples 9f (brisations] sepicapipctor
illustrates a 1 |Gl to the plane shown in Fig.
stg.}c"[’tﬂgs REERES0g ﬁé‘ﬁﬁ}ﬁg‘f@%‘ Lad p g

1 in the gener orientation ine 2-2 of Fig. 1, active
areas 12 &kt end i nFig. 2ht aqartiab Eroshreection of a semiconductor device structure that

incorporates teachings of the present invention.

MODE(S) FOR CARRYING OUT THE INVENTION
Fig. 1 is a schematic representation of the active areas 12, which are also

25  referred to herein as “active-device regions,” in a semiconductor substrate 10, with

only a small portion of semiconductor substrate 10 shown. The term

“semiconductor substrate” as used herein encompasses semiconductor dice,

semiconductor wafers, partial wafers, and other bulk semiconductor substrates as

well as devices and groups of devices singulated therefrom. As illustrated, active
30  areas 12 are elongate elements that comprise conductively doped regions of the

semiconductor substrate 10. These elongate elements may be oriented parallel td

one another. In semiconductor devices in which current state-of-the-art technologies



10 plane of the figure. In addition, Fig. 2 shows a contact plug 14
positioned over and in commrunication with every other, or every
.second, active area 12. This is because each contact plug 14 has a
maxi nrum di anet er that approaches or even exceeds the pitch of active

areas 12, by} adimseet contact plugs 14 nust be el ectrigahisgoorambat ed
fromone another. The relatively |arge size of each contact plug 14
m ni mzes 15contact resistance between thg contact plugs 14 and the
active areas 12 to which they are electrically connected. Contact

plugs 14 for the remaining active areas 12 h are, de |ct din
phant om are po¥FFIcHmaErgdyRive st rBz’rﬂ]aﬁ%‘t"“’im"‘f% S’d‘l“g ﬁl"‘ﬁ‘rfé‘dof

Fig. 2. The staggerd fHdcddla diiHcaas suill@abokd S@RM oF es EN11D [gfapéreﬁorﬂﬁ

posi tioned above 20 cContact plugs 14 (Fig. 2) is shown in
which is a top eieanotber. Thyathainmich mey be acmalies dequt 69 RangE doss (ecge\ﬂbelé 29,

The pitches of ﬁﬁ?t@ﬁ%ugglagﬁvc]a@ea%ﬁg?ﬁ9m%9 MR wHHIRY) BR aAPREY be

twice the pitch of active areas the pitch of active
areas is about sb@&drmnrp Ot less tba:tiﬂmsamnﬂ fwnomo@lewléhmd@mmg@nmm
hol es 16 nmay be abeoo the 0. o m{w 1ghe pitch of active areas is about
20 nm the pltcsr? C Fﬁ dt 3’%8 ‘ugs 14 and contact holes 16 may be
about 40 rim. As ddﬁﬂi‘cgemhxclohtam:; b@he:st}ﬁcﬁxghraeemtcagglemedleﬁiaeasdlch a

way that they a Wi thelr orre ndl ont I 14,
Cont | nati ng i « rAESHa glhoe Adeiie SReTPAR o it G B PR R fregspary
16 may be about ofedfiibnEhon HYME 225 61 Fg. (1eacgve aﬂcﬁk XD es0eRE Gto @id obit Of th
at the tops 18 thereof nd aboué' 30 _nm acr oss §1 ‘3% {l‘%’ dj arreter ﬂ%t
the bases 20 thd IBGd tioth E12- ¢ Shrdys aentagiRINs hpgsitioped oy

contact plugs 1fﬁcoﬂmﬁnfcﬁtlzcﬁ]tﬁn‘ﬂ?eﬂhfmﬁb?'&@%rﬁ%ecbh@ aU@\Fé%ealer f’mféﬁ§bé|s5u.s@f
contact plugs 14 and the bases of contact holes 16 (e.g., an upper

surface 15 wit heagh opndachpiug d# bpssa mpdmpmdjgsnetr thay peptoaches oreyepaxceeds the
large as the d'?ﬁtg £ BB LRAS12 EOIRSRY aeﬁglug@wnuarb@\e cglﬂx%alﬂ' isolated

relatively grea erance’ 1 n aligning contact holes
contact plugs 1ftorande mshem ﬁhemebévqibhtmzemésmtcam@ phigt Mariningenst act

plugs 14 anPS ¢ (?Jtn@a%{ ését&?c%(l):?@%\éq gne'agi Hlugg fl-fi ova Etﬁwﬁ liltéieﬂﬂﬁ Q’ch%léhey

formed on top of contact cont act
are depicted, conatlagticdlly cosndetedi ﬁgmetttrpdngscm S shesrempingactielraped 2,

TS L A WS

of the present Viveh
circul ar cross-gaetdfdrgl. shapes, which may be used to further

| norease density 11 fhedhe eokison AL aNg ] 0! LoacPIAAT 6138548 Move

20  contact plugs 14 (Fig. 2} is shown in Fig. 3, which is a top view of a partially
fabricated semiconductor device 1. The pitches of contact holes 16 and contact
plugs 14 may be about twice the pitch of active areas 12 (e.g., if the pitch of active
areas is about 100 nm, the pitches of contact plugs 14 and contact holes 16 may be
about 200 nm, if the pitch of active areas is about 20 nm, the pitches of contact

25  plugs 14 and contact holes 16 may be about 40 nm). As depicted, contact holes 16
are staggered in such a way that they align with their corresponding contact
plugs 14. Continuing with the above-noted exemplary dimensions, contact holes [§
may be about 100 nm or more across (e.g., in diameter or width) at the tops 18
thereof and about 30 nm across {(e.g., in diameter) at the bases 20 thereof, which

30  expose upper surfaces 15 (Fig. 2) of contact plugs 14. The relative dimensions of

the upper surfaces 15 of contact plugs 14 and the bases of
contact holes 16 {e.g., an upper surface 15 with a width that is about two or three



10Wthout limting the scope of any aspect of the present invention,
each contact plug 14 may conprise a unitary structure or include a

| ower port hown), which contacts a correspondi i ea
12, and a‘hﬁgﬂéﬂsiggtlon. Exanpl es of materials that ggﬁh?éﬁm%%
forma unitary contact plug 14 or at |east the | ower portion of a
contact plug 14 include, but are not l|inmfed to, tungsten (W 15and
conductively doped polysilicon. O course, the upper portion of a
contact plug lihenaylagdess tinediftenceedrobs ooortaspgslirgrhase)prowtids aaslatively great
vari ety of other erial.s,..includin W fhout limtati

s nm (i CF oL BERIE PEIRL ot o Ehy el o Phpef B8R s

ni ckel, or anynifintigs conttict RblkRnEEEBréRlcohBatplig 19tand cbataab (ot sitonhl ia
and has | ow cantact resistance with adj acent materials (e.g., the

material or 2@&h§é@?b@§S@F°@%¥ﬂ¥§“§?@8§“EEﬁ§ﬁﬂﬂ@ﬁmgﬁﬂéuct|ve li nes 68

(Figs. 18-20)). AMhIRHE RO h@ed ] Dfte aépiliBd Q:Hﬁttlcl]i%’les%vﬁé 3t e of
a process for fabricating sem conductor device structures that

i ncor porat e t emshiergonalshapserghtivs éntheibaghistor dangths thiugsifcarealso pdthin the
recogni zed by séo%%%?th% a%rexqﬂ 1H@Jn¥18§ kE&J exlcuﬂ feh on of {JOIH: Q}?Béx%%ﬂcﬁ’l

process may, gene & CoRY er or o
bul k 25 sem conrdstedctionas mbeqies attecl mugbe used tci Meanbma@eienmtyaﬂra do)%cnon

sem conduct or devi ce be sj | t fabri cated .and . ovi ded
with the feat drP88Y ?’tafrgigy“p?%%"‘ ’ﬁ“‘ﬁ’s ﬁ‘i"@?&raﬂs"mqtﬂ g lﬂa“%’f%rég\é
structure180 is demigdoasiih Fthd&bp@ﬁ%n@a&ﬁmﬁqﬁgyﬁhé?ﬁnﬁ/@ﬂﬁrf aicg 10
and at | east one structural ayer 32 forned over sem conductor 30

substrate 10 EpReEctPHE fdBey $958TIse & Mpdangtregipng|or (@hgleﬂ%ﬁdwﬂm (mefon
di oxi de, undopgdy:3i yhieRBofhAxd g&resg&fﬂiﬁg dchad ah ?ﬁtdhﬂ%ﬁlu%%er 5%9 It es

adj acent conductive structures cont act pl ugs
etc.) from on&xamplehef maiarigls drhmay bebsediid rocowmvtnt cantel plug 14 or at least

processes (1 naligh Ahorthd SOHEollTihE1 4 9o biclo IRASE L

maski ng, etching, rlza I"on
structure$5thandmnﬂhuﬂebuhmtapbbphugs(ﬂ&mumhnheUMﬁxmaﬁhsofb&hﬁ&ﬁe

RNy o R G T T

di oxi de, undop@thdsid, et@butdinmdtids, co@i)érOéll/mkurﬂlkrEd\ﬂﬁéH €y b&infrofiuded by flow
di sposed over structural |ayer 32 nsul ative | ayer 34 may be forned

by known pr oc@%%@@smP%EI%EﬁS?F@ nighkel. 105 gy pthgy %uaﬁblsﬁlatqa@btb@tIﬁswturaﬂy
techni ques (es@ple aﬁfﬁ%@%ﬁgameﬁgtmﬁﬁwlﬁlﬁggxknﬂ{lét%§ g G ﬁ1a£e1f§1cz§)

etc.), as_spin-on glass An etch Stop layer
(e.g., a 80li cmrﬁmlStqfna@refefar¢ah12@n@0§cqn§u¢tof@émad6830hgs $8200t ural | ayer

02 B ch S T ovet. Aol AL AR S AR kb e
process. Depesahingndupendétie Smltﬂlll‘dsahat dricorpmirate taablsingy affthoviesdnt idvedtion
formed, etch lssté?agicteﬁygg rf:?’cggnized by those of ordinary skill in the art, the fabrication
process may, and generally would, be conducted at the wafer or other bulk
25  semiconductor substrate level, so that a large number of semiconductor devices may
be simultaneously fabricated and provided with the features of the present
invention.
In Fig. 4, a structure 30 is depicted that includes a semiconductor
substrate 10 and at least one structural Iayer 32 formed over semiconductor
30 substrate 10 that includes insulative material (e.g., doped silicon dioxide, undoped

silicon dioxide, etc.) that electrically isolates adjacent conductive structures (e.g.,

contact plugs 14 (Fig. 2}, etc.) from one another. Any other suitable, conventional



may al so act as an antireflective coating (ARC) for subsequent use in
patterning a 15l ayer 38 of photoresist to forma photomask 40 (see

Fig. 5). Optionally, one or nore other ARCs (not shown) may be forned
before or after formng etch stop layer 36. Wth continued reference

to Fig. 4, byég%%n;g of photoresist is applied over etﬁf”m?srz&b?io ANET

36 (e.qg., n-'on techni ques, spray-on techni ques, or any other
sui tabl e application process). Known processes (e.g., exposure and
devel opnent 20processes, etc.) are then uded to pattern | ayer 38 of
photoresist to forma photomask 40 therefrom as shown in Fig. 5.
Phot omask 40 i neiogR$ess (@elumg,r\@gmﬂymﬂzlpmi%mi&ﬂ?PgS'%‘M’WS'Flé@iﬁgﬁ@&

positioned | at eéoﬁ{s- egfslgﬁagﬁat%ﬁl &g.hﬁla; BYusth to%?t%tﬂfé% ruﬁlk fiﬁrghﬁiiééon@ﬂ g

2), that are po "ofe nd configured to prevent renoval of
certain areas oplughkt, witlidlhd ipaskgthet ardused bpsublaproresss beimg gonfiguyed to stagger
preventing or lim‘tb?@ tn‘eir 25exposure to one or nore etchants,

sol vents, pl asnBe. ¢ ’.‘53. ‘Apertures 44 of photomask 40 are positioned
and configured to faknirshlatie l5yerdy g aflayek ineludimg @agedadlicoh diouitgpuridypsig

etch stop | ayer ,36. Ong ot k 40 or. anhot her sujtable ma has
been forned ovef IM‘”‘é‘f%g?‘?"ﬁggﬁ?ﬁWf” %L*?@Wﬁ’gﬁl’%ﬁé“%r?@ﬂaﬁﬁe

"ot her regi ons" k@h@Ve18ftr 8P nRPBY Bkmed byFlimpraRssed) iyfing3Rithay be
renoved, as Fig, 6 illustrates, to formapertures 37 therei Rd_s_Rem)vaI

may be ef f ect edliBifatianydepgritigmieehnifuss g desampogitiem gl teifpetiydsgrtho-silicate

limtation, by m!osa.reta%)és@ﬁi{fahnerasa.qsaeqzsm@meqﬂcaervvi se, as known in
the art. The apertures 37 of etch -8- stop |ayer 36 may be arranged
in a sonewhi® st aggeheetch sibpiayerss (e ge A siieon e Tikpaif) is iPcBegavers and
7. As will be b t . ' H@Ezﬁf iL@n of
this discl osure&tl{étﬁlg llﬁgtég%zs'Iggg?l@%%?%gg%ﬂ%%%rsﬁcal 0 sﬁﬂgﬁjlbgi ng

| ayers, filnms, emplsyediasianesh stop dna subsaquen (e siuabdeamaseeasioichchro@ad.t er
etch stop | ayern36 . ' el

formed ther eoveP?peggﬁlgHg@n?&F H&%ff%gmg’%‘%@“\%é? %ﬁ“ﬁgg #0%%%{’ ﬁgﬁé?gﬁ%lﬂe?ﬁ
di el ectric | ayema¥6lsoragt as acintigefleetivdapatthg{ARCY for subsequedieusg én gatterning a

R N NN -
di el ectric, or bther ARRe(nol$tewhinakhefsmaf bethire beafter fmirgystsh sédp lagey 3be
tailored for With continued reference to Fig. 4, a layer 38 of photoresist is applied over
etch stop layer 36 (e.g., by spin-on techniques, spray-on techniques, or any other
suitable application process). Known processes (e.g., exposure and development
20  processes, etc.) are then used to pattern layer 38 of photoresist to form 2
photomask 40 therefrom, as shown in Fi g. 5. Photomask 40 includes solid
regions 42, including solid regions positioned laterally outside of an array of contact
plugs 14 (Fig. 2), that are positioned and configured to prevent or limit removal of certain
areas of the underlying etch stop layer 36 (e.g., by preventing or limiting their
25  exposure to one or more etchants, solvents, plasmas, etc.). Aperhires 44 of
photomask 40 are positioned and configured to facilitate removal of other areas of
the underlying etch stop layer 36.
Once photomask 40 or another suitable mask has been formed over etch stop
layer 36, desired regions (i.e., the “other regions” referred to above) of etch stop
30 layer 36 may be removed, as Fig. 6 illustrates, to form apertures 37 therein.
Removal may be effected by any suitable process, including, without limitation, by

wet or dry etch processes or otherwise, as known in the art. The apertures 37 of etch



10a variety of purposes. Such purposes include, but are not limted
o, facilitating the formati on of contact holes 62 (Fig. 16) with
desired dinensions at the tops and bottons thereof, preventing

pol ymer from backfilling contact holes 62 too quickly as the material
of etch stop layer 36 is exposed to an etchant that renpves th

mat eri al of W@%@WT’#C | ayer 46, minimzing electrical ?W?Oé'ﬁgﬁl"e
between 15 conductive features |ocated on opposite sides of
dielectric layer 46, facilitating the sub&equent introduction of
conductive material into contact holes 62, and defining the heights
of conductive Is'td‘pasye%s(rEWSarrz’l@eQG:)asomcwhatAzagmw ﬁﬁﬁoﬁ se&ﬁitlgpselo),

or "mandrel," he for v lectric | ayer.46. t i nued
reference to F?r%% nFr‘ﬁi’sge%% %ﬁy’dlltlng e be tﬁ}g@e ?X‘gﬁﬁ?é‘dﬁ‘gﬁff’ﬁ Fag"f portich
form ng a hard grggkdiddosary] e@R siop l&EMRPradetts RSl S@BerhBn®Mrs, tiikgs, or
etch stop layer 36 and regions of structural |ayer 32 that are

exposed t hr ougistreetergs Sembeingpadesiably paiqyedrask | ayer 48 may conpri se
any materials suitabl emﬁhktsg;ag&a%ﬂ%&n dsyafeleeélcmglcmh}b&faﬁmd

silicon nitride, silicon car 203, a dielectric
anti - ref el ect i wherewvat, BnghoDARE)e. BaPeway af minfiméting expepleodiplgetric lyer4sde,

.Or _250xyni tri de ﬂclu{'eaédpggﬁm@% c%)l{l; @gﬁg&%ﬂhos I?Jsﬂlcgﬁ%lfasé EB’PT?%}[)flS I's

enpl oyed as an a3Yd I shing“sto
subsequent re rrrphaiphpmmmfsgiw (P3@Y, bomsbisate gasaﬁ&G], agar spBBomelpss¢80G).ias e

a carbon-based | aye ransparent car T

carbon, a so- cal?‘f’i‘d{ e'lé%"g ogweﬁliP’d?ﬁ%@hes%?tbﬁ%,ec C?gserql%%ag&%q;ilored for

"mul ti-layem resSiaféty'of purpbieg) sudhqmqiosefséﬁdlm:te bmaret:hehhutkdato ﬁcﬂhtamgntheay
or may not be 30d| sper sed th 0 erl inte i at

mask | ayer 50. @ﬁ?’ﬁ“%&fﬂ?mcb (#&Lg}Kﬁ@tef‘W& ‘@W‘f 'n‘ég{s 2"If‘dgr med
over and/ or bel&%mgt&fe@pgk@bﬁlﬂmﬁqﬂeaﬁem b‘i&kﬁllmggcontact hola%dsdlt&d Qiedly Y,

as shown in Figs. 9A and 9B, a photonmask 52 may over

i ntermedi at e e e rpgieial Bf)e‘t:‘b“f’%l@b’?fﬁtﬁé% @Pﬁ%?ﬂf%wh?tﬁ‘&"b@a&rﬁ@%%éheor

nore subl ayers pfeRdbfldibRekc 4 crdt] niuﬂﬁx%ﬁ icBcal RS erenad/itwsA.-
Al ternatively, photomask 52 may be formed di rectlél on dielectric

| ayer 46 (ndt shodusiive katuessdogated on eppasile Rdesaf diglechicdayeh 46, Spnilitatpadhe
patterned by k@%ﬁ?&%&&?mnxh&ﬁﬁdﬁeé 3teH§1t15£ 'anQI:t H%ib@%?%ﬁlﬂeﬁgngmy

be transferred under | I nternedi ate mask | ayer 50 (Figs.
and 9B), as il Ithsiamglttse@lfqondlﬁhgc hnes 68 MFigs. 48i20kbl e process, incl uding,

‘é“'eflgf’gt Jimtation, {i@%}ﬁ% fbé%aﬁlﬁﬁd?el(’%% be f%gz}&ﬁl»]e?ﬂ 'éz%%
P pr OCESSES, asrra e rocesses, resist and/or car ased
| ayer (e.g., TQayee#€. Wxthmonumnep referewsds Fige$,anapk SOmyry heSenhed by
substanti al ﬂﬂy tsfec?uréﬁ%aqu ftog'ginggth%r%rnnlasgtls and an intermediate mask layer 50 over the
etch stop layer 36 and regions of structural layer 32 that are exposed through etch
stop layer 36. Hard mask layer 48 may comprise any material suitable for use as a
hard mask, such as polysilicon, silicon nitride, silicon carbide, SiCN, ALO;, a
dielectric anti-refelective coating (DARC) layer, a silicon-rich oxide, nitride, or
25  oxynitride, or the like. As will be seen, hard mask layer 48 is employed as an etch
stop, a hard mask, and a polishing stop for subsequent removal processes.
Intermediate mask layer 50 may comprise a carbon-based layer {(e.g., transparent
carbon (TC), amorphous carbon, a so-called “spin-on hard mask,” etc.), a so-called -
"multi-layer resist,” a single-Ievel resist, or the like. Silicon may or may not be
30  dispersed throughout the matenal of intermediate mask layer S0, Oplionally, one or
more ARCs (not shown) may be formed over and/or below intermediate mask

layer 50.



phot omask 52 to internedi ate nask | ayer 50. Hard mask 48 may act as
an etch stop for this pattern-transferring process. Internedi ate mask
| ayer 50 nmay al so be "trimred," as known in the art, to reduce and/or
refine dinensions of the solid regions 50s thereof. The resulting

mask 50mi s L4 and has higher etch 15 resistanc
phot omask SZngg?:?%}g?’? i cal di mensions of mask 50m may bgﬁcrr%[ir?%ﬂoglaug@l?%/

tailored and controll ed than those of photqgomask 52. Any remmants
of photomask 52 nay be consunmed as mask 50 is formed from
intermedi ate mask | ayer 50, as shown in Fig. 11. Next, as depicted in

Fig. 12, an oxide Iay‘éddﬂslﬂa’(l)éagSho“@dbgtﬁscﬂA ¥ I5p 2 ahgtomask S2aeay be formed
di oxi de, etc.) igye &gﬁqulmﬁiasm%& %menfatpp&n@hmgsor@ﬁem silﬂz?ééﬁb@m

that are exposed through nas er 54 may be forned

any suitabl e proofdwsd maskciBuadd mfgrmpdiate mssk 1av¢n5toed'tlllematlvecbvah@lnme$bﬂme!
and conformal depog, hﬁéd’cﬂre&‘?ﬁ&i‘&@%&ﬁc lagﬁfigéﬁét g&v@t %{Tsﬁovlnf}éﬁ%tomask 52 has

deposition (ALD) process or- ano ion chni que.
25Af t er oxi deS | alyeen applicd and pattemed bakwaqmcesﬁcs.h i s conducted, as
illustrated in Fig

. . As t.ho ordin
aware, a spacer etchlﬁ’é’gﬁﬁerﬂﬁia@a?f’ }foctf’“ézfsgﬁy beeé? ?ﬁzﬁ?g‘) ﬁ’ﬁélﬂgeﬁ@‘%y
act as an etch sfeRnddidid Mgk tdyer mna@emp@mnspmﬁmmdTﬁégspae\ep swetabih process,
process renoves fhe relativel portions of oxide layer 54 (Fig.
Dy mel ud ng. pBFEf bRl W eheBanet R aftsepEe- Sobrirdr dni dhelp
of mask 50m 30 Bdcessis| pl@tnaRedhiprédessed resiik kiflPorlcadhBhA-baskd 1438t (e?' LE&C, ete,)
| ocat ed over hard nask 48, between adjacent solid regions o negatlve

mask 50i n. THé r Y PrOCESELS; Gi), wa@érﬂsqﬁlﬁwbsfennqllmamﬁrﬁge patigmafdual
spacers S6s, ﬁgo‘toﬁndsi( Byﬁi.hﬁhﬁéhlatam%mayelao Hm%@nasﬁhﬁﬁ{apaaﬂaz%hxmh &op

spacer mask 56 y be fornmed froma material wth sufficient
resi stance to thisr dicngten-teansierig aresss: Aatermediatemask laver $&may also be

material from di [N ]:@#ﬁ{ r g
the need for har ﬁlﬁ{eE %@ e‘“?@eﬁﬁ?ﬁ".%‘i"go d’aljfgﬁcla%iﬁlgn o%ls O@g%%%drﬂln
(Fig. 13), whi chregioas Eefgend. The m@ummsqd;aﬁ@ens msﬂmgidsandahae hi@mmx@d by
depend, of - obur syl WAl ebiladc s, afbrn SR OB RN SRl 0 ALRRED
is fornmed. For esaaipladored ﬁndmkomz@ﬂh@e of ghotorsaskGRned from a

Carbon. etc.) a sui ¢ dbPEeRauh Bl R oo R S A OB el
or etch, pr oces_sfrdsmynt&mﬁﬁteemk%eﬂso %stﬂmhﬂnETg Bl.ternative, if a
L ayer oSt SySTRL GUSed R0 ARk SN cone, o TpLS S
t her eof . 20  silicon dioxide, ete.) is formed over mask 50m and portions of hard mask 48 that are
exposed through mask 50m. Oxide layer 54 may be formed by any suitable process,
including, but not limited to, low temperature and conformal deposition techniques,
such as an atomic layer deposition {ALD) process or another suitable deposition
technique.
25 After oxide layer 54 is formed, a spacer etch is conducted, as illustrated in
Fig. 13. As those of ordinary skill in the art are aware, a spacer etch is an
anisotropic etch process. Hard mask 48 may act as an etch stop during the spacer
etch process. The spacer etch process removes the relatively thin portions of oxide
layer 54 (Fig. 12), including portions thereof that are located over solid regions of mask 50m,
30  as well as portions of oxide layer 54 that are located over hard mask 48, between
adjacent solid regions of negative mask 50m. The result is the spacer mask 56,

including individual spacers 56s, that is iltustrated in Fig. 13.



Thereafter, as depicted in Fig. 15, regions of hard nask 48 that are
exposed between spacers 56s (i.e., that are exposed through spacer
mask 56) are renoved to 15 exposed portions of the underlying
dielectric Iayer 46. The renmining portions of hard mask | ayer 48 and
t he overlyin acer sk 56 collectively forma hard

t hrough whic 05 @%@?ﬁ?ﬁg of dielectric |ayer 46 and und f%@g”“””
structures may be effected. Turning nowto Fig. 16, trenches 60 and
contact holes 62 may be 20 substantially ancurrently f or med.

Trenches 60, in which conductive lines 68 (Fi may be

subsequent |y for med, Aberhativelyi mspecatineble 56 may bé g:yre @n agafegipl Wishn as
remai ni ng regi ons..36r. of .etc t I n
whi ch conductiv ‘E'usfg%lﬁlfté%ﬁ’%aml‘ﬁg(tlﬁ—? %ghaf%é%r%% q? gl(égdr?é @%ﬁ F J(}%{r?gge Iqlglltr‘cﬁeﬁﬁi é(m

| ocat ed beneat hdirtric tayeti4s aﬂtsauwnmamsn arpaingithegnced fonbird snash 4&nd

are positioned over gontact, 25 s. 14 h .cgntact hole 62
extends through a po b4 rB’Ha’B’f“gts 5189%?%93?’11(@ lgF@@t‘W@"ﬁy’gP 9&6
that residessi nidihspdrer RhskiDe, ﬂére?ﬁcﬁrbds QixablayRices3s, {sash@wa mmough
apertures 37 in_etch stop |ayer 36), t hr ough msulatlve | & etrm

to expose condu?b?vécﬁqsﬁﬁﬁﬁeéléed(dé’?@ E{UPPR g dnaionay I dpate
2)wi thin struct %ﬁhzﬁaawsﬁm%?ﬂ:mﬁermm@\gfe, rraﬁa@g b@th (Fib.orm) Q'f@ﬂnﬁbﬁtﬁ’dnpa

| ayer 46 and frominsul ative |ayer 34 3 be effected with a
sui t abl e et chanearben-basehimaisrisldn2 ofesigh erinAR §“d6¥35]6319 @orphofis CatRRfte ) a

or etchants errp!;ﬂ%ﬁ%ﬁ&?iﬁ\éﬁ %e{vhﬁkm Qiyggﬁﬁlhﬁﬁé)idr%tc'haﬁf@&séﬁaﬁﬂg

i nsul ative | ayer Ivity over reater rate than,
the etchant 10r emploggd As anem/«étemavm&aemﬂaﬂ@rememﬁtaﬁ emplaxad tp fgreymasy

and of remaini ng, &e%!é?@gﬁ} §e6{u.}t9jle ﬁﬁtrgfﬁeﬂrﬁ Meluseilo r%lflﬁ'erﬂf'erm}ﬁ%'ln:ﬁg sol]gd

process may al sd su y sinu ousl’y renove the materia
spacer mask 56. reégoms éeemopl e, CAF8 /| C4F6 / 02 may be used to renove

mat er i al . fromdiel ec’gﬂer%ﬂeﬁé.%?egf@edq{%? 6%12§ lf%g&ﬂs Pl}:g\(]%k %ﬂlh{ are ex

dielectric |ayer 46 Ive e S Ticon dro;
CAF8 | CAF6 [/ OBetweemspe&rsSﬁm(wﬁhdiamdxd$edﬁltrbu$6bmtmvskt%ﬁ) wwmoved to

silicon nitrj fro n hot 438 and
remai ning r égl oFféD 8 p°\§$|°n§ Eﬁ‘e (?eﬂ dhelecg;g, t]nlﬁa y 4@5 ollr'? Irrr% Ing portions 91&
t he contact hol Bﬁd&ﬁshta@rerl 43t ﬂd: carter]yangslnaaﬁrmaskl eptdlletialy forrenbhrds 60,

f di h rt LI nd t th
one o, ondh oY Rk DA bl SRR RS SRR bl
not even begin) nﬂpﬂ;bbffec‘té&r trenches 60 have been corrpl et el y forned
but t hat tact hol 62 h | d t ant
cgncur?enflog g? sugsf‘ifﬁl”igé’s{"ffogl%ﬁé % %’Sﬂgé %Pﬁgﬁq‘r‘?ie ?gi‘“lr?g Fon of

trenches 6020 substantially concurrently formed. Trenches 60, in which conductive lines 68

(Fig. 18) may be subsequently formed, extend into dielectric layer 46 as far down as
remaining regions 36r of etch stop layer 36. Contact holes 62, within which
conductive contacts 70 (Fig. 17) may later be formed, are located beneath and

communicate with corresponding trenches 60 and are positioned over contact

25 plugs 14 (Fig. 2). Each contact hole 62 extends through a portion of the elevation of
dielectric layer 46 that resides in the same plane as etch stop layer 36 {(e.g., through
apertures 37 in efch stop Jayer 36), and through insulative layer 34 to expose
conductive structures (e.g. contact plugs 14 (see Fig. 2)within structural layer 32).

Removal of material from dielectric layer 46 and from insulative layer 34

30  may be effected with a suitable etchant or combination of etchants, Of course, the

etchant or etchants employed remove material of dielectric layer 46 and insulative

layer 34 with selectivity over, or at a greater rate than, the etchant or etchants



The di nensions across the bottom end of each contact hole 62 nay be
| arge 15enough (e.g., about 30 nm to mnimze contact resistance
.bet ween a conductive contact subsequently fornmed within each contact
hol e 62 and upper surface 15 of its corresponding contact plug 14
(Fig. 2). |wepsloddab®p, the relatively | arge upper surf aceasidefsoro
contact plugs 14 may facilitate alignment or registration of contact
holes 62 with contact plugs 14, even when;the overlying mask | ayers
are slightly nlsallgned with 20 the featuies over which the nmask

| f
Lhe T osul £1ng. SRt BAERgh AT w7 ind Ayt Fonh ALY, |

Fig. 17, holne Ol’stoliM}fgr ssmm?mum ptss hﬁyslsll:r.m;bshﬁtlﬂlytsirmduﬁmisiynémove
contact holes 62 and. trenches 60, the i exa
25i ni tial fil mis4nerial ghensesrmask Fr%t |°é?m?§’¢1g?[r@’h 89%3?” %“%chbsed

surfaces of eaqanmnﬁﬁ@ﬁal h'aineheﬁ.?emcqafé? 4b BRDRBuIS e |ARE3 T ERIIBRNa R YE

48. Thereafter, a conformal |ayer 66 of conductive material nay be
formed over Si niad Hisulptivadaga 3¢ sickdpsiliem dienids, Gekal/|CoBelr remaYeaSHiicR®| €
62 and each tr%gﬁ&uc@%m ﬁ&%ﬂ%ﬁ/&n dbn nitAEE FERSWhiLRYR or $8th PR YarBSnask
removed (e. sui t e et'ching processes) prior to the formation
of initial 30f M)M’ #31and remainingyegiens 361 ofreél stapi leyen §6 men hp fasmed| y
initial f|Im64rray tdnt ani m
tride (TiN, eto o Uponpet s 3 gl 100 ey ffelcpl kP dhoner ol B o
adhesi on of a metisary shilldf the arfrdll readily xaylerstaﬁﬁtk(aeﬂxgfqmmtimgs”tcemactdlobpéi,

| um ke t t S
Cronches. 600° ArateRbfids i e HsloRie e ey b AT b p iR e R nave
mat eri al (e. g. ,bemmmﬂaﬂ fdrtlﬂ@,&ﬁﬁﬂlaﬁ‘dohtabtdﬁ[e(s‘ﬂﬂ)are nehéleds faret ci de,

tantalumnitrid or (o] 0] Cu etc t hat act as
b (o sbsangally dandirendy ot wbiafalp Shdeamhisf b ks OepPEat o

contact resi st aRaches 80.C.) between materlal at the surfaces of cont act
hol es 62 or trenches 60Q and the materi al g}, al um num (Al'), copper
(Cu), etc.) of conf a'PFrﬁHmeF’§9‘é‘3ra°’€965thFﬁ°t\5q“éﬁP%‘? eaghcoptact kg Ipree
di mensi ons 1gf tch@ug;ﬁt(égaﬁ&m96mﬁp@mﬁﬁmmgﬁ&cﬁ%s.ametbet%ahgéorﬁﬂcmat

are to be coated with initial filme4, initial film

nay
extremel y t hi ncpetag subsegueaty firmsd within emtaﬁ%f@&@s@é ummréaspﬂé of #igt
not limted t 01co:9é§b<§ﬁq|gcégﬁ§'3tﬁﬁlh 1Y 8BREN). dﬁla@o%&n' @8 rdifaVh) m?gbcl.pf}ér@mf&es LS of

| ayer deposition (ALD) "techni ques may be used to fornmiinitial
and confornmal Icaytest pheps 14 may fapiliate ghgihment orregisirasion af CQMdCthQicSeﬁdohth

contact hole 62o{ela 1§ UUNEHIRe GADEARImAR 10 ISLS ViR Glch

material w thin eac IS 1S0
20  the features over which the mask layers are formed.

Notably, hard mask layer 48 may remain on the resulting structure shown in
Fig. 16.
With reference now to Fig. 17, one or more conductive malerials may be
introduced into contact holes 62 and trenches 60. In the illustrated exarnple, an
25  initial film 64 of conductive matertal is formed over the exposed surfaces of each
contact hole 62, each trench 60, and hard mask layer 48. Thereafter, 2 conformal
layer 66 of conductive material may be formed over initial film 64 to substantially
fill each contact hole 62 and each trench 60. Alternatively, hard mask layer 48 may
" be removed {e.g., by suitable etching processes) prior to the formation of initial
30 film 64.
By way of nonlimiting example only, initial film 64 may comprise a layer of

seed material {e.g., titanium nitride (TiN), etc.), which may enhance or facilitate the



15from the conductive material in adjacent trenches 60, forns a
conductive line 68, as illustrated in Fig. 18. Adjacent conductive
| ines 68 nmay be physically and electrically separated from one
‘anot her by renovi ng conductive material from above a pl ane that
extends across_the surfaces of the remaining portions of @ﬁg

| ayer 48. WHPSWEYF®i ti ng the scope of the present invention, suc
renoval may be 20effected by way of a polishing or planarlzatlon
process (e.g., mechanical polishing, chesiiZeal - mechani cal polishing,
etc.) that removes the conductive material or materials (e.g., of

initial film 6‘&dﬁé§fbn¢d¥@fniﬁt€ml oﬂo@ﬁﬁhnﬁﬁayei:ﬁﬁg(egl@mg&ehhcoﬂpﬁﬂ darsinuspne
sel ectivity over ., at a faster rate t erd al

material s of hd?ﬁ‘ehﬁ'ﬂ? tg the surfaggs of cppragt hgles 82?‘%11 uﬁlct’% '@E?@c“i’t injtial
etch process MymRR RIPHeI¥REkd R £ARIEHaI1280 AMlESE, EhgBoh iRl (WA, €.
renoval of conformal l'ayer 66 and initial film64 with sele t|V|t

over hard mask mheiglsHiciis) tartghygunitride (FANYE oK usesyith copgemig).Atshtha Sds
a polish stqp a.l-rﬂzp {eﬁ% Calp?é\@ﬂ dl@lﬁﬁl or PREHRELVS, thirdse &ﬁtéﬁﬁféﬁstﬁ&@nac )

physical ly and y i solated fromone another, hard
| ayer 48 (Fig. h8yeenimataial ¢t|thqﬁuefs@npfcmtlwée5r6élm§\¢reachea§0g@th@w@ﬂ@d

in Fig. 19. Renpval, of ha mask el gﬁ% | ANy ants
of or materi al Togsfl&ﬂlé W{)'rgrlt) P‘tﬂg@}s’f ?ﬁt& nﬁkn egﬁénaerfn Iayéf‘HEG
(Fig. 17) that dmrgrhtly@mhbﬁﬂm&elonsaﬁumdsurfacesloéoctmacchdales@nnd|tmgch@s 60 that
| eakage bet ween adj acent c duct i | ayer
48 may be remAHHy °a?f9d W@“B%’é&@gl tlﬂfrh%srﬁ?i‘fgtﬁe cl;@@?elg?h r('il‘gétch
processes. (the abehiSih). m&&qﬁod&ys Reielirge betaiot Ninityd trop]ﬁulsebehmﬂwapdr

of hard mask | ayer ,48 qgver. the naterials of ct' ve |ines 68 .,and
dielectric | ayé%PQFG“OWIBﬁB%IP@‘%IPY%%WHGBz‘gﬂgS ‘é‘t?F 218y be pgegio

| ncor por ates t egghiniekd fitth 64 BRd Bin@s@BllayeageNt i on is shown in Fi g 20
Sem conductor device 1 includes a_semni conductor substrate 10 WI

paral | el active ared®esondugiveimterip! Within easiticontact kle o5y afen H?t”tehe
draw ng sheet. c%n@&rﬁoa%creésbtﬂc é&duetnbﬁﬂtehat wmhlégﬁclxena,@o atdeuptswomted

Iayer 32, is positionéed over comuni cates electrically w each
active areal512. fragthesondustive m@mtlh@afb@ﬂtﬂ'é&mlﬁﬁséﬁsfoms @@on@h@vséat $%His

O e Conduct SindBif T, |AFRaRSrERANLAL Snde LA hGUYaRa as | he

contact plugs 1 aro stantially 1n- act "plugs 14
correspond to elwtrcaby hmara&dtfrmleomét@athmby mvhe pomdgwxmmatenal f-f om above

Substantal v | kil el 03, AR o phRE o1
| ateral | y surrdaysid8. &fthout limiting the scope of the present invention, such removal may be
20  effected by way of a polishing or planarization process (e.g., mechanical polishing,
chemical-mechanical polishing, etc.) that removes the conductive material or
materials (e.g., of initial film 64 and conformal layer 66 —Fig. 17) with at least some
selectivity over (i.e., at a faster rate than) the material of materials of hard mask
layer 48. Alternatively, a timed, selective etch process may be employed to remove
25  conduclive material (i.e., removal of conformal layer 66 and initial film 64 with
selectivity over hard mask layer 48). Thus, hard mask layer 48 may also serve as a
polish stop or an etch stop.
Once conductive lines 68 have been physically and electrically isolated from
one another, hard mask layer 48 (Fig. 18), if still present, may be removed, as
30  depicted in Fig. 19. Removal of hard mask layer 48 may ¢eliminate any remnants of
or material residue from initial film 64 or conformal layer 66 (Fig. 17) that might

otherwise result in electrical shorting or leakage between adjacent conductive



15el ectrically isolated fromone another by an insulative material 33
(e.g., doped or undoped silicon dioxide, etc.), which is also a part
of structural |ayer 32. I nsul ative layer 34 is | ocated above the
‘pl ane in which a top surface 15 of each contact plug 14 resides.
Contact holes 62, in which conductive contacts 70 are |0 (g,ﬁﬁ g g%%end
through i nsWQRWH®R™Myer 34, with a bottomend 20' of e i

hol e 62 and the correspondi ng portion of each conductive contact 70
bei ng | ocated adjacent to top surface 15-1¥ a correspondi ng contact
plug 14. As shown, contact holes 62 may taper inwardly fromthe top
ends 18' ther eoﬁneﬁ 8.t H&d sk MPeL4TIG 2Bt refnbedd®yfany ktmaalﬂzdzlnbacmutchldlng
extendi ng through insul ative l'ayer 34, onductl Vi cor}%ﬁ ?HY

25ext end throug‘het&f)éFrYteL‘ﬁhd@‘??m-nm? E?W" ﬁ’CFSéW °§ﬂ\eocat ed
above i nsul at i vig,ik 2y 8F hadf mabk BYECIE dver thei@ieridiSof sonliiit didestsBamdet ch
stop layer 36. Elongate trenchés 60, which are depicted as extending
into and out odeGIPFél'lfplaaﬁe“ﬁof the draw ng sheet, carry conductive
lines 68. Asgillustrggdny WSGMQMIOYM Nap£SndoFpdRhiESiEdGRS bmhe
connected to at |east one correspon I ng conguctl ve contact 70 at the
30 | ocation V\hepresenhavenuomkwbowmBerﬁoaépmmn@wtoeﬁehécq hinsluges an
aperture 37 of etch

That 1 ncor por at BTGB Go A Fa b SiRC EEAT3 AdaRpTHE Y G or
the usc of Iit hm.plan&m‘ta@qnaw&tgmew Alvostectiphugnid,which 1sdes/!u¢&dsnmsmtural

el o, 11 t hogPEs Ry ‘APPRTaTE ST ATL o IR BRI HIG P B T

are typical | aohyagfobthe @6nt5ct@Mg@@ﬂbﬁtﬁés@forﬁoﬂmidﬁudncicﬁamﬂtel thatie
‘Wi th which they may bee éﬁg one-thir
WRYEhES PR ©

feature size). B§vhae il PrastRugy 4 Sagauasrbiatiathy™ ™

l'i t hography appgali@t \é@mﬁmw 1@ H&lr&y&@ t evefqabrhemhvmed EAt Aldier tdvabs
will align with features ch smal | di nensi gns_and_al.i

tol erances, ef fwbtayigilyin- h@‘é’&&*’ich@“ﬁﬂé A bgrieRated J‘E%P@P%Qfégsq(‘)‘fng‘mt of
| i t hogr aphy appge Eita.h@of tﬁ@(ﬁ‘a@lﬁ%@lgmt Eent:Qr ﬁ@@'li‘ﬂ‘edﬁ&ﬁﬂ mﬁdﬂﬂdéﬁ%ﬁ ai ns

many specifics, ese shoul d not be construed as e scope

of the presknt ¢1¢vtreqallymlat@dtomnwﬂesbmmvdﬁm@ manqr@k%f&t& Sagedof
some of the pfeﬁﬁﬂﬁéaﬁu&%ﬁ%&ﬁ&deﬁ éHHEQlEéaeﬁli %&ﬁE&}éu St

enbodi nents of I nventi on nma evl sed do not art from
the spirit or scope Imulﬁthelqofﬁeé‘bntloqawdebﬂmm pl@ear whed artpmmr&m teofent

enmbodi ment s rray Qﬁcc?n ﬁmugﬁg‘kﬁ @Hﬁ&éﬂ%le%b o fick EORRcHe dofifacts 70 are

invention is, erefore i cat ed
Iocated extend through insulative layer 34, with a bottom end 20’ of each contact

20  hole 62 and the corresponding portion of each conductive contact 70 being located
adjacent to top surface 15 of a corresponding contact plug 14. As shown, contact
holes 62 may taper inwardly from the top ends 18’ thereof to the bottom ends 20’
thereof.

In addition to extending through insulative layer 34, conductive contacts 70 may

25  extend through apertures 37 in etch stop layer 36, which is located above insnlative
layer 34. Dielectric layer 46 is located over etch stop layer 36. Elongate
trenches 60, which are depicted as extending into and out of the plane of the drawing
sheet, carry conductive lines 68. As illustrated, each conductive line 68 is
electrically connected to at least one corresponding conductive contact 70 at the

30 location where that conductive contact 70 extends through an aperture 37 of etch

stop layer 36.



limted only by the appended clains and their |egal equivalents,
rather than by the foregoing description. Al additions, deletions
and nodifigcat.i the invention as disclosed herein J f

Wi t hin the&ﬁégq%@ggggnd scope of the clains are to be er%ﬁjé'gsggp%%wo

t hereby. WD 2008/ 027876PCTRI S2007/ 076970 -15- CLAIMS What is

clai med: 51. A seniconductor device struetdtre, conprising: a substrate
conprising a plurality of active-device regions having a first pitch;
an insul ative str uBfouesRescmi saadtinegtianinacipbme tsachirge ef the ptdsent invention

substrate; and an etch stop nateri confiqgured to cqgntrol renoval of
ot or{ al - r oA GHER b o BitPier Shamu Y et O o TR P
that resists {BEREEh Bio@apiStfHbantus Chal nbesRyessemRlesd. aorlekanplthe
insul ative structure, the etch stop material contacting a surface of

t he insul at i vithegraplex anparaimsdhay e aligrmentytolarance Havts thah ak jheicalht 3 Gaqtign or
in-liner ; i ; | 6aStipi

subst ant i ;%NISyB%nr:]- %&%Emln‘g@?gegggfﬁgggﬁg?{hﬁgge@@g a s hg%e(,e'g"
10cor r espondi onp-hitiof e 50 avi mimimegi foatunefsizeh B yphagrodithet ipvesfiive processes,
active-device_region at .| east _.one_row of, apertires.. the | eqast
fo subst ant i HTgef itiashiey SRR ek Py PR REm R fiespaea
rel ative to afligdjidtcRaturds@ivonich apalidrditsnsifns ah@alignnean®lerines, effectively
substantially, in-1line rows of ertur apertures of each

Subst ant i al | yinFHesiTeBeagaarnt 4 Emner oL lifostRey SoHst two |
substantig |y in-1AfRoueh\ife BfecdRRI debtirPption 8ditalls RaSLeROMicHth&sh shdidd ndtS
about twice the first pitch of a corresponding active-devi ce regjon.

152. The seni conehmsirund agdimitieg e strpe@l &regrossiidnyiotions iyt fieely as providing
conprising: a;di ' HW' . hal he
dielectric rrg‘tngéﬁatﬁﬁ% {I:)lf(.: udi ng %‘Igrgsfegtr{gglt ag%éﬁb?gﬁ%%&hgﬁgé%ﬁ °éh€'£rt ure
of the at | eaghbddioents bEthamiveatidrymanbe dewised oxkschodo ey depaut fewy thee spirit or
plurality of |aterally extendi tLepch Wi.i-h bot t .surface

ompr 1 1 ng-« nE0Rs eRneBeS e ERERTeh. AR A SRR A o1 e
aligned wid h apgloyediasombination. eTledscspogf thnin@entivn ignhkrefote didag:diant o
the sem condugt or device structyre.fromtrenches of the plurality of
laterally ext%ﬁﬂ?‘hﬂfﬁy #’é E?n‘%g Cgl.‘%%“rgs'%ﬁf palenietiiies tep by dhsur e

of claim 2, frrddal deodhiption] A adaitioh FeletiOREand FdRGIatibs Blthd RAGItioRRS
contact hole of the plurality of contact holes. .
disclosed herein which Tall within the meaning and scope of the claims are to be

embraced thereby.



254. The sem conductor device structure of claim 3, wherein the at

| east o®e HOM296% | ncl udes: a | ower contact plug c@crasiTeysan
correspondi ng active-device region and including: a narrow base, with
a distance across the narrow base beiyzg about the sane as a
correspondi ng di stance across the correspondi ng active-device region;
and a wi de upper surface, with a distange across the wide upper
surface being at |east twice a distance across the narrow base; and
an upper contact plug positioned above the | ower contact plug, a base
of the upp 30c ta t plug being smaller than the di stance across
the wide ug%@ Fé e of the |Iower contact plug. -16- 6. The
sem conduct or deV|ce structure of claim4, wherein a distance across
t he base_ of the upper contact reater than or equal to 30 nm

7. The semi condubtor Y&THEFIL iﬁ?%‘ " wh i

5across t he? BREBIGPMPHENg, }3]@{3 ‘g EFgr $ nS 3‘& %ff??nlp‘:ha arst agce
The semi con%&%“@ﬂ“"ﬂ%ﬁc@%e é‘CtB’F s ¢ quan 7

further confy§i<y sty material ¢p Cf’ﬁy' l qffnt"i‘ Eh mtS‘Ill ftm fm d
of trenches, ext®raFHEPT ﬁmét‘f[i%ltt Fsiss rspavak YI? ?113 &t eulfa

and spaced at ab‘@Eltns’t‘lF\%"efsfrl‘%k‘ﬂI i stop maten ¢ Ceo uctu%')S attle

devi ce struct ur eStEFmEs i fold “W%]F%‘*FW’ By F]tylfll I°8‘fso N
of bit {hnes is #5EReiob e at leashBosRpsaf rlB E?mﬁ’s ?pre &jover“dgle
active-device r e@ﬁ?ﬁ’%@mg R %‘F%rﬁl ‘t‘rF Vrlc egorgls at least
1510. The seni conPRFCPH P ReEROILRS ¢ 492 F‘@OEH ther rés being
5 tg‘ en.g:é;l eé t\%cr sub%tﬁntlfalklly
of t

conprising: a di Blegty Pifféetﬁeéatt’é’F F%Fm HUASFOLR

di el ectric mat er Paereiy fap qs %%Ofte Su}ésxatn g § pne

aperture of the §t1°aﬁbt&’§t5“tts%6 B ERers P T“ffﬁltaﬁ‘élgla(gﬁgn%?m per Pares;
twice the first p1t0h0 acorrcspondmg a 1ve evice région

Q)

15 2. The semiconductor device structure of claim 1, further comprising:
a dielectric material over the etch stop material, the dielectric material including features that
extend into each aperture of the at least two substantially in-line rows of apertures;
a plurality of laterally extending trenches with bottom surfaces comprising the etch stop
material; and
a plurality of contact holes aligned with apertures of the etch stop material and extending into
the semiconductor device structure from trenches of the plurality of laterally extending

trenches.
20
3. The semiconductor device structure of claim 2, further cornprising;
at least one contact in at least one contact hole of the plurality of contact holes.
25 4, The semiconductor device structure of claim 3, wherein the at least one contact

includes:
a lower contact plug contacting a corresponding active-device region and including:
a narrow base, with a distance across the narrow base being about the same as a
corresponding distance across the corrésponding active-device region; and
a wide upper surface, with a distance across the wide upper surface being at least twice
a distance across the narrow base; and
an upper contact plug positioned above the lower contact plug, a base of the upper
30 contact plug being smaller than the distance across the wide upper surface of
the lower contact plug.

5. The semiconductor device structure of claim 4, wherein a distance across the
base of the upper contact plug is less than or equal to 50 nm.



a hard mask over the dielectric material and including elongate solid
regi ons aligned between 20adj acent active-device regions of the
substrate. 11. The sem conduct or device structure of claiml1, further

conprising: a dielectric naterial over the etch sto eri t he
di el ect rve 2p80818¥%@l i ncl uding features that extend !%Eﬁ%‘séo[ow%%lgt one

aperture of the at |least two substantially in-line rows of
25apertures; a hard mask over the dielgctric material; and a spacer
mask over the hard mask and including elongate solid regions aligned
bet ween adj acent act.ive-device regions of the substrate. 3012. The
seni conduct or deyj ce qhe smiicomeuadr daviye Sfuctreifielpin 4;7whergn a disgnoppcross the
wher ei n t hepisebsthe Rpjet Boritst plag & grdagon than oeeguall to 8O0 rim and t he
second pitch is less than or equal to 200 mm. 13. The sem conduct or
device structure of any of clainms 1-7, 10, and 11, wherein the first
pitch is about 20 ri nTlasemkbelusaciyic phetels of gaigty whergio adisincenD

2008/ 027876r CT1 ) 352007/, 076970 = 1.7 . 34, A method for fabricating
MW t 15%4m.
cont act & of *¥°§¥H %Sgr?g{?gflgjrer%év%t lug dg about, ure. conprising: providing a

sem conductor substrate with active-device regions spaced at a first
pitch; formng g dielectric terial over t sem.conduct o
substrate; 5forrfng aa5SFPEEORBHCD ev?ﬁﬁ%ﬁcﬁﬁi‘ir’]feﬁ?’ﬁp%lﬁg’fﬁﬁlgo‘%%gr Trds
over every cs@pRasL:acti ve-device region of the active-device regions

at a second pitch that exceeds the first pitch, .a di stance, across a
| east an uﬁﬁi‘?‘alﬁbf’ﬂ?lb@%w@é‘éﬁe Ripyakity g Eeng est%éenfiﬁngé"tsui’gw%ﬁ]fmmﬁ@ bafillel

subst anfg al |y i RelbdiddCai@hided hEboikLRetipigha W dth of a correspondi ng
active-device region; formng a second row of substantially in-line

apertures over active-device regions over which
9. The semiconductor device structure of claim 8, wherein each bit line

of the plurality of bit lines is positioned substantially over a corresponding

active-device region of the plurality of active-device regions.

15 10. The semiconductor device structure of claim 1, further comprising:

a dielectric material over the etch stop material, the dielectric material including features tilat
extend into at least one aperture of the at least two substantially in-line rows of
apertures,;

a hard mask over the dielectric material and including elongate solid regions aligned between

20 adjacent active-device regions of the substrate.

11. The semiconductor device structure of claim 1, further comprising:
a dielectric material over the etch stop material, the dielectric material including features that
extend into at least one aperture of the at least two substantially in-line rows of
23 apertures;
a hard mask over the dielectric material; and
a spacer mask over the hard mask and including elongate solid regions aligned between

adjacent active-device regions of the substrate.

.30 12. The semiconductor device structure of any of claims 1-7, 10, and 11, wherein

the first pitch is less than or equal to 100 nm and the second pitch is less than or equal to 200

nm.

13. The semiconductor device structure of any of claims 1-7, 10, and 11,

wherein the first pitch is about 20 nm and the second piich is about 40 nm.



10apertures of the first row of substantially in-line apertures are
not |ocated at the second pitch that exceeds the first pitch, the
second row being laterally offset fromthe first row, a distance
across at | WOIBRATOper portion of each aperture of tHE/EREGTARIFTOW
of substantially in-line apertures exceeding a width of a
correspondi ng active-device region; and-1%form ng a contact plug in
each aperture of the first and second rows of substantially in-line

apertures. 15, The thod of claim14 wherein.form he
FPrst “and second Fovs BrednioranvramasorfeddrieniibElote B Hattet.
form ng eachcoadpriting first and second rows of 20substantially in-1ine

apertures at_a .second pitch th j s .about two times th i .St _.pitch.
T The’ et HUAVGRE 8 petr R gortoale e B oelear st a4 BRmiBl 0

an i nt er nedi ftmring b dleketric intitenial @kt thé semiendidae sabsehtect ri ¢ material and

t he contact plugs; .form n etch sto terial over the. . .

| nt er medioat /SR B Y HepBHLFY PHac B Pi5h YR S egce dedptgeiog of
an aperture aligngeaawedeveahgiomt agicond pigh tidt Spes thg figsd pitghpedistance across
dielectric material over the etch.sto terj.al.; and bst i.al.l
Comcarr ont 1yt or g bar PO G BRI E PLRE s Ao R Al Rl

di el ectric materi@erthb@éxce@ingaspand! & corttgstdding betyedeticonegidgVvi ce

regi ons and tcoon.t act holes in the int_ehlénedi ate dielectric materi al

each cont act ©OHBIE 2 §3cohhioRtPLsebsopUallyiin iRe AFRRTR TS A THOIP ISR Lo gvY Which
contact [ :Jg. f apertdrés ofﬂilef_ nﬁiﬁbh(bds@fstaﬂ}aay m-ﬂ:fiziapvmﬁés&i*d’t}cswbﬂécﬁmtliheab&cmd
concurrently form.ng conprises formi.ng |aterally.extendi tren

that are aligned W“glﬁhaf %E:F?dg%rf{rg%%g}eﬁ&on deegefﬁﬁﬁ?fﬁrag’é%%ﬁ%%?éﬂ

r fEQi IOI’IS \é\D 3\1{208{0_0122 SiéaRe Ebﬂd&elﬁl&ﬂtaﬂﬁﬁﬁﬂporﬂi&r of cach aperhffe oﬂfhesemaidh_ o6 of

of claim 16, erein supstantia concuyrr ent orm ng conpr.i ses.

Por et o om act - ropRatBRE e shrm arecint o o PR ice

19. The net hod ofregiay; «afi cl ains 16 through 18, further conprising:
5formn sk, over the upper, dielectric material, th sk, . . .
"ncl udli nb aplBREE &SOHSehBYE HEFEFERCENE Obite R, AR 4 o st gl n-line
material, at |easdpepupQrtion of the act of substantially concurrently
form ng being effected through the mask. 20. The net hod of
claim19, wherein substantially concurrently form ng conprises 10
removi ng material 10f t g WEREY ofdiagh €F wheinfairging thk fikdh Aralsgbontl fdvs of

apertures to formthe laterally extendi ng trenches. and, remgvin
material of T“Ifki%tm?tﬁ BRI COPRSE OEH%EF% 'Ogﬁets%s"]albc}sﬁﬁrgﬁémﬁ tact

hol es. 20  substantially in-line apertures at a second pitch that is about two times the first pitch.

16. The method of claims 14 or 15, further comprising:

disposing an intermediate dielectric material over the dielectric material and the contact plugs;

forming an etch stop material over the intermediate dielectric material, the etch stop material

25 including an aperture aligned over each contact plug;

disposing an upper dielectric material over the etch stop material; and

substantially concurrently forming laterally extending trenches in the upper dielectric material
that correspond to underlying active-device regions and contact holes in the
intermediate dielectric material, each contact hole of which is positioned between a

30 trench and a contact plug.

17. The method of claim 16, wherein substantially concurrently forming comprises
forming laterally extending trenches that are aligned with their corresponding, underlying

active-device regions.

35



21. The nethod of claim 19, wherein form ng the mask incl udes:

15di sposi ng ahard nmask over the upper dielectric mater]al- rgj a
mask conpwgs%oﬂséma”éar bon-based material over the hard @%25&0%9%

patterning a photonask over the mask; and renoving naterial of the
mask through the photomask. 2022. The nei®od of claim 21, further
conprising: depositing a material over remaining portions of the

mask; conducting gg spaged m&hsdorMaith 16, WHRES! duBliardiBlly &inblrfenP AL@ing BB BHises
renovi ng the remai ni ng portions of the mask; and renoving material of

the hard naskformingsoweet boles hysrrgse pRSRITrces ¢fGpire PREFd nask. 25
23. The nethod of claim 22, wherein the mask through which at |east a
portion of the act of substantially concurrentli$forning I s effected

i s through the haty madhe method of apyof chiims hpthrygh &f. ferthsr sRAMPSISINGher ei n

form ng the mRSkINGENIRS e IBHQ ML RS, HRIDEL HEREing afeXuReBrBased
material; patterning a photoimask over the nask; and renoving mater] al
of the mask t hroutpsionhel thivepsndielrotric material,ngleastig @origp ﬁ%e@ﬁtogﬁuhﬁt%ﬁt@m

further conprisi ng;; .3298P a%intdstdfRg TBE&L (Rlon MViGE mb&TRI Ni ng portions of
t he mask; conducting a spacer etcﬁ of the naterial to forma spacer

mask; and WD 2008/ 027876PCT/ US2007/ 076970
20. The method of claim 19, wherein substantially concurrently forming comprises

10  removing material of the upper diclectric material through the apertures to form the laterally
extending trenches and removing material of the intermediate dielectric material to form the

contact holes.

21. The method of claim 19, wherein forming the mask includes:
15  disposing a hard mask over the upper dielectric material;
forming a mask comprising a carbon-based material over the hard mask;
patterning a photomask over the mask; and

removing material of the mask through the photomask.

20 22. The method of claim 21, further comprising:
depositing a material over remaining portions of the mask;
conducting a spacer etch of the material to form a spacer mask;
removing the remaining portions of the mask; and
removing material of the hard mask through the spacer mask to form a hard mask.
25
23. The method of claim 22, wherein the mask through which at least a portion of

the act of substantially concurrently forming is effected is through the hard mask.

24. The method of claim 19, wherein forming the mask includes:
30  forming a mask comprising a carbon-based material;
patterning a photomask over the mask; and

removing material of the mask through the photomask.

25. The method of claim 24, further comprising:
35  depositing a material over remaining portions of the mask;

conducting a spacer etch of the material to form a spacer mask; and



-19- renoving the remaining portions of the mask. 26. The

met hod of | further conprising: introducing conductive

mat eri al W%lltng%ésﬁlgont act holes and the laterally ext e‘?{j&“i/%mm"é‘?%%es.
5 27. The nmethod of claim 26, wherein introducing conprises
substantially concurrently introducing-t®nductive material into the
contact holes and into the laterally extending trenches. 1028. The

met hod of cl &mevpg theypragiaing porHensedtheintrgk-i ncl udes forni ng a bat her
material on surfaces of the contact holes and the laterally extending
trenches. 29. The method of claim 28, wherein introducing
further includes #htrodanetbodaistairelo.domtneeiisigat erial onto the

bat he!’ _ma-t er fn?rbduci"né conducti\{e%@ﬁtenrgpﬁtm& gacpﬁolég L2 ﬁb%@er lf)ﬂ‘é&{eﬂﬁﬁ trenches.
conprising: electrically isolating conductive material Jin each trench
of the laterally extending trenches fromconductive material in each
adjacent trench 0yt herhAbahad drtiasx bEndlenth hiGAEAE Somalddal il hOd
of claim 30, wherein electrically isolating conprirses planarizing the
conduct i ve neanepregily introducingpnduativeendierir! indr thelexsaghliales and émthe bivdhllot or
devi ce structura; Qhdi ng to claim1, conprising: 25configuring the
Substrate to}%%Engg active-device regions at the first pitch;
configuring at least two rows of apertures that are laterally offset
from eacfy other, gach £oW,Qfod dR1afth 26 SaRfeirt iMRod.OHS wRAYLWlilea 5RGGN
pi tch that is about tm?ce t&%(??fst ﬁitcﬁ? %p%f%%?es o% aﬁ%ﬁggt row
of the at | emsterialgp syréages df diersgnipeithelenimdiholpferadly exteriding teeaches apert ur es
of a second row of the at |least two rows. 30 33. The net hod of

claim 32, wherein configuring the at |east two rows of apertures
conpri ses confi gu?i-ng Thremethalafgleas 28,ovheren inireduriag e inglndes indnedusing

contacts wi tﬁofﬂeﬁéoﬂﬁ&cti@@ﬂgt@ﬁél oﬁﬁ%héﬁaﬁ%%a&teﬂal.

15
30. The method of claim 26, further comprising:
electrically isolating conductive material in each trench of the laterally extending trenches from
conductive material in each adjacent trench of the laterally extending trenches.
20 31. The method of claim 30, wherein electrically isolating comprises planarizing

the conductive material.

32, A method for designing a semiconductor device structure according to claim 1,
comprising:
25  configuring the substrate to include active-device regions at the first pitch;
configuring at least two rows of apertures that are laterally offset from each other, each row of
the at least two rows having the second pitch that is about twice the first pitch,
apertures of a first row of the at least two rows being laterally offset relative to

apertures of a second row of the at least two rows.

30
33 The method of claim 32, wherein configuring the at least two rows of apertures
comprises configuring the apertures to facilitate the formation of contacts with minimal contact
resistance.
35 34, The method of claim 32, wherein configuring the at least two rows of apertures

comprises configuring the apertures to minimize contact alignment or registration problems.



WD 2008/ 027876PCT/ US2007/ 076970 -20- 35. The met hod of claim 32,
wherein figuri conprises inparting the apertures t
“§Bhie, gl 6%

one of a Ci ape, an oval shape, and an el ongate

536. The nethod of claim 32, further conprising: configuring contact
hol es over the apertures. 37. -4he nethod of clai m 36,
wherein configuring contact hol es conprises configuring contact hol es
to mnimze contags reThehaREoRRIMBE WiRretDRENRIring @oepriseehiipaiting e

10f ormed therein and underlvyi contacts within the apertures.

38, The. et hOFUE Bl o aF TP Q68,2 A1 Mot ghd BLEoHIed depe.
conprises configuring the contact holes to have heights that mnim ze
electric interference, between over|yi conductive structures and
underlyiﬁ% conduct®ve P?@@£§P§§%Hi§£Jhﬁ TCYPTISHRe sem conduct or

devi ce structdnfigutly ehiétMolkOeovedrehpdrfirdshe hard mask, during different
points in a fabrication process, serves at |least three different

functi ons. 40. The sem conductor device structure of claim

39, wherein the hgrd MuEsdm&RéV&T1adR 36, vidredt GfiSIRR coadd Bbles doRpKsesand
a polish mask at different points . in the fabrication p

C p S. r ocess.
41. The seni CUHAVEESPIgEhRPIeslopIpIRIzS foatagfrefianphbepeen 8?(@’%&"%8#&16&&9&6
mask CONPY i S@smADhY:Sinlah€ itierlFing bdx@Rtsithid Weapegides.cOn car bi de, Si CN,

or Al 203.

38. The method of claim 36, wherein configuring contact holes comprises
configuring the contact holes to have heights that minimize electrical interference between
overlying conductive structures and underlying conductive structures.
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39. The semiconductor device structure of claim 10, wherein the hard mask,

during different points in a fabrication process, serves at least three different functions.

40. The semiconductor device structure of claim 39, wherein the hard mask serves

20  as an etch stop, a hard mask, and a polish mask at different points in the fabrication process.

4]1. The semiconductor device structure of ¢laim 40, wherein the hard mask

comprises polysilicon, silicon nitride, silicon carbide, SiCN, or Al,Os.



