METHOD OF FORMING PITCH MULTIPLED CONTACTS Background of

the Invention Field of the Invention The disclosed invention relates
WQeHEredRp3d integrated circuit fabrication, techniques for fabri®&iksHSg006/033421

computer memory, and masking techniques. Description of the Related
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can be used to describe the size of these
associated logic circuitry. Each memory cell traditionally stores one bit of information,
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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 transistor. Each memory cell is an addressable location that can store
one bit (binary digit) of data. A bit can be written to a cell through the transistor and read
by sensing charge on the storage electrode from the reference electrode side. By
decreasing the sizes of constituent electrical devices, the conducting lines that connect
them, and the conductive contacts carrying charge between them, the sizes of the memory
devices incorporating these features can be decreased. Storage capacities and circuit
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



features. Pitch is the distance between identical points in two neighboring
features. These features are typically defined by spaces between adjacent
WO Tre50%hich spaces may be filled by a material, such as aRGhdifi2Q6¢/033421
As a result, pitch can be viewed as the sum of the width of a feature and
featniee. wibtitvlofishthe plisenpsphetnipenthdertioal poitnia hwiyHisegligring features.
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more densely arranged features. Such a method is illustrated in Figures |
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layer 20 of an expendable material and a substrate 30. The layers shown
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spacer etch..Such cers are shown,in Figure 1E. The remajnin
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onventionally referred to as pjtch "doubling," or, more genperally, pitch _.
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multiplication™ increases the density of features by reducing pitch. Pitch i
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linear distance. The conventional terminology is retained herein.
spacer etch. Such spacers are shown in Figure 1E. The remaining mandrels 40 are then
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The critical dimension (CD) of a mask scheme or circuit design is the
scheme's minimum feature dimension, or the measurement of the
WQEME3TWRIth of the smallest feature that exists in that desigREF E8rEN1@33421
Due to factors such as geometric complexity and different requirements
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that is overlaid by multiple layers of masking material. A series o
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the lines using a spacer material to create pitch-reduced masking li
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cdiricthwithe sRidadatRaleRYi anbith At (RduseLISRRCEAISEEPNE Patter aftended to be
photoresist that crosses a portion of the masking features can then

be

coppsfitsd. Bhihaserrfashdaresn raseiallniber pisheaitpiaitgndas been used
toPRrivNE FEdheitshd edHgeddmasking lines and adjacent pitch-reduced

spaces uncovered by the photoresist. The window can have an elongate

axis that is not parallel to the elongate axis of the pitch-reduced masking

lines. The insulating layer can then be etched through a third

pattern-defined, in part, by the pitch-reguced spaces-to create contact vias

in the insulating layer. The contact vias'can be filled with a conductive

material to create electrical contacts. In some embodiments, the

invention comprises a method of forming elongate vias for an integrated
circint The method can inchiide denocitina at leacet none |laver of mackina



in a layer of masking material using conventional photolithography.
Pitch-reduced spacer lines can be created that are elongate along an axis

W 2087182 185the first set of lines, and the spacer lines can give R6a6S30flpgh33421
pattern. A second pattern can also be formed using conventional

lithogFaptprimerdalhervifetiphed foe qomﬂwé% sethrrséze qiﬁ@*@ét%@@ circuits and an
inRPUSSER CEILIBYE RS ufg:]dagggs%qnagcmbaave%ﬁéyswgmlﬁ@p chips.
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comprises a method of making an integrated circuit. The method can

include layering materials tg}]&gr%l%@g{h Nl ﬁonr, a temporary layer

overlyingoiiie snsbodiingnigydisdoska firataelred \yndfipatiadaydve features in an
. overlying the temporary layer. Features can_.be formed in those layers that
in{SFRH GHEFYS AP FEEUHAT AR & RRRR Ao 4B S B R BRI P HIR Ry to
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formed on the sidewalls of the features in the temporary layer. The
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In some SMBodiMEAFCHE MECHIRRE CAMRIRE 8 GURRAIFIGRMAY electrical

array that comprises: a series of transistors; a series of bitlines overlying
cahagranSistbreonineiscae hedomshbaqsoyidingan insuledingdayies drd 1s overlaid by

mglﬁ?égﬁsla Qx% %?%%%%%ﬁ’gﬁ;}@@r egugsgep if)%g?]egl e "H@ﬂﬁﬁ%’l‘eai%b%\a{ﬁ then be

er dimension de e by conventional photolitiography. In
crsoted iprttisotiasems nhetialewntiors dhe loeen bage apaititoyrRedhchestietion can then

i e ) \ : o Ny i o
oSSR P R B R s
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nes. br escription o e Drawmgs ion wil
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ofthderstaoogfieatuties Eettitedbo epptiptioTbé tvedkfattec Eanbodievemtsidow that
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Imit the invention, and wherein:
spaces uncovered by the photoresist. The window can have an elongate axis that is not
parallel to the elongate axis of the pitch-reduced masking lines. The insulating layer can
then be etched through a third pattern—defined, in part, by the pitch-reduced spaces—to
create contact vias in the insulating layer. The contact vias can be filled with a conductive
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

4.



Figures 1A-1F are schematic, cross-sectional side views of mask lines,
formed in accordance with a prior art pitch-multiplication method as

WQjayrriBeshabove. Figure 2 is a schematic, cross-sectionaPSili&/%84¢/633421
a portion of an integrated circuit using staggered contacts to interface with

ingg datesn-phunishinzanelsrisl weingisesreentionsl phetdithegmmtem Rifeh-reduced spacer

SR SR P AR AT L

spRfgurindsisansgivermiaticocrdsstgeritional Sideosedvpatierastanglsade formed using
substrate layers used to f i r jrcui Fi 5-8ho

oo P T T R A i eonc M, R pate

carehistd ayeopEidngeatidHovpthegteasthazeod Eigure dtlaftbmg eortxolldut is parallel

R TNy SIS R B cn oo
definable without using pitch reduction techniques. Then, the insulating layer can be
etched through a combined pattern defined by a superposition of the two patterns to create
contact vias in the underlying layer.

In some embodiments, the invention comprises a method of making an integrated
circuit. The method can include layering materials to form an insulating layer, a
temporary layer overlying the insulating layer, and a first selectively definable layer
overlying the temporary layer. Features can be formed in those layers that correspond to a
first pattern in the first selectively definable layer. The first pattern can be transferred to
the temporary layer, and spacers can be formed on the sidewalls of the features in the
temporary layer. The features of the temporary layer can be removed and leave behind the
spacers that correspond to a second pattern. Moreover, a second selectively definable
layer can be applied over the spacers, and features can be formed that correspond to a
third pattern in the second selectively definable layer. Then, holes can be etched in an
underlying layer exposed by spaces in the second and third patterns. After hole formation,
conductive material can be inserted into the holes such that the conductive material forms
circuit features, each feature having a length and a width, wherein the width is determined
by a resolution of the second pattern, and the length is determined by a resolution of the
third pattern.

In some embodiments, the invention can comprise a computer memory array that
comprises: a series of transistors; a series of bitlines overlying the transistors; and a series
of contacts between the transistors and bitlines. The contacts can have reduced pitch in
one dimension and have another dimension definable by conventional photolithography.

In some embodiments, the invention can comprise an integrated 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.



Figure 8 shows the structure of Figure 7 after the pattern is transferred to

a temporary layer (e.g., a removable hard mask layer). Figure 9 shows
WRREKAIEH$e of Figure 8 after blanket deposition of a spacer RfaT&¢RA006/033421

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

11 shows the structure o SCTAD & aVafigiie remaining

temPQIAY (6. W@gf?s?%e%'%c%@%ﬁ@s%%r ﬂ%ﬁr'fﬁamqﬂagmpmn of tho

spacers. igure 1 ematic, cross-sectional side view of
Prnf@ﬂtﬁ@lélmjaerhmsms todofronathietegrendddcitouitiage vdpas e omaaniote. illustrate
ur schem tic, cr ctlonal plan view taken along lines
anfﬁ (?L ?0 e par |aIFy SPmaen |‘r71§tle%g?ralted circuit of Figure 12. Figure 14A

|s a sEtmmtlo&erBe&esscdtmmaiqolmsa@mtlbﬂaé srte grewedofinsesk dineig doemed in
R IR ATy A S RTIG, orec
mtegragedecrr QSIEQTGE@M&C].%SS sectional side view of a portion of an integrated

circuit using staggered contacts to interface with a pitch-multiplied array of transistors.

Figure 3 is a schematic, cross-sectional plan view of a section taken along lines 3—
3 of the integrated circuit of Figure 2 showing the layout of the staggered contacts.

Figure 4 is a schematic, cross-sectional side view of masking and substrate layers
used to form an integrated circuit.

Figure 5 shows the structure of Figure 4 after photolithographic patterning of an
overlying resist layer.

Figure 6 shows the structure of Figure 5 after a controlled isotropic resist shrink
step.

Figure 7 shows the structure of Figure 6 after the pattern is transferred to a hard
mask layer.

Figure 8 shows the structure of Figure 7 after the pattern is transferred to a
temporary layer (e.g., a removable hard mask layer).

Figure 9 shows the structure of Figure 8 after blanket deposition of a spacer
material.

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 15 shows the structure of Figure 14B after contact vias have been
formed. Figure 16 shows the structure of Figure 15 after removal of the

W@ BHArETad overlying mask material. Figure 17 shows thBEkAISI0Pe/ 3421
Figure 16 after the contact vias have been filled with contact material.

FigurBigaw $hohevththesirsetvee of Figure 19basftertpentagéifienheypiasn formed.

mateiigl ias heen efeNRd aavweaying Salated spniactaova FIoHE

isasc r@at%%?%ﬁgéég-ggctlona t;%]ilan \{;?e%\é%t‘aﬁzn a?gng?negvaB-lSB nga%ers and
oveidynez 1845k materighre 19 shows the structure of Figure 18A after

formation of hit lines gver and in c ct with the cqnt for by 1

orocaguer ey T A SR s AR AR R een e
wHEntmodacteniterialVith reference to Figure 2, a portion of an integrated

circuit.is shown in, cross-section. In ap.underly] ubstrate level 220, the )
et A T e e S RN 1 ST e oo materal
hdebtsreaiched tapsy, fathel ihdedtusemar?2 have a thinner cross section at

their upper extremity than they do at their hotfom extremity. This taper
Shapd EATFOL o8 T oot S PR T30S ARER HGF LR 158 of

Figueetogthe upper portions of the features being exposed to an etching
chemistry for a longer period of time than the lower portions. The features

222 drEEHIR AR EEEEULG THRGRITOA BIFERLOA FHETREANCS thObiHRES grver and
inlBEpRAREViEAHE BbMRRETHERkABYANEiproed e Tealue@si228ps different in

the X and Y dimensions. Transistor plllars(n shown) preferably protrude
above the ridges X d#negHSPHRURR @Y HICIHE SRENENS patent

Appliggtianda4dd0L0r{ag 0, Hallshi SiedracrmbeaidB 88t i@8kbwn in cross-
assigned to Micron, Inc. (Atty. docket No. MICRON.288A, Micron Ref No.
segtion-1383yn wislepyien sabsiriatisnal 32008 seures dd B apeiomreb to extend

uA AN ASHIAN e T MIGHRT, HAC-AiAeLOBKEINO MIGREAN R} (fos 222 have a
Micron Ref No. 2003-1292), and U.S. Patent Application No. 10/933,062,

thilagregse AgsEen ;a}tztb@ir, tmmra@@@ﬁétytﬁlmém dmat freisbefbureriyemity. This
ta%ﬁ&%%%%ﬁ“b’gl %E@Ehﬁ%ffuﬁ'emég%%?%ﬂ\fhhcﬁéﬁl rZﬁ:‘ﬁgfi}l?:YJmI:)onent due to the

Incorporated by reference and made part of the specification hereof, _
upnevigetions wbibeyienaries bisifer eakod tingruiekisgothsimagieyfaars longer period of

tiﬁ'?éecﬁ %‘9%%%&1 PHIFIS ™A rRglelresbmeinads ft%@é%ﬂﬁgﬂa@%}%?ﬁ dimension
such as the featl}r)es 222 are described, for examprfe, In U.S. Patent
infppiic v Nbe pbre2o{3Be phted, 84 thauthervdihedigimdnsaviefdhe ligatures 222 is

dlggt%(ntqgcclﬁ%tkl Qm%:l %Eg%%}%gé’ M}gﬁgﬁt&e Hﬂ%sz&%?'s%%% g}gferably protrude

osure of whic ere
above the ridges defined by the features at other locations. U.S. Patent Application No.

11/010,752, to Haller, filed December 13, 2004, and assigned to Micron, Inc. (Atty.
docket No. MICRON.288A; Micron Ref. No. 2003-1333), U.S. Patent Application No.
10/934,621, filed September 2, 2004, and assigned to Micron, Inc. (Atty. 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

-7 -



incorporated by reference and made part of this specification.
Advantageously, the features 222 can be formed using a
WQRK/MAMBlication process that uses hard mask spacers to iREFEAS@006/033421
feature density and reduce the critical dimension, as disclosed, for
inegeponsted ibyhecfecs 20d amadgeparp plicBidripecificpiigbmeAdvantageously, the
AR UTERY, Lo fsauieacRe R RNRMIHERSOBIANRNAAP KB hard mask

example, the features may corners that are less sharply-defined than
spevese tof therddostfeabucalenaidy aRP réduchctheodtichle Propuitonsgs shiaglesed, for
spagin ight, width, t of the features 222 may vary from the
e".ﬁé’?&ﬂ%ﬁﬁ% ?gzdr(g%i.’?ﬁg %%atugnﬁééﬁﬁété%gh comprise portions of one or
multifibe svaresistdredidionlss thadeaitors , 23 darcthay dinkEe@Rtodigurations.  For
arrays, NAND logic arrays, gates, soyrces, drains, contacts.to of the
S B IR A oSS Bf §5e of he
illaslstedtéematsrzi2zh ahadraphises hspropoaiuiscthgpmaterialgFheight, width, and
example, the semi-cQnducting material can be silicon, silicon-germanium
CTTHELERE AT AR T R BRI HETEE e T lares 222
cadZeh sk et drevfshewt andiitlne itaisis/aiatdly epaudfgranductive lines,
memory array. Furthermore, the features 222 preferably have a width f th
NOKs I8l et aphel SRR O AR thé i P2 SMEHRSm SRS i) okt le any of the

atirRfesabinviistite 22 6dimbat e sctifamufes T2 Mey gopfiale rabii, dhebuigife material
223 can be approximately 60 nm In the future, the width 223 can be

thah pPEMRRRERR R, SRR uERa M SRl or FpaRieathieseppoegpducting material
caseBRraiRebhaY BBchRAahiat asepraiaiabhy fited withiamiasulplinge illustrated

material. The trenches 224 can be formed using shallow trench formation
erpbodifieints ety A72uise daaned fmg Tismandbdalng trnsisipeactive areas
folerverdor$2draftnd ‘062 applications, incorporated herein above.

Additional more shallow trenches, perpendicular to the illustrated trenches

224, Earlisronede Septrdnts Berselvaliaimerranidtictdans Hptheraet g tremity
of¥&3 ﬂggeﬁz@rlf%ﬁf&érzﬁrg). M&r’g&f@%@y?wmgim%aﬂ%eq@étﬁ% 70 nm.

are filled with a form of silicon oxide. Furthermore, trenches 224 preferably

Mezs eratormity.2bs widded23pperoarardsiotidsStham. 1 bo thnfueeethe width 223
o BB MR PSP i 655 li3RA S 1 fand is defined by pitch

multiplication. Even more preferably, width 225 can be approximately 50

urn ofl fesEeatenes52AiATeT sttty d traniepoaligen222Shetliane ppcdaxeblihfiled with an
1n$%%1[1 Svf%%{grl%gs %%agé%%%%gﬁ&% (BQELI&HH%Q RISGESIRRSY tl!?gnch formation

eatur , as discusse ove. Preferably, width 212% Is designed

tephimidyesitPieEerreaat enthtidst folt foromiols fedckesi 8% wiediscabridraditoryS2, "621,
3 n the feature . Yol is specificatian, the t
. trencl

ani B IR e morncAURAH IRYE SHERHERNATe Slow wrenches,
peapsndacdaif toethedlirstramdotrendhgrafiedn can pefeido sheasttisentisovetn different

shaﬂest atc rres‘gond to a.gross-chtriLcl)n adow of features formed in
transistors a (I)tn Fa 1ve 2?Jheal‘1 S Or Ica resoﬁ .

onée or multiple Tayers. The pattern is generally not the features

them&e ly geeteutech thebdtimndesigrendree 2dnatia diliedheitize Seandof silicon oxide.

arrangement of .the tures. tern can ined.by a combination, of
R 0 B Ee £ IR 28 Rt LD S of tos
thearl pdiginateNfvenprédytablguchdls ashitdcafithabld tayer, antl ithdafloed by pitch

transferred tq_another layer, h as.a temporayy layer ar a hard mask
B s ROt R S o TG P BB o s than
5izas dygispide ngsdr eyRITRIEIE (&4l beyptbatde dimefhnikvaldh PDBskcause of the

bove). In contrast, a new pattern is defined itch, multiplication, .

o PG R AR T B R oy AR S SR g 225
isBddaed jointly with the material that fills trench 224 to deter electrical interaction
between the features 222.



A pattern in one layer can be derived from one or more patterns in another
previous or overlying layer. A pattern can be said to be derived from
WQRMTHEY B3 tern even if the features in the resulting layer do ntft BX82046/033421
resemble those features which gave rise to the original pattern.  An
arrandjemest bf feistapeci fisatien ihatpanicortierayceedaieie ABatsy or series of
shg ggse{ﬁ]at oﬁféqye%gb%sg gélvs%rrfg‘getﬂ %@@Et@@olﬁ‘g@cﬂ;@y 5 fa&QH?EHH'?e?& to the

ectrical components or features, formed in a repeating pattern, that can

ensparbleaftiilapksyibes oiraesporsbiarecreisctiction deduilsedafererendopled in one
cells,can form a memary, array for flash ry circuit, for

orc AR IR e pag T AN B IR o ot rather the

desimrlyingepoald2df) ovéertieszte dedaisr2Bifdist udsthd fedbwdsandh2@@tern can be

d dvar%ageouslﬁ, thte Ieveil 24t9 can eeweeéfx icknesR. e1 ofe Ir?s% tharn Q %5b side
RCHRY |8, BP TR AL AL & A AL A T AP BRI SO 208 ™Y

layiers I n Agigeambadinginise theoley édy@40shels asthipkorsezdkbleflayer, and then be

RSB THANE EIREHTR AR, CPTHEL 20 RB U SRR C pggpattem is

saf@ 608 tan seaedtolloe Nk a4 2vaneiddyuantageesshalongaids de altered (e.g., by
dimension_that extends into and out of the plane of the page, so g%t th(f el
theitfeRrH AR AT MRITHELDE) calf 5 U Mot e 1&rgg8med by pite

mEAGHEREERVIh ASHARA0RANSES T eniNRScHiPpaaBriedslHneanesiBghite of the first

pitch-multiplication process that uses hard mask spacers to increase line
PHERity and reduce the critical dimension. In some embodiments, the lines

242 canfiavgdiffesaptiaoafigurationgeririiekampiheg ingk paddtayan another

corners that are less sharply-defined than those of the illustrated lines
ProWPUTRR eHREIE e pro paftfen 28 asel s naksiis Mo migAtr gattern even
iF RO RIS 1 ?ﬂgr}@&ﬁﬂ?% MY R LG HsaiiomRHHeRS Which gave rise

some embodiments, the lines 242 are formed from metal. For example,
totthe evveinmthatieRaterial can be copper, aluminum, a conductive alloy of

CF’PP%PMAHEHH;%&%a&%ﬁ&%@&%%?émﬁma%ﬁ é&ﬂ?g@éf £i&¥% a pattern.

digit lines or bit lines for a memory array. In a preferred embodiment, the
Afirpsgay sarpplsp gt o TiaNAR Dafiash renoigy o8 BRAIvrapgT electrical components
of IR aE e e s Bda RICIRtARY v aidh A4fpldaa9diall bintegrated

nm and are defined by pitch multiplication. More preferably, width 243 can
citmiesdthdesatibrshatoven muieleresdlratry, imidtte 20@wem baay for a NAND flash

roximately- 50 rl n. The lines 242 are separated
m%%%lﬁp‘émﬁﬁ’%ﬁgteg% rg’l%?zab%%lg%@hh an insulating material, which
can b® glidinthelietdeteisede Examp. Fopexhnmgdegh P4 ® oteartiesybdilkagls 230
with a dielectric matesial. In,conventional lization, the lines
P 28, NS, 0 I A s 201 o
lestathas OciicpmetAbiz &tich 2He gapsfd4 trekirstsdfinetbbbeaeftrenends200 nm.

in an insulator, and the,tren are filled to define the lines 242. In.either
1 S EeO A OIS IS el c T S igpHei atdy Top e
Thus Tirecyapyidddeprbizta by lndve condoittiimes 4% thasohizOenthodiments, the

. More, preferably, width. 245 can be.less than 70 t Even e preferabl
D T s B S e T PR o T A e g G seousty
lojgietlihvi tirttesivat diialdttahdiehine amat dlisaahs Hddetofdrtgragte stritialt the critical

interaction petween lines 244. ) ;
dlmensafon 0 tThe ?{rlles f4% 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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With further reference to Figure 2, an intermediate level 230 is located

between the underlying substrate level 220 and the overlying level 240.
WREARI§EDUSIY, intermediate level 230 can have a thicknesP231U§2084833421

than 1 um. In preferred embodiments, level 230 has a thickness 231 in a

Fudhgraera sheaxrnartnne. sbapm spaspisdiiahielyidlssidcontommnef the lines 242
m%?%%}ﬁ k%\éehﬂ?é%‘?&ﬂpfﬁsﬁgﬁ%@%?é@n?@%ﬁdﬂﬂﬂ@&é}‘?’i@riﬁles 242 are

e Insulator 234 is sometimes referred to as an "inter-leve
fodtiagd cfirgent anétad. IFDscarmpbanthesignduetivio wetaarateamberdpiprer, aluminum, a
feature ch u . rapsistors, features,.222). fr. .
o A SRS AURAR e 8 el E TR S, R ines 242
ar€ digiddisearerfortlet¢hat extemotyreugh the 4 pixfevehectinglspedifibe lines 242
underlying_f res with specific rlying conductive elements. The term
arﬁ”lﬁf‘é%—?éj\a}gll ggﬁgc r%cszw%%rl} |?n%®rt%ﬂ% s not, in itself, a level but only
lies bRdvikamve cheadinet\2 lepaiferkbdywhwes, fonidoin2ddiefidessthisn 120 nm and
disclosure will refer to.intermediate level 23Q as a 'level.” n som
o O 2 RIS 555 i IS R TR B SRR 25 0 e S g 70 s
E €0 $505€ phiefarablieii e Rxtiehaibppraxitiayl 6 @hihelr lepphas soanly .
This tapered shape can result from a dry etch process wherein the upper .
portioh6f &S 223%5@95%%% aFBichaft %?ta%@é?fﬁa‘%% Wlharith an
infhaniteiawahDHRM aAVEatARRRUSIeRIQYiEl figr 2yidprd amdingkangadOsaps 244
the overlying lines 242 while maintaining a narrower width at the lower

ceBrp S IRbMB R HiRlP SR mderatru LureR aE BahrasiirakoR, the fjpes 242 are

foﬁwefgsﬁgﬁﬁﬁ%ﬁ’é:g@m\é%b?ﬂédjQHnstHEH%QL%@VQBHPQﬂ{ereaS in damascene
photolithography. The contacts 232 have been staggered (see Figure 3),

mpladligrtiom e orretddaore dirdt deiinednRebyRse HiEsheriiR 48 disulator, and the
régatEier2ated WacFARtaR S iRIMad framaraveniional pResAithogiaPhY0 can be

can be used to contact pitch-multiplied features. This can be

fopmedmpherdtrbaealtitietior @by dreerpratidarriselybivetcnidiagss of less
thds PESGHPeRBRO¥RrARIDECAHESE9 R MR BRAIOHHRE #REY ﬂJB%Wﬁaeferably,

one mask to define two dimensions of features. These effects, combine

widith24a gae kargetmisnsichyrsBmng Riefamtdrentidtig o} Broepensiivanipeyith the
m{fINAGEREGLAR SAGNRID BRI D% GEPIRCIE AP AR RIQYIS BRRIGPHALE 244.

contact without shorting.”(Figure 3 illustrates the staggered geometry). In

the ci¥ith dacthon wifigue 2, BigtiveXeanurnderargiats notdBlidis located between
thgogg%l}@?lq%n% Gt %&%1 '%6‘3 GRS %ﬁ%tfé% 22’34’%).61re1§‘(ﬁ’\¢:ﬁﬁggeously,
ely apart, the thre

SO Wi contacts 232 only contact of the five illustrated
inferangrist® Agyatha3@mainimyewe thidkness 2291 and desntaibiat byrsontaaspreferred
2:32.that yould isible. if the - tiongv%{l? Eaé?nd' )gllﬁflg t0.50 ¢
o 2 T B 2R B L BTS00 wm 10

appoofiguaaiip 06 FHoemexample, the features may have corners that are less
Sharp%_ed?ﬂcgrergetg a et RRF géh(? IIHUStsreast%d Ctggttsa 2*3523’ 2d %:nusg iR WS terial 234.
the proportions, shape, spacmg,(he%lnt, width, and contours of corntacts

TRSRsnhyov34fissothetithestrafeoredntd-iguae Anfindesehthetec28? oadllde 1LDs are
formed e.qg.,.from polysilicqn, met r a combination of polysilicon an

oA AP SRR R e R e B o A B o, o the

fe2Bi3eat DR r fionve bextldnity @fdecsvih ateh20tsnyiie tey bl \iiibe widiie288s 242).

corresponds to width 223 of the featyre 2 (i.e., about 50.run). Thus, a
O ESIS RS e O e e B L e D A Spr el ing Beatures
witidipecifie therbamecoh@retieylenbiact qachaihetindasieiel thiziattithiatan imply
the f res 222 are 'ther‘r;éil iplied and the contacts 232 are. de

thab R HRIR AR Sy é%*&}x&mé)W%&%%%%@%Y&@%P%baﬁowevef»

foih@ih tppeiexiemityctd app o raiel TRdmedihe Veih23d Assattigsenot 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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aligned, contacts 232 extend beyond the lines 242 by approximately 10

nm on either side near the interface between levels 230 and 240. When
WeR8HRREEs 232 are wider than lines such as the lines 242 a8 SRh&n2)06/033421

here, it is difficult to arrange contacts to interface with each line 242 and

featule sane Itmbodimeatsoenataetp 232 faper f9dddtttheheoiiastsaldd have a thinner

SRk TEaele e APl o il e

Crtgr%‘ grgcrlgl{glﬁn?r?é}%v{%qllnes é%% an featurlgiyZZZ, %ég?%%%gtgg\%gh d ?‘s]kls tapered

shapertappiesyth &ovider pyritnhs b dess exlstinip dbataprer portivmusf thedlidd 234 is
of acts 232 that.is not pitch. multiplied ¢ tact every other

SRR ERANkE KO0 BIE bR AT b RS Y0k i hptageonsly

proaitlalpa walh laeli2g2toactinttict avedpiegpomsing Zestule Raihtagiigg a narrower
contacts 232 is to stagger.the cantacts 232, Figure 3 illustrates such a

Wi A T ane e At R T S R Rl
contdatFi2dze Hkemntanng iR plancheearditimednsinig coh?ati@misplsslithography.
Figure 2. The features 222 are shown with dashed lines to indicate th

T L BRI Rt Eaet SR O G afabie 232 do not

hdfstirtingnepietialZid aseHd GHereER 2 2Mmwhichabsr faiasdifotieonventional
features 222. In the jllustrated arran?ement, the contacts 232 have a width

PhOSOlRREAPRYitiE4R dRficHETEN thatTe8Ro RACHERHRHCE 88D in Ahis can be

addeRnsliical dupansiOT. MlernRbi et cConia e REnHd FORVerioRabs as described
photolithography could also be round and still function properly if they

apEse BROpRASAEESgGRPEENANE A igheelitigarer By RRY h A dhtsktdo gistine two

diffEnStgaosrefbinprder R GeniaetRJIaGaBIHdA0R N NG [BRIMEE S cbdtethNiSisetting
because the upper contact width 237 is wider than the underlaing feature

tRgidtferont seisiorpups obfetaisadiahtatRe dra s SAg Botheestacts 232
tol ProeadNEgpap cRRVeptiRRa whrialthrarantly taskniaussiiftiaddate staggered

amount of space required for such a configuration in an integrated circuit.

geagtigire InshbtvsTetagissting e Cientacts 28D fagudealushtaéeddnsiyt abut a
cHRARRAGHIQIRE R8T eSRRAINRI NG RNRLS AL 98 SIANGH L LCHNEG Y apart,

Thus, in Figure 3, the space required for the contacts 232 to contact the ~
thg saaiaping Iéannhe samacidharg of thafi vewbitaabedifenaes Aibts g zemgining two

feRR YS9, 06 SIANGI Y- BRANCHAANGIRAS 1S, 16818319h@Rross-section were
Integrated circuit devoted to the contacts 232 could have a dimension of
tab@pi@ﬂidiﬁﬁ@ﬁnthéall_@hgmi_ﬂwr@fembmﬁmm@232_, contact staggering
requirgR, t&%‘tll@?%tﬁﬁ‘?&lﬂ?ﬂé’&iﬁ%ﬁ%&?@%&%ﬁ& FFSf' I%?ﬁ}gFe&tures may

single contact 232. Because an integrated Circuit typically has mu
haegyiorrsexstihaiukipldeso nshatslysdsfgedethoorttass oaritravidusitaige contacts 232.
cumulative effect in reduci e feature .densjty or.icreasing the di
B R D M RN IR IRF SHRJHS R s 232
mintegratédmirdeitil@drigiprouidagu Sub$trateriitbOtis 3D vieticofloned e.g., from
arious masking layers .120-150. The layers 120-150.will be etched. to
g b R SRR SR B R
discuEsehenslone, the ddeaciatzlhiwfer sheilliic?33120th&0 westyexgreheaty of less
suhstrate 110 are preferabl) n based n copsigeration of the .
I ar e TR RO SRR BB e oFh AN hgres 222 e,
abpattetntran st gstihsitisalsshenharsinct8esausd the yenedbeddesa adigned,
thtoﬁm?j tsele%ve%gefinablet I%%er 120-Whig,\r/1 ref(?(iabl IS deé_inalal?ett% af -
fhSgPABhE DAL SR ANE The BED SHARS Ao farlly HRdaGH gt the features
22padisteiteh padleilide tve dhik@ohthassEle clivelyirtinabledayeri i) lichdigaphy.
substrate 110, the layers hetween the selectively definable layer 120 and .
the SUBSFARAE A/ LA OGS ERTHPEa e el fRRyimaely
7EIshedriRlalivehio e riexpasesh Majeridlso AdhaiRiabis aersk edthe lines 242.
selectively, or preferentially, etched when the etch rate for that mateyial is
HavRyst: Hi5oG0BAfRes Yrdttel SrE b P aaS 18/ meSs %a‘ié?%%{‘%d’ﬁfe"ﬂy
preferably, at least about 40 times greater than that for surrounding (e.g.,
underlying or overlying) materials. Irl‘n the illustrated embodiment, the
selectively definable layer 120 overliéé a first hard mask, or etch stop,
layer 130, which overlies a temporary layer 140, which overlies a second

hard mask, or etch stop, layer 150, which overlies the substrate 110 to be
nrocacced (e a etched) throirioh a mack Ontionallyy the mack throiiah



In common methods of transferring patterns, both the mask and the

underlying substrate are exposed to an etchant, which preferentially
WQHE823%98y the substrate material. The etchants, however, REd/W4P6/033421

away the mask materials, albeit at a slower rate. Thus, over the course of

aligandfaontgots gdflernicurebenesd dan linesvdtA binaprycimeisizhdhemersreither side
n tﬁitﬂé‘%{é}ffl@f%f&(déeﬁ%\%ﬁt%z6*&%%%‘1‘6“."3%%% AR LACRIASS WOSI ier than

substrate 110 comprises multiple different materials to be etched. In

lisgschuchsesttadbitesrizd2rmsihiaye hefotitsiioliifi)cott riorargafiscoivaiacts to interface
wiBPIRIRIS 9 PE SRR I8Py eI e A RAIE oM BENUPID Bl tostrated
efore the pattern transter 1S complete. ecause the various layers
carBgrinatsen fasedmpby tihe wtphiiehiegtd atite mistactnehpeecdssremaining two
.congdlitions or f the layers can bhe omitted in same . .
A R St o 1S ST O 7B (PSR i goportions of
theraiiieithn @imaodinENtSThvitEre dhdesuistoatactsd 033 thiativelkyt $itvhlendiiplied can
here the substrate 110.is a single layer of material and.\where the depth
S e i m Y SR S T
may Igna sppficientinaskdallansieinie a4tpttesddndng coeaipairlithlfetture 222
the illustrated embodiments, mask layer 150 advantageously play

UHREEIRS DR Zobo ARG e SHRAELS it RS G St ptogeered-

oG SHERRhavaT Wi ia et saiidasl irdey-sepasti Al ontRie 28Dtk along
110, the various other layers, such as the second hard mask layer 150

a plae msay the omrid shd Watyhg R deigyes e mbeBapft et f6F thewn with

asiesiiesheatismdiensfercHighal puphssseafmaskdaygrmiReiliatB 4.  Also hidden
transferring patterns to difficult-to-etch substrates, such as a substrate

urdsrsAdiigsatingannisin A3 ormihetrenelrs St rvhiekialerapie il g deatures
rsmafhaid NGRASRECHARIRMUTER: contYMriaIancs W0ilgyr AnthiRir critical

selectively definable layer 120 is preferably formed of a photoresist,

digmendongaatyiprhanes shandheintenethd M irbnenanitel hapritaresiliprnatively,
chiRcRe RERAD %@f@é&ﬁ%ﬁ%@ﬁ%&ﬂ%&@ﬁﬂp mssepdiiind %%IH. itk OFBnction

nm, 248 nm or 365 nm wavelength systems, 193 nm wavelengt

piiepeibrSiothey steraumside FogdseetlithaligaphicSgsrerisherarhplesentacts 232

a@rﬁ% cRLRRRBrasISLalREAlSd é&ﬂ%ﬂ&?ﬂ}iﬁ%%%x‘é%rﬁiie”ﬁﬁ'é’?s because the
photoresist, I.e., photoresist suitable for use with an ArF light source, and

uikrgpeontiicioniokh R37)issndeivbaplbeoradistying feftotoreisitt 22tadslshiown.

use with a KrF Jj ur tF p resist e | it .

ot L AL Tomentonsl
ph@glithegkaphphdtobesives aie phefelalgy tsromitholbriperevaeglangth for such a

tolithography systems, such.as 248 nm systems, In_other .

cBIASARC Y BSIAME SUENE, ALHILES S0 g, th contacts 232
refbreee d@ftaciedissityat @apaoed pattben éxhioyes cand- iinpsith i tbagaashyreedgsigned to
C %&i‘ n9 lrlgo'gnoﬁlm er%hglni&l%l fso%:c% t? 1%t1:[g n Qet eSic%[ht ctsP O{g S(i:Stﬁtact the
% ypically paitterne&%y béing e>¥boseo|‘3 radiation through a réeficle and
uibienvilgydtapeds Rt dagerothaedativerlshbéarfedistesathieti 3 2edig, dighbaise to be

focused on parts.of the photoresist that are to be retained, e.g., an the
SRS el I I Seoioee TR Pl Seedialed to the
cohypieally? theutd diation diaikaies afpippioz@nsitiethe tepgiird’ %o tha contacts 232,

photo-induced acid generatgr (PAG), which decreases the solubility of th
o PR Lo g T IS 3B SR BTSSRy 29 Of 2
sihgl@RplitsbtiSBY ameciriisablcimaietal, sduidingpatiiveonnggpld/ecgions with

photoresist. The material for the first baril mask Ia$/er,130 referably . h
Rl iSRRG In SRS e PQIIAS S RIS U ALY T EfliR: Thikgincing the
feakicedi8) osilicabaeing dielgethieaptiseflestivgcacattigi (DARC), such as

a silicon-rich silicon oxynitride. In the illustrated embodiment, the first hard

mask layer 130 is a dielectric anti-reflective coating (DARC). Thus, hard

mask layer 130 can serve both as an intermediate hard mask and to

reduce reflections during Iithography._'liae_ temporary layer 140 is

preferably formed of 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
trancenarent to licht and which offare farther imnrovvemente for nhoto



Using DARC material for the first hard mask layer 130 can be particularly
advantageous for forming patterns having pitches near the resolution

W/ B7ax8hotolithographic technique The DARC can enhan®€ FAsHd3421
by minimizing light reflections, thus increasing the precision with which

photoKitbgrelptopcate deifinee theaeprytislbf fopaedita@pmiohaisguinlOfynprovided.
bottom anti-reflective coati imiarl i
AU CEaOO B e 5 o 15

witiflectiched Anfoptionalaskifeopatiatihied dutivebstratinl Oan beraddedus features, as
dks)g&\éveeg%tpe first hard mask layer 130 and the layer 120. The second
BEY mas?q‘gyer 150 preferably comprises a dielectric anti-reflective

coatirnthéDARE (e fir ehsillaperoxaitiitle o witiydmgothal sabistrave AXiflere preferably

(AI203). In addition, like the temporary layer 140, additional mask lgyer .
PR B8 SRURSER 9B, e R SHNE EEFEOM SRAIBCRe 1o the various
paraallEningioh sedeglvityr dalivetonpanypmalistiadsed hetdiaddiBesaie the layers

selecting appropriate materials foy the vari layers, the thicknesses of
R APPSR R R deBer TGP EO O gable by
limEBrpaietehb ehpmigtidon @ bsbprace $3 C oAl i besrsrdbEcAbRUAE toi Ralnder a pattern

example, when transferring a pattern from an overlying layer to an

desierchifieng tagerelsriurbe odnabledmgdUiEiR Mg Sapkr | b ddifdRyfrshetween

tHQK dayed s, AGiHRBI0Y8FEa S0 MR HRIEEBstH!$ 1 therdIPREErAVIS chosen so that they
2007/027558PCT/US2006/033421 layer is preferably thick enough so that

canibe e HCREiF s FHat o th sl iRangas mateiifer. ArrBatetiY Asacgusidered
sARVERIFTR ARRRGEEAYS A Shibahthalransier AlXSMAMAICRNPR st about 5

short, exposing surrounding materials to less wear. In the illustrated

timesyanse i ciseakb abavehp dBReRAleR a1 PR BrefEteldetingptbabgu A0 times
gRIEIPIRBMDE SRR Pe30% ARrViRk NS\ dipis prelRiahly, Detween

about 200-250 nm thick. The first hard'mask layer 130 is preferably _
betwdarihsodlnstratad smbedickeahdhmesiepresbr slskmdaerer d30urvislizy a first

hMrﬂgﬁg'opé?cf]e . rﬁ%ljapé‘l?)r, M’l@&? (WS&%@Q%&%{(W%Q%QP tl'hé,oxgggapoverlies a

nm thick and, more preferably, between about 100-150 nm thick. The

sesoodnbiandrohankisiofagtoh1 50ms preterdbly bduobepvainst 16-80bstmathickd 0 to be

re pref | 0.n Ick, {ag an.t GV Wik eh th
pFRG R G Re clnady TR MRA OFRERINS B MRS SRR Wikch e
sulstrise folfhasl pyovessedsisnéthodd kmohe seabwdchafdkilhil thiyentl $&r For the
S X variQus v epgpsition es, such hemical .
e S e S AR LR W )
latemiheoagirevbivbneimehviapoe tebositioregractswisalisetheiudeposiptise etch stop or
g maskayerson any ol MAILTA, 5,9 sPaser MAGHA QLG Anpodiments,
mask layer, where the ma yer {s formed of amorphous silicon. Suc
hdovetem ez abard depdsiiion processes advhatafdbBustyprbvent chemizak of the
ord%hysic hdisruption of the amorphous carbon layer. Spin-on-coating
COprfo 88565 '¢@n be used to form photodefinable layers. In addition,
amorpheumaarandhydss datrdneftorime g drjenise rbichl thepansde podition underlying
sing a hydrocarbqn compound, or mixtures aof such.co unds, as
s, BHEcERBTed EitoM IRk et PICHTE By rRE pfSiindhe substrate
matefidneTheligorahisitfeney &utsdicneantyagahdenaskAnsatidabls, albdost a slower
for formin %T%phous carbon layers is described in U%}S:. Patent No.

rages 7S EOYES B4 1508 3R SieIpask 78 Bfgyem away by the

cidiseipbuferothicRdminenior atasingleis byHefe @ntaunng madedearbatbd where
thiséé%gecification. In addition, the amqrphous carbon may be doped, A

the RSB et O RIPREH NG Bk MO JDLieErbo RIS BEERBEd f 1) cases,
adtRAhARIE AR NSt kERR) b Mgt B &itale ther@iMikaslisosided & prevent the

which is incorporated herein by reference and made Par_t of this
om being worn away before the pattern transfer is complete.
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As noted above, in the illustrated embodiment, an insulating layer is

formed, overlaid by multiple layers of masking material. The substrate 110
WORIIHEN I insulating layer, and the masking layers 120-15FP&&UdIHed33421

thereover. In some embodiments, layer 150 can be a primary mask layer,

layer Bergusenthre Rrem s |@rye@haml Ibgasd 1R dhepequprBettsspdt chemistry
an@{bRdB AR ehenPRRIB R nleey ko Qs B0 G1ARIR YL Ufvbodiments.

P stop layer In a first phase of methods in accordance with the
qurefgn@bmﬂﬁwmﬁbmss&ri@ymm(r@tew@m'@)t@an@@remzttiq in pahedinptts where
P S is far lic IgUE
S LR o M B CAE A0 B R Re Foyer of
matediab dndméntnmthwaidﬁﬂuwﬁﬁbelayérlamdﬁhé$pbm}®h.228%ﬂ1’bséoombhard mask
olltho in ch the selectively defina ela erl
g e A e R e P TE R Rt To. i he
1lldavalabednﬂﬁﬂ1mm8&nlmg1§leflhﬁzbie Memapﬂaguolteﬂ;}stpiaphe alllmtlsaietdve role,
{nbodlment form? mas eaturess (épéia tlJIusHated lines n]
PriiesEe wdsibise Tayers, HOIR WOSANE ll?r?esufé‘/%u ?%1 Ito éng ayers.
Sigtifardy, the wngﬁmﬁiwaﬂryesihﬁﬁla@dﬁktmwd@p&l@enagbb@mﬂgespaﬁ@sl%ach as the
ize thge critical dlmen ions of featyres for thls ttern of
Seﬁﬂﬂg] Eér

PaYEs 2! pmae(.eep?é%t}aﬁ@fﬁ SYSIAPR ik daysys may be

smﬁhptMﬁhﬁgramf@aephwgueruﬁ@ﬂo BHEREN maefmablm@(elaya& facilitate
For example, for photolithogr 248 mu light, the pitch of the
R B IS el e %ﬁa@ wfewww bstte chIRRAERE multiple
mRiHRT theniiatplithaarabicHaRHIRUR ARG, te-SRAC AfRATtaHY disevSBBEct ratio
below can advantageously have a pitch below the minimum pitch of the
fepBestithographic technique. As illustrated by Figure 5, a preliminary

step CACRTRLRE F58aPRR 3 SRHRSRRYIAIETRLIN RS of MG is preferably formed
hotolithography can be used to form a plurality of lines in a mask

ofra plaptarestnirsiuding BroRbRBRIsOPANIWS e RRGTHIRIBitte Rhotoresist
caiBelle hasdhal delinaRisdny WRRPSS- HHRYRMRF EHDS eIV &R Pitd hm, 248 nm or

multiplication will form lines having a pitch that is smailer than that
3 fefinnmiavsicesi eyiional b%t@mhwgvabﬁgth IMESISHIWAY HPIE) Grechedten beam

1ithB 14:2%&@1@1? %ﬂ?ﬁ]}u}ép Bl '15?@ R DL R0 LiHeRIEE G on fluoride

dlmenS|on For example, the spaces 122 can be widened by etching

(Ppﬁbm@sﬁs{q iplegiaresistol formhefotifist %p@bé@fpzzaeaﬁnhm@s‘@mhw@rce and

Jﬂd@”‘ f‘s‘e%l‘s?tﬁ?}ee &B%s%{:hzeéj ﬁ@%&&ﬁ%ﬁ%‘fﬁ&ﬁuw%}l a KrF
a su ur OXI asma, e.g., a plasma comprising 802, 02, N2 and

light $isot® m%fFepbhmmel am@mahbgma@bméﬂmgbdgwmiﬁmutﬂmng
2 ti
re 1951?/04 g’%é‘i}*géé h%t'g l%%(r?%’%oﬁ b@%ﬁnl B (51‘ i35G Pe}%sa% used with

arp and w ’been schema ca plcted Flgur
lofiger extorel afgthe ﬁtomlslprgfmhjol)swm;acssdltmt thiwidthsysftehe. |Ind‘£l other

er?];lgter aé%tgu%Stﬁggg q)ﬁl(ggng Lig ﬁ%gejc‘]%léeg 28 gt?eﬁgebe%\r’legn or}%lad of 2% resist that

orm as i reciate ISCUSSIOnN O

cahiye et bylosmoAdvamaljdwmgshphthis. etdhyalkingsathe lihes i @dmnocfeforce to
tterromer thap would otherwise be possible using the photolithographic
Pig clﬁlnlque tged to pattern the photodefinable layer 120. In addition, the

etch Pantsmgisthstivgpadijgspafttnectines Bddg, dhpsadh poavdigtine through a reticle

%]ég f{ﬁgqfth se I| s In so eengbodl nts, the aces betw t f ed
an c%%e rr8v‘v:%§b Expandint ﬂq%r?rﬂ% U ﬁe%ire siz% ocus

ofpar@(afmpéqalﬁd@kmﬁmaﬂlmatﬁml barchéndépagitash dvehibss liviesd Ak dmcs—such
tl} Imes%lzré% 6;:(_‘éaa{nge ch §s| caIIy re ct éi n%)e ngp T: r’|a hawg t?olr?r €I tes a

photosensitive compound, e.g., a photo-induced acid generator (PAG), which decreases
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The pattern in the (modified) photodefinable layer 120a is preferably
transferred to the temporary layer 140 to allow for deposition of a layer
WQ 20 4P%f5a8er material (Figure 9). The temporary layer 140 ish6rEAeY2{I6/033421
formed of a material that can withstand the process conditions for spacer
thesabrbali depbiit pheinresisthe. gisblissusitibie. palpweizemBodiTedembodiments
5 10, SRAER AR ORI WG ARG rrist
m&/}gr 1@&%§§§%§&g§/ﬁgyer 140 can i)e omit 33 and the sp%cer aterlraeflS
can bEhdepesited firebtyfiost trredohask desfineld feprefersbl p4@npiises an inorganic
modified photodefined features . mnable.laye itself. .
R P 48 S8 BRI SN A R Rl anc-
refivati ph otendss (AR Glaterchl formisifdive tenpdiery leyeritil.is In the illustrated
eferabl lected such that it ca selectively. removed relative to th
o e LA [ 1) AR BT G COAEBIRARO):
Th) Asineted dbaeyel I0eiayerid0athpiefatahlyrasdiatt dfaadnagpkaursl to reduce
arbon. . As shown in Figure 7, the pattern in the madified definaple
reioT3 01 AN, b el Ao BHe RAFh A TR e pfgrmed. of
artfGiais s ateie! aicAcaBnplishedi ibisg IR ottp pidEeh e ed B Rired hard
etch using a quorocarb%n lasma. Preferred quorocarbop plasma etch
e SN IS BIEUFTEOi $1o DR U G7ERoB 516 BB flgHHParent carbon
thetrefe mechRARGaspatatiab lighh 4he HastiatedembadisienhproRetheits iSor photo
formed in an overlying layer and later transferred to an underlying layer. In

al STt DRI ATRRFRREHR otlayerelengths ref 1580h r@55d %5, R r@lignment.
DUMRERIGH ERIIAYERCRR irhesl VANAHADSIARIFHNG RIPSSSSR O8O MR in A.

the precision with which a pattern in an overlylng]l layer corresponds to a

HelapletlcTRaMaisnah i gkt TAUEh ARhALAPODINErA R as i faglapure of
wiRdRYSS f@d'l&éﬂéiﬁ?@?&é@ﬂ%ﬁ%ﬂﬁé%ﬁ&f Hfﬁ@ﬁ@cﬁf@@c‘ﬁﬁ% with

vertical walls, such precision may be difficult to achieve in practice. Thus,

patteistren SR inmsidid #9eheonivyshaydnmaskediespbitisaeebe particularly
adai dé“‘?ﬁf'yfﬂﬂxﬁﬁg 9‘5&%9%@%?&1’[&@"%@& Hﬁ@estHﬁﬁ%ﬁ?flﬁms of a

meant to encompass modification of the e;altures originally defining the
p@q&ﬁpw@am@mﬂé{w|élF§m@6i3§hmkiﬁghmmmiut@\bm@'@ming light
refQHIGt AR JoRS 0L ENANISIBE PUC it HRISNPHOUEMBESE W define the

pattern in the definablelayer 120 is then transferred to the temporary layer
edps9.df theatenpor&igtienalyl 40 isrganiebdiiom adatbbechasagatingefBARC) (not
this transfer i . : e
B 0P AN AR s 501
caadRlchiginiafectimma cAn ephoratbspiobtheupiekitest teapaiagy tapebe added
bejtév%e%t aJale greater than l)ég f'g'aes (?'ﬂlde lgg%gel g eferably, greater than 40
h t the ha 3

fimes the rate tha mask layer 130 and/or the etch stop layer 150
are/istbtcisechndl daithinhe E0Ryeoritsihimgipiasm aampeseyibelieledtti® anti-reflective

Paten ication Na. 10/931,772 to. Ahatchev et al. .filed August 31
co35%, ORI digal oIS BT, (ot ch At BHOBRE (AL D). 1o
addiEROIN @ 86 teMieranyRefds d 400833 43), ittaskehayresdisctahorend fanchprhferably
P iS incorporated 1Qerein b1¥ refgrenge nd ma eTRar&%f thils s[E)e{:ificalti?n. ¢ an
THE s B2-E0AINMG piasma can SimliftaRSSUSYY etch the tempdrafytayer® Mo
madpigiad also remove the remaining definable layer 120a. The resulting

lines 124b. constitute the placeholders or mandrels along whjch a pattern

of ap SR AERS (B IFE T, WA AGR RUE A | S SRA e Th {hknesses
ofigleh Mgeies1and IfeHieds«fantle ubeskhodupaiaiRigoaital iempitybititayilisthe etch

For.example, instead of, or.in addition tﬁ modifying the original features jn .

heBHSUISR 1R PSE AP AR KOt st A PRPA satFR franstering a

pattehoUkgrioamaaisigaiien injerthe tenpamiyiageld40. TiherlaciveBe@iainhg the
shrink step can be performed to modify the featurc?s in temporary Iaxer
unggglying layer, materials from both layers’are removed to some degree. Thus, the upper
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Next, as shown in Figure 9, a layer 170 of spacer material is preferably
blanket deposited so that it conforms to the features of exposed surfaces,
WO PHe hard mask layer 130, the hard mask 150 and thBGETHeRM=03p421
the t,empora%/ layer 140. Optionally, the hard mask layer 130 can be
legthsRietsEaBle %‘é‘éb%ﬂ%’é 18 thybit iy 00T HOEpARAY Risiethe camss@hilie pattern
wARRHathelean MakR IR IR ARSI RiRALEHLIANEE HANGHY B% emoval
substrate 110, or that otherwise can allow processing of underlying
cairbe gl sirpeipaRerrBRdine maitsalsda lassevspacer material preferably:
1) canpeepgsitgriuith gaBIAIRMCOVREARIRYCER baé%% Bféte%ﬁéra 120 is a
e

temperature compatible with the temporary layer 140; and 3) can

PB@T@@%@_EW]&&W ieiefevebly tesweenpdreny fye0040m i cinyridyeore preferably,
bbAGHBG i30S IRAAA (R, e TS HARE RIS DSt HEUIERibly between

oxides and nitrides. The spacer material Is pre posited by
abpiimi@abOapor Hugbsition oromarmiterabls, depositiornbdtie 1880 1@ ishick.  The
Wol(Sile A thi ss of bet about 20-60. am and, more

L T A e R i Srraby
betwgrratboeint)nbie prethieklyThbeetodd bardrigachtayer 1 8sishassrably between

iqure~10,.the spacer layer 170 is then subjected to an anjsotropjc etch to
o 0 R A R SR A 19 B S B Ry oamE on the
sétetiedyimel e aitoulicliielyniy dayatch, also known as a spacer etch,
can t:j erformeﬂ using,l-1Br/C géasma fo%o ide spacer material. A
C12/HBF AR DS (SIS SRS aSFe T Sa e R G &Y Y PR dapthods known to
tlasm pdrkill aindtheetetabljoeask alspléncladeus GheoH CRlRIMBANGIBLaREs, such as
.g., a_reactive ion etch (RIE) E{ch as a C12, HBr etch. Such an

can.be, e S
n ,’f ) i Lt 0 Y w
SHHRL B, SRR o B B (R LA Feso ot HGisbls @ 1o

tenpélsrentiehd @Nd G0 HeBoRbEGRECHB I FLIRPH depOsM AR hAEEM YN layers or
with about 300-1000 W top power and about 50-250 W bottom power. An

AR AEEHHPIFEASe B SRS HCBUHTHIRN QiRbiaratshdayen kg Haifragniayer is
foeaide, 8athSRIHOESsMAYN eSTRA s RcoAiiRr AusP ACEH SR ?r@@é@@é@maﬂt%geously

can leave hehind a pattern of elongate spacers having effectively reduce

PISYERL iAo tHRNYS ! distptioPepd s cEnerPhgurecarbomh i relrd SHisRn-coating
piav&kds3eatf§ B8IREISRNGANIIRG JEERRABAEYI ¥R 140 28iREX! ERAMEH:Ocarbon

leave freestandig% spacers 175. The temporary layer 140 is selectively

layers firgdbeidpigiad hexehapricak wnairdepatiion g pksmixlaraben seapound, or
mBtESIBY IR - BHHpERRMRRAHIGNERLBALEAN beLSAIRy SRS include
temporary layer 140 as described include an 02 plasma etch’or a
P@Wfﬁ%?remﬁﬂﬂ?érowa%négrb%@@rib?lﬂ@.ﬁ?s walpadieneupad ofcshdepatterh suitable
mRFote P Vi eavRhebindanpihesRattaradommed by ff‘? .SPQc‘ég{ ¥No. 6,573,030

Thus, in some embodiments, pitch-reduction has been performed using a
Bépadsaiethdeediaitbaire e lasiindteattre)0Bhethrashiitg féistlessreohienthich is

m'éb}pb?é’t\@y Iﬁﬁ'@ntfac}ﬁg RERale raﬂﬁ%éﬁg%épte (th’)%’r gé%#f@ﬁjﬂ%g ?jl%g%élété‘?n’ the

comprise pitch-reduced masking lines separated by pitch-re

am%@bpp&mmimmhmdmcbeeﬁ auidbhpliskted foridatmeiiisvpeddamorphous
£RAod R b HEOIEAPARRIR A0 'quoq%%%fgﬁzyfgétﬂ‘&hegyaz., the entire

hotoresist lines 124 and spaces igure b) origiri ormed
dis¢losyliehedraphiehAdy aimetypowasty, dpaciarsby7Sdferding agpidchafdabpatt of this
sonQomQr less can be formed. Because the spacers 175 are formed on
the sidewalls of the features or lines 124b, the spacers 175 generally form
arourfebtimetpeérisoary, fiolkbwitipthatedtindodinerpatierimsdlteaty rbyar is formed,
olERART BRI SRR St TSR R PSR B Bnsotating
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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Figure 12 illustrates an intermediate level 330. The level 330 can be
referred to as an ILD, but for convenience, it will be described as a level in
W3l /oigSfevel 330 can be formed from an insulating materidt GBY$240¢k$3421
the properties described above in relation to the insulating material 234 of
ambeirgesist nvee rivoves iBveiratsd eatbedimsshdarreid flkisippetdorivariaier or CMP
S{gﬁzﬁygstrate 110 shown in Figures 4-11. Underlying level 320 can be
formed from the materials described above in relation to level 220 of

Figurdipa Fisit phasapieneifods Tpasprrdansepiitanhy of¢éatadesndrdihants and with
. featu in Fi g 24, separate
e e e e S
spaceYéittnsigrefeedolyiguve 1 aidttear@oasprosimetel230lclimiBddgedefinable

' ' 7, 7-separate. the spacers, 175 width 377 is erahl
T R BRI S e T2 A TR B formea
bypagerphotopitbéeraplyformetiat abidiswetsi tiely defhobibealagter 120 is exposed to
configurations described in relation to Figures 4:11, In the, embodiment of . .
s R G Y AR o el el Tgemaivine
daeftablsratedal) phgureedidt ihehspHastrpadtenibbdsieneféransiersk ddmaes such as
the underlying har sk layer 150. Figure 12 illustrates that the spacers
t}fﬁbu%%%%gé g%%}saa}n%gé%%‘g@yglfdﬂésdsgﬁﬁfﬁ the spaces between them
directiyhevsitiik dfelie atsitiengdzhel g, Heqdnduiating Jayesisieveidid &a line 124
one.or multiple Iaye%s%% masking material. In this embodiment, the . .
agﬁatésrgv hd c ndPASF o Atask A AIEAER SO RE ripHSal timensions of

fenpskiformedarinlg thi praser sAilkane suppepasdyahvsdonaskreferably at or
material 150, which_can have the properties described in relation to layer
e\hé,\}ayer 120.

ng gt ERived tha photolighgeraphiciplpigue WeddosPaletivia i
Fiakaamilegingsolslidd shbiguialkind besiney ipdingimaiaiRloI 308924 can be
seen underlying and supporting the spacers 175. The spacers 175 can )
alghh LRk oﬁ&l&a@&ﬁl‘fﬁhﬂaﬁ&% i rinipenb Ritrcohihp Plstplidgraphic

teRUHRER LA GROLHACSE JURGHLS R0 I TRAGE 8ot LvARG SRASEI B Va8 Rch below

illustrated schematically, and not necessarily proportionally. For example,

theggindrava piteh ef he Aletobithozrrehis/igthna®®is longer than the width
379 ohganynadicd!ay &L 573 Qrihmiigingsy DEWEARAEE SRAGEESa series of

175. Thus, the sg}r)acers 75 preferably form loops that are much more

PlpiTgEies, IevinglbirereniplSbRBTINY thiinkearseé Shéormin PRyubti 3f lines in a
mhfieSRALHIS H&&éﬁi@ﬁ&?%%&%ﬁﬁﬁééﬁ%}%ﬂﬂéﬁ foatp ﬂﬂ%ﬂa@x’ﬁ%@%ﬂcﬁrWSmaller

The spacers 175 can also be segmentedby the desired architecture.

thapythet defnphletbatabaioman Hievesimisabseaurat of teiyomeltidjeaticapyiHdoem lines
AR MAKAGOAERI0P R GRO HLRRE O IR RRIA AR RRGESSH AT

patternied to partially cover the spacers 175. The secon
the sgsicerewry B1HAgurb e thitl spacee 2% itarheptiong fobe Snstewidane] evearrowed

1ol APHEG tﬁﬁn\é@%ﬁf 1?’&'@%135&9 qgein‘b%?léeé ncgaéhges%&e?dﬁ éa{ﬁling the
not shown as a cross-section in‘a singie plane. ee rigure ljg . e
phptovssishiinek 136 tefores modifidwpigesthilcamdemeséd4n dBimphatoresist lines

lfi?r'Fes £ ' lained, below. However, in some .
P SR RS P ARO R IONENH B SUBE ayide lase. . 2
plEsmheompresing SSheCamBodimdents, Mandtasrepal? ascthis windpihed@2h degrades

repeat several.times,along, the length aof the memory, arra d;{hou h )
R A e SR AL AR o

one series of acts Is b%’%?ate ISCUSSsE
bedesnthmaskd ivetdeftadctharithdh delis ddsadembpdiasotsdnitl Figure 6. The
refer include multiple windoys fqr simyltaneously. etching multiple
e)(!s%grlege%cl)jfl c%nﬁfg%[ viad %Ee{ l\é\f}énstlerilt\aelcé?aaﬁp H"aﬁ\r;t u?fé?@%ll th;w\é%ﬁAl,zlla are
subrtantiatincqnaisio 480 dusitdh epspagebs tivEarbnih] stiefdihed sidedisngs, as will be

insulating material, 334. In this way, the second mask 480 and the spacers
B O PSP L ARt M cOR e BARAFFF b s g allows
two superimposed patterns. The window 482 in the second mask 480 has
a length 483 and a width 481. The length 483 is long enough to cross
multiple spacers in the spacers' pitch-multiplied dimension, preferably
across the entire array. In the view of Figure 14A, the pitch-multiplied

dimension is the horizontal dimension extending left and right across the
nane The width 421 of window A2 hnowever ic not wide aeanoitiah to fiillv




Some advantageous methods for creating a mask such as the second

mask 480 shown in Figure 14A include applying a crossing pattern of
WQRMEPEZISE over a portion of underlying masking features sudiCdgUrg06/033421

spacers 175. One pattern "crosses" a second pattern when an elongate

thiimEngion dfanddirdepatieraemahangiganifthoathuisnelte aPpssiblegateing  the
phib &S66q06 RS AR SRS REERME Midh483 1 addgion, the

P .
longer than width 481, the pattern of second mask 480 can be considere

ctdisagamonihitesadsensiohotinasit24g3hpoimaverng:ta wel forenstyarthose lines.
Iﬁllgﬁﬂéue}xﬁﬁ)%é%feth]e?ﬁ EeLOG&%'éhtﬁfe %H&%ﬁ%@y &H%@%%&%@Qz l%%’/ué)?panding

13), the pattern of second mask 480 crosses the pattern form
theplieesrd 2478, adesradgigousior trerpisiradditionob sintppatticambdeatepesited over the
ih Lbjlt'l offion iteh- ced masking features and adjacent .
R R S AR el v @ o
vitmomegio wicrdese #8#. #ethermore, inside window 482, the pitch-reduced

spaces, between.thg spacer 5 Jeave an underlyi er 334 osed.
e TR R SRR R B B R R e e pered v
tlmamgrpbml_ilegﬁlolﬂibtsa&hﬁvsfgﬂ%%ﬂ'dmimin@lbwléﬁa’i ¢t:m (fﬁsﬂ%@’fhlnjgéa@l (Figure
n.opening in the,second mas aving an elongate dimension
St SRR IR ) TP TRt A el G ihstand the
pruiRgOWoRaR IO SeESHAbEr Sharerd kRpatisRil imackgaralieisdieelow. In other
e#?ﬂn ate dimension of the spacers 175. Advantageously, the elongate
% SQHEF&V&SO %\ﬁﬁdﬂw HEROEUIPR O hPRRET eaﬁr?@%fﬁﬁcaﬂfwa&?éﬂwﬁu&% definable
lagnensontef tbesnaseBylfo1 Ryetarmbl . shetelongataiimpasiomofierial can be

window 482 is perpendicular to the elongate dimension of the spacers

dappgiied  fhiraciiieWavhnRBeOmLeEmsbdiumts, 1Ré alls pasdifednpiiodetined

fannirigureshdEar bRdisdaaatesiwjth foplagarizing material such as BARC
for planarization and anti-reflectivity. For example, the planarizing material

can fiﬁltﬁ]é‘?sﬂ%gé‘tﬁil sk e dprddiion datying dighsrdeeiotrsiange than
phbetenef thespreRISoiiisdard m%ﬁts @ qﬁgmb qggﬂcﬁe&mvs%@c@éa%ﬁch that

with the same pattern as the second m created on top of it. If the

it1eapdin aclesyeliseretda st exdia bromateirhiay e reaesred 16 (Ergote10) and

b glRI RaScmatsy Al Whed the JifeA0ss, i Q@tit?f?e?&%@y "®rmed of
14A can be made directly with the selectively definable layer 480, as

ABRERAUHFIROBecond mask pattern can be transferred to an intervening

hard masi, layerite ?f%}ﬁeeaf thﬁeo?ﬁﬁé?noﬁg e thitied A:eiﬂﬂcrtﬁ_lé‘élﬁyer 120a is

illustrates a cross secfion taken along the lines 14B-14B shown in Figure
prefsabinefiahdensisrth etkedmid mask 486alIcAs thidispieasset 75 qmeferably

a&%ﬁlﬁl%ﬁéﬁdﬁﬂ?geEl}{i%giya%lﬁi%“%ﬂ?%‘?féﬁ' %3%1}06{%?1 %&%Sﬁdﬂﬂ}‘éé%%%ﬁ‘ plasma.

483 of the window 482 is also lillustrated. This perspective also Illustrates

Prgéer edeflyaneaarb dorphestnpyetrle deroistinsaisklade GRd (Hetkpadald,1asl CFsH for
etggmgmg }S%fi%ﬁgdaﬁ AResHyi ﬁa@attern (Figure 15) that is derived from
) 3

both overlying patterns. ~ The combined pattern of the second mask 480
and the theadbestrated embdbrenistepsttto snfomoetyanan aredmiagkdpgreand later

T S k 480 and the spacgrs..175 can be used to shi
Al lSSEE N ; ﬂ
e e S R R AR B pa 130
arharetticabkwhysr theselohed haay btiva etrhidne¥ pddtarms Hasebeng processes can
ffectively transferred t ;[Fe single underlying hard mask layer, su§1 hat
o e s 0 B A E o Bl 51 et 1078 pattem
creqohing ﬂIELmdbﬂy'Htgl@ele axhianigheatsudraastartangdayentisliger is generally
e e%ltgc eenfggtqga\ﬁ?yat%pgg Brgﬁ'é%i%fetg%é’é?ss; %q{hnge%%a?t\%glls, 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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Figure 15 is a cross-sectional view showing the vias 584 that have been
formed in the insulating material 334. The second mask 480 and the

W@ K273 have protected portions of the insulating materidt GBY$2896/033421
etchant materials, allowing the vias 584 to extend down through the

gy AR eemerss 3sulifivation ofathedeatuse eRgiratty defmpre thi patigm—rfor
ABRERICHOU B AR Enah RIER AR ETIERIERIC Sl SOIP LI HEMA Soes not
of the vias 584 are vertical. The insulating material 334 can comprise
clppmcherpils, or Si02, for example. Preferably the etchant material used
to cregte [ j ' Srels) f r
ias S A e e B TR0 o fered o
thmacermirsnchagerniétal. Htheetenpresatiyeleies 382 ivcfpreterdidm a carbon-based
sitioned to allow formation.of an electrically condugtive contact that
~RRHETES, Sl Y AR SRy SO BB Fhoma, <. 2
plespresentadiby 818, fdaturek B2 2Axithbélgeocdyn lonBOts ddatataiamplesthit can etch
lines) in an overlying level. Thus, the vias 584 can be advantagequsl
cainael e Pl Rocy Wt D 8 R RO B R £ ma. more
pleéeablyrpedttr dannderyssgheyvak3Rot thhdirdarmsdiayerleyelagdrobhe etch stop

for from any insulating materigl. In.the illystrated embaodiment
o S Ao Tl 1 RS0 HerP PR S S8 G LR Hes: Paten
ApisieatRimaved] 61oMEVRL, i sdaehembogimanis, Ahgs@condpetiesntiiid Critical
be transferred to a hard mask layer frior tao the etch. Furthermare, both

Difepatreiriertal e Corilasiirhtda- MG R Nrdoying FaRiFrAK Hridas1348), the

eiftif: editidshus dhevigsist O fifepreiRiicHesEE0RY PoASKRRUME $RA6SFat of this
can_be removed and the hard mask employed to pattern the via etch.

spefifiFatingis A oY iBing RS Brran Muskansaesty etels thetiggporary layer
1403480334 IR AR RN AN RIS TBESRACEI $2bA5 aHetessRE dines 124b

masgsk 480 have been removed. Thus, when seen from above, the vias 584
coptiiutohs leesbaldsrcavmsadrelnalpngivahicy mankicar 98apacetmil Te(Figure 10)
whestdnslarstood from Figure 18B. The slots are elongate in a dimension

generally parallel to the pattern of elongate spacers, which have now been

remoVagionheakRIRatYS drRshgitech et BieNeedioPrBeauseddayERTYSEl Patterns
béﬁbé’é?f@&&t&sw%r\é!&&%igﬁ%&ﬁﬁ? Grﬁé%%%ﬁﬂﬁ@??%%&?ﬁﬁg ltl%%ﬁg?ﬁ'al dfeatures

that dimension. At the bottom of each slot is a feature 322 that is expose

inmi@'uwa doreesPdhting eialBsik isprehnereitesTs8anhbwdesipritbarithout prior

mBEREAGRT AR ELCHEISHSS IRyQ!Vesh therfbacers,h 1500 BESRCARY can be
mask 480 can be removed during the via etch or subsequently. For

pessaampletogno i shet featviss Bttippperaitheyeniédtional stripping agents or
OXygef: .g:he regaini ' i .

By S AL (3 FRIN ptaic
dapotiiedineciha, it ¢onfavan tagbedsaumesmbeandred hattesssnahdioghthe hard mask
i ials o t ep. Ihe,vias ca fill ith.a .
T e BF BB P 0o onetly,
th€ hpd snaséidlayes hatdoarabk lepervE8Obefrradepssiti@y/Pesioper 170. The spacer

material can be any material that can act as a mask for transferring a pattern to the

underlying substrate 110, or that otherwise can allow processing of underlying structures
through the mask 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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Figure 17 illustrates the structure shown in Figure 16 after the vias 584

have been filled with a contact material 732. Preferably, the contact
WOAEARI Y2 fills the vias 584 completely. The contact materi8CA3052006/033421

typically overflows the vias 584 to form an excess layer 740 above the
aﬁ@ﬂéﬂh@tﬁﬁd@p@v@imoﬁh@ymﬁ& imprelssabls 2lepasited 4aya dldcknicsdlpf between

! [ h aterial 732
ope?ag”ﬁ]aatﬁ& allm}pe opr?l% enﬁéj mnts%ﬁor?tﬁggﬁgtghat anbe a . ee is
amm prewtsuch amtapgsianbhoppert 86 durnigneatcror a metalhc

CompgunF %%Cpnaﬁs an Fa l ’tIa me,ctl%lers IIIICIdel%ClsTtﬁgncs ecttcgﬁato an amsotroplc
often’inclu es multipie Tayets. example, a titanium adh S|onl

etntenal mmdeebwatmrlayanrmhofmmdtahﬁdmalaymfm diBBeotisthe |part1ally formed

tlon AIQ Ogt and iller on uctive materlals n be dﬁ{)OSI ed d
AP EUAILR) PSS SRR o T TG SUReH Cmed using
HTBﬁ‘moplasJﬂﬁlliﬁﬁ(ﬁME sphér E’ﬁé&rﬁlecmoglaﬂﬂgr and velated selectivdlicon. The
;gce s, such as selective CVD, re 18A |Ilusthétjes a
EEBRIVSIEY Chranoneali f%%fﬁts ¥ PARAPHRLG G cal component

at@RiachdNaelialéddivasiacareRiney] avwhs NEISORBEMCA3 25 an etch can be
advantageously H]gased with the features 322 in a one-to-one alignment.

R usine a8 Me LHRSANE §Uing abephfer PrscasSlummd about
OCEGW%EQWHW% ABRAMPEYBIEr it iR GdtiGRIAMARSI00-aloh® feabiy ower and

322. é;ure 18B illustrates a cross-sectional plan view of the contacts

abs, 521 Wy retomp o tRe coritadidl 3P0A0edsicmtigepiselpeepmeltish similar
cRALRAIISHIREACH QIRRLeH ALAYY. dHACERNBCIRASBArE, (RrBACARERS spacer etch is

elongate slots or cavities described above. Thus, the contacts 732 can be

PefdernAgbdiaers | brystb dord dcHvderaah r@@ngetqssaﬁffﬁﬁétﬁwff@fwbngeduced

ﬁ@l‘i farihabouse Bg.width 833 of each contact 732 is advantageously
determlned partly by the resolution of a spacer pattern formed using the

space§th7s{Fnpgeete Ayigmethbriberbarf aresigliass 1 3 dicptidbntasaand the
te‘ﬁl VAN AASOURIAACIRIMINEE, DAY Ry IGHRSRILER c%}@é&&@“i%‘ fqiR&Gnporary

using conventional selectively definable material, su s photoresist.
lapryurt0 19 stllestiseds rgpovidnusing, tmegmetﬁmeutﬁstmtammg plasma etch such
SS-Se lev, I
oSHEBSED OL a E  b als ohl ompor
laﬁﬁyu}éOZaHmevmdumheimem@atatnmztdﬁ Fmgaré@ymhee@nntammme carbon

stg%i[ gr he I:(t%?ér fgagtfl rc%'\s?l?tﬁ anda 8 érXcE%cP IE 0{ \%télcﬁﬁﬁdB g’ g/ I1er pattern

erence to Figure 19, in an underlying
fmntﬁs‘twehlevpﬂ@?@ the features 322 and trenches 324 advantageously
have’rﬁl CharaCterIStl CH 1 !hb r8 &le()cl’tl fegéglrl O%’naen a Spacer
Flgureslfand fﬁli'/e it Urther reference |gure , an over ﬁ P
nimﬁlaBﬁﬂcIreataﬂnhsﬁmglf&and@ll Mlﬂgmmﬁ)ﬁﬂédpmfhmmyy can have a
e th [ﬁl’l Ics, of the Iy jnes 24 of Flgure 2. Sm]cll rl dthe |dthI§1 lines
Slgﬂ QgL 8%53 IhaVERRECRERC erPs ?cs gfssing i

s&pﬁiﬂﬂﬁi%&oﬁaﬂﬁdﬁcdbmdwd Thisgpitel?mieliiphiesnoidbckenessd@dilished.

o e ool L SOSRR P F 1535Be T99YE by e hatof
the photoresist lines 124 and spaces 122 (Figure 5) originally formed by photolithography.
Advantageously, 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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With further reference to Figure 19, an intermediate level 330 is located

between underlying level 320 and overlying level 840. Advantageously,
W@80{7/027558 mteimediate level 3RS TAPWAGE33421

a thickness 831 of less than 1 pm. Preferably, level 330 has a thickness

831 dfipetevt2illuedaies amihooediaie lavysiciedredherityistiinerandwstedaned to as
a3 K A RLERP I AR RRORT o 1ov L UGHNAHIR1RIEMS10 can be

iellides contacts 732 and insu ating material 834. In contrast to the

foemdbfione at ihssledieg irafeigalrd 32 tasiogritecpsopsttipselesetihpdioboot in relation

taper, having appraxj ly-the same width at their,lo tremity than
o R LU0 St Mook e i i A 40 SRR to e
upprer honvien. dfahexabsptae thEOveigitvi8 3 Bigtiresupddr. edddeityiegbntelc320 can be

732 js Jess than the wjdth 237, Indeed, the width 837 at the er.ends is )
ot G LT, T ETe B A B At Rt i R ot S For
exbdd1d,E gaetagtshédd arphivager if Rdirsklonibataiessesdihe hlafeinies 222

the cross section shown, so that the Crosﬁ?f section ill%zgates a critic

0SS, al
SheARISHEBT He cOFRAcRES733% sePAaim TS EALLES, tre-cBiftatisiasrgpehes 224
sefmediésioshaRID MUHIHCAIRN 179 pes diaY heos spaaet sTohaRipgioimately

Increase feature-density in one dimension. Thus, the contacts 732 have
5Qruns aRRaSHAR G Widthe’ fatEPatatopbie FPRSETE bRy SERidRIR Bigligpreferably

abbt 8l five illustrated features 322 abut a corresponding contact 732. In
fact, the contacts 732 have similar spacing to that of both the features 322
and tRBGVEASaFY bif oftgigieias e#slying| heysme38mbbinidatsingre preferably

fomﬁtﬁ&&%ola&g%tﬁ@&ﬁ%ﬁiﬁﬂ%ﬂtﬂ%@%%ie% dEQBXATE IS eatueRs 4-11.

may have comers that are less sharply-defined than those of the

Iniiths rarerénata s Figorer| uhomeyes, tieapidiunonisp dnadecasaemmgplished that
WS GNS 200 FeRI0YRS BldBFCONARK 1 Bas Dbk YRR FAM o the underlying

illustration in Figure 19. In a preferred embodiment, the contacts 732 are

haydysiiskolaystiug8Qn Figure 12 illustrates that the spacers 175 can be advantageously
aligned so that the spaces between them directly overlie the features 322. Thus, the
insulating layer is overlaid by one or multiple layers of masking material. In this
embodiment, the spacers 175 and corresponding hard mask material 150 comprise the
masking material. The spacers 175 are supported by the hard-mask material 150, which
can have the properties described in relation to layer 150 of Figures 4-11.

Figure 13 illustrates a cross-sectional plan view taken along lines 13—13 of Figure
12. The insulating material 334 can be seen underlying and supporting the spacers 175.
The spacers 175 can form a mask or a pattern that allows etching steps to affect all the
exposed surfaces except those blocked by the spacers 175. The spacers 175 are illustrated
schematically, and not necessarily proportionally. For example, spacers can have a length
381. The length 381 is longer than the width 379 of any particular spacer 175 or the
width 377 between the spacers 175. Thus, the spacers 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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advantageous embodiments, the contacts 732 connect elements of
memory arrays; however, such contacts can connect portions of any

WQ I BaPevice or component to any other electrical device 8€T/US2006/033421
component.  Furthermore, the contacts 732 preferably have a width 833

coxertbi ipaereiifemithopregadiarsl 26handiBie mesrirably, bverbegs iBustrated
wilﬁié&%{%l u% oy r&@ﬁ%ﬂ&r%w&iﬁ%ﬁﬂwﬂg\/ﬁ%@ JF PPRIXUUER AL UR0 and

e, the wi 833 can be réduced below 50 nm. As described

thelspaesrsdiitacts T3 Blpwie ralalproavedstien witchingldtiphioe ifSsadigure 14B). The

mension, reas in a ' i 0 iz IS .
s LR AR AT S Gl TSR i Aot contact vias
assatpiaitiedibeley slbhvweretattsare prebedibiyifics rledghiosgicae finifienatdy extend

a pitch-multiplied pattern; creation of windqws.through conventional .
o R GHL T bR L e e A S A Bt s the window
43itchaneintisdvenilainicandoaigiirgl aigthndfichviasethooy ghray colitomgld only one
mask that results from the .superposition. Moreover, the principles and
SO A T L e SER S DO o9 KOS ccordance
witthichdwaistsioede enaskdpatiasnswiavipgeditidrgntiastichl dimeisions/gidows for
_combined to form circuijt features (Sﬂquh as contacts..  Accordingly, it will

sigglignspusiyielsspardte fedemahecaitthyias dpbthe SHIEF 8Hi¥sions,

additignsirRgnadiiicatiaes mayhessede ie e Breiha deeand @i E3resth shield
described above without departing from the scope of the invention. All

the ydsHyARRYRESIAREAGE Y arl HiHRY 5 arcRndimask 4Xdgrdope spacers
11he pypitiopcameefinedmeieiapranded caiBmeyV Pl GLAMMEDHSH two
1. A‘method of making conductive features in an integrated circuit, the
SUREIAY CSnwaHeTAg: The window 482 in the second mask 480 has a length 483 and a
width 481. The length 483 is long enough to cross multiple spacers in the spacers’ pitch-
multiplied dimension, preferably across the entire array. In the view of Figure 14A, the
pitch-multiplied dimension is the horizontal dimension extending left and right across the
page. The width 481 of window 482, however, is not wide enough to fully expose any of
the elongate loops that comprise the spacers 175 as shown in Figure 13. Preferably, the
width 481 is wide enough to be lithographically definable through conventional
photolithography. Preferably, neither the width 481 nor the width 483 of window 482 is
as short as the critical dimension. In a preferred embodiment, window 482 is fully
definable using conventional (as opposed to pitch-multiplied) techniques. Thus, width
481 of window 482 is definable using non pitch-reduced photolithography. For example,
in a preferred embodiment, the width 481 is in a range of approximately 100 nm to
approximately 200 nm.

The second mask 480 can be formed from a selectively definable layer having the
properties described with respect to selectively definable layer 120 of Figure 4. For
example, the second mask 480 is preferably formed of a photoresist.

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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using photolithography to form a plurality of lines in a mask material, said
lines having a pitch; applying a spacer material over the lines;
W 2003M@RATAZEa spacer etch to produce a pattern of spacers haRedERIeEtp3421
pitch relative to the lines, the spacers extending along spacer axes;
clappderdjmenbiop afidin ssicopd aattcmpiviotmasttigphgervaskidtiet B3hiavimger than
[ i : [ e . .
e A RS il e dimension
ohwadiipdstonE ol aveyncedyiecthaysanet thekddl By eiffigune Idask longer in the

attern or the pat spacers tg cr lots.in. the underlying layer,
o B T e O e AR U 6 patemn
fanddble spaeys rEThoving thetapesishy thadlbpaetéedwatesials patteds Téeye multiple
method of Claim 1, wherein. etching away,comprises.causing the slots to
PRI ST SO BTy APV LT BE S B Shfs oncovered
byviherghio tdrestanatuditvef ¢aterésoh adaduingty e Bndedmales) gnsidexisndow 482,

N N T KT T T,
TROSNEHES@Eond mask 480 can be described as a photolithography mask pattern applied
to the spacers 175. The window 482 can be described as an opening in the second mask
480 having an elongate dimension 483 that crosses the pattern of the spacers 175. The
elongate dimension of window 482 “crosses” the spacers because it is not parallel to the
elongate dimension of the spacers 175. Advantageously, the elongate dimension of
window 482 can be parallel to the critical, or pitch-reduced dimension of the spacers 175.
Preferably, the elongate dimension of window 482 is perpendicular to the elongate
dimension of the spacers 175.

In some advantageous embodiments, the spacer pattern shown in Figure 13 can be
first coated with a planarizing material such as BARC for planarization and anti-
reflectivity. For example, the planarizing material can fill the spaces in between the
spacers, creating a flat surface overlying the top of the spacers. This hard mask (not
shown) can then have a mask with the same pattern as the second mask 480 created on top
of it. If the hard mask layer is created, an extra etch step may be required to remove the
hard mask material when the time comes. Thus, the pattern of Figure 14A can be made
directly with the selectively definable layer 480, as shown, or the second mask pattern can
be transferred to an intervening hard mask layer to arrive at the pattern of Figure 14A.

Figure 14B illustrates a cross section taken along the lines 14B—14B shown in
Figure 14A. The window 482 in the second mask 480 allows the spacers 175 and some of
the underlying insulating material 334 to be exposed. The length 483 of the window 482
is also illustrated. This perspective also illustrates 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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forming a first plurality of lines in a photoresist; and transferring a pattern
of the first plurality of lines into the mask material. 4. The method of
W@aMH027Werein filling the slots comprises defining bitline coRtAAESAYQe/033421

memory array. 5. The method of Claim 1, wherein filling the slots

17<§omprlse§a§éfmiﬁ@ieldnmct@m RO fidenyineharg maskslaype riethognshielded
poﬁ%'ﬁg %ﬁ"‘t’ﬂ%r ':SMJ A0 gS%E‘”&?Qf%ﬂ%&%ys%ﬁed%ﬁﬂm%é’@o&?ﬁ?a [ has been

otoresist an tra e patterns to the’mask material comprising
ef&ttavdlmmmferremome sigleothdériimighardvnaske [}ammgch that the second mask
H}O%) eS defini t% %clﬁ}ﬁ)é] gtg 48! One advantage of

Sterning the pat erns 0 > the Rar ask comprising a ectrc
swhtaﬂeaﬂﬂmtgememaﬂ ng reduce ﬂlerfﬁemeer]b@ﬁ @iamﬁﬂwh&mdunﬁg]@le etch.

BT (T e T —
the)malimdﬁg matenal 334. The second mask 480 and the spacers 175 have protected
portions of the insulating material 334 from etchant materials, allowing the vias 584 to
extend down through the insulating material 334 until the vias 584 reach the features 322.
The etch is preferably a directional etch or an anisotropic etch so that the sidewalls of the
vias 584 are vertical. The insulating material 334 can comprise BPSG, TEOS, or SiO,,
for example. Preferably the etchant material used to create the vias 584 is selective and
stops on the features 322.

The vias 584 are preferably configured to receive an electrically conductive
material such as metal. Furthermore, the vias 584 are preferably positioned to allow
formation of an electrically conductive contact that connects underlying features such as
the transistor source regions represented by the features 322 with other components (for
example, bit lines) in an overlying level. Thus, the vias 584 can be advantageously
formed in an intermediate level 330 after the features 322 have already been formed in an
underlying level 320. The intermediate level can be formed from any insulating material.

In the illustrated embodiment, vias 584 were formed in level 330 before spacers
and second mask 480 were removed. However, in some embodiments, the second pattern
can be transferred to a hard mask layer prior to the etch. Furthermore, both the patterns
can be consolidated onto an underlying hard mask prior to the etch. Thus, the resist of the
preferred second mask and the spacers can be removed and the hard mask employed to
pattern the via etch.

Figure 16 is a cross-sectional view of the vias 584 and the insulating material 334
in an alternating pattern. The spacers 175 and the second mask 480 have 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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9. The method of Claim 1, wherein using photolithography comprises
defining patterns in photoresist and transferring the patterns to the mask

WOAEARI 3 mprising amorphous carbon. 10. The method RETIESI04/033421
wherein applying to the pattern of spacers comprises providing the

USFOIBIRREERARAL dnasioneh Tirib oHoRe ohgABobpemitgendRAdhat dscexposed
IHQRION QhFBYLRIBIOWE 9851 0ifore thelasT i1 MAILREAI fHgim 1. further

comprising m_odifyiRgethe plurality of lines prior to applying the spacer
materfagpending oxiberpherpeirtscnypivedwihe racetsHiny addyersemdsmask 480

[~aljalale! Fale tigl erpyio sferri
Cptatterrﬁg g%% s%?%%ﬁ%@%c%yin%ﬁlgigﬁg g%gg helpﬁe%%%éigg ’C%%B%Zg st can be
SiRgFeiriinsravrangionel périppingf aBensiots toxyesuibdertyiplgsaper The remaining
nﬁ%mﬂgSﬁﬁ%ﬁgﬁf%{m%éor%dggﬁl%ygem ﬁréa%tchingl%ha—/%(ra @?%%q?cd 10];nechanical
Claim™1, wherein applying to the pattern of spacers Comprises providing
ptislopediRitHmsengtndiodignitste) dhigaidvanisgebas teastr®®® the photoresist and

0 , 15 The.method of Claim.1, wherein fjlling,the slois ;
o ot S et Tl L A X rgfucive

matenal that 1an Heephaeshiaedob CialtMIP, whler@imfﬂﬁylgtﬂhe SIWBrimﬁimS_the hard
“ﬁiﬁ%ﬁﬁ%@%&%&gwg& gs electrical contacts configured for use in

Figure 17 illustrates the structure shown in Figure 16 after the vias 584 have been
filled with a contact material 732. Preferably, the contact material 732 fills the vias 584
completely. The contact material 732 typically overflows the vias 584 to form an excess
layer 740 above the intermediate level 330. The contact material 732 can be any
electrically conducting material. In a preferred embodiment, the contact material 732 is
doped polysilicon. In some embodiments, the contact material can be a conductive metal
such as tungsten, copper, or aluminum, or a metallic compound, such as an alloy, a metal
silicide, etc. The contact material often includes multiple layers. For example, a titanjum
adhesion layer, a metal nitride barrier layer, and a metal filler layer can all be used in
combination. Such liner and filler conductive materials can be deposited by any of a
variety of methods, depending upon the material. Such methods include CVD, ALD,
PVD, electroplating, and related selective processes, such as selective CVD.

Figure 18A illustrates a cross-sectional view of a plurality of contacts 732 after the
overflow contact material 740 has been etched away. The contacts 732 are
advantageously aligned with the features 322 in a one-to-one alignment. Because the
contacts 732 have been formed using a spacer process, their critical dimension is
compatible with the critical dimension of the features 322.

Figure 18B illustrates a cross-sectional plan view of the contacts 732. As this
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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17. The method of Claim 1, wherein filling the slots comprises forming the
conductive features as electrical contacts formed within a memory array.

WQ 200TH27TANthod of Claim 1, wherein etching away portions cdfapAgg406/033421
leaving photoresist from the photolithography mask pattern overlapping

Fitithetroprattaerl Bresp Addref cachepntasd fHeiroadypuiaprus)yvieirsminhpartly by
tﬁe@e‘itﬂtﬁisgrspa%ﬁ&éﬁﬂ%ﬁ%ﬁ%Qﬁg%ﬁt}xﬁti‘&%vge&m%ﬁ ﬁe(ﬁﬁc le material, such

dimension of less than 70 nanometers. 20. The method aim 1,
agpRYEHeEsinlying to the pattern of spacers further comprises providing the

photoaaarapiyMasteP AU MBS AREHNGNAYING 3 S8 section. In
axis that does not cross thé elongate spacer axes, the opening having a
levrdsr3abagdtSHbriher dduitigtastishar aat¢ésiatics 50 Henimmegtets] circudtlard similar to

R RUSIATIRURY SRR £3,3FES° GJRORLR Ui S B thcts 232 of
Figure 2, the contacts 732 match the pitch of the features 322 and overlying bit or digit
lines 842 as described further below.

With reference to Figure 19, in an underlying substrate level 320, the features 322
and trenches 324 advantageously have the characteristics described with respect to
features 222 and 322 of Figures 2 and 12-17.

With further reference to Figure 19, an overlying level 840 can include bit or digit
lines 842. These lines 842 preferably have the characteristics of the lines 242 of Figure 2.
Similarly, the widths 843 and 845 of the lines 842 and gaps 844 have the characteristics of
widths 243 and 245, described in Figure 2. Furthermore, thickness 841 can have the
characteristics of thickness 241 described above and illustrated in Figure 2.

With further reference to Figure 19, an intermediate level 330 is located between
underlying level 320 and overlying level 840. Advantageously, the intermediate level 330
can have a thickness 831 of less than 1 pm. Preferably, level 330 has a thickness 831 of
between 100nm and 700nm. In a preferred embodiment, level 330 has a thickness 831 of
approximately 500nm.

The intermediate level 330 includes contacts 732 and insulating material 834. In
contrast to the embodiment illustrated in Figure 2, the contacts 732 preferably do not
taper, having approximately the same width at their lower extremity than they do at their
upper extremity. Moreover, the contacts 732 of Figure 19 are thinner. For example, the
width 837 at the upper end of the contacts 732 is less than the width 237. Indeed, the
width 837 at the upper ends is approximately the same as the width 833 at the lower ends
of the contacts 732. The contacts 732 are longer in a dimension that 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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a series of contacts between the transistors and bitlines, the contacts
having a width defined by pitch multiplication and having a length defined

WO YedfyeIional photolithography. 22. The computer menR$iY/BpR4Q6dr33421
Claim 21, wherein the transistors have a width of less than approximately

19 0ol firemibbvsizated feptres d Borbtiteparierhonding spraetaidy dn, fadietedreontacts
d OIN&aY,
T oo [, <l o or e
lipsssB¥an approximately 70 nanometers. 25. The computer memory
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cﬁi&ims&ﬂﬁthdmﬂmthéamdihyofdﬂjeﬁmmmetﬂhsﬁmwnxmmtma same as

the Cqﬂc%l dlgrrre]: er}?e'ﬁn o Q) 1trrnae% IStt res contacts 732 are polysilicon plugs. In
advantageous embodiments, the contacts 732 connect elements of memory arrays;
however, such contacts can connect portions of any electrical device or component to any
other electrical device or component.

Furthermore, the contacts 732 preferably have a width 833 at their lower extremity
of less than 120 nm. More preferably, width 833 is less than 70 nm. Even more
preferably, width 833 is approximately 50 nm. In the future, the width 833 can be
reduced below 50 nm.

As described above, contacts 732 preferably have been pitch multiplied in one
dimension, whereas in another dimension contact size 732 ié more elongate, having been
defined through photolithography. Furthermore, as set forth above, such contacts are
preferably formed through definition of a pitch-multiplied pattern; creation of windows
through conventional photolithography processes; superposition of the windows over the
pitch-multiplied pattern; and etching of contact vias through a combined mask that results
from the superposition.

Moreover, the principles and advantages discussed herein are applicable to a
variety of contexts in which two or more mask patterns having different critical
dimensions are combined to form circuit features such as contacts.

Accordingly, it will be appreciated by those skilled in the art that various other
omissions, additions and modifications may be made to the methods and 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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29. The computer memory array of Claim 21, wherein the width of the
contacts is approximately the same as the critical dimension of the
bitlines. 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 length of the contacts is
greater than 100 nanometers. 32. The computer memory array of
Claim 21, wherein the length of the contacts is approximately 200

WHA T#8eRiRiED |S:33. An integrated circuit comprising: multiple transistors

havmg a pitch width; multiple overlying digit lines having a pitch width; and
1. A method of maklng conductive features in an integrated circuit, the method

comprising:

using photolithography to form a plurality of lines in a mask material, said lines
having a pitch;

applying a spacer material over the lines;

performing a spacer etch to produce a pattern of spacers having reduced pitch
relative to the lines, the spacers extending along spacer axes,

applying to the pattern of spacers a photolithography mask pattern having an
opening, the opening having an elongate axis that crosses the elongate spacer axes and a
width of less than about 200 nm;

etching away portions of an underlying layer not masked by either the mask
pattern or the pattern of spacers to create sots in the underlying layer,

filling the slots with conductive material to create the conductive features; and

selectively removing the masking and spacer materias.

2. The method of Claim 1, wherein etching away comprises causing the slots to be
elongate in a dimension generally paralel to the spacer axes, and wherein the conductive
features are accordingly elongate along an axis parallel to the spacer axes.

3. The method of Claim 1, wherein using photolithography to form the plurdity of lines
in the mask material comprises.

forming afirst plurality of linesin a photoresist; and
transferring a pattern of the first plurality of linesinto the mask material.

4. The method of Claim 1, wherein filling the slots comprises defining bitline contacts
inamemory 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 materia 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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multiple electrical contacts extending vertically between the transistors
and digit lines, the contacts having a pitch width that approximates the
pitch widths of the transistors and digit lines, wherein the electrical
contacts have widths defined by pitch multiplication and lengths defined
by photolithography. 34. The integrated circuit of Claim 33, wherein
the electrical contacts are arranged in multiple rows. 35. The
integrated circuit of Claim 33, wherein the lengths are less than about 200

NEN. The RRATREF CTRHEY, MRERAVLTHEPRGSIlHYZbnY B6RGIN BEdaNIHY patterns
in pholtsorlgss'gttgr?g t?gn%lfjérﬁgg ?hrg'patterns to the hard mask comprising a silicon-rich silicon
oxynitride.

9. The method of Claim 1, wherein using photolithography comprises defining patterns
in photoresist and transferring the patterns to the mask material comprising amorphous carbon.

10. The method of Claim 1, wherein applying to the pattern of spacers comprises
providing the photolithography mask pattern with more than one opening, leading to the creation
of multiple rows of dots.

11. The method of Claim 1, further comprising modifying the plurality of lines prior to
applying the spacer material.

12. The method of Clam 1, wherein etching away portions comprises etching away
portions of acarbon layer prior to transferring a pattern of slots to the underlying layer.

13. The method of Claim 12, wherein transferring the pattern of the slots to the
underlying layer comprises transferring to an insulating material.

14. The method of Claim 1, wherein applying to the pattern of spacers comprises
providing the opening with a length along its elongate axis of at least 200 nanometers.

15. The method of Claim 1, wherein filling the slots comprises forming the conductive
features as bitline contacts in a memory array.

16. The method of Claim 1, wherein filling the slots comprises 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.

21. A computer memory array comprising:
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aseries of transistors,
aseries of bitlines overlying the transistors; and
a series of contacts between the transistors and bitlines, the contacts having a
width defined by pitch multiplication and having a length defined by conventional
photolithography.
22. The computer memory array of Claim 21, wherein the transistors have a width of less
than approximately 70 nanometers.
23. The computer memory array of Claim 21, wherein the transistors have a width of
approximately 50 nanometers.
24. The computer memory array of Claim 21, wherein the bitlines have a width of less
than approximately 70 nanometers.
25. The computer memory array of Claim 21, wherein the bitlines have a width of
approximately 50 nanometers.
26. The computer memory array of Claim 21, wherein the contacts have a width of less
than 70 nanometers.
27. The computer memory array of Clam 21, wherein the contacts have a width of
approximately 50 nanometers.
28. The computer memory array of Claim 21, wherein the width of the contacts is
approximately the same as the critical dimension of the transistors.
29. The computer memory array of Claim 21, wherein the width of the contacts is
approximately the same as the critical dimension of the bitlines.
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 length of the contactsis greater
than 100 nanometers.
32. The computer memory array of Claim 21, wherein the length of the contacts is
approximately 200 nanometers.
33. Anintegrated circuit comprising:
multiple transistors having a pitch width;
multiple overlying digit lines having a pitch width; and
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multiple electrical contacts extending vertically between the transistors and digit
lines, the contacts having a pitch width that approximates the pitch widths of the
transistors and digit lines, wherein the electrical contacts have widths defined by pitch
multiplication and lengths defined by photolithography.
34. The integrated circuit of Claim 33, wherein the electrical contacts are arranged in

multiple rows.

35. Theintegrated circuit of Claim 33, wherein the lengths are less than about 200 nm.
36. The computer memory array of Claim 21, wherein the length is less than about 200

nm.
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