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fabrication, techniques for fabrication of conputer
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speed can be increased by fitting more memory cells into the memory devices.

The continual reduction in feature sizes places ever greater demands on techniques
used to form the features. For example, photolithography is commonly used to pattern

features on a substrate. The concept of pitch can be used to describe the size of these



These features are typically defined by spaces between
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wOordog/2®8 such as an insulator. As a result, PCT/UB2006&083421

be viewed as the sumof the width of a feature and of
fehtigesM Bithn Qf thd1QistRos DetRRaAl iAbhttal pbats L akonRidhbeh@ features.

nei ghboring feature, when that neighboring feature is
Thrse tieastirea are pwically gefredoby ispaties bptitaen radJacglucﬂqata‘seSnwwh spaces

an array of .feature for,
d it

iy BE Gl pSt RRbaH, St Sanynfltghohs el B e & ewed as the

su‘ﬁ@ﬁﬁjth%r\gffdﬁ?opef fe!ahﬁ@ﬁnd §NBe SANIT the BSiRe Qépanain@! tBRtdeitEre from a
can be used lies in the ultraviolet (UV) Trange.

n%dn)mg fizatoye, phisnothet nslghlmmw featwe ieppvnef & abraating elryperiodic
articular wavel en hot ol.i t ho hy techni ques

paétggﬁ SHSR 25 TR GFPRRHAR, éfr?‘fé‘%I“BW meé‘ﬁl%ﬁ’%gt particul ar

phot tiol,

Foat Gr G HL AR tAGII SIS ARG o LRRh Ll Mgl of lght. One
canireomauegee ofj twavelfengthg Hhatt beat be arsedbehassmdthm tlraviobt (UV) range.

technl gue. Thus, .the m, I”il nmum h1 e? 1

Bt PO SPABHISES! BN au@sg PP veedp Upatigylgry Wavelengths,

r

pl%o?&?i@ﬁ& %1815\3/0 Ec&ﬁ) uéc;Eg %&cg)%dgﬁgé 'tnﬂgmgtg% éﬁf&lf%léeig L\gllnbl'i‘ Gh& particular
plphdithbgrapiag teshhiqoe cantohirelisbly foomafehtovesc rBag mpmnoin pockeis often

densel ar ranged featyres. Such met hod. i .
dqt?mugq Y dhe Wﬁvg?rﬁ}} 8 light thpﬁ:caghﬁe W;tgé‘gat-tﬁchalcgle Thus, the

AR B BB BOUBiAR LOMRY Il ki
r ef ePieicendtiglicatide (@ar pitddf dohbléngs pe cpitdhc a¢duotion)Foan extend the

conveni ence, the nmethod will alsgQ be brjefly outlined
capabiiitienpt RhoteHbpgrpRiciehniqgs do naﬁowpﬂﬁ%%twm 4f] HB@%%H?SV grranged
feghﬂ%t Sqﬁﬁ% IB%hI)(P fsrﬂlast At ﬁrﬁ%ﬁfe s I ADES Sﬂggés@nﬁed in U.S. Patent No.
ot oresi'st layer ove ying @ layer 2
5 Gx&étﬂjaﬁlued el @vicgler @ndhaemire distlatwe 30 whidhds irﬂ:y)qrosated herein by

shown |n Fi re 1 tgre al | _ shown_schemat.ical |y

é%%f@ Bt HoWSCHiR Ty UPE §oBYoRiFReep evBFtoq aill also be
AsieL red by an etch step (preferably

an| sé{t{lopl e? to the layer 20, form ng placehol ders, or

mandiétisrefétncel th Ripere eit/g photolimigahyaipifrst wseé tordowh elmittern of

have approxi mately verti cal Si des as _.shown

lings ol Qi & glfot?reﬁéfsfgm RYERE alAYs it o5 38 %Xﬁsnc}?a}effdfnéregial and a
b _

SRR I EOBkERL o BhENPHeL RSRGRRANIS Yy o secton.

AFishotva i]:mCFlg'ﬁl‘ﬂ 4Bi sh¢ papera Bt thien (teemsfonretl riky ah egpgh cp (preferably

a%%%é? rto" ety 26 tebmiap alfgeolfrsy Pl mdrel, 40.° 1f the ctch is

tbi ey ARG toresist

AR G054 Sy SRRUEELD Aot SR

hmersl g ol bey sthippeteahdethe emaidngds #0 @an $>|e deoteipicallp fet(mada tidn ¢ ﬂrcrease the
materlal are {hen forr$d on the sides_of the nmandre

diglignes, birer paigbbosmeymancerls 49> ehehaphEeFigieg Bri diiy }SBPEPPIC etch
(dk RErifO e gp%%lwﬁﬁﬁ(@?%% peProfél 8 thdre@isOhri&iGh 1 tR&er.( Al layer 50

anl sotro
of spacer material is subsequently deposited over the mandrels 40, as shown in Figure 1D.

Spacers 60, i.e., material extending or originally formed extending from sidewalls of
another material, are then formed on the sides of the mandrels 40 by preferentially etching
the spacer material from the horizontal surfaces 70 and 80 in a directional (or anisotropic)

spacer etch. Such spacers are shown in Figure 1E. The remaining mandrels 40 are then
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spacer etch. Such spacers are shown in Figure |IE The
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connected by those contact features, especially where pitch multiplication has been used

to form the features to be connected.



to formthe features to be connected. Furthernore,
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material to create electrical contacts.
In some embodiments, the invention comprises a method of forming elongate vias
for an integrated circuit. The method can include depositing at least one layer of masking

material over an underlying layer. The method can also include forming a first set of lines
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for an integrated circuit. The nethod can incl ude
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third pattern. In sonme enbodi nments, the invention can
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Integrated circuit conprising: nmultiple transistors

havi hg sanpi tentbodiroértts, thel tinydntioovead yéomgpridegiat inteprated circuit

comprising: multiple transistors having a pitch width; multiple overlying digit lines
having a pitch width; and multiple electrical contacts extending vertically between the
transistors and digit lines. the contacts can have a pitch width that approximates the pitch

widths of the transistors and digit lines.



having a pitch wdth; and nultiple electrical contacts
extending vertically between the transistors and digit

wo 2vem2 15k contacts can have a pitch wi dt h t haeCT/US2006/033421
approxi mates the pitch widths of the transistors and
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ayers sed to fornran I nt egratea circult. lgure 5
shovEigtreet star shematic, ofoskisguiionaldsidd view of masking and substrate layers

phot ol i t hagr aphi c . patterning of an overlying resi st
usP‘é%fomFﬁndﬁtﬁéra@dsﬂ%ﬂg the structure of Figure 5 after

a Colﬂ%ﬁl%ld 8fbvisS@E rs&Qétgrer Iblé{lres‘b Eff“té]{;p Rhoﬁé}ﬂﬁ'é Eat?emmg of an

shows™the structure e patt er
ovierlgingfresistéayet.o a hard rrask | ayer. Figure 8 shows the
tructure of Figure 7 after. the p ttern i éransferred
o aFIgwiTgoriaE theplrcipe ¢f Tigyre, S MGV AbF@RIFQ ISRHORIC Tesist shrink
yer) Figure 9 shows the structure of Figure 8 after
"anket deposition of a spacer material. Figure 10
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mag 1 of the remaining tenporary (e.g. rermvabl e
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af t er. spacer fort%fatl on. ure 13 is

schemati ¢,
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mifigpartially formed integrated circuit of Figure 12.

Figure 10 shows the structure of Figure 9 after a spacer etch.

Figure 11 shows the structure of Figure 10 after removal of the remaining
temporary (e.g., removable hardmask) layer, leaving free-standing spacers.

Figure 12 is a schematic, cross-sectional side view of multiple layers used to form
an integrated circuit after spacer formation.

Figure 13 is a schematic, cross-sectional plan view taken along lines 13-13 of the
partially formed integrated circuit of Figure 12.

Figure 14A is a schematic, cross-sectional plan view of the integrated circuit of
Figure 13 after a mask has been applied.

Figure 14B is a schematic, cross-sectional side view taken along lines 14B—14B of

the partially formed integrated circuit of Figure 14A.
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Figure 14A is a schematic, cross-sectional plan view
of the integrated circuit of Figure 13 after a mask
wha®7hersss appl i ed. Figure 14B is a schematic, PCT/US2006/033421
cross-sectional side view taken along |ines 14B-14B of
the pabtd B dbwk WdRehciuné SEFighRA 4B A1k cobntdt virlsHat€been formed.
14A. Figure 15 shows the structure of Figure 14B after
cont Bigurey il @sshhwy ghd stctiivsr o Figure Jar after oresloualsof Hee spacers and
structure of Figure 15 after renoval of the spacers
0 "E¥@?ﬁ§mﬂﬁnﬂask material. Figure 17 shows the
str UPf«f;Hf@l’PEhd\:AbsgtHé Stra@udl dfetighBa 6CHR} Al contR vRAdWave been filled
been filled with contact material. Figure 18A shows
witheostactunatarid. of Figure 17 after the overfl ow contact

mat ef.j al een _etched a . | eayvi i,sol at ed )
cont bisbte TR PGS HRcrense OF Rispit 14 NGF BB BUEY sfapct material
hAd eBn WichWY LKL kadinBRhidtbdESABB-1 8B of Figure 18A.

ws the structure of Figure 18A after

Figure 19 sh
f or nBiguonl 8 ishi schématies crowesecindhl iphancoew dakien wlonlg linke 18B—18B of
contacts fornmed by the process of Figures 4-1 8B.

Figutedd4ed Description of the Preferred Enbodi nent Wth
ref eﬁféﬂfeglé I sHE Stréetu (ﬁqfi%ﬁrgri A6 2R £}l BBh ¥ SR lines over and
circurt 1s shown 1 n crosssection. In an underlying

insaolntct with theesoatacBABrmédiey the aracesssofF2guras €-186r ned t o
extend upwardly. | one. enhodiments, the features 222
taper so thalsayed g GAE moqpRent

_ 2 , lcross
sect i9f, AlrebiR! h Fi%l{é

M, %X%Jrﬁgﬂ b¥ ah t}ﬁ‘t@%ltaﬂaﬂycit%git a5 sh&¥h fin cross-
bottomextremty. s 'tapered shape Can be a result
seefiomn Iat ahimdpriyimgpsubistrite deVel t 220athee faature0 AP menfordied to extend

to the upper portjons of the features being exposed ta
uRArElYe hitymeneRb akpgnts.dpe deatyfy dfZ HaeT SUBF te fratvrgrAr2 have a

e 3 r‘ . . .
ol LS00 08 sy A3, B22008 s g g, T
tapéred phapeecaafbetdesyiaplin eishinihsadp whie adatetal e@h cdinpenaitaoe to the

of the features 222 is different in.the X .and_ Y .
upperepdionn et thefeptursbere prased © qiehingehenyistpy for algngey period of
o IR 0RO iEhutE o nat DUk 0180 P o
inddl Akl Oyt A 2he plandiad the papdr] scethaDdeenitieal di@en2@04f tharfehtures 222 is

assigned to Mcron, Inc. (Atty. docket No.
differanomn SiegA. anfly ¢ dupensions. ?ns)z{sé%z%géw shown) prgferably protrude
L . | T o
oREE Blaichca by (R it ' G IoRRAEY DL itent Mttication No.
1NMOORGIE, 28 7THhalldy] €itcdnDBsfmbeNoL3, 2003 4@D 23sigreed ckoUMscron, Inc. (Atty.
Pat ent lication No. 10/933,062, filed Septenber 1, .
dombgianoa NCRES GHoA: Mt drcin ot P03 35yl et Aglication No.
) : Re ! - : [ I
l%gr é@yi’iztﬁgé)\rsgg{reg{bgﬂ 2b)7604’ Newd gsgl%%e@ 3 ﬁ)h’cro‘ﬁ‘{‘,1 T (A4y. Docket No.
MICRON.297A; Micron Ref. No. 2003-1292), and U.S. Patent Application No.

10/933,062, filed September 1, 2004, and assigned to Micron, Inc. (Atty. docket No.
MICRON.299A; Micron Ref. No. 2004-0398), which are hereby incorporated by

reference and made part of the specification hereof, provide exemplary methods for
configuring transistor pillars in an integrated circuit. Furthermore, preferred methods for
forming features such as the features 222 are described, for example, in U.S. Patent
Application No. 10/922,583, filed 8/19/04, and assigned to Micron, Inc. (Atty. Docket
No. MICRON.290A; Micron Ref. No. 2003-1476), the disclosure of which is hereby
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reference and made part of the specification hereof,
provi de exenpl ary nethods for configuring transistor
w@erioraezss8 n an i ntegrated circuit. Furthernor ePCT/US2006/033421
preferred nmethods for formng features such as the
inﬁ&?&f&fe@sbg%_gfe%n_@e dag Clhh(hﬁ‘-‘?artf(fﬂ thexX 8pRifecatib. UA&vantageously, the
Pat ent Application No. 10/922,583, filed 8/19/04, and
featygdsgd caro b fermass, using .a pitghepultipbieitian pipcess that uses hard mask

M .. 290A,; cro f. . .2003-1476), ..t he . .
STAFR (e R AP HEf GBYIER OB FOPGR goions s, dinelgsed, for
exdRPldTBdtmePas of1, bl %@&?ﬁiiédﬁ%ﬁi.i on. Advantageously,

the features 222 can be forned using a

pi t ch- stwhet Bipbodimenion ther Selwsss 237atanubave disferenirgenfigurations. For

spacers to.i ncrease feature,_ densi nd reduce, t.he
XgPe e TR T TG SO LA 1oy AR S TR, thgse of the
ilfudtpded 1 And Fuffe | & e | Bhap@Bacing, height, width, and
illudtped ftthes B0 Fhenfitie, IS TbRRons) Shabipacing, height, width, an
comomirs giithatfeamss 2Ebmagxanpfrem thedhfsation wstiguy 2halle features 222

corners that are | ess sha -defined,than those of . ..
O PR RPB A PRSI B LI HaPSy Papigs, conductive lines,

NORORRYL 'aﬂ‘E’fS’, NARPEIo ?ooél‘}éﬁg’ a8 Wkces MIFidY, cBRdcts to any of the
contours of the feagures 2 f may vary fromthe

aboveusit.r &t soome embddigienis, e fddteret @R areeforiB@® fromna substrate material
conpri se portions. of. one or tiple fr nsi st.ors, . .

thaii ¢rgBRIses gpsgml-[cgg(gl’ctle% l%qj%qlqlv o jefawple qeg&l-cenductlng material

cadl 5é%ﬁicoMQ@c&Q@éx&aﬁﬁfn@y&m\})@ﬁﬁ&?’orsﬂfﬁ"(/cﬁﬁterigfsa' % rthe illustrated
contacts to any of the above, etc. In sone

ereidatichiene ttesfeatihes X282 atrel fersned2Romarsdidonramd dlefine mnaasistor active areas
substrate material that conprises a sem -conducting

foraEeRdy ap%r exanpl e, the semi-conducting materi al
can Il.CO i) [ \ WY/ :
ot e AT bfE e il 337 PRETENY VP TRRH 29 o Mot ipber extrmity

of22& thne 120 mardnétersrinsi).| Mae mefdrabbf mdtht 228n@indteoless than 70 nm.

MPELRIE 5 3be PREk 3761 PhATEORTHSAY O 255 THihd ALY, the width 223
Caﬂ%%ép@gﬁrﬁﬁgwsgt,ﬁﬁ 8} E§§thtaﬁ‘26 20 nanoneters (nm. Mre

preferably, 23 can be less than 70 nm More

pr ef EBicafdaturest 222 ave dtpar22d byearenbkesaddr thxi aratpe¢fprably fikked with an
.In the future, the wdth 223 can_be approximtely 50 )
inglrgRe medetalh oSBT T %imoege(gz ngr%g_@%\ﬁs&?%léofomatwn
teBil RNGREREP thel Rl £ SrBIE RIRRLY) Ak @sottobh ifthe 752, °621,

rnsul ating material. The tréenches 224 can be forned
ands 068 giphichttons)t inemplordtat hreteinoabdvec hAidduiesal foef ehalled trenches,

nmet hods for_form ng trenches_ 224 are described jn the _.
pew}cu?%zts?,thjaﬁ stig firs 3¢ oife 1y SrSBB"F%tE%lbﬁt(‘—?’FE‘? lifferent
R atbfld bld R0 oBRLGNGI QU poRChES, per pendi cul ar

to the 1lTustrated trenches 224, can provide

sepahai poferbel aetenlidedt! eescies 224nsd Siled svithl ofrgnt besilicon oxide.

active area._ri S O tures 222. In a preferred .
Fathsgapise tenches g%% oS G@Eﬁf vE & Wpcﬁéé%a&ﬁh I PpRGH eyfremity of less
|14 OXJ . I, e { 4 nr :
thafé Vlg@ anV\'/i g\?ﬂ% é)rgféfai)ﬁﬁ WiBHS224 [CRE 88N 2% R! ?xicffsa@éﬂﬁed by pitch

25 at fheir upper extremty o ess
multiplication. Even more preferably, width 225 can be approximately 50 nm or less than

50 nm. Typically, trench width 225 will be greater than feature width 223 because of the
effect of etching processes on the features 222, as discussed above. Preferably, width 225
is designed jointly with the material that fills trench 224 to deter electrical interaction
between the features 222.



than 120 nm More preferably, wdth 225 is | ess than

70 nm and is defined by pitch nultiplication. Even
worerog/oprses er abl y, wi dth 225 can be appr oxi nmat eP@T/B820061033421

or less than 50 nm Typically, trench width 225 w ||

be ghAeat&s int tlﬁﬁ_nspgﬁﬁﬁéﬂcﬁ&, Wietefin 283t REC adiSRI@fto A @rray or series of

ef fect of etching processes on the features 222, as
shapescthatswonld be wisiblPor herete)if vigwgt Hroppabave. depatigieepn refer to the

j oi ntl ith the materjal that fills trench.224 to .
ersginble of sl i Porapanch i SR pwblinfr THEDT 85 afet Tormed in one
or2%dlite USRR, | Thd PhtkerS REEédekABL h@Nhe HélRurkE KBmsBRES, 86Ul rather the

can refer to an array or series of shapes that would
ddsignveaidspendimg o sher fiacseand aningsewnt pbtheafrotvees. AA pattern can be

ttern can ref.er to the epsenbl.e of shapes that . .
G Bup rambielios o el S8 CREREG Hogh 2B BV B Eside by side
1a{ Q8 Ml phifrQREn Bfigitite il BhE 14y2Y, Qlsh ad RPLBRULSKBId Ryer, and then be
gener aPI y not thé features thenselves, but rather fhe
tratefirgd to enothedaywtj sugh koa tdueparydsyeanda handamaykdayier. The pattern is

the features. pattern can. def i.ned a,
saacgmrenfaans egito eefiar.‘/ﬁgs ATy T Epdpings are altered (c.g. by
heVERatYe B s t%qﬁ)té?ly athvas 1Y &hirastAa PRl Z}ﬁt@erﬁ g8 defined by pitch

originate 1n ohe layer, such as a photodefnabl e |ayer,
mahplichiam, bhetebsansd deatwds frotharsetduodrpaktennereplasaicte fstuge of the first

tenporary layer or a hard nask |layer. The pattern is
PR to be transferred to lower layers even if feature

sizeg AFRAGN r&ndhd QEfbed Froth ond¥rtErel SReMiCin another

a8
shrink” step noted above). In contrast, a new pattern
pregiode bt ovedlyimg lpydrc A pattetr ni teahidon bewdes vebfromwenother pattern even

.features in the second pattern repla ne feature 0 )
if eﬁquf%stmrgléqqegflﬂpg }ngéfqlg}tﬁx;lqﬁfydﬁ%anﬁ%, secgﬁqt%g Wthltl gave rise

10485 by &lal one or nore patterns in another previous
©or ov%r?ﬁaﬁg}ni ayer. A pattern can be said to be

der i Xedrnfangammanof fiaturgaformed irew @artichilat beyef et givesise to a pattern.

the resulting |l ayer do not exactly resenbl e those
Ap SHEY o5 aRRBRIE THRVR 2 PRYENt ¢\t HERYDP ia&ﬁa?tl%aqftegﬁeﬂ?cakﬁomponents

o b ARG R Hedqh of ﬁgéagig??a{t%%t sh aﬂ%ﬁftigwsﬁperg Y @h integrated

can give rise to ern. arr can 0 glve
citduite Aodescphed ebsave, Awnltgle agllsi anafonolal membgynarady for a NAND flash

el ectrical .conponents or features, forned in a
MEWEBAETNY fACEERRS, ¢RdPgicdRa¥pan mul tipl e | ayers of an

| nt egral RomE fSdtbice tOFigRS 8l bP8de %g/ﬁl%()t R esAht svels 230

g
can forma menory array for a NAN menory
(descugsetl theldworandxa2ip| Advantagaousbgitite Fvelag40 Wit kaviur thikness 241 of

S 05 B e R S5 2, 055 b0 .
, | I A
PURARERUSI A 8RS dpit oot

t hi cKhesgerRddg lofel 240 wadunies Gondncaimel i@ 2 42mIn koms embodiments, the

.embodi ments, the |evel 240 has a thickness 241 of
g A g AT PSR G SPPWE 169 dine2 362 pifcididaiegeously

loﬁg&qﬁ GlditEndib @St édénds ifto %ﬁ%u@c;mﬁgiaﬁﬁ@ Bthetpgge, so that the critical

dimension of the lines 242 can be determined from the cross section shown.
Advantageously, the lines 242 can be formed using a pitch-multiplication process that
uses hard mask spacers to increase line density and reduce the critical dimension. In some
embodiments, the lines 242 can have different configurations. For example, the lines may

have corners that are less sharply-defined than those of the illustrated lines 242.
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lines 242 have a rectangul ar cross section, as shown.
The lines 242 are advantageously longer in a dinension
wao bav/ogmwsends i nto and out of the plane of theP@QEHYS006683421
that the critical dinmension of the |lines 242 can be
FiefhbieN@e présunibite sh?db@s@a&ﬁ L Hedht STHAM) -and contours of the lines 242
Advantageousl , the lines 242 can be fornmed using a
mpy wvety- fromt thel illvsiration ipr Bigeres?.t Hatsousee@nh@dlmen@s khe lines 242 are

t d d d th
fofRR ol oot Rimple D@ Ohbe HARPE. s Fibngs abgpinum, o
c&ﬁﬁcth@%ﬁlo?'d(fr RPF& orCaMthiniH, td. ORSa p@féﬁ@(é}ﬂ%&meﬁﬂq ¢he lines 242

| i nes may have corners that are |ess shar pl y- defi ned
are ldégit tiesser tof lindsefor b imepnorgtagdy.| e prdfazed-embodiment, ghe lines 242

th ' h ' hei ght, width, and
ong Bt Bh S/OYDTHD Ly iR ARy AaFy from the
LT usfibh e, e e %49 p%efe}amysm LURAEIB ¥ Sess M 120 nm and

lines 242 are forned frommetal. For exanple, the
are dafiost by pitchamahtipdicatosm Merecwpfaeably,amdth Pdirpanabe less than 70 nm.

conductlv l o 0 r or alumn

Ear O R R TR reS SR PP a3 B diss oty

b' t ”glﬁé" ¢ded @r42aaﬂée bdhtedl HAYeapé 42 ﬁfa‘?fa‘?w&erably filled with an
nmbodi ment, I nes 242 are part of

mmﬂamng/mairenEIRAMldr caayhe Fowtk drebasings, forhexatiphe sF (ﬁébZampIe gaps 244
pref |y haye a width 243 of |ess than 120 .r

cagr e ’5@?40 Ytk SielseiricHmASTIE C@&V?r&wna%e@ﬁm?%rtaﬁ fllg}es 242 are

foffnd %n@ a%pp %446‘%1% el 402 Nibsdgheit 5‘@ ewhereas in damascene
prefe Iy, dth 243 can be approxi nat el nm or

mbmﬂﬂatldnarmé@amrﬁ.Ml' hee firsh dsfizei2betwecrs epeacteds ed dmymgvdptor and the

tr%pgﬁgstr qt]rgfﬁllaea‘e{p (%::‘[F g%hlaéglg%/eéleﬂ-mlk e)\gﬁletér%gfg Itl%lggal"éﬁlceg{ In Rvel 240 can be

fog[ﬁé(?Tgélﬁ i Bl liit?on OARS, thé %aﬁsaﬁléﬂﬁ'eifeﬁb;l}eﬁia\)é‘ alWideh 245 of less

C mat e I 'n conveiiti onal” neta zation,
thtuln @20 nlmesl\/IﬁleZprafembﬂy)r\méﬁh XaSrcat babess gleqns/ Rdd. &ven friokd prctferably,

a subsequent ste wher eas, i
Higlf 417 Fanhs mr%@atjﬁbéﬂ %&4% a?%yr Wit eft elpsigacdoinily with the
I
mpleFACHRNHE S, SIMMPSHEH o ARG ol el B SeRdrrae 204
i n | Wil fuP#ér cderelie ﬁ)d?lgmd Alshrigtepnedifte fevd i2p0 i ktcia‘&d between
Thus, the g ps 244 p rabl have a w dt 45 of,
the huplerlymen iy s%fﬁeleaﬁféfelés a«"rsndy hep O DRE L AD | diageously
intd}@Bdi4f fér%]l 53@ r’caﬁoﬁe?vepﬁ ecflféfdge%%g Y23 I‘Nbfﬂtlgbszﬂign CANDE In preferred
approxi mately nm Prefera dth 245 1s deS|gneg
erpioodimbnts,) V\letvhl 23113 hamtethicithess (24t xﬂle:{l raves of affprddimatedyp 9.50 pm to
244 to ? @er el ectrical interaction between |ines 244.
AN CHDEEH B8P MPef er ence to Figure 2, an internediate
| ev
vl B RFLURAR hepors i Din SR Bl 254
Theinsulaed 234 & éom@ime%&@femad] tchasvan ‘anteh-il@/lehélsbcml oofLD. ILDs are
| ess than, 1 mm ﬁpﬁwerred e iments, |ev

230,
C%%o@ywﬁvdcﬁ@r?@g%ratfslf 88 feahes F i?pﬁoasae&a%aéﬁer tpngigtors, or the
feg%éscon‘ggf&ﬁ('o%ﬂﬁhg Bnrielchgtd Mot T Bidfifes! B ﬁle lines 242).

roses contacts 232 an nsulatlng mat er i al
C@3dcts are formed that extend through the ILD, connecting specific underlying features

with specific overlying conductive elements. The term “inter-level dielectric” can imply
that an ILD is not, in itself, a level but only lies between two conductive levels. However,

for convenience, this disclosure will refer to intermediate level 230 as a “level.”
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The insulator 234 is sonmetines referred to as an
“inter-level dielectric" or ILD. ILDs are comonly
waig@doesssepar at e under | yi ng features (such asPGDUSIE6/033421
areas for transistors, or the features 222) from
overydorft &absHimbhtY eccﬁllt@fgemzsmﬁmnhatsmechndabt@ @32 habe a thinner
the lines 242). Contacts are forned that extend
crp$ir ol atHbeir loyercinemdtyithan ew dp fat theimiwet gitregnity. This tapered

SHERE ol htard B afosect P AR CH PrORGY (h 1LD 234 is
expbbed ® d¥0dtchant fért asl%lnﬁer perio8 o€ kinftliha® MeVloWe Bolish V\&ﬁfﬁn‘cageously

fwo conductive | evels. HOV\BVGF f or conveni ence,
praivsltigos widerianding etfea rfott thelowmé:ﬂne dinag %42 mhdb nza@mammga narrower

[
Wil e ksl SOLSEDE el it e G B ERmspt
theiy, ﬁlgwérz %zsﬁtlaagnz@y hta{?@s’eehheﬁné@uﬁﬁ E&Weﬁtl&ﬂﬂ?%ﬁotohthography

extrem his tapered shape can result froma d
That ccbnthmsaéé%élavmbc@l staggaeedmpeﬁﬁgmc 8i),0pecatiset the cbm@ctﬁ:’%z do not
er| od of . ti

osed. t for
R g e Pﬁ catyigy 2% aggag aﬁ‘iSJW’a‘?dn%‘”B ‘Sonventional
p%taﬁﬁoéraﬂﬂ) 9n aﬁ@%st:&’rtot Q@ntgéfe it%’ﬂ-ﬂﬂlltk 111485 faflRerni i 4o be

mai nt ai a narrower w d wer end to avo
actcomphs;}reg hﬁ@hlﬂﬂeadifethesthpejcdsffﬂceﬁlad \en tresuli frai giehresteps dsrdescrlbed
re contacts 232 h een ef| ed usi ng
chas o a1 e mvsvﬁlq% 31 yc%} Vi 08¢ 25g5kn 1R, define two
| 0
dlg’% Qo%st ﬁgtg&{]ave : eSés: gﬁngcrt%l oo b1 eS'[£ reeQI %@ot 1ct offsettmg
tvdPd fferBtisets crogrbaed of featnre dv1ﬂ1rre$pec‘otmeadt othaat-allow the contacts 232
phot o] i t hogr aphy can be used tq coniac
tOpP‘EOé’IAerTﬁIPRrPBFQt%&(’P@ST IS HEnE antgeTs dHipitratenele staggered

e pf I
st ep? asﬂldeﬁsé;r%foggﬁ% E%ove?%ﬁ&drg aéecglgggeggﬁlgﬁ{ |2221a® Wt abut a
qﬂwpcmdurtg‘lm:gltaﬂo R92.alh faes becansertiskcantacthe? I2n@ere tspared so widely apart,
mensi ons of features. het%ge fffect conbl ned wth

thgtcalg@%t? & gelyrrentagt Greesdh st feaRiesi et iegpmaining two
fegﬁpéé@z%fre E@fﬁ%&&?ﬁy Bhthetd gﬁ)ﬁﬁ{ wBQlder?eC\l/’Isﬂfehi? 'Eheaérljg"gectlon were

e contacts to provide appropriate contact
talaert inaudiffetent plang .as (IRistyateé b Figukai3t r at es t he st agger ed

geonetry). In_the cros ectlo of Figure
f eat CSISS 45 Wt a&%@ﬁ%ﬂ&ﬁ? HigBE08 nb Olcf‘é‘ﬁ{nﬁ p hsifgitures may

havd {@fdrs tRARCAYSEs E!?a%lg %/&5 HERZHREE o Rﬁ& ‘?fg?s‘%ﬁhe\&" ?o%'tééts 232.

apart, the contacts cont act t ree
FlhrtHensbneat}mqarbmtlumseshaipz,Zspa&ilng, heagheti widiky, a:ndmohe)armfe&ntacts 232

222 ar ted. by. c tacts 232 that uI d
gy Bl RO he HBERIRY IS EBIeoh TG OVARS 7 DR b&lff)‘f’”éffde?r& from
cﬂi@ , tciﬂ’l dfr‘é%hﬁﬁ@ﬁo? Eblgéih@on?’md-rrﬂ&ap&rlhéﬁf s?h&ﬁ@

can haVe different configurations. For exanple, the

f eat IEur&ﬁ:nﬂm}e Heveontatn2IB havead wadth A38sa their lower extremity of less

shar t han those of the illuy cont act .
th3 558 by ReleriRe 0% WS AT e Wé%é B ﬁgﬂxerf@atures 322 Gie,
oGt g@ﬁjﬁ‘gw ulg a@f‘ﬂst‘fﬂéﬁ %{eﬁ &Bta%%rﬁﬁcérﬁ 18 Fediit¥s ﬁ@f ¥re aligned,

fromt ilTTustration i’'n Figure he contacts
the@wibihs faoy the came gvherd themcputhgisdath other, despitd the Gact &hat the features

nbi pat i I I d netal t al
2292%& Iplr'gc m?lﬂlp?ied ggd élsél colnt%gtg 2%2 arerpd%ﬁ%ed 8{1 ccr)rr‘;"ve%tlona&I hgho graphy.
The contacts 232 each have a width 237 at their upper extremity of approximately
70 nm. The width 237 is thus not so large as to contact more than one of the lines 242.

However, the contacts 232 are wider than the lines 242, so that even when perfectly
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Furthernore, the contacts 232 have a width 233 at
their lower extremty of |less than 120 run.

woe@oeabd y, the wi dth 233 corresponds to w dt PICRES2006/033421
the features 222 (i.e., about 50 nm. Thus, as

alignkd Sdondlcen 3 MO dCsbRE the 183 230 By ok Rfdtély @9 nd@én either side

are aligned, their widths are the sane where the .
neap i otterdare thebw tear levele 280 taad t248. f When thmcontass P4 ers wiler than

.222 itch tiplied dth ts 232 .
iggdreRhds B BBmLH: roreR RORob SRR Feiie sBboty gg interuce
wRAGRHENE2 D, WMadbRureDP2alf tehbrelBRREL 3D RN hddel'to the illustrated

approximately 70 nm The width 237 is thus not so

cdrdiggmatias, foo exomplacthusrentablishiag etaotricof cantast betmesn the¢2emaining two
.Ho er,. the contacts 23 re wider than the |ine .
g3 id A GHGR SHUPE QT Pl ARG 0pBi BE Pedgpprions of
ekt ReMARY 25he THuBES st P XoRRRE 95 MRk 84 Mot RtcAM@fiplied can

ei ther "side near the interface between |evels 230 and
ol Gontitteavetyheha gitch atudtifi B2 vaderlying fatursian illustre®dsuch

as the lines 242 as own here, |t is difficult to

arr aﬁge RISt () THEELBe A2 o BRI 4 o8 esmpp g feature 222
uREEIFIEETS ity SR RSO S itre ¥ RusBE duliPa staggered.
casdch bbnfhiraigpre | lghre i3l bsteatestaaardsskeettiveeot thh eomtecta 232, nigken along

t lines 242 and features 222, those_contacts uld )
a plagg ng¥er? awp@fﬁqulﬁéomwgewad? Fighe 2ofl hp Aingss 244 fig shown with

- v . I -

GRS Ok | Acal ity s BRIACE Bttt BRNARE el pai. | Also hidden
uplekodathminktlaiihg mdtenind2d4 are tige freashey 204, acich dltesatatvittl.the features

Mne_approach that can all ow each line 242 tq contact a ..
2%or FUfscRrYed srrpiRcEeDy 3he SOTHECIE 3rit fere a2udt 4§ theft critical
dinleAdi96 rth%'?? st ﬂﬁh%]gél?’?en sy i %dnurﬂﬁ:ﬁlr @fﬂ%ﬁsiéﬁ’.c ﬁlt@matively,

st agger edcont act confi guration. Fi gure 3 illustrates a
catass feactli amnveiftidnhk phantitho pmpRB 2puliladen balromgl anglstliefunction

near the top of |eyel 230, as, shown in Figure 2. The
PIOBSRY, ey F5repropelin shEsEshah Sk FHBEe ShpHa e R @ntacts 232
-hi . i | 34 -
w1540 e MRER! Ryb B LRA A A2 S0 e
upipee neites vwidth, 237k otidea tlisarthatedenlyidy fedtere eidthuz23s a2 #idwn.

In the illustrated arrangenent, the contact 32 have )
a wi #pf disadvantagn ety ugRg tSaggeredi ANATD HOIH tﬁ@ugh conventional
- ieddes! &G lgthofn' Wt SpAce! C@fuired for such
P |§rlétsr}§ gﬁwgﬁeter aetsi vellil/é,1 %%%t gctosnfor m%% Cconv hrf?onogl swen e
cqaifigipdtion hagmagpiverated bulcwdd. s Ashié gureuh ehews] skiggéring the contacts 232
function properly if they re properly staggered and .
reéwegrf@a.tacgfi@rmﬂ@ PTERESHIOHBR EHER AL 198 ther @ Sgge egiened to
[ rd 0;.C ' t [
cdpfhedd DIl Ot RIMATS, Y SRR IR (o SAOHL 2§ fontact the
uidealyidghteatung eX2Dyik haygérethbn itewould the iR Bz, coatactsZdAndid @oe have to be
di sadvant age .of usi ng staggered contacts f

d.
stegepilgh 18 pRTaTe TdieTgR d %ITF@HB taphynie@iais Gl deyoted to the
C&R:?cgé HOE AR 2 AineRfas Bf g@ﬂ%&ﬁ%l& Ble léxﬁlrﬂ 389 of the contacts 232,
e . Figure 3

configuration in an I ntegr circult
catanstaggdraggequirgg that¢hat dihasion RIDpredustely tede the tength 339 of a

density conpared to the features and |ines the
sipglgt comfact £52. d%%‘?aﬁ??e@n t?]g)tegratelgl circu% typ%clalrfy %as multiple regions with

multiple contacts, staggered contacts can have a large cumulative effect in reducing the

feature density or increasing the die area of an integrated circuit.

-12 -



connect. Thus, in Figure 3, the space required for the
contacts 232 to contact the underlying features 222 is

wo acogee7ssdran it would be if the contacts 232 dpdiI/nis1006/033421
have to be staggered. In particular, whereas the
r egi oNiOfef@bndenb G}Q pabed aGabtgaiyt foﬂﬁé’cﬂrﬁéﬁr&t@d teh8uit 100 is provided.
contacts 232 coul d”havé a di mensi on of approximately

At dubstrase 1t his3ROvided belewcomioas maskigg layersnt28ed S& t Ahygkyensd 20-150

AR T g ST e BBBE B LS. et o

dfs{:ﬁsgaﬂ%l@\g circuit typically has multiple regions with
mul ti pl e contacts, staggered contacts can have a | arge

cunulTh¢ imagerad furtthe rhayemdhm—ﬁgo toverlyiegtte sutdratsi k) @e preferably
i ncr easi n%Pt he die area tegrated circui

chasp pERebep cmwg@ﬁr@n% S5 0% sheipisity S8 St e tanbiana fiafhe various
S [ I pr
%EGF% Vl{vb{%l% Odfsd t%gg gm;rgge#% % dggscgss%&%érfag erB‘ééa%@éj the layers
bét2@erl 3 Gopmnbit slehacewm eid:ﬁtm‘blé dayer 420mskhiflo prqﬁa’abl@rllldﬁfjnable by a
the substrate 110 to formvari Qus fea

laxog@@ S QUO5T oA HecS R aF 10 9K reterahy ‘ﬂf&%ﬁl@ tpolgangtp a pattern
%3{ n'?ghet éb?ec%f&'fg@ defihgb1d Jr% i"‘rl§O ﬁfeesru@?&éfe qkf'@ SHE 1a gers between
ased upon consi deration of the c em stry and ‘proc
theaplittivebyndefimbletlager\ao iand ﬁiem’ﬂbﬁtﬂiteﬂl Famipngferably ghatdnesorthat they
transferri ng%tzltleéios di scussed herein. Because the

canhe pdedivelie febpitrs s atharepPRRd) Paigaipisn o maaterig) dy considered
I t
s GRS A e B PP R BRI et about
tilnes preates ﬁaﬁdferablpabme 10 tihedsi gventer fand maédh ereferhid g, dt Yeabtyabout 40 times
definabl e | ayer 120 to the substrate 110, the | ayers

gl@é&eméwhah@r%r@w}%ﬁg Hedetlymg| o8 overang) TaRierihY t he
S ubs 1{ ﬁlteqllgrélt i E&glfn%fnlatﬂltxé/ se‘f&:‘ﬁ%@l ?inﬁlgl@tle(?tep 3%0 ©3Bxlies a first
be se ectlveye Ive to er ex

hard tneask porsetchistoptigyer dB0,i whiclo bgdrtiey :ed:ngﬁylr:ﬁsz ﬂawe i %, Vdﬁch overlies a
preferentlally, etched when the etch rate for th

sqeapd hagd magk g or |eé@s§toabéwr 550; wachy pxerliss th%ﬁ@?%%?oﬂw to be
ti rE Ak no rapl
pRENk JEep; SR EAED £ D RS D ek lnb 8° Which the
sbBtrate, 1N dkeptocessgd as fomaed v g se@Edndr hatlsmadkn lztyhe 150. For the
illustrated enbodi ne the sel ectively defi nabl

ilfugtyated epbodigasnts, dae aulastra@t 1R-ngluges gn uaperelptqﬁlegﬁldbelectﬂc (ILD)
r
1o AL R e o) B8 (e STRA AR AR S RRyaL ol s stop or
chdmmzﬁ msthbhicas polivhig WEMPYt ﬁop’l. l8ydra bl icodbsgettd embodlments
(e.g., .etched) through a nmask. QOtlonaIIy, t he mag
heweshgthenhirdnmeste 180beanr sgnee Pio the SCMFo 808 derings efcdy pasy of the
ond hard mask | ayer 150. For the illustrated
Céeﬂrzr]tl)%lg‘%neﬁe?s the substrate 110 includes an upper
i nt eld eMﬁinoﬂlrﬁéthﬁdsr o transifddying epymmt hhscnh ghe whask land the underlying
contacts are to be formed, and i nc] ude an

sihspate ae c%pgﬁ%lp tQranc Hgha MRk ﬁ%ﬁﬁ?re% %pfoﬁtp%ﬁ AYaY Eagpysubstrate
B PGB s 5L R IR o st
rm.cmhﬁﬁa@)k'em‘hetcbmse of transferring a pattern, the mask can be worn away by the
etchant before the pattern transfer is complete. These difficulties are exacerbated where
the substrate 110 comprises multiple different materials to be etched. In such cases,

additional mask layers (not shown) or more selective materials may be used to prevent the

mask pattern from being worn away before the pattern transfer is complete.
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conductive filler. I'n cormmon nethods of transferring

patterns, both the mask and the underlying substrate
wae@7expesed to an etchant, which preferenti al PgT/ESNEE33421

away the substrate material. The etchants, however,

al sop¥Rate MBBMribNE]aaSs kréahceh dhsed Wolahé ré@fuirdmeh@W¥E chemistry

rate. Thus, over the course of transferring a pattern,
andrioeess leordifionse onp Phmeva gl thy layrss earchapmitipdfigrsemerrmbodiments.

attern transfer is.co ete. These.difficul.tie re
P8 ool B E e SRET 8t o588 Wi b et where
theishibRF8N1 1 0TR RIAALE difiphe <8t ChRBéte the siehiteCRINLR, a single layer of

addi ti onal mask | ayers (not shown) or nore sel ective

matgtiel and| whenatheepthad dhe eclpisevnedaratehbn swgb kagsatthe second band mask

03B abe) b RS T B0 o dub oy & PATER (e fibpae 10, In the
ilReRed NEnBRAHENEMRDER RieCh80 advaritBB6hshf QRS a Protective role,
conditions, one or nore of the layers can be omitted

profectingrendanyoi lapers sronFonwentedrdbgradadiintdusing|etehasfkoverlying layers.

layers (not sh can be omt LN _enbodi pent s wher
Sy Bt BDOERY SETRE PR 10 BENEROE: e figtasich as the
bR BHIA B0 Thdo JhRb oML ot oty BlosMhers may be
sufficiest, for htbe Stesiostid phtterd teaster alieghed BOmibrery diemamsk layers facilitate

sufficient mask.for. transferring a pattern to the . . .
TP &P BIeTRgo Tk E-PIRGEbs B R B SR cofipsiging multiple

mh Y8 @&uﬁ%\r@ﬁﬁrﬁgﬁeﬁ%a&rﬁhgy& Rr RERRIRS Lk A fiigh aspect ratio
protecting underlying layers from unwant ed degradati on
fedturdésng et ch of overlying layers. Simlarly, for a

partjculagly sinple substrate 110, .t he variqQus ot her
" ay o4t rgf?e%csgo ek é%s&?mw%‘y AaRabepier 1P4gs P‘Eegf‘éf“?l}’ formed
off H&?l%o?@r,egﬁ' Hcﬁﬂhr?%}g) Edr¥§é§’[g<n6%lﬁn kY St STéBkahPle, the photoresist
sufficient for the desired pattern transfer. Higher
canurezay photorevess kothpatibls withdBl 7 taabmeter énsY, 67 inmy 193 nm, 248 nm or
atterns to difficult-to-etch substrates, such as
3QUBSt VatleneBhpri ST d MR VeI SRE SPITRATE 0B YRS g%ﬁzectmn beam
G ALl e S g Rl 2 DIRRT W ah fheltod g fuorce
(A E) sasitive lphoedsishaldl ,ephlotoyesist kRidatile fqyrusé eithbinyAffolighd dource, and

of a photoresist, .i.ncludi ng. any phot oresi st _knqown in .
krypign worl_d%ﬁrsl*mﬂﬁm? Pﬁ%_@r bt6r @{esa:%ﬁ%@%%ﬁv use with a KrF
. S o g >
S SAEEAR DSARBLA N OB Gy o)t
refutively\shbr wgtvhlengiirdiebi, @rg. siPStrens KoF pbbecdsistnarb @eeferably used with

|'ithographic st.ens. anpl es of preferred
lopgt Frudpugth Oéql}tﬁ&raﬁ%c SURiEms aéﬁ'% 3 S g S§teys.  In other

et kY 8hP Ergflﬁ)_se.hﬂt any! suﬁsegu@ﬁ Lt e cafl %ietfér%e?ecff%rresist that

use with an i ght Sourc and krypton fluori
capKrempattemad by nye-phpin ligdwigsdphy e.g, by piog emedd st mechanical force to

suitable for use with a KrF |light source. ArF
P%W&%Fé‘%?i‘%ts are preferably used with photolithography

sy st giRoddkitd is 4.%%5’19a1f Akl By 58RE ExyRuehs ?&fieﬂidni @Rugh a reticle
e.g., 193 nm F photoresi sts are preferably used

angi thbn developed. In the case of negative photoresist, radiation, e.g., light, is focused

on parts of the photoresist that are to be retained, e.g., on the areas where the lines—such

as lines 124 (see Figure 5)—are to be formed. Typically, the radiation activates a

photosensitive compound, e.g., a photo-induced acid generator (PAG), which decreases
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| onger wavel engt h photolithography systens, such as
248 nm systens. In other enbodinents, the layer 120
wa@pa7aeRpssubsequent resi st |layers can be for neRCDUS®06/033421
resist that can be patterned by nano-inprint
theisbRBHftRBMhe fhofbresiddye. #ShNBaRinFat & YlyHBeAAFreRired 8MBBdiments
to pattern the resist. Photoresist is typically
mpyibe epplied usingbey dgﬁlmbmg@nﬁlo inchudling pasHivielor oegriiva photores1st
reti

oL S0 R IRl et e 33500 BB morgic

ma@ha}s afd eiéﬁ@pm@%&é@m SlclddBatlicah xide (BRD, &f1don @Al a dielectric anti-
g., on the areas where the |ines-such as lines 124

re@s@evqu:(gmng (PARC)e such beafsticeedichTsibeambiynitridhe In the illustrated

crolimer el B s BABIR 80 1t AEC e Beh e delitmPARO)

TR, Bhid bk &gelt o emga&@%b&t as & Qltemﬁﬂla?eah'f?rﬂ NagktarkdOto reduce
pol ynerize. Preferred enbodi nents may be applied using

reﬂng/tlcdwsf twaig ditlnographiyal |, Thentdnuwhirary [yt tlAOelsopreﬁ@gdyl foemed of
or esi t Th erial_ for the first hard
Pusl% ST Bt V&%Mgge%c}hfﬁl?%ﬁ@ aﬁ%%ﬁ? @Flpﬁfeﬂed hard
I
mﬁﬁ??@%ﬁ% "”2"%6.“5?&%%% R b BpHAGHS b GOR X Bdcent carbon
thati¢h highlya tsnfpacon -toi kight sandi edirchoxfferst fuitter. 1rhprotvements for photo

lllustrat d. enbodi nent, the first h rd mask yer
aljgamenyy; by bewg; Bransparent de | waysIgethso oF i et (BR rlac$a ahgnment

DE}Z(?? rmg% a1 gé‘sr f(;xgﬁ) r%:?%ﬁlgbﬁgﬁ"sg n@_@aﬂb@heéaﬁegé %@nd in A.

tor e tion uri ng
HhInﬁmegr]RphI)elssﬂ'mehmrSmmaFlj/mk BBEr (1246) 1%6-P03e ftler a’diry disclosure of

med of am) phous car bon, [ ch of fers. very_hi
WL{C{‘SHS wepperat he;vemiva%rpv@cq P Radgask ‘?efr tﬁ’é&P?Féﬁ‘a‘“ sk
mat eﬁEl?ESDAW SRl SHRRLY - ﬁrﬁhﬁalﬂgﬁﬁl g%ﬂ/@r Gapbon b r{ﬁrticularly

form of "transparent carbon that | y transpar erit
advanfapethts ford fosmiigdh paftéras shdving péchésmpeay dreemésslution limits of a

phaot o al i gnnment by be| n nsparent to Vel ngt hs of
pl}qtfglmoﬁog@@ac ft B gw%ﬁtcan cs'@g\a%qet TegubL ﬁﬁ.rawgglmg light
r gy, t
ref1Bid ﬁ}dggmergaélﬂgt bIRAA wﬁﬁ-hlbllsag;taﬁp ré&plff’:‘aﬁld define the

ssner, in So
edgt996)a A:di6r2 0 B)ptibhalyeahiargande boﬂtm umé-roflestivie doatisg (BARC) (not

|nc r orated erei by reference rt_of t
@3 .C'f%? sigtilagly beyseh %’ﬂﬁlﬁmfﬁt%ﬁ?a ace sﬁierfgstﬁ}af%fnaﬁ%paaer 130 to
c{m%kfl ng%Y 8L1d3RaS anafe, r@ﬁhtai %ﬁl'naad Y9 h@&%g&% Qhn be added
orm g

patterns havi pi tches near t e reso
bétwmrtmecbﬁstalammbsid laydrd@t)apdhﬂm lapehf0.que. The DARC can

te Eﬂgnﬁ% éﬁtcgg |hﬁ1§; g(b%iy%rcr Iqu,gqliﬁl nt g{sp%fal Sle elctcl)‘lcsantl-reﬂectlve
O&t}ﬁéon ﬁ‘t@ "(é"‘%h)é GifiBord! %&&ﬁ]ﬁi&e mﬁg&e% Q&urﬁnﬁﬁt L8R (ALOs). In

organi ¢ bottonf’antr - l'ective coating
addBARCike mhﬁ testpovary layan 140, raddaiohyl lhaskulaﬁds (ot aﬂdwﬂ) an preferably
rin ce of .the first hard_nmask |a
fO@aﬁi? r4dl alTﬂP pU§ SRPQRt g0 TnexssHlFEneirh s%féﬁtlw relative to many
mﬁ& é feflective coating can be added between the first
rd mask |l ayer 130 and the | ayer 120.
In addition to selecting appropriate materials for the various layers, the thicknesses

of the layers 120-150 are preferably chosen depending upon compatibility with the etch
chemistries and process conditions described herein. For example, when transferring a
pattern from an overlying layer to an underlying layer by selectively etching the

underlying layer, materials from both layers are removed to some degree. Thus, the upper
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The second hard mask | ayer 150 preferably conprises a
dielectric anti-reflective coating (DARC) (e.g., a
W@ pdo7ozIssoxXyni tride), silicon or alum num oxi dBCT/US2006/033421
(Al233). In addition, like the tenporary |ayer 140,
layeidist prefesdblyrtidk ¢rygh So (ot is hoywrprieaveayps ek @ieddduyse of the pattern
fo%ned of anor phous carbon due to its excellent etch
tigasiee ¢ Ths hyrdrmaskilayes av ayaytageouslyi thinsso that teiitransier ppremoval

; . D .

o B B T B o bl 10150 B

pr ef & athley ibivoaed dapedihag URensdanpay defihdtle Waldt 120 is a

hhe etch chem stries and process conditions described

PReiPd¢imableolay e BieiIrably aearFopr Rt 80r309gnmm thisktandn nforomreferably,
a ng_l.ayer .

SIS D0 B 42 HEAS DDAAPNSE P sy e

abaum (G0 hnhathedks add, embedTprtetably, Herfeed eMoae 15T8Sm thiek. The
upperlayer is preferably thick enough so that it is
tepeRordyayea Ay iorisferatthe betwigers abastt 10Re200amn dripk tnchmerfre preferably,
k I r g, advan ous thip.so tha
oD 2 b B AU TR 510 QAN RISl 80 R RBhiy beween
abatftr 74301 MY MRdke bh@| Sotd plefsigblyeabout! 50 e thitk UasJeAERE on the
enbodi ment, the selectively definable [ayer 120 i's a
selpRtvaty avithrigenest todhe pndarkyingrlaysiry bet ween about 50- 300

nm t ki 1.hore. preferabl et ween, about. 200- 25

m ¢ gl R; RS Adcon 700 By o Brmplity nown o
tHoeE Wredkilahe the ko SFopmaxhmplek vantus TRIR Rp6iehRYrYoesses, such as

bet ween about 15-30 nmthick. The tenporary |ayer 140
chenigpleyaponsepositéanseen hebened te doredordmaskileyeran®refombly, a low

ferab . bet ween, about 100-150 nm.t hi ck. .Th eco :

A SRR i B e SR Bt 7 o B DSt FrD G ayers or
afiyTothel Glat@nds, 4@y @pd@éﬁhﬁte@ﬁl,yoveaQ%hsﬁﬂayamwﬁbitrﬁ Ehe mask layer is

depending on the selectivity with respecCt 'to
foymeé ef gmagphieny siticorthduohdp derspdraiyer depdbiion peeedssheadiantageously

be fored .vari ous. met.hods known tao those of . .
ofEQPh kB Wb PRl RiTaier AR Ga PR Gt 3. Spin-on-coning
PRRERE] LirDBe RIsOL €5 I6in phbeleMmMbi RbGE2l InV ARBfion, amorphous carbon

deposition, can be used to form hard mask | ayers.

lapersfean xl fprmed by \wheminek vapaurdepedidon vsihg walpalrocarbon compound, or
€ssS 4 S use rd nmas

q%ﬁgl%gi (gf] QERP Egﬁ?%%}dsﬁﬁ eclaﬁog};lg;,)r%g&rggri,s.t s églggg%tp&:qugﬁo,rs include

ayers of any o

pPRY§end Pepknd, i EpancBaiabe,t PRYRRS Kbhta¥iBhe lafid fRENRAeOf A suitable
anor phous silicon. Such |ow tenperature deposifion

mgthed des Eymier ampmient strhorp tayorsris desnsiried ann UnS. PritersiNml6,573,030

o S B SR RLRYR, SRS WY Blmpioswre of wich i
inphipbeeel harshl By ketehse ahd nAddigatOst tHTBFRITRYE0E 2R Rdition, the

| ayers can be fornmed by chemical vapor deposition
ameiphepsacahen sear boopeshpdumsuitabde nmthad festoohinguddped amorphous

ca%ﬁ% %gﬁge%%fri%%;ingﬁg? qjé}egjéycﬁlgag{ogp}gg]éf&g% L?fﬁe?)r ﬁi'l%zisaépe entire
dibtlbagk este vafich a6 eintb@ofated LRkt A Geference and made part of this
specification.

As noted above, in the illustrated embodiment, an insulating layer is formed,
overlaid by multiple layers of masking material. The substrate 110 includes the insulating
layer, and the masking layers 120—150 are formed thereover. In some embodiments, layer

150 can be a primary mask layer, layer 140 can be a temporary layer, and layer 120 can be
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nmet hod for form ng anorphous carbon |ayers is

described in U. S. Patent No. 6,573,030 BlI, issued to
wo-200rozisssy et al. on June 3, 2003, the entire PCT/US2006/033421

di scl osure of which is incorporated herein by

arphbr €kt ¢ayeh dinnthe dhpatted @inbolinsers Aeed fi50 8 &08ich kdp layer or CMP

addi tion, the anorphous carbon nay be doped. A

stopile¥ebl e net hod for forming doped amorphous carbon is

descr [ LS. Paten [ ! 104652, 174 t 0 .

Vim0 EEfs ot P undiRE Th LR OB et ExbodifintPand with

réfeRacPRIREges Nareh Patdetn LEERIcERGEfoRMEd H??Rclpﬁﬁﬂtiy@fcat‘icm. s

specification. As noted above, in the illustrated

embodYiterafererge tp Fighre 6i apatieay eqmprisifhingees, 128\detimlied byylefinable

i | f ' ial .~,Ih bst 110
R BBt 5 TR b SRR 3L TSR PAE el ormec
b$.20.z1 PhotlgnJepdpHpd il REHGPURS selddlivel9RMAPRALYEN D is exposed to
[ ayer 150 can be a primary mask |l ayer, |ayer” 140 can

1Y ¢ { ;
rasatipnt Grigh o yetickyyend themdddvalpped. 1 20ter dieingedeveloped, the remaining

otoresist, layer..|n the,illustrated e di ment,
AR 33455, P Okssish b8 flrglei o BRRsPL GRS B feauges such as
the iflustitedliRS 229 (sHOBMNAGR s Redioapr dance with the
preferred enbodinents and with reference to Figures

4-1 The pitghnof Serepfting bnesr24iis efunl nethespnppf tie width of a line 124
lLtiplication..Wth f t.o Fi.gur. , ) t .

A R B SR B B L i o

féa@abiomed ddng il pAtEg 05 H%ésrﬁéel‘igf‘l 'sﬁ%ﬁi ?%,QH@}B]’[&%Q R§e¥&§bly at or

spaces 122 can be forne Y, Y ot ol'i t hogr ap
ngay thiliniits oh thesgiotdithogrhphic tfchmigh esdday @attéiB0hé definable layer 120.

exposed to radiation.through reti.cle_and fh .
PO e dor P tho iy Nl Asi b e mRichDhdhe ines 124 can be
11108018 MBLE! thalpitcRNR4PHES Be thihi hitdhUst fhat i i
aerrb_odi ment, forns prlngsk fygat ures ﬂslglclzﬁﬁthgsﬂ)llttdr?e@ft {8 girolithogr aphic
technigue pad the sbagee pattaad dishssen belovccasslvagtogéonsly. havbe pitch below

itch of t sult]j lines 124.is equal to the sum
aBion ittt bR bl oe R G di b of a
nei gRRANLMMRIPRE Fightd 5, ArBiDindhyZ &ep REn %Bﬂngﬁgéil:reating a series of
di mensions of features formed using this pattern of
phatprssistl idesanthusp abetwlitte2raphp eapibealsed $o foref e rpdivhlityadf lines in a

or, near. the lim.ts of hot ol i t hogr aphi ¢ techni que
8 B aC obrtoRy Rhelq By fpbomn Ghe G5 A e o smaller
thaf tha? et Rdbld Bfﬁﬁ&@ﬁﬁl Mbwbi ! fBsehnt3h! h@Bblicdid® will form lines
pitch of the Tines 124 can be about 100 nm Thus, the
hpiing hpiiehythitas smallérghan thiahdefingbledly cofivantienal photolithography.

hot ql i1 h hi hni dth tt
i ScUSShARE! E et T AP b 2otiel PURRIE o BIF ehiaped guparrowed
to AleSitddl aBnBibh C PGS exlabipidtRe Qpadea9s aRRI e HREABE BY&eiching the

As illustrated by Figure 5, a prelimnary step can
pleatongsisislénes @4yt to rigrna nyelifiesisspadesplde ond linest 124an 8be plibtosssist lines

11?4{] %}gg;lrlﬁft?paggyngtgﬂé’%ﬁs?gg ?glisfjo%r%gﬁf/egﬁt{, Iosi} ?s glslfllﬁ%rl ic»t(i)c/le %Easma, eg.,a
plgﬁgf l@lg%lf)ﬁﬁﬂg 8pHyosaw, &Rf At.| INBS 1 QAPRY BctPistsld, MRe etch degrades

the exposed surfaces from all directions. Thus, the corners of lines 124a may in practice

be less sharp and well-defined than has been schematically depicted in Figure 6. The
extent of the etch is preferably selected so that the widths of the lines 124a are
substantially equal to the desired spacing between the later-formed spacers 175, as will be

appreciated from the discussion of Figures 9-11 below. Advantageously, this etch allows
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than that definable by photons. However, subsequent
pitch multiplication will formlines having a pitch
wo bav/o2sssmal | er than that definabl e by convenp¢Drst006/033421
photol i t hography. As shown in Figure 6, the spaces 122
tiearinept 1244l oy tee vhiro®tr Whdenedully dthérivase thet ;po@sible using the
desired di nension. For exanple, the spaces 122 can be
phptglithearaphicdedmiqyg vserbtogratieny ths phetofefimablellayer 126. fimaddition, the
Lf lLhpes, 124a. The,.photoresis .
ofER s S HATE St PEREANs 10 BTk i i R BN PR O those ines

Iiekdihic eMBOMnRAtsAtIBUPAE bRKIEta (hE BRERI2A. @n bedalRbRAByY expanding
conprising SO2, @2, N2 and Ar. |If an "isotropic" etch
thedings dd4 tq tdesited Kizge fonerasnt additionalenaterial fca be depasited over the

. jregtions..,fhus, the corners of ljnes 124a an
hgéga%:% 8re&r?e11 %dé Iscﬁgrbﬁ C:Slﬁgll%llpllr-e é‘?‘{ We%’r?]haaﬂlawg@rﬁé’éﬂg a larger
velehreihGedsk Yhetlepiect ed in Figure 6. The extent of the
etch is preferably selected so that the widths of the

| i ned'hg patiera irethe (inodidied) phdtgdefipablie laysr | PR id pwiferably transferred to

R, o AR PR o8 ML i
oheau teignant RYGOLS) ﬁéaprl Rl tsrhed! JroVRiaRBial A€ Sard $Astand the

to be narrower than woul d ot’herwi se be possible using
prdeesspéradiions Ho sractr mategieh deppséionsadl etoh,pdistussad bélew. In other

RSBt a g Toesidhe 91 eSumalsiot i PG G e getinable
1ayB leO,”lHeYteﬁTpoHti’gsei%(ér' RS cad 'Bes&ﬂﬁte@nxlﬁfj'tﬁéeg%a%%r tW¥erial can be

Spaces between i nes 124a can be narrowe y

depgsttediidmgctihen| theephdto4lefived feraies elP4s bz éhe Foodified photodefined
exa , di ti ona teri can. be deposited over the
fqaﬁﬁgbspb%ﬁf?g}e P%tﬁg(’%ﬁ*lﬂag’ie %Zir rf%ﬁlfchem cally reacted

to fof MeAilBEREd Bhbb@MieRY iR Qdaftﬂ)ﬁrtovt%:\/e {bRer! GF $&R%ance than

their size. The pattern i'n the (nodi
pintioteside flevabtedal fayremgtRe sermgorprydfygar dBDys prefmalfleg selected such that

BB e USH i Bl o SRR 0 o
theaM@ErIift® elch sRIpahREaBbYy AlQorRihvele andBYEr | A irsrgpé}&aﬁ ormed of

wi t hst'and the process conditions for spacer teria
aijerpbovs ¢apporand et ch, di scussed bel ow. In other

mbogi ment's where t iti f terial i .
Compar | BRE T KRS et e 1y By oBhed {ETpap iy 120a s
plefY&Uly 149t GaRsBPeP M thEhaRNhkREaPRALR]. MBEE HaBlfef 38 preferably

be deposited directly on the photo-defined features
acrompbshednesing di fanisdtrgiotetate fsicleds fip atar esng 248uabcaten plasma.

T R T .
ctb iRk MRt DA RN GlapiRi St, the material forming the

tenporary layer 140 is preferably sel ected such that
i t chntbpallestiatedtembsldymerdnopetternds &irined ih @ntdverlymg dayealand later

i RSy Pt 2o RIS 0810 an 13
arB"RHeIaB bl eré @d¥B dayRfs RAR RRAUSCHeA" PPiHations in etching processes can
alter the precision with which a pattern in an overlying layer corresponds to a pattern
created in an underlying layer. Although pattern transfer from layer to layer is generally
illustrated schematically to be a precise process, with vertical walls, such precision may
be difficult to achieve in practice. Thus, pattern transfer is intended to encompass general

correspondence between underlying and overlying patterns. Similarly, pattern transfer is
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As shown in Figure 7, the pattern in the nodified
definable | ayer 120a is preferably first transferred

wo eoovloz7skar d mask | ayer 130. This transfer i s PCT/US2006/033421
preferably acconplished using an ani sotropic etch,

metethtoagncdfpats fhodsidagom off | the rfedtared Qi gitadl n@eﬁngr'_geirer p&ebrn—rfor
fI uor ocarbon plasma etch chem stries 1 nclude

e byralmeingdorcrzinking those Apaigres-travhere feshr m@difam@n does not
]?;%g 'a|1tch| n the illustrated enbodi ment, a pattern is
me Han overlying |layer and | ater transferred to

an upg @hd)\yh ROFIgAVES, th Pattdrl i theldefinbBle 14yel 300 & @6n transferred to
wal | s of |ayers 120a and 130 are vertical, where these

thealgmperanavavebddh. elfcthedemperaiyalayend4§ ns étormﬂdn@om a carbon-based

: | t t.h with h
R B ISR S palrar il aoBEShECthe & S PR BFlfEd. ez o
plafin@ BoMBEART YOO, A Ar. A@%Hﬁ?%s@ameeﬁ@z Edrﬁ‘ﬂﬁfngrplefshféman etch
| ayer to | ayer is generall | ustrated schematically

carporbef thepprebiresd tomporasy 1aywr 140 ae atm@a&rewaﬂ thep 2futimes and, more

PR3 S 5 St 0 RSB B0 e e o st

lagé‘ln%(ﬁlardi@ref&%@ow%ﬂﬁ&l@gbﬁﬁﬂtaw bla¥inA9s @@%ﬂbed in U.S. Patent
overlying patterns. Simlarl attern transfer

Apglmcetann No Wrﬁi@s@ Abaiclfervcﬁtml orﬁlmﬂf Angest 3¢ aR 004 entitled Critical

DB . P Ageiey e LBy R iBs Bl g, 2003-1348), he

erﬁﬁg'dzléc@&hfeoﬂf daEsh 'fkoincﬁ Péd h@r%npbgqgfere%%e Salﬂ@"ﬂad@paﬂ of this

Figure 8, the patternlnthe definable |ayer 120 is
spebidigatiommn § he (xecontinihg plasmporarsymhbarepusdy @ichl me ttéreporary layer

r er 140 is . .fornmed. froma r bop- based. .
IERRT I e i amrding GO STy Sk oo FHae lines 1240
cdiRlifhe %e%%eﬁ&ﬁ&@'o‘i”n%d%l@.ﬁggg whidh a pitdth 88 E‘]ﬁacers 175 (Figure 10)

contai ning SO , Advant ageousl y, the

wiloPe foomedi ni ng pl asna can etch carbon of the preferred

and’ nart pRREEy ey ighen e TGRSt PRosSiHe Haner pattems
bé‘r@'@én faD&s Nebfe B, liANSH ok3Q 1ﬂﬁgéﬁ6ntt$‘ %%Sﬁhgsﬁa@ Briginal features

layer 150 are/is etched. A suitable cont ai ni ng
inpdedBrablei layete 52 withca slritl Sep,Phe qmttemppﬂnl batraosferNal without prior

10/931, 77 tch t al d A t 31, 2
mogOR A | D PR GieE ) 4Son T & GG GLRER S can be
pé}%%@‘lt@%@&f%r Me%&tﬁreg‘ﬁ{ tem@rarg 833r 1#8) . the entire

di scl osure I'S i ncorporated herein by
r ef eNexices ahujvmmj&guaﬁr 9, olayehil 80 spepdctr pmtariahis fitkferably blanket

SO2- cont ai n | as c n SI t anequsly etch, the
ApoRE R Dotk SRS S Rty HesrB e d R e g the hard mask
1a§i&f 1302kl cendr@Yi®lck 120and Tﬁesﬁ&ﬁm tdige |térﬂ§b°raﬂ;leﬂ§’er 140h Optionally,

constitute the placeholders or mandrels al ong whi
thp dtatde nraslbo flayep 486 reen beSrefneiverl befoitef))iepusitingkthe florema do. The spacer
Var.i ous Iter natlvgl ttthhni ues and hods an be used
S

mpiGriel SR P gy abtierHs B EHbatt a9 dpesk o5 s EHIEa paitem to the
uﬂd%ﬁ 8%uBdtrat®1 10, "or A Ik ePRisk Ran ARG p¥ddassihd6F AdeBy 3! structures
through t}rlf(:e rsnask being formed. The spacer material preferably: 1) can be deposited with
good step coverage; 2) can be deposited at a temperature compatible with the temporary
layer 140; and 3) can be selectively etched relative to the temporary layer 140 and any
layer underlying the temporary layer 140. Preferred materials include silicon oxides and

nitrides. The spacer material is preferably deposited by chemical vapor deposition or
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in definable [ayer 120 with a shrink step, the pattern
can be transferred without prior nodification into the
wao eoopoeEss | ayer 140. Then a subsequent shri nkpGr/Eg200&083421
be perforned to nodify the features in tenporary |ayer
atbfific 1a|§|€lx&epo§i§oﬁ hqwg lé}fér F7QW reforatdy HgyRited ia AiclGRFCE between
mat er i al pref erabl’y bl anket deposited so that it
algopn QGf@ﬁ;mncanﬂhmomelatefﬂrézly,cﬁooeb(%Ibé@ dus uPfederebly, the step coverage is

rd k 13 he hard k 150
a8 Ol e R TP iy fodg arotisto.
th | gRahbyn it Helrang, ﬁﬁzsii)ahéﬂ/lﬁ er ]13’@ i§ @lﬁbnbﬁlbﬁ&fgavt%dan anisotropic
before depositing the layer 170. The spacer materia

etchriobemany spadtee rrnabrlalhﬁbmchtmmntal agrfacasabi0 DOHIthe pal”tlally forrned
transterri.ng a tern.to the underlyin subst ate

mi%ateé,ﬁlr% B efiehan it o PR ? SRASESFRl @ be performed using

Hwtq 136k A0foB ok et @ér ﬁlgt@%g hAtd‘l‘{%Hﬁisdﬁn%' Lgegd £ _refﬂﬁ%lhcon. The

pacer nateri prefera can be deposite
emh hl’fchghtsd phyaeal «:ompbﬁxgﬁ andZﬁ:rematblja eard:flﬁmirichxdd aaﬂhemxcal component

nper at ure conpat.i bl e ye
a%fﬁﬁ@ﬂs €, €&n Aeadbieden iclrd| (Wé])e nEEt ARs ef@l 9 “in etch can be

pér%m{%ﬁ Afof e%(ﬁ}{y@% %sjlgg Qggxel\?er S GrfloW?x?% ot @g 6 8&m Cl, and about

tenporary mat er s |nc ude
0s200 om ¥Rt diesboan d—60 Tae pressine withaabent B0-d0D@IWitsp power and
prefer abI deposited by chenical vapor deposition

abuh t 3920 VayRattore pewrE | At Al 080 efevicporansalsy @peapaplish similar
R B BB 10 Vi

patf@medoit e:laﬂgeavleSbehbﬂuzt pBferfoodrel@ize@t spacan taving reffectively reduced
preferably, about 90 % or greater. As shown in Figure
Pli@”ﬂ%egb@éélﬂle? ayer 170 is then subjected to an

ani s C Vv

nor | Sant Ritrefie B ERui TP e dRRF S P 13D (1 @ present) and the

tentoegy ddyerl 140 aetiekt #doveduc feara ﬁetammdnag Spacki A, éﬁleaemporary
spacer. etch, can be perforped using HBr/Cd plasm

Iagsi O ig peledivehpremovad usmeciop FEERDIE ohS BRI GeRdinag Jél@%ﬁg etch such
a335111 %Ellng% et@ Wﬁ'g e@ch@p 't 8?{1 é: 258398 q*@lrno%]ﬁllg temporary

pre era e ac m ca conponent an
layan14® as degribed 1ﬂcélaiet av €, ipdasnet etbh (oRIaEdowmehlm&ﬁwmwave carbon
a2, HBr etch. Such an etch can be perforned, for
steipa iyl this Wa. Agptares AVOREPeieD ae sHPAFdadiseyebelind argther pattern
fo%d% ea%kl 5. 0-200 seem HBr at about 7-60 niorr
press re about 300-1000 Wtop power and about
50- 2%BulMib ebihe renfhodinents\piivire360n ey been paforaled msing a spacer
acconplish sim]ar etches, although a di fferent reci pe
H&#@ag& weaigRaskipe feafirsguil he masiapg deatuges foamed 1 fhis,way can have a

sﬁgﬂe@‘rgﬁfgﬁ‘:{haﬂ 'ihec 1)1%@1%@ hpgshblﬂfjc;ﬂl 9&5#’1?%#19 %hﬁ&é@%gskmg lines

spac havi ng ec Ively reduced p atlve
séplafatéd H}Qﬁtch\&édﬂbeﬂ gpaeenThug pitdh multpliddtiontHae bher ai:cnmgkshed

layer 130 _(if still present) and the tenpaorary |aye
140 Hr edlyatrafedrgnlagiment Emmh@éé%ft eaetRd 73 a&&éae%ly half that of

th 4 ﬁotoﬁ& t §ifi0PPI4 n¥1 sﬁogé/eg n F% ﬁ ighre n ﬁuta 11y ?(%r}ﬁeﬁ%?g%gﬁ)htho graphy.

I ng, or exanp a su |ng pl'asma
Adlugdtageously, spacers 175 having a pitch of about 100 nm or less can be formed.

Because the spacers 175 are formed on the sidewalls of the features or lines 124b, the
spacers 175 generally form around the periphery, following the outline of the pattern of
features or lines 124a in the definable layer 120. Thus, spacers 175 typically form a

closed loop, as shown in Figure 13.
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as an etch using SO. Oher exenplary etches that can
be used to renove the tenporary |ayer 140 as descri bed

wo prozssan O2 pl asma etch or a downstream m CPONEYB06/033421
carbon stri p hi this way, features of one pattern are

r enoyiegel 19 ﬂlﬁﬁfﬁ?es%hht!éﬁn&ﬁ@t‘éﬂ@tfel B3d.t ehdlel aravedtal Ye k&¥erred to as
spacers. Thus, in sone enbodi nents, pitch-reduction

athB bméforpen‘femlamed mwulh‘ge éesspb@ceas mevelrin atself.oThe beaztele330 can be
feat res. n atures.fo
f‘%ﬁ(}fs( Hhisulatig e eé‘f‘{%?‘r ﬁ%‘g’%ﬁt‘? Rrﬂ%e’B‘FFo‘ieé?‘g%ei ‘tbove in relation
tol th8 Gfu il Ql?a@erﬁa(l) ﬁgﬁ o Fiddird SN -FLAHNGRTe TBVY 1380 chlh RB&Fespond to the
separate t ch-reduced spaces. Thus, pitch
uppet pbpiohmftth@suustia;te ﬂéérshawnomﬂhgm’bseﬁ—l 11 rUmdwlymg level 320 can be

illustrated enbodi nent e pitch of
fomaeﬁ&' Stpghithe SR hl?eovgwatr& b Ipie R0 St i 2. For
?@351%.%@ ]Q':shﬁ\% & Ri’n) '&Ff@?{ll{eg 3h R doR¥s fond to the features 222
dll ogr aphy. dvan ageously, spacers havi ng a

smlvs,tncim Biguahd.ut Tréthen rd2dr sepaate ﬁmnfehtera‘scﬁﬁeghst Bedhetm-:nches 224
the spacers 175 are forned_on the S|demall

sepaigte e doasires #ites Thospgoers é- eprferably heyea gd %\r%ﬂ% ({}l apgroprmately
S@Irn?t e'&&a&é&ﬁ] ?fﬁr LRDRkY 377 %élpla&‘ﬁé q\g jga@rso%l e vﬁﬁt}{j‘?] is preferably

tures or nes In the efin
akawemnﬁao Thus, spacers 175 typically forma cl osed
| oop, as shown_ in Figure 13.Figure 12 illustrates an
| nt erhodPEeE 1Byare SHovn PhElyBgdrvel sl aft BeSPAETE aFe greferably

%%e@ﬁcq%p(gtlg% th2 ﬁ‘fee\t/ﬁe A5 Iaﬁﬁ) ?éf‘%&“@&’?ﬁ déﬁtcg\;%é ,;%%tlon to El gures 4-11.
Inf the REGolingm anFignsul Bhongvente hilditiod 4tepdras bgert eomplished that
properties described above in reIatlon to the

wanaeliHstiatpdia Fgoral 1 shaspepermagiemehas e@utrtrﬁm?érnéto the underlying
hArg \ﬁ'?%sk%?}g)er il%g C]ﬁg{u%sﬁoﬁ%sﬁ&eg It}?a& lt‘l?eo%{ac%g dlt7|5 O3n Qe %cﬁ/ﬁnﬁageously

subs I gures erlying leve

alied canthixethieospaesd etwoed tenirdirectlyabeerlie sior fdaadeaB2¥.e Thus, the
in relatlon to |l evel 220 of Figure 2. For exanple

meplgtyrpe ayer dhowetlad pnueas .qrymattlpﬂeeéweegf Fyskipgaaterial. In this

&fl ngez cbide 7 eﬁltduﬁoq?ﬁgé Ofdi r% ﬁ?ﬁ‘g ZHBE]SkangH:EQI %5(?1 comprise the

separate t just as
mhﬁl@ﬁlgt hﬁﬁeri%lZ AThe picatsel 75hee ﬁqqiom& %y 2RPhardhieask pﬁa:temﬂ 150, which
175 preferably have a width &prOX|natelﬁ
-

cafrhaV SHEEePHELH dﬁgcr&)ewna ffﬁatwoé@f%ﬂ ot Kigares Azt
175. gy 1€e ﬁil'ilgtra% 58 &1%85[356%{1 %Iléﬁl @Q&qalgfg%l&{%lm@q3 —13 of Figure

spacers 5 are shown over evel e spacers
1Ar €he ﬁ@ﬁhﬁﬁ@ nyatdrial 684 cac ®o r‘sdebm@ldeﬁyﬁlg&mﬁetlbpm‘an@ﬂﬁ spacers 175.
configurations described in relation to Figures 6ﬁé
Therspasers S san e agpask) Qju Batiepn thap Rdows etCEWgasa%nSttP et all the

t e t
o 2035 BRI I e 0 L RS i
sdheinati¢dile, anadet hycte@garm;apﬂ)pbﬁﬁhallﬁymlr ekbthplelkiguces chd have a length
illustrates that the spacers 175 can_ _be advant ageous]

3801 Ghedength 8Bhes longers fandie Badicxty o eaTigalay gpacer 175 or the
wilffe 5'747 BetwEn theeastp%e?é 178 2’1’111}3? e sptage?s 175 preferably form loops that are

much more elongate, having different proportions than can be shown in Figure 13. The
spacers 175 can extend across the entire footprint of a memory array. The spacers 175
can also be segmented by the desired architecture.

Figure 14A illustrates a plan view similar to that of Figure 13, except that a second
mask 480 has been deposited (e.g., using a spin-on process) and patterned to partially
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insulating layer is overlaid by one or multiple |ayers

of masking material. In this enbodi nent, the spacers
waZ®7armsgor respondi ng hard mask material 150 PONP$108€033421

the masking material. The spacers 175 are supported by

cdeﬁtHé@évQcéi@? #5.mathe sbadind ddkk 4A80i £1d thaRpdvame] 19 kave been illustrated
r

roperties described in relation to |layer 150 of
wmn @aﬁpbmgcfeﬂcollvemmgl@r evendhoughys theitiew of 140 - S§@<md| r@q“zﬁésl 480 and
| an vi t ake on ur e
of et T AT PuR 2 s RedRn i a nglediie: (e BRI 14B). The
seéé&mm 18D 4d1RieS RAGRISW 4T Dthatl B SPRCB S ddiTiRe £adniel OF BdrAact vias
mask or a pattern that allows etching steps to affect
asgdxplained telpos Ebwsuert anmneem@phnwn@séomammqerbyrﬁtfﬁebly extend

175. T 175
o8 PRt &0ty SmOCRT e SEBe ARpgimitT St iRy o5 govindow
4&Xmegeat%%%§f Bmest rdlotﬁ?vtﬁe FerlgBD Ot he3Bimof Sird e NThbugdBénly one

S er than the wd 9 of any particul ar spacer
sefigboDeontdves willdiishra®d n thetfigees disvessspdeloms sdcpbd mikkkssin accordance

Wb BRI GruRes, CHEOERETS! Pl SHCPBD JPF G STEIRlF afpdows  for
siRB1RNa efbhﬁiggﬂﬁlﬁplje?seng Ay c%ﬂt%@te\ﬁ% bf %ecéi‘iﬁreeﬁﬁa%/nd

across the entire footprint of a nenory array.
spacas ghiki#sted amFrgiusaol@e tbegroemd adsloy8Q el t&iespzroed; 17 5 both shield

g s BoviRre B rbae b aide e el e dufiapd e spacers
178 efh tggédhé?eﬁ)n HEARR! qgm( €a gcoimHﬁ%dn ?)aﬁ‘erﬁpinn ik from two
a ycove

process patterned to parti al t he spacers
subéidmpdded metemad Tira skinddB0 482 dh tHaesescpmlcmask 480chdsaviengib @3 and a
jllustrated with ha ching for conve even. t hou

widh Rk Thelsgh 4524 e Gagioia SR Bl SRherey e SPACAr piteh-
mﬁﬂ%ﬁ?& ﬁlrfxgréuﬂlr ? Elf__l? heWas %%B‘S%tﬁél' ge§y SEEH gqnedl 3£ &j Tlgure 14A, the

ane gure secon
pldﬁf-mﬂle@had dtrmnﬂmvn%ﬂwﬂhatomalndmmnmsm extendidgidfnandaright across the
of _cont as_as explained b

|
P%gﬂ:ﬁé FFEEE Trd rft swméms Agatho Wy s &0t mﬂ ¢ &W%?“@gﬁmose any of
thgla n Qt@qg(l;bsocila s@Yhe %Héérg‘? £9¢ Sho rpmsﬁ e 13. Preferably, the

|msnts vvs suc e W n can repeat
WBHV e4$l 1$ I\mals adlcmgb tohdel Ethgtapbicaliy edﬂfmabileyt}mou@ly .conventional
Thau |y ong; ries of. con

phofiplit ‘?%Ell? gt %g|t]6§vw1é§ §i d]Oﬁggq(\gll‘él%}%[l% Sp wmdow 482 is
as28fo 01‘%& c%llﬁ@ns%nsd Se re? bx?g&ilﬁlei’ﬂ lbindow 482 is fully

pre erab y Inc r simil taneously
dedinabliengingutdrivphitorak (ase@poﬁedcmwpmdt-mult@d;edi)otec]nrhqsuasnt Thnes, width

Gl Nindov 24 b LT St e o UGB phirg o example,
il SR GRRIR! 3380l BSE I 3y Yhingd DF 15E6RAERH00 nm 1o

the spacers 175 operate toget
apptddmhielye2(0 dror m a conbi ned pattern or mask fromtwo

super.i npos patterns. dow t
mas kT%%?CH%‘gmé%? ‘é%?fﬁl @na% frgmg a%?wwsly Aje?iﬂ@% Zﬂi’ﬁ’f paving the
ré ik dle&:ﬁge(? %Hﬁ % f%c{i%h# | dokifabiP brbﬁﬂ re 4. For
acers’ pitchmu | nens pre era y acr
extah@les thid seeomat magk 48|Or1s pi‘eéembly\fomfedl%fgqmetoiéhm t he
Some advantageous methods for creating a mask such as the second mask 480
shown in Figure 14A include applying a crossing pattern of photoresist over a portion of

underlying masking features such as the spacers 175. One pattern “crosses” a second

pattern when an elongate dimension of the first pattern is not aligned with or parallel to an
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pitch-multiplied dinmension is the horizontal dinension

extending | eft and right across the page. The width
waBh7/0275%8 ndow 482, however, is not w de enoughCT/US2006/033421

fully expose any of the elongate | oops that conprise

eI"oHQat@ Bﬁ%&i%njo?%@&c&li@ﬁ\ﬁtehﬂ Fhriam ﬁﬂeﬁ bed2ugs @[cﬁp kg3 ist1BRger than
dth 481 is w de enough to be |ithographical

Iy
W@Idath HRhhe patkare 0§ becood wenk #3hedn lpﬁmnéldﬁteﬁé‘glﬂagm” in the dimension

It t h dth 481 t dt
of it 3 $1oeist his? Tad il SP0n s N B ireilnegr in the
dRhbRh 07 derP 98l BiBhre M) NHEWatkA df%eédﬁhlmasqieigor@l%ses the pattern
usi ng conventional ~(as opposed to pitch-nultiplied)

farmed by gpesrs THus AdvaotapeotSly, thie 1ummmd A8Ringpaefisriableanultiple

g h d d | h
pioR pF Bl B e e VAT B e s SPPaR glcovered
b the??ﬂo%%ﬁﬂagseshbfwﬁ ngger\{%(;u%h WW hgmt F’ll.uYhe%ggren mmd-ghﬁndow 482,

second mask 480 can orned froma selectively
tigefiichatdueed syaees betwieay thervpagrope leresamesdrlybgdaydr B34 exposed.

hgss F,til?ﬁ(,:stegt " seI e % \égrlgé%gefl %(se'cgflgggtpét 20 fggllfs %:arlt%rn applied
td @k e{%f 1. WeRlvsdsn %EH'B% d%g'éfﬁiéh %9 %Hlé %'I&Pﬁx%_ s£08nd mask

creating a mask such as the second own in
480 baving dd Aldngeteutimenyipi Y83 thad cmssnsstha @atpm‘htoef rthe Slfﬁacers 175. The

phot or.esi st over portion of underlying maski.n
IBg B AEREraP A NG A8 4 CEPees 115 Sneps ieavss ff i ot parallel to the

wh
clofbtp Sifen e BEAAC SPRLLEIT "R ADLERIRBE ALIEE L Hension of
M1[doa/n41]20cmgaie@adaﬂfbtcsﬂhe rritital} drepiwhaedutepdirharsion dfdhe spacers 175.
because width 483 is |on er than wi dth 481
Pfq?%rala&st her flogeats chBRBSRE WEFOVaShds Psmendiciay to the elongate
dinSnoRg 3k eslpgcerrpﬁéjl nensi on of width 483. However,
because the spacer "l oops" 175 of Figure 13 are |onger
i n t hesotlieveivantagecnt ehnbdodinkensd3 fhe(dphcpu pattdd )showhén Figure 13 can be

atterg of sec nd nask 480 crosses thfelﬁﬁ tte{n f or med
b%t/ ‘@6‘& eVih 17 a‘)&ﬂ'@%t 5’@?6‘@5590 2R B 1y Rlapgrization and anti-

re(ffetgt%a{yngF&ate%ﬁﬁn}gskl nglyl ﬂ Plafri gp 'E:%f; ?ﬁ‘lsth%f spaces in between the

reduce es an acent
slmcexshere&tmg:ecﬂas padfes mmkyugr thd tby of hhe ppaeot eFThsthardsnask (not
shown here t hr oquﬂyﬁﬂdow 482. Furthernore

ShQAY 6 eD hayhemy iReRFEE PR eo%@@@\%%wagﬁ‘é%ecreated on top
O{Sﬂa?ﬁﬁé h:cln7d5m5 Té?eraig ck} r 5&’ b e.':t’g;éé @fep:}hgé' Wl@ﬂ&]‘?&h to remove the

the second mask 480’ can d as "a
haptiotakindtag agien thasiknepaintesr Mhagphe edttérn dfffégispddAran be made

175. The. w ndow 482 ca e descri bed as an openjng.in
d ?félysvegbﬁha S?Jﬁ%tkvebsée gkeﬁgveaﬁ%aaﬁe%% Q theetep m%%epattem can
oL PRSI SR ons T AK e SBRSE el Bt

bec abigerd 14B dllvsddategaa atoksekedtion tthie:nedtlomg dicelinksnbi+1dB shown in

of the acers 175. Advant ageou the el ongat e
b IgoNtg laélaf espnd BaskaAs allows ke %Pﬁeers 175 and some of

Oy A NS DY 18 D3
1si dsop@ngena. C’Hhapeltspedtlhe aBb dlhgates how the patterns formed by the second
mask 480 and the spacers 175 combine to form an underlying pattern (Figure 15) that is
derived from both overlying patterns.

The combined pattern of the second mask 480 and the spacers 175 can be

transferred to an underlying hard-mask layer. Thus, the second mask 480 and the spacers
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di mensi on of the spacers 175. In sonme advant ageous
enbodi nents, the spacer pattern shown in Figure 13 can
wheool7ioezsss coated with a planarizing materi al SPCHUS06/033421
BARC for planarization and antireflectivity. For
18X aPbLusetiNG sRicRNBértishd of BRuBAdrBlingCRadd frhdsk 1hte. IP&fSSshiclded
in between the spacers, creating a flat surface
patiend ¢f rthe thaed tr@qﬁkofaymh@r@, gtebed siwayhitee [samdpinedskattenothas been

h th A W fh.th t
oEREVDL LERTRACR b ER R bn 0 Gk TP Shet (bl 3Fepnd mask
480P&H th@gﬁceﬂssl 751c8RbE gem@xﬂ:d o Blching WERUDTRM e b@ne advantage of
required to renove the hard mask rraterlal when t

such ae agangesienTisde reduh@thp@lfﬁegmm aspederajigrad thetviag éumhgathe etch.
made,_ di r ect wth the elec e def i |.e a r .
780, FIguec i s SpBna R i gasytb%m%‘? {53 bR Been formed in

thk rlﬁﬁﬁzftﬁlgrrﬁﬁeﬁﬁ | Phe LRl RshsRarikd fRske ! sﬁé/c%fs i’Pj have protected

arrive he pattern of Figure 14A. Figure 1
partibnssof the essmtmjgosstendciﬁ%ﬁomadtémnatrmteglatsh alld)wnngsthe vias 584 to

e BRI g Py NS TRETE ATl TV g e G feawes 322
Tl?(@;g(gﬁ Lsyﬁrgﬁrdb Eﬁﬂéétﬁg a"&le 1l éﬂ amstitrd g% Q6 SXREseR- deW%lls of the

ngt evvlnow4 I's alsO illustrated.
vipeb8p et veriicahl The |1ﬂ1dul£ﬂ;mgaﬂ£sr1dl(ﬂ&4tdaa cpapties B@Sﬁbﬂ’rﬂ]ﬁ or Si0Oy,

by the second k 480 and the spacers 175 conhine to
for sramalg: d’ﬁa‘féwbgfatﬁ e temﬁ efigh 1@%95 do gEpptethe vas o8 ds solgetive and
ing patterns. The conbi ned pattern of
Stgésgms@gtg% gﬁjkzy480 and the spacers 175 can be
t r anFlie viadd5840 asen prefetabllyy condi ghesdd tomaskivieayre relectiivally conductive

the second mask 480 _and th spacersl75 can he used t
mairigl Behors Peigs é’fmaﬁmtmae&ﬁy\flﬁ?g Farte m&?@x a;péasmop?c? to allow

fomﬁ%&ﬁéﬁéﬂf!elg&ﬂﬁﬁﬂf édrrr]’gﬁétl fednPit BRE gorﬁf?: 1n§ti°t%tures such as
ed awa e ‘connl ned pattern een e tivel Yy
the teansibter B@dcd egidne repragineedundibe| fyatmgs BA? dvithastket eymepanents (for

such that the second nask 480 he spacers 75 can
x50 & il BBEP N At OEETREN 1YL ¢ H U§uﬁ§9§t\fﬁ%§té bk itageousty

foglg A APHt SN 386 g‘féHtuﬂe? dﬁ?hi\f% Qd}t Pl formed in an

ective aspect ratio o ewas rlngt e etc
urtdegying 1&1 B20. Mlnmsmsﬁatellm ban/beetvriabd fibmoanytigsuldtag material.

334, e G150 PRKTHED. e SPE'SH IEEIFY 1 Jeyeh g betore spacers
arfdl s%&&ﬁlt x‘ﬁ&'skp&rotxbé[}é‘ §exﬂ<{) ddh Q—Id\ﬂ%@} A k(ﬂﬂe %g%r@cﬁ hithts334 gécro‘ﬁmpattem

et’chant nateria Y owi ng thé vias ext en
caiOvintrarRfented ho tatiard nmsit Hyenpriomibeahe aich 3 Fdrthatnmdre,tbogh the patterns

vi.,as 584 reach the fe tur s 322. The etch is
Caﬁ‘r*@fcéfl%‘gﬂﬁteg Ogio cMdsHER B REIPT 4 et gt pF s eifag esist of the

nteB %Eccfn EnadAGwehE %g erd Bf ¥ Ao3RE a7 %é ﬁgrti'rﬁre?ésllc()semployed to

e Insulating materi 34 can conpri se BPSG
paifenﬁh@&;aétd‘l‘ exanpl e. Preferably the etchant materi al
used_to create the vias, 584 is selective and s s on
t he Figaieulods axposs-sesiiong| wewsgAheyias gpered His) lg}sutlatﬁlg material 334

&”Jlie%ﬁ'ﬁﬁg pﬁ@erﬁ.e %'e\éﬁaéps PILEId he 3kdohd SRR UKD N4Ge been removed.

Thus, when seen from above, the vias 584 form elongate slots or cavities in the insulating
material 334, as will be better understood from Figure 18B. The slots are elongate in a
dimension generally parallel to the pattern of elongate spacers, which have now been

removed. The slots are elongate in that dimension because conventional lithography was
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material such as nmetal. Furthernore, the vias 584 are
preferably positioned to allow formation of an

webk@eneissal | y conductive contact that connect SPCT/US2006/033421
underlying features such as the transi stor source
useltoodesine ejpt eeadisth. At thbdoft@atofieash @i2s wiftdtuet3erthat is exposed
conponents (fqor exanple, bit lines) in an overlying
thraygh a cemrerponding vigi o84 bsfore thevisse S4dvunbesgedled v f or med
in amd [ t f.eat ur, 22
nave PpPAERE ST Sichffts MYBEL B shitBts T3 Al e $8nd mask 450

cdih deirainevee duddge tHeexg letohadr fidséquenyd Fop@kanyle, photoresist can be
insulating material. In the illustrated enbodi nent,

stipRed ogih \sepventigRaledripmng agelts ooMyeewbesed iesoras di¢ remaining
4 r . wey in so . .
R Rl O M LAY St Rhtney ol Bpepael, pechanical
palistangl(CHEK Inassete daibodimérts, iie a8V dlfagebtl o6k e phdlokesist and
the patterns can be consolidated onto an underlying
ofhigr dnapkiie paicoplstis thasamectiep. TS, vinhean bsifitedotith ke conductive

I r QnRd mask, and.t.he acers c ved
oo e BB S 3 PGP €y BRE JF MR, the hard
nfdsk Wyer 150 ¢a9 ot &5 PEFIPSHES.i onal view of the vias 584
and the insulating material 334 in an alternating
pat t &igwre Thdluspaice ths strpstusmehoveinddgwnd 6rafisk the8dashzBichave been
een .removed. Thus e en. fr.om above, th ' 84 .
A T A AT N S
cHm Hé_}ﬁ' TBS dontad nitérial 182 PRIidAy JHRARIWL RO ik SRMEIFGH &n excess
18B. The slots are elongate in"a dinmension generally
laysy dHPetbove thhdniganediatn lovele3hgaihe spaaermaterisli €32 can be any
ve now been renpved. . The sl ot re.elongate in that, .
BB S0 BERERN, kg Peared srEhStREEn g < rstiCe peassial 732 i
degdd pysilich. dh 3BRE eRBodifents) el Mnaferi8PEA 1Rl Plorldictre metal
feature 322 that is exposed through a correspondi ng
sydhzassgagskrns eonpet, e altinzguBgdr hmetallbeermpduntiesich as an alloy, a metal

Dependi ng,on the chem stries.involye t he acers 175. .
SRR HE 28 SR TATRI DRk oSy EUaIaytis: ARG EHETF tianfum
a@esidnOby&UR SeAMERitdde bdrRér RYGTRhE o REAE B116SI$Er GRAMIPSe used in

stripped with conventional stripping agents or

cembigaticthaSeeh pinesand filfereconsiralive mgtemakbkéangberdepesitad by any of a

can be r ed by .sel ectiye etchi.ng,and/ o hem, cal
viillly G HeBhaR Frre Fedtimes Efiyuaihedntiid CYD, ALD,
PHOY ARLRGSNMSs, hid FRIRY Q140 PRREQEE ShEH 2RI EVD.

masking materials in the sane step. The vias can be
fill Burt 130 dlustridue ciosesertivealivadw phaplugality bbcontacts 732 after the

| anari zed b h or a dr tch. If is
ofiafd®" il T " bef StV & B whigpts 732 e
advagtdbeoukly hlignediwidi @R feiRirdt SUCTHE On3NOWAC Il ofih 8t €BdBuse the

after the vias 584 have been filled with a contact

copfacdt (73R Irp2. beanefarmad| ysing hesmpoet auicesmittheir akitié@2 dimension is
fills . th i as. 584..conpl et ~ Jhe tact materi al

¢ U?%/ep‘lﬁlél eyc%]\?%rdfl?]fc?é%o‘f ﬂgtlh_% f%%”rg% o form an excess
| ay eFighdD 1D alN@tafRe d Hb&- SRR SIAEVRW 8fhe dRBicts 732. As this

contact material 732 can be any
figure shows, the contacts 732 are advantageously formed parallel to each other, in a row.

The contacts 732 are formed in the elongate slots or cavities described above. Thus, the
contacts 732 can be described as elongate conductive features. As is apparent from the
details set forth above, the width 833 of each contact 732 is advantageously determined
partly by the resolution of a spacer pattern formed using the spacers 175 (Figure 12).
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el ectrically conducting material. In a preferred
enbodi nent, the contact material 732 is doped

w@oiogseisseon. I n sone enbodi nents, the contactPeEUS200&033421
can be a conductive netal such as tungsten, copper, or
Fattherimouey) the tengttn83 labf éach contaciuTad, issidohntageontly delepined partly by
nmetal suicjde, etc. The contact material often
theesQlaen pA 2 Paipire fommed usingrenventionpl selectively Wafinable material, such

L.on, | ayer, a netal nitride barrier layer, and a
aﬁg?§®%%??Ier | ayer can all be used in conbination.

SuchFigunen9 dihtratds lagforGONefIst intepraed efrt@t Sh&dirP&oss-section. In

degosi ted by any of a variety of nethods, depending
Y5 rﬁ%%@ldn%g% dhaillustspied cheareeterdsiics o |thelnt@vDied AlrDyit Ph¢Dsimilar to

0O SR SR G P SEREe s 22 o

Fogus 3; e GohRoR 7321 MR thetpiRhusfahé dangbs 3ONhAE bSerRdds bit or digit
after the overflow contact material 740 has been

ligescHepsalesyived erthephelast s 732 are advant ageousl y

aligned wi.th the featypres 322 .in.a one-to-on

al i ggﬁen{e.fergécc? !}Bgfég‘{rﬁgb t‘Br?Pé’&flngﬁgéS‘ﬁﬁff@t_eﬂ%\é‘ii??%rth%seamres 322
abl$ i tRiclfesS BRF QUVATAREESy HaR8! the Chiafdcfeisticl TBRSLAED vith respect to
conpatible with the critical dinmension of the features
fappes 322pandS22 3 Figuresst amst ¥s-14 cr oss- sectional pl an

' h t act 2. this fi h .t ) ..
tont 00 IS5 §3%85Ra e L ey R deish PAF P inplge bitor i
lig@c 20t REe 1ihdd FA2MR¥ferabiehase ﬂ{e%%&cyeﬁéti&rcﬁ gﬁ@fiﬁ@%ﬁzgf Figure 2.

the elongate slots or cavities described above.
Strpidarlyo Hrearcidths 832 and 84 bef e ioes Y@dandzapt 84bdve the characteristics of

GO 5 A SR 8 b NS S8 v e

CIRANAH BIEOURL Kn 8 VAT e Bed M dve vnd YilishStel %? i;lgd%é on of

a spacer pattern fornmed using the spacers Figure

12) . Bl fustheorederendecto| Fagige A9 881 indérmediale kewelt 386t is T@2tddsbetween

AR e SRR M P e v
caehdve abthRLAB: B3 Af lest Wedh PEmPNRLRIAY, $tvel BB@UAES fiflckness 831 of

illustrates a portion of an integrated circuit shown
bétieenr b¥inng ead 7nm.| In 4 prefned 38Modimken846yel 386 has a thickness 831 of

ai [ ] ustgﬁ?tgﬁ) characteristics of the integrated circuit
Y A7 t hose descri bed above with reference to

Fi QUTEe BrterhlRURVETevellB0l hSullBecon it BSand3 s htidd AWeRal 834. In
2, the contacts 732 match the pitch of the features

c@pastaiedthg vembodimenthillustmtedding Figutd AetheScbdtamts 8% preifdrelely do not

further below. W,¢th reference to Figure 19, .in, an .
taifabiige RSt e Poveriany ek ardiraid b8 ey do at their
upget BLlRaRit3 2H0REMAN ARG BRHSY 738N EFiiR @%QH%E%{ zlidrcéﬁample, the

described with respect to features 222 and 32
Wity 8B é <t theawppet 2nd f the edntdcty T3tets lest tne tiewidih PBguriadeed, the

LN IO NS RN R T ——
oftRCaRh&AE 7521 The @bnthéts 782 ARIomdtE iRh dlth&Hddh Rat crosses the plane of
the cross section shown, so that the cross section illustrates a critical dimension of the
contacts 732.

Advantageously, the contacts 732 are formed using a pitch-multiplication process
that uses spacer technology to increase feature-density in one dimension. Thus, the

contacts 732 have the same pitch width as the features 322. In the cross section of Figure
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Simlarly, the widths 843 and 845 of the lines 842 and
gaps 844 have the characteristics of wdths 243 and

wQ4amy/oesseri bed in Figure 2. Furthernore, thi cROEES2086/433421
can have the characteristics of thickness 241

1dedrfivdRisehey tanites 312 abst b @beespbidifty GbHitectZ32Wih Iact, the contacts
further reference to Fi gure 19, an internedi ate | evel

733 have singlea sparingetovdeh of hetdr thy ifepduree 382 a8 theapverlying bit or digit
l.ov§§42yi ng | evel 840. Advant ageously, the internedi ate
&Vel“ 330 can have a thickness 831 of |ess than 1 nm

Pr ef ¢f abhy enlb®¥Rhends3 Ghdrasntacts B2 kAL 38vS a;ffﬁéntb&in}f@glggons. For

| COnm and 700nm |In a preferred enbodi nent, |eve
ekarspla, thisi featnees sn@shavsf capers dhdtreae ddsy sbaphmiefified than those of the

i EPHERS a0 Er Farteere e BEReaa. Yok Aicifth Saiehe apidth, and
chhtbthBlof Bc@@niabts T3 I WA vary HbS tﬁ@ﬂ%u@t@z%tﬁ)nzﬁ Fiprefer ﬁbl y

do not taper, having approximtely e sane w dth at
t hei in | vweefeard r enbodimehanthehegntdds a732 heé r pelppbeon plugs.  In

xtremty. eover, the cont s 732 of Figure.l19 are
o YATHREP S ERPOURIHIG: dhe  STaRfy 2 PSPGH Fmelpah Taepry arrays
hB¥vetdCsueR BbMEHS cdmbcorndct (R2Gords A An} BRcMCEL dbvic or component to any
I ndeed, the wdth 837 at the upper ends iIs

othepelestiinatdelige bheorsporenis t he wi dth 833 at the | ower

ends_of, the caontacts 732. The. contacts . (32 are l.onger :
2 T RO G Rty LOTEEIeThD TvaAe O (R Chegbber extremity
0B 8&ksi B SPOYWN. 51910}47?}6&1]3@819 RRGH $RCEd RRs ithdU56 AL €SERen more
critical dinension of the contacts 732. :
prederably agediis3p, ist ipprodniatety SO7BR. almetheofued, thei wiltla 833 can be

jtch-nultiplication process that uses spacer
R0

YO8 i ncrease feature-density in one

di mengi QReribEiUbhovt NEnERR 8t ?%%1 R%e Hakn ema%m fkd i
wi dt h as %rhe featvu’r esn 322. Igret e lgr osg .secﬁﬁon o) 19 n one
dngnaiog] hembd inf anvéher irnstsicat e@dtacedre 785 is3AGreaddmigate, having been

BRSSPk et ok ST S
pARLab 1) FoRNEN thYdp8 RifhitRdn G :Qghcﬂ-hﬂﬁg)\}%égqa%tkﬂl; RHon of windows

enbodi nents, the contacts 732 can er ent
thoongh cpuverttiomalsphdtaithegrapipt procdshes; byaiposéonnaftht amisdows over the

e I S
fRhPRekdeaRitiophape, spacing, height, width, and

contours of the contacts 732 may vary fromthe
i 11 uMaredviegnthe nprificglese add® .advantagep rdi§oassed dhezeiooatie napplicable to a

the contacts 732 ar ol ysilicon ugs, In. . . -
VT A BOGE dtoBaIReRES Ort HSY RSk cPa P heyigeiffrent crtical
dRhERRAL SreRbmPRITRNY ] @Yctit AAWRY Sich RYpAERNt acts can

connect portl ons of any el ectri cal evi ce or Con”ponent
t o aAycatingly, él edt be apbredisteddey those siifiehénthe art that various other

Furth h 732 f ly h i dt.h
og%srg}ogg,r g%&(’?ns} 6@%%@; (?3%13{1% gnayp {)ee nr?ard%btoy’chea}/neeth{?)d\sNI a%Ei structures

described above without departing from the scope of the invention. All such
modifications and changes are intended to fall within the scope of the invention, as

defined by the appended claims.
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of less than 120 nm WMre preferably, width 833 is

| ess than 70 nm Even nore preferably, wdth 833 is
wapproxissately 50 nm In the future, the w dt hP@BBSWa61033421

be reduced bel ow 50 nm As descri bed above, contacts

WIBATRS efieiaty idlave been pitch nultiplied in one
di mensi on, whereas in another dinension contact size

732 is Aoratha ofhgalting chadrichye ikabnesldf amindegrated giyhuit, the method

otol |thogr aphy. Furthernore, as set forth above,

®ontacts are preferably formed through definition

of a pi tCGmHybﬁdt@mthsg&aﬁw {oBfofth a1@atitysT 19ks M N RS material, said
t hrough conventi onal otolithography processes;
supehpodiavingra pfcht he wi ndows over the pitch-nultiplied
pattern; Pﬂg etchi ncg of co tac%h \il as through a
conbi ned ¥ing A spackplaierd evep heingS s uper posi ti on.
Mor eover,
ner oi - ar BAamiid REpRer SIAG (AARRILPREELE GRS having reduced
whi cpitct}vwlanilve tmtthe limess khepsphcazs erdedrhng aigngi isﬁafcaraem

critical di nsi ons are i ned t rmciccuit

features SRANAL M RHERLO! HRaps? amﬁa@thqgfa ppasfattern having
appr (% A ¢

oP DB S e A2RS, KM o8l Byt Bkt B Qi s

madeatss; t he net hods and structures descri bed above

wi t hout departing fromthe_scope of e i nvention, All
such nodi FiCRIAE; BRY %ﬂmoa%a%@%gmé?riv%t SESG perskell py either the

B

maki ng cofitlingtthe slofsesithu c@siuctiveamaicnhlegratae thei condudtive features;
the net hod conprising: using photolithography to form
a plfﬁ‘?dality of lines in a mask material, said |lines
naving a Rikfen a0l yhehAnaRAEnd BAGE LAteer the
i nes; perform g a spacer etcltr to produce a pattern
of SDaCEreSmbthud o) Ctadeiuic e;whqmnh elchirgy avayvenip@isedh eadsmgethe slots to
r?Zospacers ext endi ng aI sp cer axes; applying.t
ngate 8y 3 SENCHPR eFHCHR lpihPﬁr 41t Rofieapitigeinasde: @gfit&(h?fem the
WERE RBARG J&QOﬁdHr%y St t@QoHQXﬁ Bds ﬁ&aﬁ%}%% aBefiaRes.
at crosses t at pacer~ axes; et ching away
po rt Borkheahethod ufiGluitnyl, w@lelremy @sing qﬂqomhﬂiogdaphy teiférethe plurality
e mask pattern or the pattern of spacers to create
Ogllll%ﬁsénm?r{l‘i‘%%ﬁ??ICWHﬂsqséyer, filling the slots with

conduct i ve, JRIES kAl plufhity 6ffifes s pRABANEE l¥g features;

transferring a pattern of the first plurality of lines into the mask material.

4. The method of Claim 1, wherein filling the slots comprises defining bitline
contacts in a memory array.

5. The method of Claim 1, wherein filling the slots comprises defining contacts
in NAND flash memory.

6. The method of Claim 1, wherein using photolithography comprises defining
patterns in photoresist and transferring the patterns to the mask material comprising a hard
mask. |

7. The method of Claim 6, wherein using photolithography comprises defining
patterns in photoresist and transferring the patterns to the hard mask comprising a

dielectric anti-reflective coating.
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and sel ectively renoving the maski ng and spacer
materials. 2. The nethod of Caim1l, wherein etching
W@MY/0ZBAPr i ses causing the slots to be el ongaP@r/Us2086/033421
di mensi on generally parallel to the spacer axes, and
wher @i mheNBethod @8 CllaiMe6,f WRdrdihessiey FhAR6KBOEHapIY Yomprises defining
el ongate along an axis parallel to the spacer axes. 3.
paftemsie pholigresist @hdiransferring thegattems it thegiast whask eropprisprasa silicon-
.toﬂgorn1th§.glurality of lines in the mask materia
Ry IS i ng a first plurality of lines in a
phot or g%k Shethad &f (1aRST SWhérteh @iRRpARbRthOSrapiMe céhpr¥des defining
plurality of Iines into the mask naterial. 4.” The
patetrisoth photGlesistmand twinefeming thiel patiernst teethe! wnsk owigial Lemprising
defining bitline contacts in a nenory array. 5. The
mﬁ@@h@@ D3 aim 1, wherein filling the slots conprises
def i 19 AGeGRARGE bE Cldin VAR 8HhIRERS Yhe ﬁatteﬁh@f PRt domprises
of Caim1, wherein using photolithography conprises
pdefding thg phatdighragsaphy npdsbtpettersi gith ande theanst @pening, leddng to the
patterns to the k material conprising a hard mask
creati HWEPH@GOW?gE§8§n16, wher ei n usi ng

phot pf ifRAgEaBNY%F “(ﬁﬁg ilf’ﬁﬁth@?t:hrﬂbﬁﬁn%’%&d?ﬁyﬂ% 1h@ é)l%ralit of lines

photoresi st and transterring the patterns'to th ar

pri 3l appgingithe sypcer matedidctric anti-reflective
coating.8. The t hod of ai.m 6, wherein using : )
phot b%-?rthﬁo@n%%laﬁ&efc ils é&qheafémemha@g BYRY dPHons pomprises etching

a\ﬁggé&{igﬁé §F a 20fboh rlé%? {pﬁﬁf {&Qﬁﬂsgﬁiﬁggfﬁft% $19516:8€0 MY Ghderlying

conprising a siliconric oxynitride. 9.
layé&re met hod of C aim 1, wherein using photolithography
conprises defining_patterns i.n photoresist and
{r anb}- GPRIEhohe! pHIel he heseipHETREEIAE e GaREn of the slots to the

IS) . ] 2 d of daim

TS DA ERL R B pRELIDY

conpt4.sie methvd df Gtpimhie wikedio hppliing rta iy paresk oPpgiat@s comprises

W th re than one opening, leading to the cr i on of
prﬁmdm;%@ SPEAE B IGHEh alpRE ity RONEBE A o 184 A) PanOmeters.

f ur t herm.conphi-§i i fyi ' L i

s oS 08T AT SIRLA (4 Sk e
caidu@iva featiires wh bitBhacoatactsi ing naayrypany.i ons conpri ses

etching away paqrtiaons of a_carbgon.layer prior tq ]
t r anb®-eihei wgthedpel Coim bt Wheisiy Tillipg e sloire FPppyigs forming the

conductive features as electrical contacts configured for use in NAND flash memory.

17. The method of Claim 1, wherein filling the slots comprises forming the
conductive features as electrical contacts formed within a memory array.

18. The method of Claim 1, wherein etching away portions comprises leaving
photoresist from the photolithography mask pattern overlapping with the pattern of
spacers.

19. The method of Claim 1, wherein filling the slots comprises forming the
conductive features with a critical dimension of less than 70 nanometers.

20. The method of Claim 1, wherein applying to the pattern of spacers further
comprises providing the photolithography mask pattern with the opening having a non-
crossing axis that does not cross the elongate spacer axes, the opening having a width

along its non-crossing axis of at least 150 nanometers.
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| ayer. 13. The method of Caim 12, wherein
transferring the pattern of the slots to the
wanaentipssg | ayer conprises transferring to anPCT/US2006/033421

i nsul _ati ng ma_teri al. 14. The nethod of Claim1l, _
WherQl.m@&ﬁhﬁﬂeﬂﬁleh@r}t:ﬁﬁqyﬂﬁﬂpﬁ%ﬁgpf spacers conprises
providing the opening with a length along its el ongate

axi s of at s¢reessif trag@stahomet ers. 15. The net hod of

Caiml, wherein.fi.lling.the_slots. conpri.ses form ng

t he condulff& Q?é’gllﬁ‘?seoé’%ggngiﬂﬁ tfaﬁléls_ oht’dtts in a

MEMDry ar f 8driesb¥ codtis BBWREH t1Rftrakbigiom dnd BMIBES tRe contacts having
filling the slots conprises formng the conductive

f eat madesedapiteh aut oriec dimapsionaatds hang i apotted dimensige definable by
NAND f | ash r%ngrgr 17. The method of Claim1, wherein

£i 11 FORyphal plagt 1@8%?#’%% forning the conductive

f eat g emeasorihet hchidry 0(19%98(9{ 81t TE Ayt el IRIMSY have a
array. 18. The nethod of aim 1, wherein etching away
cpicd domssoomfildss dsnlapproxingatpllydOomesisterst r om t he

phot gl i f hogr aphy mask patter ver | appi wth the,

pat t ot Serpbigtr Temos) By ot R oh R él,e {nsistars have a

didd SR oPhBbSxFIY s GsndiREBiNg the conduct i ve
C%éaturesl,] vmﬁthaglgc?ltl cgl gllﬁrrlrensi gn of less than 70

nano &t Bresconiiter themomt dnag o fCl&GaR n viherednahe bitlines have a critical
appl yi rg)% to the pattern of spacers further conprises

dpspaiogion &°st Fan RBIOSIMARY g OABAYHESk pattern with the

open | L . r ..
SR R e R
dah@n@niof approrincatelg SOmgna@nétersof at | east 150

nanoneters. 21. A conputer ry array conprising: a ..
seri é& 0 oMt SRRy agax@? Eiagmo%la BYhersip de W?%W@ a critical
ihe ' 7 eries of contacts between the
dt r ars}fg%?)?i%séh%&?ﬂgﬁ?%ﬁtgr;s; the contacts having reduced

pi t cB7.iThecrenpaiterenanay aamag ofi @¥4dimg2 Ig wdiehen tith comngisdave a critical
defi pabl e by conventional photolithography. 22. The
dupsnsiopof 2pRIRBINALElY PRPARIMPISi m 21, wherein the

t r ansg r Y, Itical e i . o
appr o T SRS el o Por CYIRNSE, ekl HRErkdcRhave  criical
damendipn oliat @3 @iprodinatelhthe same tidihe icriticd idihedssorhafitee ransistors.
critical dinension of approximtely 50 nanoneters. 24. .
The éOnpiStOMIRSTERSe P8y 8f (48 4. shergip dicetomiachrehave a critical
dﬁl‘lénlsfoﬂf?ﬁat i r@%ﬁfa’ceﬁry @8lsatle FBME AR A dih&R%ord f8Re bitlines.

appr oxi mateiig 70 naronet ers.

30. The computer memory array of Claim 21, wherein the contacts comprise

multiple aligned columns of contacts.
31. The computer memory array of Claim 21, wherein the contacts have a non-
critical dimension of greater than 100 nanometers.
32. The computer memory array of Claim 21, wherein the contacts have a non-
critical dimension of approximately 200 nanometers.
33. An integrated circuit comprising:
multiple transistors having a pitch width;

multiple overlying digit lines having a pitch width; and
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25. The conputer nenory array of Caim2l1l, wherein the

bitlines have a critical dinension of approximtely 50
WOaWoNETSes s. 26. The conputer nenory array of EIHUS2084/033421

wherein the contacts have a critical dinmension of |ess

than 70 naudpt efebtricallconthldl ek RMBhS/ertTBAIIY biwaeh 8¢ tffnsistors and

Caim2l, wherein the contacts have a critical _

di nedigitdmesfthe gprtests havies ¢ pBech widi that epproxizgatesTthe pitch widths of

conpuyt er._nenor .ray. of Claim2l1l, wherein the
cont ggftganﬁxg{;)gs é‘ﬁ‘%ﬁ%ﬁ dimension that is
appr oxi TRt Btaprdthe cRaANE oA 1AM L Wikdr&ial thé le[RRRAPorcts have one

the transistors. 29. The conputer nenory array of
pOlaiadnod, dimieasien and dre Gownaen thahiswet pitdr jetiesdl

di mepsi.gn .t hat is .appr ox, mat t he sa s the

Cri ot e s SO S OB £ T 36 Serfacal Gpegispre amanged
i BRipYe RWsay of Claim 21, wherein the contacts
conprise multiple aligned colums of contacts. 31. The
conmputer menory array of Claim 21, wherein the
contacts have a noncritical dinension of greater than
100 nanometers. 32. The conputer nenory array of C aim
21, wherein the contacts have a noncritical dinension
of approximately 200 nanoneters. 33. An integrated
circuit conprising: nultiple transistors having a
pitch width; nmultiple overlying digit lines having a
pitch width; andnultiple electrical contacts extending
vertically between the transistors and digit |ines,
the contacts having a pitch width that approxi mates
the pitch widths of the transistors and digit |ines.
34. The integrated circuit of Claim33, wherein the

el ectrical contacts have one pitch-reduced di nension
and one dinension that is not pitch reduced. 35. The
integrated circuit of Claim33, wherein the electrica
contacts are arranged in nultiple rows.
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