COVPUTER READABLE MASK SHRI NK CONTROL PROCESSOR BACKGROUND OF THE

| NVENTI ON [ 0001] The present invention relates to the formation of

sem conductor devices. 5 [0002] During sem conductor wafer processing,
features of the sem conductor device are defined in the wafer using

wel | -known patterning and etching processes. In these processes, a

phot oresi st (PR) materr al is deposrted on the wafer and then is exposed to
light filtered v sSadihate that is
patterned with -
propagating 10 through the ret| cI e. [0003] After passr ng through t he
reticle, the light contacts the surfac%qf (¢ esist material. The

| i ght changes the chemi cal 3%%i st material such
that a devel qpgy; 1 C2Mmk BREE lﬁeﬁr@sﬂﬂeees@;tmt RmRAGH &rselﬁrcgﬁddtﬁt @edigds. In the
case of positive photoresist materials exposed regi ons are renoved,
and in thé 1802hse menrgegatcpw@ctohw&m@ﬁ@smeép atyeapighe soyacapdesipiosed
regions are renoved. fter h t

nder 'yi ng. mlEBr & arrst e i st iy Sy bR R EERETE |\
phot or esi st mﬁs@pﬂoaéssesﬁmphcﬁd&&diﬁmmmbﬁm1stcteeosdte$bﬁéﬂwaft’@&haﬂﬂﬁﬁ ign the

waf er. [0004] Various generations of photaoresist re knO\{vn Deep ultra

viol et (DW) ex%e‘bh’d’tgég@%‘?r%‘tb)f arefigleo Shgreisie BAsngR ©5ﬁtp eI‘T(IB""‘tflécr litate
under st andi ngdeh &3 witifedefiphiry RENRIERbMEES A3S1SRAlhPRGh pYdpavial a | ayer 108
over a substrate 104, wrthJ patterned photoresist Iayer 12, over an ARL
(ANt i -refIDecﬁth@hlth@@tlylello over the | ayer 108 to be etched forni ng a
stack 100. T ot or.esi s tte |ca ), Wwhich
may be the WIT@][GEPII(SME %%t%‘r‘%hn‘h fl‘élst ur tf).tnta(géﬁgqﬁagg tg’%)opertr es 25
dependent on pw]eblengttmalpmm Eg?ﬁﬁhz&r@eﬁh@d&ﬁﬁhabyorhmgﬁﬁ om\zeh@to@tslbt | i ght has
| arger theoreti Cf ritical dinmensj on§ ?OO&HA feaqtiure 120 may
then be et ch&t %ﬁgﬂatﬁ VSRR Z74YVe AT AT Ty PRARERISt MR &0 113,

| deal |y, the (R:Qf oftpR&iil &t L Boribis b e)ﬁlifoséd}@gﬁﬁs?&élfeﬁ)ovb@ af@litdhe t O the
CD 116 of the feature in the photoresrst 12. In practice, the CD of the
feature 136 mesp o80edstve phosesist RuerielsenOmePoseh g rresped. 112 due to
faceting, er f i e may

al 50, bo i apor Do g PREDRRIL PR, by B AL el lhon] U L T he
CD of the pheteomeerit@t protmted\hhe:re@hbhmsfsematﬁnﬁ mﬂpbardaytdofﬂmthe desired mal | er

wi dth near the feat t%ottom Such tapering may provide unreliable

f eat ures. catures m ewa

[0004] Various generations of photoresist are known. Deep ultra violet (DUV)

20 photoresist is exposed by 248 nm light. To facilitate understanding, FIG. 1A isa
schematic cross-sectional view of a layer 108 over a substrate 104, with a patterned
photoresist layer 112, over an ARL (Anti-reflective layer) 110 over the layer 108 to be
etched forming a stack 100. The photoresist pattern has a critical dimension (CD),
which may be the width 116 of the smallest feature. Due to optical properties

25  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

30 belarger 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.



[0006] In order to provide features with smaller CD, features formed using
shorter wavelength |ight are being pursued. 193 nm photoresi st is exposed
by 193 nmm light. Using phase shift reticles and other technol ogy, a 90-100
nm CD photoresist pattern my be formed, using 193 nm photoresist. This
woul d be able to provide a feature 5 with a CD of 90-100 nm 157 nm
photoresi st is exposed by 157 nu light. Using phase shift reticles and

ot her technol sub, 90. 1 t Jhis
woul d be abl el%ﬁ %ﬂpro der% Eg?etg&\g\ne%t%ﬂﬁl Sﬁﬁgg%%%%%gpﬁf%ﬁ%%e use of
shorter wavel \emgalelncrmmghmesmg purstey.  pPonth @hotaﬂeisms epaked hyrleh hamw!ghbver

phot or esi sts u5|n | onger wavel engt hs ob cl ose .to the

t heor et i cal | PHipg D aﬁ%SI“IthII’I‘SVIg %‘Ifirfiﬁg %?%I’s éﬁ&ﬂ? 8111633 Rifesioaiian Whl ch
woul d requi r ey, IPEEHLAXRe Rghy @3'mﬁpﬂ%@@hymgwo@muamﬁa?ﬁﬁmeweé&% urn
phot oresi st and 157 nm photoresi st may not have seleciivities as high as

| onger wavel ewight b CPrft96r168 inst J57 amdbhaieyesisbiserpaspbbel Faum lightuble@e pl asma

etch conditions i as in the
formation of ¥ %n%%nqpr ?besdaen\ﬁiocéeé%cﬁ]dg% gIém r aSIBIbI“II&FIrI% g'%eg%s %gﬂ;%ce density
w t hout dim nﬂoﬁﬁrtd‘lg."hﬁleﬁmilﬂcﬂ paatteto proéfddfeatteGritPAsubP0ancCDss- sect i onal vi ew

of a patterned photoresi st yer fo dUCIn conduc |v | i nes, when
spaci ng bet vve@ﬂg Hhe These Of%hoftﬁ"ow‘t"IeI‘?E@ﬁ§ earegs EW@IOVICI‘?& g’?l art. Over a

substrate 204,,5UGHoRS pRot¥RESE udnPRLEFavbiBNEhs. 20GLIRYCDE dMBéethe Over the
barrier layer 206 a di eI ectric layer 208 such as a netal |ayer or a

pol ysi | i ch 2edretical liniid tedithastiphierparatisehel e bewiord rredisey whick 98N

fl I ARL 2 d
phot oresi o1 15905 EoRr & heBicofprlel Rl BB AR md) 87, | 0T

patt erned phoimbeastistimhdyamt Hzilv@&elhrﬁiﬁﬁ:m&aM@hh\s]dﬁgarmdele@&mmwmm wi dt h
"L", as shown. The spaces 222 hav vmdthlhIS as shown. The pitch Iength
"P' is defl ne&H1 daeaydgiorg gpare pasiinader plastg gethcotdifioPhe space wi dth P=L+S, as

25 shown. pg@osjes | Al &clifs SRBHERVORYRS, tsGdh eIs@xEIﬂl% BornlaQOL O mén@yway of

reduci ng |tc i's by reducing space wi dt h. 2Bis a
cross- secti on%ﬂV10€}$>ét\Aﬁ efsirablp i inereire deyierodeppissyighou @VWSIWEP%IO@H%I@F ng

00 of ose. accliing Tt oR i A ERERE ARRPggFRp SRR PRpRUBRR KA, | 0°0 '

waf er a barr |ﬁbddcafgge:m<ﬂﬁﬁvenmeb,evmhap@dag H0vdeu ¢re lineeisbar dloeracioagieg t206 a

duct di el t I I
ayer . o a dEPSUTH OVFsyBPOTES 1o i = ovel FRETRpEY Dpatgb Rl | o

antireflecti VgveriaWkrid Ak 208 LS4 BFer 20DARE ak aURfal laSerf@ b pBEsiliforpat t er ned
phot or es| Z’S()t ! 13}%? I;s f%)l:‘I-II%GCI Over the dielectric layer 208 an antireflective layer (ARL) 210 such
as a DARC layer is formed. A patterned photoresist layer 212a is formed over the
ARL 210. In this example the patterned photoresist lines 214a have a width defined
as the line width "L", as shown. The spaces 222 have a width "S", as shown. The
pitch length "P" is defined as the sum of the line width and the space width P=L+S, as
25  shown. It is desirable fo reduce the pitch length.
[0010] One way of reducing pitch with is by reducing space width. FIG. 2B isa
cross-sectional 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.
| 30  Over the barmier 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 antireilective

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
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is formed over the ARL 210. In this exanple, the patterned photoresist

| ayer 212b 2 fornms patterned lines 214b with photoresist residue 218 forned
in spaces between the patterned |ines 214b. The presence of the

phot oresi st residue 218 is caused by providing too snall of a space
between the patterned lines 214b, since it is nore difficult to renove
residue froma snall space This may limt the density of the 5 conductive

for egol ng andoPl REaRhaRe 214 VAR Pl SToer i dr TSy bl odeBE R0 0

appar at us conpitértdine QIFNI U Fie préattehlf mermdﬂoﬁ:sjssl eﬁﬁmmwcaum@ylo conput e r
readabl e nedi a conpri ses_caonputer read code, for ecelvlng a feature

| ayout and cdBPUEEE osERHISH & SRaGE BStVEFN w‘l heFﬁ%lﬁ EEEHEETOB on t he
feature | ayQqiffcut R0¢mbvd ﬁsﬁﬁ@ﬁ&lﬁ% sﬂiﬁp kidest ?itnk B8Ry AnitltheadnBestithon, a met hod
for formng features Is provided. A feature layout is recé€ived. A shrink
correcti o i sopdictive hed lohmelbe 1o videdt ure | ayout to forma shrink corrected
mask | ayout. [0013] These and other features of the present invention wll
be described in nore detail belowin the detailed description of the

i nvention and in conjuncti onSUMMARNeOF TeE INWBANTIONUr es. 20 BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0014] The .present invention is jillustrated by
way of exanpll@1lnd Trotchisye thajoregoing @%1{1 agqoutancs with the PRPETHd Shegresene
acconpanyi ng i aubngs ﬁ!‘égatﬁs'%o%hﬁﬁ kérh;%xtér%a@i%ﬁ’i@ GRaiIHPEIRES TiRfer Lo
simlar elements and I n which: % A-B are schematic

cross-sedio mampvﬁeemsd@ie media mpleca:dw@ut@fﬁaé@mosiﬁ fry receivitige: fortinsr art .

[ 0016] FI GS. 2A— re_sch IO ect i gna terned

bhotof esi st PRyErE Fopier R b et rd e M P S B EATES 5 15 a
hi gh | evel fligguchart of a process t hat maybe used in an enbodi nent of the
i nvention. 30 0018] FlI GS A- are %chenatlc cross-sectional views of a

stack procesd®2l acdBrarthy I%ﬂ Hheraysition amphod dodptniag feafesi9) FIG 5
is a flow chapdvi@l. fOfIRIaRubisdQMRLE ARYEHK QYRR PR iRhREh the

15  feature layout fo form a shrink coirected mask layout.

[0013] These and other features of the present invention will be described in more
detail below in the detailed description of the invention and in conjunction with the

following figures.

20 BRIEF DESCRIPTION OF THE DRAWINGS

[0014] 'The 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

25  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.

30 [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.



photoresist layer. 3 [0020] FIGS. 6A-B illustrate a conputer system which
is suitable for inplenenting a controller used in enbodi nents of the
present invention. [0021] FIG 7 is a top view of a patterned photoresi st
| ayer. [0022] FIG 8 is a top view of the patterned photoresist |ayer of
FIG 7 after a 5 sidewall layer is fornmed over the sidewalls of the
patterned photoresist layer. [0023] FIG 9 is a flow chart of a process

for providin eti oy i e patter ned
phot or esi st qu@zeoﬂ ofﬁbstf‘l‘%\%ﬁ%%gsﬁoﬁ%%?gﬁeﬁégﬁc\élﬁ?%%%lggir FIG 11 is a
flow chart ofimahkotehetg peonoels ubalrin pmbvdichenty of tt prkas inveftidn0026] FIG 12 is

a schematic i/ tration, of a systemfor providing reticles. [0027] FIG
13 is a top. V[Péijl 0 a%Gf %&W%W%’féﬂﬁ’?ﬁwtoﬁ%é Y¥AA-B are top views of

patterned Iay[@m]defﬂx@esiisbayto%efewCAfmlp@wﬁé@pho&d}@stist@ery_@r SeNEIAiRdaUsi ng a
reticle layout process. [0029] FIGS. "15A-B are top views of patterned

| ayers debi neiflepyll faverd is famed pouthe sideyallg efdhe patismetl photewssiptdeiel.on i s

provided. [0 FI 1 i o§AVAl f ter hot or esi st | ayer
created fromqg%ﬂrst%mfgélac Oé‘afﬁélj&gtﬁ%{.p%rwﬁsgﬁﬁaprg‘ﬁéggfgﬁglleg a top view of the
patterned phqo@4dgsi stIGL ayRr i6d vik Gf a pARmat hhotoresisslgke WAFIG. 7 @yttt shiisk f or med.

20 [0032] FIG 17A is a top view of a patterned photoresist |ayer created
froma secof§™F@Chcle layout. [0033] FIG 17Bis a top view of the

patt erned phqp@ispsi siig] 88T R dhPot hibeRbloBlss 13 pRbd@NRIdickayer is forned.

[0034] FIG 18 iS a top view of a substrate after a second set of features
has been 1025 [8@26hed.FIGETAIs 2ECh-DESCRIUPTHHON oOF sTEHE! PREFERIREDENBODI MENTS

to a few prdPBH) ed Tabobuioaum LoV REFEBRTESRN Ut rat ed Tn the accompanying.
drawi ngs. | n [8628] he HIOK| Dii-Brdlep elcivR bt PaltertRd TRER Wsfisdesirticl el | s are
set forth in order to provide a thorough understandi ng of the present
i nvention. | tthaiiere sepaatsp prrehtclicls feviarocets one
[0029] FIGS. 15A-B are top views of patterned layers defined by reticle layouts
15 after a shrink correction is provided.
[0030] FIG. 16A is atop view of a pattémed photoresist layer created from a first
reticle layout.
[0031] FIG. 16B is a top view of the patterned photoresist layer of FIG. 16A after
a sidewall layer is formed.
20 [6032] 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
25  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 dr_awings. In
30 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
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skilled in the art, that the present invention nmay be practiced w thout
sone or all of these specific details. In other instances, well known
process steps and/or structures 4 have not been described in detail in
order to not unnecessarily obscure the present invention. [0036] The

i nvention provides features with small critical dinmensions (CD). More
specifically, the invention provides features with CD s that are |l ess than

the D 5 of anﬁ%%%%%%%}igé%ﬁﬂn% cg%&tl eve%ﬂﬁﬂg%bg %Fs [p037] To

facilitate understan a process

t hat may be useghtioh. an enbodi nent of the invention. A retl cI e i s provided
(step 304). This ste be descripbed i.n no 3@ bel o A patterned
phot or esi st | Q)4 |ST§W€WH“PBP¥?§ fgﬂﬁ@ffsﬁ‘@@)smaglﬁpgc g’é‘ﬂf’n%oth( )so be

described in pOmFs Etﬁﬁ@a‘llﬂz thel n@%ttoﬁ'p%vnﬂ:@\féaﬁn@s willOCO QB4 nRa6ds HiRahe bew of a
patt erned phot ore5| st layer in an enbodi nent of the invention. Over a

substrate Omffhﬂtdi@tca§lsépﬂmﬁsedf%%‘t¢hihéfeatl%iﬁyer 406 may be placed. Over the

barrier | ayery, v
pol ysi licon Ilaﬁglﬁ or a%a% t‘%tg%ﬁ?relrsca%ﬁm l{ﬁ@l ?Sfagl}lg}g%géigyw C%Fﬂg%%{mh&}[ayer 408
an antiref| et Heazyahn(aﬂlaha)aoﬁﬁﬁmsﬂmlte iagend oiDARG:chyyie provRied (apesd4). A fir st

patterned 15 photoresj st er . 412 is formed over the ARL 4 In this
exanpl e the pHitit EFmudl bg %é@%eﬁwnﬂravdsta#ﬁ@l% y Prtigeeet H%O%S&JIW@ 1% wi dt h

"LP", as showgp te? @@@)eﬁ?hﬁ?s%p'vﬂﬂtaﬂg be BRGLRYIGR hﬁﬁ‘e dRBlcIRRVIacas g h " Sp”,
as shown The pitc ength "Pp he patterned photoresist layer is

defined a¥ t ttéoswmt@naitw pf mattﬁmd nllcetcrrdsmtti@est@as@@lnhp@lmn@f ﬂll_ﬁp+Sp as
shown. These W'vd 1@151 8ver dsﬁf)s%ratg é{bgdsu@(ast%ﬁ elefﬁ)a!nq%ﬂl%ygétﬁ ﬁ%&fb 1l ‘%Qgr aphic 20

t echni ques used” e pattetned oresi's esirable to
reduce the pbdte Ithel temptr ll\ayel{ B3 |etcA 1@_,|ed€mt1bh hsoyendicivé oenbdyaver t he

patterned phot | ayer..to reduce . the 12 FIG 5 is a nore
detailed fl ovt’ogngr“f’ if"ﬁ’ df%‘?cltﬂﬂ@yeél%qo’a%%aa%%%‘ﬁégh??w)e‘togtaﬁe patterned
phot or esi st | ayiedflebiBv e BRAHEARIGRA10$0@Hs 3 IXARC WHLCB fd1508. Bassipatdimdul ation. In
this enbodi nent, the formng the sidewall |ayer over the patterned

phot or esi Bt | Rhearesiss layerdilads opngdsewspths ARL 4idmin thicaxamplbdhoriiemsd ssase 504
and a profi 'zﬁﬂﬁ@@thggvuﬁﬂ%ﬁneﬁ%t %@w%ﬂoﬁ"'tdsgpovptbaflfe P§o‘%§4@‘2 higst gas

chem stry to frorma plasna WhIC eposits a side ayer over the
si dewal | s of photrgat tagenimde piwmﬂbf‘%,é,lastshOme”Ehep1t&1t1bngthdf’g"loéttslpamﬂngl phase

S08 uses a s e(ilopores%??ayelqg Hé d¥s tthg SITIII?I;J llge FidiB and the space width P,=L,+S,,
as shown. These widths are deiermined by the resolution of the lithographic
20 techniques used to form the patterned photoresist layer. It is desirable to reduce the
pitch length.
[0038] A sidewal] layer is formed over the patterned photoresist layer to reduce
~ the CD (step 312). FIG. 5 is a more detailed flow chart of the forming a sidewall layer
over the patterned photoresist layer to reduce CD (step 312), which uses gas
25  modulation. In this embodiment, the forming the sidewall layer over the pattemed
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 pattemed photoresist
layer. The profile shaping phase 508 uses a second gas chemistry to form a plasma,
30 which shapes the profile of the déposition to form substantially vertical sidewalls.
[0039]  FIG. 4B 1s 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

pattermed photoresist layer. The sidewall layer 420 forms a sidewall layer feature 424
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30 which shapes the profile of the deposition to formsubstantially
vertical sidewalls. [0039] FIG 4B is a schematic cross-sectional view of
the patterned first patterned photoresist |ayer 412 with a sidewall |ayer
420 deposited over the sidewalls of the first patterned photoresist |ayer.
The sidewal | [ayer 420 fornms a sidewall |ayer feature 424 5 within the
patterned photoresist |ayer spaces, where the sidewall |ayer feature 424

has ar educevglﬂﬁg e é’fﬂ%“) % %totorelgll,seﬁié' R %};%g' v&h:%% e ((I\e%vagq %agetg&%)&tirh%%

patterned photoresi er e re uce
deposi ted fi rasfkdpad kpeaCD thi1éd legseBinshe sﬁa@Q/@D oE&;eHﬁ@fqnhﬁaﬁe&ﬂmamréshe space CD
of the first patterned. photoresi er feature, It 51is so deswable

|
that the si detar| PreiRoly, H&gﬂ%ﬁ%@&?ﬁ’s of {hegepastiediirspadernad PROYOFSESt whi ch

are highly CQQ}e?fsr%l% B tﬁM@spa@@CE@m&lfﬁs@Bﬁ&n&Hﬁﬁﬁo@&H ?a!yérﬁ'eéf@r{et fical
sidewall is a dewal I that frombottomto top makes an angl e of between

88 to 90 \&itHhs alhtededeﬂ@ that tbé sitlvealk layer basssubTamialy mettical sidewalls| 428 hwilviel a

deposition | [ that bstanti al hIC mthetopto
Che bot t om orre g BnaRe S RPRO AR R b RiAD RIS NGt P
or a bread- | chfeivaly tHanrﬂfﬁﬂ:bﬂdim todap ednkey @vdangdle ofhmcewﬁtcam"lvaihl tye vertical

si dewal | s. pered ewal ls (fromthe faceting far
br ead- | oaf i ng’ gP‘Bé’\Rﬁ% %at‘ﬁﬁycf’?\fe §‘€f‘°“f’fﬂg ha‘éfb‘b%fipf’@tio’} rthaéﬁasand provi de a

poor etchi nguméntuemmg sENOMRLESS Fbm!BYBP to IE 85E@IRBE te fdafife, d¢RLASI tion on
the side wall is thicker than the deposition on the bottomof the first

pat t er nedOphervioasilsidewalisanaylfsrmp e fceiing or Mbreadgeadna ferblajion, n‘duqhayevldcf S

deposi ted over t r tt r t

feature. [003’811 s&%{a?@éliﬂ@tfcal ?@%Weaglf f%’éa%grsgﬁ n@*‘n ﬁg{mﬁ gacgt §°%a§X®t ch | ayer
408 t hrough toherea«smiﬁn@hliemalyﬁray&m&sméﬁélﬁ)plteaﬂl@erCE)Izﬁdpﬁﬁl&famra first
set of featur 432 etched into th tch | ayer 408. In t xanpl e, the
first set of B AR Sporigem Yos 35 Cb i ot h,
whi ch i's equahicked iHahehesRassRIdalPnQhe Eﬂi@nﬁﬁﬁﬁbsﬁﬂs%ttkﬁy@ﬁhot&@ﬁﬁt%{ﬁr I n

practice, the CD of the features of the first set of features 432 nay be
sl i ght |y 1Par deatureniere mefoablyoro ey if dapptited oper thneotigeyridha gt natipmed 420.

However, sincg. i the R ef.l.he deposited |ayer feature is significantly
smal | er than%tﬂoe% %&r 1 phot oresi st 412, the CD of the features in the

etch layer 408405 stA fiist saimf featnret h}&fﬂhﬁlﬂl’ﬁﬁ:h_ﬁéﬁn@)h@fetch heyepdiStinmwegh e 412, | f
(e P, & e SeRPRL S e 185 0L Ak SRRl LD, 0 of e
the CD of thend iEbyd a0 emekis Beshpld, altfirfiQb: J7geani8d 43retdhbd@h thhigcD of the
20 layer 408 has a CD width, which is equal to the space CD of the deposited layer
feature. In practice, the CD of the features of the first set of features 432 may be
slightly larger than the CD of the feature of the deposited layer 420, However, since
the CD of the deposited layer feature is significantly smaller than the CD of the
photoresist 412, the CD of the features in the etch layer 408 is still smaller than the
25  CD ofthe phoioresist 412. Ifthe CD of the deposited layer was only slightly smaller
than the CD of the photoresist, or if the deposited layer was faceted or bread loafed,
then the CD of the layer to be etched might not be smaller than the CD) 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 ctched. It is also desirable to minimize
30 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.



photoresist. In addition, a faceted or bread-|oafing deposited |ayer may
cause a faceted or irregularly shaped feature in the layer to be etched.

It is also desirable to m nim ze 30 deposition on the bottom of the
photoresist feature. In this exanple, the CD of the features etched in the
| ayer to be etched 408 is about 50% | ess than the CD of the photoresist
feature. 6 [0041] The patterned photoresist | ayer and deposited | ayer is

Len ool t PPehohdh °P TR I Db RN P08 B5RePld 1B 8RR (P Separate

steps with a posi renov SI'st strip

step. Ashing 3m8Y. Dieis mapte dak ak h@mg]%fsfeppﬁ)hﬁtgsepﬁrﬁlﬁ@'&ﬁswﬁh tsepditeshows t he
substrate 400 after _the dep(f5| ted | ayer  and S@Ehgﬁqrea S ave been
h

renoved. [ 004EPosied ByeTRAYR S5 2pdp %gl%ﬁmﬁﬁ lingmey %ﬁ‘ﬁéﬁ%‘?fégei ures are

to be etched g epjﬁxﬁgga §€eés) 1G4 @ao%vsqmls@ate 08P d8kitd laftk 6y f eat ures
are etched. Theref second reticle is provided (step 304). The

process ofs prphwtmsrsglab/ﬁélaveabaegt@m@ddescr| bed in nore detail below A

second patter phot ar esi.st rrred ver he et e features
(step 308) . PP A ARREBhion™Y Shod @ VROEF AadiSl FIBR e Wl ™ H & e

shows the sut(sﬁep 4. #vhis exhiaple, aases@ﬁics@ﬂbmaﬂﬂfeamedarehwh@ir Ghiefort,ayer 442 has
been formed over, the etch_ |ayer 408, wherein the second patterned

phot or esi st 15558 ratiphe is prayided E’tt‘T’Pemf”? r Be rapgess ! preyvading e roists is fAepcribrdr o

spaces 444 i rlnﬁﬂb?e %ﬁ%v@aﬁx%g&ﬂggaﬁaﬁ% %t%%ﬁi 1@@3{@1@&4&&%@@%&& ween
the first set of etched features A sidewal | |ayer is then

deposi t ed Oov eeattige (stripd@dia whichaf thumsssie@mfdst Spmfte@hﬁb&atpmt BiadEst | ayer
features to rd duc d.t st.e 312 t
cross-section ﬁl Subs&aﬁg£sek§ea “pa 11e]cffl %kf%(%r%srl%%ﬁyg a;e}se§66342 with a

sidewal | | ayefbrzﬂéﬁ(bvélemasmh %}excm)erwhdian shechemﬂlpSﬁ@ﬁedtﬁMetosatsonglermant er ned
phot oresi st | ayer 442. The side yer 450 a sidewal |. | ayer
feature 454 fOVHF et S%QE %ﬁ‘%@ ?JWgFlSF%%CF%‘i 43 Erespe et hier e t he

si dewal | | ayghofe@istia§erdpfolas Rork&d wictsthst SPOGRLEPIhMAL 488, | ess than the
space CD of the second patterned photoresist |ayer. Preferably, the

reduced slfacd0843it heA sidgeolhlayerliatpen depesitedrozed the SdondllesEtheremnd he space CD

of the secon I IS ~a desirabl e
Chat the. . padtianeEPEse ool ERLA o Aea hEXHEn 1D, SERWER AT
vertical si desldnhsic cwm gdetioutad vizly dfﬂtl@hlegondq»mft@mf@homesshhw 44Pwittdaanpl e of a

substantial | y e&qah @P@ﬁem| %m‘g‘%ﬂ%st W, ﬁ%\mfltfqe segm}d pfa ternetﬂ%otco%gglgto top

makes an angl
layer 442. The sidewall layer 450 forms a sidewall layer feature 454 within the

20  patterned photoresist layer space, where the sidewall layer feature 454 has a reduced
space CD that is less than the space CD of the second patterned photoresist layer.
Preferably, the reduced space of the sidewall layer feature is 50% less than the space
CD of the second patterned photoresist layer feature. If is also desirable that the
patterned photoresist layer feature 422 has substantially vertical sidewalls, which are

25  highly conformal as shown. An example of a substantially vertical sidewall is a
sidewall that from bottom to top makes an 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.

30 [0044) Features are etched into the etch layer (step 316) forming a second set of
efch 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
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bottom of the feature. Preferably, the deposition on the side wall is

t hi cker than the deposition on the bottom of the photoresist feature. Mre
preferably, no layer is deposited over the bottom of the photoresist
feature. 30 [0044] Features are etched into the etch |layer (step 316)
formng a second set of etch features 452 between the first set of etch
features 432, as shomn in FIG 4G. The patterned photoresist |ayer and
deposi t ed Iay e 4H. The
heTw i ottt bl 1%%51- PEERSERF g[h%%’ﬁ)’“?ﬁ@h%%\é@em%t highne 7
features in ma,ewmach—Las;erFor sorﬁ;knmmn aatichied phb@rdgist ﬁj‘rbrlpe fpl@ftor%éfiﬁ features
is shown as " conparison, patterned photoresist

| ayer pitch PBe “B&Igtlmaé‘gP@?toreFlﬁtrf‘EaW&ﬁprffq_anI%ﬁ& A SRR e 4pii ng Sp from

FIG 4A are caﬁgmohmm'ﬁlf%méﬁtmf, fegtefé%@kﬁaﬁ Lwahb?fefaﬁ%éls & Widhed). Bf
feature line width Lf, and feature space wd I'n t hi s enbodi nent,

the | engt @ ofthi h@b?ﬂlm@lﬁ, the fenglhe! fhegtigh éa’ﬂﬁffeatsrehajlﬁ h@lﬁ@e Il@lg@td‘f igf t he

pitch of the |nce I|n h bet ween
features Lf |sgﬁ%ﬁfl$8£} pl{lﬁé%t?%!seﬁ%a)@?%p’o?m e Part dﬂt}ﬁ%’f fst | ayer
Lp and the f éalfof éle&paw&ithm%émﬁﬁhad@hbt&feﬁlsﬂ&yeﬁrm,ﬁaﬁﬂaﬁesatu@s §ph& width er ned
phot or esi st Therefore, this process is able to use two masking

steps to dout?lzfi é%élcfé’ﬁthieéﬁﬁcﬁ e FB%tEﬂr%ﬂdlpéﬂtoméW e fei Fbef?}cPFcWS]l@Oqe%t h, Iine
width, and feglus BseWvd ifhsBie Bahsio d&‘fﬁﬂlé @ccﬂ’ﬁeﬁﬂ% 1%%@%”1%{ r@ﬁ'&&%r

Ilthography process. In this exanple the first set of etch f ures from
the firstt0 paenghy Hegwisiored @Qﬁﬂ@twﬂdﬂve’rhalfswml@m th@sam‘v@hs@mmdept h or about

t he sane dep C t es fr t he cond
patterned pht(l)lialg gﬁgfmf:e;sgeﬁl%gé%}% géth%f?s?é gféu@l ngléest mﬁl r?%gdl ment uses
only two pat peitemssel thmmsrse&y@:hs dtetyd ts theaime tepttl br abewpabd saﬁie@l@pth&k&ﬁ 336), it
is determ ned that tE 81géeoces |s not feategfste 24) .

Shri nk- Cor r e€t9BHPBPHTEL 31T deHeTe pcend natiemed phojpreyistdayebes s199% ¢ er ned
photoresi st @8] 7Qce S eRBIABENAGEs oﬁm%ﬁﬁﬁérﬁéd ﬂh@bﬁ?&rmspfagé{b demet hree thin
rectangul ar openings 708, a |large rectangular 20 ‘opening Z with an oval
shape porfi oFePPalEiePdsier 336).Gpiedcrarined batipopapeshispotiopeatecstepd?)i on 724.

FIG 8 is a top view of the patterned photoresist |ayer 804 after a
sidewal | layer is forned over the sidewalls of the patterned photoresist

| ayer 804. It ShOUISdirhk-Gmlaﬂiohli’abcesdne sidewal | s do not reduce CDin an
even manner taipn.t same f th unifo mal | er di nensi ons.
| nst ead, i@g\g\ﬁ ﬁ%%s aéoﬁ‘ﬂfé‘?@ % ?@?F@Hﬁyeﬁg}%h SRS foor
features of ﬁh(ftéleﬁlﬁﬂﬁyesplbeﬂe@tﬂlﬁke?dﬂﬁP@&nﬁﬂ@ﬁd}ﬁhﬂﬂ@s P08, a large rectangular

20 opening 712 with an oval shape portion 716, and an open feature 720 with a circular

portion 724. FIG. 8 is a top view of the patterned photoresist layer 804 after a
sidewall layer is formed over the sidewalls of the patterned photoresist layer 804. It
should be noted that the sidewalls do not reduce CD in an even manner to obtain the
same features with uniformly smaller dimensions. Instead, as shown in FIG. 8 there
25 are different CD-shrink bias for features of different sizes and shapes depending on
the width and the layout of the features. As can be seen in FIG. 8, the lines 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 comers of lines 808
30 receive enlargement in both x and y axis directions, so that these comers g-rdw niore
than the sidewall of the lines, developing rounding protrusions 832. For similar

reasons, other comers develop other rounding protrusions §36.



the width and the |layout of the features. As can be seen in FIG 8, the
lines 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 nore along the najor axis conpared to the
mnor axis. In addition, the corners of lines 808 30 receive enlargenent in
both x and y axis directions, so that these corners grow nore than the
sidewal | of t i ne I %E or simlar
reasons, oth @844& neﬁgog@vvbgldg&aggﬁ p%?%h%g?tﬁﬁgeq%{rﬁ é‘ﬁ(gél%g% 8 [0047] It
woul d be desiplabiresist tayaftbamdjm eoveidivithen didesstall payow prddsceaflcp@ates emhed

phot or esi st | ayer at when_covered w a.si | ayer produces features
with reduced® ‘Ebjh'”BrcP’é?ﬁtqu@Fm’@%‘gﬁj@P e’ﬂzéeﬁé’ggjéﬁkli“élgp ¥ he shrink

process. [ 004@hggy! GFI% bS$s @ﬂaﬁw oM Rtdvicie @feamb@atagsoa) r Btika8lr81p8kep 304). A

feature |ayout i$S provid ést ep 904). A reticle layout is generated
fromthe f eatmwédﬁrda@f@uﬂo‘()s tAelBﬁ oByout mgegpnateﬁ irogoihe @E@W@ﬁyq% (Smr%)& med on

the reticle | 0

phot or esi st I%}%ﬁe}?ﬁ{ 8%5&{2’%%%?%%%%%}%8@}@gﬁﬁ %‘!ﬁf %etﬂs(%} dinrj%:k tgé)r rection
rul e provi desofamaierhal etbrasd bgerll0846tiat hae aminkoorBeionoOnt Ismﬂkaqmemmnl n
addition, relative,_scalin f fe res re ch ed. Fo xa t he

t hi ckness of 5@ Gdes agf fﬂﬁ‘F‘% A 24 g7l g %rf%eﬁf%s‘r@&gdwr?ﬁ%w

i ncreasi ng th.s@al].r%%?é&hﬂés drdéhagyal F%f@dﬁﬁﬂle?@l%ttﬁlélﬂlegs%%e ovh O84S pakal 1y in

current litho and etch process there is a phenonena that is called i ne
shorteni nd, il9104siia¢reas Wlﬂlohwla%mgéh%lﬁ@% Sg’fhg peH sleapsd pordopHilter ned

phot or esi st e[qudbﬁl . i ?LH%%tﬁoha%d%%gyor Cas't Kt %%t%%gh?%o%?fs%r

line, thus r g op proximty rec correc ths
Al so, dining lmte@]mrtelnmgemcbvmxfh théaBthpatprae pledesi&druems aateermed pRoteregisised to

sputtering a t.shor node, a er qQver e

ot terned' | | HEES THRD ROMER e B Prad P LRl G e i R RRF RS bet ween
the |ines sHRbliflty c6:0686n g@ﬁn)lt@lsorfe‘éf ﬂh%CAls@rﬂlﬁlﬁF RE el of Do GANRRASat e for
litho line shortening w thout using OPC. Therefore, the shrink correction

may be uséd tiBes epmearnapeserio mupEBdePCharie B Gonodeiatryraisdomd need f or
features to ao%ﬂHE'f;atfeﬂ{ed lin Lﬁt‘ﬁmﬁﬁh ﬁrlfn iﬁ gcger P02 e]att@b(srb%%%e%g%l) s then

generated fromthe reticle hrink correction
Miul ti pl e Ret ilpeesn@elethnto ﬂhrﬁﬁt cpBOSibh ciunbet Ired exanmpkessagforghshoawn in FlI G
4A-F, when at hoﬁe%%g \;EH%EM? IES?Ith OPC. Therefore, the shrink correction may be used to
eliminate or minimize OPC and also eliminate the need for featares to account for line
20  edge shoriening.
[6050] A reticle is then generated from the reticle layout with shrink correction

(step 916).

Multiple Reticle Generation
25  [0051] In the example above shown in FIG. 4A-F, when at least two etch

processes are used requiring at least two separate patterned photoresist layers, reticle
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

30  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 shrumk. Now, if the second
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processes are used requiring at |east two separate patterned photoresi st

| ayers, reticle and alignnment issues need to be addressed. hi this
exanple, the reticle for formng the patterned photoresist |ayer for the
first etch may be used for the second etch, if the reticle is shifted
(rmoved) about half the pitch. The alignnent of the two patterned 30

phot oresi st | ayers (when using the sane reticle for 1st and 2nd exposure)

could be a i | f- .2yl chene is
ised. For - excomPuBTbiiels i EPRUARLA MAm AIARKIS e BRGSO e
al i gnment boxpiich to adiiryve thethplf20ch, theralignmirit ofithie sedohé pgtened pbotatesist layee | i nes
and spaces are _shrunk. No i f the cand.. at.terned photoresist layer is
Shi rod 500 rSeeEp ol bt adofr SRRES 1B RS R LB RER Bcach: eve
the half pitchgninbg kald SamplenmehtideRanisazanentiial tienpes Phehasasi st | ayer
actually has to adjusted by 400 im. Usually, lithography tools are built
to align thegeethedolepinrapd cavdipsorrelof wpfision At pejeniiakdasss iddhlesses. Thisa change
in conventio 0 i j

potenti ol 1 ana s FREASEO0AMEAREnEAR RERONIE KOl RAPLHITHOR P

al i gnment adjYidirewions.has to be done in both in X and Y directions. [0052]

I n addition, t he_al.i.gnment. of .t he suybsequent | ayer, .ch is . generally
2" hole (condalor Tpraorap hertsmer i nbeare BYE WEER iaeeihes

al i gnment  keyholoiebitadiay gia), ERHeVGfRAGRS restifl befnad e G iANES RAGENMEt h 1S
related to the first shrink and a_second edge which 1s due to the second

shrink. T s tWasdesss whieh aisdhesvrs edgaivils pelatpdiodhpiirst shaink and yenaentt

al gorithns, i |, . i >

St on ¢ raE S e B8 skidfs ARSI M AE S A BPREGE S e 1o
their cl ose paligsinernttalgorithinst Whick dgesalipothethhies fo (hhEnsend spdcew. Tyaddgvues (fuzzy

edges) can e for very small .15 . Whi r i.re small. gnounts of
sh?i n?< (in gr e&%ﬁe JEfaiP ﬁﬁ%ﬁe tg?a Sﬁnﬁlﬁj’fwcﬁ?@lg@n?ﬁgm g"%ﬁ%’é&%‘ r%f“g%?’mst can
bl end wi th eastlheaidbestogithr ArteRaisPived §eudl¢RIOAPGIgE) BOX bt for BB | N
addi tion, applications where a pattern to be created is nore conplex than
a plural iy JfPeVEHhyeEpscRal sgornts ofi tersiid Arder s FuIL0] of ek WheEiee needs to
be done thangsisluyd SiobiidhRB1Ad fvih b&ch®thef Sad PQaH edbh Fecombs hcheisfhow chart
of providing areticle (step 304) when nore than™ one etch is used. A
feature | ayodf933d prlowvilditon, @eplsplidntGvhere aftatitmds be traged st eonbdgrout s ar e
enerated fr the feature |ayout. (s 1108) . hrink correction is

per formed on TS el ARk hP APt by lie B SR Eh0) A

| east two retdosd tan singlgkirangas edicle.

20  [0054] FIG. 11 is a flow chart of providing a reticle (step 304) when more than

one etch is used. A feature layout is provided (step 1104). At least two reticle layouts
are generated from the feature layout (step 1108). A shrink correction is performed on
each of the at least two reticle layouts (step 1112). At least two reticles are generated
from the at least two reticle layouts with shrink correction (step 1116).
25 '
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
30 feature layout of placement of features is created and/or submitted at layout 1204 (step
1104). Areticle layout 1208 in this embodiment generates at least two reticle layouts

from the feature Iayout (step 1108) for use in a multi-etch process. The reticle layout
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fromthe at least two reticle layouts with shrink correction (step 1116).
25 Exanple [0055] An exanple of a system which utilizes an enbodi nent of
the invention, a system 1200 as shown in FIG 12 is used to provide the
reticles for a nmtinmask etch process and is used to provide verification
for nodification of shrink control rules. A 30 feature |ayout of placenent
of features is created and/or submtted at [ayout 1204 (step 1104). A

reticle layo cle
ayouts 11 onetREeFapibiofs SEDRUERLERRGtA) 65 Bt BR5k A MpEGLL O

process. The ﬂ'eﬁtﬂbﬂl‘dlﬁtd) aylangt the]fﬁhmr&qammdmg_ct@mpuhmﬂcmwbes totbatuséds able to
Ot ant ur s DB b Rk Ao o St Bl G o
correction procgssQtastévdelide u@@ﬂs gsﬁa ReLfHonm: @;uﬁhtrcbﬁ&tﬁﬁ?f&sésbmuw the at
| east two reticle layouts (step 1 The shrink correction processor 1212

is 5 used tosed batresis wtitle data d&t tafon Qtﬂ@sf oo IaiﬁclfF lagents witlo shirikicetrectiony out s
wi th shrink corr o] st e T I xanpl e
syst em 1200 a(rg{ nged l%hé rerna 11111 9[%1?111'[8 ﬂ?hlg 1is EXAlp e& 1%6? Q%%lééd.ltg p@f‘fg nf

perform a verthé reﬁaﬁiﬁmﬁ)g‘lstﬂfs(ﬁﬁﬁﬂi A amd s patfoﬁiﬁ a v@ﬂﬂcatuoﬂ)pﬂicesslﬂd) povider the shrink

correction progcessaor 2. 7 hel en te additional shrink
correction rlﬂdggmfl%lr“‘]teﬁéo rsgﬁig *ICCSWF%%RI g&gr ocessor, either a test
chip layout npgsHe CTEARLEIeREatd Qﬁﬂo%ﬁl' sﬁhﬁc SteRtidirhRs T@fﬁh@ﬁnﬂﬁ 86krection Creat e
a test chip layout 1234. The test chip layout is printed on a wafer 1236 to
form a paltQ ertreetsipncitberasics chipagyept rnwltehéea@@srtr thetreticle datp B3Adrmyydefusedred 1237
over the —patterned t?ﬁoﬁgg}%@hﬁ}p%ﬁﬁé tvemétg ﬁ;@l%@{s H‘Pﬁm%h%ﬁwa{f%'@%e{a over the

patterned photoresis enent en nade 1238.
I n one enbOdIifﬂSﬁﬂhpaﬁdﬁﬁedlljth\rébﬁt mydtohtmsuhi@nwﬂhymmﬁecb]mﬂ loeerpiat t er ned

phot or esi st ttern wth the side | ayer.. In _another enhodi nent,
an etch is peli‘f’?(t cﬁﬁ’fas‘?t\lim S RSHPEHR Wasll 1615%8"%‘16 1?2#8“18{1 g%ﬂeggat ures.
These nmeasur egRat 3 13kSvilhYdasiRen @ id thitihade01 288, BIMk thnbadimdRgek tinki t ti ng
engi ne 1260 and a parameter extraction engine 1240. The output of the

enpi ri cal Iodeidifreasiggeaiipnie of shapsiemedphpioresis laycnritemyyi hesidensdlel 1264,
whi ch is 20 ;%9 @O@gih%{éﬁ&)& it %%@ch %&ﬁnﬁ@c} L é{%@% S QGid &N

processor 121 Iti’on, ySi ca I's ma usi ng
par anet er extthaetbhadrfea]tmzeé) Tleese mx&smswten’;sramqare@dgbaﬂsazm &r 1 domonea meddane dat a

set used for f%?lgé éﬂg%%l 12%8 %Il?c{ a {Jellrgﬁlétgrgexttrgction engine 1240. The output of the

empirical model fitting engine is used to gencrate an empirical model 1264, which is
20  used to provide improved rules to the shrink correction processor 1212.
[0058] In addition, a physical model 1s made using parameter extraction 1240 to
extract process parameters from the same data set used for empirical model fitting to
create a physical model 1244, A mask layout vertfication (MLV) 1220 cblllparES the
reticle data 1216 with the physical model 1244. If the comparison is not sufficiently
25  close 1224 then the data is provided to the empirical model fitting engine 1260. The
output of the empirical model fitting engine is used fo generate an ernpirical 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
30 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 eteh laver through the patteined photoresist layer
(step 316) to make a chip 1284.
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create a physical nodel 1244. A mask | ayout verification (vtLV) 1220
conpares the reticle data 1216 with the physical nodel 1244. |f the
conparison is not sufficiently 25 close 1224 then the data is provided to
the empirical nodel fitting engine 1260. The output of the enpirical nodel
fitting engine is used to generate an enpirical nodel 1264, which is used
to provide inproved rules to the shrink correction processor 1212. The

shrink correcg pr j et I f
the compari soite] SLfRFAS Sl oGkt Db Pup It e R Eh o) fnkel:
used to make raul@plenaicissland H2HPly(fsd dypinBOdt)ectidEhie arretidle lagotits Fasedmple af or m a
patterned photaresist .| ayer, 128 tep 308)...A sidewal |l |.ayer is formed on
the patter ned"PROEBFEL] aYWéﬂ%@ﬁs?f%’b‘iﬁe)asiﬁ?éhﬁ@é’f?ﬂe@éoﬁé WP ched i nt o
the etch | ayepnqtitiQualctAgicPaf 4 RENerheREALRIREME! crlt@)aldelif@f@Rna16) to make
a chip 1284. 11 [0059] Various other processes may be used to apply the

b
feature | dyourediogehemather cibedinptedatoaetide Besamay yeoggpads- ShEDshr i nk:
correction tg ﬁe&%&lggdugd 411%?&*%@1@@{0.tﬁ{@a@g%nem@dat& k&i?ﬁﬁap%grw@a{amnd may be

per f or med anoFOpr oVl rink correction features their
char act eri st iprevilloa Hstw$ EntureEhad cisedctaniviidsdo b hsn €hd wver gould@ienretsr f or the 5

correction. In. another_ enbodj.nen data.retic tapes may. be first made.
Shrink corr e%‘fq%gﬂes\%‘tfpﬂ_"?lFFé?HOIﬁ_eL[QBB‘?IfE’éBODch” cl“bfgthaléaﬁ%pr{}ﬁ%%qfél data reticle
tapes, whi ch MR shocdaled WistBd thaly b8 tepRbed 1BAd MbRIuRARtEhaRRAN BY dudihb€S tO a
user. The user would then enter guidelines for the corrections, The

correcti ofs vitstikiEpn Aemuiselings duricgwertions ge prersosramped andiie 8688 8uidhst ead may
be replaced hy,a nBor a?gfa/%@ﬁﬁ%gﬁwlﬁ%deh@r%gatﬁ% 10 variation, the

gui del ines for correct s are pre-progrannned and the SCPP woul d
aut omat i cal | yjoegpl y FIe') GAoarkde® illaghatta @nguteheysteat 608, ehich iewmitafl@@80] FI G 'S

6A and 6B il lustr.at onput er system 60Q,. which is suitable for

recei ving t hd*f€4ta 8??‘1‘&57%?‘%9@_?1%?@%3% regﬁlgs ?@fﬂeﬁfpg@néﬂﬁs ormng the
shrink corr eghk@bnts@iniemhbeditReis BB redént ihRNIIC TR0 GA EMORlnOPossiblds  6A
shows OneISSBOSSI bl e 15 physical formof _the conputer system O course, the

conput er By strinsied yoraeridhe Gpampitop BYpiae 4PL OUrSReDe OTRURY SYSIORTEH MRt egr at ed

circuit, a pr'm:% Y i r : irEBM o0 a huge
super conput eﬂP. ﬂ%%%alti gdrﬂnéf/% %%%gﬁ}ﬁﬁ%?&%g?krgm{}%@ﬁ??g?n602,O%fe\ld’ glims%ol ay 604,
a housi ng 606mai hdhdhelddicivice up 687 huge keneb oamplitdl Compntir systep@an@udes aDi sk 614

Isfl S? e(r:nogggt ern-lorneg 0‘9 EISH, % dﬂ;%g,iy %m,%ﬁl%gsiﬁé) 666{ g HISS{( [ivéj 568?3, }cgybg‘grq 6%6), afmrlgm conput er

mouse 612. Disk 614 is a computer-readable medium used to transfer data to and

20 from computer system 600.
[0061] FIG. 6B is an example of a block diagram for computer system 600.
Adttached to system bus 620 is a wide variety of subsystems. Processor(s) 622 {also
referred to as central processing units, or CPUs) are coupled to storage devices,
including memory 624, Memory 624 includes random access memory (RAM) and

25  read-only memory (ROM). Asis well known in the art, ROM acts to transfer data and
instructions uni-directionally to the CPU and RAM is used typically to transfer data
and instructions in a bi-directional manner. Both of these or other types of memories
may inclade 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

30  storage capacity and may also include any of the computer-readable mech'a‘ 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



[0061] FIG 6B is an exanple of a block diagramfor conmputer system 600.
Attached to system bus 620 is a wide variety of subsystens. Processor(s)
622 (also referred to as central processing rmts, or CPUs) are coupled to
storage devices, including nmenory 624. Menory 624 includes random access
menory (RAM and 25 read-only nenory (ROM. As is well known in the art,
ROM acts to transfer data and instructions uni-directionally to the CPU

and RAM i s us i call tr [ instructions in
bi-directi onarﬁgyﬁ%r}/n%@fppn ﬁ%tcaéé%fbe?%z%per%%ﬁétasﬁlé&@ f/aﬁhelgn i ﬁ%ﬁrﬁe@gy 1%maly

i nclude any séhaploed.f Remv@bletding 600 My tae tiecfatha bf f1ywE dieaotlesieridadidel ow. A
fixed disk 626 j.s_al so coupled bi-directionally to CPU 622; it provides
addi ti onal dabglindeseilsddgle¥eapacity and may al so include any of the

conmput er-r eaq@@&%a{r‘;@f’@ Ggfﬁ%qéol%i@ 1ol aQMietf ok ut%iu'%ﬁt @gv@ceges)ﬂcép:% used to

store prograns, and the 11Ke and is typlcall'y a secondary storage
medi um (sdch dasplay G4y ibybiask§1Q; ratise &3 2sindwpeakers 480, pnd fgdback sndfomgad 1t wil |
be appreciated_ that the jinformation retained within fixed disk 626 12 may,
"h abbr opr | arupl e ool RS T aeR O i bR dek SRR Tl rorory
in nmenory 623Adeohdpliyahtack BilBkmfd AeiboardsphaRrdhendsotoidtodendiiye difpldae

conput er-readabl e nedja described below. [0062] CPU 622 is also coupled to
a variety of Taplersatdigidcreparstic oxpapRr taRe ssadsrss fblels. plses wisRir d 610,
mouse 612, ang,sPeakatSosh36s, Meﬁ%@%%o?&gerfc%ﬁﬁéﬂ.c %ﬁf%tioﬁﬁﬂfo_nt rol
of the process. In general, an I nput/output device nmay be any of: ~ video

di spl ays,10t r auk Usabhzged o awethedaoyiputer dstelepdnmuptrtinasncivolicking eeisioth ve

di spl ays, tr.ansdu d_r.eaders, .magnetic or. paper e ders,

Cabl s stylineasbedl, SAGH ARG RAET LB T BRRE AR BRI B cacer s,

or ot her conmedetednfofeititiof ZRn0ME hetvalld, yr hiphiduiphénfoouabioath thenenotihiar

conputer or telecommrunications ne%ﬁork usi ng network interface 640. Wth
&P

such a ngtmrfke?%f%ﬁa@ézm&gt %ab€8_ ehrag Q‘}féﬁpst ﬁ%"@%"rﬁirﬁm’(’drecei ve
information fd@auiRase N dentQhvelli@hhaP bt sdlélggﬁ&?@’@%zi&lhﬁsﬁ network in

the course of performng the above-described nethod steps. Furthernore,
met hod dAbodkeri avend netierlpuelsenthe Intaregi i ejursijorexi@cutamotoCRY yhaipon CPU

C22,51 Y 1SuGaEPHl o RISL dpBeigr i, Such e (e Internet I cgnincton
addi tion, enljéatsirentia additibr)empodisent of the eresérn hvettidnfenharedlgt e t o  conput er
storage prod lég}nlsibllt\é\f' gtctlrage 1%85%!{';\%"’[1{ ar goaﬁgp%tt)e!r—erearggb ie um@d}uglaﬁqatm%;/ee co%?pu elil tccen e code
thereon for performing various computer-implemented operations. The media and
20 computer code may be those specially designed and constructed for the purposes of
the present invention, or they may be of the kind well known a:ﬁd available to those
having skill in the computer software arts. Examples of computer-readable media
include, but are not limited to: magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD-ROMSs and holographic devices, magneto-
25  optical media such as floptical disks; and hardware devjces that are specially
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
30  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

mstructions that are executable by a processor.
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thereon for perform ng various conputer-inplenmented operations. The nedia
and 20 conputer code may be those specially designed and constructed for

t he purposes of the present invention, or they may be of the kind well
known and available to those having skill in the conmputer software arts.
Exanpl es of conputer-readable nmedia include, but are not limted to:
magneti ¢ nedia such as hard disks, floppy disks, and nagnetic tape;
optical nedia such CD- nd hol ographi ¢ devi ces; nagneto 25 optical
medi a such as fl opt ?@%—%@Mand har dwar e devices that are specially
configured tqoss4pr e madGpeifcihepRroddicant cltleprosess bf BIS. appl 4 gatkeimpsckpeci fic

integrated circuits (AS|Cs), programmble | ogic_ devjces L nd ROM and
RAM devi ces. Mﬁﬁiﬂé—‘é(}o]flémﬁ? leyout S‘jH*i‘_E:‘P@%é‘_t ﬁ%{%%‘i’?%u: ef%sc)é&gllﬁ as
produced by 8 500R &#h feandl Gybili] $Bicl QLRI TG PhighL13048Vi8] roRfe 1303t are
executed by a conputer using an 30 interpreter. Conputer readable nedia my

al so be cénpubasparedode cichahigiviawadel. Byleaturedeypytpitoh Poas the sthajlesi pithbodi ed in a
carrier wave.and represent,i a_sequenc £ i t

xcout abl o by s SABEEEHT i TREHER o8l ThOBRAHAER el en e e, i
of the use ofreiidielapiingassssaf 1268, Grhidblgeherars sylsdsero @plalitash shieln in FI G
12, a feature Iaéout s first provided at 1204 (step 1104). FIG 13 is a
top view of a®ouktiprbite Kroue lyeriier ]sllqams a feature pattern 1304 with
features 130§ossi hatTiabiidin %s@ﬁe?ﬂ&ﬁ&iaﬂy@ﬁ&w@fo‘ﬁ@ﬁﬁ{raﬁr@tlflee»%ﬂ%{n% Jragyout pitch
Pr is the smalleSt pitch between featlUres of the feature layout, as shown.
The feat Ufe lempodimentoffhonivensidnt BIG hédA ped 143 areliapydens ¢girobeasgblryel208, whi ch

generates at ] east, two plurali of,) reticle. .la fromthe feature
oyt (st op dEEBE 0 BabBu Bk ol Giok b 8bh Fhfie VMR AR LT oy

i1 lustrating geh@atedudig e redicledsyouthifosh@ith Me0s). Hfshétiebe nvenhthbion. FIG's 14A
ot 1305 SR By s S B Tl gl DR 5 e
reticle | ayoutanReOsansfehkehudhd8) aldiasBopkitkebesnObatnt hakur@ of BRL t ef ned

| ayer defined by the first reticle |ayout 1404 has fewer features 1424 than

the featldr edeabtre piftort et spadernatterarlinesouceaibe feafes A 43% dvikavese, 1624 t han t he
f eat f . | i th
ot o i LA 000150, Ll st s o v U

features 142 er ne f1ned e second reticle
| ayout 1408 lizsfehitese pf the &atiresatttd?iB04 hahlargeh&afueatl 2 thanthetfbatrtedt ur e

pattern 1304 tl('la'enitejatllraérp%‘ﬁerm.f Je_tlagd%{tlecnﬁ, tilizfé:1 %a te}nbeg rl‘ay'fmh eﬁ];:lg(ﬂ))lfj tlig %rs?];eticle layout

1404 has one alignment pattern 1434, and the patterned layer defined by the second

20 reticle layout 1408 has two alignment patterns 1438. One alignment pattern of the
patterned layer defined by the patterned layer defined by the second reticle layout
1408 matches the alignment pattern 1434 on the patterned layer defined by the first
reticle layout 1404 and the other alignment patterm of the patterned layer defined by
the second reticle layout 1404 does not match any alignment pattern on the patterned

25  layer defined by the first reticle layout 1404. The patterned layer defined by the first
reticle layout has a first reticle layout pitch Py, which is the smallest pitch between
features of the paiterned 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
fayout pitch Py, which is the smallest pitch between features of the patterned layer

30 defined by the second reficle 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 af least twice the feature layout pitch Pg. This allows for a lithography with a

limiting minimum pitch to provide a feature layout with a pitch of no more than half
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the feature pattern. In addition, the patterned | ayer defined by the first
reticle layout 1404 has one alignnent pattern 1434, and the patterned

| ayer defined by the second 20 reticle |ayout 1408 has two alignnent
patterns 1438. One alignnment pattern of the patterned |ayer defined by the
patterned | ayer defined by the second reticle layout 1408 matches the
alignnent pattern 1434 on the patterned | ayer defined by the first reticle

| ayout 1404 §| yer defi ned

by the secoﬁ Int_np %g LGJ‘Iﬁ{ {t&n@ggﬁcﬁﬁ gﬁtﬁn?re%l%l %ﬁh Oﬂﬁéﬁ&‘g%nﬁgl bS’ gattern on

the patter nede%Btvdrcayer def| ned by the first reticle layout 1404. The
atterned |l a defl ed e first reticle |layout has a . first reticle

i g ek

| ayout pit ch [BRf6] elaxom pPrEilp sqsPR Istipla{ aRiAre FbEtRdde 20f t he

patterned | aYSﬁﬁnlgﬁjﬂeeﬁﬁo&\éerhgljﬂoﬁﬁltfthhﬁk @oﬁ&ﬁ&ygn thé3t 1%55@% el G 14A
The patterned | ayer defined by the second reticle |ayout has a second

reticle ISaydexcupi(stehl HR, Fighileh id stop hswsatdld regtempd tagér dsBnsdgorths Bt ures of

t he patterne t he second reticle Ia out , shown in
F'G P ran he teidBbedt Sap Rl g St BB SGHIEOR Y, G BB s Eef o
pitch PM an@rﬁxﬁ&d%&&ﬁdufeﬁ;tdfﬂie&eﬂlcﬂfymlﬂmqnht foha Rivger aﬁbﬁlteaamnmgelaeaﬁt tw ce
the feature | ayo Ut#@$tCh PF. This ?Iloms faor a I|thography with a limting
mi ni num pi t ¢t i & 15 afpayiey 8T hapatrrnadilonT defigee BhitSRose8d HSE t han hal f
14 the |im tijpgum JH3ma8 Pidmk co&é&%{&z 151% 8@ RN GokRENIGRO 34818 Bbiatdre

| i thography by at |[|east two. he first reticle layout and the

second r el claéthegyimars odihe rsmﬁwap@@n‘tbl alaryhmﬂmt@ﬁﬂwkngm 61@@9@@18 1212 to

perform shri QN t et| outs (step
1112). FIG I g SLICEo e‘%’“ﬂlefg’%p@ﬁ%mgg‘fl%eerr"\rqg&{sl 4 g"r“ e?,ﬁ},@ d By the first

reticle | ayoqirovi&@lébyah&sijru:hc&ifﬂcmdxpm@afsn@cllzlx)n is perforned. Corner cutouts

1544 are atf the corners of the reticle to account for ar ger
amount of shcﬁ‘%% Al ehiro e genertd ﬁPS‘B%Fé tlgast e it helsaypts i h
patterned |a>éﬁf1nl€i&fﬂeﬂﬁfﬂ1 (i@ﬁcégtlhﬁﬁ)sP&@mhIs‘@feg%{a?be'b?)éﬁb!ﬁng]{@@ﬁ ¢ &dth 7162 shrink

correction is performned. rner cutouts 1 are provided 10 at the corners

of the rdfi clemagk larebueiicnden B2 apayde pamermet obfheghiidlhdaigell §1e mask cor ners.
Th h k f
T ik Cock Rt ot o AL LND.G08 DR (IR QULS Tt of Ty

t wo reUcIesthng}ed&aated fromthe at least two reticle Iayouts wth

shrink correct| (s 1 of t ea greticle
data 1210, TR0GRT ook SRR 6 it R GH Babe o b VS HERE Nt he
reticle data.pifi1d48 af@StKew of a first patterned photoresist layer 1604 created by a reticle

20 from the first reticle layout after shrink correction 1504. The pitch Pp) of the first

patterned photoresist layer 1604 is the smallest pitch between the features of the first
patterned photoresist layer 1604. A sidewall layer is formed over the patterned
photoresist layer (step 316). FIG. 16B is a top view of the patterned photoresist layer
1608 after the sidewall layer has been formed fo shrink the feature size. The feature
25  sizeis reduced. The cutouts allow the shrink process to form corners instead of
rounding protrusions. A subsfrate is then etched to etch the features into the substrate
(step 316). 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
30 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 Py of the second patterned photoresist layer 1704 is the
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verification data designates that the reticle data is OK then reticles are
formed from the reticle data. [0068] A first reticle is used to forma
first patterned photoresist |layer (step 308). FIG 16A is a top view of a
first patterned photoresist |ayer 1604 created by a reticle 20 fromthe
first reticle layout after shrink correction 1504. The pitch Ppl of the
first patterned photoresist |ayer 1604 is the snallest pitch between the
features of t fLT ed. D r.esi : j 1A layer
is forned oveérhqbatlﬁéetpgtgl%?%%%@wg o.sg(raggﬁeggdoﬁg%r Egtp %]%9%?8?& %ﬁﬁgwl Bis a
top view of tiidevwpditliyer reformpd ovartbs pstered peotoredi808reafstepr3 16h 161 UBnalal | ayer

has been forned to shrink the feature si he, feature 25.si,ze i s reduced.
The cutouts alleP 815t 1%%@551}089;@%&@@ f@? ﬁﬁﬁr&h%?@evi’ar@f‘%eéaa‘sok_fem roundi ng
protrusions. MAraeShadieht fahlez L TR Ehiir® si@ddiB rddiedl GRE WitBSs kIdwwitehe
substrate (step 316). The patterned photoresist |ayer is then stripped

(step 320)3 [DosbproTes ipfosmsemeisdnatsd gof oupding p@tugpiy Thesubstalgidheet i cl e
(step 324), i i r.QV.d r r ah 8 after a
Sihr i nkc cor oottt  Spty B 4 R LALERAUCRRRTTG Fhe B AR T 5
second patt erlagd iphat arigsadtteg 3B0@r (step 308) over the previously etched
features. FIG_ 17A s top view of the a patterned otoresi st . layer 1704
f orned over twg7%revw§€§f3§5p ’3et1?13,F'?§H'“‘ffiﬂ?essflb@]@E23 @Fr?lgé?cﬁ$€§etf$%§%u\‘7&ﬁih% are
shown in  dot{eRf elchd#e In thERGhdRdeGRe PRt R oﬁf@ﬁu@@@’pﬁ%td}@&hﬁﬁ%‘@@ fipdiot or esi st

| ayer 1704 is the 15 smallest pitch between the features of the second

pat t er nedl®bhopaiesd shotprasistdayeygam tx firgf rgléahmpnd 4 sgped spicoffentwedi déer t he
tt d ph L: e i i i i f th
patterned p O&%t&{eﬁ%élﬁ% ﬂ*e%écg)tr}ld %%&é‘fe&%’l@ol es@e lggeil é%)\%a t:h? s%gr)ll&e %@ Rf’l'eﬁ e e

patterned photoresrs after t as been forned
to shrink theSdmadfithefist eeof fEhiersf ¢a2unreadaczeido sene edhesdonddseotiottagt s al | ow

the 5 shrink ess to farmcopers instead of..ro LN rotrusi.ons. The
substrate is }Dz{lrg Op@f"éiﬁgﬂ”{“a'eaé?{rﬁtctshﬁ@d feégflﬂ?lésme utgﬁj %ﬁ%@%%&@ﬁﬁfset fstep
316) . The pat {@NRaditPetREeShs featnkady Ak shewd e Piti FF BaRtubshenf@2B)y. [ 0070]

FIG 18 is a top view of the substrate after the second set of features has
been et chEl. gepondret affppitreslias begreetehed jsroymerg thaghakf Signiich & ¢f9 fist ched usi ng

the first —10,paLLerARd-noLor &ai ol sdkBXBabholbidiSeliiaksr et icl e and a

second set o i et ched using the second pat'terned photoresi st
| ayer from t hi@0%dconthsetatiofishipdisiveder she firSomd saxbnd hatefried photewsisofiyefeat ur es

1712 dj t f.the d set_ of .feat 1812 i d
the | ner eased 1 4G (PAaBiURB Ao FAb® BrAn b e R o RE e

in a dual damascene process, where the trench features are not adjacent to the via

20  features to increase pitch but are located on the via features to create the dual
damascene configuration. In addition, the first set of features and the second set of
features are etched to about the same depth, wherein trenches are not etched to about
the same depth as vias. However, the inventive process may use the first and second
patterned photoresist layers to create vias with increased pitch or the first and second

25  patterned photoresist layers may be used to create trenches with increased pitch. The
features in this example have about twice the pitch as the pitch resolution 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

30 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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smal | est pitch between the features. As shown the pitch PF of the substrate
after the 15 second set of features has been etched is no nore than half
the pitch Pp of the first patterned photoresist |ayer and the second
patterned photoresist layer. [0071] The relationship between the first and
second patterned photoresist layers is different than the relationship
between a trench and via patterned photoresist layers in a dual damascene

brocess, Wher 8oL01g, & &nale L 8 ML Sl o 19l Bl AR RalhSY ik, f eat ur es

to increase pi ut are Focated on e via fea 0 créat e dual
damascene confsedyfor dieinazk ldynutaddfitadtion 122th Suth petessatimpfove éatshrivdscomact t he
second set of features are etched to about the same depth, wherein
trenches are M¥t*™S%etched to about the same depth as vias. However, the

inventive prqeesy ”%aﬂ%ﬁerhﬂﬁze ehibﬁ&mﬁﬂtdﬂx%%&@an%%@éﬂbﬁiaﬁ%ﬁi}eS' St
| ayers to create vias with increase first and second 25

pat t er ned 5phcft>1@5¢ Egiuses thadyeerthe saep siys aﬁlgiédeﬁlee&ﬁfé%ﬁ fgatpyecnatitre sudibem i ncr eased
pitch. The c?risec%& ﬁ&?’hg)ﬁg{m{%ﬁo havasahouse 3?%&‘%& @ruﬁ’d d&hags the
it hogr aphi ¢

pitch resol ut| on process. A 'sec nent feature
1808 al | ows ithedimeadod df gerpatitmed mtesthfannm enhtmdehelmfﬂtqmemiemomgz% 0072] In
a testing and/ gélaﬁﬁﬁvel opment pr ces e substrate .after the first etch or

30 after the & et ?r%&/m[ﬁ?é OEE? aSHE HpIhipbrihgenstateShe | i ne

width 1238 a%ltlﬁl@%tﬁ%i@ydﬁ%n@ﬁe&&ﬂls%&r@&oﬁ%ioh'u?@hm@f@gt% tat 11 A9y 1260
and/or a paraneter extraction engine 1240. The enpirical nodel fitting 126

provi des 1&n dwpilustretall antepetteps fatclanby prOV| de additional rules to the
shrink correc[tmﬂ:' 0Ce&s jﬂ%elcﬁff% gnéegﬂf cﬁgﬂ %ﬁ%ﬂ@mﬁ%%fﬁﬁ%s ppgeess. The

par anmet er extraction provides a s cal used for the
mask | ayout \teperfdrmad ommraﬁhz]z@o it r@nhnggmadrnhbmmst]hﬁsrﬁmmp‘dd lkeor r ect

process. [007 alte i ve enbaodi ment the ion.of the reticle
| ayouts may QJ‘F %‘Q{Eﬁrégmﬁ?@fm%ﬂoé“i °on the 1851 SOa at(t%& P res of the

feature patt aﬂexﬁéttipﬂott%mst £ 1B KotO ke HRCdekiodd f4th@S boByReadssask t O i NCrease
the size of the features and decrease the dinensions of the patter ned

lines. | nSaneeHeqtionmdes thersulting paticaef] phetoresigidater vwopdiffanset fiam ek correct
1212 maybe p%sﬂlﬂfngggaper§ a5 St u%n%ﬁlﬂn%‘@fsq&v&ﬂtl%e&%ﬂe g attéi‘i'x’e!dt' ple

reticle layouts a ornms shrink correction iI'n a sing step, but still
may 10 be i Iphuistasit bgeraBapedbksthe pssufed ffeapirar iQRC is ﬁaeﬁ@m']ed Boprevidf 2t he
differences Ih?gh%rh {e!so 15‘[1(9110153%21%%& Slpotoresmt (Ijzj)zer Apginf correcltton 18 perf%ced to make
a lower resolution patterned photoresist layer yield high resolution results on the
20 wafer. OPC provides rules to add photoresist material to compensate for the loss of
additional material in forming the patterned photoresist layer. Slrink correction
provides rules that remove additional material to compensate for the addition of
material during the forming of sidewall layers.
- [6075] In various embodiments, the etched feafures may be measured to provide
25  shrink control information or the patterned photoresist layer features afer the
formation of the sidewall layers may be measuyed to provide 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
30 reticle to provide features that are mere 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
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is performed on a reticle so that the resulting patterned photoresist |ayer
is shaped like the desired features. Shrink correction is done on the
reticle so that the resulting patterned photoresist layer is not |ike the
desired features, bit instead shrink 15 correction nmakes the resulting
patterned photoresist |ayer nore different fromthe resulting features. A
subsequent form ng of sidewall |ayers nmakes the patterned photoresist

| ayer shaped |ke th t C Iy . i a

i gher T osol UFTERS PR e QLR A et e Bl e R BRI €8

per f or med tOzmH@ﬁomﬂmﬁwmer resolutlon patterned phot oresi st | ayer yield
hi gh resol ution results on the 20 wafer. provides rules tqQ add

phot or esi st P&l al thee@%%e&%ftedw%@ww&sefm%%ﬁWﬁ% *STaLBrial in

form ng the Fb%&l‘f?f “ﬁfbe@&ﬁie%&’a%‘b@hséd%x%{at th%*fééhﬂ&a?@&tﬁﬁ%bt@dﬁ thfiOxedes rul es
that renove additional material to conpensate fof the addition of material

during thé fchimd ﬂfjheplt@l of eovdl thtidleylg mgot e[r(@@%t}le,lfﬂumatnqlma}éwbmﬂ seshats, the

et ched featur asur. pr o rink con i_nf or mat i on
or “the patt erTEEeie AL ERAbEE plPisBhelfE or & B o RINE DN of "t he

si dewal | | ayeﬁﬁnﬂiaskﬂ?ecea@amrdeﬁribai ilﬂ@SIRit&;nShpplmatt@DNﬁmBér 1t/050085mat i on.
These neasurenents maybe conpared to the_feature | ayout or the reticle

| ayout s. [ 0078¢¢ Edmprhsc08s dydefier Magksppd Reza-Sadjadh @tiflgd Jresisttd dense

features a”dI%m%ﬁﬁQﬂﬂmlﬁﬁh&ﬁ%b&bﬁnﬁﬂmﬁfQMM%%sﬁ%%h%ﬁ§§m&Eéﬁuﬁ%? mor e
i sol ated. The requirenment for such retlc es I's Dbecause dense features

requi red @i f frefeenee fox plbpupescor photoreS|st than i sol ated features.

! nsj[ ead, the [g%&sed‘ﬁtﬂf K 1%\9%5)18&? la&?eﬁ a t{egln%nns oflsevele(ﬂfé) e%'e ur ality of

reticles may ures on one retic e and both
dense 17 f eatauibesingnt, thselagd Adrahiend, pelmtaaan@moi\tmms ebitithie equilalés, usi ng

the sanme lithag y .tool and photoresist, [007 O her, enhodi nents of the
i nventi ons m@lﬂkgﬂﬁ’ﬁth@l 1A 5G9PE Ko SR yeatirs 1t ?bBPld al%?et’ﬁﬁf)@d tﬂﬁ@@ Feticles my
be used so thay tattentt%wyeofetf)@éﬂtenhﬁgsthanm1toa@aﬂd%k)amﬁmewm‘é gefbid of the

pitch of each réticle. In another exanple, four icles may be used so
that t hel5f edrvpnbon gy sukerefars intepdeddhpt tHedellavgng rwendadroldime e tan’&)fp’fﬁ@ ch of

each reticle. nt
Application ﬁh?%ern¥¥#5%gyggﬁﬂﬁﬁgﬁgg E %&%g?gﬁgﬁﬁég%%whgvﬁh§k¥$§%§Nhrks and
Reza Sad] adifalewithinltedinieRpititahd snpobdf thé-pataut mvértiohi cal D mensi ons Usi ng

Mul tiple Masks," which is incorporated by
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10 reference for all purposes. [0078] Wile this invention has been
described in teens of several preferred enbodinents, there are
alterations, pernutations, and various substitute equivalents, which fall
within the scope of this invention. It should also be noted that there are
many al ternative ways of inplenenting the nethods and apparatuses of the
present 15 invention. It is therefoiGLAINIEnded that the foll ow ng appended
clainms be interpreted as including all such alterations, pernutations, and
various subgiifNtgigepiyval ents as fall within the true spirit and scope of
the present invention. 18 CLAIMS Wat is clained is: 1. An apparatus
conpri sing conputer readabl e nedia conpri si ng: onmput er. r eadabl e code for
recei vi ng aff eat 3“’%%8&??‘“3“%%{3%3&%@3‘%@% ]@e‘giaggmpgﬁmﬁ‘ppl yi ng shrink
correction on the feature |ayout, wherein the conputer readable code for
appl yi ng the shreampuiereadablesiode for reeriving atfeptereilaypslit, conprises: conputer
readabl e code for reducing dinmensions of patterned |ayer lines of the
patterngd | ayer ; cohfhutanpatishle re@ddafol exppbdiez kbrinipreontatiang ot athaefeatort out s f or
formng features in a patterned |ayer; conputer readable code for
gener ating @, W AtdetYm@icof@lict k& dhREQRES i SMyidd el BAMKLErbAAW, and
conput er readabl e code for applying shrink correction to the plurality of
15 reticle tltha OI#L'F S; cogputer. readabl e code for conparing a resulting test
vaf er with PREYEIIHe PRPGE and generating shrink correction rul es based
on the conmparing; and conprising conputer_ readable code for applying the
gener at ed shri nkeomgByieraead h:cwdr:g@r regugippdimeasigneof pajstred laysr ligepof A
nmet hod, conprising: receiving a feature |ayout;

the patterned layer;

10 computer readable code for providing corner cutouts for forming features
in a patterned layer;
computer readable code for generating a plurality of reticle layouts from
the feature layout; and
computer readable code for applying shrink correction to the plurality of
15 reticle layouts;
computer readable code for comparing a resulting test wafer with the
feature layout and generating shrink correction rules based on the comparing; and
comprising computer readable code for applying the generated shrink
correction rules to the feature layout.

20
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performng a shrink correction on the feature layout to forma shrink
corrected reticle layout, conprises: 5 generating a plurality of reticle

| ayouts fromthe feature layout; perform ng shrink correction on each of
the plurality of reticle |layouts; and providing corner cutouts for formng
features in areticle; formng areticle based on the shrink corrected
reticle | aybut, mhestebd coherisih@: form ng a patterned | ayer uses the reticle
based on the shrink corrected reticle layout; formng a patterned | ayer
over a wafer baSﬁgdgﬂlQﬁ@aﬁggmﬂﬁncorrected reticle layout, wherein the
patterned | ayer has corner cutouts; forming a sidewall |ayer over the

patterned | ayer; 15 etching features into,a supstrate. disposed bel.ow the
patterned |ayer:;P¥4 l%ﬁp%ﬂnggcqr}:?éagf ety %’ﬁ 0y O S%ngﬁré % e | ayout

and generating shrink control rules based on the conparing the etched
feat ures wi ¢diracted retele Laveut, egroprises3. The nethod, as recited in claim 2,
wherein the performng the shrink 20 correction elimnates or mnimzes
use of ©PC and wher ei gerehginperdlanliiyrd rétude lagbuts filorcibe feddricdayoal;i m nat es t he
need for features to account for |ine edge shortening. 20
performing shrink correction on each of the plurality of reticle
layouts; and
providing corner cutouts for forming features in a reticle;
forming a reticle based on the shrink corrected reticle layout, wherein the
10 forming a patterned layer uses the reticle based on the shrink corrected reticle
layout;
forming a patterned layer over a wafer based on the shrink corrected reticle
layout, wherein the patterned layer has corner cutouts;
forming a sidewall layer over the patterned layer;
15 etching features into a substrate disposed below the patterned layer; and

comparing the etched features with the feature layout and generating shrink

control rules based on the comparing the etched features with the feature layout.

3. The method, as recited in claim 2, wherein the performing the shrink
20 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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