B e e, A itairs A S st o s e

WD 2006/ 104634 PCTI US2006/ 007333 | NTEGRATED Cl RCUI T
FABRI CATION Priority Application [0001] This
application clains the benefit of U S. Provisional
Palosh lication 60/666,031 (filed 28 March .
The egﬁtﬂlofgwdl sclosure of this priority appli c%%?fﬁ%OP@°°7333
hereby incorporated by reference herein. Reference to
Rel at ed Applications [0002] This application is rel ated
to U.S. Patent Application 10/932,993 (filed 1

Sept enber 2004; ererEheak O EQ$fenM cron
Docket 2003- 143%1,6%0/ us)y, U S@UFI’!: ent App?lf%atl on

10/ 934,778 (filed 2 Septenber 2004, Attorney Docket

M CRON. 294A; M cron Doc@lo_nﬂw 00/ US), U.S.

it or 0P s Rl iy ko ESGE et B0 frovisional Patnt

OQﬁﬁldﬁﬂbﬂJS))/%GJOSl (fret o3t MARR! 10081.1 QRe ]aﬁfu%?’&sﬁéilré fof 186 priority
2 Septenber 2004; Attorney Docket M CRON. 296A; M cron

w&’l@%ﬁ%m@rémmwm}ssl by isfeenpdesin  Appl i catl on (filed
concurrently herewith; Attorney Docket M CRON. 313A;

M cron Docket 2004-1065.001US), U.S. Provi sional

Pat ent Application R%e&ﬁ@ﬁ&&jédA@ﬁcmnsmr ch 2005;

Attor n% Dock% M CRON. 316PR; M cron Dock

2004- 11080100/ P arplingtion fsselated foHS. Rpisns r%mhcé%on 10/932,993 (filed

SRR o SRCR Al s s,

cUOrdt eRtesf Aglplicationt h8/984,77%| (Gleed 2a;$|apuemaén @094; sAthefigb\Docket

iR BRI R0 Tt L0arces psh BN P ARpication 10931,77

ggﬂl&f a1l Wil Bstl Q@rﬁgr%@l%f'nﬁ&d%i NRIHO1G2 5Rn’Mg?d()}f Itﬂﬂ[é& 2004-

s eci fi cal to maski ng techni ques. Backgroun
RO, S)OE?’fentnAQ]dtcatl@d 10034811 &filad & Septeihero2®dy Attorney

B TRERATZAL Ml “Ta B ohF Gl 0 etsns gpicaton

n moder n (f@éde@bﬁcﬂﬁbﬁtﬁz GeeWah; FHBHRY ODSoket NRICGHGE. 3@§A Micron
the integrated circuit constituent featur es, such

eIP@@qetr 2004~ 1R5,004dS), RS- ProvesienshPatent Applcatiodt 6662, %23 (filed 15
AaRnIRBEEAIAG BRALL RHEUEI PRE v BT 8L ABELGT 109, and

sush &stesly nﬁp@lﬁ:ahoﬂ/‘l)l 2/@%98@4@3& Pgr/ Nﬁ\%ooﬁfO@ 073838rme? Docket
random access neno

OO R85 %%PPO@F%%QQ‘} 99)5%8%@5) aé&l@s%l‘ﬂmaﬁ%ﬁ@m of all of these
(relé@a'\épghcg&s]asngﬁgr%@ T Grpbralei by rFBRRMerdi P91 € gate

arra

Field of the Invention

[0003] The present invention relates generally to integrated circuit fabrication,

and more specifically to masking techniques.

Background of the Invention
[0004] Integrated circuits are continuously being made smaller as demand for

portability, computing power, memory capacity and energy efficiency in modern
electronics grows, Therefore, the size of the integrated eircuit constituent features, such
as electrical devices and interconnect line widths, is also decreasing continuously. The

trend of decreasing feature size is evident in memory circuits or devices such as dynamic




[ 0005] For exanple, DRAMtypically conprises mllions

of identical circuit elenents, known as nenory cells.

In its nost general form a nenory cell typically
CRSIobd/Reel two electrical devices: a storage gapRsich@forsss
and an access field effect tnansistor. Each nenory

cell is an addressable |ocation that can store one

binary digit ("bit} data, A Dbit can be witten to
i %?ﬂé&@%@%{ PRENC Do RO APV RETE, static random
C BeveSlam oty TeSR R4OY, %‘Fuef‘elcﬁﬁt(f‘@ﬁ fefrRR, 1418 AL BFRRGBA so forth.

el ectrode Side. By decreasing the siZes of constituent
el ect r [(985] deior examepiel RRAM: typidalty porgprisen esiliohat! adotes circuit

them the sizes of the ry _devices.i.ncorporatin .

¢ REBe oG E & finobt Sl r Bt MO SR SPGY dygerion bl ypically
C apits o oGideiral dévives:eafaelgddapiditol hitDar R 6ss TRIMDE Yect transistor.,
cells into the nenpry devices. FOOOG] As another
eXathmenory cglhs sreaddispsablcolpoation st ean siore one bisayl djgit (“bit”) of data,

enas: | ry._or. . EEPROM') |s
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typical flash nor conprises a nmenory array, whic
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calliSecl; : I ' fi ff ' -

b RGP HePlhiths 1A B defigitol 1H6L, SEA0P bh8les can bo
détcensidrinditiyg troee memag el iab thbmemory dafickhe charge in

the fl ing gate. .The cells are usuglly grouped into

sect | o@b@al I angfhgrsgxag}piec @.Sh m?WQWr&%?’Sﬁnﬁ’g% Ieiecgfcalé}' erasable
f yc i mal; I, i " ',
e G AN G Of it o Fypically
| raed amd repro giamibied an blocktscnsteadenf Coebyts atotipbed typicd flash memory
"strings" of cells uch that .each cell .i s coupl.ed

| RS p s it R dn R UG TRED of FEROhGF N dbe memory
Obd1RMindldd Hfl6ting Bere BRI dif6: tALisRE EHIAB: of RNirgS dhiirge. The data in

within an erase bl ock can be electrically programred in
a2 ol A derimanedsbib theahenceteny abbruce obtei dhgragan éhe fhging gate. The

il ' " b
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C aleh®ry atrdyhee 8RRy Rragkd intd € "MORS eldhitdtnae 820 bl directly coupled

operation, [0007]. _The pitch of a pattern is defined as

t Fea ditdingh ek ap. n angAttecHER (Gellacoumhest o ['wiripggd of cells, such that
nej I . . r e

CELNTAN A gpet b RSB st o
otthiep flxyaccess)ralhe cells, wishie lan @msablobn $id Bé @lectically programmed in a

conquctor,.  Thus, pitch can be_understood as the sum of
C R g By Tping B G SreTHR hereesmn Ok emeisgdom the floating
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PaeeseaDE) Odrdaeperdion0008] | n one enbodi nent of the
present..thavention, .a gethod fo efini.ng,. patterns in., ..
DTt g o mh? Picf o E BRE LElerfpit o it s R Fepy hgentica
f paitil 12 Swb Nnedghibiotiig patdint feataeE.St Thay ekatiih N@e typically defined by

phot ol i t hogr aphy_oqver first region of a substrate.
PPREOKes 1, afid spaced from each other by, a material, such as an insulator or conductor.

Thus, pitch can be understood as the sum of the width of a feature and the width of the

space separating that feature from a neighboring feature.

Summary of the Invention



mul tiplication is used to produce at |east two features

in a lower masking |l ayer for each feature in the

phot oresi st |layer. The features in the | ower masking

| ayer include | ooped ends. A second photoresist |ayer
cwoengs/m4sz@cond region of the substrate incl udpgutddesionssss

| ooped ends in the | ower masking |ayer. A pattern of
trenches is etched in the substrate through the

feat urgpogin t e oho\WRfhofBRKl Qﬁthle%%enﬁ’\intvgﬁﬂntn &t 1‘&91‘115‘(9 ﬁbxndeﬁnmg
the second region. The trenches have a trehch w d

[ 08B9]s i amriotegeiedesityodi qvemprises definangpe qdenatityi aﬁ/&aturesnm a first

ARPEea By o SRRy RYY e 11 deion e 1 PR, Pitch
statidplicatltel HUSS B [HHb@REE hlelstitRo FUNBCH Mdkr falkiHg qﬁyblt $or each

of conductive plugs, an insulating film overlying t

c e in e pbpt@@@lst laypioviBhe feefdtes i rlowemaqlmrgglamenclude looped
| S st o Blor AR 80 oY, LfecBRPREIR BT BBl ne e

t heped emisrm mlﬁsllowleﬁmﬁklmﬂiyérhe& iittedy oDfrerRBaCRlstched\ in the substrate
gjgon at{}qy mask ,is fornmed over a portion of the

fsptupss ipfhetawergpasking dgver without gichingds therseensdegien. The
| RercSs @arvggxre%h@mgers The |ower mask |ayer and the

sacrificial m can be etched selectively with respect
t o t he[008%]c ondammpotivm sknbodimentse ¢ind frieginBinvértiom ameﬁiodhﬁ'&hakmg a

and ortiqgn of the | ower mask, | ayer exposed. The
Bl P copfstve et B aay chig Yo vidiiat Ehagieck. gis i stack
aARAIAXP R ShiBGrats mpwnftdcp Qitffa {3 éiuk LEe Sﬁuxilge aﬁ\msummg film
plurality of trenches areeche In the In

f pramyinghthe coinetivanplags, Iaéwwr makdayeheveshorg the cmmlanhg ffibm, and an

ose at rt i on t he conductive. plugs
AR Fpiretieysh BT ek [ b FBHDCTA i oS overthe
Slbwfe GRslt fayémﬂ th@ sy spabis € ANREbIErRhNES ForfARE @b erdSbrtion of
| nsul atin I min a damascene process. [0010] In
e tshrsii l‘v‘éﬁ%ﬁ%@ g tseesmdaryi anagk defings an apeing ivrfhe arrsseefrpdcers. The

ofow%i‘ tIr?algk &59& tah@ lﬂ{l Cgatchﬁaalf i 9&{%‘1@ gt%ﬁtgd I’.e%&tt&%lg IIFIP I sps:&t to the

I ntegrated-circui I'SeS provi

f baestidarpataesin g The @e(bﬁﬁﬁml ﬁlnp&:r étﬂfeﬂ&dd ta@otteddl Grethafovadt ek layer is
of spacer_ lines over the substrate. The spacer |ines

a?@°§%1paifa% aihpd %zﬁb?rtﬁoa}nﬂﬁ?ﬁ B¢ rg%ﬁse oua(els@@&ﬁéaymmd grgposing a
Ph&GES St ihe nﬁﬁfafng% ?iﬁﬂ hoplm ﬁﬁ@&% ?9 BreBEd fnffe EORGRIe film, the

| Tnes an I nt'erconnects
aloweg sk éagnex; rand fthet MHﬂmIeﬁiirratoemXpowaIdéast a Aoplonrdafl the yonductive

of trenc are e in the bet ween the spa

PHES e R e GBS T PN o A GHRR SEAGE o thgp formed,
Of lterfRfng betwcBE feld atd B IRARS f@ﬁtﬂ@aﬁnm&éﬁ%@%g l'i nes.

The inte rated circuit is provided wt

subst a0l | yIpkeegther mﬁm’c o tbp gmoemtlpn,ommhodvﬁ pitch
Z%bgﬁ%aﬁgél ?1%0}?%” LE{SSt%:BIQ qg" %@ZI i an i {eﬁra%eé] &lﬁ({]uhtan(%%gr]nses providing a
f aibeiratg Al ﬁxmagam@quema ipbri@ap @ &¢ting a@Brdy sH§Rbdraines over the
conprises_usi ng 2111I i thographic, technigue to pattern a

f P02l sTRet SHACRF s e SRPPioHd By BINGIANGYLSF &psy | M esgcond masking
Phro6dis Mbdriinbd & b1BB: & $6Hi0h GH e spacer lines and that defines a plurality of

interconnects in a logic region of the integrated circuit. A plurality of trenches are etched

in the gaps between the spacer lines. A metal layer is deposited to form a plurality of
metal lines in the gaps between the spacer lines. The integrated circuit is provided with a

substantially planar surface in a damascene process.



is used to forma pattern of spacers around a region
defined by the plurality of lines. The spacers

conpri se elongate | oops having | oop ends. A second

resist layer is deposited over the |oop ends to define
awd medmdsaegi on of the substrate. The method f;élfﬁlglﬁ,bﬁmonss
conprises selectively etching through the spacers t

froma plurality of trenches in the substrate V\/lthout

tGL g hi 'E)ngw jrf]]gg h ?%)%h%éi %%g%&%léaﬁpc?f t%ggfcfgént 8{1{919 L 90498 of forming

i mitepgatedt eidbuiti coowichentmnm alsniisﬁguea:bmpnsesmsmlgl d htha@ﬁplﬁatdcﬂiﬂque to
techniq es i 11 ust n.the, acco an ing. . . )
SO ST pRioE ey SRR | plohlky S o B eogiginegon techique
Theuwss AWoRES RABRIJESSackRSrdual |a %gl&gdé‘ﬁne@ b§the l%yaﬁ& HHliffes. The
not necessarily drawn to scale. figures

n BRREeIa Pempringi ebaneate|lodps hpeing bop Pﬂﬁl@“} Selﬁmgimeelsﬂ IAyEII'SS @pomted over

L g g T K T

C 5cd&$ivelQ GidhdipathrotighWhe kpdcb® 16 Uhed hafl@ray &fl @aticBed A the substrate
after an_anisotropic etch process transferring the

&Ry sichivgin thedleckedragionary | ayer. [0015] Figure 1Cis
a cross-sectional view of the substrate of Figure 1B
after renoval of the nmask lines and an isotropic
"shrink" etch. [OOlBheH)@Baﬂﬂ:thfiﬂ&IaraMS secti onal

Vi ew Ol{ﬂpi,ﬁe subst rate 0 igure 1C after’ Dbl anket

deposi of EXCENA | Ofoi‘hen’é]ﬁ?ﬁf@% qlfé"f”tfs japd t igtegrated
tamrf%rycah@,y%ehm&%%@ gﬁgt&%% ke éc% gé QAL are for
view of the substrate of Figure 1D |ret|ona

s;jlaaefeatwetputpomsomé};s The dravengs qointpcike ﬁml fbllp\h!mg(flmt whizh are not

Or spacers. e 1F.iS a Cross-s i onal view

e RS it Qe Ity o e R iR e 8% 1

mandr ejo13]l Ooﬁ%hre':hg W £crdsd RcifonaCHEHRE 'a%uBé%&té’lﬁﬁYﬁ&q @ity of
exenplary partially formed integrated circuit %

Fmgely lineg farmed thesdsanat i ¢, cross-sectional side view of

LPe PRI el 5 B SRR Bt el P8 Fifn 4 st

| i #fietropie etdhtRo@idSink RErng tﬁ@ﬁgﬂdpaﬁbﬁqﬁt@ alethBordry layer.
schematic, cross-sectional side view of the partially
f or med0PHlegr Biger 1§ iscuifrossotectigngliview pidhe sbstate of ﬁgumwlB after

P%#U@ngg%/%%%p%&ﬁ%dg%fmﬁsé%%gl é\,ﬂﬁg 32 schemati c,

Cr 0Ss-[88nd]i onBlgusd H®ivi enessofectidgl piawtdfahd Mlbstfrﬂé 6?9‘1 ure 1C after’
integrated circuit of Figure 4 after form ng

n]%}é’é@‘elt dSnepItion g & BRAGET, mf{‘%@ 88 mpndsels keffem%te@pg@%lﬁmn c,
Cross-@ePf]l ONplauil #85s Wi BYs-Rotibhi vRAY &1 1R bibstrate of Figure 1D after a

directional spacer etch process to leave pitch-multiplied features or spacers.

[0018] Figure 1F is é cross-sectional view of the subsirate of Figure 1E after
removal of the mandrels.

[0019] Figure 2 is a schematic top view of an exemplary partially formed
integrated circuit.

[0020] Figure 3 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 2 after forming a plurality of pitch-multiplied features
in and over ’ﬁhe substrate.

[0021] Figure 4 is a schematic, cross-sectional side view of the partially

formed integrated circuit of Figure 3 after forming an insulating fitm thereover.



formed integrated circuit of Figure 5 after formng a
plurality of spacers thereover. [0024] Figure 6B is a
schematic top view of the partially fornmed integrated
circuit of Figure 6A. [0025] Figure 7 is a schenmatic,
cwesnegmatdonal side view of the partially fopae@si06007333
integrated circuit of Figures6A after deposition of a
bottomantireflective coating ( BARC') thereover.

[ 0026]rafd~,qur eg: i8$:a,S j T aseGhi QR oF :
Vi ew J? g%zﬂe S%gttﬁieafllf}a é(l:])lgllﬁrr,gﬁcid ’ %?Sgggcgt&el% %ihéfcw t ngftﬂg partially
Rogmedan#gmtdieirchioofBiged affr frsimgahdrdohaskdayes ilsteover,

rew dPR3ha” JFARELA ° ot b Enpigy srebionel SecPy o e Parialy
FﬂoﬁH&ﬁn’%ﬁra_tJdQ@?@i} of Fighte® adtet ﬁnﬁin%‘élbﬁﬁiﬁlgt}y ©f spacers thereover.

cross-sectional side view of the part ly forned

i nt egrl6@24d ciFiguitobofs Fegumeti@mpa¥iee rof dhe himhiglly fermed integrated

bot t ntireflective coating. [0029] Figure 10Ais a

scé]ﬁg‘?r%ﬁ@}ue w of the partially fornmed integrated

crr CUI[DOZ% Figigiire P iatfat @dhehied)i dighslsbRioRar Sdemsde | FY8E partially

through the spacers_and the second photoresist ) )
itegtates qiyoall of Figre o efersdeppiiton el boitom anireBective eoating

[ to a spacer |oop. [0030] Figure 10Bis a

g@%@%a%ﬂ@%e?g% of the partially forned integrated

ci rcuifpozy] FiEigire #A af hesch@haio] osd-betibm] didensisw| efy@E partially

t hrough the spacers _and the second . phat oresi st )

plamped fntegrpied wirewf ok Figusy dsaftes dpimadian ofle Aecans motorsist pattern

leRgif0f a spacer loop. [0031] Figure 11 is a -

schematic, cross-sectional view of the partially forned

I nt egr[@024] ciFiguiet8Ris Fsdhemetid Gh wdiverf thd phitinlly formed integrated

i nsul aéi ng filmand renoving the photoresist, the BARC

AUl REF ‘s, [0032] Figure 12 is a schematic,

Cross-ges I on@ibudi 8V Of sdnBBaar drbsdlsbitioch @ BRE view of the partially
integrated circuit of Figure 11 after deposition of a

clonmeciniegmtadeinevit af Fighrerddoafer ¢icllio® 88]bofpupantireflgctive cating.

sche ] cross-secti.onal . view of th artj.ally fornmed

it oo ¢l REde: T 2P qurs. Sevept HRcliR bafored Hegrated
NBfHAR TR urdb ARSY btdidhg @ IRECHASSIakE (hidAEh eeRdcers BMBhE second
Fi gure is a flowhart illustrating an exenpl ary

pithotoaesist pafterf;dhayingy is & efosnsoation takenealong: alifrceasprndicalapfora spacer
gt ructures disclosed herein. WD 2006/ 104634
' Us2006/ 007333 6 [0035] Figure 15 is a schematic

top vijessmf aFipadet 168 liy of @hemdic iewgsfathedpargallyC Birined integrated
! cqrcclml:cl Ccl)if T 1gu§e? 8%%21‘ Ltglgigg thaenlijarda mgslfz laalyerl t%r%%rgﬁ the spacers and the second
photoresist pattern; the view is a cross-section {aken along the length of a spacer loop.
{0031]  Figure 11 is a schematic, cross-sectional view of the partially formed
integrated circuit of Figure 10A after etching insulating film and removing the
photoresist, the BARC and the spacers.
{0032]  Figure 12 is a schematic, cross-sectional view of the partially formed
integrated circuit of Figure 11 after deposition of a conductive material thereover.
[0033]  Figure 13 is a schematic, cross-sectional view of the partially formed
integrated circuit of Figure 12 after a chemical mechanical planarization process is
performed.

[0034] Figure 14 is a flowchart illustrating an exemplary process for forming

certain of the integrated circuit structures disclosed herein.



[0036] Figure 16 is a schematic, cross-sectional view

of the partially formed integrated circuit of Figure

13, further including an overhead contact between the
awiodnos/fogggyon and the peripheral region. [00371,(:51[]%)55007333
17A is a layout view of a firgst mask forned by

phot ol |thograph| c process; the first mask defl nes a

pl ur alj ndr 038]. Figure 17B is
D ew 40351 90 FHRRELE Ba nnihie tuf Vi BLR iRt Bhged intopreted
Fﬂnbﬁﬂﬂmaﬂdiﬂ h&@ldo@@aﬂ@clh&ianuﬁeron t he mandrel s of

Figure 17A. [0039] Figure 17Cis a |ayout view of
par t i dPO3p]f orFieereiftie grogheeptic) sretrrsectivrgl wiswy qfythe parnally formed

t t:

qgt{é%r‘gr ﬁ dé {ﬁlf:%ff F?%fféa %%%@ﬁ%%l}ﬂ]@i @égerﬁh%ﬁ (go%‘?a%ff)etween the array
Eegﬁeam&ﬁeﬁaﬂtpiﬁrair&rgt@ [ 0040] The continual reduction in
feat ur )| ace ver greater .dema ds hni ques
used tO0FTdr m HiEer diy et TRGRL eXSpPE, £5 mak Borhied by e
?ﬁgt?‘?iltﬂo i JSBésé, TheTRIRAL YetiRed gheamp %Hn%ﬁd}elf eat ures,

on a substrate. concept of pitch can
be usdﬂlﬂi&]; dﬁgtmei 168 it h@ysutzxeembf 4 fpese fagamnuwbedgnedyepetforming

t.i h di at | th,
st dpult e e g TRt Hataetr olBS R s Mt mum
pitch b@i W VbR 17fCeﬁté“la?/§utCﬁB®Q$f @?aﬁ@]ﬂﬁ%ﬂn‘l’e@ﬁh@@ﬂaﬁ circuit

Thus, the m ni mum pitch o hot ol i t hographi c

tforhad iyLappbeation jof ﬁewefhmﬁabmgﬁkzte theagterer patern pHOigude 17B.

Pitch doubling is one nethod proposed for extending the
capabilities of photolithographic techniques beyond

thei r nini mum Deiailed Desieiption oERefered Bnibblinwhtsat ed i n
Figures 1A-1F and is described in U S Patent No.

5, 328, 188491 (i sThreepniipual grdjctiangnfeatyrg gize places &ver geraiop depads on

AegtBESudef 18 REBIBORARA. B! Gafho Y pl IR ORIy i rfimonty goed 0
tpmttémr feamrgaakhodr @ bfies) bmmssub@tratm d'hphanospe sifspitchanparbe used to
overlyln a layer 20 of a enporar r expendabl e
el e o Gt fertes. 365 & 9B %&%ﬁ&ﬁgﬁﬁ&%% Fpdiation
%ﬁveﬂ:ﬁ h@w@@e[' f ORI g?éﬁﬁ% @é%ﬁﬁlaﬁéstlﬁﬁg AR Gitl elow which

but aré nhot |imted to 193 run, 248 rimor

S surem cadiwt divofemmed rerhaglurr eTmB, tltehmupmumepnwha i a tphetelithographic
@:ﬁusferre{j bty %@I et chéjl?l such as an ani sotropic
WP S L Tpgiare SR I “|ayer 20, thereby forning
pl acehgbfigr s pz"tchr@)ﬁglﬁ]%ﬁ 0f®methb@ piBedea fesdxtdndidgRBScabibilities of
can be stripped and the mandrels 40 can be

i ghotalishsigeaphioyteehniduss) bexoni fkgieminimumenighs (Saplk e myakegeis fllustrated
ne 'E%‘@%WA‘QF%H‘%J &ésa b%ﬁm A5, SRR NGB ﬁgg%gls;@d &é\ Jhlgy@m), the
eposited over

acer nater subsequentT

téhﬁreﬁ&ldbﬁir@ oﬂﬁ‘rhlcaﬁs Biaﬁl\pnraltdd lﬁr@m bg re]fEienﬁp aWethSBﬁﬂana& ® Figure
WO 2006/ 10463 PCT/ US20 6/ 07333 l%j qr ned on
SV& 069 m{‘?%a rg B s ¢ gc’rﬁ"r %ﬂ’@?% 4 atiey SR ngft?rﬁ%mt layer

SRRAGH h8lof afts &[%BM% @%én&élﬂ% AhteS Ml frAGERLERIA30. Common
di rectl ona spacer as shown in Figure |E. The
wavelengths which are used in perfomnng the photolithography include, but are not
limited to, 157 nm, 193 nm, 248 nm or 365 nm. As shown in Figure 1B, the pattern is
then transferred by an etch step, such as an anisotropic etch step, to the temporary layer
20, thereby forming placeholders or mandrels 40. The photoresist lines 10 can be stripped
and the mandrels 40 can be isotropically etched to increase the distance between
neighboring mandrels 40, as shown in Figure 1C. A layer 50 of spacer material is

subsequently deposited over the mandrels 40, as shown in Figure 1. Spacers 60 are



remai ning mandrels 40 are then renoved, |eaving behind
only the spacers 60, which together act as a nmask for
patterning, as shown in Figure IF. Thus, where a given
patd Mhghosgsaea fornerly defined one feature andppgs 6/007333
space (each having a width F7 for a pitch of g? tﬁe
sane pattern area now i ncludes two features and two

i/l ﬁﬁ? gém‘geﬁgzlnﬁg% Elﬁ?&d?_g’fﬁe Eﬁaﬁ@’éﬁ lrj@ rPSrq)réfglt% Hpalgﬁe\f lﬁ% @ne\%ger material

f éatouthe hosizasalpwsesds| ie a/\ﬂltehnenab bp)iced ettihogrshptvindn Figure 1E. The

t echni.que | ffectively decreased usi ng the itc ,
BTG SR 406t To0FSEoU FEVEROOBITY S cpegare 4 which
h&joy@el dch ad Qﬁlﬂ%%h@@tﬁ’iﬁ@"ﬁ@ shdvil & Fx?ﬂb‘ G Tﬁus theRd 4 éit?en pattern

is conventionally ref erred to as pi I"i ng, ,
malce fggwgly;geﬁyed pie fhture’ ang Qnempa@aﬁeathﬂavmgqawmlth I, for a pitch of

gp):,/ G sﬁn n)}nz;llﬂ%]avgcfu/ El‘ude(sj 3& %atﬁ]ﬁ% aﬁﬁ%ﬂasgggel‘sh a% defined by

f apicas 60 T&h@h @@ﬂﬁg BtHARNF, e ApiRBloBFY. Tsnsef@indly W86l smallest feature
herei n. Note that b{ for nj n spacers upon spacers, the

d&Fe @awbée it & PBolieBaEHC lesnie tif effeciivelyedpstagsedriny ssing the
o on refers to the process generally,
ggar sé{%lﬂ'l’}fnq@{we nunber of tinmes the spacer formation

pr ocesgl(mfs] emwWidleele p{tﬂﬂiﬂ%&uﬂﬁﬁlﬁl@d it e dxayn@le &Gv@fthls reduction
spacer mat eri al l’gﬁ Ig has a ngl e thjickness

(Sedlieh furenertpnghy TPEyTed 4p dis EE [ Seusling. s Pb GOy getnﬁ@ﬂya pitch
f . S b r

| SBHUEABE T80, SORARAR IR o RS20 0B
t ypuallyl inyolves ofucies theattch by tiok fm‘(bly dhe cnnvinkional termmology is

PR SRy Suipi oS Hieheect Aol RS Szo o

Cbé EihbSddoydabedial Thvs, GRdh ﬁ:lump%éitﬁ))&&efe{:?sfto MR Bbdess géﬂeﬁﬂ@ N@gardless
logic circuits in the so-called ‘periphery". In

apFig §wnbﬁe)f r‘ﬁ?ﬁ’é the specst fosmatica nrycmswemlqy@ﬁn ect ed by
cond Ctol nduct .
[in eg y p | C aI éa&%% 5 léﬁf g@ gf sgj%eﬁ g%a g‘&? (l:cglr%i ?last 7 glﬁél\e/ Whicknoss

ap &es Fignrdso @nd E’E), iafadh Bécﬁhseftﬁamuése@f the tﬁsahlr&sfohﬁétﬂbﬁ ﬂle spacers
pads, however, can be |arger than the conductive lin

Aé%l.l{quéla'apwespor%r@pﬁlé? Aickpessc P9 th) pitgaydeubling Jewna%w “pically
ﬁﬁﬁée%tf&ftﬁ‘e bfokl %B@%hy}ﬂo%&@rmﬁeﬁﬁ@?de&fcﬁ&g Eﬁé}l include features
devices in t e ar reover, everm if perip eral
f eftififierent ciacs. b%)rfaamnp]d wanddm bivessaamorypiitontts Bpicaliy contam arrays
array, the flexjbjlity required.to define cjrcuits
C ob Pyl £ Ha Al mer ARTE - adie ey, the memory

Padisi &4 |tﬁﬁ$a‘11y' Jomﬁéb?edp@ Ecﬁfdﬁ@ﬁv@rlﬁleb laffd,t R0kt %eﬁﬂ&é@ﬁ thd @bnductive
can be fornmed al ong the sidewal |s of resist patterns.

10@@4131318@1&5& chlt@p dandehenpadh detsconpecting rapapy top bogice r Reyipheral features
t he a%rl ac?sn ?o@g\rertaﬁ @ 1 odﬂﬂoduf com{ﬁcﬁgs e% [ﬁ&aemonaﬂy,

MasKs. I one ne I'Ts
ppé;rqﬁeﬁb wbelctritgl aegicess &wbht & fransivicrs Spaqreefeablt Biger Wi @lectrical
onpri.ses spacer . | oops

pi.cal l C VWD 2006/ 104634 )
p@ﬁlmmé@ Begy3 Moreaver, pvgh i neEphw fartugs e be ?%1&@1 wifh the same
t BRctess BY a8 RN 18fibiBty RARTA 16 WiTLeirch e Rill HpR@E9RE: be possible

using a single mask, particularly if the patterns are limited to those that can be formed

along the sidewalls of resist patterns.
[0044]  Some proposed methods for forming patterns at the periphery and at
the array involve three separate masks. For example, in one method, a first mask and

pitch doubling are used to form a spacer pattern, which typically comprises spacer loops
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mask is perforned to forma second pattern in another
region of the chip, such as the peripheral region of a
menory device. This second peripheral pattern is forned
| WoRobdo@é34 overlying the spacer pattern. Thi SPﬁP/ﬁ@fﬂﬁﬁmmsss
the central portion of the sgacer | oops while the

| ooped ends of the spacers are | eft exposed to an
et;g hy [ d
o e S EeE Ship AR b Hrb R ffmoEH AR, 1o, o sond
arvagslris pedorted do dem prseqccadd patteni inrenotBet i'egidneof thb@hipegich as the
space%1 at Lter De and the,t ﬂ,afoat t eﬁﬁn are

1RSech i G Rembiichitor MB AR RS podam iformsd in a laver

baveilghe therspacat pateent. OTIES cmﬂﬁh& Y@l §#881 6BhE spabbi 1%ops while the
all ows features having different sizes-as conpared
edetped eAéy ot seasers Gplaficapessd than erslyag @rockEso p'Ehetloa ﬂerd mask is
f gf ffﬁlgnédr}.? 56 fﬂhgfa a&erH %ﬁa'tt %ﬁfdgé mE ?c{ts %Q/o? the per1phera1

er connec

f e'egwll eBothalm mhepﬂ»eﬂp S]wct:ﬂ'palttbm aﬁaﬂ&l@@tﬂ:urﬂ PafEn aﬁaatﬁezbﬁ‘ansferred to an

con i,dat e %hfeatures in the circuit array region,
g%ftﬁs HeTSHrly cat bheghed glalin tol #p wisgyaggbstrae. This

W'a!l[?w& Eﬁmﬁ'&rkﬁgfﬁg@fferbrﬁﬂfzgy eds 5&%ng#§ ?échhc?c%(gt G 8Y compared to the

devel oped for formng feature ITferent sizes,

e§p@@1‘ éqopgf—p) be tﬁormsﬂitm phe ecbuftemtiplieeal regian. Sych features include, for

o st R PinfHboRBed B, { et eptyRisso pRip STiuthoPatgs loops, an be
S bsdoliahted WAk feanRbd i6 Mhd @lc8WatriFreBbA 48H ThPbd ﬁms&fueﬁtﬁﬁetched

phot ol i t hogr aphi ¢ techni que used for processing t
subst r $#4045 Addntacmrémcy W@bﬂheafwemdmmneé tcel:qules have been

u af 8 v ng arrays of electrica
dzi\%/?eétgeps, tlgﬁg']f’ i S% fé";E}(%ogl et %\DfE Sl%?? EVAS Qﬁ‘{jp{?&}} “Ipftiplied features
amdwngeﬂxmpbﬁgpMﬁmﬁenory deV|ces such as DRAM read
only rrem)ég ROM' flash nenory and gate arra
s,

such dé¥ %P%raaﬁl PRAPQAIBFAtE RESt 8t deanta prieern ¢ mﬁrwferred toa
f d

| PR & pitch B0 BisHinlALE pRUIPGE B8 1535, AN ghAAR YEknk e nsca
cdmwpmbassmglthep ndtstrbtiet hadditgmtally, &rﬂaﬁ]ahhbod:mzeﬁt@ rei Ibanged to form

f aLureEX such as, cont 35 at Wf E ri pheries of the
cRPREs FEBR A L AR AL i dastiing: Detourasts arys and volatle and
f abAveR kil HMenforfRERAE subeyd SRASRS, ?ea'dl Iﬁgﬁg“k Ng’lj]s ash b memory

figures and are descri bed herer'n. ure
a and gaigi asayHf Iraﬁucélx@wmeargltcb amﬂtlplﬁdaymi a‘ébusabht @edform, for example

PR Efe Sl i TinntiEVe e e FoEp et e chigp. while

r e@h@ﬂhd;ﬁl“rphdtbhmbérbpﬂ%ﬁls e B8 darghofeatuts! flchtaB@ontacts, at the
|nteqrated circuit_100 is fabricated, the array 102

wPPPheyips fdthe ghipsy Besadary H}ﬁ@ﬁﬁg sieRscin e ¢ougssrif feltricang a memory
o SR APy ﬁ??gﬁe el 00" o tarn

capacitors e used to form

f eat ur g4 t ﬁ@u&r rQayhcrv@g laotop 102w 6f afli S@tipteyd aeifAlyNfabricated
t he ot her t he erip era region 104

0 t?gé?fsﬁ? Plyfm’il'hﬂ% u el o dAPERery © ezl ATEhEsgon; 192 i garounded

apy aypefi flﬂéraﬁﬁegﬂl@@@él Crryia el a@?ﬁ:l:laﬂh QR dffepﬁgsﬁﬁfégﬁte dClI‘Clllt 100 is

rat her itch multiplica is typically use

V\@bzeged,fb%gw b@rw@ggmﬂm(bygtg@selygpopulated with conducting lines and

electrical devices such as transistors and capacitors. Pitch multiplication can be used to

- form features in the array region 102, as discussed herein. On the other hand, the
peripheral region 104 optionally includes features larger than those in the array region

102. Conventional photolithography, rather than pitch multiplication, is typically used to



ek S i i

pattern these | arger features, exanples of which

i ncl ude various types of logic circuitry. The

geonetric conplexity of the logic circuits located in

t e pogiopsyar al regi on 104 makes wusing pitch Pcnmsﬂmw07xn |
mul tiplication difficult. Inecontrast, the regular gr|£
typical of array patterns is condu0|ve to pitch

aLLan v C e

T L, 0 o BT R B0 ek Bt iy

drie gte@medne ¢binbRaity 60ths logd ¢itcsits Iohae@bmhapmmrap irdpfdm 104 makes

nultlpllcatlon | ess_advant ageous_ t han con entloqa

vtk FRRisHPoREoulic i PR bte oRHar BDPIBP gy peltorns i
r r

R A et o sl o ol

dridd sy ssquire Jirgersgeb@Rtrias duseioi aidzo@grahtcemlstr@lntsc dharetfyOfakiag pitch
nts.

e plgeast BSE L BERPBHa TRy e BT 15 soch covices, o

fAARfHoA 36 BoksitldAifBleAsRn Bdl4tRedistalQfhdhielii € pdsitidRCAddthE Bumber of
portions of the array region 102 and the perip hera

rrsgipavalregionsUdiragd arrptisgions 10701 tapinipetatasifircuiy 400 gan vary in other
QW%{?hIE% of trenches are etched into a substrate 108,

a 1€ trenches are filled with an insulator 105,

such geo48] oXPpigtre 3THh6ws b Paitlabireys-st&onkisviaw foif ﬂierar'uaHy fabricated
i solation layer, and in an exenplary enbodjnment is

siRtsBt2Ed cirevib AEETS 3) muéwg(pogtpps pt qhsylé'fw ¥8i984 ¢ end thﬁ pgripheral
I
o190 PR R o 03 Ml B Bk et o

es‘inbsiﬂaltefrm&‘, and thescS@ches arel éiflod ivith dn anmilatiemidiS sustl.as[:0048. The
er_inter vel dielectri | LD") .insu 06
PR tob i £ el Bolstot 19 it ab erabelee R EeAS dofaliow
théch LRI F%’I?t) Clﬁ%é? gde‘fygﬁfeach DB AS daidy fhiddman gHIW*Y,Nspin-on
conductive p one enmbodi nent, ~the conductive
pﬂl@lgcsIIQ![(SQiB’r}pﬂQVSﬁH %&Eﬁﬁwg@eas | Inra@ egbmpbwm@duln@mghe SOD is
hert %élﬁgally conductive materials can be used in
‘Wg? THEL Portions of an etch stop |ayer 112,

such geo49]ni t Ah dBper aﬂt@ﬂleveﬁﬂlelectﬁb gtIoBeyinemetor { feis formed over the
i nsul ator 106; the etch stog- %er 112 is used in th

f sibsieats oRd @pnt@ﬁés mage diyergh /be JL1 J96 Pyiohing eqmtach hipies and filling
S‘E‘Elg { %}g@g;lg? lljj § llﬂsuﬂn%]ﬁr ?%%lﬂlém a{He%ﬁﬁuéﬂv‘: %oﬁ% 110 comprlse

I nt er face. wever, In other e i ments
t ey yesailirad ahcolﬂﬁtbmighrtdher elécirihatly yombotiee tiuterials can be used in
|nterface as, illustra [ Fi gur.e,

substrate d
[@b@O mlPCH{‘?‘ ‘eX@ nﬁr%f LN NN { < SPh 8% IHtrlde layer, are

n%fgsgd Byerlihe u’fsﬁl@foi" 1166;5th€ @ich Rtop! Ilafer aANbay ukddinGhe IRRatidn of the
l'er than the feature size in peripheral region

1@tdudtiveqriegs Eifboli petain emh@dlmcnid,u&lﬁlm-‘éﬂmm@@ is1@ligngd gvith the
t f
bR TR LY S0 8 Lo

Sé.l@ﬁﬂiaﬁidﬂem suaﬂﬂt@mugfﬁit@faye 3@11hmraaﬁmamgm>31 mately 100
nm Nbregfreferably, the c ctive plugs ?tﬁ .
f eat url@03lze bdhoeksinpigpe p %q 1yu§@te§ %ﬁf%ﬁ e feature size in

ﬁ)ij'l( @Eo‘il 289 siAler hedtCihe faBRE 28 irSing ?@nﬁ&'}alt@gﬁon 104. In one

con e plugs 110 can be used 1 n oth nbodi nent s.

Achtibddimer) thv\@)ﬁﬁﬁﬁvelﬂnﬁsm ORET¢ BS2006 526 P8 3pproximately S0 nm. Ina
preferred embodiment, the conductive plugs 110 have a feature size between
approximately 30 nm and approximately 100 nm. More preferably, the conductive plugs
have a feature size between approximately 32.5 nm and approximately 65 nm. Other

feature sizes for the conductive plugs 110 can be used in other embodiments. Additional



10 details regarding the techniques used to formthe
conductive plugs are provided in U S. Patent

Application (filed concurrently herewith; Attorney
Deakmvs/10883¢RON. 313A; M cron Docket 2004- 1065. 0BEREY 2006007333
[0051] As illustrated in Figwe 4, an insulator film

114 in which damascene trenches are to be fornmed is

depiati teperdingethe tdtBinfoubs st a6 Forinl thb SbARLEF: pNgFh@YrSrided in U.S.
In one enbodinent, the insulator fi In1conpr|ses an

uﬁ’afaafp etPRJicEHeN film _such (lsdarporsargatly | hevewilspositaraey  Docket

@@ﬁmkﬁﬁ t ECS'), while in
ot her eﬁgoégggﬁ%%q?ﬁﬁ%“?wgdpg%Sw&lJIn1conpr|ses a doped
oxi de {0058} suchillasrddSE KgwP3Gan QidnBkorfinr 0¥ Hewhich damascene

insul.ators can, be used in still other enbodi nents. In
o FoRSHER Blecip e dwtsdi 1h Bostiad pver foilmustesk Mpgtiaferin Higire 3. In one

d
SepiaNinte 1 AL PSRNt SEEBOEIAAE A ANV e
Adedsiteds firoat datrai pthy gljﬂncemﬁqata (FEEQS Dpshilt dy esthdrl émbatiments the

de t over_the filmll on

e TRk S cPnisRLp FoRGEREISID. st 3¢ SRSt SeBSG e Brop-oride
Sidsu@s ol bBQWE HOEHIE bHERbRbEsns ambg a@ﬁgw e%t}%em the
enbodi ments. [0053] As illustrated in Figure 6A,
plasplgior fiymdfl4dpdenspitedrie @ thickneshearsapanding to tﬂmecomelmommgm to be

|§¥ﬁk %&@mnhagggdg%&ﬁplary enbodi ment, the spacers are

orne usi ng doubl i ng technlque such as that

i |l ust [oas2d | m\_sl-'illmﬂfa&ﬁ ith A‘hgut‘d’ 8 Ugherd maslt! $y8i01 1€ deposited over the
dlsc#ose phot oresi st mask, transfer to a tenporary

| pulator fdRgt kldpi I ame ebadimeap dheohard srask &ayst 116 comprises amorphous
eXROR, a&%@%& FRRbials CAED 3 6 & AHRoL ' ow

t enper at ur xide materia at can
sel ect [0983)y V\APIShlluﬂlsiFedClﬂ Figord 6, ajﬂdﬂﬂlhymmﬁm ti1 818 Kormed over

I r For i n, one odi nent the spacers
a%ef&é%%ﬁi By lieg(a’:{‘p PP SRR SRS Sh doeied using &
| Pitet addMihn Gtgdhﬁﬂju%ﬁéh aé Rt IPRESLS iR F%Qg@sp PR thRdeh SN dsing the

an atom c layer ~deposition process. mpl ary
néiselpsed] thftmeSlﬁfh@a@paw@B@r ithal teposAry ileson xsmilmim etch and spacer

S t ch: lL.line silicon an

T BEST o it res? SUEENEAT Y BRet PR o fermbebiure oxide
c antepiapihactah Ge bRYEORIectbely Reth réspbRYs fib @ﬂd&lyﬁms&d WRSK Byer 116.
conductive material js to be deposited. In the

eXSnplaEmRe, 1B A8 FIFROAGY hesthasire T feppsitadr a ssRmpersgre less than
Ot 46 BT & Y&k ér%ﬂ{b'o&nﬁeln{égﬂf%aa%lg %{)@t g osﬁéﬁn&kﬁ%ﬁ/ ftomic layer
ry enbo

plugs 110. [0055] In an exénp
s écamslﬂlgn lpedosee nEKhnp]ﬂgaanSali 1@ thndpacetseinglaps silizbn oxide, silicon

varl arr ion 102 and the periphera
“gen ‘tﬂéi m@fﬁﬂ%%ﬁ“ ngﬂ%@id circuit 100. This is
f ur t hefoos4] us Beatees tﬂe&ﬁEdegsun% a@eléafs Whi et é&{@ﬁa{& 16 3gdidhs of the

shows a top view of e spacers 118 and th
i PitegEafechicHgnih afherel sonduptivay rr@teatgl & $o bel dqp@sxtedt edn W exemplary

289?&&%&3&@%&&’%?%@&:9 06?‘?,3&13 gaps 120 are vertically aligned with the

conductive plugs 110.

[0055] In an exemplary embodiment, the spacing between the spacers 118 and
the gaps 120 varies between the array region 102 and the peripheral region 104 of the
integrated cirouit 100. This is further illustrated in Figure 6B, which schematically shows

a top view of the spacers 118 and the intervening gaps 120.  Figure 6B also illustrates



it that the spacers 118 generally follow the outline of
the lines formed in the photo definable |ayer, thereby
formng a plurality of |ooped ends 124. [0056] As

| Wiousbdgriggd in Figure 7, a BARC 122 is appli edp@Vg&20bddirass
spacers 118. The BARC 122 ig optionally applied in a

spi n-on process, thereby providing a substantially

P r_surf , I BA ' [ ver. th
SRR s PEE e LG Tl ol Sk B0y ol gt
rlegds) thaebynfoaningtatpduralipfof popéddndsiz4. 126 bei ng

deposited over the inteqrated circuit. ' The photoresi st

pat t erfAOI6f i n%%‘”ém%?t?ﬁcﬁ&iglfr% di DRARLAY22 it prplied oyrdhe spacers 118,
I 124 of: r: : l.ne a0
BRI 4 okl RRAEETS | RN ASLLLCReRE B
i Sibsthritially rpddoed sinfacki gAftersthe BARC dE2 vis epjplicinaves Bhg sogpers 118, a

Vi ew).. . illustrated in Figure 8B, in_an | ar .

ciseot medets Rt Bl ren & B B P ST 126 beine
Sipegicd o&é&h@hte’grﬁﬁpciﬂeaﬂﬁTh@ﬂfbtdrﬁsi@;%‘a\ﬁ&ﬂ defddsta bidcRBA £BRn that
spacer | ooped ends 124 by a Ig]?&P 120b. The gaps 120a,

1hlotks deeclonmnesdiends 1a# 98 egiatsnt 115 andrisfigescensdormaek oppripgs 128 in

RS B8 R SRR o BRI o v,

depanstsateNintigurd 8B| thean @8@blaty é@ibodfmén éhe second mask is spaced apart
phot ol i t hographj ¢ process, which in one enbodinent is

2SS0 449 aceTDbl by 2 & Hda) #ddhsraned 2RarERIm eripages logped gngs 124
o8 S0 20 PR RO PRl b o
enekyedi toihet spacelr patéom.exenpl ary embodi ment, the spacers

118 in the ciycuit aryay region 04 .are sufficjently.
spac edoéﬁ?zr t XF"E‘R{ it enfdhe pnipym: Wity BPBgmngs 128
Fé}e?t‘ﬂﬂeon | 4L S48 nx%ﬁl%tgiéig of ﬁh@tﬂﬂﬁfoliﬂﬁé}%bﬁicofomﬁz&g, Whicih in one

egrated circuit. | ] I'n an exenpl ary enbodi nent,
afnhlmdirndng iseclowoes k@8 ki, svipdy heneitber, enatneim@ARCASIRY 45535 nm, and
etched, as illustrated in Figure 9. ..ln.a nodifie .
Rt PRESHERRER ot Rttt o miehPaclihl tfiheased in ofter
| @fbddehéts. t Beabbagitdy keBbdithend, Shel shadted €18 BOthk Qirdiit array region
internedi ate | ayer before etching the BARC. In such

ehfoaienerficientht spavedianaté P agllop eentagihd3BARD @[ Rded sto provide

I ..0f. the spacers 118.
ﬁ%@ﬁ@ﬁgﬁ%ﬁ@&légﬁﬂF)gﬂjfeg#?%\%%gé%@ﬁtén etch of the hard
mask 1[6938] 11, an seinphurg ambdiBmen] fd itveedeyoel mbgkdis wetfbrmed, the
respect to the spacers 118. The resultinp trucfure is
| BRBG 12216 staned R liverated A FIgWe e 1 2anedielembpdimeptafhe pattem

Vi I Aok e PRARE NG C ih SRa
AR 52 LSRR Ul 18, 8788 et 0
vinermedikie tayat befgret diching i ARG Iesush ambpdilnsois Jintetmediatee layer or

ient, th tgh | tch .
BRI Do b et Sl B SIS i i P oS
phot orjegsqt 12fe BARMARE id Zdiowied tyosmesich BY tRMhAX ndtek layer 116,

etch. I n such enbodi nents, the oxide etch will renove

bohish etebasisbactivdy stpbed witkiresnpsbiodhe froev dhb Bhe feplting structure is
'G}{I@%a%d% Fidde N 44 fvnifR & £FAORUELIAS R Dced 1np o Bk HE ARt icular

to a spacer loop) and in Figure 10B (which is a cross-sectional view taken along the

length of a spacer loop). In one embodiment, the hard mask etch is a dry etch process.
This is followed by successive removal of the photoresist 126 and BARC 122, followed
by an oxide etch, In such embodintents, the oxide stch will remove both the spacers 118

and exposed portions of the insulator film 114, The conductive plugs 110 provide an etch



WO 2006/ 104634 PCT/ US2006/ 007333 12 stop. The

resulting structure, which is illustrated in Figure 11,

i ncludes a pattern of trenches exposing the conductive
RV 9fcAdddzd n the array region 102, and a patt edr@z2006/007333
other openings 128 in the hgrd mask | ayer 116 in the

peri pheral region 104. This sequence advantageously

| owers.the effective a ct ratio for :
STt i Fproe i PAREls IRk & Pl 1y 606 o bl o
i ttdnuisds leRp&iehgl the Forglutts plOA 1406h 48 Brrapregtonhi®d, aid dypuitern of other
prior- renpval of the spacers, 118. The BARC 1@% isr,
openisan i 28 i fethapd mapk Layso il frivnthe Peﬂﬁ@r iifgipn d04. This sequence

S s afpe] ’ iV $or HROGEAcHBE 92N SRR dified
' Jgpﬁgag%ﬁﬁpﬁégﬁﬁhgg §$%BF?S$%%5?&%%gd%tch processesa e
i dohbeslimenteble insulEtog filres! 14 Glystrh@B imRigurks 1848\eadtldBds atshed without

consol i dat e, two nmas atterns: the. ftern f d by ..
(T Sl Gt BEaeris HE: redyhagraie S05hEbnem il 1o ombodments
Pahdr&h Phel Rb AR Adiefifl8s ndthelRfiRsi st 126 in the

peripheral region. This effectively forns a

super 68401 onRQg'aTCEwg ofjihewi thet treadee raig , foypeds htha ptefpgprocesses
tching . 2 : in_
AUkRe e o S0P AR AT AR SRS HOREEED g fucfhe: me

theteseRans Pk epasisSt18liayey arddGegi0 0621 hndshd pditest foah&bby the
in Figure 12, in an_exenplary enbodi nent conductive,_
rishotaresist 12600 ithe peviohergbpraiom: cbhip gidectively fpams ¢ gpepposition of two
for [Nt eg ' Wt j I ;
YT phHES LIS Sl SRR, 106kl e 15
crepaucti teintptaed ctcult300 noiSwivtrabbyethe sembud photersait layardR&

i ncl ude, bhut are not |imted ,. titaniu titani um )
i 11 V6T ks EBREe E SHHR A1 iPi AR FPAER ogpductve
e %Héﬂ%g EARRALIRAG ovieP e PRRERE Fdri¥Bd Bk RBA akcuﬁ @g®nally, the

eposited to a thickness sufficient such that th _
vihalé shaskr lapshl M6 @t teniaved theforpalepositimy of ghef pordudtiveAfnaterial 130,

deposjtion of the conductive material. chenm cal... . .
nSHAIR eoBRuctse R T Be Rt ot Jed dg. HERyL ftguomm nitide,
SRR&AL QarltNemCARSHECIHA Soppbr. t IE ah eRBIGHIES, &ABoAIRERY itk conductive

the“integrated circuit wth a planar surface, The
r melgfiali 13§ is dengeitadrte ajthicknesysificiens quehnthatrthewiidest tsench width in the
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shlanizafies (‘UM quecksh ¢y aded tb Sseparateithie donductetg i theldenches and
As illustrated, a plurality of features are defineﬁ in._ .
apiovids they intsgrsted|cirguit with a 2Hngh sos ddesssubmestEct s p Hipstrated in
dﬁl' e13i n an operational block 150. Exanpl es of resist
Ia;égr&s that can be used to define the features are

phot or @962t | Ayfiovechan dhistrptivigrinesdemplsiygrodesyfor SarmBzpsedain of the
on these features, i tch ltiplicati.,on i.s used fo.
Bt SHep ges dPeclss it BB pro e i Yo A yotsed. o
| BYfiity b fafrQPRE Abfiiddh DfiRetesibblyerl i A dRGifeiefl of the memory
enbodi'nment, the spacer |oops are forned over th

) e
pdevtier ined aperstional fobask 1585 Fxamples ghfesishiayerp dhaf gasbe used to define

preferred be .[,8Sd i S ) b
DL ERE o SHRSE IR alind RS el pl?%egsgsgggegoo%h@ese features,
epiié afltipliatiopacesedltodpfne a plurality of spacer loops in a lower masking layer

in an operational block 152. In a modified embodiment, the spacer loops are formed over
the patterned resist features, although this is less preferred because resist is generally
unable to withstand spacer deposition and etch processes. The ends of the spacer loops

are blocked with a second resist layer that also defines features in a periphery region of



are bl ocked with a second resi st Payer that al so
defines features in a periphery region of WO
2006/ 104634 PCUUS2006/ 007333 13 the integrated circuit

iwoameapgat i onal bl ock 156. After the second yEsi$hos07333
| ayer is applied, an insulatsng |ayer in the gaps
bet ween the spacers is etched, the etching being
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qRktb@Radutl as BgREdre) cfoﬁfaﬁﬁs eieel@ﬁofsl, @miﬂiamnﬂgztwﬂnblodehgﬂempacer
the array region 102 and the peripheral region 104.
THAPRs. is illustrated in operational block 166 of Figure

14. Fgh %6%@ n'plklg'maiﬁﬂ ChibGRRRG! e Fﬁrggeﬁﬁmftéi’édﬁgcté Rre@lso optionally

pl ane "above t amascene struc IllTustrated in

Fisgd toefoiB eledtnicalesoangtiensdfetwesn hheaerrraf_‘yw@mh bQi’cHndctMQwhenalsreglon

provided in Figure 16. over head
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provi de a top-down view of an exenplary enbod] nent
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17A i1l r at f 4 daf
e A S0y & b E DR e g e
np@k 134 is defi ned in a layer of photoreS|st
material, although in other enbodinents the fjrst nmask

134 i s[09¢4insf Bigrwsdl Ho thipestn 57C prayide 2 &QR-fovgs vigi of an exemplary

SRR T DR B B L 1% PSR s
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erformng a pitch doubli n t echni que on t
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5n%ufe§% Meivh Qorflthd 1%9 I other layers of the integrated circuit.

[0065]  Certain of the integrated circuit fabrication techniques disclosed herein
offer significant advantages over conventional techniques. For example, conventional
methodology requires three separate masks to define the array regionm, to define the
peripheral region, and to remove the looped ends of circuit features. In contrast, certain of

the techniques disclosed herein allow pitch reduced features to be formed in a damascene



peri pheral region, and to renove the | ooped ends of

~circuit features. In contrast, certain of the

t echni ques di scl osed herein allow pitch reduced
fwahbisAsssp be formed in a damascene WO 2006/ 1Q468%006/007333
PCT/ US2006/ 007333 14 procesgg that uses only two nasms.

As described herein, in exenplary enbodinents t he
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iﬁﬁl thé integrated circuit fabrication nethods
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c rresponding to a feature size of the spacer | oops
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RS R epubglfe R R gt B s g% Shohb ieroabuet Bt dehievable
TWn£ne RhaAgHesSPRIRE] h@ORSs £40 are illustrated in
Flgure 15, which is a top view of an exenplary
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features 144 are defined by a plurality of spacer
%6351%‘@11 BetHiystEated, e wacce IRoPp Perccasmifmunsidth of #7hand have a

pﬁﬁflﬁﬁﬁiesgace of (1-x)F.
[0069]  In such embodiments, a plurality of metal features 144 are defined by a

plurality of spacer loops 140. Because a damascene process is used in the preferred
embodiments, the gaps between the spacer loops, some of which are enclosed and some
of which are not, define the metal features 144 that will subsequently be deposited (for

example, by physical vapor deposition or chemical vapor deposition) or electroplated with
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enbodi nents, the gaps between the spacer |oops, sone of
whi ch are encl osed and sonme of which are not, define

the netal features 144 that will subsequently be
ApBapidsisf for  example, by physical vapor depasiridsffknrsss
or chem cal vapor depositionys or el ectroplated with
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ﬂﬁgﬂt] an #magﬂgélg TS rﬂ% aseg’hégg li'e%ytﬁrsda%@é t8 the rules

t o bui rcui e actua

beo%dle& b ﬁﬁteﬂérﬁﬁlafﬂ'@ﬁbo\&hﬁéntﬁﬁméd bﬂeﬁlhﬁomﬁlemn deFigeseto build
rul es advant ageously account for t he in

| prriitttegriterh glrgmhbasgqhogethq\ﬁgﬁalrﬁu{cgqq featyres f wgliltap}eﬁzp on the wafer.
t &E?Sﬁ Igﬁi;% éifigan?ag%&?sﬂjy Lol £k ‘qxef fitbden ?{Tﬁﬁﬁﬂéﬁ@lﬁ thdth&riddS®hen pitch

I'ng - paraneter X allows these design rul es
t ﬁm‘l*eq;{hkaﬁunt teclinitiues earpivsedh tonfibrii. pirsudtafaatmes. t dbRnise ofi s scaling

gggrggpér ewg‘é od u&pgeg algggqll L@L@af %gtrwg)rtdﬁ \giﬂi e%xg.ggl %12% n}uluphcatlon
< u\gl%x‘ijoq?ﬁlé’sacr g&ﬂé’ ofggroﬁ&h%%ﬁ'llgpfe&hfe%ﬂeé s. Exanpl es of

ted circuits include, but are not |imted
to, ci [&ﬂm]t s ﬁaﬁamgelaqualgnsnt@fdlséloé%d hetsHl apfevpables to Jorap & wide

[l [ )
wé%qtg, gégé:%eggd g]&%\.ﬁ%g sé \é%ﬁ%ﬁ}%ﬂ ﬁte%?hg Sdf:&?rbeuyr%g rn?ctlﬁdeebut are not

f hiasied W8 Bfnits ABEng Ategy of electdtal ceavitss, Ranhi asgmlemgryc cadl arrays for

ate arrays. For_exanple, the | ogi
J volatile and %on—volatﬂe menr*lrtPry devices such a% ]§RAM ROM or flash memory, NAND

flash memory, and integrated circuits having logic or gate arrays. For example, the logic
array can be a field programmable gate array (“FPGA™) having a core array similar to a
memory array and a periphery with supporting logic circuitry. Therefore, the integrated

circuit formed using the techniques disclosed herein can be, for example, a memory chip



array can be a field progranmabl e gate array ("FPGA")
having a core array simlar to a nenory array and a
peri phery with supporting logic circuitry. Therefore,
t8 20d3hegsated circuit formed using the techny 006/007333
di scl osed herein can be, forygexanple, a nmenory chip
2006/ 104634 PCUUS2006/ 007333 16 or a processor, which
Can ai f16deuste, WRIH on iR @tk Y050 Qrﬁ?gﬁ&l %ﬁfﬂe&@ﬁ%gmo&r or other
other integrated circuits having a Togic or gate
aftegratedeizmyiis bevingeloginagatearray.0073] Wil e the
foregoing detail ed description discloses severa
enbodi ments of the present invention, it should be
understood that this di Sedpye%pie Ihventidd | UStrative only
and is not limting of the present invention. It should
be appl¥&ilat edVhileat th*‘vt h@f@tﬂgl fﬁﬁalbednf flegomiptidnondiselosks  several
0 [ f
AbavRih G ¢85 bARES B8’ Shaln B Rl B e Ssclonue i
usgbdtritiveconiit avdtis nﬁ!ﬂhﬁntlng o&theipidsexgiitedtlon. Cit KRdiild be appreciated that
f brlca |on 17 V\E gg@lM 1. A nethod for defining
o} gprfgurations g aperations Lﬁlﬁ’cdos%éalhé]@ﬁﬁ%dfmm those described
Cﬂﬂﬁé'ﬁmu ueteh t
phot or es Fg%t I aygthal}gileﬁcé-m e%ﬁajtefn %u{eg%%%ng%%% &ggrt ]tn%egrated
r eigdudifabyfcatiosubst rat e; using pitch nultlpllcatlon to
produce at |east two features in a | ower masking |ayer
for each feature in the photoresist |ayer, the features
in the | ower masking |ayer inclding | ooped ends;
covering wth a second photoresist |ayer a second
region of the substrate including the | ooped ends in
the | ower masking |ayer; etching a pattern of trencs in
the substrate through the features in the |ower
maski ng | ayer without etching in the second region, the
trenches having a trench w dth; and wherein the
integrated circuit is a flash nmenory device. 2. A
method for defining patterns in an integrated circuit,
the method conprising: defining a plurality of
features in a first photoresist |ayer using
phot ol i t hography over a first region of a substrate;
using pitch nultiplication to produce at |east two
features in a | ower masking



| ayer for each feature in the photoresist |ayer, the
features in the | ower masking layer | including |ooped
ends; j covering with a second photoresist |ayer a
second region of the substrate including the | ooped
ends in the lower masking |ayer; etching a pattern of
trenches in the substrate ?hrough the features in the

- lower masking |ayer without etching in the second

ion, the trenches having a trench wdth; and
Eﬁz—(—jlyraﬁgﬁftlerning t he second photoresist layer in a third
regi om pletHol CorSdéiningaRensin ahNftcfRtdIQEcHit, the @Mefiod,

wherein the first region includes an array region of a
comprigggory device, and the third region includes a

perip f Aeclapels The
nethogﬁﬁln%ﬁ%hﬁﬁgg wﬁ%ﬁg I'n tﬁ%mgﬁX%ggﬁgg'ghmﬁicludes an
| phioeilidgrepbt ovarsefirsi gibhel s adsetatephot or esi st | ayer

adj acent the res in the | ower masking lLayer, 1 .
18 m@mg.pﬁc%rrh@t ealiop @ Q@@%@H?ﬂsﬁlt"@e‘g@?tgeﬁ SR Jopver fgsiing
e ﬁ’&%ﬁﬂ?%ﬂﬁé faht &&B&Mbﬁ%e? Mhé&letldslif ﬂ'lc loﬁ@ﬂﬂ%‘kﬁﬂEQder

fromthe periphery region of° the nmenory device
neﬂﬂm@l@umddeﬁxnlng patterns in an |ntegrated circuit,
t he net hod c

foat ureecrng G peephd fhardpanTotp Sy Bt bt 68 subsaae

nhaL@hi tagsRAdOMake Rwet atkifiegian of a substrate;
using pitch nmultiplication to produce at |east two

f eat uretghingn peticoveirtranas thﬁsubﬁta%t%thr%h e ERtursdR thedowsr
t

SR 5B AN I ReORAMR ant e bV s rpnch
seddndngphot oresi st | ayer a second reglon of the
substr |nclud|n the. |l oo @ g ends in.the | ower
maski w&qw&wm@s@tﬁ ROt 5o 3SR FEGIOPY I8¥ithess i n ¢ he
Szlbst F AR HA U ik ¥ ati 8RS Mﬁﬁntegratéaeclﬂcateﬁﬁe nﬁﬁ:‘éh' ng

| ayer without etching in the second region,

comprismghches having a trench mndth wherein the trenches
o RO S BB RRIL
| ghodlithadidbhy over a first region of a substrate,
using pitch multiplication to produce at least two features in a lower masking
layer for each feature in the photoresist layer, the features in the lower masking layer
including looped ends;
covering with a second photoresist layer a second region of the substrate
including the looped ends in the lower masking layer;
etching a pattern of trenches in the substrate through the features in the lower
masking layer without etching in the second region, the trenches having a trench
width; and
patterning the second photoresist layer in a third region of the substrate.
3. The method of Claim 2, wherein the first region includes an array region of a
memory device, and the third region includes a periphery region of the memory device.
4. The method of Claim 3, wherein the third region includes an interconnect

area in the second photoresist layer adjacent the features in the lower masking layer,



form ng a planar surface on the netal |ayer down to the
insulating layer in a damscene process. 6. A nethod
of making a plurality of conductive lines in an array,
the nethod conprising: providing a film stack
including a substrate in gontact with a plurality of
conductive plugs, an insufating filmoverlying the
conductive plugs, a |ower mask |ayer overlying the

_insulati il - an. f
wherin 13y, S Rencoll 18081 Ao B B PSR AR pr PR e
connectivvidfont the petiplsary rapsda dfayemednd deieear ray of  spacers;
form ng resi st_mask over a portion of the sacrificial
il mAW@iqdefglf slinipgpaticms i # Wipeste @H}tnfge dt he
comprisilgh @y Of spacers, wherein the |ower mask |ayer and the
sacrificial filmcan be etched selectively with respect
t o t hiefimag asplumabighol fettaks g fisiephotoresist ilayeausifg | m and

X I N portipn of.the | r. mask |l ayer; etching
PO hieste § BpereiondTe s B8Ery a portion of the
i nsul @irghdtchinhiipi@tioetogibdge at Rhdt 1Rb ifdayured intd IoReNRsski
t he exposed portion of the insulating filmto expose._ at

lagerder each deatyre in the phpleresishiauer the deamrayis: the kowes mesldpg loyer

Ltkon into the plurality of trenches; and
?%%ﬁgnﬁgﬁgggfgﬁﬁr surface alternating between the netal

and tdeeetimsuithtisengnd bhotoresist layot avasmd megipn of ks subsitate The

et hod of . Cl aj m 6, rein the trenches forman array
g rlagpdh 05 n B felr MR LA REC R0 of Gl aim 6.

furt heghigOIPatedh BSréRARVh Mk SuBRr-SPRERLh M RYuRS RIS lower
etching the plurality of trenches. 9. "The nethod of

Ohkiing Byerfwithonbetclingprthe sevgnd region; thg tiehehes padng 2 dencly |
thm resi st mask and the sacrificial filmbefore
&t ing the plurality of trenches. 10. The nethod of

G ai myvBereiniiies eérehéee Srindy irodn iapARBIzdaYens theRlbst@tel ind
of | ooped  ends, and wherein the resist nmask covers the
fushprePdiidfigof t he spacer array. 11. The nethod of

d ai ' LS- a,grenory array. 12. The
nethg%mg?W%ﬁ%%#%%&“ﬁ“ﬁ%ggzhyﬁéﬁgkray is a logic array.
13. Tivenimgtalydghao fur@icaiomtle, methidaer dowh & thadusifatiog syef inlam
LS an insulating film 14. The nmethod of C ai m 6,

&Y (P& Sacrificial filmis a bottomantireflective

6. A method of making a plurality of conductive lines in an array, the method
comprising:

providing a film stack including a substrate in contact with a plurality of
conductive plugs, an insulating film overlying the conductive plugs, a lower mask
layer overlying the insulating film, and an array of spacers formed over the lower
mask layer;

depositing a sacrificial film over the lower mask layer and the array of
spacers;

forming a resist mask over a portion of the sacrificial film, the resist mask
defining an opening over the array of spacers, wherein the lower mask layer and the
sacrificial film can be etched selectively with respect to the resist mask;

etching the sacrificial film and exposing a portion of the lower mask layer;

etching the lower mask layer and exposing a portion of the insulating film;



coating. 15. The nethod of Claim6, wherein the spacers
are selected fromthe group consisting of silicon

oxi de, silicon nitride, polycrystalline silicon, and
carbon. 16. The nethod of Claim6, wherein the spacers
are deposited using an aton1c | ayer deposition
process. 17. The net hod o’ aim6, wherein the spacers
are deposited at a tenperature that is less than

appr ox| Iﬁ%ezl 1ura(il%9 Ci‘rtrenf; es 111 hﬁle exf)%s%? Rgrtlog" LR u%ulatm rﬁﬁm to

t he sp ave a ure srze proxi ma

3pbB A MAsEPrio othetohdhOdepigsl9. The met hod of aim
6, wherein the spacers have a feature size between
appr oXIeHAIBINg aslzetsl denositipn iglodheRivrditephirapshesnand g The

met hod, gqfé ; g gnaqafsurﬁ(e@m%rﬁmﬁ@ BeSREE fleSndlA\Rd %Jlﬁahafn%

size su equal to"a feature size
cﬁ]ndmcatdamsqﬂnagmce@l The nethod of C aim 6, V\,her e| n

Jﬂr ;sa I i f éﬁ (fﬂfeé Ola)efrelga'he téﬁ?ﬂiﬁe%%lln? %ll’ll %ajp (ga Ve{}_{eﬂd bit

lines. Met hod of pitch nultlpllcatlon for damascene features
in an integrated circuit the method conpri sing

pt-ovi dihegnethed pistlain 6, fupberfcgmpripige EEMQviRg thﬁﬁ]gq@pwgray before
ﬁdnng[ 3@3%W%Qﬁﬁﬁﬂﬂ@? an array of spacer lines over the

e spacer lines separated by a plurality of

gaps; Perhahed oiYClains é,cfnrtﬂerrmﬁipnmgg prnosaissthe kpdcebiregykdiea
portion of the spacer. |lin at defines a
resist Iaa!ﬁaari .ﬂ%eysaalp ?1%@%%9{8 ete l%’ﬁheap Bryco fEgelss of the
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coatingenory devi ce.
15.  The method of Claim 6, wherein the spacers are selected from the group
consisting of silicon oxide, silicon nitride, polycrystalline silicon, and carbon.
16.  The method of Claim 6, wherein the spacers are deposited using an atomic
layer deposition process.
17.  The method of Claim 6, wherein the spacers are deposited at a temperature
that is less than approximately 400°C.
18.  The method of Claim 6, wherein the spacers have a feature size between
approximately 30 nm and approximately 100 nm.
19.  The method of Claim 6, wherein the spacers have a feature size between
approximately 32.5 nm and approximately 65 nm.
20.  The method of Claim 6, wherein the spacers have a feature size substantially
equal to a feature size of the conductive plugs.
21.  The method of Claim 6, wherein the sacrificial film forms a substantially

planar surface over the array of spacers.



25. The nethod of C aim 22, further conprising

connecting the interconnects wth a periphery region

of the integrated circuit. 26. The method of C aim 22,

wherein the spacer lines and the gaps have

substantially the same- wdth. 27. The nmethod of C aim

22, wherein the spacer liflfes conprise an oxide

material. 28. A nethod of formng integrated circuit

nponent n ubst.rat ' | Si.ng;
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circuit, K@Sinsthod ay@prising define a plurality of lines; using a

pitch multiplication technique to forma pattern of

spacePOViBhEstrateegi on defined by the plurality of

| nes .. Gl g9ﬁ}s*aﬁm@eﬁgﬁfoées%@&@éﬂ&%n%mﬁg%p%céqu&e%ver the

havingeloop ends; depositing a second resist |ayer over
tshisstiamothe epatsr limesgeparated by bblycaliedof ggsion ~ of the
substrate; .1 | 21. sel.ectivel ing throu t he
spacePEYgIRE § Fﬁcgn%mifﬁsﬁ PRCS? ﬁ}afélﬁs Seagpolrpﬁoq ﬂigttﬂe Spacer lines
SHP at adffe¥h bRRality of mbdr&Ginkdis tnheloBilc eek&dlof B¢ imeFated circuit;
transferring a pattern of the bl ocked region fromthe

secongtonigiagiiurabiyed tiepehgs iTihie ganveiskvaeh Jls Spagss dineesrs Rty
the sist layer before etching the trenches..
fg?mﬁﬁﬁﬁgﬂggﬁbf formng integrated circuit conponents
on a suhsitingtaamethheyernefdmd pdanfityi cfimegql linss inghatrenches; and
l'ithographic technique to pattern a first resist.|aye
and d@roUng e Pl utags e FictLaverleiisiats i et lineS Tn the
mehideR! i cation technique to forma pattern of spacers
around a region defined by the plurality of I|ines,
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25.  The method of Claim 22, further comprising connecting the interconnects
with a periphery region of the integrated circuit.
26.  The method of Claim 22, wherein the spacer lines and the gaps have
substantially the same width.
27.  The method of Claim 22, wherein the spacer lines comprise an oxide
material. _
28. A method of forming integrated circuit components on a substrate, the
method comprising:
using a lithographic technique to pattern a first resist layer and define a
plurality of lines;
using a pitch multiplication technique to form a pattern of spacers around a
region defined by the plurality of lines, wherein the spacers comprise elongate loops
having loop ends;
depositing a second resist layer over the loop ends to define a blocked region

of the substrate;



substrate without etching in the bl ocked regions,
wherein the second resist |ayer conprises anorphous
carbon. 30. A nethod of forming integrated circuit
conponents on a substrate, the nethod conpri sing:
using a lithographic technique to pattern a first
resist |layer and define 21 plurality of lines; using a
pitch multiplication technique to forma pattern of

spacer round, a .regi.on defined.by the ur-al | f
P neseREn L P SRAE B SR BT 1t ol BBl ehe Bl e
iV withon fhds; indiepsioikel fggishssecond resi st | ayer over
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subst ramserrings) patiern, o the Blogksdiggion frewghe pasendfsaistlaerite a

‘ caltty of trenches in the substrate w thout
%%@ﬁ%%@ﬁ-ﬁﬂﬁﬁﬁ bl ocked regions; and j patterning the

secon@moeigshe scayet resist layqp befophaiclabg thedicochesf t he
bstrate jacent.to an,array region, wherein the
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method@6MbRging:! | 22 31. A nethod of forming integrated
circuit conponents on a substrate, the nethod
conprisingwytithogtapljc sechnigroigrhapeme fralapwstduer aedl defineer n a
ﬁhﬁiﬁ &ﬁﬁk‘t | ayer and define a plurality of Iines;
BTy & pri‘ch multiplication technique to forma

pat t efigingd pisthaneltipliction rdhdiqud edoema datdomefispayers eund a

plurality of lines, wherein the spacers conprise

BesRglefiacd botbe plusality ﬁghlileéoﬁh%?ﬂaélaép Sd’éﬁ%wmﬁgse Tadggig iepps
i t over the |l oop ends to define a bl ocked
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Rﬂ@?é@ﬁgFﬁea tegrated circuit conponents forma flash
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sybstgte vagipeietedfing dherblagliod repidisee,  wherein the

pat t e A&d;n TR kecbhd'Sisl P EIBAEH alRffhoffeiFboANd
30. A method of forming integrated circuit components on a substrate, the
method comprising:

using a lithographic technique to pattern a first resist layer and define a
plurality of lines;

using a pitch multiplication technique to form a pattern of spacers around a
region defined by the plurality of lines, wherein the spacers comprise elongate loops
having loop ends;

depositing a second resist layer over the loop ends to define a blocked region
of the substrate; _

selectively etching through the spacers to from a plurality of trenches in the
substrate without etching in the blocked regions; and

patterning the second resist layer in a peripheral region of the substrate

adjacent to an array region, wherein the spacers are formed in the array region of a

memory device.



an optically definable material overlying a portion of
the mask lines, including the closed | oop ends,
wherein the optically definable material extends into
a periphery region of the integrated circuit, and
further defines a pluralgi of features in the

peri phery region. 33. Th :%artially formed nenory
device of Caim 32, wherein the patterned mask | i nes
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devi ce of aim erein the tterned mm i nes
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%ﬁﬂﬂq herpadtially formed nenmory device of Caim 32,

erein the patterned mask lines overlie a substrate
that isiog agésh mmltiplicationdéchoigne trcforpe pafteraof sigrperspraand a
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%@Q%Qﬁ#ﬁg%ﬁgMdSZ 5 nin and approximtely 65 nm i i 23
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partially formed nenory device of O aim 32,
wher eiseiectthrely(f{iﬂhnwﬂhkquhd@fspnm to frrem e pluadlity offperichesin the

ot or esj st Th formed nmenory device of
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pi t chwheldid tkiifegraRaeREuil doagoneftd ford dNishatbnry defitdli ng
an i nterconnect pattern I N an Integrated CerUlt t he
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corres |ng to a eature si ze of "the spacer Ioops

aneriphery region of the integrated circuit, and further defines a plurality of features

in the periphery region.

33.  The partially formed memory device of Claim 32, wherein the patterned
mask lines overlie a substrate. |

34, The partially formed memory device of Claim 32, wherein the patterned
mask lines comprise silicon.

35.  The partially formed memory device of Claim 32, wherein the patterned
mask lines comprise silicon oxide or silicon nitride spacers.

36.  The partially formed memory device of Claim 32, wherein the patterned
mask lines overlie a substrate that includes an array of conductive lines.

37.  The partially formed memory device of Claim 32, wherein the patterned
mask lines have a feature size between approximately 30 nm and approximately 100 nm.

38.  The partially formed memory device of Claim 32, wherein the patterned

mask lines have a feature size between approximately 32.5 nm and approximately 65 nm.



“the spacer | oops are separated fromeach other by a

vari able gap and distance the m ni num gap di stance

being (1-x)F, define a pattern of metal interconnects

to be fornmed in a damascene process, wherein the

pattern of netal interconnects configured to connect to

the gaps separating the _spacer |oops, wherein the

nmaliMemmmanshweérﬁmmmWWMh(Lxﬁﬂf

separated from a spacer |oop on two sides, have a

ni num wi _dt - + i £
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definabBpadtéddl eymprisee photostssd by a spacer loop, with D
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-1 At ANEELSLHE Sasepatat ed from each other by a
maSkln?négr?l rglm spacllﬁﬁg %fa XxF if separated by a spacer and of F

#1. noh mseher eftdstining aa intgrsernset pagiorn iria intedrpige csuieths m
b d41, wherein if netal interconnects are present on two
method SOFRESIGE one of the plurality of spacer |oops, the

met al dds | gluedtt of pieh adiplich elosabspecerllompp that 48 nofThe
nmet hod of aim41l, wherein if nmetal interconnects are
prakpsechopthegnwherein | | sjze of one of the plurality of

spacer |o 0{1’% qig{g) gg' gk; Z%%@Q@ icgllgabi%f of FedtfRhX §paddr 1b8ps having

{s s
desi gned net I nt erconnect and 't he
spacen nliniapum R4turelgize B net hod of formi ng a nenory

devi ce that includes an array regjion._a i

regi on, th@%@{rﬁl&a Ois%?ﬁ?fﬁg?lﬁ AV }".‘C’Hi"ﬁg"%é‘%ﬁflﬁﬁ%%u Ft éﬁ Ly
pat t epnRtLIBak § FRg dpitdRemafilatseghalng cdnlsanpat t er ned
mask | oops ‘bei ng separated from each other by a gap

r egi onorrespendiyg togt fatpresivs gt disripacamieoRs.idr a portion of
the array region ' iabl

peri pher al [hre% ¥5h ,ﬁ)%a;]%lregl %@%deﬁ???g%%étg%rﬁa \fratla-lgk ec:ggl\}/er S
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formng_a conductjve material in a.region left exposed
byt heoPRa HieEH TeetalRiEoT Rl tp be feIPTHL 2 dBRG TS
Unef @D afterbe Enetd] Sut&GORHNEE LM JIRIab cBhnecid@heidps at
lI'east 1 one of the plurality of contacts is
pesirdtingribecspacerioopst Wherpiat t er ned mask | oops, and

the metal interconnects have a minimum width (I-x)F if separated
from a spacer loop on two sides, have a minimum width ((1-x)F+D) if
separated from a spacer loop on one side, and have a minimum width F if
spatially unrestricted by a spacer loop, with D defining a maximum
misalignment between the spacer loops and the metal interconnects, and
the metal interconnects are separated from each other by a
minimum spacing of xF if separated by a spacer and of F if not separated by a
spacer.
47.  The method of Claim 41, wherein if metal interconnects are present on two
sides of one of the plurality of spacer loops, the metal is designed to contact the spacer loop.
43.  The method of Claim 41, wherein if metal inferconnects are present on one
size of one of the plurality of spacer loops, a minimum spacing of min(D-xF, 0} is designed

to separate the metal interconnect and the spacer loop.
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I; wherein at |east one of the plurality of contacts is
positioned in the gap region 4 separating the patterned
mask | oops. 45. The nethod of C aim 44, wherein the

i thographic mask intersects the Y plurality of
patterned mask | oops at a, right angle. 46. The nethod
of Claim44, wherein a p%‘ftion of the plurality of
patterned mask |oops has a first loop wwdth in a first

regi on n s _a second .| ' ' i on,
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met hofiang apiirahityf PW?&eéli sk fieeps i thy {3?1‘ i}?e%ionlp L{}eﬁ’gﬁﬂ'ggﬂe

o 0 PR ol 0 4 om0

connestilyigg atithogephicangboverpation oftthe piray rgeionyng pit least a

pco?tri](gnagft aspetrighg}"gl r%éi%gy wlr?grei% ?ﬁ]eqﬂﬁct)érgp c! 1ings Sciovle:li's at leasta

portion of the patterned mask loops;

forming a conductive material in a region left exposed by the lithographic
mask; and

forming a plurality of contacts over the conductive material, wherein at least
one of the plurality of contacts is positioned within the patterned mask loops, and
wherein at least one of the plurality of contacts is positioned in the gap region
separating the patterned mask loops.

45.  The method of Claim 44, wherein the lithographic mask intersects the
plurality of patterned mask loops at a right angle.

46.  The method of Claim 44, wherein a portion of the plurality of patterned mask
loops has a first loop width in a first region, and has a second loop width in a second region,
wherein the second loop width is greater than the first loop width.

47.  The method of Claim 46, wherein a contact is positioned in the second
region.

48.  The method of Claim 44, wherein the plurality of patterned mask loops
comprise silicon oxide or silicon nitride.

49.  The method of Claim 44, further comprising connecting at least a portion of

the plurality of contacts to an array of conductive lines.



