; e3ePLLM O4@0pP6PTPI t 2 SYS'ITEM AND METHOD FOR | MPROVI NG LI NEW DTH CONTRCL
IN A LI TH@ERAPHI]“‘MMMWW \RYI NG THE ANGULAR DI STRI BUTI ON OF LI GHT I N AN
| LLUM NATOR AS IFI ELD POSITI ON FI ELD OF THE | NVENTI ON

invention rel ates t@c;obdog;.hografphy. More particularly, it relates to |line

w dth contrody§Trgy ANDMBTERLY F%E"Imo@ﬁ%@ﬂ%%ﬁﬁh O TRYENON

Lit prggreaggytﬂﬁgﬁeg@%ga WA YING THERNBOUTAT s FERFTION ! o0 aphy.
i mages of a (:)]g @[I W 8%& 40 -’ém&ﬁﬁ@ﬁ déénlf gﬂ%@@i{ms. tive

substrate of a wafer. The wafer is then processed to formone or nore

circuits. As the art of sem l cturing nd the
size of sem conductor devi cegﬂgQQﬁHsﬁngFlggW?mre i's aummmﬂmmmwmr ovi ng
line width control in photolithography devices. Large sem coq%qsg]; or chips
are typically mangdf.actured usin st ep; and. scan .l i.t hogra vice. A

ot ep- ahd- acan 11 ¢ HESPaBHiPEIRLe BinRbaBRl S eRiinhhen 2 EOR S,

rectangul ar y,jdtHianadl iroNidbglaphyedieeed by an illum nation systemover a
reticle having a circuit pattern thereon. A step-and-scan |ithography
device is used to manufacture | arge sem conductor chips, mpart, because
the size of a sem conductor [ t tured using a

st epand-scan it hographybﬁgﬁgga@gﬁ&ﬁiﬂﬁﬁﬁgﬁ?ﬁ@ﬁe size of the device's
projection optics. A nethod and systemfor inproving line width control,

for exanple, in a step-and-scan |ithography device, is described by

McCul | ough et al .LithogtapBy Wppsedcat itbe 18aerufadtore 0016909cB@8¢tof idhgs. June 22,
2000, "Il lum.pati OF iﬁft em Wt h?ﬁgay al Iy Control Iﬁbl e Partial Coherence
Conpensat i ngll BraPN \RRiTRRTR POEICH IR @ROICLtIOEEIPEY oinv O G PRMFY &S 8 * whi ch

I s incorpor ghed jifledd & LRYLIESNseRBERIANCBY &l EMRRE BntoME b RHENRvEL al .
descri be using a customdesigned optical elenent, such as a mcrol ens array
or a diffracubsteatopf a wafer.eTherwafer it ther prifceskd thforparteicaimaebecwesce of an
illum nation systemof a, lithography device.and thereb -2 conpensate for
[ ne wi dt h_ VAT b ! SRR QP AP B0 o ProgES G BIb AeS R opt | cal
el ement desGeihed dhitoMeitlel BUYmemler, thete OIS ikProRPENSAde, f or

predet ermi ned horzontal and vertical biases associated wth a particul ar

| i t hogr aphy cdetrokcie.phétdlithrigraphiy davioés.t he net hod of M Cul | ough et al., 5
however, is that it is t%&l cally an expensive and tine-consum ng, process to

h J

desi gn and manuf A8 VRGO 6P 8t YRS AL PR AR U EN @ HERET] bed by
MeCul | ough gLa@ligh §heeC U Qe 998 diRPbh AR dliedRptdesey i bed by
McCul | ough eta Il. Oca%ril‘gt becreadil adj ustea) %o exar;pl e, rgs tﬁye

hori zont al anghnieg titgEtally resesgidssilomatsbnwidlt dafipad by enliBuminatityogr aphy
device change with tine. '%]0 Q her tg.pes of Iitho%aphy devi cgs such as
step-and-re é%{f“_nl PYHoR r'aPf§ l?fé’%/‘?gcés ‘é‘_ﬁﬂt PRS- DEROR ﬁ’g_s}qpf"]’i'_ gfdbhy devi ces
al so_exhi bi tfaéd£GR! dlvicand WV {d fdhufBlBREfrd RniCairol bﬂ@s%dﬁah,var' ances.
Conpensating for the horizontal and vertical biases in these Iithography
devi ces and bepprsetienizd afnsemiainduconthipthat san hesnaragadtued usiaph sgep-
conpensating for horizontal and vertical bjases d [5.ipproving line wdth
control 1 n At BHASEERY de o NS0t LEHG LR SEE AR ST RBREPE o Syst em
and met hod fggicgontrolling line width variations in a |lithography device
that overcones the |limtations described above. BRIEF SU MVMAR Y OF Tl DE

| NVENTI ON 20 The A metietd dndwsgsteindior pnpeivioigding veidgt emirah dometapde, fior

controlling line width variances in a lithogra devi ce. )el ectronmagnetic
oner Oy 15 o SR MRS i DS BB bs e b d Sent £t od
el ect romagnet i.§;-6f t - il K| : i le. In an
embodi ment | L R A 210 N ARURE S Em P S onal

opti cal tr arsphoally @beradlablePartiah§oherpnge CorppemsaingMor Bipewidih ¥adendese havi ng
an aperture _is |ocated proxirmte to the pupil plane so that a_portion of

any el ect r ofadghBhotelibearaghy Systemy cbhisl) 1§ MEOPRERG i ssntisety hersit by al
transform elr@féﬁéﬁ%e.pﬁﬁgﬁﬁ%\?gﬁ% r&eéc%%e%?ﬁgta%ﬁoﬂltdets%%egg 'éa'l‘él@ﬁlgﬁ%' ce. The

angul ar di stribution tromagneti c €nergy passin roug e 30
i |1um nati oRuéphd & mitrolbuk arrb$ oc @ diffratthecbptishingderhéie, @dhtro) e peniate.

coherence of an illumination system of a lithography device and thereby



-3 In an enbodi nent, el ectromagnetic energy exciting the illum nation

opti cs nodul e passes through a reticle stage. The reticle stage has a nask
region that is adapted for holding a reticle or mask. A portion of any

el ectromagneti c energy passing through the nask region is received by a
projection optics nodule. Electromagnetic energy passing through a reticle
or mask held by the reticle stage will ent@r the projection optics nodule
and be imaged by the projection optics nodul e on a photosensitive
substrate, such as a wafer held by a wafer stage. In enbodi nents of the
invention, the shape of the aperture of the aperture device is adjusted to
control the angulcampensate fdpdineomidit vaiances ionthghighographyaleyigeoThetrdstamsk or
the reticle. In ope enbodinent of the ipventio he ,shape of .t he erture
is static. In thi s’éﬁ%dﬁpﬂ‘gﬁt?‘e’?‘ﬁ@ FF'&BEccgibyt@@Caﬁ‘é‘?&hufe’e“fslsc%l’ﬁﬁgﬁqﬁy
replacing at |ea § ) : V) gy Edipdi ment
t he shape of thescté)B@F {?%E%afa??rcgl%egﬁlﬁ’gamﬁﬁ&%?sﬂgn\%g&a%ﬁ%%%%%ﬁg%ape of the
aperture is changpeiddYarlishopgaphh dapies.t Alienicth oPlhe MRhdRoftMcGoljough et dlg shape
of the aperture. The shape of the aperture can be automatically adjusted
usi ng € ther an Jdpsevenishasitistypicatyean expensiveend mk-copymung ploacsa tp design
enbodi nent, a neasyrenept of .the angul.ar distributi of., el.ectr netic
energy is used t d"G&EP cﬂléeglﬁcﬁﬁﬁlpb g2 opéﬁﬁlpeier?%\?gﬁ_’?gb%':]p%yrchﬁe{ém&lgﬁ
embodi ments of t hgal AHWARkhOfkiomn-abkisRdopReh! @l&n@ﬁﬁfé@'@iﬂéﬂbyﬂdmmﬁ er@). ement
is used in addition to the one-dinensional optical transformelenment and
aperture devi ce taannadief rpadibheadjasted, £br oomplerasshehovtantal rodagrisel biateser gy
emtted by the illumnation source. . This tical .elenent conprises, for
exanpl e, mcro te‘ﬁ%‘é?éa[f)‘i WHFPfPPQH’Fa&él“@gmgﬁfi%‘”f%%l}ﬂnﬁw%é"’!ﬁne parti al
coherepge of the el ectoapRgpe! bCIRBEHENy B ASAN MPRED-btErpBA Rk dPRApRy ONal
opt i capytransform el ement.g/?n an l@n%%lgiynent of the iérk/entfe?n, andgg?g}ﬁzstabl e
delinmter (e.g., Jexivepanddiebpititchinglithdgtaphy davides alséd exigvibhaizontabnidvértidlnat i on
field. This adjustable delimter is a separaje device fromthe apertuyre
device. -4 Furt %stcsFlé”étcd?s«?s]"éfhﬁ'cé‘&l\)'ﬁ‘ﬁ?“&@%s‘ES‘F’PF’PFQ“’& g%retg]f’thlo’d?/‘gﬁ‘fid&ﬁ, as
vel | as the strucid&) Bﬁ@e_s%‘ﬁ'ié%&!li%g%h%ﬁé@i@&%n@@ﬁ?ﬂiv@‘i& Widtf Bl @sent
invention, are described in detail below Wth refefence to the acconpanyi ng
drawi ngs. BRI EF QESCR Pp@nhnOrasT bmBRAMWMEIGR Fhaal#RES] Tnd pertiead ntiasenvaadt i on
is described with reference to the gcconpanying figures. The acconpanying
figur egg, whi ch ar@APEBE 4By &"Ec_&] CARFRIm2 § B’ay%'rsgﬁ“ﬁﬁﬂ?grﬂ?ﬁlyﬁ?@f‘c&pec! fication,
illustrate the prese“tWhQé/%“hé&!%d%'% ?‘s%?fah "mithdd f&rh@oxﬁfh?l?dgt Bhd Wdth
further serve to explain the principles of the invention and™to enable a
person skill ed i nvarhadonsh elitwgraphy dévicethdevandnesshe hiingationsdetcribed abbrpe.t he
figures, like reference nunbers indicate identical or functionally simlar
el enents. Additionally, the leftnost digit or digits of a reference nunber
identify the figure in whichghersthavere orrRe NVENTioNppears. FIG 1
illustrates an exanple |ithography device that 1ncorporates the invention.
FIG 220llustrates how to neasure the partial coherence of the |ithography

devi f FIG 1. FIG,_ 3 illustrates th |ar disstribyti ight i
conventi onal 1 t hogr aphyF MEYREAAIE ReeR i Fdndhoitier Fogling B2 40" °

illustrates an un@icﬁﬁeﬂidﬁeééiﬁqmi&@gragmgdanca@éﬁ%ﬁf&g}fa{a&n@ i drfi@ted @BEd ON
a photosensitive substrate. " FIG 4B illustrates a biased horizontal and

an unbi ased vert i auilluningionsowed. Arpostighafttisenisicd eleetrembgrietia erergypaSsesC
illustrates an ungjigas d h;ﬁri zontal and a 'las d vergi al qur;e.lf or.rzﬁd on a
phot osensi tive subPSP4E IMIFIEANOS qRUCY S e sl B! Wﬁm?f‘?’é QP BHEH S
bet weepsa phot Ose%ﬁicfs'rﬁf‘du?é'ﬁﬁlddéﬁ%oﬂ@@li:ﬁ&sl&nhpgﬂdéﬂiﬁﬁﬁf&dﬂl%&ﬁ%&ﬂg%@ to
the invention. FI 6 Illustrates an exanple partial coherence adjusSter
modul e accordi ng papil plens. nAm apérture devieShdMing an/agertptelie located psoximaieso the
one-di nensi onal o ti_fall traHsfor m. el etmant of the Parti al co.heé en(he adj ust er
of FIG 6 upil plane so that a portion of any electromagnetic energy recetved by the one-
dimensional optical transform element passes through the aperture of the aperture
device. The angular distribution of electromagnetic energy passing through the

30 illumination optics module is controlled using the aperture device.



FIG8A illustrates a first exanple of an adjustable aperture according to
the invention. FIG8B illustrates a second exanple of an adjustable
aperture according to the invention. FIGs. 9A-B illustrate a flowhart of a
met hod for controlling the angular distribution of electromagnetic energy
in a lithography device as a function_of field position according to an
enbodi nent the invention. DETAI LED DE&CRI PTI ON OF THE PREFERRED EMBODI MENTS
The present invention provides a systemand nmethod fox inproving |inew dth
control in a lithography device. As will be apparent fromthe detail ed

description herein, the present inventjon is partjcularly. well adapted for
s wi th a st ep. ThincmSadme s apgheaanerey ehng (e HhBundicaps na
follows, re i ol j et weYpslaely of the

i nvention, fgg(giﬁlp}l edéggosfthv\)ﬂg%ﬁwg{r%leé %??ééug?l%e{ ﬁngF #Wﬁggaccoﬁ%é&%pﬁg dr awi ngs.
Wil e the i fwRiapiedfordoldinderedels of masd A portionbflung ieothomagnatit beergy esent
enbodi nents, it will be understood that they are not intended to limt the
i nvention t dagsing threrghethe inaski 1eginn s regived dycoprajestipn opties medlst i on i s

i ntended t | t ti di f,i cati ival ents, which b
el uded wi EROHOMRERIFieRpieY e dupeerA e briE ot oo fEhy Wil et by the
appended. ¢l gjiflnicl el fi6fctiircopticS niodle/ I HrdgedIfohE bitéclidn dpits pur poses of

expl anati on, numerous specific details are se order to provide a
t hor ough underdsieandi plgprosensitiee prbesaatsucnrentwafonhelt by wividferzsagebvi ous,

however, to one skil]ed in t art, upgn reading this djsclosure, that the
present inventio E’ﬁlﬁocg@ebﬁsﬁg'?‘feb@’&"\}\?"o H’tﬁﬁgapccﬁég@ aE?}EHF'P% CHRAWEs. In other
i nst ances, o t ' . ar ey jn detail in
order o averdesanfiliet b Lok )t BiRRoR 0P RRoRAREL B T hol ogy
The fol | owi g themask anke BdélenBtone@nbodimdnneftheimvetson) gedhape afeber i be

enbodi nents of the present invention. As used herein: "Aperture device"
means a deviRPRItWEpaHREC. ol 1Bl gmbodignet. thashaps gl thea@patyeisshageed bY buti on of

el ectromagnef i, .. r I e j j I varyi ng

t he shape o?éﬁa]t%mg gtrl?%/sF gpgﬂ%ngogﬁet;&%feﬁ%;ﬂ\#fég. ?g%\n%t%@{g @?ﬁgﬂrﬁ%g’ tg'gevi ce such

as the i nveghaperofdesspeitheds dyhabhi&. Infihis @RbolitnentitkElshagdf the apérfurd | ough et
al., and variations thereof, or it can be a static device such as a plate

or di sk havihghangcd hyrvsing anfpertyse cgerd, mpdde 12 pdivst deashape ©f st oni zed

Optical Ele wre R\ i I STAM A L: to
conpensat e g@&‘f’ﬁe opt @é;?tqg%%%gcg{c:cra ?gﬁ‘%gﬁ’g?&g%@?%t!%ﬂﬁﬁéﬁgf ogr aphy
devi ce. Custopei kg opplicsed 10ep evatiblssyates. T9hn ebedigest, hGnéBuiegest i N a

| i t hography device other than the one for which it is specifically

desi gned. " 1of themengalar shstabilioneol elecomagnsficenarzyds ysed 1o daterming &h such as,
for exanple, U I anp that is suitable for performng
spioBi3 hapsior e Bpestt

| i t hography. _ _ means any |ithography device to include a
step-and scan |i hegibaginenteofi theinventidne R cafimizeReatiahddrdioed aphy) devi ce,
and/or a fieldstitching |ithography device, unless otherw se noted.

" One- di mensictmmasnt ysediaaddifiantorthe encedimensional pptimabtransformysierment asdvi ce or

conbi nati on ' Vil : i a . an
aperture de\?ﬂé‘é&%‘%‘ﬁ?ééag"g’rd i)fiﬁ%g%‘g’%tcﬁ?{ﬁg&g%gﬁ&%’owg ngﬁ‘?%n%gé'e%le[ to vary the
angul ar di sthyitheiiluiination@bi&te.r THIBgPRIal Ele@BRIcBinpak@NfbraxansldanRidr ned axi s.
"Positioned adjacent to" nmeans a first nodule or device is positioned

rel ative to lenseecundiffrardiye eclomeniavthele changehthe partial cobraentet PE thher gy
exiting the ﬁi St rm%ul e _or .de\éi ce W Ih enter the ecqnd Eolgslxl e or device)
ei ther dired “IC§‘°WEI’ i 8teY) ipcidsnl pop the one-GrrensiOpRl.GPtca] HABSIOTR o i ncl udes
i nstances Whadigepne or nore optical elenents are used to direct

el ectromagnetic energy exiting the first nodule or device into the second
modul e or devi ce.In an etnRedimentofsthe geventiena as adjbstablp delimiser (ofg.,daw ot hogr aphy
device used to. hold ,and position a reticle qor sem caonductor ..nmask.

" St andar di zé&p@iqsﬁgfoq@’gﬁzﬁ?gm #é'éerfimﬁ‘ﬁ’aﬂﬁ’? ?‘E'&r %‘g}seﬁﬂﬁfagifé&h%‘é’fﬂ to
conpensat e fi9h séfaeat®BévikeHrorh MRy AehBrel BVices particular to a specific make or
nodel of a |ithography device. Standardized optical elenents are intended
to be used interchangeably in all |ithography devices conformng to a
specific make or nodel. "Wafer" or "Photosensitive Substrate" both nean a
waf er having a photosensitive coating (photoresist) of the type used by
sem conduct or manufacturers to produce sem conductor chips. "Wafer stage"

means that portion of a |ithography device used to hold and position a
waf er .




Syst em Enbodi nents of the Invention FIG 1 illustrates an exanple

| it hography device 100 that enbodies the invention. An illum nation source
102 generates and directs el ectronagnetie energy into an illum nation
optics nodule 104. Illum nation optics nmodul e x04 includes a parti al
coherence adjuster nodule 105 that conditions the el ectromagnetic energy
received fromillunination source 10244 n accordance with the invention.
Condi ti oned el ectromagnetic energy | eaves illumnation optics nodule 104
and passes through a reticle (not shown) held by a reticle stage 10G The
reticle is used to project an_image of a circuit onto a wafer or

phot osensi tive sibgherdfeauresend Eleutag@rﬁghepreeewmyomagérqﬂgawm ough the
reticle enteé_ a Proj ecti.on Lon optics nodul e 108

ot o, el rbta P8 AR ae R R Ber S ot stk aP R B Tt e 110
Phot osensi t'dX&rﬁH@ﬁttJe@éx?bé!o»@*%thﬁeﬁ?éngc Wc'ﬂ@%‘ﬁ%a@m dVRiifgs, Stage 112. A

stage control 114 controls the position of reticle Stage Ob and waf er
stage 112, thereby controlling the position of the reticle (not shown) and
phot osensitive subst rat e 110. Ig ||l umination source | 02 conprises a
source of el ectr onB§IE US OF THE RRAMNGSFHEREYD2 can be either a
conti nuous source of electronagnetlc energy or a pul sed source of

el ectromagneti c energy. For exanple, a pulsed |aser operating in a range
from about one kithepedskdt ihPendBRW ddsBitiedkiitn RirRceadihdoctiPnyinds Wi | | be
understood by a person skilled in the relevant |ithography art, the

el ect r omagnéigiresehbe @ymppmnmf@gm which aterintdrperated betsin an@lzfomqm res

condi tionin fore ed toQ _expose hotosens tive substrate 110.

|11 uni nat i o%fgg QEEC’ ﬁT’ eH%ﬁmSo‘Pﬁ) sel B B%ttbc’é?r a 4 tﬂ%cﬁl?? ‘f’ﬁ tla]lcondr tion
the el eetroegniptibs, f@ﬂl@éf@é’rvé&?@dp\’ﬁrﬂt%?ﬁﬂhbiek dnihadtveatiosaideenddle. Opti cal
el enments that forma part of illum nation optics nodule 104 are descri bed
bel ow and, f@ersex skibe@in therelsvant aetogrdike ind U, S IMvemxn. o t&tfigwresn et . al .

whi ch h t d. f L t I t
L Rl RS B el 8 o B SO BT e Lo

105. Parti aladanhpaRy ek Rtindsidssi &rd@gm%tsret%n&th?denfde Itweadr%teéerrents for

varying the angul ar 'di st ~buti on of el ectromagnetic energy emtted by

i I'1um nati oin whichcke klaerce naimbenbitsi appews. fi el d position (e g., for varyixtg
t he angul ar di st n of el ectz~o net,i c, ener i atr on field
312, as descri be?‘ég ﬁb%stratggiané:%me ‘%?Rhya‘te"lﬁ?ﬁg%éﬁ‘éc@pgﬂfﬁ nmodul e
105 cont ai ngp\anfée- di mensi onal opti cal transform el ement and an aperture
device for varying the angul ar distribution of electromagnetic energy. In
enbodi nents, par FlGI 2 idostetesiow Wwapcasire therpadial eolkfsicapEbe buwgmphy a

custom zed L sta{g@r i zed optical elenent for varying the angul ar
distributio omagneti c energy. These features of the inventibn are
descri bed bel ow IFIGITB{ifludliel the Cn@6leF ITALHBI0h Cof M G o¥driveiord) | Ui nat i on

optics nmodule 104 is used to illumnate a reticle (not shown) held by
reticle st adihogtphy@gvicé huanfunatiomef fididpostidorcl e, a cr rcuit pattern thereon
is transferred t h ensitwe sybstrate 110. Photpsensitive . substrate 110
|5 processed i n STOTFMARERAGHAN POPIBER SOHETTR A 28 o R BB aphy ot
to form one feimoatupHdidsehGivd shbstkii@) ection optics nmodule 108 is used to

i z~nage el ectrorr~agnetac energy that passes through the reticle onto

phot osensi ti ve s St #auﬂumms Pbiset homgontgdtandsan untgased 08rirah linstso be used
to reduce t e ticl d on photosensitive substrate 110. Stage
control 1 | é‘of‘?'fg esr‘r‘gﬁf‘%tnd positioning of reticle sage 106 and
waf er stage | 12 Ftét AQSNGRAEOCn dikta@0ARREnta] LHCYIHRARY WRWAL Gind00 to
operate in either a step-and-scan node, a step-and-repeat node, and/or a
field stit cHomupdomdephoidsensit2ve dubstedte.at es bow to rxteasure the parti al

coherence of lithography device 100. Two cones 208 and 210 are shown in
FTG 2 Cone 210 .F&3r asiblntteates an sxample rﬁtaaetsmmbau@envaqpéwosﬁnwromgnet. c
energy 11 oMibdetdfd iyaleh Oy RuiGLnd2chRERE Yo I} shidhtiphnate a reticle held by
reticle stage 106. Cone 208 represents the maxi num cone or space through
whi ch el ect r omag ki @llestentepan examplapatialvdohatndd adpetenseduleacdondige waf er 110.
The angul ar di strl bution of cone 2 x 0 (i _e., the partial coherence factor
Q of cone 21®iheiiavediigrn by EQ 1: 6 = ~a EQ 1 emwhere, as shown in FIG
2, cone 208 fornms an angle 0", with a optical axis of |ithography device
100, and cone 210 forns an angl e 60 wth the optical axis. FIG 3

illustrates the angular distribution of light in a conventional |ithography
device 300 as a function of field position. )<n FIG 3, electromagnetic
energy is shown exiting an illumnation optics nodule 302. 3" his exiting

eI ectrorragnetr C energy has not been condr t| oned in accor dance vvrth the

S " .



optics nodul e 302 forns cones of el ectromagnetic energy (see, e_g., cone
310A). -10 Simlar cones of electronmagnetic energy (see, e.g., cone 310B)
are also forned by the el ectromagnetic energy as it exits projection optics
nodul e 306. These cones of el ectromagnetic energy (represented as cones
310B, 314, 316) 318, and 320) fornl an illumnation field 31Z. Illum nation
field 312 is used to expose a photosénsitive substrate of a wafer 330.
illumnation field 312 does not vary as a function of field position. Each
cone of electromagnetic (e.g., 310B, 314, 316, 318, and 320) that forns a
part of illumnation field 312 exposes a different point on wafer 33U Cone
308B i | | ust r at esFHG.I7efftheriilasraes abonedemdncionegpétildraesfermyglementtofcan be used
to expose the photosensitive substrate of wafer 330. This cone is also
shown as cote paoghcoheprncs adjyatey 9f G, 6cr 0ss- sectional view) of each cone of

Ceprosent the patle S ilisbaRs Attt TR aBRRE AR R B o

particul ar pisentiBnl |  um nation field 312. As shown in FIG 3, there is a
rel ationship between the cones 308A and 308B. Changing the shape of cone
310A causes a si FIG 8B illistnatge atsecopd exaneple hf aradshustableapsonee BI@d®E Cones 308A
and 310A can be.used to calculate the partial coherence of |ithography
devi ce 300. "FPEANVERRON- 4B and 4C illustrate hozi;zox~tal line and verti cal
line biases. Thepfsd bRep AIRERSE adlo® cRIPYHhetRE@Hr ol BER SiardY

i npei ~ections in reticles and the optics of a conventional 17thography

devi ce suchdiaibutivhofekpinymaiaieiic end30in 3 th&graghy ddviaestsragdusgiomnfunbi ased
horizontal |ine 402 having a width WH and an unbi ased vertical |ine 4p4
havi ng a wi 8¢ld RApition AREdRR i epbetiment thednvaiio; | ustrates a bi ased

hori zontal line 406 having a width WH and an unbi ased vertical |ine 404
having a wwdth W forned on wafer 330. PIG 4C illustrates an unbi ased

hori zont al | i RERARLEIaDESGRAPTHON OFIFIARRERERREDEEMBODIMIZNTS i me 408 havi ng
a wdth W' fornmed on wafer 330. As will becone apparent to persons skilled
in the relevant |ithography art given the description herein, the present

i nvention can be I i kit rtial
coherence of theTg??%S%@nglgﬁr‘g{q%cpgggfeasgg%t?@l %irdfnﬁ%gﬁﬂofﬁpw gtlroémglz as a
function of lifeweidch qmaiol inarlithegiaphiyhieviebly As will by spplatent fromife dgpaletior mance of

| i t hography device 300. By varying the partial coherence of th

el ect r omagn8esCEPBARRGFN BB Brepert IWaBL® inRaEsularbywelb adppteddrse WilSe of cones
31UB, 314, 38, 3%¢ - rding to the invention, variations in

i ne w dt hﬁf%?#@ﬁ&%%?@%%ﬁ@?-e reduced. Enbodi nents of the invention
are al so used i ni e dedchigti prethbfbllewng eefexendel willdgmagaa in desl wesesaither t han

| i t hography device 300 that use, for exanple, .a square or an annular slit

i || umi nat i ofmppgimentso of ihe duventignf exampescol avhich gag dlystated pia ﬁ@l ationship
bet ween waf 0d il um ' f: b & i trates how
Che i nventi orinGRE dhhHE, "TRIO Belh@aor il b beSerbecin SO ek?

el ect r omagnetithahepmesay exmbediments Sxwilbee undémstood 8t (e exe ret ptendtd® shape of

cones 504, 506, and 508) according, tq the invention, and therepy reduce
vari ati ons P} ﬁhﬁé“W‘iﬂ?m@Jflﬂﬁh\“éﬁle@hoﬂaﬁ’F@F' Qghe gantrary, &t’?‘?ﬂ‘@ﬂ“ Bn FIG 5,

11T um nati ogydd f£hithoHhRes §\téfﬁﬁ ed, AmERCR NS a?&%ﬁui@ﬁl@ﬁts?ggwﬂfcaﬁ%f er 330. The
partial coherence or angular distribution of el'ectromagnetic energy in

i I'I'um nati oindlidedavithiRtheapine andscope of themivemtionals défisddbyabsippended Each poi nt
of wafer 330 can be exposed differently along the |ength of illunnination
field 312 alip RIHErmgR. i tbr tpllowinedekerpian, f96 Bupeses O Feplangion,

[Ilum natio e D . i:ct w it ribution of
el ect ronagng%lﬁlgﬂgarﬁle%éﬁfeggﬂm%%??f%g'ﬁ “?/aorr?/&aég Qﬁ?ﬁﬁgﬁ ?E]org.}g?xl | I ununati on
field posituadesstanding of denpesek tivehtien.i fvieilll boobvibhiGhotevdr] tessneat es an
exanpl e partial coherence adjuster nodule 105 according to the invention.
As descri bedkifled & e apavpangradieg bisclitciosure) et be praserfiivvention ¢ Wgsed to

adj ust the i G t 1C..e0eh gy | i.l] um nation
field (e q. PPpEIWRRREENGReRGe 855 LORARRLhEe B Mol fpionles (T T
Accordi ng t anddewitd3Qed nadescpibed medetaiMe bideP1d, avpRY dbisalringabbgcane eheadj ust er
nmodul e 105 includes a one-di nensional optical transformelenent d02, an

i |1 umi nat i oRT§SERIAVEIEONY ter 614, and a custonized or standardi zed opti cal
el ement 620. As shown in FIG 6, in an enbodinment, optical transform

el ement 602 has two optical elenments (e.g., lenses) 604 and 606, and an
aperture device 608. Aperture device 608 has an aperture (not shown), which
is used to adjust the -1z



pazti al coherence of el ectromagnetic energy passing through the aperture

al ong a predeterm ned axis. For exanple, optical transformelenent 602 can
be used to vary the angul ar distribution of electronagnetic energy al ong an
axis that is aligned with the length of rectangular illumnation field 312,
shown in FIG 5. In an enbodi ment, aperture device 608 is a device simlar
to the invention described in U S. Pafent No. 6,013,401 to MCul | ough et

al. rn this enbodinent, the sire and shape of the aperture of the aperture
device 608 can be varied in realtine to conpensate for tine-varying
phenonena that cause horizontal |ane andlor vetrtical |ine biases. In an
enbodi nent, Yen@inglegy and shape of apertures needed to reduce line width
variation.for particular sets of paraneters are preconputed and stored in
an optional nmenory 612. This stored data is then used by an opti onal
aperture control TRl Iew{aEdeifs Adiddfited HLhaNMRE nidty BeN@edpededtiideof aperture
devi ce 608 during operation of the |ithography device. Tinme-varying

par ar xt et er snbvdimerny o the peeséntmeventiorh Asvniedtiersits i ncl ude tenperature,
pressure, and resjst bein%,u§ed. er, time:varying paraneters that can he

ot
conpensat ed for uAPREUTCHEViEeMEADS P 49URE PARLLE o JPATSIAE Ob VHEIoRE skilled in
the rel evant,_Lj : X erate in
ei t her an op"é‘%hﬁ%ggg&g”%é? %g%{fc‘%g@%%ﬁﬁgéﬁg %B}%VW géleﬁer{p encg%{is ggert ure
control noduwhangag onivktyirle thershappphiare apertuse. a Ameapeoresdevideecimbe he rel evant
control systens art given the description herein. Intaﬁn%tm&gr e]nbodi ment ,
aperture dewysemeievics sycl asghemwension deperibed iy U - paiitdlie A44R having a
static apert i . : : a
repl aceabl e %%@ﬁﬁ%uﬁ)i eﬁg‘ya@t‘é@ ?%Odgggérr?%?gt l§f£r1r?]?41?gt§gpng€vdlggn§%§a9ta he plate or
di sk can be gihaogeadk aavingan Byerhiaiek Opredetéraiimdd shape nd sieeor der to vary the
shape of the aperture, Factors such as cost and the size of the circuit
features being repredomigd @pticadBlementimeass apoRtical ¢lamsnt spectiicallye

repl aceabl e plate. or repla bl.e dj.sk . h ed- t : jhe w dth
variations. ‘1%?‘«5”%‘! W&P"&féﬁ%ﬁeﬁ@%hf 3 Fb%a{fﬁ}éa?aﬁger{%\%gls %eaé)(r%g&?lgar“lﬁgorg#pr]?g a
changeabl e apejct! BuGomPicd@priédldRments eRiRERaLE] Ribdleedin aditiogpdphyeabl e di sk,
are used. As will be understood by a person skilled in the relevant

| i t hogr aphy devicegthes thanibe erssfor whichdhis spgcfically desdgnsdape of the aperture of

aperture device GQIS .- needed cont | ] gm vari atiens for a
particul ar set of ‘gpg'ﬁégneP%&g%nm%%sdﬁweéoﬁcﬁewgsé on ng}éra% ;f-/)ds}i S

experi ment a|exd:’h§:ik,Qbhﬁkmlaﬁéﬁﬂaﬂ%rﬂpﬂiaﬂﬂ saRMAE Bir pefbening Gvwygrdphyne and under
different conditions. The data needed can be obtained, for exarraple, by
anal yzing the var Mb?gffﬁhyd‘iwmlmwaPYTiéOWEthVFGF%@U%a?‘BH@?§ and the
correspondi n .ne w on reqicles. 0 ers. wto
col l ect the sg%l? L‘B‘a"#&"‘@xa %V/%%’ é Etgp 33{‘ k\epgfgtemﬁ%%v%ﬁf%&%%f ég%/é gpfl ed mthe

G z6 and chams e aat | or [ ol d doed {0 oxpose vafor 330 In
embodi nents of t hénerdimensional optieal yrpsioranelcmprtp &eans pheRticRldevitenat i on

field formed b elimter 6 i alle t ) ing field
control md&rggg%giagﬁa ogﬁptb%fﬁ%ﬁ%%%?:%%"ya MPI% agﬁfaggg aned%lgg‘[}%sed, for
exanmpl e, to &Ael1Bbatbd Hraximdir! toOkhe qiuPntmmrfﬁ uederevagy this eaedlar | mage a

particular reticle. In enbodinents of the invention, a customzed oz
st andar di zedligpbntien ofsleatiomageety anergy slargrPredstirmynedi&isparti al coherence of

el ectromagnetic epergy errtitted,by ill um nati,on source. LQ0td cal

el ement 620 conpr {@é’g’%"?%?&]@%g qg%cawp@r g %’HS@S Ozrdé&%ff‘%g%%’fl%edel enment s
that change feh@vef 4 2bndMABHIEE Bevide SoliRu IR GbMAPMEEhégy EXiihghd NCi dent
upon optical, element 620. Optical element 620 is designed to_conpensate

for changes finst mhdulpar devite wdhentembesegbndinedule ondeyies phesdireelly o ought
about, for ex le, by inperfections..in prpjection tics nodul e 108 that

| ead to hor i’Ea{’i%]ly' Qﬁ‘ﬂpb@s? i@éi“ﬂ"ﬁ@@ﬁeﬂ{)‘ﬁ k\cg‘kdlé?m%gﬁﬁs‘?lbeﬁf 8% %pt i cal

el ement 620 eredRnehll diéfertdlart 85 th dirbctlecPomBE@icBp endippbiGag tTirsier No.
091599, 383 by M Cullough et al. |~esigmg optical elenment 620 to conpensate
for the avermgéduleor dgyicaialo thepenchd eadulergdevige.parti cul ar nodel of

| it hography devi ces has nmany advantages. For e~eanple, it reduces
production costs and production tine. Optical elenent &G0 does not

conpensate f4r tinme-varying phenonena that cause horizontal Iine and
vertical line biases. F,fG 7 illustrates a pupil plane 702 that is forned
by the two optical elenents 604 and 606 of one-di nensional optical
transfozm el enent 602. The -14 aperture of aperture device 608 is |ocated

bet ween optical elements 604 and 60G proximate to pupil plane 702. This
pl acenent allows the aperture of aperture device 608 to be used to vary the

Y N S "



Simlarly, for aperture 811, the angular distribution of electromagnetic

energy inillumnation field 312 will have a certain value "B" in a region
corresponding to the area between edges 812A and 812B of apex-ture 811. The
angul ar di sta~i bution of electromagnetic energy in illumnation field 312

wi |l have a value greater than "B" in the regions corresponding to the
areas between edges 814A and 81B and-kdges '818A and 818B of aperture 811.
rt will have a value less than "B" in a region co~tresponding to the area
bet ween edges 8 x 6A and 816B of aperture S 11. Thus, as w || be understood
by person slulled in the relevant lithogr aﬁ)_hy azt gi ven the description
herein, the inveiRetiole stags’ aveans thahparticn lof a lithograpby devies used ta bpld: hogr aphy
devi ce by varying. t he ar] ular distribution of light in an illumnator as a
function ofdnflipgstiop ety glq_rsqu CIB¥S ment of the Invention FIGs 9A and

9B illustrate a FQHENALEA UpubREIShERS rihn ol BiRMeISE Ik ghanio Ol | ing ¢ he
angul ar distribution of electromagnetic energy 1n a lithography device as a
function ofcobipehsatefizrithe opticalbamradicnigtidsparticubarogspeeific mdke or modelt i on. The
steps of method 900 will now be described. Zn step 910, e) %ctzo ghetic
energy fromfalithpgraphydevien Starfesdzedonsicakglermentsrpre intprderd e Pe Mg 1 omagnet i ¢

energy (e.g.. _lLight),can pe. either c I o r . clromagnetic
cner gy o anistitadebabbt BT el Gty BvERR bR RaNE SRRk MUY e
pul sed | asgfo@f}erating in a range from about one kilohertz to about four
Kilohertz is used. In step 92U., el ECtromagnetic energy enmtted fromthe
i Il um nation sou‘fWefcp’hgsé'gthhﬁmaighe drwbptrdte/mbotht metn epwvifes havidglee. Thi s
illum nation opti Fs nmodul.e includes .a partial coherence adjyster nodul e.
The Parti alpq"@ EPAHYR C&&}'%t@ﬁ"%ﬁpeof)ﬁé? UYBS uge n‘@i&FWlfﬁt‘g‘bﬂgﬂ opti cal

transfor m chetiMiurefd'® RYIRLIENREnAREQPIPsCs module is to condition the
el ectromagnetic energy so that is can be used to illumnate a reticle or

mask and i mage a"Wafec stiage"patanethat pomtion ofaflishography devpe @8dto hahdarghgul ar

di stribution of el ec} romagneti c energy entering the one-di nensi onal optical
transfor m AEHEANA Valehat 7ed al ong an axis. This is accozn, plished by
passing a portion of the electromagnetic energy through ata aperture o' f an
apezture device. The aperture of the apeztuxe device is |located pro;timate
to a pupil $¥stme Eonfbodimeerasef e feresiiomal optical transformelenent. In step
940, el ectxol ' nagnetic energy fromthe illum nation optics nodul e passes
through a mask region in a reticle stage. In operation, the mask regi on of
the reticle stag I [ &l : i ) i reticle, a
circuit pattern ﬂ%ﬂegﬁsﬁéﬁdaﬁgﬁ é)?ér ]étﬁ%%ﬁl? %ﬁﬁgcteoigghusﬂit? ?%/Hga%atlglgh?r ate of a
waf er . - lidventicst epndBImiretien sowrk 402 generatenardygirdchagleqpesgsetihr ough t he

mask region in the refjcl.e stage is i ).,,USi.NQ a projectio ptics
modul e, to FREFHY P Al B RRBFRPE 6 pma%?%e? °E‘t‘°§d‘_é°.&”11‘?1p%£bodi ments,
the proj eCtingbaBPth ChariBid bk | SBRskNmakAE RS5 LhA baldiGaR IRalUres
transferred to the photosensitive substrate. For exanple, in an enbodi nent,

t he proj ect ¢lectraignesic emetgy recei et foes illuhenaioneowrte 1024n acedidahee widat ur es

transferred tq the pho osensiéi}/e substrate b% a factor of four. In step
960) the shi§dnEMtcRe tongd glegirompgnelp gpgrey, legv Pnation opPESt ed t o
control t he,3agl 13 Jh hispLutdRN 20tick Gt SRVRIRAL LY aERRISHaR 106N | mage

pl ane pr oxi n.n%te tl?ataﬂg%v%?% s‘%aéle. ' I n&an enbggiarregta, t he £zlig%erture of the
apert ur e deYheetick ia ushdtaprgea primageef a thewst chimawiafer apghotescasiiive adj ust ed by
changi ng t he shatpe of gfe apetrtui ~e usin; ~ agwggerture. ontrol nodul e. The
aperture cofftisBRenbifl Electiomagnetic ¢sEaY. PA58ie dBIRER IS IRUCIEFMERE i s used to
adj ust the |.kb?&‘?i : i Qe : : I g&mthat is
used to adj ﬁs t ngogﬁg%g&g?é %%gié?é%gért{%roﬂl%ﬁ@rllpg%gﬁpésnéﬁ% I,é%]?%cal cul at ed
dat a st or edelettrémag@ienc ¥ndrgy erthdtdsensitiljewabstiated 16 Rhpeosohsitivesubsieatd ur e devi ce.
"I"he shape of the aperture is adjusted based on the angul ar_djstribution

of el ect r omhlfhis hedd apdpigyediby e mafersiage 132.adestagesentrol Hidgecopgolsile waf er
stage. |n apot; [ . . hce is a
tati c aper Portoh o BHAELAR 06 maSRREBLI R, HordbEpARAAHEPIBNAF® cast o
portion of bhtheapidlé (et shevhcamdiphotasinditive shissuateadde. of the aperture. For
exanpl e, in enbodinents; a plate or a disk having a predeterm ned cut-out
(aperture) is replaced by another plate or disk having a different shaped
cut-out (aperture). In enbodinments of the invention, the shape of the
aperture is adjusted baskd on detected variations in pninked |ine w dths
formed on a photosensitive substrate (wafer) held by the wafer stage) For
exanpl e, the detected variations in printed line widths can be corrtpared
to the reticle used to expose the photosensitive substrate, and the shape
of an aperture according to the invention that will reduce the variations
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on wafers over tinme. In erlnbodinents, the shape of the aperture is

adj usted so that is corresponds to a particular reticle being used. As wl!
be understood by a person sJcilled in the relevant |ithography art, there
are many factors that can be used to determ ne how the apeilure of the
aperture device should be adjusted in order to inpxove line width control
in accordance with the invention. Thu$: the factors di scussed herein have
been presented by way of exanple only, and not limtation. Conclusion

Vari ous enbodi ments of the present invention have been described above. It
shoul d be understgod, t hat thengerrtbodizn,ents ave been. presented by way

of exanpl e only, HHHBRASONSPYEE 404 eamprises dispyree,ef GlpiEymaselir e hose skil | ed
inthe rele .art t i es. .| i : i t he
ennbodi ment o WuRHiop ks 402 <Rt Be BRI RaliRo R sl PR BB AhASERL | IT
spirit and Séﬁ@%?o@ﬁphi@@dWuﬁwﬁmwmk@m@ﬁgydmmﬁxpiaaapm@ecnh@ir_rrs. Thus,
the breadth and scope of the present 1 nvention should not be limted by any
of the abovepdetiogibhedngxioplabey cenkitaierte it aboutfaur ldlobentzcandededd. ned only in
accordance wth.the fqllow,ng clai ns .their  equival ents g W-~AT IS
AT vimn yes vl B ndersbt Bt etPes e i Esiht ofPbiemahfon our ce.
an il urni i i d t ) I . netd ner gy
emtted by sé;iéadrl O?Plggﬁl;dn;et?lf%g ?(k)ﬁlﬁ %:‘gba y aﬁg%ﬁﬁgﬁngﬁﬁ%ﬁq@gt ?%:ilﬁrﬁgdul e havi ng
a partial cadeadeivomgadefarsitds useddobxposophpotoshsigyve subseatelilbnsi onal opti cal
transform el enent havi ngapupi,| pl ane, and an aperture device having an
aperture used to I\ann W&OB‘#@@P%“!C&%F‘PWB&‘JWBWW@*"J‘EP@E%WBWQ@W@PFc ener gy
entezang sai, %gh%ﬁg}nqﬁﬁ‘eﬁfc%@ yol%EééG?d frB#haﬁl%En%da'ﬁ'an%ﬁ{Eﬁﬁfoza' G?ﬁcaﬂ‘“ axis, the
aperture of said aperture deVice bei ng l'ocated proximate to e pupil plane

of said one-démEnsihanformepait@fillinifdaiheptitahed®Banl(4 ae dacibédbedévage
positioned adjacent to said illumnation optics nodul e, wherein

el ect r omagnEdcios pearaple a3 FgteabiNg. 363l 1naStapienshd. cWhigh e heseini | |

illum nate ' f:] ; sa§.d: 4ol age: waf er
stage; and gn‘goﬁ-é{)%%'aib%ef%ﬁb%ég&‘Lr‘réwgﬁgdlﬁ'%gﬁghghlﬁlﬁﬁﬁggdé&p@tgg%ﬁgglggi mate to
sai d waf er sloagentafiiiapapiadéctRtdnodadpistdrasodoikd b ePatial doheregst adfljsagent to said
reticle stage and adjacent to said wafer stage, wherein a]eetronmagnetic
energy passihmeduelBiganwin apbicslglenend tprpndeg therangplar dissibagen gf| |

enter'said prol i on. opt | e . I i i gGtion optics
nodul e on a ca%é(g@g&sagﬁgrﬁ%&@%ﬁﬁ@%ﬂgg%@@ﬂm@&ﬁ%ﬁ%&%a@@cggﬁépﬁ er stage,
and wherein ;ﬁ)sﬁfb%ﬂe.gqffoﬁ\hf?{)iﬁ@GHeIdﬂg@laﬂéisﬁi@hﬂo@&@léd&bﬂwa@ﬂéﬂc@meig@ ofdj usted to

control the angul ar distribution of electromagnetic ene_r?y at the ianage
pl ane proxi nidpminasiondicld Bd2.c3s énserihed belovg Bor crampite PaGial 6ehesengem 1,

wherein the shape ture is.adiu b d vari ations
e L AR A OB o BB e i e
an aperture device for varying the angular distribution of electromagnetic energy.

In embodiments, partial coherence adjuster module 105 also contains a
customized or standardized optical element for varying the angular distribution
of electromagnetic energy. These features of the invention are described below
in more detail

Electromagnetic energy exiting illumination optics module 104 is used to
illuminate a reticle (not shown) held by reticle stage 106. By illuminating the
reticle, a circuit pattem thereon is transferred to photosensitive substrate 110.
Photosensitive substrate 110 is processed in a manner known to persons skilled
in the lithography arts to form one or more circuits.

Projection optics module 108 is used to image electromagnetic energy that

passes through the reticle onto photosensitive substrate 110, Projection optics



substrate of the wafer fromcorresponding line widths on the reticle. 3.
The device of claiml1l, wherein the shape of the ap~nure is static, and the
shape of the aperture is adjusted by replacing at feast a portion of said
aperture device. 4. The device of claim1, wherein the shape of the
aperture is dynamc, and the shape of the aperture is adjusted using an
apezture control nodule. 5. The devic8-of claim4, wherein an open-Ioop
control systemis used to adjust the shape of the. aperture. 6. The device
of clairra 4, wherein a closed-loop control systemis used to adjust the

shape of th perture. 7. The device of clairr~ 1, wherein sai.d aperture
device is aﬁogd‘ﬁ’ﬂl 300Pe usad o Fe the wgticlegage formedgn pyOIpsepsitive ¢yt her

conpri si ng: e that stores preeal cul ated data used to adjust the
shape of the aperture of the aperture device. 9. The device of claiml,

wherein said par Stae cofreIrancenasls et movemmauhnl fodifohpi of &Rld Sgs: an
optical eletuent having a plurality of different illum nation regions, each

of the diffdPenand wafenisiagatldnStaggcontenl Hddenaples lithdgrephyrdevice| lGfitmat i on
property --~o0 sel eched, to reﬂuc_e |ine width variati ﬁns' n_a tﬁerlc'l nt ed
substrate, SBPACIPEIEHI? LPRARTTCHIPAY AotR DY "SHTA AT TG LA
one- di mensi gdﬁ@hinggﬁgdégl transform el ement, wherein el ectromagnetic energy
exiting fromsaid optical element wll

FIG. 2 illustrates how to measure the partial coherence of lithography

device 100. Two cones 208 and 210 are shown in FIG. 2 Cone 210 represents
the actual space through which electromagnetic energy from illumination source
102 passes to illuminate a reticle held by reticle stage 106. Cone 208 represents
the maximuim cone or space through which electromagnetic energy can pass and
still be used to image wafer 110. The angular distribution of cone 210 (i.e., the

partial coherence factor ¢ of cone 210) is given by EQ. 1:

0

0=—
em

EQ. 1

where, as shown in FIG. 2, cone 208 forms an angle 0,, with a optical axis of
lithography device 100, and cone 210 forms an angle 6, with the optical axis.

FIG. 3 illustrates the angular distribution of light in a conventional
lithography device 300 as a function of fi.eld position. In FIG. 3, electromagnetic
energy is shown exiting an iilumination optics modul.e 302. This exiting
electromagnetic energy has not been conditioned in accordance with the
invention. The exiting electromagnetic energy passes through areticle stage 304.
A reticle or semiconductor mask (not shown) is placed at an image plan of reticle
stage 304. The exiting electromagnetic energy passes through a projection optics
module 306. Projection optics module 306 images electromagnetic energy at an
image plane located proximaute to a wafer stage.

As illustrated in FIG. 3, the electromagnetic energy exiting illumination

optics module 302 forms cones of electromagnetic energy (see, e.g., cone 310A).



enter said one-dinensional optical transformelerraent. 10. A nmethod for
controlling the angular distribution of el ectromagnetic energy in a
| it hography device as a function of field position, the nmethod conpri sing

the steps of (1) emtting el ectromagnetic energy froman illum nation
source; (2) passing electromagnetic energy emtted fromthe illum nation
source through an illumination opticd0nmodul e eoxnprising a one-di mensi onal

optical txansfoxn~. el enent having a pupil plane; (3) passing a portion of
the el ectromagneti c energy through an aperture of an aperture device to

vary the angul ar distripution of electrongnetic energy entering the

one- di mensi %‘H&Fﬂr GBWS&SI‘:EFV%IH@E'GPHF%?T&W% eaﬂ-o‘f?@egllu&é&‘%g ?EV\E@ n the
aperture of ' ' J | e il plane of
t he one-di %Qﬁgﬁ%@o&%ﬁe&@fé\ﬁ%@i%&% %Eg}oj‘?%ﬁp %%%ﬁg%&slgégg gﬁ%@t romagnetic
ener gy frondonkehef dledtrimagndticene@Rt (répresePdd heconbd PIOBN3I B4, 06,818 E@idON i n a

reticle stage; (5) imaging electromgnetic energy that passes through the
mask regi on330) forme an 8tuny hasiostliedd 3 12 siinminetion dickkct li2ds uendtip espasedul e

conpri sing é{ | east, on ogti al FI nt, to foxxtx an imge plane proxi mate
to a wafer ué%sgpmgmstfb@;)r tﬁ&fﬁé"ﬁi *‘ﬁg ‘he shape of the aperture of the
aperture device HiGRitiditleld 510 RBIMANAL ARALA bOREI@bosRiGE LERRRANCL | C
energy at the imge plane proximate to "the wafer stage. ~21 11. The

met hod of céomenf tRctravhagnetio(esd. 211 086} 14; Gif3il 8, e 3ad) thatfomas 4 pver Fhape of the

aperture based on detected variatigns in printed |ine wdths formed vn a
phot osensi tﬁ\?é“%’ﬁlﬁ@t g‘%ltj@lﬂeq"(ﬂow % Aidfergnt PPN o geafey %?H-c&qnééﬂgﬁdi ng |ine

w dths 4n amh%:@é £rB8HAnDdont BPeIb @l drilgfiert! A8y 11 can b BEFLIRPoR! €l a1 m 11,
ep conpri ses:

wherei n st
the photosensitive substrate of wafer 330. This cone is also shown as cone 308A.

The shape (i.e., cross-sectional view) of each cone of electromagnetic (e.g., 310B,
314, 316, 318, and 320) is intended to represent the partial coherence of the
clcctromagncéic energy at a particular point in illumination field 312.

As shown in FIG. 3, there is a relationship between the cones 308A and
308B. Changing the shape of cone 310A causes a similar change to be brought
about in cone 310B. Cones 308A and 310A can be used to calculate the partial
coherence of lithography device 300.

FIGs. 4A, 4B, and 4C illustrate horizontal line and vertical line biases.
These line biases are brought about, for example, by 1mperfections in reticles and
the optics of a conventional lithography device such as lithography device 300.

FIG. 4A illustrates an unbiased horizontal line 402 having a width W, and
an unbiased vertical line 404 having a width W,, formed on wafer 330.

FIG. 4B illustrates a biased horizontal line 406 having a width W' and
an unbiased vertjcal line 404 having a width W, formed on wafer 330.

FIG. 4C illustrates an unbiased horizontal line 402 having a width W, and
a biased vertical line 408 having a width W' formed on wafer 330.

As will become apparent to persons skilled in the relevant lithography art
given the description herein, the present invention can be used to control the
angular distribution or partial coherence of the electromagnetic energy n

illumination field 312, as a function of field position, and thereby improve the



for a static aperture, replacing at |l east a portion of the aperture device
to adjust the shape of the aperture. 13. The rraethod of claim1 I, wherern
step (6) conprises: for a dynam c aperture, adjusting the shape of the
aperture using an aperture control nodule. 14. The nethod of claim 13,
wherein step (6) conprises: using an open-laop control systemto adjust the
shape of the aperture. 15. The nethodllef claim 13, wherein step (6)
conprises: using a closed-l1oop control systemto adjust the shape of the
aperture. 16. The rr~ethod of claim 13, wherein step (6) conprises:

adj usting the shape: of the aperture based on the angul ar distribution of
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a wafer.

FIG. 5 illustrates the relationship between wafer 330 and illumination
ficld 312. FIG. 5 also illustrates how the invention can be used to vary the partial
coherence of the electromagnetic energy used to expose wafer 330 (see, e.g., the
shape of cones 504, 506, and 508) according to the invention, and thereby reduce
variations in line widths formed on wafer 330.

As illustrated in FIG. 5, illumination field 312 is used to expose 2 scan
arca 502 of wafer 330. The partial coherence or angular distribution of
electromagnetic energy in illumination field 312 veries as a function of field
position. Each point of wafer 330 can be exposed differently along the length of
iJlumination field 312 as illumination field 312 scans across scan area 502.
Illumination cones 504, 506, and 508 depict how the angular distribution of
electromagnetic energy (e.g., light) can vary as a function of illumination field
position in accordance with the invention.

FIG. 6 illustrates an example partial coherence adjuster module 105
according (o the invention. As described herein, partial coherence adjuster
module 105 is used to adjust the partial coherence of electromagnetic energy in
an illumination field (e.g., illumination field 312) as a function of field position.
According to an embodiment of the invention, partial coherence adjuster module
105 includes a one-dimensional optical transform element 602, an illumination
field delimiter 614, and a customized or standardized optical element 620.

As shownin FIG. 6, in an embodiment, optical transform element 602 has
two optical elements (e.g., lenses) 604 and 606, and an aperture device 608.

Apcrture device 608 has an aperture (not shown), which is used to adjust the



20. An apparatus for inproving line width control in a |ithography devi ce,
conprising: a one-dinensional optical transform el enent having a pupi

pl ane; and an aperturedevi ce havingan aperture used to vary the angul ar
distribution of electronmag~-~etie energy ervtering said one-di nensi onal
optical transformeler~nent along an axis, the aperture of said aperture
devi ce being located proximate to thd2pupil plane of said one-di nmensi onal
optical transformelenent. 21. The apparatus of claim 20, further
conprising: a custom zed optical elenent that changes the partial coherence
of electromagneti ¢ energyente~ing said one-di nensional optical transform
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I s adj usted by replacing a a porfion o aperture devi ce.
reduce line width variation for particular sets of parameters are precomputed and

stored in an optional memory 612. This stored data is then used by an optional
aperture control module 610 to adjust the shape of the aperture of aperture device
608 during operation of the lithography device. Time-varying parameters that
may cause linewidth variations include temperature, pressure, and resist being
used. Other time-varying parameters that can be compensated for using the
present invention are known to persons skilled in the relevant lithography art.
Aperture control module 610 can operate in ejther an open loop or closed loop
manner. How to implement aperture control module 610 will become apparent
10 a person skilled in the relevant control systems art given the description herein.

In another embodiment, aperture device 608 is a replaceable plate or a
replaceable disk having a static aperture or a device that includes a replaceable
plate or a replaceable disk having a static aperture. In this embodiment, the plate
or disk can be changed either by hand or automatically in order to vary the shape
of the aperture. Factors such as cost and the size of the circuit features being
reproduced will determine when and how often the replaceable plate or
replaceable disk is changed to control line width variations. In other
embodiments, other known means for forming a changeable aperture, other than
a replaceable plate or a replaceable disk, are used.

As will be understood by a person skilled in the relevant lithography art

given the description herein, the shape of the aperture of aperture device 608



25. The apparatus of claim 20, wherein the shape of the apErture is
dynam c, and the shape of the aperture is adjusted using un aperture
control nodule. 26. 'The apparatus of claim 25, wherein an open-1|oop
control systemis used to adjust the shape of the aperture. 27. The
apparatus of claim25, wherein a closed-lIoop control systemis used to

adj ust the shape of the aperture. 2813The apparatus of claim20, wherein
said aperture device is an adjustable slit device. 29. The apparatus of
claim 20, further conprising: a nenory that stores precal cul ated data used
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mcmory 618. This feature is used, for example, to control the amount of
electromagnetic energy used to image a particular reticle.

In embodiments of the invention, a customized or standardized optical
element 620 is used to modify the partial coherence of electromagnetic energy
emitted by illumination source 102. Optical element 620 comprises, for example,
micro lenses or diffractive elements that change the partial coherence of the
electromagnetic energy incident upon optical element 620. Optical element 620
is designed to compensate for changes in the partial coherence of electromagnetic
energy brought about, for example, by imperfections in projection optics module
108 that lead to horizontal and vertical line width biases.

A customized optical element 620 is described in detail in U.S. Patent
Application Ser No. 09/599,383 by McCullough et al.

Designing optical element 620 to compensate for the average or typical
mmperfections of a panicu]e{r model of lithography devices has many advantages.
For example, it reduces production costs and production time. Optical element
620 does not compensate for time-varying phenomena that cause horjzontal line
and vertical line biases.

FIG. 7 illustrates a pupil plane 702 that is formed by the two optical

elements 604 and 606 of one-dimensional optical transform element 602. The
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device 608 to be used to vary the partial coherence of the electromagnetic energy
that passes through the aperture (e.g., by varying the shape of the cones of
electromagnetic radiation 704, 706, and 708) in the manner described herein.

FIGs. 8A and 8B iilustrate two example apertures 801 and 811 that can
be used according to the invention to vary the partial coherence of
clectromagnetic energy along an axis. When aperture 801 or 811 is located
proximate to pupil plane 702 of one-dimensional transform element 602. 1t will
vary the angular distribution of the electromagnetic energy (e.g., light) as a
function of field position in an illumination field. For example, when the
invention is incorporated into lithography device 300, aperture 801 or 811 wi)l
vary the angular distribution of the electromagnetic energy as a function of field
position in illumination field 312.

For aperture 801, the angular distribution of electromagnetic energy in
ilumination field 312 will have a certain value "A" in a region corresponding to
the area between edges 802 and 810 of aperture 801. The angular distribution of
electromagnetic energy in illumination field 312 will have a valve greater than
"A" in the regions corresponding to the areas between edges 804 and 810 and
edges 808 and 810 of aperture 801. It will have a value less than "A" in a region
corresponding 1o the area between edges 802 and 810 of aperture 801.

Similarly, for aperture 811, the angular distribution of electromagnetic
energy in illumination field 312 will have a certain value "B" in a region
corresponding to the area between edges 812A and 812B of aperture 811, The
angular distribution of electromagnetic energy in illumination field 312 will have
a value greater than "B" in the regions corresponding to the areas between edges
814A and 814B and edges 818A and 818B of aperture 811. It will have a value
less than "B" in a region comresponding to the area between edges 8164 and 816B
of aperture 811. Thus, as will be understood by person skilled in the relevant

lithography art given the description herein, the invention improves linewidth
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control in a lithography device by varying the angular distribution of light in an

illuminator as a function of field position.

Method Embodiment of the Invention

FIGs 9A. and 9B illustrate a flowchart of the steps of a method 900 for
controlling the angular distribution of electromagnetic energy in a lithography
device as a function of field position according to an embodiment the invention.
The steps of method 900 will now be described.

In step 910, electromagnetic energy from an illumination source is
emitted. The emitted clectromagnetic encrgy (e.g., light) can be either a
continuous source of electromagnetic energy or a pulsed source of
electromagnetic energy. In an embodiment, a pulsed laser operating in a range
from about one kilohertz to about four kilohertz is used.

In step 920, electromagnetic energy emitted from the illamination source
passes through an illumination optics module. This illumination optics module
includes a partial coherence adjuster module. The Partial coherence adjuster
module includes a one-dimensional optical transform clement. The purpose of
the optics module is to condition the electromagnetic energy so thatis can be used
to illuminate a reticle or mask and image a circuit pattern on a wafer.

In step 930, the angular distribution of electromagnetic energy entering
the one-dimensional optical transform element is varied along an axis. This is
accomplished by passing a portion of the electromagnetic energy through au
aperture of an aperture device. The aperture of the aperture device is located
proximate to a pupil plane of the one-dimensional optical transform element.

In step 940, electrommagnetic energy from the illumination optics module
passes through a mask region in a reticle stage. In operation, the mask region of
the reticle stage holds a reticle or mask. By illuminating the reticle, a circuit

pattern thereon is transferred to a photosensitive substrate of a wafer.
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in the reticle stage is imaged, using a projection optics module, to form an image
plane proximate to a wafer stage. In embodiments, the projection optics module
reduces the size of the reticle features transterred to the photosensitive substrate.
For example, in an embodiment, the projection optics m;':dulc reduces the size of
the reticle features transferred to the photosensitive substrate by a factor of four.

In step 960, the shape of the aperture of the aperture device is adjusted to
control the angular distribution of electromagnetic energy at the image plane
proximate to the wafer stage. In an embodiment, the aperture of the aperture
device is a dynamic aperture. This dynamic aperture is adjusted by changing the
shape of the aperture using an aperture control module. The aperture control
module can be an open-loop control system that is used to adjust the shape of the
aperture, or a closed-loop control system that js used to adjust the shape of the
aperture. In an embodiment, precalculated data stored in a memory is used to
adjust the shape of the aperture device. The shape of the aperture is adjusted
based on the angular distribution of electromagnetic energy at the image plane
proximate to the wafer stage. In another embodiment, the aperture of the
aperture device is a static aperture. This static aperture is changed by replacing
at least a portion of the aperture device to adjust the shape of the aperture. For
example, in embodiments, a plate or a disk having a predetermined cut-out
(aperture) is replaced by another plate or disk having a different shaped cut-out
(aperture).

In embodiments of the invention, the shape of the aperture is adjusted
based on detected variations in printed line widths formed on a photosensitive
substrate (wafer) held by the wafer stage. For example, the detected variations
in printed line widths can be compared to the reticle used to expose the
photosensitive substrate, and the shape of an aperture according to the invention
that will reduce the variations in line widths can be detexmined. This detection
and analysis process can be done on a continuous basis, or it can be done

periodically (e.g., from time-to-time) by analyzing changes inline width vanation



10BB! +z10%BB& () - +z109B& () - ! 9f 109BB& ()-' 9f 109B& ()-'! @O0YBBE () - @0YB& ()
- bbbbdd9f f dB1 10BB! ! @ 0%hh& ()-9@L0% h& ()-9! 109%h& ()-10% h& () -10% h& () -

h& ()-!& 10%h& ()-1& 10% h h& ()-& 10% h& ()-j kl | oXo-g*?MP1 1 10 h
h" 10%4| & () -

110984 % & () - @LO%| & ()- @410%| h| & {17- 10%4| & () - 10%| & () - - qvgsssssxtt~ @
1 10 h h10% h& ()-f10% h& ()-10% h& ()- 104| 104|

104| F. z10%4| & ()-1"10% | /| & ()- tuu wiwx yz[9~ @1 10 !"10%h& ()- & 10%
h& ()-& y10%hh& ()-y10% h& ()-!9y109%hh& ()-!9y10% h h& ()- y[z{{{{{}}uS1

1! Y109 () - @ Yeforgovyr-tiao e gmbodimgents, theighape af the apertire Boukiusiedgo( ) - | 10%

N& () -1 8~_ Gy (cohBebhds (0a gadeiéh bdcie 8ng usea.

As wil} be understood by a person skilled in the relevant lithography art,
there are many factors that can be used to determine how the aperture of the
aperture device should be adjusted in order to improve line width control in
accordance with the invention. Thus, the factors discussed herein have been

presented by way of example only, and not limitation.
Conclusion

Various embodiments of the present invention have been described above.
It should be understood that these embodiments have been presented by way of
example only, and not limitation. It will be understood by those skilled in the
relevant art that various changes in form and details of the embodiments
described above may be made without departing from the spirit and scope of the
present invention as defined in the claims. Thus, the breadth and scope of the
present invention should not be limited by any of the above-described exemplary
embodiments, but should be defined only in accordance with the following claims

and their equivalents
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WHAT IS CLAIMED IS:

1. A lithography device, comprising:

an illumination source;

an illumination optics module that receives electromagnetic energy
emitted by said illuminatir;m source, said illumination optics module having a
partial coherence adjuster module comprising;

a one-dimensional optical transform element having a pupil plane,
and

an aperture device having an aperture used to vary the angular
distribution of electromagnetic energy entering said one-dimensional
optical transform element along an axis, the aperturc of said aperture
device being located proximate to the pupil plane of said one-dimensional
optical transform element;

a reticle stage positioned adjacent 1o said illumination optics module,
wherein electromagnetic energy exiting said illumination optics module will
illuminate a portion of a reticle held by said reticle stage;

a wafer stage; and

a projection optics module baving an image plane proximate to said wafer
stage, said projection optics module positioned adjacent to said reticle stage and
adjacent to said wafer stage, wherein electromagnetic energy passing through the
reticle held by said reticle stage will enter said projection optics module and be
imaged by said projection optics module on a photosensitive substrate of a wafer
held by said wafer stage, and

wherein a shape of the aperture of said aperture device is adjusted to
control the angular distribution of electromagnetic energy at the image plane

proximate to said wafer stage.

10
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2. The device of claim 1, wherein the shape of the aperture is adjusted based
on detected varations in printed line widths formed on the photosensitive

substrate of the wafer from comresponding line widths on the reticle.

3. The device of claim 1, wherein
the shape of the apeérture is static, and
the shape of the aperture is adjusted by replacing at least a portion of said

aperture device.

4. The device of claim 1, wherein
the shape of the aperture is dynamic, and

the shape of the aperture is adjusted using an aperture control module.

5. The device of claim 4, wherein an open-loop control system is used to

adjust the shape of the aperture.

6. The device of claim 4, wherein a closed-loop control system is used to

adjust the shape of the aperture.

7. The device of claim 1, wherein said aperture device is an adjustable slit
device.
8. The device of claim 1, further comprising:

a memory that stores precalculated data used to adjust the shape of the

aperture of the aperture device.

9. The device of claim 1, wherein said partial coherence adjuster module
further comprises:
an optical element having a plurality of different illumination regions,

each of the differentillumination regions having a different illumination property
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selected to reduce line width variations on a printed substrate, said optical
clement being located adjacent to said one-dimensional optical transform
element,

wherein electromagnetic energy exiting from said optical element will

enter said onc-dimensional optical transform element.

10. A method for controlling the angular distribution of electromagnetic
energy in a hithography device as a function of field position, the method
comprising the steps of

(1)  emitting electromagnetic energy from an illumination source;

2) passing electromagnetic energy emitted from the illumination
source through an illumination optics module comprising a one-dimensional
optical transform element having a pupil plane;

3) passing a portion of the electromagnetic energy through an
aperture of an aperture device to vary the angular distribution of electromagnetic
energy entering the one-dimensional optical transform element along an axis,
wherein the aperture of the aperture device is located proximate to the pupil plane
of the one-dimensional optical transform element;

4 passing electromagnetic energy from the illumination optics
module through a mask region in a reticle stage;

5) imaging electromagnetic energy that passes through the mask
region in the reticle stage, using a projection optics module comprising at least
one optical element, to form an image plane proximate to a wafer stage; and

(6)  adjustingthe shape of the aperture of the aperture device to control
the angular distribution of electromagnetic energy at the image plane proximate

to the wafer stage.
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11 The method of claim 10, wherein step (6) comprises:
adjusting the shape of the aperture based on detected variations in printed
line widths formed on a photosensitive substrate held by the wafer stage from

corresponding line widths on a reticle held by the reticle stage.

12.  The method of claim 11, wherein step (6) comprises:
for a static aperture, replacing at least a portion of the aperture device to

adjust the shape of the aperture.

13.  The method of claim 11, wherein step (6) comprises:
for a dynamic aperture, adjusting the shape of the aperture using an

aperture control module,

14, The method of claim 13, wherein step (6) comprises:

using an open-loop control system to adjust the shape of the aperture.

15.  The method of claim 13, wherein step (6) comprises:

using a closed-loop control system to adjust the shape of the aperture.

16.  The method of claim 13, wherein step (6) comprises:
adjusting the shape of the aperture based on the angular djstribution of

electromagnetic energy at the image planc proximate to the wafer stage.

17.  The method of claim 13, wherein step (6) comprises:
using precalculated data stored in a memory to adjust the shape of the

aperture device.
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18.  The method of claim 10, further comprising the step of;
passing electromagnetic energy emitted from the illumination source
through a customized optical element having a plurality of different illumination

regions

19. The method of claim 10, further comprising the step of:
passing clectromagnetic energy emitted from the illumination source
through a standardized optical element having a plurality of different illumination

regions

20.  An apparatus for improving linc width contro] in a lithography device,
comprising:
a one-dimensional optical transform element having a pupil plane; and
an aperture device hgving an aperture used to vary the angular distribution
of electromagnetic energy: entering said one-dimensional optical fransform
element along an axis, the aperture of said aperture device being located

proximate to the pupil plane of said one-dimensional optical transform element.

21.  The apparatus of claim 20, further comprising:

a customized optical element that changes the partial coherence of
clectromagnetic energy entering said one-dimensional optical transform element,
said customized -optical element having a plurality of different illumination
regions, each of the different illumination regions having a different illumination

property selected to reduce line width variations on a printed substrate.

22.  The apparatus of claim 20, further comprising:
a standardized optical clement that changes the partial coherence of
electromagnetic energy entering said one-dimensional optical transform element,

said standardized optical element having a plurality of different illumination
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regions, each of the different illumination regions having a different illumination

property selected to reduce line width varjations on a printed substrate.

23.  The apparatus of claim 20, wherein the shape of the aperture 1s adjusted
based on detected variations in printed line widths formed on a photosensitive

substrate of a wafer from corresponding line widths on a reticle.

24.  The apparatus of claim 20, wherein
the shape of the aperture is static, and
the shape of the aperture is adjusted by replacing at least a portion of said

aperture device.

25.  The apparatus of claim 20, wherein
the shape of the aperture is dynamic, and

the shape of the aperture is adjusted using an aperture control module.

26. The apparatus of claim 25, wherein an open-loop control system is used

to adjust the shape of the aperture.

27.  The apparatus of claim 25, wherein a closed-loop control system is used

to adjust the shape of the aperture.

28.  The apparatus of claim 20, wherein said aperture device is an adjustable

slit device.

29.  The apparatus of claim 20, further comprising:
a memory that stores precalculated data used 10 adjust the shape of the

aperture of the aperture device.



