WO 03/ 048857 PCT/ US02/ 37800 Photolithographic Critical Dinension Control
Usi ng Reticle Measurenents Technical Field The present invention broadly
rel at es twotode4dssel d of photolithography; and nore 5 particauisaz/Bigooto a
met hod of obtaining a wafer design dinmension through a process control
system t hat i | i iRen@b® obhtNUaneREGE e Maakurehbats f eedback
utilizes naéﬁi(ll% egﬁéﬁdﬁﬁg&a%éﬁwn?slﬁi di mensi on dsgltﬁg; and historical wafer
feature neasurenents to center Critical D nensions (CD) to a wafer feature
desi gn di mension. The present invention, utilizing distinct reticle

nmeas ur ers a nethod of controlling the feature size, i.e.
Critical 10 Dinension of a line or space, by assuring that the correct
exposure conditions are used for each wafer processed. Background Art In
the field dheipreegr atvedtion rtroadiy r¢la@s)tp thhdiedd iaf hplwptelhggmrhyysad mere
transfer patterns, 1i.e. i es, frama mask containing,circuit- Lgn

i nf 8r Paricsklyoto fiethed Pr%ogt?} “P\%as"t’ﬁ’f:ra%@%‘f ‘5f’§nélogtf§]'s({uggtae?r%§?sté.c(gg?bl\?vaf er.
The p%%&t%rﬁr?h%t ru@t{]lsaf §h léco%%?ﬁ’l@hﬁffﬁ?%d"ﬂe&&ba@k.pﬁﬁ& Bde@bhckl utliRegmasiddlesign
ultraviolet Tig (L Sehsi tive o ganic polyner). In a typical inmage transfer
pr ocesiata, angubditneasion dakatnd shistortaddwatiet fieaturp hoeastessients ite cenien friigeled
throuag a mask, i.e., reticle, and the mask pﬁtern i s.tra.sfertrlednto t he
phot odaigieasions (GReP chWaisy bR oS ZhediBERNPR-o [ 1° DesePh MNCAND | WHHNE ong
the tegs mH‘ET%%%E MBYsubandire Rt 8eiRRosAR Mol ity thteteaRAb s/ i b @ifical 1S
acconplishe 0O'using a chemcal etchant. In current technologies, this
nasiki Minnsies $$ augieadd spats byepsatieithatithei qirect ¢xposutercontigions atsrusedtfoion of

an'integrated circuit. Fig. 1 illustrates a photolithographic processing
(f ab) eeelvWRSRRENESSEdnprising a reticle 80 having, for instance, a neasured
error, i.e., deviation 100 fromthe design 25 dinension 120, a stepper

device 90 with Iens 140 through which the exposure condition representing
an exmpEgusuedakgy 130 is focused on a wafer 95 coated with a photoresi st
150, resulting in a printed wafer at design dinmension 160. It is well
known in the field of photolithography that Critical D nmension control is
glr)zzzegls];]:jl ! the RO SFBlLERMH Bdifd (?Cé)?ﬁlo‘%olftﬁ@gr‘é)ﬂ%’ R [5BAYo BafduChatteRse

i.e. images, from a mask containing circuit-design information to thin films on the surface of

15 a substrate, e.g. Si wafer. The pattern transfer is accomplished with a photoresist (e.g., an
ultraviolet light-sensitive organic polymer). In a typical image transfer process, a substrate
that is coated with a photoresist is illuminated through a mask, i.e., reticle, and the mask
pattern is transferred to the photoresist by chemical developers. Hereinafter, the term “reticle”
and the term “mask” may be used interchangeably. Further pattern transfer is accomplished

20 using a chemical etchant.

In current technologies, this masking process usually is repeated multiple times in the
fabrication of an integrated circuit.

Fig. 1 illustrates a photolithographic processing (fab) environment comprising a
reticle 80 having, for instance, a measured error, i.e., deviation 100 from the design

25 dimension 120, a stepper device 90 with lens 140 through which the exposure condition
representing an exposure energy 130 is focused on a wafer 95 coated with a photoresist 150,
resulting in a printed wafer at design dimension 160.

Tt is well known in the field of photolithography that Critical Dimension control is
most difficult and challenging in a logic fab where many products are processed

30 simultaneously. With more and more products being introduced into the fab, each with
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30 sinmultaneously. Wth nore and nore products being introduced into the
fab, each with -1 WD 03/048857 PCT/ US02/ 37800 multiple masking | ayers and
uni que CDwWousiessszati on, cal cul ati ons for exposure dose haec#/Usar/3m00
increased in conplexity. Considering that additional |ithography tools and

t ool ifle ma OQ y&ﬁs*ana 'aﬁi e@%‘c&s@éﬂuﬁé@éﬂ eRuRAchoPERfRuNAIokaRivel ty had
roauce

to be |n track 1 creased vol umes and conpl exity of manufacture,
t he nelee ifoasasédineonipladityi Gondiderfratthiiaddifionalditbégyaphydoplstand &ood bipes.cal

chal | enge that nust be addressed. G ven.that ni fic nmber of all
t ool / £ |V&1Itfeth§’ét0M/;§‘scaU§@t18nb§%qP@Eﬁ"sél"a‘i‘ ]ilté(%éd?(bﬁ &W d\“?q%qf) t ‘tglf me, and that
a si gnr{cf Lca\o gjﬁ{d ol 188§ﬁcﬁﬁnérﬁ1f§cﬁﬂb”tﬁ@ﬂeédofoi3@m &ntd! B tﬁ@%thaEO its

t ar get™ % Tensl on

1 ca here exists a critical need to reduce the
err or gahdfoinitd ihtdi o driaicapetatiende that st }be adhhe$ssdx@1vng thﬂewsrg@tﬁc@meﬂw

conbinations. 10 Arelated art tec e _for @ﬂt@rol.igt b IS
descr Phalltqol{retigigrgtupuse a partigaler Te5a Wh Eﬁlr?témaﬁ ARE RG2S HCPR Y 83% aphy

t ool 0 ) 85 Uh&@RRsts alditaPr ocess
homevgﬂ,)%g%sggpe 5 ‘?Ebc%ny? %?%&ﬁ%%f%ggflggﬁ I%%hgﬁlﬁn a feeébsaack | oop to
cent eheddoGbdict tHadricnin thAnitihlgsrodwedtiah efipaxductresingdewgetdde/tool bed i n Hi t achi

(U.S. 6225,011) which utilizes a 15 plurality of exposure systems. Again,
t he ré@liﬂbmétl%ﬁsze data is not used for Critical Dinension control in this

geggn' Jue. Aeldid DetechRhd £ ciFLhahidl felasRtldikas Akovebis, (U. S.

9,972), 1 nvolves an* automati c nac program generator for use in

manuf agg9ricngwaich edlligauisitotadithcgapionent ad;us\zihmhtend:thock thredghtseateaed nmet hod
di scl oses an optim zer, the optimzer fails ‘E‘f?ﬁ address the need 20 for CD
cont r Ghergh reasuseInerti ENis DRGEENRIVERYCH dPeehal chrl g GHOESHGEPR N And where a

new r any of the tools that nmay use the reticle.
Anot h ?ed‘ﬁ%‘ﬁ(alf)céﬁ%ar ?‘tetqg%ﬁ{sgbﬁgtggsscrl bed in Marchman (U. S. 5, 656, 182)

utilizes fgpekackateoatmmthodidwesaibed doﬁsam(Ua&m%‘selatwtacmmdmes of the

optimum CD. Rather it nerely perforns st(feposmewfn éontr?% .a function

of 1Sheluralitef cxprsye Sﬁﬁféaxﬁcéaalpﬁh? FrEicls e Jakg s nob BsedpT Grifigal “\%}éﬁl? known in

the art that.a re dose bias can be used to conpensate for the wafer

neasur8ﬂ%‘%m eg}egﬁlﬂgﬁéj and further that reticle factors for previously used
A further related method disclosed in Kerszykowski (U.S. 5,969,972), involves an

automatic machine program generator for use in manufacturing a semiconductor component.
While this related art method discloses an optimizer, the optimizer fails to address the need

20 for CD control where a reticle dimension differs from design targets, and where a new reticle
has no history with any of the tools that may use the reticle.

Another related art technique described in Marchman (U.S. 5,656,182) utilizes
feedback control, however, does not address attainment of the optimum CD. Rather it merely
performs stage position control as a function of the latent image produced in the substrate.

25 While it is well known in the art that an exposure dose bias can be used to compensate
for the wafer measurement deviation, and further that reticle factors for previously used
reticles can be derived from historical wafer measurements using a feedback exposure control
loop, there remains the problem of determining the correct exposure dose bias without the
necessity of send-ahead or test wafers for new reticles and products.

30 Fig. 2 illustrates a feedback system that uses historical dimension data for each reticle
and stepper tool. For a mature product, the critical dimension metrology step 210 produces
historical data 220 on the mature product which is fedback resulting in feedback calculations

230 which produce the exposure dose setting 240. The mature product does not require a
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reticles can be derived from historical wafer neasurenents using a feedback
exposure control |oop, there remains the problem of determ ning the
correct ewposoussstose bias without the necessity of sendPamasd2/am8ot est
wafers for newreticles and products. 30 Fig. 2 illustrates a feedback

Syst %Q%Bh@éte@% thl StREhE MosEiBRS 40N s Eahaddred tofC bin befimahedosand st epper
tool. For a ture product, the critical dinension netrology step 210

pr oduaksilatéd sting thedtedtatkaexprourogonti@d 199t ur e product which is fedback

| ti in feedback l.cul ati whi Qs
Cett ng 2408 THESRE e Pt an Aetiubu R B RS R R gl £ o
PCT/ L%Qg/\xg&?sg%e?%f K008 %%Qho%lﬁ,‘@riﬁ@aq ]?fh@ﬁkﬁd}ﬂ BletRgySeipt3 10ds getforined

consi dere e an optinum dose, calculated using the feedback exposure
corft rwhild tefe isRodist@idal dais fuoat the neweoglr308r Thig reqwieh e fRleB R B¥re is a new

roduct or new reticle t e. used with e r . own,

lOCri tiIE%FPnB?Ir?éF?s{r‘b‘H Oﬁﬁf Foé’r([)/B‘%ﬁfles‘foélgblﬁ%nﬁséﬁ%ﬁ%ra%%gg%l 1\?/1\/“91%26: agiree is no

hi st orj Galidiat | TypRAY, tKiS fédadad arfingementt 0 use
hi sto({alﬁca tloglgtggoﬁ@%H%Jtéﬁeg?ggﬁé%ﬂg/@iree%?g}lgeﬁgo |f)ngﬂ;u>ib ons 340awhi chg_are used in

the faedbaticconal fouhan masisoff§ls awl e oxbubimgexplistia dpss BoBEStdRHER70.

Typically, this feedb rangenment . d .n cecount f sk of fsets
g R R P e R S e
16f} of; £ : n0 &t prb@hdtioRGusd 3008 Besktit o pRidectiGpéaa B5@fri on 10 is
re\fAborlﬁééd:‘klg%&gF g%)\%gg?%t egr production runs 330 topbenefit from production
dat a tBb@efvarticlehe new reticle. In view of the above nentioned drawbacks

ith related art techni t i st d for. trol
Whi ch can Buvewsstm gV reativted e paks b gciie ke hietsteh contre
reticl dhfﬁé’{)roﬁ/?dgﬁg ??téoﬁi?@l’ whits ceP¥udcaghliytptdietantiadegreueyioks withesyi n a

hi gh vo conplexity fab environnment. That is, a nethod is
r equi fegidleobCdomtsinatmpa thecoy fanditating reducedwepde tios ind highsiodymeliiginsi ons of a

ticl ' t toth hod, w th priate, .f t , f
or SauesmBeRlD Bhen s Rg S rOU R TR s BT RBRRR o 2 11"

i's an ol JrRventit aninat PrRYinedod, phRhppicphiagr aphi c system
and %%g%lggiaﬁ%%s&grg% es tshe reductigltrrl) of CD'errors when producing

i Nt egfeatibstkgparamnéters foopediising an optimum exposure dose setting.

Disclosure of Invention

20 It is an object of the present invention to provide a photolithographic system and
process that enables the reduction of CD errors when producing integrated circuit products
using new reticle/tool combinations.

A further object of the present invention is to provide a photolithographic system and
process which minimizes the difference between a manufactured CD from an established

25 target CD where there exists a deviation in the actual CD measurement of a reticle versus its
design specification.

Another object of the present invention is to provide a method for setting
photolithographic exposure doses that achieves a wafer feature size that meets the wafer
design specification, i.e. the design dimension +/- the required tolerance for a given

30 semiconductor product.



using new reticle/tool conbinations. A further object of the present
invention is to provide a photolithographic systemand process which

m ni m zeswDla/0alssT er ence bet ween a nmanufactured CD from amcCagdaisapBisshed 25
target CD where there exists a deviation in the actual CD neasurenent of a
reticle VeA?ﬁﬁhértoﬁjecfj@ﬁthcgﬁre%%?ﬂ\fehﬁ@ﬁ isQB elifm@ii @ nebyssiey fop thet diendaresent
invention is to provide a nethod for setting hot ol i t hogr aphi ¢ exposure
dosesendraheadgitoesse sndatwaflant réwarkstap (S0 ef Figad) %@9’@‘@& the regared CRyesi gn

specification, i.e. the _design di,mension the required tolerance for a

gi veﬁnqmlgw%@&fﬁ%&gdaﬁ y TeQUGIpE BHIGIREE BT/ US02/ 37800 A furt her

obj ect of by | QR ah@odsaflbeMbhake ih g presns fiveptidoby t he
standard @%ﬁfﬂ?{éﬁgg}?%}g&égﬁd%ﬁg tagter?dar?t revyorlk stﬂgg (320 of Fi}zg. 3)

f old awiliztng hmetrelpgionbtbe@ck methal, bgy a soripol (abeknithyn, whegeinghe retigler eby r educi ng
process cycle tines. These _.and other agbjects ap v obt ai ned
D e W iy B he PR TSh Turoih LA A ORIy b 00 o

. €. g s%??,ﬁlrcgi@tiﬁ aR ﬁﬂi&ﬁ@kg%% &R, thBRbY ebhtedIBng IRTIIfRMEBLIZc ane used as
part of a feedbackK nechanismfor exposure control, including the steps of
cal cullmbindgngtheinotd falserkgesd mafass &heohesretscartsiation beivwrgnihfeactiylf eat ur e

size and elimmnnating the need f send- ahead wafers.. rved

cor r ertielesrP Betideshy Eée%%ﬁ {?ngl_e Csféppgreélc%j% O H%dﬂe(wtegr?g(pgéeﬁz?egn reticle CD
a”ﬂ) r(f%tn'dftl ins fo?ﬁg)gﬁ&ula}'[' r&icld BAHYE RS YRR Rxdlkufdtiidtions 8f similar par ti cul ar
reticle relative to the required exposure conditions of simlar reticles,

of t hetitlesdahkfcsylisdcknystem i utilizzé do tonvergpver Yeorsintam expspiiesefbosur e dose

or exposure condition, i.e. timum Dose, in a single pass. Specifically,
f or e@@?smétcpé‘lhéloﬁslé'dqpﬂmb‘%]aa@t Frbﬁ,smggtﬂaéﬁ‘e factors are cal cul ated and

stored in &?ﬁ@a‘i’@sﬁr egé?lrre{i&%iugédqﬁ Jr@GetiBg, Sti1e aloteds beGamldidstnar i cal waf er

data on a gtven 5 photolithographic tool, the calculated reticle factors
are tfefrdisadatabagy Fovetidts nkiopgsuitable mepudistericadwdier daia.onHogiEser, for a

na Foueids o cbnaleT o on for
B e e L AT ol A

desi g&cpq;s@%%}'xgﬂioﬁf ﬁwéve'?,% § L 6Ll § ckRQWon B compid@Betichslze factor is
pi cked o romthe

deviations of similar reticles and their reticle factors. Since the measured dimension and

design dimension of the new reticle is known, a derived reticle factor is “picked off” from the
historical correlation data. The derived reticle factor is then seeded into a feedback exposure

20 control loop and used to calculate an initial exposure condition for the new reticle.

Brief Description of Drawings

The present invention, which provides a photolithographic method of Critical
Dimension control, i.e. CD control, will now be described in more detail by referring to the
drawings that accompany the present application. It is noted that in the accompanying

25 drawings like reference numerals are used for describing like and corresponding elements
thereof.

Fig. 1 depicts the main components of a photolithographic processing system
represehting the environment of Applicants’ invention. &

Fig. 2 illustrates the CD metrology and historical data feedblack loop for setting an

30 exposure dose setting.

Fig.3 shows prior art method for determining an initial exposure dose setting.
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hi storical correlation data. The derived reticle factor is then seeded into
a feedback exposure 20 control |oop and used to calculate an initial
exposur e worndioggssn for the new reticle. Brief DescriptionPe/iSozsisngs . The
present invention, which provides a photolithographic nmethod of Critical

Di mensi on ﬁ%”hrlﬂ’ﬁs:trates?he TR RRR b Rko] éthbd BPWIRErelieRATD e ak Patiof thedet ai | by
referring t draw ngs that acconpany the present application. It is
not edfebﬂiadcklcalcumeoas:ﬁmmpa}pymnglQ@Osinadpmttmgke reference nunerals are used

for describjin Ilke resp enent s, .t her depicts the
mai n conpoRnpds 38R ’ﬁﬁb ‘it]f’H(?gﬂ‘fplﬁ?q’c??ep S%Sé@esd/%eﬁlgg gg?lfé?ﬁld? %ﬁtroésentl ng the

envi ronnent of Applicants' invention. Fig. 2 illustrates the CD netrol ogy
and historical data feedback | oop for setting an 30 exposure dose setting.
Fi g. 3Bshiddsddofi ing Onet vémiiondet ermi ni ng an initial exposure dose

setting. -4 WD 03/048857 PCT/ US02/ 37800 Fig. 4 illustrates the inventive
control nethod of using reticle CD data as part of the feedback

cal gul atio g I M DB R IS G 0B OF 8 s&@h (4910 is FsBribddl AsSillastetaphn cal
deplgctl on (i)}? {c%éd e%?ptlth nggsur ed/ degl gnﬁyvss Eegtnlgc | e factor. Best Mde of

Car r yFlagreéO4) infhidinwenblogy datd taker @b tltka Griical Dhn@morpmgehgy istepetdQ &n, a
system (490) is described_ as strated i.n oIo

Gt o RIS RAG G HPBf e AL D daket rusy Qbaihiisalty 1 oGRS
pr Oduﬁ%tamfssgﬁﬂﬁ(r % AR 430, eTbl'e§ I\,\Qt%t fhe! sﬁmgltgé}gl%ﬂ)g@iI AL MR Yartof e et icle

a of sim reti c ., reticles with the same technol ogy and
| evel feedBhtkasalpdationsf 43(heo aﬂjaadﬁmcéocp@a}hrmd(&bl&attmg4§thletlultahje&msurmé0%©< posur e

dose settin The initial exp oseglre dose 10 cal cul ted gz%t he &

i nvBncalswaisd by Hist BESTH SNYRIEAN ¢ THRR D neqd POSPe tr’t}mf Slf) 8ucti on
runs. RAtLGLE rLgl n%?lcﬁrﬂnqzl%ﬁﬁo Gk 1 hﬁeffi%l‘gr &stoﬁ'cé]t\%fblcéipog\ﬁé @bn@ilBRAsUr e
condi Ipl ons h| stori I% rrenS| on data, are stored in the database

for easdhistirical wafef dasensttatdatgpr stersédh tﬂeeht@aq;raﬁor eaall raticle cfhieg¢ datagare
required for a given run, It is noted.that the present invention may be

used PFedoHBRILR PUHERRRISHE if BUAReqiRE @ siven run.

It is noted that the present invention may be used in photolithographic techniques
15 including proximity printing as well as projection printing. However any conventional
photo-optical exposure system may be employed with the present invention. Notwithstanding
which printing technique is employed, the system described in Fig. 4 includes a reticle having
an image. The reticle may comprise any conventional mask (Fig. 1, 80), including chrome
on quartz or an attenuating phase shift mask, which includes at least one feature. A tool, such
20 as stepper exposure tool (Fig. 4, 410) is additionally provided for focusing energy directed
through the reticle onto a photoreéist treated semiconductor wafer.

Additionally, a computer with non-volatile, i.e. hard drive, storage capability (455) is
provided (Fig. 4, 460) for performing the reticle factor and optimum dose calculations
required to produce an exposure dose setting. The storage is used for maintaining a database

25 (Fig. 4, 430, 440) with the relevant historical wafer production data stored therein, including
but not limited to reticle dimenéion data, r|eticle factors, historical wafer exposure conditions
and historical wafer dimension data. The computer (460) executes all processing necessary to
support required database access, dose and reticle factor calculations. The computer (Fig. 4,
460) may also be provided with an interface for sending the exposure dose setting (Fig. 4,

30 470) to the stepper exposure tool (Fig. 4, 410) for exposure control.
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15 including proximty printing as well as projection printing. However any
conventional photo-optical exposure system may be enployed with the
present iwWoaa#sss? Notw t hstandi ng which printing techni qaanise2/amspd oyed,
the system described in Fig. 4 includes a reticle having an inmage. The

reticle may qoumid.s %a?c'?%br&ﬁf&ﬁ@ﬁ‘ hh@ R obiBsdd, Cdticls fatiorS&E coinpeteddhdg chrome

on quartz or an attenuating phase shift nmask, which includes at | east one

f eat us@redfot exh retsale hse20 Ins mefeppbembodivsuis this feror iF2 eelatipnshin gypregsed
additional ]|y provided, for focusi,

. di ted t ticl
nto 8 pRICHTE SHUTbaER SRR e JFE SEEne M TEndr 1) 2 conput er
W th %ﬁﬂi@%@t%rti%:feeto meefat ngétqvéfﬁl' YifensibiP i 29O pHRRAADbSY,c{ 4mVs. he  provi ded

, or pertor I

(Fig. 0 ng the reticl'e factor and opti nmum dose

cal sulagérh@nequiteigxpoadte tonditionucisimiarerdeutoachisye thessameriggetmaiest or age i s
used for nmintaining a. database 2 Fi 430 40 i £ h el evant

hi st oiBeAsIORal & WBicH dE e SIndstos- gﬁ%}flggﬂff ﬁ'&rf(gfrﬁ?lai%ﬂ%% fﬂq"%é}e& f)eglf: i’enot l'inited
to retfglc%rqs.di mension data, reticle factors, historical wafer exposure
conditions  and historical wafer dinension data. The conputer (460)

executes all processing necessary to support required database access,
dose and reticle factor calcul ati?n i~rhe conputer (Fig., 4, 460) may al so
be pr detidefacen 7 Opfipumd}osgerent fotyle @gnQPHS“l Beproetir weldddb setting (Fig.
4, 30 470) to the stepper exposure tool (Fig. 4, 410) for exposure control.
5 WD 03/048857 PCT/ US02/ 37800 As historical wafer production data are

obt ai REse h etduedRr bAGHANS raickscaiihé exbresibn, st ored for each reticle used.
In a preferred enbodinent, this factor is a relationship expressed as a
r atlilo (%" Qutimuediiseed: espd JuFeRIasHHE thejayprage PXI&S“ECFFé’néSFBB?M?é? %Wil?by (Fi g.
1, 130).0f a particular reticle to neet a target wafer dinension, i.e.

Opt i Pecurrent reticle vs. the 5 average required exposure conditions

of sinilar gegticdh&srd fe asd ©\alcihe manwafeasgrisumaionditiods ineths alosencd ofe. |,
waf er design dinension. Specifically the fornula for a cal cu#at ed rleti cle
f act orsuitshle resentdtisgtofieal rafer-propass AuATH e VAT BHElefieel copbinatiop, The formula

Opt i munDoseot her .sim.lar.reticl [ 0. = ida.lar reticles,
and t r?é)va‘%mgégg Fafuaten of @ne’@%ts ‘?I)ﬁﬁﬂ%%tsleéﬁ;forﬁl%i rgtrﬂ? gr%*l %ggffgre u?t%blﬁ Irégggfesent s the
av efﬁ %Stm W& Iﬁ%@d @ét@,rle(),\@ﬁtillﬁuﬁil)ﬂsé,a,ﬁe misgirg Ieje,ﬁ:ﬁisﬁ&. is:

OptimumDosereticle missing recent history = (lzn OptimumDosesimilar reticles / n) * I'ethle factor.

These reticle factors, along with measured reticle dimensions and reticle design
dimensions are used as inputs to the inventive CD control model algorithm performed at tool
setup time when using a new reticle. In a preferred embodiment, the CD control model

20 includes two components for performing the following functions:

1. Determining a derived reticle factor from correlation data comprising the ratio
of reticle measured feature dimension and reticle design dimension vs. the calculated

reticle factors.
2. Applying the derived reticle factor to wafer production using a new reticle.
25 On subsequent uses of the reticle, historical wafer exposure conditions and wafer

dimension data with reticle factors are utilized to characterize current exposure conditions,
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Reticle factors are used to cal cul ate new waf er exposure conditions in the
absence of suitable recent historical wafer process data for a given
reticl e/ twolo3oesssi nati on. The fornula governing the cal celcattison3msho an
exposure condition for a reticle mssing suitable recent 15 histori cal

waf er ; mr:t)ggﬁl%& HafhistorRal ddeR s RSB todnBuidlaSBbRtict @@ R oshestingitipn | S:
Opt i nu sereticie mssing recent history = (iln OptinunDosesim | ar

ret i cfrem the odnttol aBpridie. f actor. These reticle factors, along with nmeasured
reticle dinensions and reti.cl esj . di si ons ..ar e,used iRputs to the
inventive €DSBYHR F%]flgnﬁdg? f‘?ﬁgﬁfg‘i %ﬁ?@@?ﬁ%@?dﬁ?&by% ee’ieﬁgletqiprre when
ust ng %aﬂﬁg\ﬁ (ls‘?tdleﬁ%r?dat%)g4?gf5%é?§ih@gxmqbﬂﬁ%§§ shat &SinfdAsgeAér ol nodel 20

i ncl udes two conpovnen ormng the follow ng functions: 1.

Det &1 manifagtudedieticly ddvintonsciremfretidlodesignodimensions. 4t jetatiogship betwiepk thsi ng t he

ratio of reticle nmeasured feature dinepsion and.reticle design dijrension
4 Gt DR Pl

vs. t Fréicisameaedaimenseen f1ckthe Zeticle design duRERTIon fxPbigiRe e factor
to waf e%fck%fag Heh é)prem.éa%n?od?ﬁ’%ﬂt% feh&ire SAhOmaURSRFMERLicléTRSiaBbn,t he

reticle orica er exposure conditions and wafer dinmension data
with fetdigd @&visiohosaises thieirhii@ efitht cetichamenstized) dimension tnthe estistsdasign
conditions, -6 WO 03/048857 PCT/US02/ 37800 |..e. éhe ml)%é rqei%?n% hi stori cal
data dimensehs. Abaraaaiedcalenlatinsrier delrHHBNg CRUPHILI WG GETFHET S from the
conikral .al gori ' Ld. @.ons 450, are
rmglbf ?%Caorﬁy Otnﬁ{ealaf)n}étd ?%Iazlﬁ@éﬁ\’érée}aeg E%éf?:l&?/rg. e%?g%@%g?;&% g&%gé det erm ne
exposur e seldddnegBational the astieinaatos if wed & the cofpotatioe df exgicseleeonditipa inons

fromreticle design dinensions. A relationship between %ﬁe ‘5?3[ iﬁll e
meas utleabserasef swifabinigcen distieicad wal damension; ape FXPIRIT COMBY Y 16r
correlation with reticl : ; f LAk oRAs18& bptindizéasur e of
t he n&ﬁ}ﬂf%@?ﬂl}%‘a‘mrdg (inclggglﬁé%?egﬁsgdnfyh&}oig? Iﬁgeifge l%‘evi ation, coprrlpr izses t he
rat i o fse bh@ rdtielel fadter.measur ed di mension to the reticle design dinension.
The required cal cul ati ons for_ determ ning optinum ated.reticle

10 1Bact or s, Whet  eevatdtish igantaodied. dederiyedirerigleilagian f %’ézes?dsf?ei{cﬁe &9 or'fred by
e iy LT OO SRl g Bt e
hi st orgigahsidaiele ddhEBES a1 dRiknaXmentions of ot tétmtesdmedin fFioduction vs.
their calculated reticle factors. The population of size deviations, i.e., measured feature
dimension divided by design dimension, and reticle factors used are limited to a
20 corresponding population of reticles for a given wafer design dimension. The derived factor is
used as an initial reticle factor to determine the proper exposure conditions of the new reticle,
and is updated as production wafer data is obtained. The OptimumbDosecurrent retice isa
corrected dose/exposure condition for a current wafer design dimension using the feedback
exposure control loop. Once the calculated reticle factors are available for the desired
25 population of similar reticles, the correlation is made between the size deviations and the
calculated reticle factors. As stated above, the derived reticle factor is determined from the

size deviation vs. calculated reticle factors correlation. Subsequently, an Optimum Dose for

the new reticle is calculated according to the equation:

OptimumDOose ey reticte = (2" OptimumDOse smitar reticie / 1) * derived reticle factor.
30 ”
Fig. 5 illustrates the reticle measurements vs. reticle factor plot. The correlation

between the reticle size deviation as vertical coordinate, i.e., retiClemeasued feature dimension /
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new exposure condition is calculated as a function of the feedback control
| oop optim zed Dose and reticle factor. 15 Wien a new reticle is

i nt roducewp oa/oakss7 ved reticle factor, "derived reticle fa®Carse2smoo
determ ned froma correl ation between the ratio of actual, i.e. neasured

determined froma correlation b sured
e T R R R e e D P RN

si ze gRitledtusRRSvell-kfown RERSUSEchEighies sich i ARagisquardd polgesniay cdesi gn
dimension, and reticle factors used are linmted to a 20 corresponding
popul dttingymethodeticl es for a given wafer design di nension. The derived

factor is sed.as_ap i.nitjal reticle factor ] r
exposure cgﬁ’airg?cgﬁgacglf’ 1t eﬁge\‘}[]}e&ﬁacf?%t?r’ l%lt(ril)lan %‘%dg@ g‘% {eﬂgqges&bgrg%gung Ion waf er
dat 8 isopbdraleBsinew ReiclNS b18HHEOE Ghiefef68 thd @intre] §/sien @ses G degivbe toticle

dose/ exposure condition for a current wafer design di nension using the
f eedbdaskor fox feaemeretidaeya thpeghpthe opwectidie hasancchistanc® thesystane factors are

avai l abl e for the desired 25 paopulation of «si ] reti gl . .

correl ati on % tﬁgalgsmmggwu? Eaerp G!hieeveg%rxg?tacglﬁéﬂheg{r% H%_%Aefbrgzrf%%?gtlﬂelc? reticle
fact Og%vi&l% Hidtetyest 1BDAMBe sjdhen de el @6 ameireti@e ahndmidtsrydRiLr ni ned from the
size deviation vs. calculated reticle factors correlation. Subsequently, an

Opt i mum DosWhilothis inventivawas bedncpati¢udartyashowinaand deseeibed diithgesnsct e equat i on:

Opt.i mu senew reticle = (l1Zn.Opti se,siymlar.retigcle / * derived
retioc ngcj?‘?%% BPoo E‘Cﬁsgl?er%o_(fi ]I%de]?tBF %ng%%ﬂgby gfo!s%%éue_ stﬁ? grtrré}rllatqéhevs. reticle
fact ool Ohg aflSiHePERBLELh Frm REd MRS niah®e mPdde Glithoft ddpafiBiy fdrh @it rit
vertical “coordinate, i.e., reticleneasuredfeaturedi nension / 7 WD 03/048857

PCT/ U302 585800 thepressneowsntim. di issheriefore {ninged Biat Be@respptiguentiondlof bej c| e
factor, (Fig. 5, 510) as _horjzont coor din i.s. plotted usin || - known
regr e%’éﬁg’&ﬁﬁﬂ?é]&%‘?ﬁaﬁ EMS G%?ﬁflb%fﬁldla@&%tfa?%ﬂg :93?%@ Vﬂﬁﬁllﬁ/ﬁ)&ﬁc e %tt}ﬁ%ﬁp Wlﬁ? ing
met hody,; e reticle factor, i.e., derived reticle factor, is then seeded

&
into the feedback control 5 |oop before the newreticle is ever used.
Therefore the control systemuses the derived reticle factor for the new

reticl edeve t hough..t he new reticle has no history in the system Thus, the
pre@eM&‘&q#@g@g@éﬁ achieve target CDin the first pass for areticle
with a
The method of this invention is useful in photolithographic processing of integrated
circuits and is particularly useful for obtaining wafer design dimension and controlling
critical dimensions by assuring that the correct exposure conditions are used for each wafer
processed.

20



previous history of use in the systemas well as a newreticle with no
history data. While this invention has been particularly shown and
descri bedwwaiosl4ssespect to 10 preferred enbodi nents there®CI/usn2/sishd be
understood by those skilled in the art that the foregoing and ot her
chang s.in formand detail may be made w thout departing fromthe spirit
and s%%%é of the present invention. It is therefore intended that the
present invention not be limted to the exact forns descri bed and
illustrated, but fall wthin the scope of the appended. cl %
| ndust.rA aiethqdpfpr detbimhining wn@twb@mur@fcmﬁﬁt@ﬂ f%%ﬂ?"i’ gt %‘Pﬁli‘te o a
phot tho I C oce i d i arly
3; h@g{ﬁ 1 n(4ﬁ® @éfag vx%?glfe@}éﬁ dmﬁ:h%ﬁ'{' §a§d 4 feﬁcl@q{efvhfguh

usef on and con critical

di ”erléiogﬂxsreaﬂe%ﬁgh'd’hﬂeﬁsﬂﬁi aﬂd@kﬁ@&ﬁﬂi @&Icl@@ﬁ@tﬁcbfeﬁtﬂfﬂidﬂnemsmne(#%O)usin for
each wafer processed. 20 8 WD 03/048857 C ai ns PCT/ US02/ 37800 1. A nethod
for5 ckaekhodmmmpgslagthemtfmsa?lf exposure condition for a new reticle inplenented

ina lit hog%%gy tdgethléjgwgnr%{r}eggisg BS(Y Lpg %ICY%&{SU%%% BrediiffRASHPN, sai d

new reti®I esi g I'mensi on an nown reticle
measu9f) fealdhdy gétﬁfélﬁ'a%rﬁ&?@ior ed1ce34mét sdime pyopy steralggdehee steps of:
a) recordl ng said reticle design dinmension and said reticle neasured

f eat ufuethelr sterisg:on (420) of said newreticle in a nenory storage device

(455), said rrerm stora evi further ing: i.) reticle dinension
data fr om ot 1rEfle P’&ﬁl%&gﬁg O%ﬁ?{deu%ﬁs 4035 alg(li(’posure conditions of past

§'S whep)i 3 Hg bRREMHdtDnS 6f ﬁas@%ﬁfrs whth Ghsiemaithg sarbathéd etclemdet f eat ure
dlnen3|ons f past waf ers when exposed using said other retlﬁles

(430) restilfing mﬁasrd'engreahmemmnsroé isaidi ;@sts\mfprsoﬂm)em@iedéélﬁgﬁhddﬁheétfﬂ&
measured feature dinension of said newreticle and said reticle design
di menéi38% of said newreticle as one of a plurality of

b) recording a first relationship (500) between said reticle measured feature dimension of

said new reticle and said reticle design dimension of said new reticle as one of a plurality of
15 size deviations in said memory storage device, said plurality of size deviations comprising
said first relationship for each of said other reticles;

¢) for each of a plurality of said other reticles, calculating a reticle factor (510)
comprising a second relationship between said exposure conditions required to meet said
wafer design dimension using said each of a plurality of said other reticles and average

20 exposure conditions of similar reticles required to meet said wafer design dimension to
thereby create a plurality of calculated reticle factors;

d) determining a derived reticle factor (derived reticleFactor) for said new reticle by
correlating a first population of said plurality of size deviations to a second population of said
plurality of calculated reticle factors;

25 e) calculating (450) an initial exposure condition (OptimumDosey. reticte) TOT said new
reticle by using said derived reticle factor; and,

f) applying (470) said initial exposure condition to said new reticle during manufacturing

of a semiconductor device, whereby said wafer design dimension is achieved.

2. The method of Claim 1, further comprising the step of recording said initial exposure

30 condition for said new reticle in said memory storage device (455).
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15 size deviations in said nenory storage device, said plurality of size
devi ations conprising said first relationship for each of said other

reticl es;wo)sfessseach of a plurality of said other reticl esr/usat/ssh@ati ng a
reticle factor (510) conprising a second relationship between said

exposyr 'flhé: %?glg)hioq @aifnleﬂlﬂnrt CB&BH%?% 5D oMREGiEG1d0RafEE fERfS ON USI ng

sai d eac plurality of sai ér reticles and average 20 exposure
condi direasick of amdfarexpededoridssaienew rattld in saslahemaiydtovagedevied#gh. di mensi on
to thereby create a plurality of calculated reticle factors; d)
determining a derived reticle factor (derived reticleFactor) for said new

reticherpy mte%l%glro?l(ﬂ&ihpﬂ g@lg&%ifé ?%id@g%ld%liaggnsyp R fé:rrﬁin‘élffi %&é&rdin?ftoﬁi z€

devi at'i ons second on of sal urality of calcufated reticle

f act ol timEmBoseal.q kAl (B0 mBosé.Ri.t +al)/mdx phsieire, condi ti on
Opti munDosenew reticle) for said new reticle by using saicg derived

ﬁet Pc Qptimumdloseand peck IS @@WW%@W%‘?@)C@Q@WfﬁY Eh%é&}lrr@%dﬁéﬁfr S€3ndition to

said newreticle rin fac i : ] u r device, whereby
sai d &5}1%1}51%%395‘?% er%%griﬂgln%%ll@ lgsc iog%ég?dfnfglﬁﬁega %@?ﬁ’o@dgf Claim1, further
CoONPr i( SO tinfBnDOSR R il FAPE dhd \Ebricaited eixpbiuratoriiasior the cibesomatet i on for
said newreticle in said nenory storage device (455). 9 WO 03/048857

PCT/ USedeB dBathsBn avhmgedovaa sonild mgheles, further conprising the step of
recording said wafer feature dinensions of a wafer exposed with said new
reticle in said nenory storage device (455). 4: The nethod of Claiml1,

wher eish 1931 HetB6¢ 6Nd1aa! 12tvheRsiiar fifst A2ARMEhIPISOPGERERNRG 1286 of said

Opt i munDoseenrrent reticle / ((11"Opti nunDosesi naar reticle)/n) wherein: 5
Optlionuetinds ecasuwrehfeatugt dinlepsios ta seidieéde desigixgiveamsi®ncondi ti on for the
current wafer design dinension of a reticle currently being used ot her
than said newreticle; and, UlOptinunDosesimiar reticle)/n) is the

corr et §fle SERRRMFRCIGRN U] WhPEn Qi defifed rticRITactWR{HD) ddlesiifRioH e R0
averaged over n simlar reticles. 5. The nethod of Caim1, wherein said

first comlpasésonshi p (500) represents a ratio of said 10 reticle neasured
feature di nension to sai retic esign di nsi.on... 6. .The thaod of Claim
1, wher ei $NE€RMAS 44rclign r&@tgqg(ﬁag;{ ﬁ%%gfeiart%(l%%;‘g?8@98?’?#%5??0@?? agl‘ﬁ esfljl%f urt her
calculated reticle factors of said similar reticles used in production; and;
15 utilizing said function to determine said derived reticle factor from said known reticle

measured feature dimension and the reticle design dimension of said new reticle.

7. The method of Claim 6, wherein said function comprises a least squared polynomial curve

fit relating said first relationship of said similar reticles and said calculated reticle factors.

8. The method of Claim 1, wherein said step of calculating (450) an initial exposure condition
20 is governed according to the equation, OptimumbDose,c, reicie = ((Z"OptimumDosesmitar reticte

/n) * derived reticleFactor.

9. A computer program product (430, 440, 450, 455, 470) comprising: a computer usable

medium (455) having computer readable program code embodied therein for controlling a

process for determining an initial exposure condition for a new reticle implemented in a
25 lithography tool (410) for achieving a wafer design dimension, said new reticle having a

known reticle design dimension and a known reticle measured feature dimension, the
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conprises: generating a function relating said first relationship of said
simlar reticles and said calculated reticle factors of said simlar
reticl es woad/oussspr oducti on; and; 15 utilizing said functiPon/use2/smsoer m ne
said derived reticle factor fromsaid known reticle neasured feature

di mens¢anpadchrbfant plodadteot@skign coinpries readalslé pairan el foetawsing.a 7. The

met hod of Claim6, wherein said functiaon conprises a | east squared

pol ynotAmaputer(¢@) tofperform|agy phige segtlpdsiof &laims| 158 onshi p of said sinilar
reticles and said calculated reticle factors. 8. The nethod of Claim1l,
wherein said step of calculating (450) an initial exposure condition 20 is
gover negl Aewedntl(49D) fer ddeneab@bn fittial RposuTERRIRNEOF 8 hbw h€ticte

(, EnOpti munDosesim | ar reticle /n) * derived reticleFactor. 9. A conputer
pr ogr armpiewerted i aYthogmpby tops (4102 63 achipgingcovipfer desigy: dimersop seidmeysabl e
medi § efiéé@avﬁ%\g Bt 15'1te%r sibi§ gﬁ%%[sﬁ)n%58%rﬁg1w%%?t?clg %gs%reetpfegﬁgé en for
conttolTI'ng a “process T1or deternmning an initial éxposuré condition for a
new r ediinfn€ioh g2l SRANE Gorhpriﬁnfgﬁeéﬂst(ff@ﬂ?ﬁﬂhﬁﬁﬁgm{y &f48OMefhol sephbETiighs 2

waf er design di nension, said new reticle having a known reticle design

di mensldn and a known reticle nmeasured feature dinmension, the -10 WD

03/ 048857 PCT/ US02/ 37800 conputer program product conprising conputer
readabl e program code for causing a conputer (460) to performany of the
met hods of Clainms 1-8. 10. A system (490) for determning an initial
exposure condition for a newreticle inplenented in a |ithography tool
(410) for achieving a wafer design dinension, said new5 reticle having a
known reticle design dinmension and a known reticle neasured feature

di mension, said system conprising neans (for perform ng any of the nethod
steps of Clains 1-8.
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