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BACKGROUND CF THE | NVENTI ON [ 0001] The present

WO paoenti7en rel ates to the formati on of sem conPTUSZ006/017067
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devi ces. [0002] During seni conductor wafer processing,

features of the sem conductor device are defined in

t he waDMPUTIERIREADABL&W ASK SHRINIG CONTROIhPROCESSOR

processes. In these processes, a photoresist (PR)

material is deposited on the wafer and then is exposed

to light filtereg RycardG Gr THE INENTRONS

generally a glass pfate that TS patterned w th

exeopi]ar y The ptesétt igeatien rdlass foltaé fdematién bf @hticdrdastor devices.

pro ating through the reticle. [0003] After passin
8@1?3h t Paripgseraicenducks wafmroee@ﬁnecfﬁetuten of Sgrspaeengpctor

t h hot o gt terl al han

c e R heatn ER ot Mstur b L af OPIAE R Pfping prggesses. I
t hBéseprélRYRt aPfoter8dst (PRP ¥R teRiaPRI deh&tte@onthewafer and then is
photoresist material. In the case of positive

presposed$o Sghinftased by sreticlee Taxpeisadelisrgsgeraly aalaes plate that is
ved e.c se of ne r.esi

rarn o et ek o OESe RunitEfChan o Bl G Sopagating

ThekoRgh iRfretidlbe Wafer is etched to remove the

underlying material fromthe areas that are no | onger

pri60@3dt e d Alftgr pdssinglioboghethie séticia tter fight comtacts threuefaye of the

define the desir eat res in the fer OO
VAPPBEESIY SHUSTRY Bheligh cgmaes Hiherice] eompRHED qébephotoreswt

I r
i Sl e
s checat loﬁpmm@ﬁp}mmlanﬂdtervalg\Ah@éxp@sédatyzgfoni B8 remeveda and in the

substrate 104, with a patterned phot oresi st layer 112,
0\F8§e ﬁleAﬁLve(Bquresa%ﬂméeﬁ 3 19 wipEpgsed TeRieRsce FaROVedy er

1 %efe%ft@zﬁ it Le s eﬁﬂlg%l eﬂlo%g ﬁ?é‘m%l%%}rm-gr%at&gﬁ tﬁ%ﬁle%e eas that

pattern has a critica I MeNsi on

t hage 16 Winberlpkbteokd b éhesprmldresit rhaaddl) sd theteby @efiptthe ddsired
propertles dependent on wavel engt h, phot oresi st

ﬁilfb%ﬁel"@ﬁ@er wavel ength |ight has |arger

AL o TR L o Blon TR meseBiBt el QU
p @)‘hbﬁ)ﬁkist aSexpB iyl 24 8hinelightB . To fMeifitdty/undeiRaddh O FIG NEA is a

feature (the width of the feature) is equal to the CD
1§6hqmattcr¢éossea@tmnel viawtoie lggieol 0% evdrstsubsitate 104, with a patterned

P BSlaksif RS [t aat TR ik e Bt a0 nE8AES pamolDs tobe
ofetdhee fRh @5 85E18100. th%%rgéﬁttﬁaﬂ&n hEB § clifddl WiBed¥h (CD),

al so be tapered, where the CD o feature is at
which may be the width 116 of the smallest feature Due to optical properties

dependent on wavelength, photoresist exposed by longer wavelength light has larger
theoretical minimal critical dimensions.

[0005] A feature 120 may then be etched through the photoresist pattern, as shown
in FIG. 1B. Ideally, the CD of the feature (the width of the feature) is equal to the CD
116 of the feature in the photoresist 112. In practice, the CD of the feature 116 may
be larger than the CD of the photoresist 112 due to faceting, erosion of the photoresist,
or undercutting. The feature may also be tapered, where the CD of the feature is at
least as great as the CD of the photoresist, but where the feature tapers to have a

smaller width near the feature bottom. Such tapering may provide unreliable features.



| east as great as the CD of the photoresist, but where
the feature tapers to have a smaller width near the

w0 e@bzE4bott om Such tapering may provide unreCT/ERI086/017067
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features.[0006] In order to provide features with

smal ler CD, features fornmed using shorter wavel ength

| i [@bo6]ar e beidegtopitosde teatut&Swithsphiddrdi,sestires §01quosm(g shorter
by 193 nmlight. Using phase shift reticles and oth

t SERISEANEHYlig a@dlelm%ﬁﬁeéDl% a{rwlpgqrgqlstgwlgm.sw %9930]@11 light.
t O phdfE s e MARH L TRy, - TR b BRoBRigepattern

p hﬁﬁ}%@f@'ﬂ&bd l@u@ﬂl@es@dpmork&zt MTRi$ wehld-beldblag pphasea feature
shift reticles and other technol ogy sub 90 nm CD

phtitlos £3) ef 9%?@& @nnéSﬁamhlﬂ@tqresiﬁewexmectbmbm embight bsing
0 000
LB e St R Ol b Brb i LorE D R R G fES may be

addirhé Nedis RoBRI REH1 O8I0 AROh BBt Hifh Atibl® @ CELT
wavel engths. To obtain CD s close to the theoretical

| i[6097]t he The ukﬂjgﬁrshpﬂgr wpstangthushosiretiste oy proride additional
preC|se e nmor e

TGRS RS P@’&Eﬂrﬁ%%wﬁggf"@é%‘ﬁ“? gD b CRSs glose to the
arlﬁeo}ét?ca@ hehat ﬂflﬁ% az) arﬁﬁé sHBUELSELR ‘r:%‘ééiéet '\xgl%fhav?'ould
ngt may

[ onger wav otoresists a orm
rrcreqm&anoﬁewxpﬂd;ﬂre lnhagaph}eéqu[pm:mudPtesmBI 19BGﬁiﬁ)ﬁ1]10tb1IES1st and 157
the etfching of conductive, | ayers, such as in
f GERREQIEFPSISt Mk ARt §Ave sclpeiivatis;as high asdenges maefel%gth photoresists

per?ﬁaﬁ}gng(gﬂ ]ﬁgbed%?ﬁ*{ﬁé %k%g%gﬂtc?%@gﬁgéég?l onal view

of[oaog]at t &f thedichihit chcesdstive dyyers, furh ap irothd domghtion of memory
conductive |ines, when spacing between the lines is
t dlsvicen dleis devienbl tagnerease Hevige flensity Mtlthomx@muasl@ua genfepmance.

uch fer a _barri
10005 CERF. B ot heP el BBt BB oSt by or
2%30&1&:@1& @ndactiRl ks, VarspMin@bRVeyBihle 18:08is!t8Y Elosé fccording to
formed. Over the dielectric | ayer 208 an

arth¢ paér st Over o sahsiratq M)suczllas aswiefhr abaraeDART Zoéym:y besplaced.

IR e AaBE 56 200 £ B SR b R oA R R FSbusicon
Phefepiedtmtd.| OvESHhe &é?ec’&fb\’l?r%éi‘ 208 9h Bngiefibasd 185%r UQRL% 210 such

I|ne width "L", as shown e spaces 222 have a w d
" 35 2 RAREHayem is Dimwepi Aghattemead photofesis l:ayde?lam edfoarsed breer the

21h1y bisiaamilide PrieliTens Ty pic baida L+S@ﬁm§th defined
[ 0914 m%hmmoas SRAHC IR PBhdeshownb ik A\%f _"S"?‘AL-‘ gﬁcgal. The

space w dt is a cfoss-sectional view o
patitckdength {M'as deﬁsads«ls t]heaglmt of the line oddthiang thecspeecwidite P=L+S, as

or dielectric¢ trenc nes, when spacing between the
| ishewn; &1 é?ﬁl@l’gﬁr%%ﬂ&m‘ijhtl@gﬂhe prior art. Over a

bghﬁ#(gat eO%Q%vay%lf?éhu@ﬁlg?nt\éﬁ(ﬁﬂl 1§b9 ?&ﬁkﬁ s{;?c%%ldalQGFI@%B isa

Cross- sect1ona1 view of a patterned photoresist layer for producing conductive or

dielectric trench lines, when spacing between the lines is too close according to the
prior art. Over a substrate 204, such as a wafer a barrier layer 206 may be placed.
Over the barrier layer 206 a conductive or dielectric layer 208 such as a metal layer, a
polysilicon layer, or a dielectric layer is formed. Over the layer 208 an antireflective
layer (ARL) 210 such as a DARC layer is formed. A patterned photoresist layer 212
is formed over the ARL 210. In this example, the patterned photoresist layer 212b

2



Over the barrier layer 206 a conductive or dielectric
| ayer 208 such as a netal |ayer, a polysilicon |ayer,

w@eooa/12hi7¢l ectric |ayer is forned. Over the | ayRCT/BOBOEN 7067
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antireflective layer (ARL) 210 such as a DARC | ayer is
formed. A patterned photoresist |layer 212 is forned
ovfermd peeteAldd 12126 2 1 4nwith iphotereaizpresidut B&8 faticd imgghces between the

phot oresi st | ayer 212bforns patterned |ines 214Db vvlth
pHsttemed lines 21d; dihe presgnqe, ﬁﬁwh%orgﬁatd% dyget \Rdis fausge by

fgaérlbxg %ggrgérﬁﬁ o?&i&ae g%egﬁﬁé gmt@% 115&9211%%@5&% tshore

I'S” cau y provi
s paffuhes verivetrbgdpairdaanatllisphes Thldhay fiiiciBe dénsity of the
nore difficult to renove residue froma small space.
Tifiosdussiye lipps thatmay beproividedof t he conductive |ines
that may be provi ded. SUVMARY OF THE | NVENTI ON [ 0011]
To achi eve the foregoing and in accordance with the
purpose of the presEMIMARLCOF PHE INVERTROAL US
conprising conputer readable nedra 1's provided. The
cdiplitler Teadsbyethadotegoing apd msa@somi@m@umﬁr the gaigmist ef the present
cade f.or receiv a feature | ayout ut er
ré%%*ﬂ% RGP A pr 5 G DRbER RACRRTF Bt ROR DB defle The
fafer k@M mdd2dedpr] Isfs AbET re BB &b 31 re&lﬁﬁéta*f@dm
|nve tion, a nethod ft r g features 1s provid
A layat anncbcdrmyﬂmtreadabte&mda ﬁmhppléa@nhmk comedteatondhe feature
pjrformsd on the feature layout to forma shrink
Yt ed mask | ayout. [0013] These and ot her features
C

adpb o peEitiner PUETEU Mol the BRciitat h snfiyd O g foarres i

| mteﬂﬂedanAédSBﬂurbma}Quﬂjs weivedn Av\sltrﬁﬂctcbﬁeéttdnl ioperigrmed on the
ures. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] The
pr @%Brﬁ't layow; enfors s shsmk cpmeatedmask Byoukay of exanpl e,
frﬁt bﬁ‘h&% n@beek géa{ﬂéé &r{h% s#@ ?n\fehggr{ 185 dés fbed in more

anyi ng draw ng Ke“'re erence
n L&é&ﬁladeiiow ﬂf e dbl@ll&d ﬁésbﬂﬁn&i SRatredtich dnd MbsRihction with the
[0015] FIGS. | A-B are schematic cross-sectional views
offoowingdiguessched according to the prior art. [0016]
FIGS. 2A-B are schematic cross-sectional views of
patterned photoresist layers formed according to the
prior art. [O@BRIEFDESCRIFIION OFTHEBRAWENGShart of
a process that” may be used 1 n an enbodi nent of the
i 10@¥#k]i onThe present invention is illustrated by way of example, and not by way of

limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:

[0015] FIGS. 1A-B are schematic cross-sectional views of a stack etched
according to the prior art.

[0016] FIGS. 2A-B are schematic cross-sectional views of patterned photoresist
layers formed according to the prior art.

[0017] FIG. 3 is a high level flow chart of a process that may be used in an
embodiment of the invention.

[0018] FIGS. 4A-H are schematic cross-sectional views of a stack processed
according to an embodiment of the invention.

[0019] FIG. 5 is a flow chart of forming a sidewall layer over a patterned

photoresist layer.



[0018] FIGS. 4A-H are schematic cross-sectional views
of a stack processed according to an enbodi nent of the

wo pwentizean. [0019] FIG 5 is a flow chart of fRPCHUSPO&017067
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sidewal | |ayer over a patterned photoresist
| ayer.[0020] FIGS. 6A-B illustrate a conputer system
wD@20]i s FIGS.&N-B iﬂuﬂtratermd:cenmntﬁ sysfewa, wdm:lhnmsui@fblew‘sed

In eirbodl nments of _the res [ nventfeI %OOZl FIG 7
| A eising asouroler jodn eHRACOLSA L7 Biestrd fareitipn022]
Fl 6%)21% ' Syl a‘féfWesz ofll ing 991}3? Sﬁ&gﬂesﬂb S/%:) esi st

yer er a si ayer rmed over

t F[BOZ:}Z]deVVHI(I} S ioha toheiepedfttios peatdried photoessiss llayleﬁngIFIG 7 after a
[0023] FIG 9 is a flow chart of a process
preesievaldgyea is @fm@d @ver [tmdﬁwqﬂlsef t@aﬂarttgm&d PB%OWS@W%PY

ned I St a nk
%égt [ o g}s %’%prgéesfﬁgg rov1¥1fa%? rgt%crl{%m ot her
PIOeRAS fPIG H’quh%p"ﬁeﬁv@ﬂa‘i)'aﬁ&ne(ﬂ PRABIesitl eoyer b? FIG. Pwith shrink
schematic illustration of a systemfor providing

r epiretteg. [0027] FIG 13 is a top view of a feature

| J0HY oLFREY ing ToamghéraT eagBensSomm ot i igBRar G
g[b@ﬂi] ar Ff(? ClSs EQMMC?’U]Q iBshaflo eé | né%legg foﬁ?‘?{c{%@é‘g ?btﬁ[e%.

p Vi ews patterned | ayers
Ia[90mx]s afFl@r13ds s lop vikwedrfedtiedayous provi ded. [0030]
16A is a top view of a patterned photagresj st

| 8[9@28] cr eB@Y IAokhare top vagws fpatipracd laysisidetineshy jetigledayouts
d ph |
L e B Ped 1 2ot RGO POt oreslst Laver

FI[602d} 7A FEGS 1150PB \ekeetp Fhevis dTlatterhbe thybRdeih@bbybieticle layouts
| ayer created froma second reticle [ayout. [0033]

|:|a@er MﬂBHIksCOafeP@@l igipsqyiddd. t he pat t er ned phot or esi st

fter a
1 U8 BN 30 S Giige b BrbriiRty rom o first
S%t‘i’dlé’la_ilgﬁﬁt of features has been etched. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0035] The
prie8¥jt i EKérﬂtﬁBaﬁ awpp Viewod tieepadesediphetbrésmt dryvenof Fli. L A after
referen ¢ el
a sidewall layer is formed
[0032] FIG. 17A is a top view of a patterned photoresist layer created from a
second reticle layout.
[0033] FIG. 17B is a top view of the patterned photoresist layer of FIG. 17A after
a sidewall layer is formed.
[0034] FIG. 18 is a top view of a substrate after a second set of features has been

etched.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0035] The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures

4



few preferred enbodi nents thereof as illustrated in
t he acconpanyi ng drawings. In the foll ow ng

waele®en2psi on, nunerous specific details are sepCT/U81006/017067
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in order to provide a thorough understandi ng of the
present invention. It will be apparent, however, to
orteave kbt beed diestribheé iraddtail inhatlertth @opummesssarilywbsturoihe pegsent
be practl ced without sone or all of these specific
dEB¥UeN. | i ot her instances, well known process steps

st
R e B R L

| nvierd dpecificd1B0 8fe]invidigion @V@Mdsd‘@at@fe@Wﬂ@k@D fsehitureksshbi the CD
smal | critical dinensions (CD). More specifically, the

i refdhe plyriorssighnates uSéétm@télsthmf@ﬁu@D s that are |ess
N0 B PRt p0E, Flo ROk h Rl R roces

3 thét rAaybehisel @Y 84 erhbWnehestth®inventiiO CR §&1clé"'1@ﬁ9rd‘@d’edt(§tep 304).
used in an enbodi mrent of the invention. Areticle is

prbhis step Wik be desgoyd inThors dstadlbelaw.| Alpattdasd phefetesishlayer is then

d@&%g O?St 'glbls g@g)m 1-Pﬁﬁrogae g](egcg'l‘%\tﬁﬁ |r11~;e %g)?egq)et%igelow FIG. 4Aisa

d ec?%s'—s*%@t‘i’oda[‘vi@w oF gﬁ'{té‘i‘n"ad BEBWsistTal%r iftAnlefb®diment of the

cross-sectional vi a patterned photoresist |ayer

i nnaentenb Qlienme smbstrhtet4lﬁ)é suck asm waufer abaenerdayen B84 may e placed.
404, such as a rr| Ia er 406 be

p|%%%&he RarEFT IoE 208en e I&m 28R c@ﬂéwt%swau@@r ora

i HiFcofd 1&}&? g*‘é‘: Hie‘f&u{fﬁta I 1é f@ﬁ% d. ODV%‘ AQ ¥R iI1hylef 268 8 an

or a ectric er 1s forned. Over t'he e

I a@tmjre%ﬁﬁvmymﬂ(wmefzﬂlé(sm}ya d PYBRIC lapdrli3 foti@ds lchﬁrs'alsammed

RC layer is formed. A first atterned phot o i st
ARE4 Iesth

| a@lworasﬁ layer fre rﬁefarra%wer Hie ARL 44901 this ermpleths paftaned lines
[ Aﬁl éﬁ%kg ?‘Ler\)%l_ tﬂ, aéhen%d %% ﬂlehﬁ'x\é%ﬁh{llle'l_g d% Ql}fg’glg : ’PﬁéjﬁﬁéestéﬁQ in the

phsHotdresétddyek ﬁ&\&f a ‘hﬁi\ﬂe "8)," Vdsdhbwi Sﬂ'he phsh RAgWP, 'T(BfEthe patterned
pitch length "Pp" of the patterned photoresist |aye
i sPhotgrpsigidayes is ¢edingdips e Stllﬁié)flﬂﬂ%]éHWkﬂmha%@eﬁh@eé]ﬁé@é)p Lp+Sp,

by R B o BB R e RER e B

t Ote&ﬁﬁ%ﬁeb RSedBtfbeh R aRBEE pRStbFkist Ry& It dstdetifable to reduce the
desirable to reduce the pitch length. [0038] A

sﬂd@hdbngﬂhayer is formed over the patter ned

PRGNt b T o O P SR s T Sreduce
s. tﬁ@‘(@ ED @4@5 praers ik Q%&é\ﬁéﬁﬂé@ﬁo@ %ﬁ&%%b%nﬂlﬁg%dwau layer
reduce whi ch uses gas nodul ati on.

t hower ﬁrc‘qmttemnedl photbi‘as{sf yern tngeduce C3) Giepad 12), |Vﬂ;ldt um gas

g?lg?g@%t:iﬁei{ ﬁgg@g gmggélg%iln{s,ltt% yer ! gg g}gd u%lglag(er over ﬁPe patterned
photoresist layer to reduce CD (step 312) comprises a deposition phase 504 and a
profile shaping phase 508. The deposition phase uses a first gas chemistry to form a
plasma, which deposits a sidewall layer over the sidewalls of the patterned photoresist
layer. The profile shaping phase 508 uses a second gas chemistry to form a plasma,
which shapes the profile of the deposition to form substantially vertical sidewalls.
[0039]  FIG. 4B is a schematic cross-sectional view of the patterned first patterned
photoresist layer 412 with a sidewall layer 420 deposited over the sidewalls of the first
patterned photoresist layer. The sidewall layer 420 forms a sidewall layer feature 424

5



profil e shapi ng phase 508. The deposition phase uses a
first gas chem stry to forma plasma, which deposits a

wG@@emzd7hl | ayer over the sidewalls of the pattBCTEs2006/017067
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photoresi st |layer. The profile shapi ng phase 508 uses

a second gas chemstry to forma plasm, which shapes

t heitlpn did pagtenfed phetockszokiyer spacdspwhere thesidestdAhtayel feature 424 has
vertical sidewalls, [

0039] FIG 4B.i h ti )
crig&ducsd epacsitdp that W@ftﬁ%%@e seace éﬁ% 'egth?iffrgttp%gaalﬁ%@ Phigresist

I8 B HE LR BETCD ARy et i
PHayep ie30% lesk thaarihe shace SDAAWAS first pytesinelidthotcredist 18yer feature. It

si.dewal | | ayer feature 424within the patterned )
pHdelse desigblel thgtdhe sidealklayeuhap substratigilyueitiral sideyalls 428, which

f re 4 c ks l.ess than .
1 ApE AHsREh BASPHY 20 RREE 03 ARRv e RRel dfBet s
Prsefe@iaithat fronhBoticel WS Rg nSdkas en &h2106f bt eele®8Ish DOUwith the
first patterned photoresist layer is 50%Iless than the

s patemc thy featyee. f Confornpl sidewaBeihpiect dspesitien layaytbat has
feature. .It. i s also desi.rable. that. t si d Id .lay
naabBianh b ey R o 0F it Bithe Bk OF R spprufl Non-
hicghfoYm&I0Hd Q¥ 1B m Ao Rh 8 WbetiAP o £X BRI Sod¥fngormation, which provide
substantially vertical sidewall is a sidewall that

f momsbbstardially yettiopl siddvedls alapergd sidowalbdifnesthe $& cting S@mation)
with t ttomot the .feature. Confaormal sidewalls

e e cogt SR s SF G AR O POt B 3 iy e a poor

S . : :
T B e D oo B AR b el i

a thickadhinothe degpsttonmet the hottash of thefirstvypatterned photoresist layer

ngon- substantially vertical sidewalls. Tapered

o e OrEPF%ﬁﬁa e gy H@vqsaxg@amrélm bffom of the first patterned
b = j i.dewal | s may increase the deposited
|$§g?“%%?§%§&%§%3$de a poor etching patterned

pli0049] esi Atfirktapest fedtuek arahbly etchditinttefhe ichiloyer 408 tHr6ugh the
ide wall is thicker than the deposition on the bottom

asid@Wéﬂfl%i@g gpages (siop 34 6)- PHE: A shpwe afiasispt afdpatuies 433 picked into

PGP (8 AR5k S5REAY 0L A

Aldyier 808 5@ta OD wigel Whes igequal fethe 8paRED bhihe depesitell tdyer
| ayer 408 through the sidewall |ayer spaces (step
3 fepture Filpragieses af therfeaturse of B fratselofdsatums 482 shiyde

B St Rt iEh of Y SRRy B B sine
Clh\CDtIT theMupeitddSaRe Yedturk & diRafisRAganfalePhat t}ffe CD of the

deposited | ayer feature. In practice, the CD of the
f paotorastst 612, theChiafdhe fefuresfin fheatcl layer4®3 isrstyll frpaller than the

aGi8t b ahPiafa: 458 trnpseliar bedatut i tem g prbdenty smatier
depasht ed éﬁM@%hcft@ﬁEi@f, ®r iﬁhﬁ%@%thiﬁéeﬂ?%rg?’as%éd%r trd@ANoafed,

the CD of the photoresist 412, the features
i themibe EDcof thalayer W08 ctched miight rotbt kmalldrilaam the €D of the

photoresist. In addition, a faceted or bread-loafing deposited layer may cause a faceted
or irregularly shaped feature in the layer to be etched. It is also desirable to minimize
deposition on the bottom of the photoresist feature. In this example, the CD of the
features etched in the layer to be etched 408 is about 50% less than the CD of the
photoresist feature.



CD of the photoresist 412. If the CD of the deposited
| ayer was only slightly smaller than the CD of the

w@bwborEsi st, or if the deposited | ayer was f ar€r/Bs2006/017067
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bread | oafed, then the CD of the |ayer to be etched
m ght not be smaller than the CD of the photoresist.

I oéldi t i @he pﬂta&mﬂqﬂmtbremsttbmaaind dapositg] ldggrasitker diripped (step
y shaped

may cause, a faceted or irregul arl
e%@ir LS o dogg &t a pigelseioptE fua Senaratp siopy whh a separate
p Nk k){)é"‘h%h .?e?[e? ¥e%dvamtéf ?@'ﬁ%srgéelgcgﬁﬁpstgﬁ eﬁ%%ﬁﬁ?f%@ utséhefor the

or esi eature

f eaippiespetehedlG.MD iewsaliesubstate@ 00 abetle 40ositsd aalyawtnd
50% | ess than the CD of the photoresist feature.[0041]

T@O%@ﬁséﬂWéﬂhW&emmde ayer and deposited |ayer is

stfed; " AR HErhan o B RS PAr 53 o8 iy etcbea
I a(yt@% 3080 &Mis émﬂplarmse@&m R 656t61 fenturédars bRRed. ABKYrétBre, a
e used for the str |Qag| ng process. FIG 4D shows

t h;gccg@tygﬂwlagsa)mmdedafst@)r3 eThieposéss of prayding thedeticle is described

hot h b
R BT AR BROVS  Aderons Rt P SEirti s oraed aves he etched

alfBath@s Pﬁe}?i@ége\ghl(:ﬁ b2 Mis33e is th@ fitPb& BXRAR RatiResS §IQNEE

set of etch atures are etched. Therefore, a second
r shows thei ssbgrava4Qie dvh(erﬁ aenc&&n})atteﬂitwd photmeesss layer 442 has been
provi dd n\%gt he retic is deSC{ll bed in nore [

efplaw thegheh lﬁmrﬁ@@ﬂwr %@e@gn%PatF%ﬁnogo?%%%tw&r 442

0 r [ i

caBion OF MEPRFPLIARLYBP ool oy Pl R g bt

S Iphoeoresiet 1sabat fameedddtyconttre frshsg of otttled febtuessvsa.
hotore3|st | ayer 442 has been fornmed over the etch

| 6[9%4 4084 siavadl Iayer feths denpgitprheves threadgsyrdls off g sgpond
\Aﬁ)\éﬁéméél nét8e fﬁ?la&&%% tlfe o 23 gce%ft % S n@%ﬁ% lﬂf Ze@NYp is o

ere spaces e Ssecon phot oresi st

I ayleémaarce:rmrseadaﬂami\aw&ﬁ tﬁ&l@c&ﬁnd}lﬁxteﬁ%ﬂ phbtoedstdd &er 442 with a
features 432. [0043] A sidewall er is then
dépwailé@ve@éé@ denesited ereapéhd ssr,dem*alls I@é theeseenny nesterned pheforesist

S8R b i L LEE P RN G B Rgp e
t hRtteRe@PRotBRksEl gﬁq,p@&éom&@&h§ idbay Blayéd@athd 45 48has a reduced
sidewal | " I ayer 45 dep05|ted over the Sidewalls of the

sepated"p shat ey lnwhpmthecsp@@l &P of ﬁy@pcomdmattmed photersaist layer.

t e Re e et BBl Bhe s e Rt 3ot Whah the space
SI@B%{He sle&)fﬁr aft@ﬁ%&'faﬁoté%sh §eﬁe£tﬁféu qed a&e%ﬁrm fhhethe

is less t anthes ace CD of the second patterned
pipattemed phcutoteayE}ayerFfwﬁErﬂaﬁlms sutisentieliueetca paiewaldd, which are

N N G RN o

| tsidetvaflltRR SRS bE@RRh % foRhatlet &n angle of between 88° to 90° with the
bottom of the feature. Preferably, the deposition on the side wall is thicker than the
deposition on the bottom of the photoresist feature. More preferably, no layer is
deposited over the bottom of the photoresist feature.
[0044] Features are etched into the etch layer (step 316) forming a second set of
etch features 452 between the first set of etch features 432, as shown in FIG. 4G. The
patterned photoresist layer and deposited layer are then stripped (step 320), as shown
in FIG. 4H. The line width of the etch layer is shown as L;. The space width of the

7



patterned photoresist |ayer feature 422 has
substantially vertical sidewalls, which are highly

w@oewboermal as shown. An exanpl e of a substantiBtT/yS2006/017067
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vertical sidewall is a sidewall that frombottomto

top makes an angle of between 88 to 90 with the bottom
offedtines fretht etoh.layer &f shoahlay Syt Tiee mieshdength ofithe Hedtines i SI stlewn as
wal | is thicker_than the deposition on the bottom

t ke YW BrésiSst Fereeampagisonppiicrpedplatossist layes pitgly &» nhgtoreswt

RS U RGBS ATES, kA6 1BEOLR 8Bl BRI AG o

3 k6nphutigoni wigh &aﬁﬁ!@pﬂﬁﬂl Befeatote BicoRidtie B}, Uh® featthe spiet Wedth S;. In
the first set of etch features 432, as shown in FIG

4@15 THGodiaank thelgnghof 6ree§tChtfon tay datuzpsiPris palé ihedangth of the

%Ytg]ﬁ,ﬁﬂhlg ptaﬁgmecgﬁli;]otglggg%l yeé %))}E? Pﬁ%%gcﬁmﬁv%gg lﬁa ures Ly is
Thelfopaeaindi witth &Xfthé bﬁfe‘?@éd%%réd"stﬂi}%r £} &l 8 ¥&@hurk Space width
shown as Sf. The pitch length of the features i s shown

asSf Bfllalﬁ/aféheaspaﬁ&mthe p@termnddyphotayesstrlayso Sp Eb@m@m éhis process is
reS| er ItCh P toresi st ine, W
DBt v e i Fateig ePblp P BiHE: TRl HHRE Rt
Flléﬁgtlf" (l?inE %dtﬁomaﬁ%mﬁ By hAALHER W] ntgccﬂe Eétme m&%&
[ine wd . and feature space w dth
er}uiﬂmgrarpmmpxoaem Thelnig bkarople tleefinst get bf ol fdal:mfesf ﬁtammheeﬁrst

RO SPEP TSRy c{Ghsdta Thisnis depihgrpabibe sEsundepth as the
f eatonagst d:ffetc%hsfeﬁﬁ}efs #Rfn %@%ﬁédnpg,a%ﬂw RitofeiSt @?ﬁt §r§i&89m.

phot oresi st layer ature pace W

h @0645<])f t &acs@manbommbm pRed drety beel pattephal Iﬁﬁﬂtcﬁrésmaa!}ers at the
. Therefore, this process is able to, use maski n 2g

str‘??ﬁét P GERG136)-dt i r#eﬁeaatnesi that thedqrogesis nomﬁpﬁ@e@ Esteng24).

pitch length, line width, and feature width by half,

whi |l e using the sane photoresist it hography process.

In this eslaink-€drietionPocgesr of etch features from
the fi rstwpatterned phot oresi st |ayer is etched to the
s 040 ept HGor inpém vieweL g@ﬁ@era@bplwt@rgmtsw@y@a@ebna”hgéattemed

gtﬁ)felgls{ Ieag% 8§1df>% tpug §ceténguﬁ pat 58 ésg?(%e ﬁ?a?rtgg rgeg angula.r

oabmﬁg«mmﬁh QhReS s{BB}% Soresh 316, |aﬁ&ﬁﬁ §?e1ﬁfeaﬁ1|ﬁ@7209ﬂﬁﬁb circular
step (step 336 it is determ ned the process is

n @prtxo@ﬁéét &G ( IS@gioB zmeyv ofShe patke-r@ﬁrph@mrmm 1®rep 804 siter a

| e gy it e vallop P et g Eph BpayRaRer s, 1

t BR&RA bB hbtel Bk @rﬁ:%’de%rallg RS RbNLauddI8D iR ah 8V@Fmanner to obtain the
rectangul ar opening 712 with an oval shape portion

7 $@ne fatirewisl eniféredy smell& 2mendidnsa Indteaclbsashoporih FO@. 8 there

! Gyt Cpedrini bR AR B ay i senaen Siges dapending on
skgengik Sndhe IBuPH theFARHP N QNeRIsSLn 18 8884 1indd of

different spacing can shrink differently. In addition, the circular portion 824 can

maintain the shape of a circle, while the oval shaped portion 816 is enlarged more
along the major axis compared to the minor axis. In addition, the corners of lines 808
receive enlargement in both x and y axis directions, so that these corners grow more
than the sidewall of the lines, developing rounding protrusions 832. For similar

reasons, other corners develop other rounding protrusions 836.



shoul d be noted that the sidewalls do not reduce CD in
an even nmanner to obtain the sane features with

w@riobo2rtky smal | er di nensions. | nstead, as sShoR€I/U82006/017067
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FIG 8 there are different CD-shrink bias for features
of different sizes and shapes depending on the width
ar{ﬂOrﬂje | &ywouutld bé dedmbledaprovids, a ticledimt kpeovsi.mra patteffied.
the l.ines qof dlfferent spaci . C shri .
d.rfhpéqrwnl%yer fhat when ¢9v6Fed W a sidPwal erpHPEWﬁ fopporeg With
' aped
el TS RFochlihS: Blorfety depbitgontiol b ifl BlooBidP

cdop48led FiGthie arﬂdwchaw@f:aprothng adetidle (stept ﬁE) c Arihetnﬁe 1ayout is
of lines 808 receive enlargenent in both x an

dinrevidedisiep Wg).+ Adetide laayeufd@ sersraeq et the ff‘@tttrﬁ éayovtr(étep 908).
S ggﬁfﬁ@l! co%fech({i‘rgls peﬁgﬁne(ﬁ?ﬁ/ﬁfb g&icﬁ‘éﬁ I(/é’d{r&&' g %‘1&“1%' 199?013 view

or sim reasons er corners ot'he

r Qiﬂ&@iaft@m@d phétofsRNBy3AD0H A4 Fihs éHrmM@fr@cthﬁh Ct%?d shaibk €orrection
Em?(w de a reticle that provides a patterned

ewiles arl ejaseed $pace t gashegosakrwif the layait. Byaddition, relative

T N AL i i

FI 1@1695 inSre@sdd RNh&hahdreingthe ¥n gmsr tBe 6@l iskd f%d ESHRRA 1016.
04). A feature layout is provided (step 90

r e[004ﬂ]e | Bpwally insugentditie @dl dteloprottss tlﬁ@at&mﬁlelnalylam that is called

{1*%5*%‘9?3&% ?‘iﬁh‘ég b rgf%% B %%cfe%r%e Deleind hptoresist

p%rfe? med BRaAhesd ﬁ lg gelofhisy, tel:IrQQ g)lﬁ)ﬂagf{ms@ fife 5 b Pdfuiring optical

correction. One s nk ¢ rectl e provi es an

enjraxigety copactionl(QFE)dd cmacndn tldorAdes, dofing beehltlayend of thepatterned
dition, rel atlve scal i.ng of features are changed.

Fglrneészr&r}%?r@ CXPPRE ttfhﬁrz%%@g& angt 2t §ROTERy Al @ Mgieda B‘d?rtlﬁ pymed

1

et el ERAR mtA D ol AL BT el B SRRl botween the

C Uinee Bhalldrt Hen(&D shrizgikaorpetineassa beiesdtol dnpepsnfomtiftad line
that is called line shortening, in which the

| |$ﬁ%§ﬂ%m@°‘ﬁr‘%§%§%})(§ h&herefese, threshsinkcarrpeiipn may be used to

| .
%19 L&t8 81S fl%l&ltrg Z e(gP&sE tah& Qsh %H%ﬁaté ﬁﬁ?: él%gcgfor g%m%@? toc%cl:f:ount for line
prquegndrtenﬁfgrrectl on (CPC) to correct this. Also,
during etch the end of the patterned |ines are nore ]
eﬂﬁ@’sﬁgd t & rspele isethem ger@rﬁiecbgoméh@remele layoqut @ithsdenk gorrection
Z%‘/ ?@ formed over the patterned |ines nmaking the
p |9 d lines bigger and the features between the
lines smaller. Hence, shrink correction can be used to
conpensate for litho Iine shortening w thout using

OPC. Ther Muitiple RéticleGenerlationr recti on may be used to

el imnate_or mni and nat t he nee
£ dbO3HIS: orelhe Fsitagle Shate Fiori RS S, SHR Foeisgro o
g{gé&]sseA a{”eeﬁée& lr]&;h& gtﬁqéhsgﬁn)e{eﬁﬁﬁ% Jabeel Bﬁot’b?ésis? a¥ers, reticle

out with correction
and alignment issues need to be addressed. In this example, the reticle for forming the

patterned photoresist layer for the first etch may be used for the second etch, if the
reticle is shifted (moved) about half the pitch. The alignment of the two patterned
photoresist layers (when using the same reticle for 1¥* and 2" exposure) could be a
problem, when a conventional a box-in-box alignment scheme is used. For example,
after the first mask and shrink, the dimension of the alignment box is reduced by 200

nm, which is the same as what the lines and spaces are shrunk. Now, if the second

9



(step 916). Multiple Reticle Generation [0051] In the
exanpl e above shown in FIG 4A-F, when at |east two

we@r@h/1prrecesses are used requiring at | east tweCT/US2006/017067
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separate patterned photoresist layers, reticle and

al i gnnment issues need to be addressed. In this

exmttpined photerasist layemis flufied anmgelahee fwethe erigisdl lme and space

P el ag i B4 B Rt bl SRS rePIL RN SR i torosstlayer
abtfal {difusBldtis 00 HRE il hyltB8ls b th
patterlgggg%)h%l osr es‘bl:ylsl%O -Eglserél ?&h %@X ﬁewgoélﬁ%to align these
r edligoiment laays dsd 1rmidnattd1geax1msslugrm)em dad chahge m q:un&hhtmmal

when, a conventlonal a box-i n-box allgnnenL schene
ugeefhodelogiesanmnas beapyres of srafipsionandpdeatia le&wl?lmlosses This
t I

B A s A e e S S R
shy dirkctiodew, i f the secondpatterned photoresist |ayer

is shifted 200 nmrelative to the original |ine and

sg88&2pi t Enadditione fordhealignenantpf th |sultq¢quetnh tayal, wihighela generally a
Il SRS DR ANE 5T, Bab BB AELAG kB nve

buivbtedbss, Whicﬂlrhré hesenarlei SOWRRA s deRY&] 18Kk FifPIR IR Ut RGesond
m salignnment is a change i n conventional nethodol ogi es

arerdge whidhes étm‘m‘be sdcond stinirki. dhiszaul eﬁfmt@nd ew¢n ¢aarhgenisread by the

2 e R e RS AP 6e GORG e BOTTIR P eag eqditon
d 'tﬁ@&&ﬂlf?@eﬁdgeﬁ O&APRHuddtha disitivel of hREnh AR daé | tcgﬂﬂgﬁ 'EIOSQf)roxmnty
t he subsequent |ayer, which is generally a

(cd mlnfaft;dge@togvﬂhax) The tamtstte/ntydssﬂlﬁs (fud:zty| edgesr) esu gett wdjsmﬁm gery small

t t. k ld h
S e Yl RepSatan St et Sl o S gD here the
S e0ady &G aIMkY: 65h bl%nc‘f’%gtegcl{ &ﬁeﬁ%‘&%{/‘s@ﬁaﬁiﬁdg@ lﬁeco-ﬁlﬂés%one}ustent

can effect and even can be m srea I'ignme

al[0e33]t hni additiceh applRbtiadsi volrerd h eathewh esbé crehtbé id mﬁ&&:omplex
and spaces. In addition, the double edges can reduce

t ﬁ]éal%%h'éqfathﬂ(/?f ety sapeedimaBdipgRsienoparpls] dingy, gagre needs to be

pr, {.ogether. The sensitivity
is@éggﬁ élgllgﬂlgt eggﬁ%gn get worse for very small CDs,
wHoes4]r quI(} € 1958 lflowedhattf prévfidiff b irételd (stepB0dPivhelh mdre than

few 10th of nnm), where the edges woul d al nbst can
bloga gtofiis hseéae"hfe@tlﬁ@layams Brogfigd ;ﬁst@aéwﬁaeééﬁ@@t two reticle layouts

53 wh
paPs B! o S Rl 88 eP Ta0P B iRl PR Bpfgpmed on
ofeaglv6fnthy asRa%k eflo @@ti&ﬁi 1a9¢u1§(s$dp01r1 1DRr &t Je@dt tvb P@fclesBE Lenerated
needs to be done than sinply shifting a reticle.

[ doBa fhertt Bastitwoirstiele {dyows ovitly shriok cplrrmnoail (sigrdlt®ticle
(step 304) when nore than

Example
[0055] An example of a system, which utilizes an embodiment of the invention, a
system 1200 as shown in FIG. 12 is used to provide the reticles for a multimask etch
process and is used to provide verification for modification of shrink control rules. A
feature layout of placement of features is created and/or submitted at layout 1204 (step
1104). A reticle layout 1208 in this embodiment generates at least two reticle layouts

from the feature layout (step 1108) for use in a multi-etch process. The reticle layout

10



one etch is used. A feature layout is provided (step
1104). At least two reticle |layouts are generated from

wo b@ofizasur e | ayout (step 1108). A shrink corrBCT/US2006/617067
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perfornmed on each of the at least two reticle |ayouts
(step 1112). At least two reticles are generated from
t Irequites|cemptiter mierthatl ig hlige tagangtate fwomiihe fﬁatmrk layout a plurality of

E%{@Ct a1l hleEA i Bebirercahtuth bk St R m% SRR

§U§é %; %oﬁ@& &GE.J‘?@IZ %15‘11%6&‘ pis‘i’ﬁﬁhﬂ%o ection
t ic C

r a rru et process an I'S use
t Q)npihemﬂ least veo reftici:ealhymm (stap 1t dl). f Theadhiriak co:freethmmn«kcessor 1212 1s
control rules, A feature |ayout of placenent

t eedfoeereqts reficledatal L Hddont 1sab Ave ff‘élelealﬁyqu&wuh shrpgycorrection

( 4 t

(67 139 e RaR bR S NP S8, R R8s pstor
f ehé thmeaihiay Qlebs (SFIEN 3hAB) pérfdmiis eerifivationPtdcbssad provide
process. The reticle layoutrequires conputer code that

i spdgidiomak Ialeg dercthe slrinly eofeptien ]P@QQSQ‘PTemlayout a

ity et|cI en ge t he §

b AhEh 12 1 elef el B bl 3h et uleS Brfh Byrink correction
S b édssdr O&itIRE b kRNCIRp 2HB86MAhy BLdréated oHER e BRE f1916Mndy be used
shrink correction on the at” I east two reticle layouts
( stb ereateldl @yt chifhlaystrl2dk. The testodhiplyputids pusied on21pafers1 236 to

dto cre reticle data, 1216 for t | east t
rfaa@aft %Plgot%eﬁlﬁt leysti o it iR 3(6&%%%%@%3.7 over the
T?ﬁtt@ﬁl%& bﬁbt@ﬂasfs't ﬁﬁ%%eﬂﬂnﬁ RisRicGXA 'Hi}eﬁ o%%ﬁ@%ﬂtt%%%@ pAbfresist
u to performt rémal ni ng steps “of dto
peeyeor rh nonerditf meaturanen isvihes matlo 1 2o Vindae athihodinmng|the line
for the shrink rrection rocess r 1212.

| | 00
TSV SRR B ROk i R PRROESF B e e sideveal
f h
s B AU R BAREL AL A SDETIMod Al S?Sé‘*ﬁéféls done on
neilie biehetsfedtukey. dhesd 1ﬁeaufeasa&1ts&hre prdv&;eduis nipZﬁSﬂo aﬁl’ dsrﬁpmcal model
test, chip layout is printed on a wafe
palittiag Aesne h%é%%r@sa gatram%tht@ﬁmrh@l&%méh .Téle OAtHué%’ihe
| 5 nﬁpqltlgﬁ %éd%?ﬁtt&%eehgﬁlg % &s%&ttc? g«%lﬁegat@Ql? LA ,,S&gﬁﬁlohéﬁ%ﬁv%lch is
performa sid over e patterne

phetdtesosidelidpived Aﬂbs m&hm}dﬁﬂt JrBRstitTeetdssérs] 2 pen
made 1238. In one enbodinent, the line width

mel885#le e i addifjorne pbysieal angsist Eéﬁi&d@dlsmdlabﬁi@¢rsqxﬁ1a%ty@r1240 to

DBy Bt R s et R BRI iving o
t h@ez@é g Fﬁylsléaqe alodeeR44 Themasih ?&wv@frﬁeﬁtﬁme(mw oYodeshpares the
as input to an englrlcal model fitting engine 1260 and

a rpmladeﬂaéﬂlémﬂld ¢ playsicahgiodel 12440 If tiie eoroparfsan ivfotishiciently

0% 1931 BB dad prORIFLTD (S clBisiFopfl R btise Pbo. The
rﬂ?gﬁﬁf Qf tHebngsiritA nid¥R] Al 2K oie8 i @GH k@ BerRFAE 85 8@pirical model

1264, which is used to provide improved rules to the shrink correction processor

1212. The shrink correction processor 1212 then provides new reticle data 1216. If
the comparison is sufficiently close 1224, then the reticle data may be used to make a
reticle 1280 (step 304). The reticle is used to form a patterned photoresist layer 1281
(step 308). A sidewall layer is formed on the patterned photoresist layer 1282 (step
312). Features are etched into the etch layer through the patterned photoresist layer
(step 316) to make a chip 1284.

11



[0058] In addition, a physical nodel is nmade using
paraneter extraction 1240 to extract process

w@ananetrers fromthe sane data set used for enpCT/U8aD6/017067
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nodel fitting to create a physical nodel 1244. A mask
| ayout verification (MV) 1220 conpares the reticle
dd0@59] 216 Vaiidis dther poboesies alayrbedsed tb2apply the feamee layout to generate

i REER T CACICA WA TN e RITTR —
L35 o o il 8 1 TN e

usad ther diametadisticspraared Tieluser woultl ieensdntdr giiidelines for the
correction processor 1212. The shrink correction .
picoEedisy In anothenpapbodiment odada rebiglertanes anay hedfirgt mades Shrink

BN UL S 570 00 ey o
3Qddvidd B Estr FifeinRs bisd StedbtdridtitOiom e alieaiseLeould then enter

phot oresi st |ayer 1281 (step 308). A sidewall |ayer is
f @uigstinemfor the qoareetemse dhp herrentions wouldghen bepgyidee iepfile.

3 . F hed, i h h | h h
B R LT B By P bR B e
C RlaRatidBhd ARG ey R icOM RO Bl RE-BFRSARR AR 8 S6T¥0would

to apply the feature | ayout to generate nmultiple
r entomaisalinapply thepptioythe hgowhnd the reticle diddsi on to a

reticle | . For ex le a shrink correction. nmay .

DO PR 5 00 4B TR S e R R YifiBle for

f A b BF St t : r
SRR I L SR B SR i
arotrha@ionarsbd i erebidimdais af thetpredent ihageonmMEYGh@A hovet one possible

o S bSRo YRR Lo, B GBS B
i .eat . istics. t . T
By AP0 Y BEK ) 058w

Thenatidnndiedd dedcanmitoth fivperupe cpmpuietieGomputer Eystetn 600 includes a
These processes instea e replaced b

d my b a nore
R HieF B2 FRIa 64 DABUG 08, Ardisk 41 608 keipodel G19eand a
f Ik €CH: -
i eI £ P4 & Bt RABATU AR udcdSo HeTo VA € and
fifa@s coth dystehf600.S 6A and 6B illustrate a conputer
system 600, which is suitable for receiving the

f da@alle | Bl 6B isgessamplernd abiaskdeagran der eomebutarsyeemiong-

or BB riv SR B 0B Rk s SHRIREES, Bretefiys) 34 (o
f QEM1ef td NecenRRIPb&ssifY hitdNor CPUSPMEBuplbd® GOPsESSces,
system may have ‘many physical formnms rangi ng from an

i nnclyding senwiry 624-t Memopy 624 indludes roilomboeassimearody ERAM) and

D N N e T SN

gﬁﬂast%@ti&%ﬁﬁ-'wre%all? tSHmR ey hYER RABis Rek BYRAAY b BdBfer data
and instructions in a bi-directional manner. Both of these or other types of memories
may include any suitable form of the computer-readable media described below. A
fixed disk 626 is also coupled bi-directionally to CPU 622; it provides additional data
storage capacity and may also include any of the computer-readable media described
below. Fixed disk 626 may be used to store programs, data, and the like and is
typically a secondary storage medium (such as a hard disk) that is slower than primary

storage. It will be appreciated that the information retained within fixed disk 626
12



nouse 612. Disk 614 is a conputer-readabl e nmedi um used
to transfer data to and from conputer system 600.

WO O®61217FHl G 6B i s an exanpl e of a bl ock di agreem/82006/017067
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conmput er system 600. Attached to system bus 620 is a
wi de variety of subsystens. Processor(s) 622 (also
r ehagy, ireapprapriase camex, balincprpopcasd inmjandard fashiom aOHHR}] memory in

coupl ed to storage devi ces, including nory 624.
VERDRSFY§24- ReBIOY %gwﬁﬁﬁgma&t@@s@e ﬁq%%wfme Goputer-readable
r DERYw(ROM . As is well known in the art,
R%?ﬁ%%@%ssx?o trz%vg'f er data and instructions

unoeel]r ecCPoNG2liy also colped oUW amidtyRANhs/cugel deyipése adchyas

to transfer data and instructions in a bi-directional

ey, 6 lpkeyberrd:HEsmobse WZnand wppless 630, saddredbackipgg forward

i ncl,ude. any . sui le formof the ¢ -.r .
ot Gl Lt 2efne T B PR T GREE R be any ot
C QlidoeHsysirdkdal 191 Rick Yk dyBo el nfiddphéries PoOoH-sSitive displays,
addi tional data storage capacity and may al so include
argangducehenrd taagers anagnstid abpapentage scadersciablsés stybisesyvoice or
Fi.xed dj.sk 626 .may .be used to stor rogr ans, .
R RO G ST B OFes < USRS ERo AQe22 optionally
MREUB dotHfel tean@hdtab lp;ﬁte? k) teﬁé&@hﬂﬁi&ki@ﬂ@ﬁet&?ﬁlﬂusing network

prirmary storage. It w be appreciated that
i nivterfacet 6400 Weh ancherinativotki intef fage dit i icelkiedPBuaythatithe CPU might
e inc orated in st ndardfa%hion .
etwork in

appropr.i ate cases, r
agg‘iﬁl etla%m%%?fm tﬁe H%tﬂ‘i??l&; %Sﬁﬂghtrﬁélﬁ%\‘i prEngfiogyio
tel-r
e LS SRR the AN ks bR FRIRA s/ PEfiREfre, mothod
t @ntbodandred §f thé presgttinventipn inagexeatssoldy ahom€PUI &2 aynay

604, keyboard 610, nouse 612, and speakers, 630, and
f SEBPEE RV RACHERREReh &5the Bremeln cgpupeiongyith pgemote CPU that

g{sﬁ&??ggg}tgpg)gﬂg{@gcﬁsgggl nput / out put devi ce may be any

k balls, mce, keyboards,

mM[0068) honksadditiung Bmbedigichts\of titt [spdedy Bwveliticnfiett eeelacaiod
readers, nmagnetic or paper tape readers, tablets,
s toppytes stoyage prodctsEttdEePEPHEr-Teeednediua thet kavecempyter code

r %ﬁedr?cérgfotr ggaﬁg o hlﬁé PI&I%H%%%% ﬁter-?na € %rzlte%%ieﬁﬂgl sI )fhg%edpaeand

coup conputer or el eco nicatl ons

Nebipiter U6dd@ayBé MOEKspebiafy Hasiencd4ad cWidthicedabr te E)Jurposes of
network interface, it is contenplated that the CP

nitlghpresant éiventiomioo thesmiayrbefaf dm kiné wieltknowie and avaiaghe to those

ok R i e B8 Er Bl B ehBuo LRoap Rt Radible media
Fundihes, Bef fe nBEARAEH RTRRGhIRNTh&iLEudNg 1ﬁf@c§§1@ﬁg§ppy disks, and

i nvention may execute solely upon CPU 622 or
exeqguesc tapeyopdicalaneba kuchias CI2R QM e adhbapgraphiic devices; magneto-

f ??gjtig? g%e:éjgg §1}r/ﬁ:\d8TaQ ﬂ%ptricearlr%}sﬁs ,%Plég h%pd%\}ares Hg&fgc?ess tl?at %Per stpieglgll}(l) f
configured to store and execute program code, such as application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,
and files containing higher level code that are executed by a computer using an
interpreter. Computer readable media may also be computer code transmitted by a
computer data signal embodied in a carrier wave and representing a sequence of

instructions that are executable by a processor.

13



[0063] In addition, enbodi ments of the present
invention further relate to conputer storage products

wowaok/1z17¢bput er - r eadabl e medi um t hat have conpC/E82006/017067

10

15

20

25

30

code thereon for perform ng various
conmput er -i npl enent ed operations. The nmedi a and

conput er Esaaplelayomtt hose speci ally desi gned and
constructed for, the purpases of the prese | nvention,
orlOQ%y 2 Hheciic Pl s of CSEh aT Bifhi 1 abpsyeigm, such
t ' [ j - £.0f t :
LISIAURH 06, S6Ld kb, LOSCPIRRIEAN 18Rl iog, o 101

nattop ivitiwt efth featuraagnef whicheldives sfeaturapattean 4304 wikks features 1308
fl oppy disks, and magnetic tape; optical_ nedia such as
cthaarstodecetahst duje aprater. o fratise layarigrich Sapt the smafiesi pech

S Leal di X e h

S SER A0BL PR e e DAL ARERR Aol o
Caélisle Biy6lt pR6ceafR 1208/ 16eh SaREdtES o 1dabt Wsatp(ﬁﬂaﬁﬂyro@yﬂetisle

(ASI Cs), programmable | ogic devices (PLDs) and ROM and
RAayotsirere she festarmplerent ¢ste b er code i ncl ude machi ne

c such, a roduced by .a conpiler,..and files .
cafifesin nomhouReRy S5t et TRr ot 1R BrtriafE ppring of an
C Qe Bhent SF 13 iAvenkiBh CFIE. 818A. an§AMBU:E fop BaNRBE Sati¥Riddayers
may al so be conputer code transmtted by a conputer

dalefingd gnafirse ndhistt leybut 14604 et 7 sesondveplieledaybut 1408 that are
representing a seqguence, of instruction hat,.are

BB P B ABEULhTOBR A UL L8 ehp GBS Pl taat o

is ﬁﬁ&éxﬁé& la%ladg?in%% 8{ tﬁeflﬁrstt!r%ﬁcleflaeflogfelzﬂle%@ $Swffedthlss 1434 than the

a systém such as shown in 12, a feature
| dyasurtes bEthbifetrepatemd8d4 and g4 f€asirep14240thn thelfeatuks of the

s ato i ew_of feature | out, whjich sha . .
?é%ﬁtﬂrﬁ@%ﬁé{tltavéyﬂﬁmfﬁ@fm%ﬁﬂlr% %/‘Di‘f%é ﬂm%etufqﬁgﬁﬁr @11@8198&116

. e . !
CHEMFRe! Dt SRABY LA BHRY LURE R b 428 tn

ashefeatimes ofties feamiaipattctny3ndtand dangeofeattiesd 1408 thad the features of
reticle |ayout IEl:ocessor 1208, which generates_ at

| dbgsteatupppatiery| radditiop, Be paitenedlagen defined BY thedisingicle layout

f . foll ow [

< RONER O PRl Aoty P30 en OB 0 BB e gecond
eFdé ROt 108 thagtvamafl?nhieﬁnpatiéh@ 1438 1 Hhealignthéd patten of the
top views of patterned | ayers defined by a first

r deitemed laagidpfingd by themettarmed dyardefmerl by dhe seperd retigigdayout

( S2bs B U FabiiotianEn' 150 o8 bradtendites BRAGES p oo
dettidiethybit 1408 ahd Hiftoth@talishBehtmabtn oF4R4p MRl ONRE defined by

features 1424 than the features of the feature pattern
13sesonll tebictydaydue 404 dass haDmatch any algnnfiens peitess oofthe pesterned

f S e AR AL cand STBLL o1 1R LRI, ASS R 18R e it

reticle layout has a first reticle layout pitch Py, which is the smallest pitch between

features of the patterned layer defined by the first reticle layout, as shown in FIG.
14A. The patterned layer defined by the second reticle layout has a second reticle
layout pitch Py, which is the smallest pitch between features of the patterned layer
defined by the second reticle layout, as shown in FIG. 14A. As shown in FIG. 14A
and FIG. 14B, the first reticle layout pitch Py and the second reticle layout pitch Py
are each at least twice the feature layout pitch Pr. This allows for a lithography with a

limiting minimum pitch to provide a feature layout with a pitch of no more than half

14



patterned | ayer defined by the second reticle |ayout
1408 has fewer features 1428 than the features of the

wo e@baeEg4pattern 1304 and | arger features 1428rPCTras200é1e17067
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features of the feature pattern. In addition, the
patterned | ayer defined by the first reticle | ayout

144 litvagngomenimuingpitebnthup atcreasing thks#solatiah ofthe pttogeaphy by at

| ayer defined by the second reticle |ayout 1408 has

t w5ash Ynnment patterns 1438. One alignnment pattern of

t tte ' :

adp 0BTy EvRE oot BRLe HSOARE LR R B Rere B Bhiied o o
al shginkreoireqdptdoessor 12B3% oqnrrfohe shddid enrreetonh ay ére af édasted reticle
b%.the first reticle | ayout 1404 and the o

a

h
YWD Por FICo S hbs [RBOOEY A6 RePAIBRoREDPhdefingg by the firs

t he,. i I

BRI R LAk IR, 8RN T A 1504

t heotides bt thetokb® of @endticld 4D decolitefoalal @ Afbuhey®shrinkage at the
defined by the first reticle layout has a first

r eqoredre Fl&y 6B ipp tahvipwiof theisfteined dayendeiined by dle sosprdeticle

PR S0F B 5 Ty B e R R Rt ES g iR s aleRovided
Padt ey desers Y@k rétefld Redchint fhie 1aeePRdolRlof Shiénltagy Bithe corners.
has a second reticle layout pitch PM2, which is the

s rEld shsink gpiredtionat sdenprowiing esnayicutorts mat beeoneeaf thanyanles

defi ned t he .second reticle | ut, as shown in FIG
CroNaEa BY i RriRk Boesetiph RIERGFORTAL. 148t ho f ¢

{,ﬂ?@ﬁhe | 2y Qdtkt W GhRcIBMire 30RkLRE RRFARY: fe@étit%b?etic@é/{é%uts with

PM2 are each at |east twce the feature |ayou
pi gheink EBtrecEiongstap [l 01). Part of this sthp grag bl pywidating reticle data 1216.
' e a feature |

R R TN LN .
b AR CR B OF Bl e et o

| aroudtichndhtd.he second reticle |layout are submitted to
a shrink correct, processor 1212 to perform shrin

Kk
col0Pedlt i o Brst raisleds upedde formy fipst patéqracd plipderesist layes gstep 308).
1132) . (El.G, . 15A | i : .

S0 AR DR R B BRSPSy ot

s hfrbrA ¥hE BFst RiciedBydus af& shehestrecGon N604.CThOpitch Ppdfthe first
are provided at the corners of the reticle to accoun

t
f cpatigried phetoresib lpyer bF04sh tersrmmdlestaitch hetwesn therfsatupes gf the first

15B i s op Vi of e patterned l.ayer defined
Rl e SRl 190G P TbBA LR gy X iyl pemea

C OpHoRSTEd i SNaye (6 § 00)MBYG. 18 Raltof WHeRUdfShd pARnMdehotoresist layer
provi ded at” the corners of the reticle to account for

a 168gdier thesidewaliflaysh hanbesy doratedtih shrinde the featwFlsize. The feature

shrink correctjon rule for avj di ng corner cutout

ey s T OB ALY el BBy Ok PO HiS thtead of

COlohRgihE PRotRIsRMES A ubdigat?is thQ0&AedAb elcBaBd febiiPes into the substrate

reticles"are generated fromthe at least two reticle

| afptept3d 6\ The patterned photoresist layer is then stripped (step 320).
[0069] The process is then repeated using the second reticle (step 324), which is
provided from the second reticle layout 1508 after a shrink correction (step 304). The
second reticle is used to form a second patterned photoresist layer (step 308) over the
previously etched features. FIG. 17A is a top view of the a patterned photoresist layer
1704 formed over the previously etched first set of features 1712 which are shown in

dotted lines. The pitch Pp; of the second patterned photoresist layer 1704 is the
15



shrink correction (step 1116). Part of this step may
be by creating reticle data 1216. A nask | ayout

waoegosfizicat i on 1220 may be perforned on the retPCi/8S2006/017067
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data. If the mask verification data designates that
the reticle data is OK then reticles are fornmed from
t hemallestipdich betatean 0B &Bies Af fliersstondgtatteined photosmsidt tager 1704. A

L?@@@k&;ﬁ%ﬁ% at t 6?&2\%}1&%‘5 %%eslpi\pt%g?¥ Eq.yﬁééztep% 1%98%‘](} 17Bisa
P 5ty Y L0 5 o A S

pi forhedPplsheihk tHefedtitesstizep Abcdeatad spledtioredsteslt ’HIﬁy‘ﬁtouts allow the

1604 is the snmallest pitch between the features of th
f i sheipk peoess ta dernp prspers dasterd of squndineapatrusions; Jé\ﬁénbstrate is then

S R R 16, AL TGS, 809, 568 ol e

ph@y@ﬁﬁﬁleﬁtgtﬂppy@(ste]g@@) after the sidewall |ayer has
been forned to shrink the feature size. The feature
S| [0670]s r EHacksdis aT@reVI@memh@s@Bﬂr@waﬂﬁethg brciond s?irqf deaduyes has

f t ead
o et FRREE] bR aipPE et st S O iy B8 s vy s
SUhsibARl BhédtRRt BYE) frorh Nige it f8ERAd RRESANIAST SfehtBNEN812
is then stripped (step 320). [0069] The process is

t hetched epimgtteelsagendhpatteheedghotomesist ddyier frem(the eqroB@ 49t of reticles.

LSh LRSS Lom UG sesond {8 L o L Brot 1508 e
r efz?l@'t? gfcﬁndéstﬁg irfcPeab ]%‘ﬁd'ﬁ a%ﬁ‘%@é&ﬂltﬁ L ge ?ﬁc@h PEQF @k 8Sdt@ks is the

| ayer tep 3 over the previous y et eat ures.
Fl smallbstAiich batvte&p thd fewtuods. tAseshewpaitd gtchdy of Itimet subetsits tfter the

of PF 6 BLLSHIES Do ERh S ShERFIOTe M BEBERA b o st

[ t
D s o or e L B A P L Rd PR RO BIAR Y 1
S 6[00’[’\1?] patrhe rélgibrghipthetvesdnshe fimy aid deéOdd pﬂte&ieﬂqﬂ\ﬁtdresmt layers

yer is fornmed over the Rytterned photore3| st | aye
( slts étffegqré)thanpthare@mslil@ bgtwesp areagh aind Ylﬁ@aﬁ%ﬂ%phféareﬂst layers

%f’&lﬁ%asg&y cr)gez}% %\(}%fré @;a eﬂéh ?ea&?é’gaar%_h&ta%lgarcgllﬁeﬁ the via

been orne ure si ze

Si e@@rdsSo (REBAEEPitchIR afdloOiES o tleONd FhRIr&N6 ichdstethodess
to formcorners instead of rounding protrusions. The

s ulssnaseans cosfiguraiione tloladdition, the first seteoifeniurgs ard thasecondset of

su strate reS|st | aye
> U3 o8 ¢ s Pl S RS SRR EE R hog 6@ to about
VI BWsahe HESh 84H0RE. Hbﬁ/e@ért me iRt S H10Bks Bely RE tﬁee@swrﬂ%econd
has been etched. In the substrate are a first set of
f emtuqmé photbpesest lﬂ’yexs tosicaty Widsewitlh mreapmi pitehree the first and second
cl.e an a SecC

dgrien ohp o @i bayels T oo 1 g ettle St iBeEEeR Rugh. The
phfeatafe%% gilis bA¥SSle harmbbRev3EcHR itsiths @E pltelt tsbBfon of the
lithographic process. A second alignment feature 1808 allows improved alignment
for the next level of processing.
[0072] In a testing and/or development process, the substrate after the first etch or
after the second etch may be subjected to a measurement of the line width 1238 and
the data may be fed to an empirical model fitting 1260 and/or a parameter extraction

engine 1240. The empirical model fitting 126 provides an empirical model that may

provide additional rules to the shrink correct processor 1212 to improve the shrink
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Sonme of the first set of features 1712 are adjacent to
sone of the second set of features 1812 to provide the

w0 pwsa2ised pitch and resol ution. The pitch PF BPET/URM®06/017067
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features is the smallest pitch between the features.
As shown the pitch P of the substrate after the second
sebrreft freassr Bise prasnéteeektatide40gprovdens phytsfrahmbd¢lf which is

the piitch Pp of the first patterned photoresist |ayer

aried fs tassmaridlapet veriieadiop Ha%@r é‘é‘i%d%m?eé%rlmpf%’@‘ﬁlﬁ Shris correct
rgﬁ@&%@nship between the first and second patterned
photoresist layers is different than the relationship
DOOERN alr dredlthna8ivd enbadipaeht, eliegaherabioh oF dRirsticlé &yotils may

in a dual damascene process, where the trench features

arferm Sratugey heese thesamesiagiag theclgatyres o1 the fepferenatternmnddhen

but .are located on the vig f S e
it e tEBh PR Rat PEeeta MR BB A BT At NG Groase
f apd gihensidns of the pae&RATLISR! IPindiedtledbRTinddiR, the £tk lhgout 1208
about the sane depth, wherein trenches are not etched

t endlshiink ¢dreect 32 meapbhperformied én a FHogle\stap, whikle both generates

i nventjve.process se the first .and second .

oav Pl gtidlh BERE and pertorpg, shripk cqrpeetion 1, ¥ 982l sgp, but still may
| NEHARSREIIsHED sRbs tiR1drty.St and second patterned

phot oresi st | ayers may be used to create trenches with

i {004 s edSpint ofi theTdifferbras i swinkreottectsoneanalnPP@ ateaasdollows: OPC
ahout twice the pitch as the pitch resolution of the .

| 118 RTS8 eete £ HlaAa?éE%‘H%lgdﬁ“ﬁﬁﬁé Rojousis aeniggewed lic
alg,0 M@siﬂegﬁéa@lf?g% g}ﬂﬁ%ﬁﬂ%&igﬁﬁ dBH@oﬁ]ﬁfgtrreﬁ Y §+ th2 the resulting

processi ng. testing and evel opnent
prpactessd photeresisbhiyerdt aotdlileahe Hémrell if¢atires bathinstead fiiratk

the second etch may be subjected to a neasurenent of

t FeTeetiRn Mplepsihe regiglting pattereeddniotorasst 1per moge digfeggnt from the

S | FiLL]
e -
12homrestdt doRr stinpediké ihealesirgidedtutds aOPERY pprforhddeto provide a

additional rules to the shrink correct processor 1212
t duighep reselition paternphrleipteaist laysr o SREBK comrectipn ispasfosmed to make

extractio 240 brovi des a.physica I i '
RIS B Ao S e Rl R St bl o e
PIvR4r8s SBBC iphdi@seuleh & Sdirihdtoredt eféridd tOe@aSensdte $idhe loss of
In an alternative enbodi nent, the generation of the

r exdditiosal msteialsn derynifig theplatieimed phototeaist layer. tSheink gemection
size .gs the atures of . the feature pattern.apd then

S PvRe g ot oo v ionds mpE R PR R o B e of
SiZgedl dubfg hiRAbHh RS ARMIeHEL8RREe the di nensions of

the patterned lines.” I n anothér enbodi nent, the

r d00td]le | &ywartout 20 odimtbnsshilierskched featwts hag Be megsuved to provide
petf.ormed in singl e step which both generates

mﬁli’F p.gnt]:qg..tnp’fgpgatéwﬁﬁgp WHEB PW??éSt (2 fﬁ?tures after the
CObHRAIInUTE thdsiBewAl MY &rs MaSfe niikursl td hro¥RY shrink control

information. These measurements may be compared to the feature layout or the

reticle layouts.

[0076] Some processes used a first reticle to provide dense features and a second
reticle to provide features that are more isolated. The requirement for such reticles is
because dense features required different exposure or photoresist than isolated
features. Instead, the use of shrink correction and the formation of a plurality of

reticles may be used to form some dense features on one reticle and both dense

17



be illustrated as two steps for clarity. [0074] Sone
of the differences in shrink correction and OPC are as

wo eloboass1 OPC is performed on a reticle so thapCT/kig2006/017067

10

15

resulting patterned photoresist |layer is shaped Iike

the desired features. Shrink correction is done on the

r efbatates andisblatdd fehteres esahothagreficles whibe dsiph dtheovasss Ighography tool
layer is not like the desired features, but instead

s RROESIECt i on makes the resul ting patterned

p esi -
FaBhTics, S BEERaRRER ke SN Blonk B ok Bl i ticis. For
medkespldh ehrgaicticlen ady bb ab«l eshatthd feytire Biyapdas hipiteh thaeis one
desired features. OPC is performed to provide a higher

r éBisdl of thewiteh ot eachaeligin onnaties example fourggficlagmay be used so that
PO i Ny
gg{l{ ?e%{drgﬁahﬁt 55 %cﬂﬁT £ :%n yélﬁg’flgoihzﬁé\ﬁftcﬂ &8 f#ég%[k. Such

r
er ned otoresis ayer ¢ FeSol

I afultisieprocBRed\at QescriGBGHUGY Paiest ApplRatid®Nagter 11/050,985

photoresist material to cg;gensate for the | oss of

adiled Felmaary3a2€03, &Y Jefifrey Marknepd Rezagudiad endifled "Reduction of
phot or esi.st .l ayer.. Shr.i.nk .r.ection,proyi.des rules
PGt by SREMERREE SRR R FRobr iy
adgfetkdreB fsfall seg@l during the form ng of sidewall

| ayers. [0075] 'hi various enbodi nents, the etched

f dA078]les N&hilehisnmamtioe Hat eepdosdrithed shieimkoLssmenabpreferred
infqormati on or the patterned photoresjst. |ayer.. .

f cgRenty. (oo pifcalRER oY PEREBTIORCHE] EiRr PSS quivalents,
MBYLiPE (APRRNh R {OpP Bf;ﬁ'%éjiﬁvﬁﬁfohn It HBATAHo B HREI b tBEre are

These neasurenments” ma e conpared to the feature

| ayant allernative wagd oCilvgpléragming she 16 arfdoappapiuseeshibs present
used a first retjicle t rovj de dense features and.a

s dB¥HlORe tile rl@rftfareﬂpmﬁ?%ﬁthﬂéh% g%“%“%ﬂ%maﬁa‘“é{ Cﬁ%\ff@nbe interpreted
i sQl: equll . SHC i ks

SR g S BT i RS g Ll S
phall evighsn thie thudapirlt 204 adopd of drtpuesest inkegionad, the use

of shrink correction and the formation of a plurality

of reticles may be used to form sone dense features on
one reticle and both densefeatures and isol ated

features on another reticle, while, using the sane
l'ithography tool and photoresist. [0077] O her

enbodi ments of the inventions may use nore than two
reticles. For exanple, three reticles my be used so

that the feature |ayout has a pitch that is one third

of the pitch of each reticle. In another exanple, four
reticles nay be used so that the feature |ayout has a
pitch that is one fourth of the pitch of each reticle.
Such nul ti mask processes are described in U S. Patent
Appl i cation Nunber 11/050, 985
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filed February 3, 2005, by Jeffrey Marks and Reza
Sadjadi entitled "Reduction of Feature Critical

woremensizens Usi ng Mul tiple Masks," which is  PCT/US2006/017067
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i ncorporated by reference for all purposes. [0078]
While this invention has been described in terns of
sever al pr ef erred enbodi menCLAIM®re are alterations,

p nutations . and various substitute equival ents,
whivBa is glaimed ishi n the scope of this invention. It

shoul d Qﬂ@ﬂ" TR s nal.i ve

vvglys of&%1 ﬁ%%ﬁ%ﬁt | glsﬁﬁéoﬁﬁéjtﬁﬁ%ggﬁgﬁlg app%?(g{l ses of

t he pr eseafputdr fstdable @ade forr réceivided Bhtrelayoaditeased t hat

the follow ng appended cl ai ns, be_interpreted as

i ncl udiSeEPaLr repdable spdefos epRiiag shanlaeqrsaction en thefgature layout.
various substitute equivalents as fall wthin the true
spirit and scope of the present invention.CLAI M5 Wat

| 9, cl ai TRGpbaratul; asABcitddAACRiY , GRTHRF t&thPkiSOREbIH8Er readable

readabl e nedi a conprj3|g%: conmput er readabl e code for )
r €odf {aregmparing e meseltingyent vafe ndthcibentatuare lavenidens gsnergties shrink

for _applyi shrink.correction on the feature |ayout.
2. COH g%é%%‘ge%i’taﬂag,o tgef%rgp?g{?'i n claimil, further
conpri sing conputer readable code for conparing a

resulting test wafer with the feature |ayout and
geher atThegpphmatuskasaeeitedan icum 2y fietheh eaapkising ¢dnaputer readable

conparing., 3. The apparatus, as recited i,n claim 2,
F PR ng piviis GF RgREaaD Sl B Rei eSS b B St hing
the generated shrink correction rules to the feature

| ayout. 4. The apparatus, as recited in clains 1-3,
wher ei Tterapperatysudsarciteddd ablires t-Sdehtwin thp gbyipnigr tdadable code

shrink_ correcti.on on the feature | ayout, conpri ses:

c dRpRRLYINg Q%QBPE CRISRRLOP SR t%e g fol TaCOTRIESER ty of
reticl f : i

Chr 1 ik ConbUrendeb BTl for bty SOy oA BRA LY the

5.fedihe layparaidus, as recited in clainms 1-4, wherein
conputer readabl e code for applying shrink correction

on t he aehing drinkyerectiondaphs ralibiiside lavendanl e

code for providing corner cutouts for formng features
in a patterned layer. 6. The apparatus, as recited in

clzai s ThebappuatisCistetifed i @Mpus 44, vbaebabt@nmacacidible code for
applg%gg shrink correction further conprises conputer
r edpbingsheilcorreptionadibe iRgtude Hyash epmpidtes sampaicheegdable code

| FéF Ir)rolvi ir(f‘:gS co%ertclﬁ?ou‘gsafotr %rrnn?rgg %e%’éﬁ?ers'in a patterned layer.

6. The apparatus, as recited in claims 1-5, wherein the computer readable code
for applying shrink correction further comprises computer readable code for reducing

dimensions of patterned layer lines of the patterned layer.

7. A method, comprising:
receiving a feature layout; and
performing a shrink correction on the feature layout to form a shrink corrected

reticle layout.

8. The method, as recited in claim 7, wherein the performing the shrink
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7. A nethod, conprising: receiving a feature | ayout;
and performng a shrink correction on the feature

wo ayeat178o form a shrink corrected reticle | aypat/USB06/017067
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The nmethod, as recited in claim7, wherein the

perform ng the shrinkcorrection, conprises providing

c aromctiay compysdsgrovidingicogef eouis éor fomming featires m a Bticle.
The nethod, as recited in clainms 7-8, further

conprising: formng a patterned | ayer over a wafer

baged %éﬁagé@,rds@&i&eﬁﬁ S6ERY BBty Wher ein
the patterne ayer has corner cutouts; ‘and Tormng a

si dewal forthmgerpattemed fdyer pat tevafedakaly@r the kRrinkl b@rected reticle
method, as recited in_claim9, further conprising
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uses tﬁfgh@é%;ﬁcﬁidee%gslgﬁlﬁgkaﬁhéeﬁé rin lg}clzﬁgir rected reticle

| ayout. 11. The nethod, as recited in clains 9-10,

further conprising etching features into a substrate

di ¥hos ebhayaetbod.tas segiiat i plawe 91 ftber copprisingefopping ggetigle based
reci J | ai : e L8 '

cr Gty G eties HbHE kR ERIRhE £ R FR R abet ges e
shetidlk begdtonahe itkScobasted raitld lagogonpari ng the etched
features with the feature layout. 13. The nethod, as
recited in clains 7-11, wherein the perform ng shrink

td he f | , [ . . .
;g]:.}grezt l}%gmgtﬂgﬁti,tfs 5?9613%9 li‘rg? alpg%/ %{’aﬁﬁ%{f}@%ﬂ&rﬁ@w@ features into
f epdubk@att Akpsded RIFY @@ﬁofa@érﬁw&y&hf i nk correction on

each of the plurality of reticle |ayouts. 14. The
nmet hod, as recited in clains 7-13, wherein the

i 2D oo epseed SRORES i i Eere SR Bk o frgeting the tched
Shehiikes GRI 86 Faflte ?y'om DRt RIehhifs B8RE Rl SRLWHER dithe

account for |ine edge shorteni ng:
comparing the etched features with the feature layout.

U

13.  The method, as recited in claims 7-11, wherein the performing shrink
correction on the feature layout, comprises:
generating a plurality of reticle layouts from the feature layout; and

performing shrink correction on each of the plurality of reticle layouts.
14. The method, as recited in claims 7-13, wherein the performing the shrink

correction eliminates or minimizes use of OPC and wherein the performing the shrink

correction eliminates the need for features to account for line edge shortening.
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