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METHODS OF FORM NG | SOLATED 1ACT | VE AREAS, TRENCHES,

AND CONDUCTI VE LI NES | N SEM'CONDUCTOR STRUCTURES AND
WGEBMYAENDUCTOR STRUCTURES | NCLUDI NG THE SAVE TBCOHNBI00$/039793

FI ELD Enbodi nents of the invention relate to

METE(BS QF EQ&MING‘ HOLAIEDAGHYE ARTAS JRENCIESyAND

to f

s USRIErEye LANES By SEMTCH N CEBR S PRV yRES pvp

I ncl SEMICONDHETOR STRUCTURES $N CBATHCROWEE SAME

consequence of many factors, including demand for

i ncreased portability, conputing power, nenory

capacity and energy efficiency in nodern el ectronics,

integrated circuits are continuously being reduced in
TECHNIE€ALTBIEIEDI | i tate this size reduction, the sizes of

t stltu features such as electrl al devices
%ﬂﬁw{’ DrEs M IO TE e IRt ER TG ricAtiyRnh Gpre

speciffdall§ U infothMsEo bR Ring ARFHAB Mehfid g)n@%{c%ﬁéﬁgor stR@tures and

cont 1 nual reductlon in feature size places ever
semicgndstastrdemeasdscloding detasyouedricfatiren f or m t he

features. For exanple, photolithography is a

conventional method of patterning features, such as
BACKOROUNBE | ines, on a substrate. The concept of pitch

may Dbe uSed to describe the size of these features.

Puﬁtsmonseq@emermfdnw faptersd instugiregeddseandefonincrasad mablhty,

e e L e e S S
circuifs @ad whﬁﬁuouw l:ﬁ:lhgl'iﬁd/ucb@ if glké a9 faxyhtatertmts &izk @éducﬁ?(ﬂﬁ thea$zes of the
an insul ator, a_result, pitch nmay be viewed as the

constiight {sptureReuah ay ﬂe@ﬂca& deiggs g infergomsiect Iine wirlthe thag forpige
1ntegr$tg@8$cu§t§ R Qits{;] @&gl Sf}gb&ﬁ gé‘érgastxﬁ om a nei ghboring

ture,” or t nce-bet ween one edge of a feature
afitle twetimmal redﬁctdmdh rfgatmmzeqﬂms ofertgnenteraiemands ac exchniques

at ure. v du ctors.such as optics an .
used tP? thg feaF‘EEﬁ éfﬁr sﬁarvéw%s@fh?gra@h&m ?qnwslej@ 08 of patterning

featurt$ Qt!iUE' A YERIRAVEL s AU SRRt The Relaw Y\'Eit&{hﬁ}t‘ﬁe used to describe
particul ar photolithographic techni que cannot reliably

the sideqrf thebe featiress PitTh isglefingrbasthe dmtamq)lpa_twtmnﬂelmcal points in two

tho h c.techni limt feature
nelgh‘?"é H’&?‘Pa}t Eﬁea&‘éﬁ%ﬂf‘f R Veﬁ?o% {y Sg%f}ﬁﬁ‘l i SB?‘P’Z:%%SH ﬁ‘?ﬁeeﬂ adjacent
featuré£ GJMUhQHzQSbeWﬂYe@ B@%@ﬁa@ﬁﬂﬁﬁﬁﬁ ds Apisedloendk Aeeshii gtch may be
capabllltles of photolit atrgra phi c techni ques.

viewed gaheisemt s vinoich fG#tups ol s wmm ldhe spoge separating that feature

E I In e n
from 4 it Rl o tiogde e RS TP sARERFEREICGH b8,
correspBhding saths ed @sofitRe fdxt whijiacdnt ifsatireC Bloperat éak bei@dm styh as optics

reference. Wth . . . i
and light or radiation wavelength, photolithography techniques have a minimum pitch below

which the particular photolithographic technique cannot reliably form features. Thus, the
minimum pitch of a photolithographic technique may limit feature size reduction.

Pitch doubling, or pitch multiplication, techniques have been proposed for extending the
capabilities of photolithographic techniques. One example of a method of pitch multiplication
is 1llustrated in FIGS. 1A-1F herein and described in U.S. Pat. No. 5,328,810, issued to
Lowrey et al., the entire disclosure of which is incorporated herein by reference. With
reference to FIG. 1A, photolithography may first be used to form a pattern of lines 10 in a
photoresist material overlying a layer 20 of an expendable material and a substrate 30. As

shown in FIG. 1B, the pattern may then be transferred by an etch step (preferably anisotropic)
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reference to FIG I|A ph-otolzithography may first be
used to forma pattern of |i"nes 10 in a photoresi st
woredoensaho overl ying a | ayer 20 of an expendabl BCT/US2009/039793
material and a substrate 30. As shown in FIG IB, the
attern may then be transferred by an etch step
to the Fqsmei(b rfamn\pg @dﬁcgbwld@p; @ mandrele 4Oa¥l‘é¢ pR@oresist h11¢$910 may be

str1pp%a%/n%gtg g}a(fl{irse’é 156 may g%s%tr?(}gf‘éalll\é Ftcﬁ%ggﬁ,tggrre%ssel dls{ance béltween
neighbosRighegidedh HY, ftshbed it B1GNAT.ead8ydri3e oahﬁmm enayeWaBstquently
nei ghbori ng mandr el s 40, as _shown in FIG IC A |l aye

depositgl gyer ﬁlmwmbrp sy aogins ddde WP| Phersioel t-6d mpieia ¥@h@ndlng or

orlgm%qf% ? e)%t% dl% Ifﬁo@?%@e\g?]llf ét%g]oihgr %?9{@5%2 A gﬁ% Iber:] ?or ed on

mdew@llsdﬂ\mé frﬁndxfelsaﬁﬁblt}fnﬁrefdmﬁﬁllyatchlrlmMe tpueer hatekial fi‘Bﬁh thdﬂhorlzontal
dewal | s. of the ggndrels 40 b% preferentially etching

surfacgh, 0 Aph3bM hdireations! sPREMCIReahBMAIALAP- S fAg Esnarping
mandllgﬁd%?ﬁay theft bg'r&ﬁ%édo ﬂ% Iﬂ%%ﬁﬁ{d the &P sta%%lb Werb B0 I:'Js(s:‘hown in

€ remal ni ng man enoved,
FIG. ke aiKhers@ad:m:h bhdcttasanfetahaendskrids ngtmpag enderBOng h:yelshmmhown in

F. The s ac a an et ch.mask
FIG. 15a Ky e dride 15@?»351%& T & fgstn CRPREOnF feature and one
space, 'IEHéJ SamORRIR n@thMﬁH'esPc%antﬁl% fiﬁﬂ kwo kptebdidgda ?esﬁﬁt t‘h@ shhallest
defi ni ng one feature and one space, the same wid now
featur¢ sigt poesle withfageltoteligbographic mhslgac eseffensvciy ﬂe@amed t he

est feature, s ible wt
> P prg PR A SRS Pt Est pik itest i s e samppt be
reliabl?‘@‘@éﬁ/t@_ é)ltcl@ aoya hdyaiiadtri® Fdafilesd @34 Rk adigle [ih QB ARBardyBvhere
imted in that they cannot be reliably used to pitch
symmefexislbeokes b ferovakafilhg pssing wordlips gppidhe fipld gempaNproblems

s 1 B ORL RIS e B BRI B L oo
wordliaks gﬂi eagrgmd;g%@he ovai fied. niI‘h@ gloanddd gitenoer fiklddalaheatiw @stern
need to be defined on

tc rdli nes and
density ap el ayengutes thay 8 ringar s¢ Era g C@?té%}r?\é\fg‘d“@’a'feep 5‘ foefogm
| r
cav1t1%§?%€%b?l§§cét{ﬂ?if)g%?g% g%@gog%égg@sgt%gw\a@t alctl g{aﬁ ogén%vtgﬁeéna@pmh
doublihgismat affedtivesn fhay instamupihetausg thel pntgh-dbubledléamr@omqer)aomer

bit. cont act ons nvent.i onal itch.
pattergyd fares Aot fiinedf GfeC@m iy TR oN e el Wotiling epd giqunded
gate. ReédrlingQuilbRbx{ead tinBin@ing BY&QT M RS fiefor RREHOAS BEFitdhUoTbling
does not define the correct gap for the wordline

asymnyestie (patunes aiidispraicanducirrotimetans iwiusling/uiel peli-higibgraphin éeagures.
exi sts a continuing need in the art for nethods of
pi tch doubling asymetric features and sem conduct or
structures including such sub-Ilithographic
feat ures. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE
DRAW NGS FI Gs. 1A-1F are schematic, cross-sectiona
views of mask lines formed in accordance with
conventional pitch doubling nmethods; FIG 2 is a
sinplified plan view of a circuit layout for one
configuration of a 6F nenory array;
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FIG 3 is a cross-sectional 3vi ew of an enbodi nent of a

work piece at a prelimnary~stage in processing; FIG
wa@2009/1372pd an vi ew of an enbodi ment of a work pPEDESZHNI/E39793

stage in processing step subsequent to that

|Ilustated in FIG 3; FIG 5A is a top view of an

FJidh] c».t-m-s-i_c.-_ M OF W i s

0 ctl naI .vi ew of the i.nter

e 2%&%6 ro gt T St SRR Ty frmed insrganee
with convegtibra pltetdodblift fetods;i s @ cross-sectional view of

an enbodi nent of a sem conductor structure at a stage

i AiChds essipificd phmedere of a tiocuitiagout Fdrost carfegiration ol G6F2

5B; FIG 6A is a top view of an enbodi nent of a
memoyAaonduct or structure and FIG 6B is a

c {

S B R PO A RO ol pte Mty stage
inproqessmg,cross sectional view of an enbodi ment of a

S canduct or. structure.at a.sta in eSSI n St ep

SR @00 nfEnfiet REA S GuRened AR plefe Miantate e rosRisitg step
subsec@ueﬁtqsthatﬁmsﬁéte@ﬁm@gdl ment of a seniconduct or

structure and FIG 7B is a cross-sectional view of the

sEIG Senigurciop viesy pliart embodient @ seiccaidaetonbtorguretand FIG. 5B is

ashed .| i.ne beled A;. FIG .8 i,S.a €ross I
a cros{ Pl ifl¥ oh BT Emeiak sehnicnii R FrR oI IL 1R iien gfone the
dashedlifd RBEH A ; pr ocessi ng step subsequent to that

illustrated in FIG 7B, FIG 9 is a top view of an
eFisH §iChis acrass-sectioasl viom el grbagimertof p serpicopdustar gugtire at a

wa B SR g g =0, 0 L 0

SEIG.aoniuctop viest bfmt embBodimdntd @ se@nidactar structure and FIG. 6B is

cross-sectional view of the sem conductor structure.o )
a Crosg=pstionFhyigw vegﬁ*eaﬁﬁwngw‘é%%{gw%e P? K| 64h fakery alang ﬁrecs?as{led line
labele&AA is a top view of an enbodi nent of a sem conductor

stfucture and FIG 1IB is a cross-sectional view of

t RES. $€his esnaperseationaltview plianeeofodin@it of h Aerhimkeductir strgeture at a

t he dashe [ a top view of an
stage iy s en S Bie SRt atido 888 Pa tiage i o
PFRE. eﬁ@is‘lﬁo@“&@%@ SR mbAifBAL of d deH¥ddnat&Br stfudnhr&and FRG. 7B is
and FI G is a cross-sectional view of the

a crosssegationdldiiew of thetsemégonducter strciyre oD RIG. aldetaken @h@gg theedashed line
labele§ashed line labeled A

D4

FIG. 8 is a cross-sectional view of an embodiment of a semiconductor structure at a
stage in processing step subsequent to that illustrated in FIG. 7B;

FIG. 9 is a top view of an embodiment of a semiconductor structure at a stage in
processing subsequent to that illustrated in FIG. 8;

FIG. 10A is a top view of an embodiment of a semiconductor structure and FIG. 10B
1s a cross-sectional view of the semiconductor structure of FIG. 10A taken along the dashed
line labeled A;

FIG. 11A is a top view of an embodiment of a semiconductor structure and FIG. 11B
is a cross-sectional view of the semiconductor structure of FIG. 11A taken along the dashed

line labeled A;
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FIG 13 is atop view of an enbodi nent of a

sem conduct or structure at a stage in processing
wGaaivgaesment to that illustrated in FIG 12B; FC/Us2009/039793

is a top view of an enbodi nent of a sem conduct or

structure and FIG 14B is a cross-sectional view of .

t ﬁéG sladi sarep tievrotan cobodimentof a:".e@wcmmctpammum: grfgptage in

procesglrng sugssegl(;c?nt lé(:),] Qllllat 1{1/luske{r%tegd;jln’§”rl1Genlb C}S 12? ig a cross-sectional view of
the seSRdBnAORGHSh@turs tolf G0G U\ &ke@al@hg@&e dRhET PELIHBEIBPA;
subsequent to that illustrated in FIG 14B; FIG 16 is

aFiGpl 3 adprovicw ot ansmapdiasnt offa ssmicomde@pidiiueyre at a stage in

e

oFI@nbldisnetpsiol osantmbsdimehost ssdemicdndue®r sluumatmg and FIG. 14B
. vari oys stages,_.of fabrl ation; FIG _18B.is
is 2 crprpicetianal vihaf e SeRCORTHdY SR BRI df Adakenctlphethg dashed
8A taken al ong the dashed line |abeled A, and
hnek§E%2A419 and 20 are top views of enbodi nents of
s & .clond a(crass-s&ttmnsdtvuﬂve ef ailﬂmb[ghmamoﬁ asemsicagdstayftructure at a

e B S Br 0 S R TR T o Lo
anpl es of
erRedi RAtSp Qfeuﬂgﬂdrﬁe@%(ﬁi%eﬂ%f @%@ﬁn&fndﬁ&@r §PNCRRE bPNstage in

with reference to the drawi ngs. Such description is
procedsng subsegsent & thakillpsirateslsiadIGnly and is nonlinmiti ng to

the .inventian resen
hEFas 17850 Tha 7 B VB R P P L o MgRRBEH B s auring
mmn@q&gﬁgoﬂﬁ@w@mgﬁla parti cul ar sem conduct or structure
abrication process thereof, but are nere
i §E 18kis x@pisessetionad mfvi\softth%lﬁermcen@wﬁnéyé@tuf%of FIG. 18A taken
dipents of the invention. As
mongﬁ%ﬂ%%h(fh%y%bagggérggn of ordinary skill in the art,
OIFH@i 10rand Qﬂmt@ viéwdefdnitesliraatts 0€kdmidsndugyor Beructures during
Ienen%gd i n accordance with the invention.
Varlo@eﬁ‘ﬁgéﬁﬁﬁ P63k r uct ures i ncl uding at | east one
asynmetric, sub-lithographic feature are discl osed, as
are methods of form ng such sem conductor structures.
Pitch doubling processes may be used to formi sol ated
active areas on a substrate. The asymmetrical features
may di srupt the symretry between |ines and spaces on
the substrate. As described in detail herein and as
illustrated in FIGs. 3-10B, nmasking materials may be
fornmed over the substrate and patterned in a first
direction on the substrate to forman active area
pattern. An active
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area mask may be forned andspatterned in a
substantial |y perpendi cul ar “direction on the substrate
wapaongmoved after formati on of spacers adj acePtT/US2009/039793

thereto. The spacers may function as a nmask during

subsequent etching so that first trenches are forned
DETAMKRHESCGRIREHONr s to i sol ate active areas on the

substrate. Subsequently, recessed access devi ce (RAD)

trenches, may be fornmed on the substrate. As descri bed

| Thé ﬁilﬂivdm@@és@hﬁh(ﬂﬂﬁoﬁﬂes illhststivateshples dfleEbodibledtsldf devices and

mul ti ple mask naterials may be forned on the isol ated
methogdg of the inyeatien with f?faﬂetl@rtﬁé@ drayyigsr Sushedeseseption isiegillustrative

J f
purvo G for PRuTESI, TRLBL PR Ao L1 o BBl nrin
are notl UédeRgr b&e\qu@rﬁ:ale taad hﬁ:g‘ldt actho)lrm\tvh ef & plxticulhhaeiiagituctor

trenches. of nop-limtin exanple the trenches
structyggpr kg@)rm‘gn@ p@q@qeégeretpﬁ, Rptt Fre Mokl ¥ 1dealaesd epresptations that are

emplc{y‘é& %H&%ﬁbgfhg‘l{ﬁi}gg;&hﬂ@rﬁs 6f tn@ ifRARLY. &S ruﬁ&erst@cf‘@“& hérg

Fnes an gates of a menory array
ordindrpskitidn the atthetheudmsticdahents éisdesese andoadthpds ey b impleneited in
nd as . illustrated in FIGs. 16A-20, alternating mask
accor%ﬁ?%}”itglﬂéelﬁﬁﬁl@ﬁacers may be forned above the trenches

a@@m%ﬁﬁétﬂ?&rucﬂf@s FRRMiNEB Rlak@d dTPAnRErd, %ﬁP—‘ﬁﬁﬁ)g?db%c feature

the spacers may function as masks during subsequent
are dlsﬂmﬁedr@ arenfethrads o6 fmreding oieh scmlqohéuqtommqeges Thteh doubling

processEs R &F (514 0y B0 R EHE A e PHFR o R ST Ry oAl features
may &Qﬁlstl thé y}imetr§ befvth lines MMdNaskes b eniueR. JaSERERBdan detail
enbodi nents of the invention. However, a person of

herelro:mgm q@a]rh}st@md in Klgs+ha0Bymasking mg’qegél(sglizg/mpaﬁqgned over the substrate
o BRIt P DSOS e e

area nSd&RQnefy Ke ﬁ)ﬁhedl hisd pdtieeieddn agubaalititiytperehdichiar Hitv@ivhionrthe
be practiced in conjunction wth conventi onal

substiHaERPYH 4 fise hormptien o4 sRpcetsadiasgnt theki qlhesPassst gy dunction
asa nliaﬁk gﬁﬁn Pﬂﬁécﬁt{e}ﬁt et\?ﬁ‘i‘n@ |30 AL ftﬁﬁﬁn %E@fo%ted geseth BRGpacers to

eta ei n. Ition escription
isolat@acnwedmhsbeltbmsmwtenot forma conplete process flow

ranf cturi n a Se Con VI Cce.
£ SR bttt oot Bh S GRAAD Pl ohis Sy B Srmed pri
substi@dteC Q@(‘l&&ﬁb&ﬁm e MAHEiR an A8V 16 StratEN Y FIGROS EA ABORRRHIe mask
acts and sem conductor structure structures necessary

materiags may be §orared cortho tolntadk astive altehealm E@@medr rﬁpéﬁ:ﬂm may &edormed
adj ac%ngi% bee(lj i tdret at | ﬁer 0 ld fttg 1S %1 a iy aﬁs may
L heraaskamtediaon siesinoda’ ¢ ?1151?"1%8 ﬁf%é}%én Ry
functidh bl Glabk LsurlysubseqpedtlefhitgdioRyra aivamt lie@hphic trenches By way
fabrication techniques, which are, therefore
of notéigunGeele.éhetrenches may be RAD trenches, FIN trenches double FIN
trenches, or wordlines of a memory array.

Conductive lines and grounded gates of a memory array may then be formed on the
substrate. As described in detail herein and as illustrated in FIGs. 16A-20, alternating mask
materials and spacers may be formed above the trenches and patterned. The mask materials
may be removed and the spacers may function as masks during subsequent etching to form
connections to the trenches.

The following description provides specific details, such as material types, etch

chemistries, and processing conditions, in order to provide a thorough description of

embodiments of the invention. However, a person of ordinary skill in the art will understand
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The net hods described herein may be used to form
sem conduct or structures of ‘nenory devi ces, such as
walywand210 andom access nenory (DRAM), i ncl udi nRCTRBE2009/039793
features, FinFETs, saddl e FETs, nanow res,
t hree-di nensi onal transistors, as well as other
and appiiecaaic tharghese @wbpth@e@ﬁlbqﬂimms of tlteeimf@ﬁionemmbeemacﬁmé without

d d
emplonlnrmtflgse sﬁ%:/(:lﬁc d(e){allﬁ| nt%r oL £ 88” u%st o thfl énevgn‘il%n may QF 8ga§:t1ced in

rpor sSuc
conjuldﬁi‘éhﬁ.ﬁ&l cdiﬁéﬁt&ﬁﬁﬂ fa@ﬁﬂﬁlﬂxﬁé&m@es @hﬂl %chﬁ‘lg&@étﬁﬂf[ﬂe@ employed in the
devi ces, wthout limtation. of nonlimting

industig gt thareferanarean sesraibed in @%@é hm@@ flasdilician the descrlptlon
prov1c%a:§'hﬂ&wg6&trl%g g@ﬁﬂé éf'&gﬂfﬁlgt% ng%:eg? %&Wogxgléilngtg{étu“ﬁg ‘fi Igelﬁﬁoff’llductor
dev1cm”érﬁuxémld:t&fdamm dtemmmbéesfcabdsd hﬁéinrt@ 158 fore0a doraplete

. Structures of devi ces, the met hods may al so be
semiogRdugar depicre PrLY 1aER POFESS ARis el BYTRIANRS] sltrﬁgtubef structures
necesﬁ?&’ W(‘)qg{sd%fcfes %%wgﬁﬁeﬂ@ofiﬁ%' gt%lgﬁ ihPerRiddiatd &’élcnﬁ%y 1klglﬁ£azleoelow.

erein a ustrated inre
Addltlbnalaac&FtB foRAMedewmpdee sonicogducadri demico rfrdrmjmu;bmlddnductor

nmet hods may. be used to for M devi.ces or
structifEh e VO FE BR 0N U PTG OaeHin Feiyoanes, wEGE Rren herefore, not
describ& h&&@ampl e, 4F or 8F layouts, as long as the

i solation regions are substantially parallel to

| dbamietrosls dpssribed henin meypbe ysedde fouink benpikcondvetozisyrudsares of

forned. E nents of,the invention
memob®iiCes FERASATRANR Pl Soce B RPN xb phgtifhg RAD features,
FmFEtns SRAHRTETR, fatosdresfRdigeAdeRd] iHRRASistbes, 8aHveS a®bther
F-2 menory array. FIG 2 shows_a S|an|f|ed view of a

three-%immm@ﬁalépmamdﬂ@ter dewcgyf@@wr% rr ha NETMQFy fs¥ige aF phgr
i I r
semchHul%tbé Id%\élcg Ergsubﬁ)t ?ta %WA F it e%ﬁ)?@% a‘%gn?s% dev1ces personal
compweits] sreotheradectrbhie dm;cek;emﬂmutrhdmraﬁbmt By evalya)fslublsmttatge:xample
For purplg)F s of clarity, each |Ilustrated

110
the mf‘ééwisl hetrin Seseribe Jebrigating sepicopduciaz sl memoky dagces, such as
a DRAW RS gf&%l&%@q@&lﬁ n?émoc‘rg%tvfc@t @Vlﬁﬂeothe M a8 #OMsh describe

active eas 112 are conveénti onal non-Ilinear,
fabricit'uig wmlcngldaclse stpatures el mambrﬁda\m ﬂhh enathertis myayaaiscahye used in
subst a |1y horizont

other iigpafh FySE PR Ao ufimgor SPmBEMe Teotiics FaesRAC o siditapegphite

the mARERI S iRANRGN BRNBHAaked iHREFRNRE &) 4 YFAORAN dBREPEMfiguration
array 100. Each bitline 118 also follows a serpentine

or layqjat the arstiomls mashies ysed ite m1WWch¢m odlear semtcionductor devices
ve of the bitlines 118 &&d n the ogﬂ55|te
havmajmh@z:kaV@ﬁsarS@ﬂw {re exanplpetRieen A dryQuis as fing asbrisolation regions

are su ) %’itféngg;%%%ﬂgl thlgeaton®WHER! thadnkisRk g%f%gmhltﬁﬁatél&%%%o%g&i

ornmed over substrate relative'to t
aEmbedinamesast thd hivehtiorFnéy irie]udeipitchidotibléng feathnest tb &m an active
lines are designated 120 while two are designated 134.

area, tggnghgésrin ghtes endfot eonpectidng és gal@@om9F72meﬁwmaso ntl&i. rsbows a
side of conductive |ine 134. Conductive lines 120, 134
snnphﬁeﬁ visibek apartian of a siewblgperifpya pEf Bempsy aay. digetsirglsrred to

herein®s %’rf‘e?nory array 100 including a substrate 110. A plurality of continuous active areas
112 may be formed relative to substrate 110. For purposes of clarity, each illustrated
continuous active area 112 has been shown to extend outside the boundary of substrate 110.
Continuous active areas 112 are conventionally non-linear, following a serpentine path across
the memory array 100 in a substantially horizontal direction. A plurality of buried bit lines

118 are shown as hatched areas extending generally horizontally across memory array 100.
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112. Individual areas which_are consuned by single
menory cells in accordance\%tr1the depi cted nenory
wa@ewag3are illustrated by a dashed outline desPQrEs®9/039793
numeral 125. Such area can be considered or described
as relative to a dinension "F," which is a m ni num
Each idmedrl 8 atsoAellows aﬁﬁeemtinemh aaress IQGmﬂlp’I aerayR 08gwith she serpentine

one: hal £ of r
weave i dic Biindd b dfine b MsHPoRis dirseiBh i AFuTRIRE Feflitue o
continuBud dcsivearvaeni2.onal usage, and (as previously noted)

may be defined as the di stance between one ed

dé\nl@@hbf offcontlugtivedings 1 3o 184 masshrotoamed o v sab 1 Y] Frelative to

n
the acég% %Ijé%{f %%q%%én%ﬁo%r?& the c?ﬁq_\.gzzi@g ;ﬁﬁgs %rAﬁgﬁé&{t&giyo wmlé j['1>vo are
demgtﬁ'tddleM I8 paib Oﬂéorﬁlﬂdﬂ\}e lirzstlRe nsayetld feshedlors tidiee eldefof aonductlve
wi dth (such as conductive |ines 120, 134) P

line 1}41 eC%ddlp‘ﬂvq)émeé ]gfgaggl liuﬁﬁ‘.gaﬂgpglly 05@1]0 g@r&lﬂy r@]ﬁgve ) the active areas
112 conductive line 120 on one side of the conductive |line

120 between the conductive |ine 120 and the next

athjdicidud] acean cvbhdth are consuenetldy dimgla nreepentets ipattw@dince with the

within the neno cel |l 2 Si l e ne
depictgd ppempsy, agray arﬁd[lgst@ﬁewy gwAi BB@P“@%SI %P rgiwgl 135 $uch area
can bdoao@lwd@feaq)r AeSRMY TRE AN 0 aqamerls%m © WRRIHOE Y nﬁﬁirﬁuﬂ%@ature

about 6F . In exanples of inplenmentations of the
size. heimnlwsaauedyxample B aqimlaeng-half ij@p i“otigighuinn pi¢hG, of2he memory

ect ed | cond ro e
arvay. bR ol bR T SRar bl e bEEA0B o ChiioPrataptee, and
(as prehddusly bted )Nk dy?lBéJ 8efirRd ad &Y dibiafe KWL WRIgt bP@deviédor feature
serve as wordlines relative to individual nmenory cells
and the parrespoadingiserie cigoridhe opxtveiarertifexivp ot &aturpatpaprdingly, with
[ \"3 I .NH.ef V
respeﬁ?‘?&ﬁl jﬁéﬁ\xhceﬁ%ési tﬁe g{)nglr @Sﬂmﬁ’r}é r%t{c;ﬁ bfes agg{ﬁ{]kgg@gtg %\;‘ﬁcérhé{l?est
distangé ot n®ividah $siich abtendnegad s 120)] 130 @lusAhé eidiAlbolf wepace
field oxide isolation techniques nayﬁ&; utilize

Th
immegiatebr 3diageptihe ropdusline Hned2 An ppesside ohihy copdiative ilaﬁ |198 between
the cohg\gétﬂz%zing 3pgGhd Bl nfesemcﬁa&ﬁ{ éorﬁap?@ngwafzw ih hfae éﬁqﬁg?;%&ém within

pacitors may conventi ona
the moapyaietl d25 ¢ dstshdwe,rassid@e namabryeyll béS coabpbedF tvideatoyt aboat 2F
areas via storage node contacts 140. In particul ar
deep, &@p@m\sdmg h@oml@n@gvée é stghe memoryl ! 1r£5y0 fiaheui el a

cop g)&'lat%plle\:/seof”%t ?elnge% atlons ?F @%ﬁ%ﬁg& a#’r%yelOB %fe,h nghé 8?19[ed in

an actirve are 'S no ence

FIG. 2, Rélbctbd ndivipaal iconductioaliaédans plodtdedd@itté 4 thohatoa rélative to
pitch substantlally equi valent to the pitch of the
adJaceﬁaémsvrryrz g¢lls 1295 For pastanpe ras fgpigted, ¢andugiivetlines 2@ serme as

wordlﬁ%? ?&éﬁ\%rto(f Ll %en]r%?l celif'1 VEfeHrféQf %glhflgr%ét%er?gdj acent pairs

page) p us t e space between
of memnimechlhtIQB ¥s pdyvakeed by uctap/amntgcu)ndlmmtvallmeﬂM (witick in operation,
may b\éec[)grllecc?eld \glltﬁ gfotulng r(1)r g Qultta% e r?eg%tlve voltage. Alternatively, field oxide
isolation techniques may be utilized.

The memory array 100 depicted in FIG. 2 may additionally include capacitor
containers 136 and bitline contacts 138. Capacitors may conventionally be formed within
capacitor containers 136 and may be coupled to active areas via storage node contacts 140. In
particular aspects, the storage node contacts 140 may include a conductive material which

extends to a node portion of an active area.
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Is substantially equival ent gt o the pattern pitch "P,"
where P is the sumof the Iine width "W plus the
wow@vh3nio t he space "S" i medi ately adj acent tPeI/U52969/039793
as depicted in FIG 2. To formthe nmenory array 100
depicted in FIG 2, masking materials are used in
clontiated iwith roferdnce tesBIKE t2athet the cypagipt Goptriness 36 depicted have a

. erials ove spbstrate 11
pich sy gty GBSl | e b SERE At b g2, Lozt wic
of eacl§8fhcher @nfrin&al3b(il 4 ekl difeaich éitheipagd)pligstht Vit of the
singl e photomask to forman initial pattern upon which
space ptween framediatedy adiecephernacitaseosiainers e ararticgl disckien ogthe page)

is subs'iaﬁ‘%afl#J %ﬁ 1lrvg efit %Jtﬁe 8£t dﬁth&?eﬁd %tg%?[“a pshtgé bal%:l‘tl 2 ﬂ%hhne width “W?”

plus thewhigth elithe space 98” anmenmmy hdjnadnt el linepas dwhs&d atdGoe.
ot her bul k substrate conprising.a |aye [ﬁ
s BB Ry Peied P4 depisted ja 10 e s mgtm?ée%l%éﬁ afe used in

combm@[ it %ﬁlg Iﬁlall ﬁala&gh bf‘ﬁi%ié aR oVeyifd ltﬁ/e stibbtr8110 to form
a

ers, COI’]- on-1 nsu at or
self-alfgmbd feaalresm m‘lmhhasubsn‘ateddlﬁ Ar usahlpnéin &'s¢li- S@ie)l” means and

substratesadsH on Jas substrat es,
includgh s el Tefmtahn e arbe Mg ar
based.f ,@;9 geat T&ﬁue@ﬂﬁnﬁa Bﬁ &h@ﬁﬁﬁ&@ dy0 bR alRhe PRIMELERITAY dditional

mat er i aI S, such as silicon- ger mani um germani um
maskiggand phnt@hthegnag]gy aql Thesnbsirate inghey, beaapnivertiioma] silicon substrate or

other R SRS HAG B Bine R Pure 260 S PP el oSy Ferein, the tem

“bulk EpRfrheaticas shd Meluded £t dABLdliEsiOwhferd, Bital e siliss-ad-aulator
active area on the substrate 110. FIG 3 depicts the

(“SOI'deswbettaten, sudyassilicgatan-applaioe (WSOS ™y siptistates ard ghren-gn-glass

5O SRR, LIBLHITLOR ALY 5T Ll PR B b

semic@itllicie be optoviettyorte tiaraiale suaht Brsilidondnaiuin germanium, gallium
substrate 110. Col |l ectively, insulative material 250,

arsemqlq,@agm Bitcde, é’(l‘éﬁldé‘{rﬁﬁ psphider al 260, expendabl e
gailrogfzc]tfp eﬁﬁ)'ogﬁﬁén\f %t){ s&ﬁfcbﬂ@t@t(ﬁ sﬁﬁEﬁfé %O e?t]\Qnous stages

to as "masking materials.
of fabnmmnluairg mich dnohblug tloefbmli an msoldter aatitys tarcatom thd @ubstrateHdO FIG. 3

. fo ers, the npterial ormed jin . :
depicts hETRBRHIGIT STPORE 20 i R s PRID THBCE | Pedpsulative
materidP3 , An BBHoRE elcBLATAmREriAIM60S tikdt 3Rp&AHBIB @Stdril P12 and selectively

techni que including, but not Iinmited to, spin coatin

deﬁnableankteualczié)tqrﬁ@e s@iseraiedd. @#ﬂ@ﬁl@éﬁp@@tﬂ&twﬂ n(athDQ)SO the
opt10n61£ etnﬁwg)p %ﬁeg@?@@ %(éJB%@abg ¢ .%P f]‘)‘lH/PDJ e}nsc'l 3?/ ﬁef;l né%lh% aterial

210 mep®e rdfefed®t B indtlsking neritded, whhe tﬁeﬁﬁﬁteﬁlﬂsl erefilustrated on the
formng the masking materials may be selected by a
substrpferld 8an gte formaioh lygrssiienpaterials may g}sp be §9rng§é]ym(§)fther configurations.

The mrég{lh% H]attérﬁgs (ﬁ@é@@édqier%lﬁﬁl %%ﬁﬂé Ob;lf}rgr §u§taf) %rd%?g?{l&?{&hmque
SI | CO sem con trate.
includii}s Bh’aﬁdt\lﬁnt”mlttel dpil cadbidg rEyniee c@t&ﬁg&tﬁeﬁﬂce& Rapdraleposition
substrate
(“CVD?”), atomic layer deposition (“ALD”), plasma-enhanced ALD, or physical vapor
deposition (“PVD”). Depending on the specific material to be used, the technique for
forming the masking materials may be selected by a person of ordinary skill in the art.
By way of nonlimiting example, the substrate 110 is formed from silicon, such as a
silicon semiconductor substrate. Insulative material 250 may be deposited on the substrate

110. The insulative material 250 may be a silicon oxide, such as tetraethylorthosilicate

(“TEOS™), silicon dioxide (“Si0,”), or a high density plasma (“HDP”) oxide. The insulative
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110. The insulative material, 250 may be a silicon
oxi de, such as tetraethylorthosilicate ("TEGCS"),
wa@riovasn1di oxi de ("Si O2"), or a high density pP@®ISH2009/039793

("HDP") oxide. The insulativematerial 250 may be

thermal | own on the substrate 110. By vvag
materipglo?b( thay b¢ %@r@ﬁlémoevn arhide swstate 1 We Braweay phnorpBoutigexample,
the 1ns21%¥1xe %atterbag 528 ay, etVQ I::lr.}]lgclgle%? n(lethf %E}%em 8fa %ﬁa@bﬂﬁ%&!&@ély 25 A
to appioxsndhtalyl #eAMah ehé aﬂnb&ﬁﬁleh‘é t1 foRulativt mstetikier 0eEk SyO gaMe

on the substrate 110. The etch-stop material 260, if
thermgdlyegrayyn onthg systigipdsi t ed on the insul ative materi al

2 I I t :

PP o P e Rl 28 TR Lkl i (il TR P ot materal 250
The etph-atop mazatal 2 160 ﬁla@ﬂ?ﬁlchoﬁfas amefqutma@tdmn@ dairs, ch’Ehﬁcal mechanical

et ch- st op erl 260 may be a nitride rraﬁerl In

planargadorOdP metftovet Wé‘gé‘l*%ﬁl topheielepionmag! 740 may bea anitride
t r
e, 3 B e Rl e iy AR i

to, siliéasrolllim'adep(éfﬂthm’f)abl e material that is selectively

chable | ative Eﬁ?athesbstrafle 110 and to ot e[‘
Bosmgndaiie majsril 2 by Paifamsd Trqre adatirroghla matgal that is
selectlgglglér@%lgﬁﬁ rédfve M‘tﬁe JEbRrateal 109 dith 8tHRX &ﬁfb@&phﬁde?@h?gr th&terials of

- be a carbon- contalnlngrraerla a dieléctric
the semivondeftoretivictree oAt ThgmateDARE the expendatijonatarial 212 may bea

antir.efl ect.i mat er |
carborford Fineciihbt e, & Ablstt dnPefieube Mt b AR Shs gy
antire kR ti80V6R L(SBAR(CD Ehatérfa@an (@rﬁf n@ﬁflﬁ*ﬂiﬁng example, the expendable
tetraethglorthosn |cate silicon nitride s

materigh}2) may b¢ peerphens parben (tmgp;@rgnt cgqhopct@ﬁaqjhylgrthosmca e(‘ ‘TEOS”)

t‘ n
T L N
(DARR),,such acositico@tich nsyditrele€6$i0; By )yellicaf oxidd¢3i0n), tor igmbinations

exanpl e, the expendable naterial 212 may be deposited
thereofit Ba walyi of lnnedsniing hkamlalertan gepavflalle omterp 20X immptbel dgposited at a

t t | h
thickngSy b AR BRSO R P BTa iR, such as o
apprositasdy 206 Al Y4 S SRR 0hD 6Bt HRPBS SeEcd HRed

of the chem stry and process conditions for the
upon apapidengon af therchemsittyi ang pmsqo%arldémsmeaﬂ@f@rmuﬁgamﬁgmlng

C e
and pagt)%%let%%%gﬁ(%relﬁﬁa@épdlsﬁ%g%gl% ?elghﬁ Jéﬁéeu ?& ft-rpa%ll}f%%]@ ﬁl;[% ex;aendable
materiab2 1 @idsthe sutitipgt it érfandi@nity eedndfecarpitiven @xpeddeadih ehe expendable
material 212 to the substrate 110, these materials are

materighf klclodhe sibsirptsr] L Hbgseragterials gt sslactedspyphasithqyanay be selectively
ctched 18 a‘ﬁ% ot}lgr 8?3?& fhXRARE dA%TB% [Heﬂ%ﬁ ﬁqlﬁéteﬁﬁlelg “Qz%c‘ﬁ'v@ y efchable”

rmerla ectrvely etc en t ermtera
when ﬂnehnahmzsl eahnbﬁt ah etchtrgte of ataltaadt e x apiel @ xworitveds \ordae than that of

nmes greater than that t he ot matelal e
the othes Mialil SHRSE ETE R S1C yhem&é% |§ea11§u%ﬁ a%t?féﬁ%sﬁ an etch
rate of@?ea@ﬂap%}&ﬂn{aﬁbﬁyeteﬁftm?és FrEASThAPRLON SBiR) Hat&fl E)lqﬂ%éd to the

greater than that of another naterial exposed to
same etch chemistry. As such, it will be understood that the expendable materlal 212
insulative material 250 and etch-stop material 260 may be any combination of materials that
enable selective removal as described herein.
The selectively definable material 210 may be definable by a lithographic process, e.g.,

formed of a photoresist material, including any photoresist material known in the art. Since

photoresist materials and photolithographic techniques are well known in the art, selecting,



10

15

20

25

30

same etch chem stry. As suc it will be understood
that the expendable material™ 212, insulative materi al
wWQ2dasmtiet ch-stop material 260 may be any conPCTES10091039793
of materials that enable selective renoval as
descri bed herein. The selectively definable materi al
deposiping, Hmyrrb%,dleﬂidn‘aﬁbleinbyheaphdtqrh@gm@hﬂid tp poskise a desirgd pattern

{)ﬁr rredeég.f Cft otaresi st material, including any

are nopdiseussed i qetgibhierein, = nown in the art. Since
P ar mh%tanféﬁﬂﬁﬁlrﬁérﬁ oflfttt sehedRldiétbpgananit 00b BeWinE @paterned,
are well known in the art, selecting, depositi

n
slecipey g s ded o e pan i cstivehiefinahle myterial

210 mﬁ\é ?necﬂir:]d% ﬁ?%%sahﬁ %%OV\B A r‘é ghrllg%% gtlﬂg et\qclilI f‘&l#ﬁﬁ’se dl"ﬂenqugés%e;y

corresp&itl 10aBAYGEDPorsibhdicH the eel@@iehaddfitgblie niaéi N Gd’vhlle the lines
selectively definable materjal 210 thereon.

corresp@m terpmpiTIngRordenseef thy svlgctively defspble materi! 8|10 > The wagth of the
ines REA IR GRRRE RARSsl 052 DGO AR bR B Rlgue wct
to formfthd preetesel Allélinu‘ei/qky dbé sprabd andniirtes miayl bedithtedhitlacfetthee size

i nes orres i{o r.emai ni nngortlons of the

greates g gt ity PGy QEPP BN BTG RIS BApTanER FOR RATOYMaghE40 nm to
S

apprm%lhg\‘?é?)rf1 Z?gfnlbtglﬁ% 48 a@h{/ﬂk{iﬁgé’tﬁﬁf 4{ Igmugﬂélﬁle( FIG. %)Irlgnﬁétfbtt&q F R¥ave

patteripat wﬂ}rbﬁ apﬁrueatnéthat/eﬂhyr lawhm srde&sachd I i nes may be

at a featur t t B ) )
PIRE bich SlowEer it Elies iR 86 Ll av e o st Bty of the line
of selééava%d%ﬁn@&@ FXc D B ¥nd/Bhe WTHthSHGRe ﬁe‘igl?d?)@ﬁlg)ébﬁw &b Yniftthize the
le FIG 4 illustrates a I F weave pattern, it

criticahlimenpiong ppreatires loomed mln@thw%pattealy pllires g spaseg,dheipitch may be

at or nga-% ZthéJ Ill}fl’lnlci gfokft? S %@%ﬁﬁ&%ﬁ&? % tec}ul:l]le Tie Iu edgce l%att%rln \}Ié ?quc%lveltyo

definatlRfhitalhle? 108 tFaF brdmpld Othaplich bEththEshm@ff bé between about 80 nm and
nei ghboring space. To mnpimze the critical dinmensions

about 440 p@al hpse qmrqbéaasu%‘? sighe prmy pisghrpfdhe phetalithggrgphic
'm f
B USSP IR oG sk Sl oton v
mininmed picdh orfethgl phieblithagiaphivatdniquk. A]lémaﬁsmly,é)eaa'qsb ¢he mhgin of error
|tch§ the ]ines . be bet

for pofjiend gtz RSCa BYRCTERE i Ty B i RGP RTRH tochnique
are apPidaibdofheliis Hﬁ?t‘tfélfbltrﬂﬁgﬁe@m 1arde 68 Ve e PR inMgize errors in the

pacer pattern discussed bel'ow may advant ageously have
positienspint slzep ef e/ linheand mayhersygisequenty timamed to a smaller size.

F el T BB Fs iR 0 ool PERG Pt PG 4T may be

transférYddl iGR t|h¥ ek PHdgiIS @sat@sal Q'DQ forhithd 8n ekpeddable structure 264 over etch-
phot ol i t hographi c techni que are approached, the |ines

stop nrpkgriah@69.af m@aerﬁa%fﬁ@gtramfg@mgﬁma&ﬁe@ withe expegdahlpmaterial 212,
the se ef:trnperli defn natb IIIth% 1t y) n@er}ﬁ )?Qéjre%ozv%i‘j bgr oﬁve%tloh%qﬁ? h%n(ﬁlegqx one

sequen O a snm Sl ze

embodighek, @wl é@encﬂd’ﬂ)& ﬁﬁictlﬁé D64 mal be agekpaidablellinedahe I’pa’@érﬁ formed in
material (210
the selectively definable ma%énal 210 may be etched into the expendable material 212 using a

conventional etch process, such as a conventional dry etch process, a conventional wet etch
process, or combinations thereof. By way of non-limiting example, a dry etch chemistry may
be used to etch the expendable material 212, producing the expendable structure 264 having
substantially vertical sidewalls 265. As used herein, the term “substantially vertical
sidewalls” means and includes sidewalls having a slope angle of less than approximately 5°

to the vertical. In one embodiment, the width of the expendable structures 264 may be F.
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transferred into the expendﬁple material 212 form ng

an expendabl e structure 264 ‘over etchstop materi al
WQe®9/1321present. After transferring the patt epPer/Us20091€39793

expendabl e material 212, the selectively definable

material 210 may be renoved by conventi onal
t AGhnieqeeing the selaeivehbdefingbletmateha 2dQpidndapdnslable structure 264

structure 264 . be expendabl e line, .Th tter
may b [SHER] T 6 Em BBl Oflns BERMRRSFe ARl Eir Bt g may be
trimm&Bfrefndhed/2F NG shbem exX PRSI 3B £ dst, &lid $Pacedlbousetwéendeach
conventional etch process, such as a conventional dr

expendablhstpicoe 364 mpydsrividpmaddiatichia thaenepsableesmictuses 264, to form
modiﬁ§8 g’ﬁ%/c'ég?gﬁa[‘%hée %8@1?1?@ str?%{ueggéggie git%gsg. C"f'r}]ﬁe'teﬂgelﬁféﬁfg%'tx%cture 264
may be¥phedladihg amsoabpidletchltad “sipinkdubdsededttnes Siprbldadaties include

structure 264 having substanti al | verticaJ si dewal | s
etches P AROXYERHCHRABING, P1RRRA, € o S@ﬂ%&(@ﬁﬁ%@ AOylter grddipr/O2/N2

si.dewal | s" ans and, i ncl udes si dewal. hayi n s| gpe
plasmd, e etism pLEE R il reteng: 5 pad el ertadiagd SRfures
264a 2O QRHERANI YR al td A€ d&\éiﬁéfd_fspgéin% BawR R BBl %P&L%EMGS? as will
264 may be F.After removing the selectively definable
be appnesiated gbnpthe dischssiandpesidabbeexamnleithe widib ot theyexpendable
tri d. .In_an odi.ment . of the i ng i t.he .
struetgf oY iy v Te R oS FERLAER "0 R eBoit ity ARuteasoysty the width-
reducifs e@h @abledthe e fi&Bstareire264ah6 bs paeewerkbibn BeuleSRerwise be
each expendabl e structure 264 may be w dene

. : . > d by
possibla usingige phetodiginarplis techniquecised &3 pattsan thegelegtivgly definable

e R AR e AN e UMW B s o

thus irbgionigahe isiGhroyi of thdsehinka "shrink” those features.
SSpanngone o e B e 0P 584 s msmiconductr

Strua% 36% ag/sﬁipwf? in FRSJ GR/ING oM, @I@Sgagg%ﬁéﬁeﬁ D4l fﬁbgcé)%ic&ﬁally

e selected so that the wdths of the nodifi

deposigidraret nrodfidictmcare2&tadst cmyveridogl egurafueasosiches dgsillledBy

spaci bet ween later-fo W Sphacer s as wll .
contorg B 8P Bt iF o Eh i 8L LG G e o gl 214 may
remairt iBsihEally lifdrireXARISSOINE gSbmbiey bF ®pe@AphpYf BRlerlying

reduced from about 70 nmto about 35 nm
featuresg suehtas decometlified shiactizied 2hfa dlled mgdidied lstroetatss @642 may be

odi SLy r 4 . ryower than ul.d .
seect IR Rl SR KR8 BBl AT D RP R thoer ot
214 mhebb firtied frise golysilipad, tsilfcon niteids 8585 bor vigikyn Beille (E10g”).

material 210. In addition, the etch may snoaqth the

eBglewing tofi]E. fbathe iserpes Mairetal 2 Esmap by aispiiepicatlyr Sehedy
W i.nes. [l
e e s L S T
spacergaatdalXd d onosubsthitisdly weeticADErfaass. sShovahi the shisantly e zontal

surfacaifgRs Do ST B 10 BcnaibeRaiea aBaR TR AVEHer Bl
RS g B Spnk Ly ppeit i
materini ke is ddrniedl fnerg SiOy, the anisotropic etch may be a plasma etch, such as a
CF;-containing plasma, a C,F¢-containing plasma, a C4Fg-containing plasma, a
CHFj3-containing plasma, a CH,F»-containing plasma, or mixtures thereof. If the spacer
material 214 is formed from silicon nitride, the anisotropic etch may be a CHF3/O,/He

plasma or a C4Fg/CO/Ar plasma. The spacers 268 produced by the etch may be present on
substantially vertical sidewalls of the etched portions of the modified structures 264a. The
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remai n substantially uniforﬁ%regardless of the
geonetry or topography of underlying features, such as
wao b@onemtid i ed structures 264a. The nodified stPCUS208%039793
264a may be selectively etchable relative to the
spacer material 214. As an exanple only, spacer
width nﬁthe rspader926R may comespondrisuithe desiredoviti of featuresssuch@sfrenches,

ultlmaﬁellbto %%fo%%@lﬁ)ggé%%%lh%%éf ton Ist%%ér ?&9( 6% on(B gl‘g’lg(r)cil gt tthe width
of the %sﬂc%@tzfasnh@abé y:Fet o sbus$ediTh g Hbﬁlliﬂé&ﬁﬁ rﬁr@f&t@fch@d 222
4 fromsubstantially horizontal surfaces whi

(showh gmllGry 10Acand JAES haviag espbilitiopganhic wisdih mmheépxrped in the
f ‘ .
substrf 10D SR RH O T o B W pue 7 R LR dougplthomaghi

meanst1B$ tBatbsticun 70 akd, udtodsl aZb@ﬁt 44 nrau rhﬁ aﬁfe&nbédlhi&ﬁt the first trenches
un erI |ngdsort|ons of the. sem conductor structure 200

222 (shayn HeF Kip d98nd| 10B) havespwidh ofgprepxiaaidy £25-s f or med
];Efggh?g@aéd é&ﬁ&u?e%@fg 'iﬁaﬁ/qh% ﬁetr%&ow %@g@eﬁioﬁﬁfﬁeﬁ&@ leaving

cont al ni contal nin
behindthaspaers@26844s8howniml ]Gsn@ArahdlgBa ,F oninStdhRge, d Dant anmphgus carbon is

used of s e ndabIe BT SpALaRORAT R B Tacifd S ofe byfprmed. th

\
g @t Meond 18 Bl 008, A, .

phmnmnmdmﬂHBrby$nhemﬁmdhﬂﬁ©ykb®kpnesent on substantially

Bl Qi S Shiuisty onal wsSh G R b EAlferE pid pncsgsg26s into

the m&TBYal§ QhISBRAYN e o dified dRRtIrEd6AM. %Reraﬁtléeqeyatmulﬁﬁe dgyiefeh
as trenches, ultimately to be formed on th

chemigieigs swidgctset tosteparately etchgach qfﬁh%mteélﬁbdmdﬁﬂhmg thegyaodified

structlf €3 ?E %(,) ch?%?:g? SB%gzr? !g Iissﬁ %Q:ﬁ m tr%ﬂr%tée%’afg egﬁ%ﬁ]zé)fstﬁg gsm%grs 7&8 into the
underfylrfgSetcH-63p didlerld) E)SOhﬁprdSmtaarﬁllﬂJsdwﬁd‘lagh apiyl tfan\&‘\fed tHe paetyrn of
be formed in the substrate 110 between the ar

the spaers Hetiings thesaburate bk as showpsid e f fopming trenches therein. Etch
chennst?fé? gllllltatb %)'i %&Iﬂh‘fg th8R M Aeri S frel @qug% arl Shd) Mersd % are not

n one enbodl nen e first trenc
desané.’len((Elna)l/\]liBréiln. FIG. 1QA and 1OB) have a wi dth of

T T TR AR B e
paﬁenpéﬁ%ﬂgaﬁ N8ive BRA Stk a@gmcﬁﬁess(ﬁ%%gk .9} ﬂocﬁolatz/écmgag 230 with a

For instance, if an anorphous carbon is used as the
relaxed pfteln dabfeetumum i Tk agtive dreao?aOvikilbistratbd anexdéridingdn a SUbStantlaHY

o PP S5 R B BTk
is are PRkl B @@@ﬂmg@ﬂb@ﬂfﬁﬂﬁ @élﬁ@ﬂfﬁﬁcuhﬁﬁo aie 4081 SeikA bﬁ) The active area
plasma. Next, a dry etc em stry may be used to

mask tnehdgteethe @mnrgﬁﬁ% thl}’cbﬁ thayghilg @é@ﬂ@ ilpggibisignialtyertical direction
across t Silbs ;Eltg Q d%ﬁé XCIUQ/’Q a{eg?n gp%(ﬁ ﬁzﬁg b% Hrﬁl%%i Yot ga@é‘cﬁ'f Buch as

r na emstiries
amorﬁl@ﬁﬁcdr@orﬁ(ﬁnﬁlhé}ia@éry cﬁb@rh "B@fddu@a‘ th¢ bendieioas bﬁﬂhs opemngs 221 in the

actlveuarr]éjaenrlellsil sna%rl%lcr:]lgl srlgggelr fnlla(teecilal (not shown) may, optionally, be deposited on
sidewalls of the openings 221 and trimmed to expose the active area mask 220 such that the
active area mask 220 openings 221 are flanked by spacers. The pattern of openings 221 may be
transferred to the substrate 110 to isolate the active areas 230. The pattern of openings 221 in
the active area mask 220 may be transferred by conventional etching methods or by methods

described herein. In an embodiment of the invention, a 70 nm pitch active area 230 may be

formed on the semiconductor structure 200.
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structures 264a. For exanplﬁ; a first etch may
transfer the pattern of the spacers 268 into the
wan@ensing etch-stop material 260, if presentPCEHOS089/039793
second etch nmay transfer the pattern of the spacers
268 into the substrate 110, as shown in FIG 8,
fés shaven inddae hidA ardel 08, the agtivharehmasls220 resy lsfuﬂetm)tybcéand the

tch n hes terials.are kn Wni
substrt Y Eriy b e bO R Relon oy HaRaTpY R byl Mk 220. 1
the actBRQ¥E: thikkPGis Bankag bl ¥FacafsEMs adBR dda rhﬁsﬁ ;&e hhaHedeiebedd and
structure 200 may be patterned with an active area

the rempgirig spreersima] heoessd @b@maﬂg@ cgchithe gnbiskeie Al @ Hlag supstrate 110 may
be etc}%cc:l;ao%fv 8%21%%1%}4%%@11% 10 )é?c%tlrprgagaf %e%ﬂgaelfg:?(gﬁ% eF&'lﬁﬁanthﬁ the

substr&e D $0 anfordkd Srohodilicoantizl suH$tfﬁ£I 10manbde @ﬁﬁoﬁrdi}ﬁcally etched using
substrate 110 while the openings. 221 of .the ac
HBr/Clyr t thggreagben plasigg etchy [Tosicha dagirgd denth dg .tlkﬁgsubstrate 110 formed

from s E:%ﬁt élgtelt(%l nle Rlecl Qght%ireﬂr FoP 1&5%?‘&@%1& Vic& %‘g 28 %xposed to the
active area I ncludi ng the dpeni ngs 1 nayp%e
approgriastiethh chem®Bey eé‘mcbm amauns ubsa muffaidny tovahidveahe desired depth in the
direction across the substrate 110. The active area
siliconysk 220 may be formed from carbon, such as anor phous
Cﬁft@lo&cﬁh 1haBSRakGRy 6fRRRed B9 ch?\qe'ﬂﬁ@nél nﬁetﬁiéd@ﬁﬁ'h%@ Svet or
t he openlngs 221 1I'n the actiVve area nmask
dry etqhamg i By wiagilof spadieritinge:amEe, if thetspadeovary fomy:d from polysilicon, the

spacer D1y P GHE R 1 B oo R e TR SRS RE S DD
Alternﬁﬁ"@é}i tifee shhGrasteify@nddll o ABEde 2fe SPRRISESy BLrenitfved using a

ed by spacers. The pattern of openi ngs 221 may be
dn”ﬁdxéngﬁ@ﬂfed to the substrate 110 to isolate the active
0. h of i
Brirf %& Fﬁéofoﬁ/g%%%re %héars] S2 egllrg ef ef%%%\#\:/e@ ﬁi%:p\ee a%%s 248 which

may b@tf@ﬂ‘émagaple h&’tﬁ@&‘sﬂﬁbn bys BB tsFIdR 9 0B b ekt Hidlr@hteriall 326anay be
enbodi nent of the invention, a 70 nmpitch active area

blankep depasitgd peerithe pespicopiucks syrehe i nnd stensgified; @ fpewn in the art.
The fisP ﬁ*(l’%zazt%lm‘ﬁﬁ6 'nﬁ‘ayﬁ!e@mh% 6 q% HeBd I‘Bc’l&grlﬁc Lickesar ea

be “renove e substraté 110 may be
spin-optdidiedric (f SO{Q”)L sitiadn dnnxpleeTE@SS(bI}a hr(gh Idenb1tly>pldsln&1 (éinDbea oxide.
ar mask | f t e active ar s fl.an
The £ S e 220 A Mg oI THE TR e

“CMIW) dtotrgﬁlo’if@ PBitdL 06 SRIFAH] MBKrRE 6588 R d_?aH@@@ kil#cOn pillars 232
tch the substrate 110. The substrate 11

ofﬁﬁ&@ﬁhealdﬁ i on mlllng reactive ion etching, or

chem.cal etchi or .insta o e sub

ATy Rng S hoein (e S pud bt BedeP7ad At PrGs. 104
and 108 Hha0hHE 1%' doYlbl@B aheed difecfiehsHBr Willl beZipPreciated that while the pitch is

fl uorocarbon plasma etch. To etch a desired depth into

actuallythelved s the sxamnle 0bevss thiscreducsinn &1 pifcbdh convigatiaali rafprisl to as
pitch %X%lg%d’cﬁ%lg 9% lf&x‘?her E&ﬁerét{;(?& t%%k%ﬁnbo%lﬁﬁen% bt tﬁ(? Hlvg}ﬁ}/onqgclude pitch

he appropriate
doubhagmmmy ofic dikdtEios,Ubf dxah@i, eitiger afehmauﬁoﬂthesﬂﬁm p’lﬂzd 23ept the width

of the ﬁrst %rgr?chgé I22|2C (I)r?an embodiment of the invention, the width of the silicon pillar 232
and/or the width of the first trenches 222 may be sub-lithographic.

The semiconductor structure 200' of FIGs. 10A and 10B may be subjected to further
processing. By way of non-limiting example, the semiconductor structure 200" may be
subjected to an additional pitch doubling process to form trenches in gates of a memory array, as

shown in FIGs. 11A-15. With reference to FIG. 11A, second expendable material 312 may be

deposited over the active area 230 and patterned as described herein. The second expendable
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After etching, the spacers gzay be renoved by
conventi onal nethods, such as wet or dry etching. By
woweraons72non- |imting exanple, if the spacers BCEUS2009/039793
formed from polysilicon, the spacers may be etched
using a solution of tetranethyl ammoni um hydroxi de
materigl BNRrhay bl pagtermad ivae $L3bstanﬁa1}yrr@raélphmléat@néelﬁ@‘rerte dher firgrrenches

222 eGP TRRSEH 3B bR L M 3, o

embodihént] Bk RBbnb ekyeablaglaterial 3Ueasy Be’saanmh@ﬁs daeontad niagtbe
exarrple active silicon. As shown in FIG 10B, a first

patternefl jupinggn émsaqmpz%cwyclb@s ) cAehustnEcheliins P qagleprigilasma; pighough a wet

BTSSR 1 220 A 2 AR
chemlﬁhwmdﬁmbhﬁe,dwﬂfﬁiuehmahﬁo@ ath, @BHg, CipiHy, @Fsdi.el ectric

("SOD"), silicon dioxide, TECS, or a high density
pAapar iakbR! 314)m'ayjbe dépositddi avst the iphtternext ecoml expailabigymaterial

312 ang ifusfitiy Dot oo D SRS UG o A b depgsited at /47
such tﬁa!t tHe BB RIxBEndRBR n@azférﬁan di NghARO YSucsd ﬂnat@ﬁal A hhod asccgﬁt;’med
of the substrate 110. The silicon pillars 232 in the

width efl.i Ve spaeex merlaiﬁdﬂ friay b depasiiehlesclzpical ivapar depositia@pr atomic

over AR T BB REELA AP 55 LRy

removad feldivk Yo thals¥@shdieRpdrdeble xaugHat3 Bbmddatet-Rirfed Eéﬁﬂﬁ'bial)ﬂlatenal
in pitch is conventionally referred to as pitc

313. Bywappf mu-timiting\gramplsethe spacprapatgrg Sl ¢ tpydnelnda Slicon nitrides and

silicon &Fc?eql ﬂF@ﬁ en%odﬁrﬁ&t tpe\,[ %tcélqgat*ﬂnﬁ l?i'??ﬁ(?{hte%ﬁco%@ég{nﬁlﬂg?lk thaterial

one I rection, or- ex er t

312 mhilbe ticlshrae mapdrial. afhexpaced Itnatehﬁl i by bé aibropicaBy etched to
trenches 222, hij mhodi nt. of the inv nt|
removefh SagsF maksiak P |4 Bom hoprnsgl soefaecs afihg g Qﬂlﬂﬁblsfnatenal 312

and urlsdgﬁlg% kstrhfe§0 hei%%hg\%g il BG. P8R S Yl dd Q%ﬁe %Gwn 1hg spacer etch,

nductor structure 200" of FIGs
may bbpe@rb;ed@tﬁmg atfbiofagatbor plasmecessi ng. By way of

[im emc ndu or structu
R, RS A I B PS h SecBbd BRI erial 312
and spRER @RS ial 914.0THB sIaEﬁﬁkﬁilQﬁatér‘Ihl 983 Ry BF pRNBBAFAIY eﬂfdsé‘ihe second
as shown in FIGs. 11A-1 5. Wth reference to FIG

eXpen@?é)é%mdteéﬁlpféﬁ@aé rsleacmam@tpndl 314,95 sheyn beFiespbdi 1 1I88. 6U@rsacrlﬁ01a1

8 S00S5BS LB 5 o

any maceﬁalblsett amelleah{rely atahai dodhpagd 16 Hiepheu nisddriall BY¥& to the
first trenches 222. The second expendable material 312

nay shviyedd s 13 dhe;spager spatetial 3 Hhmay Pg selegtivelyetchsd relative to the
seconc?%%%?]mmeh%% l§%ﬁ ﬁ{\i, sgégf?c'% ﬂ%&laﬁi {o c@tl:ate?& %am b[%e

ous car bon an atter ne using a
remairdng sxqiendgbilemetedhl 3 12uab sasifieial mhtehaldlidngayafuhttitor seandstrluring

ctchinG o FAmPAST TS HES5Ge b oo H ARG RS AP e fogation of gap
334, ab Blon iBIFAE M4 £t $hE second trenches 322 may have a width of 1/2F. Due to the
spacing of the second expendable material 312 and sacrificial material 313, the second trenches
322 may be positioned asymmetrically on the substrate 110. The substrate 110 may be etched
by ion milling, reactive ion etching, or chemical etching. For instance, if the substrate is
formed from silicon, the substrate may be anisotropically etched using HBt/Cl, or a

fluorocarbon plasma etch. To etch a desired depth into the substrate formed from silicon, the
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chem stries may include, mﬁ{ out limtation, CF4,
CFH3, CF2H2, CF3H. A spacer terial 314 nmay be
waepossed over the patterned second expendabl BCT/US2009/039793
material 312 and trinmed by conventional nethods. The
spacer material 314 may be deposited at 1AF such that
ctch titleengeboewhteklpdn dabinetanes, dre %C@ma)abﬂjexmeectmah@ appr0priate etch

.material 314 have a ed. wi d T

chemiffy firafanipt fERe SoGEREL A b Blire g RS pER Sleon.
dpPashddifBnts bf @k MUchtidra YRS seftiidQfenthed 322 S beRasksed access device
material 314 may be any material capable of being

or “RAIAT trendhes| 4xs predihpesin, BRI irenshest mdses gedipalidesqreangaipi én 2
substr%a %16\5\7 C a%’gD? aﬁs&%{gﬁt Sl fn?atgi? (florlsh%ﬁ Id elﬁﬁnglg%tfg% transistor
includé®d ﬁéirls@dtor?gh’fb (mydlinBFWHﬁB 1§pdrﬂ1all@'|’foﬁhéd Wil a&féﬂclﬁ inl 4 ®@ficonductor

oxi des. In one enbodi nent, the spacer material 314 and
substrathe second expendabl e material 312 may be the sane

T,

g%;}ﬁg% %t%fn tlﬂ lsec’c%ﬁ? g%pegﬁ%‘tﬁé hﬁ %1§%fht2|2%}\d Stf?cgscaé:rrlﬁmal maten'jll 313 may

bemmﬁﬁédb&@ﬂhhﬂﬂmnﬂnhahmﬁuﬂﬂaqaﬁmﬁ&mhhﬁn@eﬁenme@xpeddﬂmmémﬂe

mat er i 312 .and underl Ing substrate, 1 S S
materig} 2 ailaehe Beehciaimaerdy 3 é@gede%ﬁ%ma% maﬁgdﬁ sligen %‘ﬁéﬁ 353 (also
referrdd®y apeﬁ)eﬂ%‘c{xlgr B 'o@ thelcfil LQELSHT BRNMNP Eé&%ﬁ@trem& 322 (gate

sacrificiral nmateri 313 may be deposit over
trenche® mﬁnhrmmenmmapmmr asasho @t n Bidl léﬁa s rpm:h dowatiling has

3 The sagcrif] terial (313 be p narized to
oceurrdd fis i ROALEREHE DRIRIBIS: Fator ey S Tpagupvetion.
the sed¥aH @fehéﬁes 332A hawrsa @BQ r;ibh’fd V@ﬁth 12A, 12B. The

sacrificial material may i nclude the sane materi al

al Wlﬂé’esléd@ﬁ'@oé ﬂ}@éﬂm atﬂoed eancadable matezial Hi2, ﬁtwelb”eataml 314 and

sacrifi Tl L Be 8dfe c?e suc h&t Elte%}l; ed &9 a Qma be selectlvely
Bl Pt dr af B 3¢ 8Wh e AP

removable@élhie t3 1146 siw(}’nd&p&ﬁiaﬁlétrhr;\t@ﬁal 3e2 ﬁﬂid?ﬂicflﬁblal mﬂtErlil(B 18 h&hus, in
second expendable material_ 312 and the sacrificial
an embedimentythezeepnd gxpendalple mategiah3 Bnd sperefigig maaterighd 13 may be the
same rﬁét@ﬁ?ld Eﬁ%ﬁ of ik %doﬂh gﬂﬁg m%%ﬁ'éf 12C Ezﬁh{lgﬁtﬁl’éﬂeﬁgl 333nd spacer
may function as a it ng etchihg of the
materllarmlelnhw btgsdmhsltfr(mh Ernﬂniﬁohs}orftmnspairdm c&’bommdlysﬂ'enn,fsﬂkon dioxide
22 i.n the | i on of ap 4, as shown jn FIG
and sifge iGidh Aeehy Pk ac gt %@ﬁﬁ%@@y e qu‘ftwebfre@waﬁﬂle fsiptive to the
secon(l NEbIPRGRS AD dhll SaRAN FhaRXRENBRLIHR nRRERA FéH thSdegond
sacrificial material 313, the second trenches 322
expendaﬂe etepials 12i aod @@Icrﬁ@;aﬂm@ten’uabﬂl I paybe sefestesliib stithstard the0.
b The subgt tg 11% may be etched by ion mlling,
subsequERINga © ﬁ @¢HY'ng, or chenical etching. For
| Retedieeio HIG. thQfsuBshingtiR deSoddatdiRResf320M sitk beid® matdrial 370
substrate nmay be ani sotropically etched using HBrZC
may begrawif biesmyertiasehmpthedsraNext. cariotsdlankehtransisasicpieanaesihmay be
formeﬂ,g% %%Itévhe%tlg o Ste?h%ggtor_f%rmn?tgs egﬁc&gﬁﬁ lt%)] Cs?rub?u?reg%(ﬁf r(r)g Fi(’%rﬁ% The

blank& XS &6k %e@e inbRriale a9 e ifeineedetdh neheiai ssosiitdbly wadk functions, such
anount time sufficient to achieve the desired depth

as dopeﬁ pelysilispn 3 o9t a metal, i.e., TiN, a conductor 374, for example tungsten, and a
nitride capping material 376. The semiconductor structure 200" may be subjected to further
conventional processing to produce transistors in the second trenches 322.

The semiconductor structure 200" of FIG. 15 may be subjected to further processing, as
shown in FIG. 16. By way of non-limiting example, the semiconductor structure 200" may be

subject to pitch doubling to form connections to the transistor gates via wordlines (i.e.,

conductive lines). A first expendable material 412 may be deposited over the semiconductor



10

15

20

25

30

In enbodi nents of the invenijion, the second trenches
322 may be recessed access device or "RAD' trenches.
wa\sooaggtither ei n, "RAD trenches" nmeans and i ncl BCBEESZN9/039793
opening in a substrate in which a RAD transistor is
ultimately fornmed. One exanple of a RAD transistor
structtire1 20Q'd ddedirstreaneidgble materiab4 { voeyi be petjerngsi tyrropgentional methods or
Feng onduct or
methofiisspShdherdn FESbe it Rafe b el i ehtani o
nREﬁh‘n? 10348, 8NQ firepse fiaferial 4ll4 may B¢ deposiidverthebe
renoved by conypntlonal nmet hods. The pattern renaini ng
semm@rfchl@ﬁor stnectlge 260d Eedunrdantes m@é@r@lr 41 may be plapprizpg and trimimed by
sacr i [
conveg‘ucrnac on pl | Lued ﬁ{p%%ésg% o?i:rg I e%lggggg%’m ;rﬂéj q{?le the critical
dimen§ion 'of tH&Srahs@Ebr bdie Refeiritg taFe@. 1530 sevodd biq&ndﬂﬂemdtenal 402 may be

trenches 322 ate trenches) with arra activ rea
deposiiegt Qust H, Se@sc%gw ﬁtrﬁctmeéOO)laJBi Phpgized PERSHBE BT ARpCeT

maten?ﬁ@l 40&%#%& &Rfabfe y ﬁr@a‘f qpsl Tﬁees%g&ﬁlsex?ggda'blé hit€igane ?nay be

e present I nvention, the second
trimméd &m:ditsﬁrecBﬁ/Z’dth ae/lected ®uéaveiah bpgnm)iml stmilardidth tbtthemﬁﬂst spoeer
understood that, the sec er| 312,
materighhlde Nexb3eieFAlld SPRGET gr%er?g%@ 1?% o) eﬂ?al?%f ?Vgr %nlcﬁﬁé}mf
strucﬁ?r@ 86! &t Qlaﬁﬂgd"tote;l?&settﬁkeﬁﬁ PRRE niRdel Udd, f??gt%xﬁaﬁdaﬁl@ material

ectlv y renovab relative to the second
412 am«wemdbdadpendvbteanatamalﬁﬂz arsbowm oy FIG. dBaThqthmhmsabf the second

S I Pt M (U
materiZBd Bf dridl the 5R6Hd YackBateres 404 nxy Pendabitelithegaphiavidi.2,
sacrificial material 313 and spacer material 314 nm

bésshpen ielld. rlamhaﬁtﬁt prisndatde ntﬁ?@ﬂﬁls‘bléraéﬁtse%ﬁlfi lsgpendable material
402 n{%ﬁ %% set*llﬁcltﬁ/% remove }pco%lv?rﬁ%?x%l t"élaﬁln Jﬁ é?ﬂ\ﬁod}rg&t SP&R

acer erl a ect Y3

1nventré&{2'fﬂié&tdﬂst€hxbahcfﬁble\tﬁatéﬁalt4mk ansda@emdi @oppﬁdmfbwlhaeﬂﬂt%ﬁ iagd amorphous
12 and sacrificial material, 313. The material for the

carbog @Iecbm r@m@ﬁd)awp@vwapw .nsﬂthosii,ze %nlav %5a1camammg plasma.

hen, T8 Gt oret o S AP E oSS al AT T et Mg e mass auring
a conveatio®dl ERh 16 i ddddlidiee 58&0Nd . 4d HBGAeS FR2 22,0 Ahg@bkductive lines
oxide material 370 nay be grown Eé conventi onal

425 mavtﬂmdisn amrdhnvaﬁSoa@i gmamd@étgate Asilewep fetwsen neighboring

word].fngﬁ ﬁé# ﬁseas%/gtl%){eé%cr% ompar LA uc onv bg&%ltl?éﬁdéﬁgli&gg&ﬁre areas. In

an errfbb{d‘lﬂ{%ﬁf (l)ﬁthéi?feb@ﬁ Qi’veﬂtadrﬁ tHé&bﬁdhloﬂk/S linasy2d5ehat©a sodlithogaphic width.
materials 0O

sui tabl e work functions, such as doped

pAuRgrpRcastyantagesgite achigted by ytilizing the Nletlg)dé oh aglgpgllments of the
meni B LT IR ey a1 SRR dives
hereirs tidzoaet®btd itchutoublng chéiendhieoate ﬂrwmg%atermt&ming The methods
descri%reg %gr%nen ztlcrcggl?lliosdta‘?ert e I6E atlrgl?ltesc’:teucrg ?odbet gc%?e%hs?gmg’ cantly without scaling
the lithography required. As such, sub-lithographic features may be formed independent of
photolithography and etch trim capabilities. Further, the methods of embodiments of the
invention provide for pitch doubling of asymmetric features on non-equal line space. It will
be understood that the methods described herein may also be used during other fabrication
processes, for example, to define the linear self-aligned contact features, such as capacitors,
digit lines or other sub-lithographic features. The semiconductor structures 200', 200", 200"

may be subjected to conventional processing acts to produce the memory array 100 shown in



The sem conduct or structure 200" of FIG 15 may be
subj ected to further procesglng, as shown in FIG 16.
w@gomag72od non-1imting exanple, the sem conduRtDUS2009/039793
structure 200" may be subject to pitch doubling to
form connections to the transistor gates via wordlines
FIG. 2 iSirce the additiohalygodessing pcts £o formghe mepwmy atshye 1 Othareconaventional,

412 may he d sited over the sem conductorstructure
these aggpare mpf, m*PE&fl‘%gﬁhﬁﬁﬁPe material 412 may be
Pehe BRBREHNIY sEREMBIN toQRARbuIREAIAEEI0RE and®ileshive @shisiidadition to

herein to expose the underlying second trenches 322. _
specifirefrthodinmgnts homndy viay, of gxampletin Bigaltaringnansk degeribed 4n deggil herein.

e .deposited over .t he sem conduct qr ru oo
s, $R 0TG- Fhu RuFleq B PAFCGRANES Qe Tt (P Koo or e
inventidnl OB pi¥eCANMEMtiLARdAb afteilkadsivesiaAlingWign gs oltdwihg eppended

first spacer material 414 may define the critica
claimsgingdheif lsgaleuivalentsy ansi stor gate. Referring to FIG
18, a second expendable material 402 nmay be deposited
over the sem conductor structure 200" and pl anari zed
to expose the first spacer material 414 and first
expendabl e material 412. The second expendabl e
material 402 may be trimmed to a desired wi dth
selected to |l eave an opening in simlar width to the
first spacer material 414. Next, a second spacer
mat eri al 404 may be deposited over the sem conductor
structure 200" and planarized to expose the first
spacer material 414, first expendable nmaterial 412 and
second expendable material 402, as shown in FIG 18.
The thickness of the second spacer material 404 may
define the critical dinmensions of the grounded gate.
The first spacer material 414 and the second spacer
mat eri al 404 may have a sub-1ithographic width. As
shown in FIG 19, the first expendable material 412
and second expendabl e material 402 may be selectively
renmoved by conventional techniques. In an enbodi nent
of the invention, the first expendable material 412
and second expendabl e material 402 are anor phous
carbon and are renoved by conventional nethods, e.g.,
by using a Sq 2-containing plasma. Then, the first
spacer material 414 and second spacer material 404 may
function as masks during a conventional etch to form
conductive |ines 425, as shown in FIG 20. The
conductive lines 425 may function as wordlines 425
and grounded gate 425". The gap between nei ghbori ng
wordl i nes 425" is asymetrical as conpared to the gap
bet ween the underlying active areas. In an enbodi nent
of the present invention, the conductive |lines 425
have a sub-lithographic wi dth. Nunerous advantages are
achi eved by utilizing the nmethods of enbodi nents of
the invention to formthe sem conductor structures
200', 200", 200"'. The nethods described herein
accommodat e pitch doubling of 6F2 architecture at
array gate patterning. The nethods



10

15

20

descri bed herein accommodat g, the 6F2 architecture to
be scaled significantly w thout scaling the
wo paobogmaphy requi red. As such, sub-IlithographPCT/US2009/039793
features may be forned i ndependent of photolithography
and etch trimcapabilities. Further, the nethods of
CLAIM®Oodi nents of the invention provide for pitch
doubl i ng of asymetric features on non-equal |ine
space. It will be understood that the nethods
What B&3&ihicagg herein may al so be used during other
fabrication processes, for exanple, to define the
| i near Aswethodof fereting samigenductosstipetyres sthe fesfiod comprising:
capacitors, digit lines or other sub-lithographic
fe L€ ructures 200', 200",
ﬁmmn&b%hﬂﬁ%%Vﬂégagﬁﬁﬁégﬁgg%%%B%gﬁ%entional processi ng acts
to produce the nenory array 100 shown inFIG 2. Since
patterihg tiedfiist &xqreatiatje omesml inp st direaiohamrthe hebstretepr y
array 100 are conventional, these acts are not

.described_.i.n detail herein. e Lnventi IS -
formiggS GEUATT BF B SoAr AP G ST of 5 51 S PaGPLlS Bateriak ve
forms in addition to specific enbodi nents shown by way
removdhg AR &pbidabemgiea ngs and described in detai |l
herein. Thus, the invention is not limted to the
particular forns disclosed. Rather, the scope of the
transfenningihe paiteame bifshspaeers antp theyibsiretst i ons and
alternatives falling within the foll ow ng appended
patter g R R e  a
structures, the nethod conprising: formng a first
forming p @attkerh o€ sermnd spatersom sidesvablstof gheesecprat ependable mhaterial;
- first expendable material in a first direction on the

substrate;. formng a pattern of first spacers on
removipgy ef@k%?mfﬁ%m%VP§en%&%%%dable mat eri al ; removing

the first expendable material; transferring the
transfBidirigehd paiferh bf SdcopaLeers intottioe subatrstsbs forat teenches

patterni ng a second expendable naterial in a second

direction on éﬁe substrate; formng a pattern of

s bebYrEndhaatesPd $iCSSdeval | s of the second expendabl e

material; renoving the second expendable material; and

t nansf effeihghdd6r Baitd £firtRér RaGRRALSHARENS the i@t édpRndable

substrate to formtrenches between the second spacers.
materfal plihetonfetrhing thé pattean af first spacetsen thosigevalisef the Hirshixpndable

the first expendable material prior to formng the
materilli't ern of first spacers on the sidewalls of the first

expendabl e materi al .

3. The method of claim 2, further comprising trimming the first expendable

material to a sub-lithographic width.

4. The method of claim 1, further comprising filling the trenches with an

insulative material.

5. The method of claim 1, wherein the trenches have a sub-lithographic width.
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3. The nethod of claim 2, Z§ther conprising trinmng
the first expendable materi to a sub-1lithographic
wow@vh37240 The met hod of claim 1, further conpPCEHUSIP09/039793
filling the trenches with an insulative material. 5.
The method of claim1, wherein the trenches have a
sab- | i thsgriapivuctonisttu¢ing. commesmgconduct or structure
conprising a plurality of silicon pillars in a

d a plurality of trenches isolating each

aph“é#Wfé& wBPPﬁE?Sﬂﬁg?ﬁgt%Fﬁ¥§1|ty of silicon pillars,

wherein at | east one of the plurality of trenches or
a plurhit§ dflttehedstiyol@ingsdakh cibivop pillapbBthe aduralitwi oftshicoh pileﬁ wherein at

than 44 nm 7. The sem conductor structure of c

wireseons affie plugliy of renedesarcthe plurplity obsilicpe pﬁlarﬁ%ﬂsuwldth of

ﬁmﬁkeﬁqﬂ- |IIars and the width of each trench of the

ura |ty "trenches is less than 44 nm 8. A nethod
of form ng sublithographic trenches in a sem conduct or
st7r uct (e setivondedtoodrucompof diaing 6, Wherainrthe sdth of the each pillar of

I e N AN TR LT REE S

than 449541 ng spacers on sidewal | s of the expendabl e
material; formng a sacrificial material adjacent the
spacers; renoving the spacers to forma plurality of
g&ps bet wetwdtdfdomriog sthlghedraphie &enaies inal sathigonductor structure,
th ﬁ@gndable material; and etching the substrate through
¢ MEYRA SPIPHPBy of gaps to forma plurality of trenches
therein. 9. The nmethod of claim@8, further conprising
formifig bl ekpendablb en:fetire 0f aBubstrand ermprisigBolakel wdee hfehsi al
material to conprise the sane material. 10. The net hod

of claim erei n sel ecting the expendable materi al
pa““&H@WPﬁQX@%@ﬂﬁgPﬁVﬁPLnaterlaI conprises selecting the

expendabl e material and the sacrificial nmaterial from

formihf SpAHe AU SANHIBLIrRE KheRdmIdigisiagar bon, transparent
car% pol ysilicon, silicon di oxi de and silicon

nltrlde 11. The nmethod of claim@8, wherein etching the
formiggpsaerificialimateiigndiaeentphesparesy of gaps to forma
plurality of trenches therein conprises formng a

remov%lg rtl?e! gpta}ferg fo Rlrh! acﬁﬁra]iijt}noc‘f éa@s bB&veaH BRE &aRfificial material and the

expendable material; and
etching the substrate through the plurality of gaps to form a plurality of trenches therein.

9. The method of claim 8, further comprising selecting the expendable material

and the sacrificial material to comprise the same material.

10.  The method of claim 9, wherein selecting the expendable material and the
sacrificial material comprises selecting the expendable material and the sacrificial material
from the group consisting of amorphous carbon, transparent carbon, polysilicon, silicon dioxide

and silicon nitride.
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12. The nethod of claim 8, rther conprising formng
a plurality of transistors thin the plurality of

wo e@nasese 13. The net hod of claim8, further PCT/US2009/039793
conprising formng the spacers to have a width of |ess
than a mninum feature size. 14. The nethod of claim
8]1.wheiTeée metlednifivipim § mhesdin etghofg the sutshrats thnouglhthe plurality of

o R 3 R S5 LR BRSS9 o e

substed@erein etching the substrate through the plurality of
gaps to forma plurality of trenches therein conprises
formng the plurality of trenches asymetrically
pd3iti %he mqﬂérdaaf ojedmt & ferther icemipEisiag fowning a phraliy of trgnsistors
tructure conprising a plurality of
w1th1n’°fh§$fﬂr§l% e%ggregéehﬁgr ated by isolation regions, the
plurality of active areas including recessed active
deyi ceThe entieisofvdaiin® fartivdr dbipabing dssnih e spacdrnionhave a width
feature size there| n. 17. The sem conductor structure
of lesgpthar paiMEn fRgeEs1Z5 t he width of the isolation
regions is less than the mninumfeature size. 18. The
seqi congy ?ﬁe@ﬁods(;ff cll’éiltnl'g SyHafeif FHlThd 8 pluMARy S '&eﬁ(ﬁfés M fheRubstrate
of the plurality of active areas Ts |less than t
compmseniformmmg e pluraletysif zecessed activredeyege toaneesct or str uct ure
of claim 16, further conprising a plurali ty of

duc \égréelalllo Obg \ﬁh%gel F%éﬁ%}lgletég %tr opﬁ}?gqegilurahty of

gaps tf) %m ] ghﬁans;l ld)@hbﬁéheh thtesin 06mPriseToaning Wied pluradity oictkdtches

the nethod conprising: formng a first expendabl e
asymmgirierliaposationgd selptve ithe iselandi astivg 2ieadl at ed acti ve

areas and sublithographic gate trenches; patterning

theg fins , IR Rbhphisink Y STLGtSHBREYS a2R ted b

s?gevva genﬁ?@%g%?:str?%t exggﬁdlg]kx)llrge IfrrI%t ery|sal ?or ?n& f segarae Y
isolatise cegionse Hpgidmbtyeofmeties arahs adjudoentcdskal zs:pae degce trhrmhes

. secan dabl e. mat er and the.first expendabl e
havm%t"@iit?‘éﬁ)i%églrﬂ HIHRL t:‘?@%‘retﬁ}@r thFT'?én ‘substr altO e; formng

a sacrificial material within the openings; renoving

the fimak s@xRendaMdemBiues dRdlaian th, WiRr&if @@NWidth of the isolation
expendabl e material ; form ng trenches in the substrate

regionisds lesethan itee mprmemsicaer iz sacrificial material ; and
filling the trenches with a conductive material.

18.  The semiconductor structure of claim 16, wherein the width of the plurality of

active areas is less than the minimum feature size.

19.  The semiconductor structure of claim 16, further comprising a plurality of

conductive lines above the plurality of active areas and recessed active device trenches.

20. A method of forming conductive lines on a semiconductor structure, the

method comprising:

forming a first expendable material on a substrate comprising isolated active areas and
sublithographic gate trenches;

patterning the first expendable material;

forming spacers on sidewalls of the first expendable material;
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2 1. The nethod of cIaimZO2 wherein formng a
sacrificial material within’the openi ngs conpri ses
wo eoopilsm1d he sacrificial material over isol atiPeI/US2009/039793
regi ons adj acent active areas on the substrate. 22.
The nethod of claim 20, wherein form ng spacers on
formirss alswahd sxmeEndatle nfatersl adirpant deeipecarattbe begpnd exfsnilahde material

f i th ially. i call | i d
W e P RGBT S S B e S Ot e 95”
The nethod of claim 20, wherein form ng a second

formieP Saeeidiol & nixdrea mathind@l: apeiihgd;he spacers conpri ses
epositing the second expendabl e material on the

spacers and trimm ng .the second expendahle material to
removael ihAdirel PRI GTBACTigh AT haseRP bl FEsIBaBRI Ry
simlar to a wdth of the spacers. 24. The nethod of

formir%@%;rlmthﬁgin the! Eﬁwate%méénsthﬁ Qpafcefsrgnﬁ Ghd ﬁgriﬁcial material; and

ographic gate trenches in the substrate prior
to formng a first expendable material on the
fillingsthb stnchiee withs cofidectimetthgdriadf cl ai m 20, furt her
conprising formng the isolated active areas on the

t ' .f ' . | 2
S oo e o TR B S
openie\dﬁsﬁﬁmﬂs&@f(ﬂrﬁlﬂgﬂﬂqk efrifRi] terdd o Bxdisdlasetbrelbionb adjaaghiactive

areas on the substrate.

22. The method of claim 20, wherein forming spacers on sidewalls of the first
expendable material comprises forming the spacers substantially vertically aligned with

underlying gate trenches in the substrate.

23.  The method of claim 20, wherein forming a second expendable material
adjacent the spacers comprises depositing the second expendable material on the spacers and
trimming the second expendable material to define the openings having a width substantially

similar to a width of the spacers.

24.  The method of claim 20, further comprising forming the sublithographic gate

trenches in the substrate prior to forming a first expendable material on the substrate.

25.  The method of claim 20, further comprising forming the isolated active areas
on the substrate prior to forming a first expendable material on the substrate, and separating

the isolated active areas with isolation regions having a sub-lithographic width.



