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METHODS FOR FORM NG ARRAYS OF SMALL, CLOSELY

SPACEDFEATURES Reference to Rel ated Applications The
w@e@sartssappl i cation is related to the foll ow PQI/UELB6/019710

Pat ent Application No. 11/134,982, filed May 23, 2005

(Atty. Ref.: NICRON.317A); U. S. Patent Application No.

10/ 932,993 (Atty. Ref.: M CRON 293A) filed Septenber

e 200 IR oS eARRS AL, (11

Pat ent Appl i cat i QLOSELNSPACELY FEAXWRESReS . :
M CRON. 295A) filed August 31, 2004; U S. Patent

Application No. 10/934, 317 (Att Ref ... M CRON. 296A)

filed Septenber 2RfA1=ﬂ?t°3 alic & e- nent i oned

ref n fiee

ont Iel;l%t I%E‘engsa a‘?lgﬂ le?tre? &5 Z‘ltxeggoel%?évflﬁ% a@ :So ?ﬁf‘enf A pbfication No.

1 1Be32kap20 dilell Dfayt IBg 200\5 gqltiyoReEi MICREINBHEA); TV SnPatent Alpplication
di scl osed invention rel ates generaki% to integ
&

Noi 1 KD 9% Adit Reh; MISHON 2U58) fld Babiombat Dagops: U.S. Patent
Agﬁgﬁt erap?égxmfags {JBRES NGIEREORIJY %ﬁ%le@%@?&h@&ﬂ?r‘zom US.

a Consequence 0
Pdt&i | AlsHliRgL SHENBNU0/O81, 77 N¢AeRSREL. : MMICRON. 295)A.) faewuigung% 1, 2004;

power, nenory cap acity and ener efficienc ng
UBH BetehoABRsaon oy (BT (Git B MIGERN FARAIGTE Septomber 2,
Zdr:bg':j cfl @%%e%bsogg- C%n%@la% T?er%rglgceb ! 3drE \NE?{/ nllcé %%a% lé}lz %eé‘erence in its
eritiéty 8hd 8Rd@bailt B 8GY Geelicatigrcui ts' consti t uent
features. Exanples of those constituent features
i ncl ude capaci tors, Backeppndefthe

i nt necting Ilnes and other electrical devices.
Eilf St hyEion ecreasing feature size is evident, for

exanphe, disdlogdB NBHEndr Cldlated @Endisliki aes irfiethteds cidyuiarfblorication,
random access nenories (DRAMs), static random access
teplvigis der f@@mu@)l of pempuist memehs aptmaslpgdichaigues.
. 3y 8 ‘%able programabl e read-only
S “EPROVS),- fl ash nenories, etc. Conputer
m?m)AV at dRisEdlchye 60 MRl SRS |1rid11§tﬁ§g dbmbele fidr @8teased portability,
circuit elenents, known as nenory cells, arranged in_a
cophputiaki pywert memays oabadityasrch cingtexd effisigney cioy @@nderry electronics,

BB sSSP R RER, Ylbedlie reuctin
1e§$a9é'H3 cORifes NAR @8 fs BF tredRingCRlel sizdsNof trftegtaetl (Q@Oﬁﬁ’aéonstltuent
form a menory cell typically consists of two
feetueast r Exanhpldeof dese cangttmnajwtma@mlwd@r coppeitaan dectidend contacts,
field eff cttra tor
il ErDe Sl PGB 1B AT ARV SR or S aRa Do Brsing fpoture size i
eﬂﬂéﬂtt Jor OxafMl @ inAnBinbryC 8ic8 M ddi®R dubh &is CBnbmih Ea&id@fh access

the transistor and read by sensing
memories (DRAMs), static random  access memories (SRAMs), ferroelectric (FE)

memories, electronically-erasable programmable read-only memories (EEPROMs), flash
memories, etc.

Computer memory typically comprises millions of identical circuit elements,
known as memory cells, arranged in a plurality of arrays with associated logic circuitry.
Each memory cell traditionally stores one bit of information, although multi-level cell
devices can store more than one bit per cell. In its most general form, a memory cell

typically consists of two electrical devices: a storage capacitor and an access field effect
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charge on the storage electrode fromthe reference
el ectrode side. One common type of conputer nenory
w0 b@b/127886 benef it from hi gher density conponene&I/US2006/019710
DRAM By decreasing the sizes of constituent
el ectrical devices, the conductigg |.ines that conne

t ..
tranisioy. dFrghtemenyrepliclsi aneaddbreaRle J0cHpPR ;Ih%gcaer%?reémecbﬂ (binary

.bet n t hem i f r i. .
LIS T b, B A B gy i
chéapasm the @foradeceledtfoduifions fieekf@enteldediiode sise rycommon type of

fitting nore nenory cells into the nenory devices. T
cogrwan dnemeryc Hiet icabdrene By fiom Sieheh deBdbuPEIRIEES | QBQ@VI- By

ever. greater i u .
copUSTnR I8, FE AP0 hEFAR RS UARBul A et conn
th@kﬁ,eﬁ;dt B RahdRtie E@ALdIS &8y chaggHisdtwednetherhhtheaives efthe memory

of pitch can be used to describe the size of these ..
defvisgs amessporpting: Fhepe; featereg|icsh digcdechrapdte o PioTagh CrRagities and circuit

Sein t e hbor .
e Hocher ki R A b BB i AR B8 R 20
whi chhesaaas RYofeubi tddactidyinafermiesized plasasadvengreawr demands

insulator. As a result, pitch can be viewed as the sum
orpfechiiquesi viteh toffomm fthefeateresndrobexampplenpiptpligpgiaphy is commonly

space separating that feat i i .
SR35 T SRELAULT A 1BbsEE 456 IO & ARACORYLR0 o e
siBeht st RANEdsEMidhSis Glic Hisgite bédeer alentical ipahge irvfwo neighboring

wavel engt hs that can be used lies in the ultraviolet

feptungs. rEhesreleaBees-ue &picatly definecbpxspases hrivves afiacepbipies, which

sel ectiye articul ar l S, . .
SRR O Prblrhing Habfih Soa e IS ARUMAR As aresple pitch can pe viewed
asOBk QUMVMTI tBE widtBlof RAeAtufaldrdl ofthe tadithtoTaly @plbé separating that feature

techni que cannot reliably formfeatures. This m ninmm
frpintagteighbotifg &atwet er m ned by the wavel ength of |ight

t hat ~.can be used w th.that, techni.que, .T. .

i i e pr TSP it P SR e Revel Bt of bt One
cdrhitbh theR! UF SvaeRBgthe AU taN be Risk€ Midduint iRl ilk@tiodn (V) range.

pi tch doubling) can extend the capabilities of,
Bedauseo | tattyo ghototdsist t materiklguesspenst seleekively dat patcwer ygvelengths,

R T
pliASI8Abgrhhic PocBRRuS tQandt $8IURY FAmLRWUE. Erhigimininiien gitch is often
y

entire disclosure of which i's incorporated herein
detefrinehbye tenwandehgtip aof dight thahican bpaesd withtthertectmague. Thus, the

canveni.ence, the.nmethod.wlJl .al so ke briefly. out]ined
e e S A P
firspitats egutPLitAIR doPaph@l Nddiblihk)1€&nl@xiedda the capabilities of
photoresist layer overlying a |ayer 20 of an
plestpléthdgibpleic techpiqied toaildvacrsatinst afanere Zlonsehharangpé features. Such a

shown in Figure 1 are, all shqwn .sche i gal |y .
mgiigdds LBet Bl e R AT | SRS B o ERGRN 37810, issued
tof D&My TANST &lef &HirDYiRIds@leCdT WhIBR is inco?orated herein by reference and

(preférablyanisotropic) to the layer 20, formn

miptlepat of théy specidicatiom df el copvetdencef the ietlerdewill also ge briefly outlined
hani sotropic, the mandrels have approximately verti cal
gFdes, as shown. The photoresi st

With reference to Figure 1A, photolithography is first used to form a pattern of
lines 10 in a photoresist layer overlying a layer 20 of an expendable material and a
substrate 30. The layers shown in Figure 1 are all shown schematically in cross-section.

As shown in Figure 1B, the pattern is then transferred by an etch step (preferably
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lines 10 can be stripped and the nmandrels 40 can be
isotropically etched to increase the distance between
waoeioghssé ng mandrel s 40, as shown in Figure 1RCT/Tk2086/019710
i sotropic etch (or shrink step) can alternatively be
erfornmed on the resist prior_ to transfer e

Al 0 .
nbsirogie ey thmdeer A0, lomsaBEBAKEY: dEpperdel 8fer e ctch is

mandr.el s 40, a i.Q:Ei . c ' toresist
w058, S BRI SR SRR B o ptors
ling e\wah bs safppeachbee mahdelsad( cariee isbropitalynecheaintotinerease the
sides of the mandrels 40 b% preferentially gchL_ng t he, h
distange detwrenareighboting manfeelnhd)i oheyn 18 Jiigwe d§- 7dhigrsptepic et
in_a.directiaopal ( ' [ ol =1
ol a5 Rl B BRSOl R fve s
of é%ac@f RatehiaNissebRYeehtlyl depydited obetthathandtels 4(hes stpameimstigure 1D.
60 above substrate 30. The spacers 60 together act ads
Spacara i, f.er metetialr etensingasr SRS ormeg, gpenging frape sidewalls of

i i toh f it ; , .
ot et HE B R SR e b R BIsDR SBioraptially tching
thé §faketdastetindd Md i@ Foanlsirfes PRaes8iaf 4 diesttibyalt(beanisotropic)

spacers 60. As a result, the smallest feature size
sppess sichl eSugh tshacerpiretsho e b §iaphi . (e Aemejnwe mandrels 40 are then

ff i | d b : " i t yy . .
ref i e AT gt Poo oo SR AP, S5 Bl 60 together
acE XA 8k FRPrerihy, Bis KBSWE il Bipuld1)pi Thils, ivthere a given pitch formerly

conventionally referred to as pitch "doublin%," or,
inclodaesl g@n@rmdbémngiqngrfeatwmmdpqnp SheGee e samgayidfiynow includes two

conventional ly "nmultjplication’ ef Qi \ [ .
RSP SO0 3b0ky P BL LR B ALt g RN e s
pds@BlcOtvith! B PiREdlithoddhpted t&diniquel isceffécdinelyl derense byt ties “pitch-

density of features. by reducing pitch. Pitch thus has
multipliegion” tegbnigeeni ngs: the |inear spaci ng bet ween

i dentical. features i repeatin tern, PSRRI
o2 S SEuply BB ABPL A0S, B0%:48on o
conOEMRREI P Rabrrd BloMsHcR FHohisling et @ Bt Haleilly, pildie“multiplication.”
critical” dinmension (CD) of a mask scheme or circuit
Tl 56,geptiventidnelly chatplicatipmii ofipittle dyup sedeipelagionmetuglly nvolves

e T R oiore o 5 i Geh dhTbp Gligh oy B density of
fehiRfdsObyP r&tieihgasitdhe OWRER itlusC RARDAE Rty v theahihf & rBdtlinear spacing

requi renments for critical dinmensions in different
bepaednsiderticahfearesgnatreprating pattern; andghe a¢nsity gpaumber of features per

.features the integrated circuit .wii,l he pitch
lingay ﬁSWF%d.hWVﬁ%}Wgﬁtg@ﬁofogﬁl tlatuiw[o(i B2l on entails

manyTdgigd0 AaherStRPED RO RS ek lsehesNMesitdudn@sign is the scheme’s
l'i thography; the additional steps can invaolve

moomsindfatit diraeitian, ondhe exepsnenentmfttbp smallestpyiddaef Big smallest
often praqvides less control oyer .the resultin . .
feﬁ’%léq magglftﬁérha}ahg?sil%} Wchgae.b ugite ebc{orE) gﬁh L3S rﬁ%ﬁaletrlc complegﬂy
adl BFRMEnt Plel Gileratd ife bABEd AimeRESRUSE dlﬁ&elﬁgp&%f of an integrated
pattern nmerely follows the outlines of the di rect_l¥1 o
cipaitt dypieallyf @at wile Seatuferusf the tiotegrated icpbuit awillohe jpitch multiplied.

typi cal | yt hought. usef ul ly for ularly space .
ryffragore gt gguqmﬁﬁele eyt iy binalasedy ARG, coppentional
litthBEragﬁsh,e{he hﬁﬂﬁ%}or{a}’ Ricp&!cafll iGV OBt 8erbBlE NAHdGIRR] eSpdiRe. Pitch

as i sotropic shrink steps, )
multiplication often provides less control over the resulting features than that provided by
direct patterning without pitch multiplication, because the spacer pattern merely follows

the outlines of the directly patterned features. Thus, pitch multiplication is typically
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can result in a reduction in feature size but no
correspondi ng increase in feature density. There have
wab®e/1men chal | enges in transferring very fi nBCT/US2006/019710
patterns to underlying | ayers because existing
techni ques do not adequately maintain resolution and
thduglie satyl ey doymegulasiy snaned ﬁfm, PHe} 83 cendjchge dinpgfor a memory

nmet hods t hat, can _al |l ow.for sr : |G :
e Rt RS ool GOy G, {80 8 B bEioRak seps
calirkduitas WaRaRaRAUS IRatine GiRASE nbedinspendingshérgaserid feature density.
decrease chip size. Thus, there is a_need for a .
Theedbastei @0 beert heallshges iof transfesipmved Ang paferas nandglying layers
i ncreased oper.abl e, densi,t ' . '
el 0 BT S R Bl P 055 o8 R A
trefn@fer. MHeRY & a "REA S n@ithdder thikingars Alkdw foedindll@sand more efficient
I nproved met hods for increasing feature density; )
opesttivodmits hett ani Integpated sdisuitp Feche prethoda nwﬂ]a,adwéa’geggﬁay increase

techpi ques that w l.l. provide nore conpact arrays
fe%&l{%@&%h%i eﬁﬁea?ee(g}lﬁﬁge'r esol ution. Sunmary of the
| NVerts Otheld) i @R BPEI RBNdtRN el sivesf imegraedmiicais and an

a nmethod of formng isolated features in an integrated _,
incieasedi operdtie drssitpdicthe ewapy of cclentieal digvices QyFdmmpe chips.

laid by mult | f | feri "
SN P LSS Bl R B e
m.l?t‘ﬂo@s for ligdredstyeleaRive BBk NGeMBHE tHathvill PAedusetni®e effdient arrays;

urther conprise reducing the pitch of the first )
arslgedhagiues theibivilt piovileymersfcomanttaray hwithewihagming Jpatergresolution.

material to create a_first arran enent of maski ng

features having a $n§9¥%$ﬂ%r£%%—§%§n—%he first series

of sl &ftd “RIbyaRekdahé entdnfies coflpiséd hShettibd afgfemmiiy isolated
of masking features can conprise pitchreduced nmaskin

fehfuressin se pategated orguipi Thb medehdooss copwEiss PEYYEIIBSA substrate overlaid
corre nd tq a first pattern. The t hod.

o SRR Bl b SaBE Ul BRG] Y ottt

LR fih fa&ﬁ%htela&érrtﬁﬁnéékir?g S8eand TRY:8Ethel caRkilee combesd @tucing the

ere the Second series of selectively definable |ines

pitch ofothe fstaderies of eeleditvelyi definablerlines vefngsa bracey yateyial to create a
definabl e lines. The _ nethod can further ris .

FiRE AIBN b o) PRI Seio ot Sr| e i Bbalie Gt geres of

se‘iéacftikfag Bl Bndt1O BRest STHAFI18 SRAGEHATRI idsRing tfentere 8drEcoinprise pitch-
second arrangenent of masking features having a

rednedd| meskpig Ghes separatdveby ponteduerd spaces ardcat epryespgnd to a first
definable |ines. .The second arr.angenent, of. kin

oot ok e S5 e SO RS oy et
iGPR o} O MARHEL thashAt eFhardihe aftcoR 5e5dROBH selectivel

hﬁ% g{gé%gﬁgyé ttern. The method can furthgr cgnprise d

defirmbleriinet ena yastliehtoethi dirst setigsraf spleeti eatn defarableclinegy The method

cir B PP RR e GF O S i O B e ey RseidiShuf EBfifable tnes
uﬁ_ﬁ%ﬂ[ﬁﬁ%ﬁ% dﬁaﬁﬁ%ﬁﬁﬂ cRbtel 1:800nd frRALMNER dNmALkiAE Fédtures having a

can conprise reducing the pitch of a colum
siafilldri pisth phat dhefsepatl eefi¢sne$ selectivelyn defosblemtines. The second

argq?r{gt@;lre&c of;\rr?lg%grj:pegt Ifje%’glugsaganaéo?l?prﬁg rf)ptrckll-%eedurcg(g lr'ln(‘;:llsknlgg tlitr]lgs separated by

pitch-reduced spaces and can correspond to a second pattern. The method can further
comprise etching the substrate in a third pattern derived by superimposing the first and

second patterns to create isolated features.
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of second photodefinable lines to forma row pattern

that crosses the colum pattern. The row pattern can
whawe/127386 | i nes and row spaces. The row | i nes PERUSAS&K019710

of f unexposed portions of the underlying colum

pattern, and the row spaces can | eave exp§s§ portjons
of tIneomagabrgimegis Greunnerioncemprisesfemeiigd o g {gAtyres in an

apd CARG R S biflodfinabl
o TR0 S50 R CAIRELE S, RS PESLERSK A bttt
lire® BpforsescAurR phitPAat The meflard can alsotcemipabtertdading the pitch of a row
The mask pattern can conprise a first series of

of spesgathetadarabigylingsrie foraha T 9altgn dhal srossss the colpppgattern. The
i I i [ r. hemti Lt Ser.
o P et R e RO e e O R b Bl off unexposed
posérisesd thd uhdeflghgalunnapsitadn,pintl ahe tdvatpaces camekdverexpbsed portions
t he pitch achievabl e through photolithography. In sone |
ofdhe vadekyingscolyme ppitezBNtihGFTessImgroobwan gl vy BHEEREFD prise a
I 50| at f res. as part of an integrated
“%@%%%PﬁgﬁgﬁgﬁgéﬁﬁF?%éﬁggbcess. The arrangenent can
hav elnasolrier ehibddimes, fikdngationf@aipdsesa hnskpditémafor an integrated
spacer material and a second row of el ongate featur?s
cifcoitmethe mesk Pptrarcapmoetiiss @ sk selesmftlengatamasigag jliges and a
t he, second [row,.can t [ :
sep L RRES T el Ry ERETRet G BLPROR s HREMHE D Tl masking

lifs 098 8% Mablt bikeen eda0nGali& dfelatedroas hiave bipitchttheris smuller than the
In sonme enbodi nents, the invention conprises an
pitphraghigeside threghi phetaditeepradit ures in an integrated

]E: ie;t irstgis}le-hreh %oﬁ%rﬁ%@% ?l%gi?v\emlﬁgbgh&%%/pﬁsésgagluzixﬁa%%é(x'ggrﬁ%??ﬁlated features

foRab®BEpAt 6f anfhteprited sircliemahifacirin®pres. tihernhigdmentsan have
the first wdth, Furthernore, the spaces hetween
a fieshrw of elongeth faptures osmenh drow wnagergnatpa and jgasgeq row of elongate

nanomnet er In_so di ' .0
RS TPET gor BT, B e B e bR fcond row can cross
the ieldiighie. fedtifesiiNtRY Fisk: @6 GuEIE thal eScNelongys fedura il one odw crosses

el ongate features fornmed from spacer material having a
myltipleelongatetestoresan therothgrgevxi matel y 120 nm  The

integrated circuit n. further c [.S - Oh

el ongupuramienp ety SR Aoul AR A7 Pl Rlered features

in¥ndhfghited @fesit! TAB afthin O¥drTaive kdpula-gpavedigtures having a first
elon%ate features in the colum can cross the el ongate

widdaolidess than 6 eanaeteiscind: h dirst dengih of aagaeie thantl(rtEngsthe first
A, RN Bl LRSS Sl ARl s

ndiehireds of formng a feature array for an integrated
circuit. The nmethod can include formng a first, )
pi t chr soingi phbedimeatsurthe dnvenfionncempiiyest a ngystent dhadr includes an

. the features.being elongate with an axis

il REHERETOC  TReerare PRGtel e Bk slongee frgpures formed

frBRtspeeed maldiil HEJEiH%JQ &R JTWst iRh drAgpledRndiely M20@na The integrated
second, pitch-nultiplied feature array in a second

cimastkcanafpether ¢dmeprise coelupintafielengats fepiuges formed from spacer material
having a width of less than or approximately 120 nm. The elongate features in the
column can cross the elongate features in the row such that each elongate feature in the
column crosses multiple elongate features in the row.

In some embodiments, the invention comprises a method of forming a feature

array for an integrated circuit. The method can include forming a first, pitch-multiplied
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feature array having elongate features with an axis of

el ongation that is not parallel to the axis of the
we@b@wngznses f eat ures of the first feature array.PdEs2006/019710

second feature array can have a second pattern The

met hod can further _i ncl ude consol.i dat first ta
feapEopidaHi & Brshaskhiyen tho %gdbet“i’ﬁ? ttWé il gxfpof elongation.

ehf ® et

ThEGES FaBkh Bl Al RRROAC| P, 26 FROPRIATTANNG indyde forming a

second lpttt:h-rﬂnnn}slm‘defeenu‘fmmeryantaaecctrtdemaskvlayﬁrg the secomdrpitskenultiplied
a system for processing informt] o?@ el ectrical

feptyrsraitay hevangsslengats EaHres with gl 2%k 9 atinfethat is @t pargllel to the

)?é bEME ionbR f@étﬁxteggfﬁ@'}irg%ﬁtﬁl%rarf ?P higd ge&%ﬁsf tﬁ(re%%%?gn have a
eatures I°'n a repeating pattern, forned in a [ayer

sefcait pattbrni n'ﬂhlaemeﬂhedtdancﬁﬂtthen irzide. chaolhiddtimgt theefisannd second

have a first width of |ess than 60 nanoneters and a
patiepast infooh gembied (Husd patiean the thifdyeaterhentraspeiding i # arrangement
I apart from
R T P R G R
Deschi piohen eﬁfboﬂhﬁerﬁlr aviiendsvehtien i Wﬁmﬁée@naw's)tdterbefor processmg
better understood fromthe Detailed Descri ption

inforaraiipp dny ckseliiral hsmad dhg system tqnemalﬁée 34 éfaswwlﬁ@ecal circuit.
TM‘@% Bonb$h mglt Whﬁtdle 'dl:ﬂré% sg)tagedai%?t PG ta‘%eﬂe'a{'ﬂl% git{l:?n, formed in a
ntlon erel n: ures A— |]i]: are scC EITHIC,

la@étﬂﬁﬁn&eﬁill iankd cletidiealiievwl. acirfskurt ichehavd Ofingevidth of less than
accordance with a prior,_art pitch- mJ|tpr| ication
&

ShaanoRFIEEs B8 SFFIEREthIb IS tanglf mes the fystowiehmt pighermore, each
g SRS A AR LRSI A P

shovvs t he structuaneﬁDéEbgpﬂtcﬁu?ftﬁéDeawmg
phot ol i t hogr aphi ¢ atternl n(% of a first resist |ay

Fi gulBe AnHéaa Wlﬁle & thetiert wadergeodifigm ghez Dgtajled l%tﬁcrétttqtl of the
t

PRRSIHCEBSRR Sl0" Gl b WFadoE MinbL il REHELR (Filustrae
aril e ty lis thé trrvaﬁﬂfcbmgn@mﬂeﬁubstrate | ayers used to form

an integrated circuit after the pattern of Figure 4

has BiaFesehdrdiicrse sehemationerass-seetiepal sigle viewsmignask lges, formed in

) ayers

oGO i SPE L e Bl R Bl b s BUEIGK D)

Fi guFigufe Zlfst £5chematikadrostepetddal Side @fevhoSpagietig and substrate layers
mat eri al . geére 8 shows the structure of Figure 7
us&fitt‘ef(’fﬁl%fplé Fated @iffuitnd subsequent etch, |eaving a

pat t t .
ot Ll sbASERL RS FT6E 2 L0 BB e of s
ﬁﬁtfe\ggtlayel,of Figure 8 after bl anket deposition of a

filler material. ' .
Figure 4 shows the structure of Figure 3 after an etch has reduced the size of the

features in the pattern of Figure 3.

Figure 5 shows a schematic, cross-sectional side view of masking and substrate
layers used to form an integrated circuit after the pattern of Figure 4 has been extended
into underlying layers.

Figure 6 shows the structure of Figure 5 after overlying layers have been stripped.

Figure 7 shows the structure of Figure 6 after blanket deposition of a spacer

material.
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Figures 10A-1 OD show the structure of Figure 9 after

a CMP process or dry etch has renoved the spacers and
wexweds7ssé | | er material. Figure 10A shows a SCPERES2006/019710

pl an view of the surface. Figure 10B shows a schematic

cross-sectional side view taken along lines 10B-1 OB

of FFiguteed stowys thegtmetuneoy Biguigs’ afteychenmael eich and subsequent etch,

AR TREEh FRRRL PP < AR B D08 b b W ing layer

Ws a SC

Cr OSBip8RCYH Padls i dRru¢hRy of akieiread Qifi@r Ibladet HepdsitidlDof a filler
of Figure 10B . Figures 11A-11D show the structure of

mptegigke 10 after deposition of nultiple new |layers.

Fi gu h schemat . c pl-ah V] f surface,

i gurgrrdo3rat SR He Rl G B St SR A g e fieedy & o cten
hdsakevel tieGphéddeand bleks fiBeOtatetiglr Bightd. 104 ghtvs dls€hematic plan

shows a schematic, cross-sectional side viewtaken

vigorghe swtase.1 Figure B shewyy pehempic crisgepcsiopplbidehvew taken along

. hG . 0SS~ sectd.onal, si de_vi e aken al ong_lines .
S OESR OfF cPe 1BR HERR T SENF SRR ¥ ot e view
takén Mehg/ligesaf0C=10Q 08 Fighr@f 0! Fihed piD e Affkfatic, cross-sectional

patterning of a second resist layer. Figure 12A shows

sige wiewetakeemi atongl lines 0Bw! O of HigueaitiBce. Figure 12B shows

a schemati,c,cC sy sectional sigde vi taken al.on .

i mobn) FASHARhRT fir 85l SEF gttt SRt Bt muttpte new
1a$&HEMaEIrE, 1 100 GfSvsSLetHeaak HhflQicw eMHecakiefcd! PRbiré 1MBSshows a

12C-12C of Figure 12B. Figure 12D shows a schematic, _
schpipgtic gwet-pestignalsiidie vighelakemkiong dingnd I Br-hH3 of ZigureB14f Figure

Fi e 12B. Figqures 13A-1.3D show the structur f .
1t el 45l GRSl dfom AR Qo SR R of Figwe
1 TRaries 11D shbers RedchemtiQferbdsGUERNAR sidE W Sakbd AlciidoNYes 11D—

a schematic plan view of the surface. Figure 13B shows

11D sERigneet i 18-cr oss- secti onal side view taken al ong

l i neg. 13B- Figure 13A. Figure.13C shows a . .

cnohigbite, 122D SN B Burib® S Chin 31 R ghrolioaotic
pakBfaidB 6f Qf sdebid iésistAByerF BYLR 18D hHAYS HheRREOMACview of the

cross-sectional side view taken along |ines 13D 13D of
surtageir BigugBl 2H-shpywses schematia proskrosetiohd side viewrlenoflong lines 12B—

' e 13.after t ttern of the features of.Fi.gures
B A Bl P eRm i i G e Y e along
LIRBNRCAI DY of FRARE 1DBE F51a8 IDNKHERE A dchématid 3Eds§kébtional side view

Fi gure 14A shows a schematic plan view of the surface.

takgraloeg Hus 1I9MoweDafSiheerd2Bc cross-sectional side view

shoviaelreS diarb i anorhe Studine oot T agemadh i b recuced the
sigd ﬁfntge Ird @8l tHhd Hetteh JFIF r@_l%.df Bigurt 998 ShdAHPa SPUNSR plan view

schematic, cross-sectional side view taken along |ines
ofthpsurfpe offigtirg i3 B shas a Behpuratis ci@As¢GDnghside view taken along lines

BT e AR e B S e et eechioa eutiew talen
al®fg KRB 19U 3C&f it 8B 1 3B OYD sBows a schematic, cross-sectional side
view taken along lines 13D-13D of Figure 13B.

Figures 14A-14D show the structure of Figure 13 after the pattern of the features
of Figures 13A—-13D has been extended into underlying layers to partially expose the
crossing underlying pattern. Figure 14A shows a schematic plan view of the surface.
Figure 14B shows a schematic cross-sectional side view taken along lines 14B-14B of

Figure 14A. Figure 14C shows a schematic, cross-sectional side view taken along lines



10

15

20

25

30

schemati c cross-sectional side view taken along |ines
15B- 15B of Figure 15A. Figure 15C shows a schematic,

weewsd275ect i onal side view taken along |ines 1BCHUSHE/019710
of Figure 15B. Figure 15D shows a schenati c,

cross-sectional side view taken along |ines 15D 15D
140148 giFigutsRB. Figureckd DI gmwieTschpioatie. keosstseefismal edgyiew taken

Figure 15 ter_.bl anket deposition of a spacer

alopg {1855 E\b‘laﬁ)g?f#ég‘f%zﬁghoms a schematic plan view of
th eF?ﬁEésaioj%wl EDGUL® tAS Brihawsf Righed MBfidroverlying layers have been
cross-sectional side view taken along |lines 16B-16B of

stripperir BighfeAl 5 Aishowea Fel@rnsiisweam viseh isarface. Figure 15B shows a
cross-sectional . side.vi taken al I BgS - of ;

schergip sresaecirgece 75 Sisha Fhohanar (S8 o HEASA! Figue

15@5‘33@3 SeLhtRR&, cAdsdBedtioRl Siak @Tevalaesg alonpemed GPCLHIT of Figure

igure 16B. Figures 17A-17D show the structure of

15Bi qRiperelIGDatlers @ sdipavic, epshseshonal sisseyewriakes alpng lines 15D—
‘S)t hat, haialéermved the mandrels), leaving a pattern of

15PoddigirghePng spacers that are orthogonal to the

“nd%ﬁ%?fés{‘ o RGP S O ShetdBAITIONE B sfdrastadlies dopaition of a

Vi ew e surface. Figure 17B shows a schematic .
spaven sttt iFigat 16Adshowisensthaknatic plasnyiewi ofeibe spHacer gFigre 168
Figure 17A, Figure. 17

h h tJ. .
SheW 08 SoRTEH oA SSF U, Pt K CHRIGG PIoheSBrIEB of Eigyee 16A
Fi%drrg Y6€ shbBs Ficlbhgid dsshewmnal §€{§'Q/w tdken along lines 16C-16C of

oss-sectional side view taken along lines 17D-17D of
FigirgU6B. IFBureFi6Hustesvs1:Bs@@miatit,usossesceticnap side edew fakgy along lines
t hat_can. be 111 d in conjunction with the structure of
16p4oP ot Fieus €§eate a mask grid with small hol es that

ar e |y ASRaBethdw R REVRAN RFEgare e Niffer &isgldeSeich and
18A- @Eéghlgv%_?z% structure of Fi gurg 17 after angetch

subseqgent @clsi(that dis demaveade thet chpdichs, ernger pptemi ofhFegptanding
several exposed |ayers, i.l e | eavipg intact, one .

sppgess that arﬁ @rtgxﬁgcg}ai ] fgxe wdé@yﬁﬁgﬁg&r f%gﬁesf"/?f SlilQan a chhematlc plan

vic\%f] ggv'ﬂg%@u c® af*"l:g FM 7R kNS SEBAMSROWS sPsceEhRiIBide6/idh Bdken along

e surtace. Figure 18B shows a schematic, . )
lirek 098~ 58 bf Gipake 574le Figurev 7Glsbowa heolenitise srosgeecligmlgide view

ta@%é@i&é&ﬁ g?:—?’léjqu gg%&%mggu%cﬁﬁgﬁﬂwﬁeassc&%tﬁatfg 808§—sectiona1
sidd @%?ﬁceﬁ%lﬁqﬁle% ??g—ﬂlg i Fig%&q Aows a schematic,

Cr oss-secti orma view taken along lines 18D-1 8D |

of Riigureed 81MAilhntiatt 8BproBsy ey IBE cahbasised dreaniendtion with the

cross-sectional side view takep al line 18EFi gures ..
stepera OEF GHEW & MeTets fBIASK grigrih grapoles it @F donstly sphoed in an
ad%’é%t%?%u@%aﬂqﬂ@r. pattern of two overlying layers into an

underTly

ing mask or tenporary layer, formng holes in .
t he Eigdes!18ARYSE agiew. therstiubiard b Figuratlddfterfanditelefr.g. a silicon
the underlying tenporary |ayer is anorphous..carbon..
dipxigaetch) bas wmnngd ROLiERe ﬁ’ﬁﬁ‘?‘%f% |6§PPS@?5TE@}%BSF “iS“HS ?%ﬁy Hiefptect one of
Eigure Bl QArds baRah. Fisfe YBARWhows a
e S U S e PTG it SERaRiEEP flfe {BAhow:
schematic plan view of the surface. Figure 18B shows a schematic cross-sectional side

view taken along lines 18B—18B of Figure 18A. Figure 18C shows a schematic, cross-
sectional side view taken along lines 18C—18C of Figures 18A and 18B. Figure 18D
shows a schematic, cross-sectional side view taken along lines 18D-18D of Figures 18A
and 18B. Figure 18E shows a schematic, cross-sectional side view taken along line 18E~

18E of Figure 18A.
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Fi gure 20C shows a schematic, cross-sectional side
view taken along lines 19C 19C of Figure 19B. Figure
WA 268Lms8Es a schematic, cross-sectional side vVPEUSBRENI710
along lines 19D 19D of Figure 19B. Figures 20A-20D
show the structure of Figure 19 _after overlyin

. layers
hav &igyeen] SA+i9Bhehpw thel wawern opEigues 8 aften s¥isading the,gatrern of

| ower, tenporary or sk (e. : :
twp QYSHYIng; (fre! ?)&ns'%@\?gylég SC Sléncgﬁlg {?Bpi gn Lagh é\?\/8 lg%l_ng fhigles in the
un@ HiRE SayeFi I ehe FRussaRSerabsdimenttthe wklodping eeinpora layer is

side view taken along lines 20B-20B of Figure 20A. |
anforghone c200n s figuse 494 shewa e isehematisplans gy b swige Figure 19B

vi ew t aken. al ong | j.nes 20C-. ' e 2 h QL
bt LR ET LRI D ) B 1on
Fi?lr@ PYCl iH06E RQRemE) @bssHe@inal S .vidw Giker alhh 1 i9C-19C of

he structure of Figure 20C after the pattern of ho

) les .
Figurot188. {Fignet 10Bpioesr y StheyeHoassLieaRotsk SR diaw ke along lines
h ubst r at the third tenporary |ayer has been
1spiTofad Heih o

e hol es have been filled with

condyglby 0 ABI0TY siRw il s@uERre’dirigievs dfleeosdrlyigd layas éve been
Figure 2 1A after the overfl ow conductive material has

stiyeped tetledweda pakern ofi hpleseln the-lowern femporarstcs maghr Ges smorphous
flow that_.can sed in conjuncti.on Wqth .
catho iV EOR et 7 Ll e ng: U ot bt Figye 208 shows

2 idRahaE BrodERRBbial Rafk@ewi thkeAM GV RidsaEO 06 B rAigIre 20A. Figure
Fi gures 22A-22E show the structure of Figure 17 after

206hstetveha (ehematic.asrosmsscpoisdi sidsi vigw drkeataleng tees Apd8C of Figure
f t i terials of i t
2 it PP S VB R G s GBRESEe DL 8RR eRfeLfes 200-

20\ﬁ§fﬂpig{lretm_surface. Fi gure 22B shows a schematic

cross-sectional side viewtaken al og&l i nes 22B-22B of ,
Fi gufigui22AA fhogisrtee SRCtuh ofEigarestie rithe pattern of holes in the third

cross-sectjonal side.view t.aken al o .i.n 22C-
teippgiaRe By S n S5isndgd it BSSBEete é’f_‘%{%énﬁ?ﬁ%'g FyePhas been
reflo98E 288 $d 1M hath BEerVfilRM Willk 8éhddk@RImbierigls 22D- 22D of
Figures 22A and 22B. Figure 22E shows a schenati c,

cr oskigsec? | Brshbwsithe strbewre ak &gt Gig pfteretizoeverfigw gonductive

Fi gg]:e %ZA. Fi gures 23A-23B show the structure of
mpfefeihes Poen¢tthed aVale| ective etch, (e.g., a silicon

di oxfidre8161) 5 ARSI BRI Bid: icBfl He Use®XPOSHnction with the
mat er | a]is In Figure 22 toexpose portions of an

sttutiee | ofi Rigureadi tor cteetepomall ymasky pillary ithat hase i dengely rpgclsegl in an

enbodi nent, the underlying tenporary |ayer is
adyRRPBPRIS 48Fhon. The sel ective etch has not renoved

2 BRI aCputiun 4 somhoron
siR&h shiovis rameehenadf thepitape maewalsfolftenposedrifoatiens ofithg pederlying
pé%&é%?g%ﬁ@?Zé%ﬂ%ggfgg %,pglrpgtgczp S%GI‘AVQ rc])?lthes |319r ac\e/.i %g&rglﬁ(iﬁ shows a
schematic cross-sectional side view taken along lines 22B-22B of Figure 22A. Figure
22C shows a schematic, cross-sectional side view taken along lines 22C-22C of Figures
22A and 22B. Figure 22D shows a schematic, cross-sectional side view taken along lines
22D-22D of Figures 22A and 22B. Figure 22E shows a schematic, cross-sectional side
view taken along line 22E~22E of Figure 22A.

Figures 23A-23B show the structure of Figure 22 after a selective etch, (e.g., a

silicon dioxide etch) has etched down portions of exposed materials in Figure 22 to
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Fi gures 24A-24B show the structure of Figure 23 after
et ching the exposed portions of the underlying

W@ e09po278e | ayer. The island pattern has thus PEENS2006/019710

extended into the underlying material, |eaving
standing pillars or posts protected by silicon caps. )
exnoge pedionsel armdeHeupskor (uRRairY [eyerFinythedllpsiraterdegybodiment,
[ e [
o SRR R W RGNl 20 SRR LML emorea

iste@tls afonesfahd yiipg niwdrany @lg., sHicguy et RMayin plhsessventt temporary
an alternative process flow that can be used in
layeij GHesra 8#AvIOWS thechsmatie planeVisy ¢ Gerartage. ¢ SigredsB shows a
sc%glgll {ic %‘?&s#’tib}laﬁrs?de cﬁ&ﬁ tkeRhl lngll' QQ@E—%B &1 lﬂ‘g Q§gl y
Analof even y Spaced 1 n an qdvan ageous manner .

Fi QUFRsired 6242 612Bs biayw tthe stuctued Wf eFigire F13gufier ichipt 8 exposed
a nonsel ective etch (for exanple a sputter etch or
poréigng pl the wiledying) terpatare fayre s Thg pasipastsen hanghstbeen extended

_ . : h ) ; .

Q043 PR AL 1 SR A OB RN o
enmboHigeR 25 AL-DEB Yheke they/ stn@tire 6P Bigfy/24 afy@ra dikicon etch has removed
anmor phous carbon. Figure 26A shows _a schematic_pl an

thej sligesr caps efreyarthe gllarsiog mostsp 6 Bhes pdlags sans bpawed g a mask for an

sectional side view taken along |ines 26B-26B of
“@"8‘3?“& Iﬁ%t 1g‘IdFi gure 26C shows a schemati c,

Cr 0SBtgafs D6OPAI1IuSirste ad iaR¥nhikeEtoedse Agwl thavesn 26 Gsetbie cohjunction
Fi gure 26B. Figure 26D shows a schemati c, ,
withdie -siraeitreoph Fisirel d 7 i ewieata el amaskg pillarse osis mrglands that are

i Qur . Flaures. 27A- how t he structure of
d F%&f@déggg?&%%ﬁ?§%“§%§%§%£%§¥¥%%ﬁmﬂ%g been extended

| Nt OF Ritrdd MRA-RYDNGhokater stiubtugs of EipuadDT RIS roasddediive etch (for
| ayer). Figure 27A shows a schematic plan view of the

expile e spuligr livheoRIERCEIFOIRE cAchs diivd retalice cxpased perions @R pth striped
' view t aken al o lines 27B-.27/B of .Figure 27A

e oSt B S taf e ol R SR oot bR TRfR ey, I he

illigk£8d ambedinleht) @ie dberlife t&hpdragUbRerdy Bnofphetd €arBofP Figure 26A

shows a schematic, cross-sectional side view taken ]
shevsng scheveaticoplan 2view il theguwface 7 Bligmegite shogpnazgBematic cross-

show,the structure.of Figu rafter re al -of t
S0 2 S B e Frget i) Bleui 4045 ERor A8G shovs o
schBfiatis| @6-seeidral Bide Vi tAl@nl Lo RhddDATPRETTSFighreaBB. Figure

underlying layer to | eave standing pillars or posts, _
2¢Jp shews edclymatico eyshooertionsli idmviewpiekem @gn@bnwgﬁMD of Figure
2@e scanni ng el ectron m crographs (SEMs) illustrating

‘crosssectional view of a dense array of small hol es

f or NREbuRASCOAADTO showliestARaHFE bPERuRTIPA TR $hacdrifatb@Sas been
30A-30B are scanning el ectron m crographs (SEM)

extendgdtintatannmderlyisg $gyet tiiowenvanemphafs cartwerigyerhr Figyregt7A shows a
sc?lrerr%la{ic r];])%lnevsle\fv%rfq}?ed sGITace, ‘Fi{;‘&etz%t sl?l%w(geasscc Er%ggc cross-sectional side
view taken along lines 27B-27B of Figure 27A. Figure 27C shows a schematic, cross-
sectional side view taken along lines 27C-27C of Figure 27B. Figure 27D shows a
schematic, cross-sectional side view taken along lines 27D-27D of Figure 27B.

Figures 28A—28B show the structure of Figure 27 after removal of the spacers, one
of the stripe materials, and extension of the island pattern into the remaining portions of
an underlying layer to leave standing pillars or posts, protected by amorphous silicon

caps.

10
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enbodi nents. Figures 31A-31C are SEMs illustrating a

dense array of small holes fornmed according to the
waele®en21sed enbodi ments. Figure 30B ill ustrat esSPEI/USWEE019710

section of Figure 30A in one dinension, and Figure 30C

illustrates a cross section of Figure 30A in an

apermgmrmatM—yZ%amesnmmmg alpctmmmpgmphﬁﬁﬁlbﬂﬁ iHpstiaging g cross-

SEM of , an of smal | ost
Seféweelr e ST Rt BT ] %E%E%@H% t? feghe described
bR, ar e SEI\/B of an array of snall dense p| I'lars

or posts in accordance with the discl osed enbodi ment s.

Det &iguwrds BOLeBDPt e Scﬁfnntﬂge elctrbe r misto@aplsd i(FBMEs) \iflpsirating a

reference to Figure 2 art din r.at
pefspreleL vieoh e Hitse: iz oaSatlh dplef, b4 aF%OY%‘P% P i described
enfioUAMLar i ous nmaski ng Iayers 120-170. The | ayers

120- 170 ‘can be etched to form masks for patterni nng
unddtipyen § 1Ka§ bE sarorSENIb sHvsitating 120 deneeareayne kmall plgse formed

used to form var eat ur ed bel ow... Th
aceQy, tn@rteéhec%w’a@#p?ﬁ%ﬂlawﬁ %S}@f%?oﬁﬁ@“ Ie§ 705 Seetion Of Figure
3001 GMd BfnerRRA, gﬁd Pebhukd Bb@ 6 aRSESE @Fcys sBHRACSE Figure 30A in an

capacitors, conductive lines, gates, sources, drains,
approximaitiygiespendicatry dohenisioa. above. These conponents can

corrprlse Qrtl DRAM ash nmenpry arrays NCA? .
| ogi KHeue3 )}gan gﬁ&baqf a(pgarr{ay&? b eélls%pﬂw%mtan hccordance with
thgg}gglgg&fg}ﬁ dihb§sfeatures are for med froma substrate
a

teri t conprises a sem -conducting materi al .
For Rigawpl3BA-8BB senSEMsndlieniaigpynef emall) deese pidlars or posts in

silicon, siligo um conpounds, or II11-V
acﬁ%itié‘i*qeé’f"%h thﬁxsdlstﬁgoég‘ff’gg?‘!dwrl@pe0| fication, the term

"substrate” P)@ﬁulé@f)%écr ﬁBn %P{Hé HrfrehBe Eﬁ%ﬁfn’iéﬁ e |ayer
110, but als any ye underTies anot her

| ay eWithTieferdree o ‘Fgibs 2y aq)eftlaﬁarfoml@ommzucd biscuat | @G, srprovided.

or, l ayers that .have features or, .structures,forped
Agrbssats | Rumevidel Bom vedpromasing bifsaz SR 1 o Hilevers 120-170
) t
ca&?negetg?ﬁ ﬁg&%ﬂ g%%%éﬂ? gaﬁ@rﬁﬁ%kﬁsﬂdgggmﬁ Iﬁyérs ‘69 @%s‘ﬁla{eeﬂlo These

magke Ciahi batusah to tihren tvanmns femtures, re's (h&WSB@f bcloWo die features can

array or_ series of s es, t hat wou e Vvisible
cogR TS BT OF €At %hﬁgﬁﬁ%%eon%%%&@?%ﬂw}?t%rdéPgetSo°aPa°lt°rS

ccnBciRAS R a?cfs %ﬁﬁg? hhats GRT EGRRANGot Shy@ of the above. These

Cross-sec of s ow o feat ures forned i n oneor .
comydneits @ah aympﬁse fdrtiomadft BRAM or Jestemairoyy asayst NOR logic arrays,
features thensel ves, but g,ltg%gr

t he_d
NS} igiomamifgeieo 1B Rame PRRe Safheg‘fﬁ S e ¢ fpmeg) from a substrate
m];t%fl%lu{hgtsc ﬁl’?@st Clethi %4 @1 g%ét@lqg byoraex% @Eé ‘sé?ﬁ‘l &nducting

Ive romrru l'e overlying o
mﬁﬂeﬁ@l dagypersficoA, @Mdnegdnmamnrrmongjdmadg ok Hlbhmateay}sr
such as a phot odef mabl e | ayer, ]t; en be trainsferr f]l h
to aftbtused 1nais: spesification et*@ﬁ’ﬁorsﬁ §fratey g0 geier, ngh pgly to the

su%@f?gte BY&" 11(5': hGutPakS &b naﬂys layer that underlies another layer. The term

“substrate” can also describe a layer or layers that have features or structures formed
within them as a result of a semiconductor process (e.g., etching, doping, depositing, etc.)
controlled by overlying masking layers.

As used in this specification, the term “pattern” can refer to an array or series of
shapes that would be visible on a surface if viewed from above. A pattern can refer to the

ensemble of shapes that correspond to a cross-section or shadow of features formed in one

11



10

15

20

25

30

said to be transferred to lower |ayers even if feature
sizes and spacings are altered (e.g., by the feature

W@ kbnk758¢ ep not ed above). In contrast, a new PEX/US2006/019710
can be defined by pitch multiplication, vvhereby two or
nore features in the second pattern replace on

or freatipledaysdrs.t Héefpattstn isageneratly nat he featues themdvm;@% rather the

can be derived from one qr nore patt ano her
defER OBy 8r 151 Frg |8 DR BRI & 1o RN UISS. o iiegp can be

deRReFIBY 1av &b B BL bR P Ak RIINreMERultipld Bﬁeriﬁﬂé @f 8Rle by side
Inthe resulting layer do not exactly resenble those
layfeat Ar;mﬁsteminemtnrwm&e in gee tager echogs @phgpdquabbrlhyerbmd then be

t he un yi attern eral f ol I

tra&aﬁerrrz & othen Loy eévag?ﬁag‘fea’&?f FOG Gte B Bl ety Ths petern s
saldto Bk 'ﬁ%ﬂifbﬁé@to 1608 ta ?E@evérplf BeHtir8lsikes BRNsRALHEs AR a@[@&d (e.g., by

as a ver neans to create or forma pattern.
thafeaamg shumit stop nbedtabows). floravettagtna aewaqaﬁﬁmaarbd @J@ﬁd by pitch

ive r se to a patte

o SR pEe P ool feriFan he SepRE et Byt ne feature of
th@h?s@gét'té'fﬁl conmponents or features, forned in a

repeating configuration, that can span nultiple |ayers

of ah pattbegimbee lajer caitbe Aerivdsfpinbent abovere pﬁyuemspmeanother

prgpzllﬁg Vc(g%; {Elglrg‘r:ﬂlyef‘ ngnxg% o %% 8?18&0 %8 5?@%51%% aNc,[.)tﬁsr pa%tern even
if RLELLARL $n fRediltnd BYE'® n"o@ gxée?@ r@s‘éﬁfbllé’ﬂhﬁge feB®res which gave rise

substrate 110 are preferably chdsen based upon
to Ctbdﬂ stigienapittem,dfut tritbercthe mndetﬂyyngnpdttqrn me@glly: foltbivesi tha utline of
r the various pattern.formn

fo
the p¥FbHRg Patley ¥R FRIngT dviatiogy ity P&nﬁlo {E%%@gn ‘fpepattern” can also
F’D&% t defi nabl e | ayer
1]’%&\/\7:?1 gﬁjo\g?lg ee?g%) | s& 8@%&%2%%%%% a lithographic
pr ocAs srramgknidne oﬁfdamresafoem&dﬁl aphiticplae fayeaganygivetied foompattern.

égﬂ% 351 150 6% Hoh PE e ACHET BEEO IS 0N G L gomponents
W?@sn l]ﬁ%f(s)ﬁ{a B #‘xgr&ﬁfﬁgﬂﬁgbﬁ 12y 85n 5gsh angkifiBgayers of an

st rat chosen so that they can
1n@rzﬁ<ﬁ1 eicduiit/ el mcﬂlﬂm}ﬂ atmlvaf m\uhlnl@ colihean éxposenemory array for a
material s. ﬁamat erial is.considered selgect ively, or

DRAM eF DAL V‘mémé’ﬁ’eﬂr%% IEREMRIECH 41981 HY- t hat
mat efj A a’ce‘f‘la folr ‘%ﬁéiay@g(’%—ﬁw obéTRRe %eeﬁlﬁfrate 110 are preferably

prefera about ten"tinmes greater ahd, nost
chosef basad Iupon abndideaattonadfabt chanistyy tanatrpmcgssemnémomhécvr the various
t hat for surroundlngrrmtterlals Inthelllustrg the 1
pasierb dotming 2o W@m apsterig slgPe ASCYSPY e nabpeuse the layers

%t@?&%r a%%%n@s\f &kle h&w?’el? e ﬂﬁ(nd 19@S KVhl&H ‘fé‘r'&'bl?t@ Be%nable by a

over les a first terrpor ry layerl
lit\hbg hle\fﬁdidelsﬁ—sam ﬁfemlbetretter]rm)maﬂpléfatylb}y fuserjonvtoei teansfer a pattern

overlies a secaond hard h s
degivied Hrogy g selastiyely Meﬁaahqai%l? iﬁ@ §5¢ i%é llg(y e tajeis between
i
OB SEFRR B PTG (B poeh o
cThO ek ERIVER), cttliel felutive tbejmmrapyseldaxyleuenalzo Avirhdteriz riv eonsidered
as the ultimate mask through whjch g Hl ng (or.oth

sebgchveysr mggfeszniiallypaichrs w]éqah%@ etch gate ot Ak e at geast about two
AP &EQ‘L@H Spreferably about ten times greater and, most preferably, at least about forty

times greater than that for surrounding materials.
In the illustrated embodiment of Figure 2, the selectively definable layer 120

overlies a first hard mask, or etch stop, layer 130, which overlies a first temporary layer
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carbon is a preferred material for the third tenporary
| ayer because so many other materials- silicon,
W@ 2006a21380Xi de, silicon nitride, etc.--can be PCT/US2006/019710
selectively etched without significantly harm ng the
carbon layer. For the illustrated enbodi nents, the
144, pdhichaestlics mgndc@mprm layar 130, evineyeverkise second h,ard mask, or

b SRhro BT R B Do Sk A PP BRESR Frbfa 76 s B Tifecd e

etemg tBRfigh e ke R @v&q@sattn@tsabsafa@e ¢4RESIE0. t On ahe illustrated
etchant, which preferentially etches away the

ersbaskiments thenthiseli temporpine lasee HaAt will Boweverthe adiimateswask through

T R T N e

cAIBSK if @n¥@%rﬁéﬁrﬁa@Vi@N fck}ytHehﬁ?mﬂt ehatarPahpirebdchse so many other
pattern transfer is conE ete. These dlfflcultles are
8

maieziglsr-bralies, wtheme omld@ b@t nigide, BIO—corprisslestivaly eicped without

mg%%\f it gﬂ}ﬁr ﬁe F%{y%?' ?ﬁﬁ or?‘rq @%}f)str%g@ E {}g%g S, %le substrate 110

mﬁ oRifrist i MslevBRUicgsoRid T(HID)bI%ﬂy&g tWBfigh Mach L6EHBELS are to be
e pattern transfer is conplete. Because the various

fOIrlalydxrs are chosen based upon the requi rerrents of

chem stry and e d| tion the .

oy ot bl oR dn B SR Perm S el tad Biof g Y underlying
sdb'sﬂrét’tét drat @éﬂ)o&'&{bﬂﬂ lae&tEgant h%@h“@&&réﬁwﬂﬁlset&ﬁ& ansly 18O substrate

advant ageously play a protective role, protecting

mamite}rl Wi gst¢lay@r boweom cawalso e\(szleadeeg’raefdféammaslcdmatengls albeit at a
ove

5w F 101 Dprsy oGorar B8t T Pt « i U wffepon be wom away

by ﬁiéeét&anﬁ H@mreatﬁe tpaﬁexﬁa%afér RpssnpBek TRYEHifAo0éd £6lckacerbated
may be omtted and overlying mask | ayers may be

wherkef the isehstrateod 19 lsemgeisgsr mdltmlﬂ tiffarentrmafsfials to Hiegétehed. In such

b
A AR LR BBt ROt sBOSEFE B Ao ent fispps pattern from
'béﬂ§ﬁro@r§a\@aﬁwf§ﬂer’cﬁé ﬁatfeﬂ{rﬁaﬂssfélrigcém leiepl € materials or

tiple l'ayers of materials, or for formng small and

hi ghBesguec thereioos ﬂayatsweshowmaswdsﬁmihc eeqmremegur@f chemistry
t he sel ect eI defi na er 1 f
KPR SPRUBHb PBY SEFLES of HE1 BIRG™AR5 BHSEbPoity eribodiments.

Ik Rk tatbd) @dbdimdney, h%i‘cﬁmsﬁ la}teli‘eiE 1pOehar &l %vaﬁﬁ@ecﬁﬁly play a
any photoresist conpatible with 13.7 nanometer (run

proseetinerrold, gBotacting2utBleriping da}ce%frmmmwatedrdggmdsl}@t @nmg etching of

R I T -

sk e Scehd AR ShAsR!18ydr 160 HIQF %Q}pﬂe bhueq aﬁiﬁ(d%% }mg mask layers
sensitive photoresist, i.e., photoresist suitable

mey éeviufficient fAr Ehd dgslmed gottemetramsfed. Kilightonuihbers rof daask layers are

rF) sensitiv hot oresi st,..i..e., photo eS|st
ARG Pb R e R RME R G FgHL o Bl SR, such as a substrate

dsi‘g;gﬁt 2 ﬁiu?t‘i;ﬁe A fer Ra‘ise&efrﬁﬂ éﬂi ll*e?%% yt anteHQl@t of E&f?g{ﬁ?‘?%all and

utilizing relativ hort wavel ehgt
highgspecﬁ@:ﬁorfmtufc’sF phot oresi sts are preferably used

w th_lon otol.itho e

as 2}1\%‘8}{%? %Elgu?%{l df ge:lectllvely c&ﬁngqul er { ({Tfé p1efU ragly formed
of a photoresist, mcludlng any photoresist known in the art. For example, the photoresist
can be any photoresist compatible with 13.7 nanometer (nm), 157 nm, 193 nm, 248 nm or
365 nm wavelength systems, 193 nm wavelength immersion systems or electron beam

lithographic systems. Examples of preferred photoresist materials include argon fluoride
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enbodi nents, the layer 120 and any subsequent resi st
| ayers can be fornmed of a resist that can be patterned
whyoonaemssé npri nt |ithography, e.g., by using aPemUs2006/019710
mechani cal force to pattern the resist. Photoresist is
typically patterned by being exposed to radiation
(AfF) sensifiveaphosdrisister. anphdteresisidwitable feiusel with e Agh dighipfource, and

PRI RaES FE e o assp Sl tepist ERble F e with a Ko
ligﬁitl%'r't])gfsc@i%gF ?)ggteores%'i’s 389 F6:8BlS vabeivah phstolitHbesaphy 6fst@as utilizing

Figure 3)-are to be forned. Typically, )
relithely sirawvaeicratt lightt es., 29phot JSdhghatoresists erepprefeebly used with
e.g., a photo-indyced acid generator ( ) .. Which
longgre r\wﬂ@ggﬁh @h%ﬁﬁﬁm y ST He PR o4F st Ysfyihs. . other
embBURIAE, ke 1h:0rA9b YAB bhZ SubsEfiRhEres8ClapéTh 08l PEfYrmedBYa Rsist that
applied’using any definable material, including i
capbs pétteyseddsy memgdtripviet lithograpkssiess .. byAspreed mokdeer meghpgical force to
used in testing of sonme enbodinments is T37Z 46/ 47
paitgnithq €S1StThe material for the first hard mask |ayer

130 P@F&ﬂ@sﬁﬁ% éfl}?%ﬁgrﬂaﬁ%e@%yiﬁéﬁfgg@(ﬁo%d@ Rudiafibn tddgh a reticle

exenplary mat Include silicon dioxide (SiQ2), .
and ithdncduveloped.a ldile! @s¢ of cegative phetorasist,irediatortd sglight, is focused
(DARC), such as a silican-rich silicon oxynitride, \n
onies of EngTOTERISt NGRS et el Heg- £ 8 O THE PR S TG s —such
| ol ghggkric aptp- | veysRANY, e (BMRGN activat
as#ﬁ‘ug,ﬁzﬁagsgé %g%lgye%gfgogfg%ﬁggr veygot hy asean n aetva ?S .
phgfmtsﬁfsitﬁfﬂti atrr]@dmadﬂe.gaakplmuﬁrtducerde@hjd gen]eﬁﬂfoe éI’AGﬁss\holCh decreases
urin i t hography, Usi DARC materja or .t j rst ..
eI SN PagEroES o e arEfaaPaneraa, RFdgupagodiments
i ' ] AfveloRBegative photoresist. A
P by SEQpu It O A8 Ry poorsis
prilegedARCleannd antestivpeofiseseleuttiodimdngs isi 37 46/ Hgretitlght
refl ections, thus i.ncreasin he eci i%n wi th.which .
oot E1% BRETHEiSR o R HERs Rk Iacrc JGaratly Dy a inorganie
10 G ; 801 litokle! §50)Y 8ili6RA o Rdielectr
PR lm @Ry SRAL R Tl Bk Rl GO SR or pdiclctrc
anticrefléctive cphttpe(DAR Cheudlh asst siieondricasikicomagemittige trothe illustrated
e ke ok hoar T Bl hatic SERBR N plRte oaro)
AL MBI B G pLekatlen g nd 0
P honc,sar i v o o dn o 20
ca et peoUIsRbY BAAGHEER16F f%ﬂ%%?%%ﬁwmﬂ%vﬁ?g Bychisaing the resolution
bt P 8" BRbtoli i€ f irgh OBpIRMEd resolution b
hIEF? goﬁprrg‘nﬁ Q&E)fé{glgg]@gﬁlgn&tgé@ %?qu?g'f%ﬁqf&g?cr%k ng ahi ghlleso dHon oy
mf\r/ﬁbﬁlﬁlﬁg’iligm_rrhe@aﬂismlis,. gmgi::&&eefsmgﬁtsﬂle kp;goég;xh—l@ggbg/ggh ];Eb.otolithography
i ssner, in Soli ils, - . e.. .
coprting 15 §eRe D P T PERORIE AR SF RS PRI @P%.f?ﬁ@&yve coating
n e - t..0f.. 1 hi AN i st hard !
SAGH O D S50 et BB SRR B b sk
lapdrorsphe uentsdl llighorfleditmsbenef i t s of using amor phous
silicon will becone apparent %e?abw?or?n%gto t of the

var i g first temporary layer 140 is pre amorphous carbon, which
offers very high etch selectivity relative to the preferred hard mask materials. More
preferably, the amorphous carbon is a form of transparent carbon that is highly transparent
to light and which offers further improvements for photo alignment by being transparent

to wavelengths of light used for such alignment. Deposition techniques for forming a
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etching and pattern transfer steps described bel ow

Anor phous silicon can be selectively etched while
wordven2me¢ acent materials (such as oxi de | ayerBQT/US2086/019710

intact. The second hard nmask, or etch stop |ayer 160

preferably conprises silicon djoxide (SiC2), silicon,, .
highly dratisparaat ceaiben gam ibe fegndeis Avﬂekﬁﬁqh dg Memsesy, ThigcYelid Films,

255108006 5885 S R g BT rterence
midd gkt JTakid spRscakigyer 160 is a DARC. The third
tenporary layer 170 is preferably faornmed of anorphous

car BB, seppiccientpasars Javer Il 8his pretorabe farmepd\aftanarpheusisilicon. The

to.many materials. nefi f r r .
bepii hog rusgﬁgs%%lgéﬁlsa%g%/oél th Rgcroes g@&g Pb?‘ g%% he $0?l?es’$ of the various
ctIBAP M Bpattet M B sfddbops Hoscribed Hloat eAmarptoas silisoh tadbe selectively

waf er used for formation of integrated circuits.

etshedivduls oty ediagernds mpaserials Gheh esoxidrelay@eremain Wepgi-t i on
t | ti i t i i . ..
2, PP DR 8 RLLFLS o bl icon o

(SEOS] 8RB, o€ BOSiER e PaTtticAgctitROSoLIATPAARC), | dugh st & silicon-rich
the etch chem stries and process condi tions_descrj bed

sihesmedxynitride, analwpinam anida (AlAhsf & thanilugirgad eabadimegy, the first
an _overlyi Ja o an underlying | ayer by

h@‘ifr@élf[a‘ygﬁ U%e]tsg?@%%&t he underlying | ayer, materials
f r onTiRotidl BB RrRlaef ETOWEstetetnbdP foinde BFeenorghuis catfod, which
upper layer is preferably thick enough so that it is

hasgaxceltsnh ctehespleotieaity refasiveda meanyonaterialsp fanefits afragplegus carbon
T har,d I . ( Ly thi t hat
oef P EPaerert Y S B AR bR MR N 1800 ng

SUT I PN REaidBdRr bahSsilicdn! @&fer W& forl forinBEon lof Usteg@teddeireuits.
enbodi nent, the selectively definable |ayer 120 (e.g.,

Vatiatsonbsiaty nafegialg cpibe vekdf | nabl e | ayer preferably

ey At e -
oft Y ¢yl 870 are Stefdatdy cﬁ?ﬁ;@ﬁ:)deb&dﬂ[geﬁ%{rﬁ)}&ﬂrﬂpdﬁ‘bﬂiw &Ath the etch

about” 10-30 nmthick and, nore prefera bet ween .
cheiosities] Bad Brogesst ¢ondikionT idesciibed theteémp Foneyamplgewhan ransferring a
e.0., anorphous carbon) is preferab bet ween ut, ;.
o557 T i PRPCm G A hnisr 67 PERES AR Y cbabnsarRegy iching the
und@flyink 28 R MhatBli SK frof6oth 2R hré RARALARY sbay 86grdd OThus, the upper
(e.g., anorphous silicon) is preferably between about
lag@-i5 Qreferablyithick znoyghnwr thatpit &f ratainiry avies oweeile gowige of the pattern

S ST TS5BS RIS BBy o v
cd BRI exPBiRy RirfhBHRR! Nater@1OHH leddwéaN thi ck. The

third tenmporary layer 170 (e.g., anmorphous carbon) is
pr ef br db¢ yillvetrated nembedimen ) 0tl80Gelentively céefinablle dayee 120 (e.g.,

referably, between about 150-25Q nm t hi.ck .
pfisieaet i Ko DAERIC BEET i defiise Gkl (0E0 nm thick and,
mbAY hRESaUIR A0S kRN 13 @200 092 t1HEk. Stthé Kirdt Matd'B1ad fayer 130 (e.g.,

For” exanpl'e, various vapor deposition processes, such
S#¥® or DARC) is preferably between about 10-30 nm thick and, more preferably,
between about 15—25 nm thick. The first temporary layer 140 (e.g., amorphous carbon) is
preferably between about 100-200 nm thick and, more preferably, between about 120-
150 nm thick. The second temporary layer 150 (e.g., amorphous silicon) is preferably

between about 30—50 nm thick and, more preferably, between about 3545 nm thick. The
second hard mask layer 160 (e.g., SiO; or DARC) is preferably between about 10-30 nm
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chem cal vapor deposition, can be used to formthe
various nmask |l ayers under the resist. Preferably, a

WO owetizTsper at ur e chem cal vapor deposition proRPEBES1086/019710
used to deposit the hard mask | ayers or any other
materi al s, e.gige., spacer material, over carbon. Such

thickwartde mpere aprefeeablie posHt 1 dmmpilyeles sk thirdatemmgeasuideyer 170 (e.g.,

revent chemi.cal -0 I cal , di Sriapk i . t he
BB s PisFON SR el 00°ad rShic i mgre preferably,
bR 1 A5 amUERY. t 0 form phot odefi nabl e I ayers.

I n addi ti on, anorphous carbon | ayers can be forned by

c henTlesavaricas deyegre@iseissadoiereinionn bg fayraedolwursbrms methods known to

co upd, .or. m xtures_of ch..conpounds, as..carbon
o Bt o &° ol B oty SrrQT RS Bp SR e, sueh o
cHhREW %poﬂ!e%@ﬁﬂ@m, dadtbanfed B neMe valtiAh &N Rya8Ginder the resist.
acet yl ene. sui tabl e nethod for form ng anorphous

Proforginy, 4 dyvetempesateeseicnbeal viapouxeposivignanpcasy is used to deposit the
6,573,030 Bl, issued tq Fairbairn et al..on June

b3k Rers ot opd RS Al o BB mitereR o abPy Such low

teheRinte A¥pspi@r H@B@é@s@%vﬂi&d&oﬁ@l&tpr&fent Bhetnical or physical disruption
speci fi ca}?l on. 1n addition, the anorphous carbon nmay

ofifbe dogrslyingerserpheus| carhpatlagsd. Boin-droeenting parsgesgs can be sed to form

a s .carb I s..described in U S. Patent .
pRERIPRRETE et PSS S, Foroap Tayer Gihe fopprd by chemica
vépod Aepssitich Qbinghl Bitrbearbdif 66RpGAHAIS Gr ieikairés BY such compounds, as

reference and made part of this specification. First
capbars prepwrsarsf | Exampltrsiqueasaore insdile praprlens rudepime, mophne, butane,

th referred epbodi.nents an ith . refgrence to
by oS Tt i e oy Cefblb PRl fenatinbymarphaps carbon
lafiik tid BddcfiBld BIUAN BatsaeNot 6,503,680 B 12K FAIbARN ef ol. on June 3,
Striped structure (see Figure 10) for subsequent

2068t Hedensire gisclo@e of whighl ie lndorpmated hiredre by eaferendeoandt thadg part of

hase.is.the followng: 1 eposition o [tjple. .
RSB e Hro i O apHP RS Bt Py A, OB AOREh P4 Gpitable metod
for aﬁb?l’hiﬂg@dO?JH aflotiPu® caliRMt W @8scribbd 84t BRI PAed! Application No.

pattern into underlying |ayers; 5) renoval of '
10/651 H togY ot . ohs entfireclissldsyioef Wiigle issinc@porgtedricein by reference

deposition. of spager. material; 7) spacer etch; 8)
a‘}dgfﬁﬁﬂ?ﬁaﬁ’%?f‘fgﬁéegﬁlﬁ%lﬁar el s; 9) extension of spacer
FRatpgs i nto underlying material; 10) bl anket

deposition of a filler material; 11) renoval of )
spachbrafirsaplist 2 methadain acgbidence With therpeéferret embediments and with

Ei ) tt i Si , 2 .
xR P ARG Hs RAB GG Cror 1 PO e Ay G g gnd used
tol AedtO8n HRIRAR SripV@fuctheOised P%hlﬁepﬁﬁ%r sddefufk A8thod steps. One

formed by, é.d., photolithography, i'n which the
exapipde ol ael efcld efquerads! for Ity ephaseP G the daldosiag: 1) demditini efnmultiple

B BRSPS o BEAPet s
RN %Pt Rrd Ay b/ 3 1 GRPOR LI RBinib @ pORIoR SKoverlying

lagems 6) dbmketodgposifioe qfi dpaterahatetial; 17) repacet 24cki; B) egumivalt of spacer

th umof the width of a ljne 124 and the wi.dth of "
mARTSIRD ) PGPS CesPESY PG i Pl 10l Dafiet depositon

of Hﬁéﬁh&@ﬁal?ﬁ l)fr@ﬁB%l%if spacers; and 12) planarization.

With reference to Figure 3, a pattern comprising gaps or spaces 122 delimited by
definable material features 124 is formed in the definable layer 120. The spaces 122 can
be formed by, e.g., photolithography, in which the selectively definable layer 120 is
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formed using this pattern of lines 124 and spaces 122,
the pitch is preferably at or near the limts of the
w@bwbobrisshogr aphi ¢ techni que used to pattern tPEr/US2006/019710
definabl e |l ayer 120. For exanple, for photolithography
utiljzing. 248 nmljght, the pjtch of the lines 124 can
eWQS%do@u{a%mnﬁﬁxough Gstetielg é‘nﬂitb@h QWH;Q. altembeing dpyalered, the
Riabrfife O Lokl lify @GR!
ol Aeabitle RGN, SHORERY uE, e NG BolBRon orps mask
featupdstsath fethoWlishetedilinesidyd @Ehdweh iroérosdagection).

o SR et S50 e e s e
wiln Rifof %%ﬁ?ocﬁn% gﬁh%? 112%4: Tg%?’!i)in%o{hg! éﬁtﬁgg rdﬂ'Egﬁ/sio%Qnof features
e used t or plurality o Ines in a mas

fonmatdnsing thiCpatteemt sl 12phod spacth 0242, alpdyitchan pfedérabllyianesnear the

. havi a pitch no smaller than that definable b
hlﬁ%togﬁ%e. pﬁ@%tb@gr,apk@b@@am ussAtterpagiar thei Gesimeblslaxar 20. For

L . o oh that. s g

oxgie Jpf et Rply Blbifle 18 ook BT Bt DRl B 124 can be

at®oB80 e  Thusahel hétch indyi Iguatethd mihieumtgighl dfnls phdiblithographic
have been shrunk by an isotropic etch to create )

tepRgrdys Ayl the geacen pattern disgussedhbelewican adyentagropely dipysa pitch below

' . S| . di_ mensi on. For

th%wl ngﬁ]?f@g???tgt@g gfaﬂﬁ%it%cﬁgleﬁgl t he spaces 122
haveAbdibustraicdetneBidaye 81 & hidlgnibhe pEOtar eshpiisd égtng a series of
124, tao, form nodified sPaces 122a and nodified lines =

phpsorgsistitings Jpdt dPus phetolithegphy gambeussdde &ptabp plurdify e€lines in a

T AT ) e—
tham chaAdefitibl by pldtbey. Honvéah| Ribpdq@snpitchwuldbhi@tion can form lines

pl asmas t hat can_be used, for exanple, are an HBr/ O
hayingenpitchrthe issmoaliahas thatdelinghle by senvestipeal @hetelithography.

degr I n.al . di,eGli ons.

Ce0rRUER 4 D5, RSBV REERES A sl A3 ORGy s o
issttopihietcly to orenidesbdifiedligysred. TAheaexd EZZtcaﬁfo%atiBﬁall‘SftB’ehNidened or

is preferably selected so that the widths of the |ines
najromed 4 @ degised digranaiony Fegesample asHudesisd indFigwad, thy spaces 122

en. -~ f v @S W L.

rERYBER A b I GRBAT18s 15  athighspces 1220
méditiad liage 0D4d. y Thé hstoedsih liakd 0N ategreferdls rddidad 1siBE using an
. harrower than would otherw se be possible using the
iseFRP G Pichnwigh ap i ibe exide glsmas ed » tpljrama eamprisieg SOz, Oz, N; and
Axg Irag 51%?&5&1“&%1&6'@2%5%& %gﬁoou?tiﬂgrﬁglfts:rr?ﬁstth%cfc%? ﬁ)g Iu'sc-:-ncf %orle%g'mple, are an

or near res
HBHOL @ldsidaog &1@01)/0, tpahil qUks isofbpicedteh d@g’iﬁddsﬁtﬂé‘ @Rposed surfaces

their size even further, taking them below that _
frerasad] ditegdipngi nihus, Ithe gaeers of linpe 134x havabeemslepiatethas slightly

£ j 1 th ' ' th [ I,
oS08 SR, SRR LD Ty HERESY el BBl G550 ot
lieell e sretsBsthitRES elddlao Canddfed SFdcaWesbrRYerehD MG Bmed spacers
the lines 124 to a desired size. For exanple,

183qen wilbpraspriesiaied &om(the dissirsion)of Fagnree7-the phévantageonssy, this etch
th ings 1 r .the lines.124 ¢ be chem.cally. .

b5 s Fot Urabari e PRt CROWAToRAN 15 BN iy aping the

phe @l iepriphid REAEGSE udddab paftérhGhe photodefinable layer 120. That is, if the

lines 124 are at or near the resolution limit of the photolithographic technique, this etch

can reduce their size even further, taking them below that resolution limit. In addition,
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In the illustrated enbodi nent, the nodified |ines 124a
defi ne the dinensions of placeholders or mandrels
W@b@eg2iské ch a pattern of spacers 182 (Fi gure B)T/Wb1006/019710
be formed after transfer of the pattern to an
underlying | ayer (Figures 5 and 6) and bl anket
thy efdisean wrpoli the «izas ef thedinss i13fta, 180s Eprguing thy unifermity of those
lil%lsternative enbodi ments, if the deposition and etch of
Spacer material is conpatible with the definable |ayer

120, Inf doenet cmfOiAENts, Ry SfacdAD28 dRrvizen dle hitiedd 2a8dart Benarrowed by
spacer material can be deposited direct]y on the

exphodioe dex Iimmsd i incsdepinad oreet er erampler add i) aauial (net shown)
oot Ryl AR IR A e B e’ (B O g liGacted 0 form a

mdetiiobt fHoks hbmh%g LdrEérToREnOto iRa¢hRghéibsize, W dth' s
reduced as descri bed above. I n such enbodi nents, a

pat t by e dBusiratadomabattimed, theamoditict ilines 129« defare the dimensions of

Jn the rary 140 and .t at ur.es .of,
Pl RPRE s b el TRk E¥Shert il Bl [ LSEHRRibe forme
5 @Rns Ao fXhe Pattdri td-hrdtRrISingah e (FipRes Siagaatd) and Bianikdt Aepositi
awi dt Iﬁs ( F(i)gl_Jr lémti)r,_ t he pa{?glrgn %n(tlgg&phot otg?efi nabl e,t Sposition
off saspageripgenial 18P éFigprenl)y In pligindtsiercatbodunetis if the deposition and etch

r layer t.o..all ow.f l,at e osition of a
of 87 sl B g e Ml LT 100 R Pigef 140 can
bd aiyiettedlAd the spaet eiadlay chebeREp&ited IRERY balthd PRétoGR Aned lines
‘W thstand the process conditions for spacer materi al

1%4eq538¢ thimier linek BMeh, di scussed below. In particul ar,

t he nat.er formng t.he tepporary layer 1

or o1 B RrnebL R EdPpbaR Rlb i Ehnadd4 can be wanstemed o
urRAY REeSiess willsht ifgsteRigarfighad GHaembeRkiSWehkhaduckd as described

can be selectively renoved relative to the materi al

e 350 aa. not e hoce, A el aver 140 5 peeL oA
. . Vv S .
B Bimpogsty 103 B B0 BB h<S A oufbiere s B arhCaf i Wigh with

shpiaktsepn of |ines 124a and spaces 122a in Figure 4 can
be extended into, or transferred to underlying |ayers.
Thi sApshavey in gwe 3sléar reedifiensionsd tnp Width€Bigose 4), the pattern in the

sel e e in he, mat eri al h formlayers 0
PR e LA RS e R T et SOpon R B o alow
foP IRMEISsititie ofd EyeN 8¢ 6OIPat & RMERY (FRBrdTRE e]”ﬂeatlemtporary layer 140
. located underneath |ines 124a.To transfer the pattern
isipiglerabhelonmed ofmstalesipkthat 8an vaibstand she pogess emndhiopafor spacer

be .used., .such as_an gtch i a fluorocarhbon p|lasm. .
m Sl BitogR o oy 2. Biriney Uy o EFDEE BN pRleRA Torming the
teﬁ?bﬁrﬁa@erllamepre_ £bly Shelshd MigtRF edef k&@shtdrlc OB BhBRResist and is
plasma etch chem stries include CF4, CFH , CF2H2 and
preferahly splectedohichdhattiecgr e selecéielpaRr@ovat wiatiak to the material for the

tran r-.fhe pattern intg the fir t orary | ayer .
SPRYGS ﬁgﬁ@ﬁu? @oﬂdgﬁqi\w@e&uag et égg ’fssgg?)tlacggﬁgve, Y& layer 140 is
préRAfbe firMed SEimofghdidcafbon.i S preferably used.

Advant ageousl y,

As shown in Figure 5, the pattern of lines 124a and spaces 122a in Figure 4 can be
extended into, or transferred to underlying layers. This pattern extension can be
accomplished by selectively etching the materials that form layers 130 and 140, while
lines 124a form a protective mask that prevents the etchant from removing the material

located underneath lines 124a.

18



10

15

25

30

the Sg 2-containing plasma can etch carbon of the
preferred tenporary |layer 140 at a rate greater than

wQobiiexs8s and, nore preferably, greater than 4BCT/UR®86/019710
the rate that the hard mask |ayer 130 is etched. A
suitabl e SO2-containing plasm is described |n

U.S.
Pat Snttranpist isapatisn M50 ioherd maskolayy 1sifa pR Fatpolppig cich can be

f.iled Augu o 20 ' id eal: Ol ' 1so be
userly RS 9 b hing itoRbld bR 2 eRP Ry @ may o
suitBle 200 h3AB)maskhRyentBo eisdilte| oBteferal fivbicchrbon plasma etch

i ncorporated herein by reference ang(“gade, part of thidsDARC
cheswisizies i inelbfie CFA Giibu dht 2H2gtd @8 iRts eiching sthe sprgferre

'#nt ECt after the pattern has been extended into the
mae¥st tenporary layer 140, the Sq 2-containing pl asma

canTsi fstan@euslymeind thbdite masany lagyrei 40,46 80d-containing
al so renove the renaining (g)orti on .of defjnabl e | a&/er I
plagize, e.gs ashlawne ContFEREErOB OHdeAt He PrGIF@LYAted, hdvantageously,

iginal.ly f d i | t
theg%@faé?rﬁ%ls%igwggﬁ%dp%{é ?ar{)ﬁg 81‘; tél%é?eni:@ﬁéd %gﬁz’.f%ﬁ Sl%%?@?(r)] gt a rate
grea@¥ @Ranl 20 tieRR 48, fiofd PRedainayrentst ttgnatlstinec thevateethahthe hard

Alternatively, as noted above, the remaining portions
meck 14y20 13@iis plehest chewitaiiay Qurontgian PESBASH gexsed oS, patent

.ch. st t oy
Ap%h%lq%nﬁg. f %9 },Zizetrtg] %ka&ﬁ%h%);glt, tfﬂé& ﬂl%ésgpglﬁtig?&, Eftifled Critical
Difleh@bR @ohitol, PARR ddcketite MESRORIIZEAL afieronTREf. Nas2@iSe1348), the

transferred to the hard mask and tenpgrary |ayers 130 £ thi
entineddisdosurgd whighds angosporptedt hereini by Bipienss ﬁ%@ Qpade st of this
sage .as t i ne-patter i gl nha j
o350 RRRAEFREY SLfiel, S {4 LT ol BB oo b

extbfida thad aRnemrad |t¥mperareshoad 140, | thieeSSCu2ebmt@nidg plasma  can
spaces 122a, respectively. In the illustrated

sinewltpodousineichpbe temeprsatsflaydiel 4941 e Kemesfethe ropainigpytion of

LN .pl ace protective caps on the |lines 144a. These
deg’é?‘ﬁ?%é{gr ng%'the | ayer 130 can act as etch stops in

subseouRMn HtEPSe 6l BndentBe liht Batidratoeidinatip dolintearih thealayer 120 has
pattern is formed in an overlying |ayer and | t?r
been axtshdack doivn dntarihe kger 144 rihe Feyaping nertipng pfeths lasend20 can be

Ll d wall.s of the feat, | Y
srgngt TS g of CTERT™® Gy o e 15y BF ol AYE o Bhaining

poBit G e4 126 BaPbélgkhddavagieing av @irforSidus shbeneichstdprsutinasthe step
step and in other steps described herein, directi ,onal
thagrexsemids Ster atiern davehio thenlayrs 1d8edhvarthaling Rattsrp origina ly formed

. etchi | t . ; )
in i S R 100 8p1 ORRgrarSlouh T FEELE il Mt GrillEders 130
anB7120! efhel hrdfbriéa Rt 10 epproyieiatelNilhd sunghagik e rpattern originally

transfer fromlayer to layer is_gener al@lﬂﬁ i11lust raé]?ld
fommébimely 20y thegrapsfemre paitars dap Haesekida apfl spacse | 74 Rt generally

co\é\r?é%}sqﬂctg Li?nr’]aﬁ ﬁrgﬁg | Sqil t%&c%‘si%i?gﬁ Srgi%piefcf;i\ge f,] thté ghdﬁggfﬁitsﬁ;é&@d lefibodiment,

pORHGRTIAAS hARANRAK 1R 136 SRARNER GRada ek WeaBctiirdapt pi tig lines 144a.
and overlying patterns. Simlarly, pattern transfer is

Thesaportivos efithe dgyas $3 heati det 2aetblostops intsHbsTIEBRLFHPS.

g;: gljlngtg% gl¥\t§?r%{§hpe:nﬂ1%fiﬁg§r}t£%t§ét%rrq 'ig Hrnd E}H.%ll %\}gﬁying layer and later
transferred to an underlying layer. In Figure 5, the illustrated walls of the features formed
in layers 130 and 140 are vertical, where these layers have been etched. In order to
achieve vertical sidewalls in this step and in other steps described herein, directional or

anisotropic etches can be used.
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features-where such nodification does not change the
pitch. As shown in Figure 7, a |layer 180 of spacer
woredoen2zBe i s preferably bl anket deposited so tPeEE/UB1006/019710
confornms to the exposed surfaces, |ncluding t he second
rary |ayer 150 and the |jnes 144a. shown, .
porgfuaﬁﬁgor@f inteiding PYPCREEK CAA) EF e@é’ﬁ’nb‘ﬁlﬂr ¥ B{CH o pattern in an
ace 4 | f £ Gliea} 28 'A%Bo h pattern
OV }yﬁ%h%fg éﬁ%@&%{;ﬁé a?i)aﬂgﬁl C%‘Sao of space S/rrg B 8hp

ayer terial 1Is
trafiFRIOGbiEldyerAb @feh & gemlrany itlheraltest sbhmmat{cq&brtb iberspresise process,

be renmoved with a selective acer
wifbayRueal s, s SpsaeR R Ol ey WP afhus, patern
traﬂ.%grterf G}H‘cﬁg& d o é"hc%?%sh %ne'fe[la&ﬁ{égéﬂd&lc@ H%?Jé/ée%r OndePlying and

ayers, herw Se can al

ovBlEAE patkdifs. OSininaBT byttang trahstercis lmn@mt tdwmugipasstmodnﬁsktlon of the
bei ng forned. The spacer rraterl al fer

fedveresl opigiialls dlafining g@ogatgegré-p— ¥o y2§n ?‘/pgng) shrlrﬁﬂng those

d h th
fe%'élpog:r@%e ﬁaﬁgg)%q&dfﬁ%%gﬁg%sﬁn Lot |ngﬁe%1§yert fang 3) can

be 9! gediryahyFigtehedaraat ms olfcspad:mf menpar a prdfa‘ybl[y blanket
140 and any layer directly underl & or a
dep@s,vfed 504t ireshiarms o e SVPRIFS SPHAGSGInCIding temporary
d S left i
SPGB 2 Lo 3 e

pl&RPOSI shb@ﬂueﬁlftyeadt ayeMR 8&hl sﬁog&FefreﬁD@ b:if)hrﬂe pé4d when the layer 180
t hi ckness of between about 20-60

of ppages rnaﬁmyal igislspesiied- Shlteimativelve i glﬁﬁyna%qu%o@f’%spcan be removed
O\éfsrg Yeye clz%o%# glgacgjo 8%})091&122: gfiheas%geea %ﬁtgmaghcgnmbetaﬁly material

th&tdaH GbUiser hskfod %ﬁsfirrﬁxfgtaqfattarrstpaméeﬂﬁhg kayarsglor that otherwise can
subsequent etch, |eaving pattern of free-;st

ndi ng
albpzap@psssmga@f et lsing st ersciGe Yok o Anest ?q d.” The spacer
| a
m t?l)éﬁrgr%felf g%ng ges é%&sﬁ?dé&;vﬁﬂ EB{)& §t§P %g‘r,e?z e?] ?g?ﬁ%@deposﬂcd ta

teﬁx?;iélfaﬁﬁ@ §®mﬂhﬂ>l§ﬁ@tﬁ&he ®hgorLeamybel feafdonmiedying |laygrsaand 3) can be
uor ocar bon plasma. The spacer etch can als

sefeetivdy ntstied mlﬁgfemgrchedenwp@@hﬁwerow Ozangany dayisr §5%félé!rundeﬂymg the
t t h
tegg%[a%rglz %ggrcgyp ﬁﬁg aefc} 18%‘(@1]‘1 @%@'@g@%ﬁﬂe@c@ﬁ%ﬁ%d CPRE spacer

mB@FiAI0k PRsterably depbsitedadieceahidal daporpipbsition of ateime gﬂeledeposmon
spacers having effectively reduced pitch relative %
Thenbaybi h8G isnpr rablmele@fas@érweet HHcknesieof Be#ieAR ﬁéout 20-60 nm and,

?’fgﬁt’ IF%F,% of haﬁr% gp%f}l Oﬁ%?%a%lz’x b s{e}%%%bécfa%@fsf%ggté 30 &G greater

ardl 8R%¢ prRetrdly SAMGEIBY 1t Zrealdte remai ning portions (in
t he form of 0

ines 144a) of the first tenp y%(saa/
140 Eigures®klaawy ﬂw@|s;ru¢f@rm9%@gu§§r7eﬁ%¢ra%ﬁgacars¢@§ bsequent etch,
sul fur- ont | asma
L

TB@ s{o&‘&y etfie Rlaf boanRisbedn Rakbespic feﬁ)cfhmtd rbov b espagacmatsrial from
i n sonme enbodi nents, pitch-reduction has been
hcpxmohtaul redhogs ﬁge spaspaeieh carabepqrigrmed using aiflorecakhngplasma. The

sl{gxg%tegtg}? Séan also ga%gz!fo del?stl W ?I%rf(ﬂrﬁggné Bort Qisﬁic\é’ﬁyspg&? material.

(Note that preferred embodiments use silicon oxide spacers, however). After a spacer

etch is performed, it can leave behind a pattern of elongate spacers having effectively

reduced pitch relative to the lines.
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smal ler pitch than the photoresist |lines and can

conprise pitch-reduced masking |ines separated by
w@erich21seduced spaces; pitch nultiplication haBCHES2006/019710

acconplished. In the illustrated enbodi nent, the pitch

of the pattern fornmed by spacers. 182 is _roughly ha N

t hatsfigf thengpagen P’féhnthleo?eﬁi?tfﬁﬁ%/ POHMS roetlsgagfl Iflg%(egayiléhéo Gt st

ang 3 né?of?r G5 1} re{VRH €0 1da0e Bleb&hndM@Sspacers 182.
pre%ern?)g?‘ﬁigtﬁﬁ/e e %P%E%eggagéwgrﬁot fﬁ i t hography. Prefer abri Y,

Th@r&RA6RE \ﬁ@aidrsr(m teviong of ljies dH4o) ofatbe firstiemparary: sayehd40 are
formed. Wth further r,efererl e to Fi

i 1 b urgas& tthlg ch as an etch
selgsgivvelsr ferronpdreRiefoyabln a8 £ 8PS IAIYNE BB, BHASH™T At 6
usnég(ﬁgj%gi %Lh%%ﬁg%,:fe%ﬂﬂ% Bf ?@fggﬁéﬁn R 8émdwld- toTlR&ve behind another

acconp wth a selective etch
patfie frfiet by theodpacstanpl e, if the spacers 182 are forned
fromsilicon dioxide and . the émder lé%éi ﬁg I aé/?r 1 OS'L S, a spacer
f or frBgs, fip GATS AR GBS DiCRERIUCHAR J% REFL R ST StRe? P
atter LI ' h I ' is Avay can have a
malsPis B e ok TR St Esko TR Ehg (RS TorthaR s fay can by
smBn&f %E(ﬁhbﬂh}dn a pRbiseesist dinesd enda cem eninpeibe pieipradeerd maeking lines
can be, e

2. 0., _a reactive ion etch (RIE),, such as an

SRRy auich e S B bCaNBAC T Bt dppipfited. In the
.. exanpl e ' | §®T Birdhgbly half that
R o tilag, B b RS BHErh R T RaSRETEL fObiky half tha
of cfir fdmeBypEbRreafsd lintsol#4aGna GPacse d AR4-GTigures dbduwvhere the

7-60 nmTorr pressure with ahqut 300-1000 W top power .
pitgln tvaa lsoiginaBp AotsroNped Zet/tpéﬁﬁog‘gwé@%h é’ ﬁ%%ragyysﬁéagcef Reftern having
struetur o] ter bl anket deposition of a
o FEFRERAE 0 6 S ol

ter e filler material 190 is

adv agtRgaaks nyfefept e Figuens sihk ipaterndoomédiby (1Si pagers 1B can be
some_ preferred enpodi nents, the sgacerz é82 ﬁnd ;[he. 0 can be
exfenflecrintnther tederyow 88@nH oleHRATHY JAYThE G ad i oXIensio

sim.lar I ol hdrhi f 180Mre formed
D et TR P25y Pl £ gppeensugacs norme
frd3€ lsDWon Titksde Arfdeths padeiying 8Fenhil tshierhed From mmorphpey silicon, an

190 can both be forned fromsilicon (ilio>iide One, forred etch
etqlr edrerereavepthecietier WhHe depyéng fhenﬁfmﬁ’é FEPY Jptaght & prgierred ete
.. 190 (i..e. ilicon .diqxi i i j ' onent and
il i R e BBl Bl herdlol] ccmp
cafSREGle. RAtdabtTY REe&sh (RIH), auchads e BiRriCle etwirh oBlialeart etch can be

the spacers 182 can be renoved bhef the filler,

re,
perfatiosdalor TRGTDE, depBst Ll KOO0 apilzbls, commrtgially from LAM
renove,the ac 1 f .t | r ' 200
RGP PR KRRl A ety Ol 2A0Ch nd dout
schB2IBAR FdOW-GORET GO Yasage with dbvet BDOHE00N#L ®pirmiwer and about

190. Figures 10-20, 22-23, and 26-27 each illustrate
50250 abottdropewenr r espondi ng views, lettered A-D as

Foll ez, d0Rgd ' LB BShGRARCHE a filler
il A% Mol 5 b it et
mWeane 19@t ahiengiidiagatesian 19Mds udentdpoousty fverdefrom, siliben dioxide
views B-C consistently show cross sections. of. the sae
(Ss@u cnusomedepiesed ¢mbedinpgats, the spacers 182 and the filler material 190 are
formed from the same or similar materials, as will be better understood from the
discussion of Figures 17-20, 22-23, and 26-27 below. Thus, the spacers 182 and the
filler material 190 can both be formed from silicon dioxide. One preferred process for
depositing the filler material 190 (i.e., silicon dioxide) is Applied Materials’ Producer®

HARP™ gystem. (HARP stands for “High Aspect Ratio Process.”)
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corresponding figure A Furthernore, those views
designated with a "B" consistently show the structure
W(i) m%hmss&ame orientation as other views desi gne@BEUS406/619710
' The orientations are al SO simlar for "C

deS| nations, and |likewi se for "D' designations.
Fi gdgle@ altsAnatin ehkadimer, er WeETP d 8areari uzieelogecéfo@@re the filler
m&t@{ﬁi}@gl 18f %&%ﬁi pgcx%jlcsé cgngcr?ang)%%sél(? R)o{e oQ/n tlg)g S grs 1t‘ t&le ﬁgrd mask

layeedlsans €atnegdtdns alwl@RC(H’ﬂéueﬂr (R@:E(ﬁ/al 6‘f ﬂl&)ép@deﬁshlm cad allow good
pl asma etch can al so be used for planarization. If a

copfngp by thestillqranateréad 19& thin etch stop Iayer is

Phe BERL1o20'2d PeBRe B A RIS L Bl K ffibing vws,

lefr@reded-D 69 MikiwN 10AFR00D eXbApl 1©, did.gThe vl@& Sdited with an “A”
schemati c plan view of the surface after the

coppigieaily shaw eriop vhelas kv veess hitphing has bwn. lp@@d@;bfm &pRvenience.
T%%@ﬁ@!%eda%{xélﬂ §/t ghof&? gré)%; c{g?)nge xgn% gam %u%Hrez&epicted in the
cosflefpdddng? fi urew churfiefim$ie, soké Guvsdid@idrideed Wakh a “B” consistently
exanpl e. The stripes 212 of amor phous silicon have
shpwethefGuAREE ith theh@nee@m@tmen@o@tgwvay slesiggedmdtht ®nEB.” The
orisetn{ S al%g#so ﬁ%tj iio Qs 8’& ?@ag&imsa%% ?eh alfe or:“ ”nf%&gnatlons

IOﬂS er materi a

S pacmguxeetlmemm RBow tlid PRS2 3f Fipdke ¢ aRVERKWRNEELS theSpacers 182
surface in Figure 10A is depicted with cross-hatching

anflon SRBIANL ol thenklderi BpCKHAL G dhisrpRefr tepamptes |ap@@mlcal mechamcal

rT BN P05, PSRN AHS LS ELAE L DY PP mion.

If pIORNLR lpactdeys Bavel, Withihktchzidp laPerds bRRGELIP fadanPbdweePihe hird mask
30-70 nm_ More preferably, the stripes 212 and 214

layaid RO wad thafcapperp gy, 20w etehesiple iy preanybe formed from SisNy, for
exg E OXI mately 50 nm In the latter case, the pattern
med by the stripes has a pitch of approximately 100

nm  Hpgrer AL SRoved @ Wehdn &RNEIAR iy OF @I%sS ek DR heShldBarization.
vi ew taken along |ines 10B- 10B of Figure 10A. This

Thgi emfape@éhubés tal‘ﬁéltlpqdhléa‘ffleimb vitht altegtating rsinfres odrthe fidenpwterial 212,

e _sa Far c nve nce in
i e Rous, S ol P SR TR Sl S gonybe sitcon
dipgas,i fon eﬁﬁmbfée ThE egipes ed2 Qifre@ﬁbrbhdtﬁadihéo% BARESRh [ ¥rmed in the
located in a thick plane that is parallel toand

see@ydi HimpozaY lﬁmni fohendihgneiripes Eive of ilicepediokidehase the remaining

SHbSt Thus aygpr, 160 is |ocated at .a
ﬁlII#Jr%se(Ef: m fiée/ }nl%)ﬁetlat ?ﬁ tgy Spaces b?}gaen %Ha stripes 212. For
coﬁwﬂl&ﬁfé ﬂiezs@ﬁ’&et IfleFi%hfel PS4 ¢ ldbpRidl hagabids-Bdichiig to show the
sane | evel. In contrast, the term "l ayer" is generall

m@rgf‘e@l thay coatpeises the atriped stregiwiss. Thestipesytpreteratily h%ﬂetW%ithS 213

infe RS Pl TR TSN B BB STR0R4 il PR 215
raf{gee(w dppk@amatedng0liongs, Mbre giblerdy, fh@ WiBed OB afid QU4 @ach have

OD shows a schematic, cross-secti onal si de vi ew taken
Wlélthﬁr?df‘l andeXd 5 ;L@’ﬂmtl@tiymf appyerimatedBs0 hm. alnfthe &attep hassethe pattern

fox%%?dﬁyeﬂ\ %’r{pg BSS & pff&l (%pprolxknlilg’tgfyalto%dmr?bove with

Figure 10B shows a schematic cross-sectional side view taken along lines 10B—
10B of Figure 10A. This view reveals that the two sets of stripes are formed on the same
“level.” For convenience in this application, the term “level” is used to designate a

portion of the integrated circuit that is generally located in a thick plane that is parallel to
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Figures 2-10, a pattern of spacers has been forned by
pitch multiplication and used to create an underlying

W@ RebpETdsst ruct ure or "first pattern” derived PCDOSENE019710
pitch multiplied relative to the pattern of the first
resi st mask. Second Phase In a secg%g phase of net

hods .
andhequidigpptdia the plangpethespdacceibe swstas Hd Wvshthe layer 160 is
r LONIL < f .
CLGLESPRGA Sy TLA 8 by dF oy PREBIARILRLR b o s 214
arerleaitedl anhovand kively Bitdonped, e rerat tager segerfer gyt wed 70 refer to a
that crosses the underlying striped structure of

periigy phthe dntegyatedsirgpib farnisd fFom BesAms aypiaid and depasiiedstogether.
phasg: i 0g: 1) L depasi: L en: af .oultl pl . .
Phasfg, S0 P ASESHIRE" W o s 0
10 ef Figuregl (B YERigire3)0Is sHowski sellerhitid, eaissHs@Siondl)side view taken along
.extension of pattern into underlying |layers; 5)
lipes @il 0B fof Figuiie ABg portions of overlying layers; 6)
bl anke | L SRt erd @l - 7 er..etch.

8) b A Bt S uflhoSR AL U Al Musrdda BBRRE T ference 1o
Fighees 941 0.c4 phigerdfof KpaistehdsObeahtfofmelepp itth aul@plication and used to
mul ti pl e new masking |ayers, 320-340. The pattern, o
crRalg iaRgnelerdying plriped struguigrry “fird petternpderipetutromgnd pitch multiplied

5 G RSB o can i <0 e etched to

SécondPhmsks for patterning underlying | ayer(s) of
substrate 110. These masks can be used to form various )
f eat Wraetpcondplass of gstwdp & annordrree withdiefagedembodiments and with

DL 0.S & ' f ulet | ' . o
AR AR 1, e ShnTRSHRLS LBRPAC o oticain

and ewedofio tdiexts winf ag&lyifg gutped 1dBicilioWsed BEleNEN)i that crosses the
cross-sectional side view taken along lines 11B-1 |IB

ungferlping striperiatruptugn ofd igpre 18h Gins examplecfwnietch sequence for this phase
SHOLPNBEL ot o BB B PErAAR: hin o

o IgER- 18Rt 3 ) hainkioUE fytees; 49 keRnsbeBY Ehﬂtdﬂﬁ $ntd Lk i8¢ layers; 5)
Figure HB. Wth reference to Figures 1l A-I ID, masking
remgyal of zempingice patiops s owirlyinea faygrso for blpalet t depppitior of spacer

rLbed above with r ect to layer 120. Wth
mr‘dl%?i éll’ Zggpea c%oe?éql’ggmeen%ov iéﬁ a%ef),ma[nz% s 330 preferably
has Bigliick a1 AP DD @ StRACHIADSEFGaRCIV 4TRE daRAUBNWiNltiple new
respect to |ayer 130. Wth reference to Figures 1lB-1

mpghing eerfsod?@-B40enblay patiern geng 340 sisipes 8l Alhg thastripes 214 now

BTt ——
canhglsd BY Wtéhed 28- biH, mhdks fﬁﬁg@ﬁérﬁin@ ﬁr@"erl&ﬁx?elﬁﬁehr@g%f%ﬁgstrate 110.
y C

overlying the substrate 110 are preferab osen
Tlirse awskipenn eowssd de e garios fedieres trsrissusseddietbvpr dbe features can

conditions fer the variou ttern.form ng and pattern
oqftite Partiohn 5 Bee i iiele B @aloH st cOmRONt Sy er 5 ar o
al soriptRf Erakhyws RosBEMER: pRAtviEROY tB8RublBce. Figure 11B shows a

schematic cross-sectional side view taken along lines 11B—11B of Figure 11A. Figure

11C shows a schematic, cross-sectional side view taken along lines 11C-11C of Figure
11B. Figure 11D shows a schematic, cross-sectional side view taken along lines 11D~
11D of Figure 11B.

With reference to Figures 11A-11D, masking layer 320 preferably has similar

properties to those described above with respect to layer 120.
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sel ectively etched relative to other exposed

materials. In the illustrated enbodi nent of Figures
W@ 20ke/12758% t he second sel ectively definabl e | ap&r/USD06/019710

overlies a third hard mask, or etch stop, layer 330,

whi ¢ verlies a fourth t oarylayer 340, which

over% ‘g‘sfefqﬁ%m!: é‘%/@guFFévlllﬁg?inﬁe ayetr39aucipiablnbas simiar properties to
th&%@c@é&%eﬁ%h@é’% t& rés@QctQ@@ag%F o.as wel| as substrate

0, remain intact cribed above with respect to
t h e Watheeferaep Itc[:ngres 1 1B-yLD eth fowthetemipotidy tayef 340hsreferably has

.Ial rs 320- 348 tted n sone enbodi ments.
Sy P PP BB LB IoR T heH GO ETHLD oEDECt i hedBXEE g0

sel e I [ I, r

of | ol e ARUEARD By Y Bers A0 7RIS BAlals KRGS 320-340
ovteﬁyngr the Allistradeel [ efeprefdraplyoplasen esased dipaht &fn@ﬁi&ta‘ﬁeﬁ of the

descri bed above th reference to the |ayer 120 al so
chappityy 4ng RrReesp ag&tlwor icevarious gatieip Joweing andpatiers ggnsferting
e ri
stéblrsl %Eélfﬁg‘%&’e g&%lrlrg &%ﬁg nl?{bré ot Qﬁ@ e;?r %@{ c‘%seB A%tﬁ% tfngS? can be
selebtivedy efobed exdatpreopethier a@oamlmaiehersnat i ves descri bed
above with reference to the |ayer 130 al so apply

t he Iajhs iHustyategnempediment tOén%kgﬁ’&TSy taybiD,3de |S§cond selectively
de%i?ﬁt?l@ AR %2b BB s gfthﬂggﬁ@{ﬁg %?repc%nst%(ﬁl l%%etr %%8 which overlies a

erred properties an i'ves I bé ove
fow'rth Hempérare tuyer BQ;O -t Whichayerlict4fe dbwd HapRigythe Gtliped 212 and 214.
yer 340. The yer 340 is fornmed from anor phous

Ying 1%8%0%8 @ e el agaebstiae 140, renaisnintache As described
ab@bé %&L!Jgéepe‘cpto%g 5% @e%?&e eﬁfﬂgﬁx%vf B9 gﬁor@%?ﬁ?é“ﬁgés 320-340

osition, e un ng Striped surface
cahé:ermrrptt@marsozr&cbn(t&dﬁn&tgure 10) As W|th the | ayers
120-\%{7{%, %}he thi cknesses of _the |l ayers 320-340 are
BF

pr ef rexe SR edEseidi gD uﬁ@rﬁe%}?p@ﬂqcﬁwlb’tdyﬁwlﬂﬁ layer 320 is

£
SR RIS SRS AT AL ETLITIE o
praﬂei*redefcmert&fs rahd) piteabgvesatebaited tabavs vith re@ihct bettRanghr 120 also

% r 330 i s advantageously thin so that its
app Yafﬁé elyei30enoval can occur quickly, exposing

S ORISR 39 SRR B 16 A ot
thé slha;tral'edt@mﬁdlmabj thel lay@r33|0r1§faeDAﬂm/ pet e giteRBed roperties and

00-.250. nm_ t hi ck and, npre referabli bet ween about
altils*@hmfcﬂqﬁ?ﬁlhq@habﬂve Wi r?fﬁﬁeﬂée todhellayes 30 alyesppiaty th layer 330.

pr ef

D < ERAB 0 RERUER0 180t Aol bPhEK P ypon. Al e
préfenpd pﬂfpﬁrtie@)ﬁﬁd aBélxﬁaﬂl\‘Ees RiesdrideabbyvdraitneeRreabO W the layer 140 also

130- 200 nmthick and, nore preferabl bet ween about

apmlazotq@t? Hvet Afek. TrudaissrddBris, formed |i%/fy@r@u32hpus3%bon in some

glsxgég CaE (%%SJ %o% 11?(1@ 01?H§1}Fg,p rb%g%vrg ggoo t%{cg%scoverage of
arrdﬁphmm h&z@btﬁb@&@sh@ﬁ, fhkr md&ﬂymg striped surface has been planarized (see
Figure 10).

As with the layers 120-170, the thicknesses of the layers 320-340 are preferably
chosen depending upon compatibility with the etch chemistries and process conditions
described herein. Thus, as described above, thicknesses must allow for appropriate
pattern transfer, and the hard mask layer 330 is advantageously thin so that its transfer or

removal can occur quickly, exposing surrounding materials to less wear.
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| ayers 120, 130, and 140 can be used to forml ayers
320, 330, and 340, respectively. Figures 12A-12D

WO bdoa327586¢ e a pattern formed in the |ayer 320, P¢EHUB2906/019710
lines 324 interspersed with spaces 322. The preferred

R e L e %ggﬁggstquqt fyagf,ﬁ?@e}%geélza@er 320 is a
pHo't&%ﬁn%’lé la}rbq"ﬁ?é’f@fablyt llik@w%énnﬁﬁ)u@aéo 259 rﬁ‘gugﬁgﬁ‘[aﬁg,l ﬁo%eé greferably,

1 nes 124, Thi s can seen-even t
beMderhMt hae+200em vieidk.bifhe Bisied kardgnadhdtydri38 05t q)'rqfafably between
rallel to the Ii

stg3fy1 6 Tk ol amoteapre R delien dhautzhoy S5, thick  The fourth
t 0 I
S D NG B R ) e
beBsceawbeut MoO-lbhem tAdk. are not parallel to the stripes

212 214, th Il ust d hod b idt
cal | PRSI JHenlsySisciibe ap g BhOfa oA G PRBEGsTious methods
luﬁ‘ésﬁlrtoéfﬂoﬁmfdl]yfnq RAL B6f & $he A8 o@?ﬁ%s%flged above for forming

crosses” a secon pattern en an e on a
laydrs 12@& 16305 &td pidtdaarbe vsal mdbrnalaygﬂéidowﬁim and BMrredpbﬁlvely
n elongate di mensi on of the second pattern,.

e orGRVES dPAEI3DGHIBTAIY RaHPHCgToN 1 § healaygiéeh, vizamg lines 324
1n§eE%e%%@ RAaf gp gésn?ﬁs' e Ief%xﬁeed éxto?h@ s og %é angh%l%jfm Polﬂ;mng the

el ongat I Mensi on
lires d24 e&sd:rhxed ebong it Bigdienasicgnaldb abblg’/ tbilines 33@,410%05@ the lines
the lines 124 can be described as aligned with t

3% 3 pespargdeldpdholines Bdd This can be W—mnéh@lgbﬂhe iags 124 have

5360 D AR 09t e 26 A oL vy e o

lineke3p4cr Bhss, Mmﬂeoﬂae Lstri‘a}fels)QIIZha&ldSEYéi Bﬁ:SeIBﬁé’at@ﬁﬁi tRé.éarne elongate
However, the term"cross" is intended to I nclude all

dlﬁ‘@ﬂs‘%i@%‘h?é‘f“%%‘* & ling1l 24 pid the s éi%‘barééloan@aléel Thus,
h I
t OL@% et g?gxgp 390 Yard ﬁ@th%{ ﬁisel 5y %eogtrlp% §5 L9J vpsl tBé( illustrated

t he met hods rectangula

méthod prinbe (saideto @ald. for Fpplytgs a2¢r6s5112g5@’attaﬁdoﬂ¥>mtoreswt over an
other footprints such as skewed quadrangle or
und P RaRE e d IS0 PRY IPAERIM arce0ssps 02 desrrenpatisre d’VhfW gt elongate

t . .
EELSELOL0! ol D B UERR IS S PLLRPS mension o
th88etohd phisrapd hereldﬂ“getescﬁﬁl@ﬁtdoﬁ of thedblee 11241Y§£11g31%@ Wlfh the elongate

simlar way to what was descri bed above wi th respect

dipgngiomes t@zsanms@laeagxdcalédbutﬁhﬁuemg@teshmmon r»vf ﬁl@rSérspeS 212 and

ZIéﬁcﬁEs%%sqthE gg)\r{)fggtﬁ%nﬁéﬁ ecﬁ]tlﬁ% glgesf':é?%ﬁr ol\}lé,rlflh 1Has .9@4 ?a&be described

as latigedd whth Qhﬂf strip@d0 I:Z‘I@NMSZBL 68 enpdtiifesd 1@Nandl B @h BeltRscribed as
surface. g%ée 12B shows a schemati c cross-secti onal

crasige the Hnes 2ddenlnahe ildpsipicd smbpainens, dlie mesd2¢ mopanly cross, they
o Ul HaE I8 FoBCOPTB S BRI SAB e encet

mclac& slh @ws-paradleh emmés, Got KOS 90 Sd%gieb%gie STHIR, vfio@gh ttl?ek@&mplary
alongthellnes 12D- 12D of Figure 12 As wWith t

feaiures end Odéml%ﬁt Egmied 151 gher Jélustlattzch énqélmctSehaveca @n@rallbyectangular
AT N N S -
quadrangle or diamond-shaped footprints are also contemplated.

With reference to Figures 12A—~12D, a pattern comprising spaces 322 delimited by
definable material features 324 is formed in the second definable layer 320 in a similar

way to what was described above with respect to lines 124 and depicted in Figure 3.
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the earlier described pattern, the shrink step can be
acconplished to nake the |ines 324 thinner and spacer

wo e00rarised can be acconpli shed using the nodi f PEOUS100€619710
324a as mandrels, or the pattern can be transferred to

n ynder | er efore t he_shr
Tﬁ% g}%qusslﬁé\cr% 9Wé § $UsEHe a? E@%ﬁoﬁ%ﬁ@wﬁg@gmpbwaﬁemlng
, e S [
obfl B0kl IRUTRE lae‘e'i’ 53Ut HBASHRRs) o sBREAL BEth O of the surface.
FllguraahZBJ shiewd g Isnk})srhaycewrpsssﬂ&dthﬁml sidengewftaleneal oigl @nésy 1 218-12B of

f dr el 13A- D sh th
Figi A BIERS B thvegzrsghqsrwﬂ %%gse Sestiond Sidantiow Balong lines
1@1‘2@(& lqgm%nl oS qt‘lg%l lﬁ ﬁerﬁm{cﬁs s&gm?lﬁle?%eewew taken

modi fi ed Tines 324 r|n step al'so w
alep@ﬁ@émﬁﬁﬂ]ﬂelmwﬁugnwm]aed spaces 322a Figure 13A

sho ematic p]an view of the surface. u

s hovi Lk HmAREn Bt B FiggreaP, Q}edeattﬁr%maéa%ehy the series of
P0G B84 W P IR USROS AU oo i
thi 36xlit8 Geswhibed gatten,1BB.shithkyytep ciid Ie&bmﬂ&h&dh@ﬁﬁiﬂ{b @he lines 324

Crosss ctlon%% side view taken along |ines 13D 13D, of
thizngt; aad sppcer fREmation, e3rPe aseorplifhed Ssimathe mpdified lines 324a as
r ter e
eds)rélr%l @qlgé( P%‘tl?%g %Jﬁrllj Egt %ﬁgﬁ@t@m@ a?_; dn%lglll\‘flig (?%'e{' B?fo?e AL Whsk step is
acvempbigedt dn &mhllestmtdd‘ahbcslﬁmuatdesc&wea bekag bolvevatstd shrink step is

% eferred etch n?terlals and net hods, and desirable
p &GP 2P osish lseydeh thypateansviben Fansiexehisl 2 undedying layer,

arfa bR e &dd@ﬁ?mﬁ% ﬁ%&n% el& ﬂa@ld}’el{ educed in size
Ing an isotropfc-etc ¢h A sul'fur oxide
pI ashigyree . 1§ A~ laDpihaﬁmme Gﬁnmlresmmﬂgﬁ@u &Her the lmesl 324 have been
or .any other suitable plasma. Two ot her plasnas that

sheunk, @@ ap daqiropicoficly danprasiplarte crteHRpdified hings Afaor The rink step
h |
5, RSB8P 0SS R 5 I D

plamnibwebthalsarfacentiiigirea 3Bashorsrn mhelﬁ@t&?@ &ioss-¥dckibndl&ide view taken
al%gr?d The_al ternatives descri bed above al so apply

SFlélB —eXRpbIrasure 434y Figwrad U shevwpa drhaseatis, cnon%sectlonal side
t t
BRLARES A5, LCASCIRCrRAL B LEATR P8 Sl chemai, s

sebtéotiah gide h&wtalmmatlhnglln@dla@edms)f@e@ﬁéufﬂsd above. In
such enbodlnents apattern corresponding to that of

| i noiessiucin o & igupTaaAr BT Beefere dharey mw@hamrﬁﬁ@s of the

feétﬁfeﬁ fd% J%(f ?ﬂ(@ Jlrﬁ:?ﬁ)il %ﬁltlﬂé %ﬁ[ﬁél?lﬁg{ ﬁ%\cllglc g?drjb Ioag;ﬂ%ﬁ% at structure

canfalsIohlﬁb ﬁkeﬂopﬂefdrfbﬂ e’ﬂﬂﬂnﬁte@ﬂls%d%etﬁ@cﬁﬁ ahd HE§1fa|bl@éOIﬁi%uratlons are
npatible with the definable |ayer 320, the tenporary

deﬁ‘éﬂ@ﬁ abaye.c HAr BEample: thephatresisidingp 324 rarmreéfrra‘alb' redyeed in size

defi 324
sl QER5RUE Sl SR Y80 I8P pRLR: SELLT Bl 88028 S0
Neahddirmentany | dth@ssBBR slhaai.e Bwottierf SlhsiRdsagan ehsl®eSused, for
or mandrels that will later be formed in the

exgmples pigisndiBuQplasme or ap@f@z Nasreh a pattern of spacers
382 Af Wﬁ{rﬁe]ﬂr}es\’\fﬂ% B’l% ggﬂ%gll?r%tggﬁélglcﬁe%lﬁgtthe dimensions of the

deposi ti on of pacer na
placeholders or mandrels along which a pattern of spacers will be formed. The

alternatives described above also apply here. For example, in alternative embodiments,
the pattern of the lines 324 can be transferred to underlying layers without first being

trimmed or having their width’s reduced as described above. In such embodiments, a
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(Figure 16). Figures 14A-14D illustrate how the

pattern in the photodefinable |ayer 320 can be
w@zxaoenzizses i nto the fourth tenporary | ayer 340.PEi/ysa0e6/019710

14A shows a schematic plan view of the surface. Figure

14B shows a.sche Cross- se nal ., side viewta
PaLCEhePTFSSRYiRg 1 t%a offings %&rf@nw Onn?fbm@eifzrepgwéya 340 and
[ 0
SRR o 85 SR R AN | BHER D8l B

erghakmenstectfi thaalepediten undwidhalgeof apaeag nlaterzs id 4othpdiblofwith the
ary |ayer 340 preferably

dfi?]égg]%ﬁ%veég%%ﬁg eﬁfgﬁﬁ% %EE%%@@ Reeeifted and dsspacer gjaictial can be
depBSitedeh Ry bﬁ }deldéfﬁ))éarhn%@@&ctﬁe%n ?‘ﬂe o

resi st ance hown I n Figures 14A-
of |Iontgs ﬂﬁl&’aatad]cbnﬁm&iuamtsllﬁas |3@4dt:|ogwtee$ i34k foSPlacaholders or

R T T
spatids §@@gﬁ%méc)2(1272_pvymsoetfoﬁﬁ thérerﬁaﬁl&t g&‘t}!)gftt 4 i %%Xi&[]n;iatenal 380

usi ng a selective etc
(Fare €6)0 i nto the hard mask |ayer 330 and an SO2-

ot (0eer 1487} ‘ﬁit S brenrahearam  iaomesrinbls e 50 o be
ex%ﬂie?}iﬁtg rtﬁkafo'u @? r‘éh%’@iii@ ' F%U?er £ 0876 d’abs%ﬁ 1ﬂ£’t9cv an view of

ustrate descri be
the enrfee. tlFigumoMtB sittﬁvsoﬁ stheendtiayesss-sddibrmah did34Gew hﬂ«tenadl@lg lines
ot sked by the lines 324a, thus |eaving portions of

14 4§aqfl%§%‘§eéié Z”ﬁ&urg 14CsRpys adcherpatics gropgreesdionplssidn wew taken

j L QU@ tg 3
bl Fr i € SEDTD. FRLEOTAD RokEY Sohertdf crogs.spciignal side
v1sxhchad1ehca%r1ghme‘s ilmelslmamfagnﬂeng the stripes 212 and 214.

es 15A— 15D show the structure of Figure 14 after
the hemdp¥ith gerpRteiYo iy eb 13 40n Bredirably yharg theayév@@zeuwaopemes
t rOGe [

Aetifb AU IR R, (oL PRE fempdil) 1B, OESR S HER FhRidstnce. As
shawadhdiigtres 1phariiv, thevpafierh e lisias Bace ancF|51@1¢6£ 32&Binskiguis 13A—
13&? scherratl c. cross-sectjonal side view taken al gng

FIsbe eiended ipfo g tapskerred Ao updeglying lagers dm av%lnﬁal way to the way

O PSR peE SpAh SLH  A fMoers, n,

emmbm,mtselecuwaslstosmtsfemmlad patietieinvé thy Haak giaslalageg330 sifisan SO,-
15D- 15D of Figure 15B. As il|ustrated by Figures

coptaming, pnisplrope pagma gch toJrmsisr theppastern bite th%@uﬁbﬁ@nporary layer

34! %awg% Rt SIREDRE %h%ﬂérgmee AR ERLbdh SE. ) ng

'ayers I nes aces For ‘exanpl e).

As SAQS)V]IIustrﬁltecﬂ:Ing lE‘tgelré.MAOﬂl@QieEdm)eﬁlm A&t :@Adve the portions of the
origlnall y formed in the definable | ayer 320 has been

laséeﬂ Atead dafrihatriee neheaplsgldhy theoines Radp.cthus dganing portions of the
t t f t
solfe ioBachs Do DRPLEIRY Sl T PRSP R LB nached

reveairdienindgripiap tnh:aerdal 061 thaweatictdROdpaied anets Basy avathe lines 324a

durjing the carbon etch step that
cross the stripes 212 and 214.

Figures 15A~15D show the structure of Figure 14 after the remaining portions of
the overlying layers 320 and 330 have been stripped. Such a process is described above
and illustrated in Figures 5-6. Figure 15A shows a schematic plan view of the surface.
Figure 15B shows a schematic cross-sectional side view taken along lines 15B—15B of

Figure 15A. Figure 15C shows a schematic, cross-sectional side view taken along lines
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extends the pattern down into the |ayer 340. Thus, the
line pattern originally fornmed in |ayer 320 has been

W@ e@ostss6 ed to the layers 330 and 340. The tre@EUs200€€9710
pattern is approximately the sane as the line pattern

1555t 6RR e s fodmiad ot dsete s Ciompecgonseida yiew taken

al6R) %Igeéﬂfsgg 1t5_9 o B gﬁre?ql%ﬁaugg @é&ﬂ%&%ﬁ%ﬁnﬁ (15C5 15D, lines 344 and

spadest34e elthmi tﬂ’faskmh ayssing patiere madviously pbpacet &kSoverlymg layers (see
llngggéfgam ive caps,on the |lines 344a. The lines 344a w ||

ad spariridre Pb?xaﬂ?ée)subsequent |y forned spacers.

Fig r
bl anq‘;iit§ b eposﬂ%‘%ﬁqgf &%@gﬁ%gﬁeig tpﬁ%&g?&gﬁpﬁ%fgfﬁn}l@d ?YE %& definable
layemriPOchas BebhaextEndgpdr daovﬂzﬁlhts hbevdayer Sale et teﬁnaﬁhmg porigors of the

f the1 sur$ C Fi gure 16B shows a schermmati
defipgle Javiat 3 8hain G RTINS Y ak STEl %ﬁ@leﬂi“ﬁe§t0h6 pAltgmatyely, the
re UL pdi0ns O AL SRR Stofe EREPRLfe the pathon gioh icp tha

extingsitiee f68m Bogtristotilabo94). aThed)eh@lin€ pattern originally formed in
| de vi ew taken_al ong | i nes 16D 16D_of

Cross-sectional
layer g}ﬁ)ehafdgeenﬂ;@s Aiesr to3p layers gae end n%’t er ilRp transferred pattern is
apgfé)gz%{ﬁé 2 d‘ﬁﬁg 6%?}5 7o ltl?eslrlr;iae{];ga;cﬂeg%/ &{%ﬁlrﬁg'h %(2 ﬁgﬁ'&e@(}e k\Plansterred
pattevdraadmes adth aml gpacks dla dapg&letralm’\corﬂespdﬂde;o lines 324a and spaces

il lustrated enbodi nent, portions of the hard mask
32Pay iespestveliaa the dipsitated embogimens, petiepnaffhe hard mask layer 330

BRI Sy TR PSS P 0Tl eoHE, U5 BRCIABGF e o

memelmjyﬁﬁthmﬁthalL&pﬁjzﬁfmﬂépp@btslon a selective etch can
used to rempve them Note that the material of the

| ay dhewep 164n1 0l BPTT P éﬁﬂctmeo% Figurenht eftprablanlsyt depesition of a
spiéct%y g&%@ 33600 8 B %ﬁl u@%@ q 6)&%‘30\9? a%gllxe“?&att c p%ry view of

respect to ot roun
thel es€aceb ERigllire rl@I‘anhOSPSI a Sﬂi’&nﬂtl(‘)mrm—sbﬁlo&amldé efﬁefve daken along lines
pace terial. Figures 17A-17D show the structure of
6B 408 of

e2ur L0 Figpadel showhe ankrraliss ergsrrctipnaliyide view taken
aldsx)%q}ﬂeg q 6@wE@é‘ ¢ ?fgu?% 168 ?@}%Fﬁ? Wowdd 8}{5'1‘121‘51:{21 &Hgsese%éélal side

ows a schenmmati c plan vi he SUI‘ ace

vieshtilen aloag tiaenl 610- STbsBFigeetlibBnal si devi ew taken al ong
lines 17B-17B of Figure 17A. Figure 17C sh

schelgt leger %fi(bgé SBRET GRATIE [URIetb sl 4P #gyer il8@f spacer
matdrbdl 13&08{%4: ) %17 Bhratdrl {gul tﬂ‘@%ﬁ%po c%vér%gcgg&&%%\o?mde of

Cross-sectl ona view'ta on’g I nes

depositiore ThABe 1lhlsﬁra%eﬂ enfbodinshaqRiti@iscT tehBardInkak n@ter BE(S have been
are descr | bed above with respect to Figures 7-8. Fo

lefp taplatcs 2 th%@hsqé%@iww@h%awnwéiog@ﬂﬂwaé&c RATHEDS in place If the

pof‘tLove h}%?@gigél?fa%gﬁaé Lenioy g%a%%’r% ?éa%?rncﬁjeg)ﬁgllﬁpg setlectlve etch

cals baaﬁdSto hambugthehd. a¢bte viek Yhe asea8bMhd BRer .’ESOadah\b% dierent from
he Iines 344a. After the spacer etch, the remaining

theprqr@FﬁsO%therﬂam 1805 provades thagachi layest an) b, peledively @tﬁlépd with
res&a@cec t%o&fléxhsx}neo%%n%rlyiyérg%? "Yescribed herein. Silicon dioxide is a preferred

spacer material.
Figures 17A-17D show the structure of Figure 16 after a spacer etch and
subsequent etch, leaving a pattern of free-standing spacers. Figure 17A shows a

schematic plan view of the surface. Figure 17B shows a schematic cross-sectional side
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340 are next renoved to | eave freestandi ng spacers
382. In this way, features of one pattern are renoved

W@ 200ba20586 behi nd anot her pattern formed by thePGPHEHS®NE019710
382. Wth the el ongate spacers 382 in place, crossing

t he und in 212 d_214, second pjtch
vieWqakah o %18%%@1#? Beligisel For Rizite 176 ShPwS &jskpematic, cross-
t I
TS Yo chpe S TISINE BB 08l ARGR 1D s

scheriatik, m‘s-,se(ttimealpmda:hewftaltehealqngtlmes h7Del edf El)gum:)HZBEr S

382 ly half th t f th tt
phot or BT fed wah Halcrliptas’ B Sesepahoakgus deily espect to
F1§ﬁ%s pagt eHp e?g mpl 31‘131€r ac%iggtcﬂ %8n "Be 15l u s‘ﬁ%ggo @é}bg@blasma.

or less. Prefera he pattern spacers
prltd:ltspacﬁer atm&xutesdrﬂﬁdmbbm theeresult isrprafesabbom gatpdra o€ elohgate spacers

nmet hogds de crlbe n ustra . wth reference
havipg-p %ﬁ“éfs y1gdyep tﬂiﬂef ﬁatttleglﬁ%gx‘iap ﬁ% the spasse stch, the
fe%’%‘eﬂﬁﬁéjt%mﬁitt%fﬁ%a kPl ef 350 (ReiBl ret3Odoine E e ABorary layer
348atrearent mérndweldete lleh\twfrwsaandmgl spabérg B82. 1IQ. thishivayl ﬂ'e’hllam of one

In athird g hod in accordance wth
PaERT WP FEpe laing ARPLps AP BTRHLEY 16 SPACETR 152

18- 2 t i I u i

= gu?’é‘fhf?@ae?%“%%%e%g%%g SRR gk, GOUIED e EhEthe Hask ines 212
arglriii4] a lkedomd pithhtredration pmgessatas foeguj)eﬁformeﬂ ain ua:lr@ssmg dlrutanmn—

di mensi_ons

an
thale {5y @ndizneng nttﬁﬂfslspﬁ%ts%aralée%ttﬂ dhe dme@vmgandﬁl‘l» ertwm Mtustrated
[
eng%o%%%ﬁtnaﬂ{é 19:fh &tet‘ﬁ@ gl‘sﬁx@ I@cg gk %é?dg?(si ggj?s Wﬁg%alf that of the
patteayfonged by qxhbtomsa?st dined B44 and epdcad 347, SlA@lhalﬁSg@Iﬁ@letmlmttem of
Sili g&d}‘ of expo d portions of the underlying strip

SPAgRIS P P aNes 2 szchéaf A1 16 165t ot Mg drelierapih dhopdatiest ﬁ%spacers 382 has
aﬁﬁﬂﬁﬁaﬁ&ﬂQ@oQéiQF&&Pacer pattern and a crossing
anor phous silicon strip pattern) into an underlying
nmasKinar séconp phaseyofl aytiod§ seehibad andollysnated «bakd @t’iﬁh reference to
and l)1 fem)val of overlying layers to | eave a_sin

Figigedilyl hg sesqns patisnn /f Sp?apléélaﬁlb@@n ggn@é&ym@hslnagapt%lon and
used %}ei'éteiea@fovgﬂ}gff% ?F.tjc%nagftl es W%‘T@s@eso%tzﬁngiﬁgyl?]ﬁ Jattern of lines

several |ayers, I ng € Spacers
illsdtrat@einFigyreNve been sel ectively etched while the

stripe 212 has been left largely intact. In a
Iﬁﬂigkﬁﬁed enbodi ment, the stripe 212 is formed from
ano r A& 8f] ﬁﬁgdg he a&%?t%%g mﬁﬁdq{%ﬁ?rea te'irtlf&alrgelrfts and with

are orrre roms I'con di oxXi

referdrice oo Fibiupesi Ide2@1 thB-cid3sihg isGipet tstreétafee ?depictddclﬁ fFlgure 17 are used
di oxi de selectlvely W th respect to the anorphous
to $19ate & pridrpftmaterial| hayingxyserdleloleohat eancpeaun at regaler etervals in two

dnlﬁg cr)rlixass st Fig'g% P&2o aj\,\ﬁ r&)r%%t éamgféf gHfe | 'S‘uﬁlge%\é\% é@r tﬁus V\ghage is the

he™s ace.

foB@\hfnlgatll) Crefio98IS oB eottionnadf sdvdeal VixpwsddalegBrsamafd ffdn &S common
18B- 18B of Figure 18A. Figure 18C shows a schematic,

malpigal syt o5 GHigPn <Jigde) evhilealeainaliviagt Proef thematg@lofsuch as
amorphous silicon) of exposed portions of the underlying stripe materials; 2) extension of

two overlying patterns (such as an oxide spacer pattern and a crossing, amorphous silicon
strip pattern) into an underlying mask or temporary layer (such as amorphous carbon); and

3) removal of overlying layers to leave a single underlying layer having holes.
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Fi gures 18A and 18B. Figure 18D shows a schemati c,

cross-sectional side view taken along |lines 18D 18D of
WOr@anzssd 8A and 18B. Figure 18E shows a schene@T/6$2006/019710

crosssectional side view taken along |ine 18E-18E of

Figure 18A. As reveal ed by these figures, the_ exposed
por Figures 16A-t1RE show itl%gruggge H]iﬁ,lgm@ raffeg £xpqsgd geytigns of several

i nt by the etch il : .
oy Rl B e g8 B tEitiPe, ZKPAREE, 0BSK LRl it while
theaéfhli?@Q?Z‘ h8d shedicr Thigsly inthos Olea endfodédrembsdinpeat, thosisipe 212 is

0

hree different silicon oxide |ayers are etch%gab 1
fortried fswmemetyious iiEpersandyihe spfcers @nd FoYripfat kg iy ifm silicon
.multiple lLayvers .occug.s i € dbd UStr - ] t i
leééAeE ﬁg thsep%@i 5 %;g&on {hﬁ)él'dg t#@ﬁé@%%’d,ﬁ aeﬁczril@? ﬁglgglggfgn selectively
withaEshedB&Kiht aMeEpLbAYsitiaahihanis s dxposedd Omeostelstat canbe used is a

di oxi de. The materials of these three separate %ﬁ%/e S ure 18B
fluhmeerbos etchd dfigateck Aughonys astgheppiic planyagy oh draiRe s Figgre

that the three | ayer irSLi ' N .
b S B 26 LS, SRR i 18
FidiRY 286 tshesdhemprs dessmeatbhsite eiwraikenatonglales 186-18C of

used in this specification, a "commpn material" Can ew tal
Figwée 1 8A andelds:. | Higsre bR shows & whemptice sEsgHestipnal side view taken

alq%x%i Oegg I:%E:—a Sbg?éiéljlg?l(% ﬁ?g\?\daécﬁ 1 ?%‘s gié 1{&% ﬂgﬁg%@%ﬁ% acl;h\#gr{altig, Cross-

seTRIST i@ SiewRiRARI6S; 1afe TBE-@8E aF Biguhat8Aan thus be
consi dered comon for this purpose are the varig

u
f or s iefeaded by thesoRgutes, thaeiposes PPEES Oéﬁmtﬂn@él‘@}a@ been left
C- daped, oxj. de, .F-dop oxi.d ' , et
oG S0 AR U 0. e
anflfe SAAE 160 MRAS hil ieéh BRAGRdThay)dn sb@mdnttediaemes, portions of three

materi;al (for exanple, each can be fornmed from LSO%,
different kidicowrxadti Myntssaret diehoslebpribe ffame el lehemisly. 18bis etch of

mét?lg:;}gr&%egg H{J'Jgtgé?f: 2@%@5&00@?@%&%% lél%tés %gge:n?%r(@g%ﬁ,e ?%Egé%pacers 382,

thé tsfrgfé@lale&ldf {he SdecRRICRAIE enidRelagér 1 qiesachlehnalie foratedaom silicon
thick as the spacers 382. Thus, while the etch has

dipde.i Fht ynaterady efithpes thiesraspantetlpgers pavediesn ggpicied using stipple of
creating nodifi acers 382 if. g .
vagp sty 56 s, SORG G T8 e diporfBnBERE HeGineg, Jo some

erh Rl BYE  ead B BF (1R thRk NRletv@inybe fofmédBoinaynethel 66mmon material. As
isformed froma different substance than the spacers

usB84n dhid spheifisatidnpes cRmmoramstasialagan isrder myerigls thatcayp similar

b dt d h 1 . . .
ROy TN AT R TTRE AT
with Fcéé?)&é{rtg s@froldy akfaiaf EREmples ofF ethtdrli Othex@msds be considered

portions of the third tenporary layer 170, which is
conirebe fabihjs purposshare she warbow . fomgof giliggnoxideysuch as TEOS, BPSG,

h i ¢ pl | f the .surface. Fi 1
1 §6n S 1 Gobrdoatet hed"So8e ARG o keGP, 38 T IRY pibterabiy,
canl BriRBeQbydrd %Jfozrinég'ﬁsi_nﬁitg@ kfnd 96mpben nelide mall iftom the same

cross-sectional e view taken along lines 19C-19C of
mEiegial ol @Bmpl, gactecahdd f@tmmtframé@?@-rgﬂi%hﬁr embodiments, the second

he&{i éfﬁség a%f%; II(%1 1%' forsrﬁedc{3 frgrh%%kﬁklezgatglliﬁp e% rlloltencF a)ol?g.D' 19D of

The etch step has removed the exposed portions of the stripes 214 first because the

stripes 214 are not as thick as the spacers 382. Thus, while the eich has partially removed
portions of the spacers 382, creating modified spacers 382a, it has penetrated completely

the exposed portions of the stripes 214 and the layer 160. Alternatively, if the layer 160 is
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19B. Because of the protective grid fornmed above the

| ayer 170 by the spacers 382a that cross the stripes
WQ1m6/121586 et ch renoves the material of the undeeT/ys19g6/019710

| ayer 170 only in the unprotected areas to form snal |

densely and/ or evenly-spaced holes 412 in the |ayer

formes] Hioiy ardBffares sivsiwcs Hentbe SRACET 12oand Hectiipns, 2ldn@ separate
eal h th | f 1
sRURC R ot b el PP 5 HA abulK b8y 410 v fhe'Bifd temporary

b?&aqgssed above, the layer 170 can be terned a

‘substrate" |ayer, even though the |ayer 110 can be
r ef eFigewst192ad9R shvs theasieucigrevil] Figumr { @rafiehian aelefinto exposed

st.ep, e d.ayer 170 exhibits f ; :
BB R gt SR B R P o i
1 DEEBRRCH isMenetichlan RS dPhe aRlacdOFiphleUSID sHosvshoVehehRtic cross-

pattern fornmed by pitch nmultiplication in Figures 2-10

segfienal side( iews ke rlqnat tieasnl Forl ABdofhligere ¢RA. Figure 19C shows a

ltiplicatign in Eiqures,11-17 [ .
s cpaProsibral it ST o e BRI bR B, Figure
191D GHG@S a 20Mn2RR, shewsdoiendtsideCtibweaaledh Mo ligesI B0 of Figure

overlying |layers have been stripped to reveal the

19t tern of holes 412 in the third tenporary |ayer 170.

A oub et SRS IR G SE Rt Bl Bt B BE BR300 tha
crb BB sMpeNg1], ithesick n RRB 1R mitbAMIoF RO defll BigNeye2 QM only in the

shows a schematic, cross-sectional side viewtaken
urgirotagted arees tefon seod], denselygndor 2grly-Spapsd dolrer 13 woths layer 170.

sch i,c, cross-sectional .side,view take long Ldin
PR Thoiierg Pl Soo e b AR TSy s Pl sty extend
alP eheUBH dbWn HRBBYIE tHeBy &relmdi tBitRE 1peF 11®NAs Afiscifid above, the layer
overlying layers to achieve the Structure illustrated

17theam bputcened 0 Asdp@atel daycavexap twughnhetayar tHhednebaméered to as a
1%)g.rennveunndified spacers 382a, and separate etch
SHDSEHE X Wi he used to renove the remaining portions of

the gibi Gy LiOXiee 1B fak BEB702kHibitk RR@EPHBNAYE present in two distinct
siliconstripes 212, and the second hard mask | ayer

oveBlyingApattermeat iThis,ythe pesipaefive off BigursselPAc and 28hobistpte how the

iR {epedeipitel e Biashn 16 Pt T T g hERERSing gt formed
b PREA Slipliehtid RO8sSel ALl 7 QAR nARIMbIbAE apdtteinhRrived from
naterials of the layers 170 and HO In the illustrated

bathiowetiyieppattarhe | ayer 160 has been conpl etely renoved

| oy P 0 2bB3 LT RbRe e Pt LA R BB G e been
stgppéaw%rﬂevéﬂ hd BURES oPhbles B2 GPARUNRE 1&HpdrRY LA 180C fFi%ure 20A

a substrate, so that no separate steps are required
shtowvsr @ isolvendtiveplen | dyerof thensurfacs  ditpodi 2htshowhe@ schematic cross-

SEBATSS Vot RS Rn AEtePl 5O 200 shows
sdhBRafiQ U sl Rt tidHal a8 iGRIAKES alcheSEMRTBALRAE of Figure 20A. Figure
20D shows a schematic, cross-sectional side view taken along lines 20D-20D of Figure
20A.

One or multiple etch steps can be used to remove the remaining portions of the
overlying layers to achieve the structure illustrated in Figures 20A-20C. For example, an
etch can be used to remove modified spacers 382a, and separate etch steps can be used to

remove the remaining portions of the silicon oxide stripes 214, the amorphous silicon

31



10

15

20

25

30

is, the length and width of the features are
approximately the sane. Preferably, the features have

w@2doonztsseM dt h of | ess than approxi mately 60 nBCIDEE1006/619710
and a first length of no nore than 10 tines the first

wi dt Th s, ref red e s formfeatures that
Stripes ﬂ?o Ffdt Wﬁﬁb gﬁé{ﬁ&mf odidtermagizely, pisingle etch step can
refod & bibldf 91‘?5 b‘&ﬂ/e%ye@s % tﬂ B (B NS ﬁ%ﬂtt&a&ch, a dry etch, a
result in pitch t Ilnes But prtc

rezaiive iiql etchtdrany ohemnsnrg si pxgpcmtthzﬂ rremomrevlé@ﬂuh@ butthe materials of
1, .1 solated f The feat h
tf Bt ﬂﬁ%@ﬁ%lg' Tty a0 gy therlareryga has besn completely
xfng% ) gL f e h
HEPLTE PN, Rigyd WS Gl O Rl D o
ené)odnpctms, the ebreaineng portionl nEovaliay éaykﬁatvﬂf BS c‘lmidmeai during the

ate footprint, instead having
Rl S SFASE Fg0 SPINEe SRS AR GEIc40 Sra e sy aere
SpaQECthépélﬁﬁocﬁ&eﬁtmﬂ?er g R &rﬁ&@&rl?%ﬁ’é ﬂéle’r:"?{a%éﬁ a slightly
I ment: he i'sol ate

nm |n one advant ageous e
recrtmmardeo@anh hasoeneaemb@dmregtsl the foompiipt bhtheweithre is squaxe———that
50 nm by appr oxi mat el

iSsd’i"rPnﬁnSI gns i Frt‘ ga : grlg EBBRICHERCLY tthe spey i{feserably» the
feit&r%% oS %?&hm?ﬂ‘lv(ﬁ” 1@33%?1%@ E}Sprgﬁﬂ{a&r In%r%ﬁetgllsrﬁ?xasi {235 Clength of

of approxi mtely 50 nm FOXI
no2mdwk thhioud tirhes the rﬁ]tstt\mdm oﬂ"hEs gxﬁferré’d)&nbf)dlﬁfentshi%rm features that

pat er of holes 412 in the thrrd tenporary |ayer 170
Gﬁ Hebnradher ‘h@%d"’?‘ﬁ‘?‘{?uﬁ hénesy bgttfrfat”é iplicatiopeok pj pajtern in one

S DA B0A B s s

ca oesdli ¢ Emell,ndensy, islatdPRapred eftetfeytuseybatiaphiladdtly tifat ld 1ot many

hol e e sybstrate and overflows to forma
““&%ﬁ‘?%%f}%n g’i‘ﬁe?efip’é?vsl r aregi§up diffrsentafiem. linprewhich may have a

lerfg%{‘ﬁxléﬁ&dnﬁg o Bt ik il ‘?@Peﬂ?n yPr%%e?r%'d ehafidlal rMe nts have features
conducti ng or sem -con terral. In a
withnblesli-elengate fdmtEprmndstead kizevnﬁ@zt ﬂfot@équé&&hlaﬁecﬂﬁ)@qﬂmt

ol ysilj con. some enbodi nents, the conductive
S oo S e S b S

nnd, U'lﬂst}n%nadv%%g&)r s &hb 1n'ﬁ{9 bsgﬂ‘?edc ﬁ.g&l LYS H%igeeg ggétangular

420 often inc es nu e sublayers. For exa
fodtptignivitmdadéresine of Iapym;maehyﬂmhmrbyt a[pp@k@uﬁafely 60 nm. In another
Iaer andanetal f|IIrIaer can all be used in ]

ehut ieBIPod e diep ) 198 tyee each (var @ sgpare; feimsint with

f I | has b
d“%r%%é“ 0?%?@2‘?1&%‘5%#%%@%%%?@%1?121 “is remved
usi figguae ZMR shows tirsstrubturs of BigerdRid afesttibe pattdpabfiheles k2 in the
| ayer (not shovvn)i‘ %n be depaosited between the third
fhlfﬁrﬁmoaw Ipygy d 70 i) begryiekiprsied ptor thasebstate 1), dbe thisd tgmporary
layg'v?%(ﬂugpbee%o%o% oﬁfdr%?th%le%%vg%ger?ﬁllgé %/18{ %&R%{&/g material

to renove the overflow natér

42@ofhe cundis:tioy erar’tdrm\rv4lzepeerfereﬁlycsobﬁmtallyeﬁlm&h@ hoRk id & substrate
en re ed, portions of the conductive nmateri al

ancp SVRATIOXE) @n@%wowszzvrrﬂaw Hyer, opénglezstyatad}d/she conductive
mafe? Wlap! Xefuz ggcz{?% elgétggﬁy %g%%\%ﬂhgcotrsse%—conguc%ng material. In a

th of
preferred embodiment, the conductive material 420 is doped polysilicon. In some

embodiments, the conductive material 420 can be a conductive metal such as tungsten,

copper, or aluminum. The conductive material 420 often includes multiple sublayers.
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preferably, such contacts 422 have a pitch wdth of
approximately 100 nmor less. In preferred
weriodeisent s, the illustrated substrate grid-tPer/Uk86/019710
been patterned fromthe carbon grid of the |ayer
170-provi des .insul atjon that separates the contacts
Foj £35S HEHUBY FRASSIOR |2¥sBrrb TSI GHTIoE rhesrierHey Momss  uctal filler
lafR a8l UE GebdiR BADIGLPL.Or form other isol ated
features, such as posts for stud capacitors, trench
capdtgtrer 31B ahowerthpaestdufeoof Figns23A0a8er e s@iBow conductive
enb inet?r'%s, thg hol es can be used to pattern features
m?*%ﬁlﬁgamf Pneichedni Rustraily.dbe ovmdloy maarial és remagvegeusing a CMP
bQSITeMh D SELEGiinkfis SPhhA ask 1 (]l,ﬂ,@ol e
P Can expose %%?ﬁ}gﬁgtsb%)h%agaﬁgllég{%&@g |‘falgidgn&l$3§}§9 between
thé ¢hiodv terhporamys kaylea)i0 . anfinthef abtates] 10at aeiMRY aSEMP stop. Some
n\éjerti cal surround gate transistors that connect a
embodpRents e wh anAUE o5 RERMCr iSFPhdn remener thy prgrflowesterid. a
dr ai 1 S: ' [ t he
ot ¢ SR o R fyleP L Bl ETMERY 2R pbeiemoved

poditens ] the awondwdtivegnatesauioan isdgiedtohcs 40aibat aleddlRely and/or
[ the contacts 422 are forned in

il lustrated enhodi nent, t ]
reét}%@?y:ﬂ?%ﬁg-i o‘?r%ﬂeho?%%ﬂzmﬁerﬁ sitemavidilibat foss shan 850 am. More

' [ tai et
pelEREE). 360, B5RYES 442 ok, A0ARA Sl LMANBLARARIL0 1HEbr s
preferet tmbedinsdns, ded Blusirmed splostiatey gy e hae et pht@iindf from the

spacer pattern formed using the spacers 182 and
cathopgrid o, thenlayere sfupionies insilagion bt ssantetas the epntaets 422 from
| t [ h
el 2R s3PE Eibdifiays ML RACE4ELREN HERALT 1o, bAarm o dpgn otber
isodattxd deaterns, ssuch e Rt A tstudacapasiiapetledcd EPREIRERORMA/drOposts for
the features they are designed to contact. In sone
rag§igteinat i ve embodi ments, the nodified | ayer 170 (the
carh [ ' I t rli the substr at
0y Sofie it 52 Lol eol B e o nafir BLRAEE Baped trom o

sethigbndwetdrheTheseefeardil? haaviee emod &yt eiudede |

, { ﬁgﬁﬁgyt ethe mask holes,
underlying substrate |layer 110. In thisenbodi ment, the

WY SPInEIOSE RpETONS 6 Scencleshia silivopllaxes betpvahe meskalayer. The

 CNP. d.t,0.000d effect .
feef 0 S R RS R BB H BB T oSG remion ot
shoveptianh waleGhiy &iveptowdrela tharit pamsf tHeesI 8. fddirt eTRug fthe hole
ar}r_rggul ar_holes that is also present in the underlying
car Beyer WEB knprothsrivatiem ean act@s. 3 phanspleccawpelifigne Aowce Tegion to a
drdii s etch stop barrier can be used twice: once to stop
a CWP etch (used to renove the remai ning portions of

nodid tledilbisasted endddimerthheSdontae B4TIX hdefosibd B $he? dftension of
anor phous silicon stripes 212, and the second hard

the an ) ;
holgw k2 gty dhe sefsiratealld, andesciibeds elsyeads ét appantnt dioen fheodetails set

tive. i i | the holes, in th
o B O 3 LR S Ty b
thef idsblatlomi dfha copackiChadticen Modneddl ading 1the pacON 8ar il Bhrtly by the

the nodified layer 170 can be renoved to | eave
resplubaR Oh APALFT PaRentciorned BEng st spagae 382. In some embodiments, the

contacts have a symmetrical, square footprint. In some embodiments, the contacts are
shaped to correspond to the features they are designed to contact.

In some alternative embodiments, the modified layer 170 (the carbon grid with
holes that overlies the substrate 110) can be filled directly with conductive material before

the holes 412 have been extended into the underlying substrate layer 110. In this
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The spaces between contacts can then be filled with an

i nsul ating material such as oxide (not shown). In sone
weriod2isent s, the pattern of nodified | ayer 17BCT/5S2006/019710

first extended into the substrate | ayer 110 (such as

e pentagss e Lot e Lover ol
pro8is§ ch? %eiﬁ@@ [ gt)gd 140 Wechie e %éﬁr {;ﬁélp 9“3{?@%{5@ ggr[ Sunction as a

contigured to recelve an electric con

megtiaaichbCMPULbp whiciioatainskhe tdhes paten ofvegulatissies thet is also present
formation of an_ integrated circuit, the holes 412 are

inghe fuepebiine psifisdbolsaoray davesw’Porleemsrerabodiments, this etch stop
.ectri¢al ucti v t h ect ¢ -
EASELR SALKSORAUEHLYS SB £54k l, ERADES! B o gmining
posiidiy oft inedified spastenB 824, fied sitixairpkide shiges 219k dofbrpRous silicon
overlying. level. |In sonme enbodi nents, the contacts 422
SUERGS 94%’/%»/ andyfher weent had inasupyari I6R% . andgmee gaippean ¢tple of overflow

’
oo ey O (O ST R Dol R Enb RS eddOcont act s
422. Ohaerthb esrlon gridtiae teewfilled wahScondhane mapadl 1@ carbon grid of
width, and contours of the contacts 422 may

hei ght,
thy %«?ﬁi%%}ay% &79 prride ramPYH fonlerve Geestarpling ponsetivg pontacts 422.
Tlfér':gbgtgés%%g‘en 50%%0%8%%1.&}%3 Pé‘ %?1?% GfinPA l%lg léﬂir?é%a%%i%ﬂsiu@? as oxide

dvantageous e I men e con

(nef o) s Infsonte raibodaneay,She Paney & mGliféd &8t 870 & H@hextended
nnect portions of any electrical device or conponent

infog B P BRRAEY Bl L0 8 20 Bn ponse s dmencd:an i Jower level.
hi fi. i b d il . d ab
¢ 1 SRR BB RO RAES L) A kol 6 sPRER 110 or

inshrovetiyingdaytepiaed eshiigurdd Bukeeily anvelebiridsid cdiueli®kRtedal such
grid of mask material having small, densely arranged
asppitels Humtherrepredvhen used o fermatinn of ainfegrated wiycuit, the holes 412 are

' [ T, les, or.holes etched inta an
kBN pRRRondD % BRI, kS04 08 SRR ob Bl Frigger
comhédis el inglfedtOreg keeH & Bamlstor s6@1a8 ediomPARIe BthbLadHp&ents (for

in the %rl d,as depicted in Figure 21. The skilled

exgmples B Iipgs) in prawriwnglsseleci at e ot her applications for

enmplyQyd ht.h n attern.of holes. As.

TP UBIR A IR N RG22 B Pl S Bins. o
expiablee s foatirel Blay NGve lcapRfsSthaa ArebiRtNsIBMAbIGIMRIHLEE than those of the

under|ying |l ayers or substrate. Figures 18-21 show one

illygsptadripptaciset wheraeissthe pronspidenst shapegrpenivg, kwighiewidth, and
' ' . mbi ped t
e e R bl By AR T O B =

f i gunesrtsih @wbodirthéies, tbx asmhas 424 a@aédl?ﬁﬁcon I?I_ugs_. In advantageous
consolidation, which can be especially beneficial when

embodirpenss, pike t nfrsth 4% conbent dememataly memery paayswrimyever, such

t In.a faurth S alternative to the .
cofts s KBRS foM e B R ol Rk ed e Gger electicl
deebotida®pdrenand with reference to Figures 22-28, the

crossing striped

In a third phase of methods described and illustrated above with reference to
Figures 18-21, the crossing striped structures depicted in Figure 17 were used to create a
grid of mask material having small, densely arranged holes that occur at regular intervals
in two dimensions. The mask holes, or holes etched into an underlying layer through the

mask, can then be filled with material to create small, densely spaced features in the grid,
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Structures depicted in Figure 17 are used to create
smal I, densely arranged mask features (such as

wo e@eAstS8di ng pillars or posts) that occur atPCEYH1086/019710
intervals in two dinmensions. In particular, Figures 17

22-25.sh h t Ki h isol at ed
as ERIRIoH b FisBeo! D A e S G s oppransts g hsh gpplications for
-]%eﬁ] i j ted mask features that
en@@ﬂg aegggkg@?g%&?% é£§ﬁ¥$ﬂggnd fourth phases.

Fi gursdHuiatbiniHigurs 17 ameska withodiéeent pattsrishiatdistiact lagers can both

used in conjunction with the structure of Figure 17 to
Shleﬁegwem&eﬂmgslwator awést%| \Fares d8ride Yo faeoway that the two

' [
pafilch GRAAE toeelhe?Br REYARBASAAND FRORRY LR PARPRE patiom o
mat) frammawal suptrieypsedeshttentst | Sulsseqiient frueds dHoey Sirthepexamples of
mat eri al s g,such as anor phous, silicon); while |eavi n%
Paiisin aonsqlislignnwhicBx§8s ¥ crrecisHly dieaclidalc wher th e gratterns have
kXl : val of spacers, the other stripe
Cro%%?grf%g%r,es égn%f[tggf%bsed portions of the hardmask | ayer
FoGithiPRasgan be acconplished in a single etch step if all
three are forned fromthe sane material);

the sanme. ); .and 3) :
ext dhgi oMt Phesfe altealiys iRy theathird phage of methpdsyingrecordance with
i Li i gkan into. t [ I .
RO HBALE ) ShATHSohcl % LOGMOIEE Y D Bl sped
stra@dre? ABpistedvin tfigure 17 wed uged toferdategsinall, énad¢ afrarided mask features
exposed portions of the stripes 212 have been r ermvded, nsions
1ImMensions.

(such &5 itres-standmecllans & gste) Hah Secvs @b srealpr (gPvRIsIRSWEY
. cer s ol e Star h ‘
in BRRIRRERRI ol 10850 R oA LBl Y S et mask
fearireyy Nbtetthat Fgurtateand @28 ehd? Bnsthevapposh he ekl isolated mask
cross-sectional side view taken along |ines 22B-22B of

featiprgs that san altpsngiyetothethindand faudle paset i ¢,
cro i I 1151 [ ' 22C- . .
C oAREFSLL kR, YLANATKSD BL008 W 088 RAGHARGISN win e
stradtoSofFagire drfab csdatepiibgvwhitake small and dénseBSand?dp-ezehdly @paced in
Figure 22B. An HBr/C a etch material_ can be used to ]
an s@%’é’ét{ﬂg‘?i’é‘lsym?‘@%v eOag prsagle 6f tanopish orequense sfof j thissphase is the
2 reef r apprpho i L
rolfngt b DR BLSL SRR SR SO LR R L nal Al ot s
ameriids nHiftos); whild iarmgofntddnike otict ferpetl whletiglon(sati e silicon
‘Igéfrs can be exposed; the spacers 382, the stripes.
dioxide); Aheeredal 96 spararsh A Othes Rirlpayeaterigo v ERPQEaH Negions of the
hadd®=9F i’aprfef {%ﬁ"fs $hi) bﬁ 0 ol Xhin aTéi‘xfgééT@t‘cﬁ !‘s{eg'iﬁ%lPIhx§é“aﬁ§ ?ormed from
separate layers have been depi cted using stipple o

thevednyd Agterl)gahd 33 extdnsibntdfethe hewitidgayattesn (1 0magld 4f amorphous
and_ 382) can be distinguished in the drawings. In
siligpm islandiisty the waderlyinmlayeide formnipesiapdig maskeaillars or pests.
for | [ . i
2 5L 2 0P B o A8 5750 s o
stripes a¢2 ihvee dbahrdmas/ctcivavied @threcPidrtd emFadef expbsedv@oktiiis of the

oxi de features d\ﬁ)i cted in Fi %ure 22A that_are not
spasRskERE: phye stipeh dhdhyandxibe Javeri 160 e allompesgdd. (HigwaedA shows a
. ) ) . i ch sten: .
sSSP\ 4 AP P SR TSk fhont i
vieex ailtph @long lines 22B-22B of Figure 22A. Figure 22C shows a schematic, cross-

sectional side view taken along lines 22C-22C of Figure 22B. Figure 22D shows a

schematic, cross-sectional side view taken along lines 22D-22D of Figure 22B.
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from anor phous carbon). Figure 23A shows a schematic

pl an view of the surface. Figure 23B shows a schenatic
wW@ee@wsd2758ct i onal side view taken along |ines 2BGBFESB06619710

Figure 23A. If each is forned fromthe sane materi al

such as_silicon dioxide in a preferred enbodi ment, the

spader §B3); eichanateninlican g ysed {9 splectivelyiemoye exprsgd portions of

j d mask

3o Mt ey P RO a1 000 i Gl o

Al t @it idrg YiluSQRar ke it tsee sémhslimantsPeotidasl dfothree different
renmove each of these materials. For exanple, i

in_one

silispp l9xisledpyers erm pepeses; S7snasais BR2.dhe sleipey 214 and thssegond hard
rekati to.th er | f. 0 4 . ar

o 05y e O SR o R 50 e R O e s

layRed hdve nfee@fde%ib@dais[ﬂgo@ﬁop?eldf waping Medighe s6 e viediearchyers (160,
the spacers 382 no |onger protect those portions. Then

21pomd e bendistinguishad dk theadravinggatln ket earbodiraenis tthe second
b he.anorph ol CONA can be

hafmhaaf TR Ry a3 Ao SR Rl o AR A °F gur e

23 Figges aBASOLB ooty EteC Rngh@p SofhBipree 20 eifite th sbiective etch has
island pattern of Figure 23 into an underlying |ayer

remesd; #l portiondiofghpivenenssoxido fisiwee derietedyjn dipHp Radsthat are not

silicon,caps.432. Fiqure, 24, sghe [
bl SR 78 Phgebd SR AN TR AT amorhons
silﬁbgﬁsﬁﬁcétbl@ BRb pb&sViceiodsakem ahdngidy 18 @éiedd Bor example,
of Figure 24A. The etch steps have renoved the portions _.
frops ampephphs earbenpoewe y3 Aahews a yeheppitie plandnew of Bierputface. Figure
ram anor phous carbaon).. t hat. .| S. t .
230 SRR GRE ARtk Nl PRAREE Bl 2B2a o T
23432 conprise the remai ning portions of the stripes

212, which were forned fromthe second tenporary | ayer
150.1f saed is dpynark fropr Bresemethatendlupirhots sy digridernta preferred
I,s .l ocat ed under th the caps 432 T s, 4

cnl Bl B8 PG P2 g RRRE e ihus Rl e PR a0 e non-

prétB@td %@ﬂioﬁ@ ofleRs Bhod @R @yereMeBNday- HPBE ednowdade a single etch step.
possi bl e by the overlying crossing patterns that have

Alranatively, seierate retéhs btapdl cpobe jusess toofenadie epch (dtthess. matgdals. For

ca 432 and.the resultin b1 lars 430..can
xR Q0BG SncER rirgl PR 5B R SIRTRY SRePEl W o e
matéridl rcﬁsﬁlesc%gé 1490, thangre! RY@ad FroaPWillchs, Rirl dxafiplar dlewly exposed
surrounded by spaces 434 in each dinension that

popiaas exf 4h¢ yiriprs A4 cal thenhee wRepvedwnce heowgeers A8Z no longer protect

nmodi fi.ed | ayer 170 to e | ayer ... Fr.om t hi It
qRebasifr AR ket Ok Mcre Bt R 48R B0 Gea by he
anlodpRdUe kilRSA IR of BAR 430Ras UbSdnided. 110 by extending

the spaces 434 down into the substrate 110. That is,

t he Figuies 244348 show the stasiutseoffsgire 33 aflenpigsotiapiq gelsteps have

i .l ars .or islands.i-n the,substrate, 110, Fi . .
exGianc Ol 1St Dot Bt Flluve f i Sl flytaglayrn BUVEE sunding pillrs
43816 REOeH By Sinld seliednhtass 4E0FRdrd DA SINERIPA ¢lematic plan view

silicon caps 432 fromthe pillars 430 to formnodified
of feesgurface. Figure 24B shows a schematic cross-sectional side view taken along lines
24B-24B of Figure 24A.

The etch steps have removed the portions of the third temporary layer 170

(preferably formed from amorphous carbon) that is not masked by the amorphous silicon
caps 432. The amorphous silicon caps 432 comprise the remaining portions of the stripes

212, which were formed from the second temporary layer 150. The caps 432 protect the
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pillars 430a. Alternatively, a CVP process can be used

to renove the anorphous silicon caps 432. In sone
wendved2rsent s, the pillars or posts are forned PEDOSA06/019710

sem conducting material. Preferably, carbon pillars

are used as a mask to etch silicon pillars in an

calwme of ynaierial dhatds henatadi wrylemeaidn thacaps 432. ahbus, tthe papsi4?@ form a

R B S SRR e S48 SRS BT Yy svces

malle fdbsibibyoie @veilying ofdosyiBg pattediis thaiHaw8 ldefin&Piht ash-adland portions
| ayer. As described above, sem conducting pillars can

ofciypsirnefarey ehhei qans 43 prdthsaegiiine pilla<3dtendetdensely and/or evenly
i. i Vi | .
QT Py A0 2000 AL B Ay e s e

siptouhaéd By spast 43annhave dimbtlich tHat pedferdbly @8endAall the way down
channel connecting a source region belowto a drain

thehelhic prpcifiaclayem) 70ciptibe At VE0-pHense thif DRt AfbePaitem present in
thrfélce:rggc{iﬁg&l (fa%rte}g”llé' 5%; gfg %@éﬁ%gﬁ%ﬁg& TR0 ke gurb%gr? r_elt ﬂO dby extending the

erence . . . € Crossi ng pe
spabdsUI R BhePitetsaBstidie Fl @UTEat 19 thamediTRgNakss 840 tén be used as a
create small, densely arranged features that occur at

maggtgl farm pRleey wraplendsindhpsustigindidns. | n particul ar,
Fi gupes. 1 a 22-25 have. shown. one roach to o1
ikt T GRAF S Pl W ORISR £ PR B Elhd Bhous sticon ech
hdslretd{ERIne aghorpidul spftes @apwza@oxﬁlth@gimaisl 439 toToh hitRlified mask
the third or fourth phases that can be used in .
pilaisjA3fat iAdiernatively: m MR prrsessreandfe wspdytn wmpre the anemheus silicon
maagzpi Ilars, and fornms small pillars or islands in
Pré tnderlying substrate that are densely and/or
evenjyy sGR@eathollineiils, 3BY Pill-2Y @8 Yo si¥BRp Forméd fohfk deiconducting
those depicted in Figures 24 and 25. One exanple of an
meterihl. s Faelerably. fegrbonhpidlagshars eused ashie niagk | tovsitely silippn pillars in an

npnsel ect i veet ch t hat ars down all e ed terja
SR e 2emictu e B e oprot ks PRI S5hoh Byer 170
cavBceatfiten a8l tisPRsled cdhd Rirned dibctlyihdhg Bulishetef 1 10akvhich can be a
maski ng | ayer; 3) renoval of spacer material; 4)

siliearowalier of a blasketeniiaxirllgy o s dsaeribstl abaee, s¢michadudfing pillars can

Cst rrl _eV rr?ct Egl al s: aa?edtr%%s' Gc’e.tOft t he ‘Eegai ni n%igt [ %f derlvin
PRRTISP VFIcRL SUTHRd gai Tithat SPRICSE S AeBionin g wnderlying
le#61A0 1M IR thd Wed bbiioh Wi ehopillkl. IPNR, thé pildrer pefiealhave within

~multiple etch processes have renoved nmaterial from all
itexpokasda chapaelsconperingerfiontyetregion pelowrts aakmain above.

sequential ly, exposing pqrtions of.the.second, hard sk

ayel ogoml” ehaRats s "B Rentdinalr FpoRimER | PR breferred
erhSSIRREAK Yind W18 refbi@ice td BigtRs 205 5 MG oSimChe P dtficRr & depicted

view of the surface. Figure 26B shows a schematic

incFigoee $'éduivohatn siseth tosiceaatet sikalh ddnsely drianged f@Bire9 @t occur at

f. Fi 26A. FEi e 26 h h ti
BhBC L ol S S AORR SRS s g ghov on
apfpr &k 8o ABRingFuGianRED shows a schematic,
Cross-sectional side view taken along |lines 26D 26D of

Fifthdibase 26B.

Figures 26-28 illustrate a fifth phase, as an alternative to either the third or fourth

C

phases that can be used in conjunction with the structure of Figure 17 to create mask
pillars, and forms small pillars or islands in the underlying substrate that are densely
and/or evenly spaced in an advantageous manner, similar to those depicted in Figures 24

and 25. One example of an etch sequence for this phase is the following: 1) nonselective
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As with the etch step descri bed above with respect to
Figures 18A-1 8D, this etch has dimnished the size
w@booshers8pacers 382, but nodified spacers 382bPEr/8S2006/019710
shorter than the nodified spacers 382a. Furthernore,
unl i ke the etch of Figures 3A— 3D, the illustrated
etgh that preasslosvrbenonet Ratea t(ﬂ’rc F§1F BRioseh Plot taaglies ion etch);
I
2) xt&gﬁ)ﬂi?dcﬂghg%f)g h db ?ﬁ]}blégél;?f} r%%‘%taﬁlhﬁ% gag ﬁ 352 5\%1 of spacer
mB‘Eﬁkl U yenovkd Of tige @mnﬁ@g pheionn dLohey biMdhe ttiwb rsehipe materlals, and 5)
tenporary_ layer 170 everywhere that was not protected
ugsypi thearenighieg sriggmateriglias 2 MAK Retdrrillys of Iandpacer s
382 ectiver ..
ot cH Rt FSEE sffl 0 Bt LTRERERT 3R Wik puttiple ctch

praossBest havekeindvay ahigerial feorat aihi bm@sa& ISRBS shaﬁexb@garﬁhe spacers and
halted before the thicker |ayer (spacers 382) has been

Seaémﬂaﬂv @mw@m'éans Ofﬁb%secsag bagrigaskflayend 6 9@@: tes pegions of the
ot s RS AGe200t | P04 DRl PR ARLYE] Biw o

sudfieel Fipurd DB skdheg bchematic sish-bedtiofllciideoview thieaCilbielines 26B—
ion etch (RIE Reactive ion etches are advant ageous

24k o0f El@ﬂret%e‘\,f TR CRoEEH SPRCTRRE. @m&s@twealtsuéeawew taken along
%@lﬁ%—Z@étﬁg}g@E %g”%@ﬁre%ﬁ sllll%qr%r ! %g%aﬁ@ ¥O%Ffs%(itlé)6al side view

enpor ary have "been expose an’e

takérMalbag lihe 26mReDegEigpedeBbove with respect to
Figures 23 and 24 can be perforned to renove exposed .
por t Ao idthghe el stapi deeriberpbper Yith agrepct 17 Gigwes &—éﬁ@ this etch

PRSP L s s 08, W ST B4R e v

medified spavrrod 8Jah & ushagedre Natlike e éioh of aigum@sml—szBDgthe illustrated
| ayer. Figure 27B shows a schenmatic cross-sectional

eteh gEocpsehns BRsHatel Ghrgueh eeBoseR moptignsoet tﬂliegmrr%"pm sﬂlcon stripes

r C. s S
2P RS IR0 SR e PR BSSUANRLAS S 10
ex30ehe amdEMEAR tHifd teﬁlrp@@'ﬁzy R§6t 1 TONSerysitidee t\hmewad ﬁd‘t%ﬁotected by the
along lines 27D 27D of ure 27B. A selective

spagdip PRdusTwsr Hhenheight h)fdh% swe{se}&?ohaﬁebﬁendlscde i geeate a “thickness

segegra % %tgﬁlﬁk?gtr?rﬁgx‘?’qsc{g)% huipfé eas% %Iﬁé&eﬁr@%&% fhécgcer ayers The
etbANE brobéihas TBetShalied befoge tHel thiskérahrsl (§aBRS BB Has bbéﬁecompletely
spacers 382b have been used as a mask for an etch that

repegedr dawedpartipns ebillsompatdrnds? ar giilt essotQ@m-gzlwlgmﬁovf the striped

ph FE S sk aRs “Quf HoRupdiRD Bhureh fh Estioghis «sputtr

ctbH 84 tepbide: idh etdGRIMBY. Xdadtivediod ctihaR sl edvRRiddo0OH WAt they can be
the hard mask |ayer. The island pattern has al so been

seloetivn alsticteate yertisal wallber | yi ng carbon |ines to form

K chemat th
Bur 1 308 e & S8203A5Re BeSCREHRtre D L0 Ll p fosed. an
et @RpViiBilat ak @Ratali@BAbdd BESve2®Bh ré§RcPho "?‘1%%@ 2§%d 24 can be

The structure illustrated in Figure 28A-28B can
peafoiined éel r¢moehexrfostd peitings whghe third temporary layer 170 and extend the

spacer pattern into the third temporary layer 170.
Figures 27A—27B show the structure of Figure 26 after extension of the spacer
pattern into an underlying layer. Figure 27B shows a schematic cross-sectional side view

taken along lines 27B—27B of Figure 27A. Figure 27C shows a schematic, cross-sectional
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starting fromthe structure of Figures 27A-27D. First

one or nmultiple etches can renove the exposed portions
w@booshz7se®di fi ed spacers 382b, the stripes 214PCHO/20061€19710

second hard mask layer 160. If each of these layers is

formed froma simlar material, such as silicon oxide
side siewglakerehiohg dinep 276r2H@ ofi Jégire PABR, Fighet BEY shows a schematic,

anisatro sel ec armr S r can be

cr‘bsérSF?}}%ﬁS@%V’re&'ﬁB{%"aﬁ I}gﬂﬁ%ﬁgsgg%g ﬁiiaons of the
layef LiddGvé i anforphGRT BABod iehS ban fber Tﬁ@rﬂﬁnﬁﬂdtof k&@fove unmasked
| ayer 17Qd (i.e., carbon ﬁéllars structure

pon'thcbnsswﬁ‘dnbddyarnlml, gmee@mgs Yingl paken; intos thei lager 19 enhforming a

i l.Lu rat ure B, ;..an ubse
mg@i l@ﬁiﬁ*’é’ﬁh 2%0 i d ; Jgihe, e uw g d§1gP q €_3DACS ég %%lhhave been
u55ﬁ§§§ﬁ{asﬁ ﬁ)rtaﬁ%&% tflélt%ﬁ @ﬁate!i ?alficefrb(fri lﬁhesa| ternative
ase of nethods in accordance with preferred

enbdtigmen8AaREB whot the bewcture of fdgure Giradter 2egmo@l of e modified

Crossin triped struct.ures d in Figure .17 hav
ST Shtal £ "EREATE BORHPES SHERaBryaPe A B paf thmasked
pcﬁ{1 G’ hAl hEFUIPEr. | ThENMMB phiferh WRs HlSTEPSNOREenddA into the

ternative way to forma grid structure simlar to
un_dlaﬂylggucdrhbnrlmsi to fornopiilfise Figuy @8 A1shows arpghemiticspleatvigy of the

[ ure 21D i toformth
surfips, R AR simatc Singe-sioft 4 Vg dRenelong fines 263~
ol pillars 430 with a material selectively
2@%‘%%{% 2!v%?ih respect to the anorphous carbon of
p| | | Blresstdi@Oyre dhisirated it Biguet 28A-Q8Boanbetaghienes ingpe &illowing way,

illars 430, use ve etch t
sitige Gt Sstnsie A BPRaPAATE VS Ty 0% FaPHTRIGHTIG pen remove
th'é:te&ﬂ&tea rpgrt'f'drﬁn drahe hddiHR s?)‘étééi@BSJZ‘t? thd Etﬁ%&i 21 £Gnt"he second hard
res 24 and 25 is to formthe nodified Iayer 170a,
mbiK ]IayctrhleéOh dif eschddfZhewetliay eas mfbﬂmchfromei swilay whigcink ad @ silicon
with respect to the thlr orary layer, 170a h
¥ B SFh BEEERODS Hiss TP @opier RSHRN RGN amomhous

ﬁ&p@ncgla :c$1¥ BE p@%&%eda@qehh%@e ﬁleﬁ%‘\}ﬁ? uhM@sI@HGIdbriiéhs! STRY Bayer 170c

ied layer 170a. Using these positive and
(uaegatbonehnq:sp,rﬁnmh@mmhﬁadr layeh70de (ufa,skarh@ @ilfars) The structure

JGabaceIL ot e ST he ariat, il oe O FRSLS OO, 2,
ar@(m&‘fwéh F{eggéﬁg)bgg Al 29 RE Q1SGRRA! dHDvE |v@i@l{ k&Bect to those

m crogra ['ustrating a dense array of small
fiftes formed according to the described enbodi ments.

Irnes ﬁ}g%%/ls ,p;lg:glv?\% ]g]gl gs havi %%CP %}EI&E ‘%’%‘%&B %imrgg ed am%odlments

1 e RRRYs BERGES fr Figure 17
oEShy 052 D798 AT bl A, sgpses
halersen agdday opdatssmall, densebsartanzae deatirenthdt oagut at repgar intervals in

descri bed enbodi nents. Figure 30A shows a
tve $8¥ngieRt-i onal vi ew

An alternative way to form a grid structure similar to the grid formed in modified

layer 170a and illustrated in Figures 21A-21D is to form the pillars 430 illustrated in
Figures 24 and 25, fill the spaces in between the pillars 430 with a material selectively
etchable with respect to the amorphous carbon of pillars 430, polish the material back to
the top of the pillars 430, and use a selective etch to remove the pillars 430. An
alternative way to form a pillar structure similar to the structure illustrated in Figures 24

and 25 is to form the modified layer 170a, fill the holes 412 with a material selectively
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wherein the features have a pitch of approxi mtely 140
nm Figure 30B shows a crosssectional view wherein the

w0 e@b2786 have a pitch of approxi mately 100 nnPCTOsXe6/019710
SEMs show an array that was forned using the follow ng

SRR s BT GRS L AT
su@facé @' the raﬁio@%] egrdﬁ%nafagf@rr 709 h 8% gﬁé&fdebfrgh to remove the

enbodi nment s illustrated pattern was trans
mpgifigd alayemiféla yilring>S@se nssititeoandamdgadivh aappromiis wa&urn while

mﬁﬂﬁlrﬁ B s bt 6 oo i of BB Frdgiidd

o Fdgrins o be;formed in
5 acgﬁ igdsfbran@dhi= The array depicted in Figures
0C has features that do not line up directly, but
are offset in a regul ar V\m_ern. Because of this
wav att o be square or . .
oot Rl oK i o HcHE e et SleBon TP seaEs SEMS) illustrating o
ddnyé Extﬂﬁf Mn@all Rd1&s f()%Ed Q&Jorcﬂ% {Std ‘aegb?ﬁoeél@@@&%ﬁeﬂtsb ®T'hese SEMs

conpl étely sheer and perfectfy verti cal
shpiwgbeles liavingse matck, oft lves ehar éO@rmmy eibredproeesingalied employed a

conf.i overed b he | trons di scl osed
10 digpgs ?lgﬂa@@%&a@gﬁg 87 165 e pliolioeph RRTOSETSAy of

smal |, dense holes in a gﬁﬁﬁggﬁgws figure shows a

perspective vi ew. Exanpl e gur es 33A-33B are SEMs

of afiganes 0 AoB0Bnak | SEMe ndlestpitingar slense most f ismall holes formed

ord th, t cl osed nbodr The
aCC? ?Oa@bed PP%‘F ﬁﬂ%ﬁ 1RGNS, o f grfeé%t%owse &ho8s- ac‘uonal view
Wlli@élﬁ tH@?éétﬁ‘i@sShﬂerd i@é}{jopa bRt 14(?1&5} hl@i%ﬁre%s Ca cross-
pitchis approxrna rmin Si ons
15 sepircmab visvewhernigh tad\faammﬁg hsvmh pitetssfeabphed@btelyal @ nm. These SEMs

|icable to var,i et ontexts in which two or
A2 R o e oy tﬁ%fﬂi‘ﬁ&é%sqqﬁer&e@f 68ipgtpmeters:

EtGlQSfebgUfa“ on-and (COgpYE LR Fgét‘é‘P%lge&" r SE@S &-C> | Si02 etch

such™holes or pilljars. Accordin tma&lgffil%
appreci ated by those skilled in|t ha us .
——GE—EHWWW&M ondFiga The | (Fig. 18)

~—+

| Dypation (pinpigssepondsids and390r uct uk es %¥scrilbed &Bbve 0:35

Elggt agiapfmm) ng from tHe scope of 2T he ilnventdZon. Al 27

Amplietl Powdi fWgat i ons| and cbanges are 3ot ended t god al | 300

Chainithi Presfige GaPPe df the dyventipn, gs§ deflined hy the 65

Fl@\@ﬁﬁ@@?@dﬁgl AR Vg CCArVy 1. ATret n(@d o_f f Ur i brg ) 9

L)o&-\-

T SO Se AM D T O T A B
d 450

Flow ra mflﬁ\rﬁ( gm). o 450 100 450
Flow rate of O, LO (sccm) 0 0 40 0
Temperatures (°C)
Upper Electrode Wall Temperature Lower Electrode Temperature
Temperature
70 60 40
Example 3

Figures 31A-31C are SEMs illustrating a dense array of small holes formed
20 according to the described embodiments. The illustrated pattern was transferred into an
underlying PSG insulator and a hard mask was stripped off in-situ. The pitch is

approximately 100 nm in two perpendicular dimensions, as illustrated by Figures 31B and
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reducing the pitch of a row of second phot odef mabl e

lines to forma row pattern that crosses the col um
WE2106427386 t he row pattern having row |ines andP€Dus2006/019710

spaces, the row | ines masking of f unexposed portions

3 R e ol Bimisted Bonerhao B SdcEheb Aares i gk Hamu directly, but
arB ¥tHs8 10,2 feEﬁlaP '(A%ngﬁ Eﬁ‘tgerﬁ.o IgEMsB ¢ tﬁiQ\O(faﬁ?&J ﬁérgs‘%hg rhnoles Jnay not be

conprising a co ed mask having a t pat
squibee areediongubdr, Bitasead redfemblde trajponial: i Birthgroi@apiie Rertiahl walls do

QLGP T DS OPAISHE LG PRSI Yl e ot Figures illustrae,there
e PR AR L 880 A LB TR
conprises form ng sidewal |[Exapatets on sidewalls of the

first. phatodef le_lines. 5. The nmethod of C.aim 2
wher B8N ¢ds &P ﬁ€a$W%0f§@JIhéenssm@é%a g8ds This figure shows

a bRESE ARG Siedewal | spacers on the sidewalls of the
ﬁsecltsc;gr(id pﬁot odefinable lines. 6. The nethod of Claim1,

further conprising enpl oyiExgmplee5 conbi ned mask to etch
isolated features in underlyi ng substrate. 7. The )
met Hoguss BhaBoarer _ﬁ%e?fd@@nﬁ‘ﬁ% Phgmetlassrssr pilki eheposts in
ac_%‘ﬂd?ﬂcep@ft%l %@diﬁ&o?eddén%ddﬂﬁérgg.aﬂ% iREHREE BhER! \Q%s ff}ferred into
ated erlying the

I SO eatures Into a substrate un
PRIb ahd adibrd mysk waBstrippeel of ifisich. ofn tBksei SEMSs, thépitet B dppeximately
i stinct |ayer, is formed from anorphous carbon. 9. The

1 oft disdegsigng . wherei n the phot odefinabl e |ines
. h i Stis.. . h i :
o 1 R ALt TR U010 8 My of

copexpeindibich awoton rhdére nsask gradeipb aioilgtaposddl i@ d ¢rossSng ¢dnfiguration
n‘ghe net hod .of Claiml, wherein reducing the pitch of
anggamybined;to o8t eEet fraties swshhalesqe ilass-bef or e f or ni ng

t Pe d&&%cﬁﬂg@%%fﬁ 9&!@}?}&9&5&? %?l(atgo%ei a@ﬁerdeﬂlzthe -r%p?te‘ghg{;%}?oqls other

(0] aiml ereln the 1so e S conpr
onmiediess, Lglditibne anet hodifebtidisaimay 168 nfade ttbethe casmhods afd :structures
filling the holes with conductive material until the

deggthedc B athont depariiser froms;thantone coi i tipeention.  All such
m@dﬁﬁﬁgtloﬂw 2191‘21 f}&ﬂg&cgﬂevﬁte%{:f i %11 V&vitttﬁn CtFlg & | of the %nvention, as
nec plan S.

ani ca rizatiron to create isolated contac
defined by the appended claims.
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14. The nmethod of Claim 12, wherein the row pattern
conprises a second arrangenent of nasking features and
W0 b@oaissem pattern conprises a first arrangene@t/usfo06/019710
maski ng features, wherein the row pattern overlies the
colum pattern, wherein each of the first and second
arrangenents of masking features has portions that are
WoEMRef roma common material, wherein a first
“underTying layer is also forned fromthe conmon
mat el.i @ methodro€iforndng aones innderhy, compriafigt |1 es bel ow
the first ynderlying |ayer, and rein the nethod
further c’i?HrYﬁ'lP%é C @ngelhiorfga é%lﬁg’éle\élpg

Commurﬂﬁh%é'rﬁ]a grom both the first and the second
arrangenents of masking features at the sane tine. 15.

5t tnhetpslefnable dines to form a

CXPRE

fopming sidg

The net haddedingtta pitchdof £ tovi bR secondrphototl EfhabRURER Y Ehim a row
to etchi nt%taexposed portions of the common material
f r orRAGIhDEheropses dhe eplamp patterac g dowriatiamdinvingstoyf lines and row

e g 98B AR PHBER I 0% g i ot

t he mtieonand thearvye spates Mavimstipoged paitionsef ahe U@ rBME column
time to exgose i sol ated portions of the second

und R I ff FRising) golummeante £oN PabieInS| egmprisng faugerhbined mask
co s : uent to exposing isolated portions
of t ae _ecolr{glbaﬁﬁg'rl ying layer, extending the third
pat t2rn iTieomtthed o Caich UnRlethérydongbrlstyperentdying at least some of the
sel %ct ively etching the exposed isol ated portions of

POEATS OQHMW%QW%VH to create holes in the
second underbihida bAYGim 17 wnlhn T el Sl Mdfes isolated

conmmon material 1I's an 0X

feaetehod of Cl aim 16, wherein the conmon material is

silicon %oxi de. 19. The nethod of Cl aim 16, wherein
t he %secondcufsdrady Phd ey et Whersivorgsiveing e piieh ofothe column

B e MR SN

the 5 ow [Efetraethod offiaiges, whaeiaasduoig MHRGRIER Y tRS row comprises
maski ng fﬁat ures and the colum pattern conprises a
VRl SeRsRE AN e sidgwrllsef thesacandphotagiefingble lings

Pecnd o rAAIRR: ly O R, LSALES B Rl man

first arrangenen ing

to theh idolated feandessiaaanadedyiangeyeaes of masking features

has portigns that are formed froma common material,
and ‘wher dihs magthehelietlajm g furthes eomprising ratsfeming the ind pattern to

: t en: 2 w1 L0 t hod . of im21, . . . L.
R T R Te—

lasfer.,r st arrangenment of masking features that are not

formed fromthe common material and that are not
masied byheh@ethonsh Glaine 7, avhere. then distinethdayenfis Goaned from

am%gfihoﬁlyf:érg&? conprisi ng, subsequent to renoving those
Y

tions of the first arrangenent of nmasking features
t ha®. ar e ThetmdtRsdBOCiaM, therein the photodefinable lines are formed from

photoresist.

10.  The method of Claim 1, wherein the first photodefinable lines are

perpendicular to the second photodefinable lines.

11. The method of Claim 1, wherein reducing the pitch of the first

photodefinable lines occurs before forming the row of second photodefinable lines.

12. The method of Claim 1, wherein the isolated features comprise holes.
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common material and that are not nmasked by the conmon

material, etching exposed portions of the common
woredoen2#Be f r om t he underlying | ayer and bot h fPeBHUSHNE019710

second arrangenents of masking features at the sane

time sin king i sl ands that are not forned
frontt he f@%ﬁ%ﬁogﬁ?ﬁm@i gz HHECEFOMPRENgmski ng i sl ands
correspongihe thB&oidd i R;%H@Jtﬂe r%éltengihﬁntﬁeﬁlg c%nﬁ&ctlvlp material
Claim 23, further conprising renoving t ort

t he mmﬂms aad eri al that are not masked by the nmasking

i sl ands, I eave be sking islands that are not
f or med fr"& ing dhe V‘hﬁ &Ppdyctive gnateial yrth hehgmagal mechanical

G ai SufdizablitioSiind ELGRMERRGRt e 2l [s an oxide. 26

The nmethod of Clarm ein the coomon material is
si libbn dlieximthod2df CHim ikt Wwheteinf thel Iawnpé?cﬂern%(hﬁllplrlses a second
nmet hod fuyrther co ri sing renoving portions of a

ar@?ﬁ%@@& asking|fe f?s aﬂ@kﬂ@ GPEHRD Al cPmprses A fip prangement of

m&XTY fathe, widRse %eﬁtw h%i&l? W%ﬂh@g ﬂ{%ofgoll%@ﬁﬁn %rh]f wherﬁ:m each of

exposed material's, exte e row

the I[iestfand s¢coad aammmmts aﬂmmmgl fogturee has p@klsnﬁﬂﬂt Ar8tfernadd from a
| east one, ynd ying_.layer. 29. The nethod of Caim

copENON, fagter E%reweﬁh%rdt paderlydng dyenis slse fornedifiogn the common

A R4 Q0 I SOV TP ) S v

whaveintthe neethedi iiaﬁhenlvtm;ﬁ'lses thBingRIsbRd PoslieiIds the common material
& dtothethlrd pattern. 30. The nethod of
g p

firgt ad Hstsrennd faarfapaemr&@%ma%qm@feéw@m ths:gsamqélme

g?e;tﬁenp?ﬁ AR cg‘lg of ﬂﬂﬁls O%ﬁ)thgln éﬁ&g%ﬁé' een[‘% £ etching

expbeedyiokti@nof d{ﬁdnﬁhmﬁdlafdfﬂhframdﬁiﬁlﬂﬂﬁtﬂrmemﬂﬁhé:‘édc@hd arddhgements
The nmet hod of Claim 31, wherein the pillars are forne
of iasking SMyres iehiRgs EXpRseq dwrtiqns, off the tdearmen mﬂtﬁprml dpm the first

un‘d§1'l}';ig a(n%gh GR S%ﬁﬁa;ﬁfaﬁgém toérfel%ﬁgé?g ?rr;he cs es‘?"ﬁ?ne time to

mat er isolatet ures

exﬁbmlnl%d peftieng bfithe Recapid lundérdyiag Rytor med from a
sem conductor. 34. The nethod of C aim 33, wherein the
pi | 1%rs fienmgiiod efaClaipy {3y fiathgatcompriging sulsequenggio exposing

oo TR0 00 S il £ UL D, BBy o
secomdumdeid§ing layst bypsedécvidellyi oneiethk ieRpssedidoflted FOIBHNES the second
untdgr y1¥1\fg ﬂttyre]r t%fcréatt]ee hc]:llesr 1Sntthe ?e%togd uflclleTla}lflngela;eI:rnes

17. The method of Claim 16, wherein the common material is an oxide.

18. The method of Claim 16, wherein the common material is silicon dioxide.

19.  The method of Claim 16, wherein the second underlying layer is
amorphous carbon.

20.  The method of Claim 1, wherein the isolated features comprise pillars.

21. The method of Claim 20, wherein the row pattern comprises a second
arrangement of masking features and the column pattern comprises a first arrangement of
masking features, wherein the second arrangement of masking features overlies the first
arrangement of masking features, wherein each of the first and second arrangements of

masking features has portions that are formed from a common material, and wherein an

underlying layer is also formed from the common material.
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36. The nethod of Claim1, wherein reducing the pitch
of the colum conprises applying a spacer material to

w0 b@oawiseem of first photodefinable |ines aftePCT/US2006/019710
transferring the colum pattern to an underlying | ayer
of masking material. 37._Th thod of daim1, .
whe@i n rldguesthed chE&pm h fgftﬂglh@“aﬁ%r%ﬁg thoge portions of

thegﬁlc%k éliagr%eﬁlaegf) gﬁ 1%%31&?& Ee[gt?ﬂés 9t Mag}o? ArER Rfm fd dmmon material

nes ore transterring the col um
andd @lat Bfcmot taglfedoife bymngnimgtedalof masking materi al .
38. The nethod of Claiml erein reduci ng.the ittch .
of 2Ae r dhecoaholsels ClBI 43 ek SARBHSHE S%ﬂuegf) ¢ fgmoving
row of se ' . '
R R P e
coffidio tha@friaClandl thak, arehet enasked dy ahegotrieorpiathiabfet¢isg exposed

pokoral PRt MAE! O SRR TR hfb it Piysecond
attern t . [ r ' i 2
oSl AL A B AL ATRSH BB TRA Rty

no®foditd frew 186 Whins@s marsiul iwigsréih ethavinthiskingfislhinds eerespahd to the
phot odefi nabl e lines before transferring the row

thisdpetésrm t o an underlying | ayer of masking material.
41. JThe ngthod, of [ ' ' ] LG £ th
of % rothe 83k oFcim 3y.fﬂ@ﬁ%’edsoglgﬁ'ﬁQQQh{iﬁgv{rxglthfg&?lﬁgs of the

conprirses applyln cer ‘mater

cobMoaeRp feht RRohsidabdkeablyeht meskingfislends; edicavedehiné masking
~width of both first and second photodefinable |ines.
islands thacareraotformest fromdheeammen &l educi ng the pitch

of t r an he. ! ' ..
o 5o TR LIELCOZ, PRI BESuTRRL p D8R Earoete
af t exg.t r angd @ehbaef Chémeal whtreantle comnpathaend i¢ slieon dioxide.

underlying | ayer of masking material. 43. The nethod .
of G%j m Hr mahed of Flaime 15 hegretherbiusier $HANIsERg jefying portions

e reduced i.n. w dth before being transferred to an
oGP A

& of maski ng material, and the second _
photzglef i Tigblthddep Gsien al7s dumited ucathrismgyisdbdeqbiaft dtoeremoving

being transferred to an underlying |ayer of skin
pavtions ¢fzall exposell malskalpatiending e raw Haﬁ?f@dh@ﬁég%& ‘f#‘fég?lifangemem
onprising. .a fir ' maski ng |ines; a
ofBBine P =g ) ooy B By ARIRE, T
I Nt ey ect shd hRiHolrFICIsier L& switdreialthnartledrfagkirmgniprisessiemoving
wherein each of the first and second series,of_%%ges
expasedapgriions of Haet carememaiaterial te depve Hehisd: maskifshstangs tiat are not

t hr ough phot ol i t hogr aphy., 4 . e ; rd
foang{? :(lr\%ffh SOl eéﬁgi Vﬁ/}é%fgigftﬁ%] ﬁ%ag@? §§glg&r? dgogrggé)orrll 1o the thir
paiRf{.es has been achieved through spacer deposition and

at | east one spacer etch. .. .

30. The method of Claim 29, the method further comprising extending the
pattern of masking islands into an underlying layer to create pillars.

31.  The method of Claim 20, wherein the pillars are formed from a conductive
material.

32.  The method of Claim 31, wherein the pillars are formed within an inter-
level dielectric, further comprising using a chemical-mechanical process to remove excess
material and isolate the features.

33. The method of Claim 20, wherein the pillars are formed from a

semiconductor,
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46. The mask pattern of C aim 44, wherein the

intersecting lines provide a pattern for formation of
WO swbarze6 vi as in an underlying |ayer. 47. TheP@EHBE2006/019710

pattern of Claim 44, wherein the intersecting |lines

provide a Eattern for formati on of posts in an

unded4.yi ngh¢ ayeshod aBClaithed 3pudRrointheepiHatsffoth siertical surround gate
tmhriesn[ein the pitch of the first series is |less than 120

rﬁ% %8 The mask pattern of C aim44, wherein the

pi tchs.of frhe rhéthed SeUIES: 15 WRESn tieaitid@ Gh& PitcBOof TRE column

mask pattern of Claim44, wherein the pitch of both
cqrhprigel rapplyinga spaesn dnaferidlde the cobwan of dnst1piptodefingle lines after

The sk ttern of im4 wherein the pitch of the
refilu?lgg%_’see ﬁg’soﬁlle ﬁé%?g?ﬁggﬁrfé& lhnr%g' 52. The mask pattern

of Gl m #fe MOBHEI oF UmPil} Ghhefdin tRGuding She SBchesf e column

| ess than 100 nm 53. The nask pattern of Claim44,
corhiriseb repphyéngop tsphcepfmigetidl toHke fcokumn gh dirg adwietlesispbledines after

Isc.less . than 100 nm .54. The mask pattern of aim 44,
RSP ERR et BHSh (e WL e OL et BREehr ee

is |gps tEO AGRGEXIMEYLY 1 6QyHRMBIn SRdudmS YRS §Mch of the column

including an integrated circuit, the integrated _
cnprisgs pplying 4 spavgr materighiotheetodumyntod firsieaphotatsiihabledides before

fram.spacer .material having.a wdth of |.ess than.or

ot i oty B &Y W RIRIRETY oo OGRS Pl es

For negl from sRAKS ofMBlaghi1akvhbaRn RGusingiR Pite of @8Sow comprises

than or approximately 120 nm the elongate features in
apiiping @l ypaceronatsgilniy thheowl drsgeans plevedefiogble dineh efteroreducing the

sych.that each elo e.feature in the column crosses
Wil O e QeairipafestPddighad™ 1 The row. 5. The system

of G m $he maRIEebClalR 1f Wh%fei@%uéi%%%@?ft&%f @& row comprises

el ongate features have each been pitch-multiplied to
appdying aspeges ataterid éatherrewddssdong phgtodTheatdy inesmfist transferring the

e Bie B O Bl AL oL ERCGS Rt Fbng of
appr gxi Matrgé nefHddih Eind 9,r\9Pfér@iﬁ_tr€tﬂl?61r%othQ Eﬁtcl@ 8f theh8w comprises

system of Claim55, wherein the isolated features have
redpeing theraidth pf dwusecend plottdefinalsle wingh beforestmarisGmang fthe row pattern

approxi.mately 50 nm.by approximately 50 nm 59. The
tos%f)’s‘f lwg%}éf ﬂ?@%@lﬂ%a}aﬁﬁﬁﬁft he system further

CoONpL{ SesThE AR dYCRRAASIHERA HABSnBaNd PlctPof e Sbw comprises
wi dth of |ess than 60 nanoneters

applying a spacer material to the row of second photodefinable lines after reducing the

width of both first and second photodefinable lines.

42,  The method of Claim 1, wherein reducing the pitch of the row and the
column comprises applying a spacer material to first and second photodefinable lines after
transferring the column and row patterns to an underlying layer of masking material.

43.  The method of Claim 42, wherein the first photodefinable lines are reduced
in width before being transferred to an underlying layer of masking material, and the
second photodefinable lines are also reduced in width before being transferred to an
underlying layer of masking material,

44. A mask pattern for an integrated circuit comprising:

a first series of elongate masking lines;
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and a first length of no nore than 10 tinmes the first

wi dt h; and spaces between features having a second
woR@bh2186 | ess than 60 nanoneters. 60. The arreCEN®NE/019710

of isolated features of Cl aim59, wherein the first

length is less than 60 nanoneters.. 61. The arrangepgent .

of i sol afewoprchsaiics of slongsigmaskee lipse that Antersects ﬁ?fcggt series of

bet\gf?;)q1 .are |l ess than 60 nanoneters in both

t he eﬁa{eﬁﬁ%ﬁkﬁlﬁgh di mensi ons of the arrangenent.

62. The avheasigeseintof ahe ifsal atdestcdbmbsenassodfing hasna Gpitch that is

wherein the first length is less. th 60 nanoneters.

63. SWBGYaW%H&%H@C@PVE}b#o‘%&{ phg ¥ d ai m 59,

wherggi n t ' g;tfé f ef1 Iy Th&:

arrgﬁgerre]:li}% 1’8?34' 0 g‘fé’g %@t ur’ggl%é@héj §§D§nc%gft%§§e?rﬁd second
sefidichak dedpichibved dirongsspace depsditsorf @rd 4t deastormst spasar efeh.

The arrangenent of isolated features of Caim

( 59, . .
A6 n tHe mad retean d delare apecisds the mdsrsesting lines provide a

whe
' . . i,.sQl at ed features
pafi R Folor O isd e s 3R AE IR ot 2 O ar
cont4gct s Ther mesk patdinlof<Clhim a8, iwhsteimthenidrageting lmés provide a

The arrangenent of isolated features of C ai m 59,
pafiprarfes fprmpdon elpostsdn apdadahdRe BYE t rench capacitors
forngd i .. he i :
O s I ARG Sl T ALFALARTRLY Gt 30288 b
th&y 20inel ectrical contact with both an underlying

| ayer and_an overalftéi ng_ layer, while at the sape tinme, |
bei fg: i nstheanawk patisim Phelaynidy Whetnihedpiichpfi fhe dirst series is less

than 120 nm.

50.  The mask pattern of Claim 44, wherein the pitch of both the first and
second series is less than 120 nm.

51.  The mask pattern of Claim 44, wherein the pitch of the first series is less
than 100 nm.

52.  The mask pattern of Claim 44, wherein the pitch of the first series is less
than 100 nm.

53.  The mask pattern of Claim 44, wherein the pitch of both the first and
second series is less than 100 nm.

54.  The mask pattern of Claim 44, wherein the pitch of both the first and
second series is less than approximately 60 nm.

55. A system including an integrated circuit, the integrated circuit comprising:

a row of elongate features formed from spacer material having a width of
less than or approximately 120 nm;

a column of elongate features formed from spacer material having a width
of less than or approximately 120 nm, the elongate features in the column crossing
the elongate features in the row such that each elongate feature in the column
crosses multiple elongate features in the row.

56. The system of Claim 55, wherein the first and second rows of elongate

features have each been pitch-multiplied to achieve greater feature density.
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57.  The system of Claim 55, wherein the isolated features have rectangular
footprints with dimensions of approximately 50 nm by approximately 60 nm.

58.  The system of Claim 55, wherein the isolated features have approximately
square footprints with dimensions of approximately S0 nm by approximately 50 nm.

59.  The system of Claim 55, wherein the system further comprises:

regularly-spaced features having a first width of less than 60 nanometers
and a first length of no more than 10 times the first width; and
spaces between features having a second width of less than 60 nanometers.

60.  The arrangement of isolated features of Claim 59, wherein the first length
is less than 60 nanometers.

61.  The arrangement of isolated features of Claim 59, wherein the spaces
between features are less than 60 nanometers in both the length and width dimensions of
the arrangement.

62.  The arrangement of isolated features of Claim 61, wherein the first length
is less than 60 nanometers.

63.  The arrangement of isolated features of Claim 59, wherein the isolated
features are pillars.

64.  The arrangement of isolated features of Claim 59, wherein the isolated
features are posts for transistors.

65.  The arrangement of isolated features of Claim 59, wherein the isolated
features are posts for stud capacitors.

66.  The arrangement of isolated features of Claim 59, wherein the isolated
features are contacts formed in holes in an insulating layer.

67. The arrangement of isolated features of Claim 59, wherein the isolated
features are trench capacitors formed in a substrate.

68. | The arrangement of isolated features of Claim 59, wherein the isolated
features are in electrical contact with both an underlying layer and an overlying layer,

while at the same time being insulated from the other isolated features.
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