WD 02/ 05029 PCT/ US01/ 21400 A METHOD OF | LLUM NATI NG A PHOTOVASK USI NG
CHEVRON | LLUM NATI ON 5 CROSS- REFERENCE TO RELTED APPLI CATI ONS Thi s

appl i cat ivomopbsaens priority of U S. Provisional Patent AppCTasei/xamooSeri al
No. 60/216,881 filed July 7, 2000 (Attorney Docket No. 88405.114400). 10

Field of Invention The present invention relates to the field of
semi conduct or | iAM@TH&FQ,OFTHFbUl\%%TIN@a@P?IQT)OM%SKIWWGMi on of a

phot omask for imaging inpr WON%Q%&A%%M the invention
1'ZI ng optical I'magl

Sem conductor |ithography uti ng systens has been
carried out for many years. The process involves the creation of relief

i mage patterns through the projection of radiation within or near the U
visible portion of the 20 el ectromagnetic spectrum Earlier methods of

optical sem conducb&rq]gg'{_ﬁlgiﬂgmbg 1O RELSEDPAPPRACATIONS | nting techni que,

where a photomask wt esired device pattern inmage was held close to
the surface of a photosensitized silicon wafer surface, transferring the
i mage the i magehik applivation chaaepridiity of ULS. Mrovisienaldatasit AppliestibnByiate yiel d
are limted usi nqg t hi s _approach because of the | ack of duction optics.

Moder n 25Np2fi2h6,85% Hed iyt 3004 @%W%@CIWENHQ%A‘)@HJ%@& epeat or

st ep-and-scan optical systens mnimze sone of the problens encountered
with earlier proximty |ithography methods and have lead to the
devellgprment of tools that currerRitld ofllhwautionesol uti on bel ow 0. 15 m

Sem conductor device features are generally on the order of the wavel ength
of 30 the ultraviolet (UV) radiation used to pattern them Currently;

exposure wavel eRghRsn: fventsh felfestb Y il of 3nicOndtrtbriitoRithyRicke
specifically 157n 293nm 248nm 365nm and 436nm The nost "chal | engi ng

| i t hogr apspecifically tortbe ilhmainativsef apliotdmaskl fbr inregang imprrednasnt.si zes
corresponding to 0.5k/NA, where k is the exposing wavel ength and NA is the
obj ective | ens nunerical aperture of the exposure tool. As an exanple, WO

02/ 05029 PCT/ US01/ 21400 Background of the invention

Semiconductor lithography utilizing optical imaging systems has been carried
out for many years. The process involves the creation of relief image patterns through
the projection of radiation within or near the UV visible portion of the

20  electromagnetic spectrum. Earlier methods of optical semiconductor lithography
utilized a proximity printing technique, where a photomask with the desired device
pattern image was held close to the surface of a photosensitized silicon wafer surface,
transferring the image the image to the surface. Resolution, device size, and device
yield are limited using this approach because of the lack of reduction optics. Modern

25  reduction projection techniques using step-and-repeat or step-and-scan optical
systems minimize some of the problems encountered with earlier proximity
lithography methods and have lead to the development of tools that currently allow
resolution below 0.15 pm.

Semiconductor device features are generally on the order of the wavelength of

30 the ultraviolet (UV) radiation used to pattern them. Currently, exposure wavelengths
are on the order of 150 to 450 nm and more specifically 157nm, 293nm, 248nm,
365nm, and 436nm. The most challenging lithographic features are those which fall
near or below sizes corresponding to 0.50/NA, where A is the exposing wavelength

and NA is the objective lens numerical aperture of the exposure tool. As an example,



for a 193nm wavel ength exposure systemincorporating a 0. 65NA objective

| ens, the inmaging of features at or below 0.13 mcroneters is considered
state of wdnexesoe? Cenerally, systens enpl oy Kohler type PCTawsdweEatioon and
an effective source that is shaped circularly. Mre recently, source
shapes haye been varied fromthis 5 conventional circular shape to best

opti mi ze forRdPRRVeYFlasHurosHS sysem dncopraraing:a 0 SRYARRISIVE nsetha,
wavel engt %ﬂﬁga?iafégtui)és% r bIBY 0TS BREGRE 1§corgcferé’?l>§tﬁe of eyl nati on using

di pole il I on a pair or circular source shapes oriented in the
directi onGeﬁeralﬂi;slsygemsremploydé@iﬂaftym ilblrrﬁhgidnfdndantefﬁcﬁwwamemhatm i magi ng
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i 11 umi nat?ﬁ@ﬂ { ?%%FP%’BGIH hg Sah"“l"S&F g&f ¥ a single
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objective lens pupil. The problemw th dipole illumnation arises when

geonet ry pHotpoask patteny W\ﬁv(elcngthoNAzm @thelamgmnarmwrsr@ffm@ i s consi der ed
si nce |ma§f |ts limt tﬁlfeattures ﬂlente ]g?g one dlrectlng in an
X-Y pl ane’ ?ﬁ olnolﬁg}gl‘s polp jlurpingtion, Wih 2 PRt gt cbrcﬂl BeARe 91K i npr oved
by using hShealregion dffinR gasRetdy carbsifanGidificap aiHanemEn? t ik

quadrupol e source shapes are an exanple of a nodification for and Y

ori ent ed PRE&FERAGE. [El@é isheeayss onbrehdiqusilluyminatian & ag @ptiguzeyl illymination our
tCI r Cui@r B‘%ﬂgﬁanaﬁeede'ﬂ &%oeﬁlow?l%ﬁﬁmfggﬁ fe% eHPaﬁ‘é ogﬁ%ﬁ?&f actl%fiat ed al ong
wo ortho

axes. Sthe USe ar sh es I's not the
best sh apd:magg)f airtheloateithddd cd@s lof ge ebjebﬂi\xe lefis laqﬁle drmrpr@tblbﬂm@uﬂ@bové 20 and
Y- axes homever | have discovered that_particul ar square pol e shapes

ext ended 1&MERRioR aiises WhengrometiyrafibRg: Xﬁ@@%@@ﬁﬁﬁé’éalépdf"ﬁ@%]éﬂﬁ@f% of an
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appr oaches SUnmary 6F nvent1on he presen I'nventfion is a unique

approach KeY;)lhmpl mgidltidnaﬁy,rtht nseof circulanpolbehapespbdbatimprdygd py asingg an

aperture in the pu | ane of the, condens | ens, or |IIum nation system

o byt i af et Gopise, Can ROS AL IR RISRRRGSEY | ve

opt I;ﬁ}l | gérl@snsgﬁpge g%%hlﬁyan@ﬁ X shd"V|difenfeli @BERbEy [RE P iRRhddetRY S or ot her
Patent 5,305,054]. Here, four circular poles are utilized to accommodate the mask

geometry located along two orthogonal axes. The use of multiple circular shaped

poles is not the best shaping for use with mask geometry oriented on orthogonal X
20 apd Y-axes however. Ihave discovered that particular square pole shapes extended

along X and Y axes, forming chevron shapes at the corners of an illumihation source,

show superior performance to other illumination approaches.

Summary of the Invention
25
The present invention is a unique approach to shaping illumination. It can be
implemented by placing an aperture in the pupil plane of the condenser lens or
illumination system or by shaping illumination using optical means including
diffractive optical elements (DOEs) or other similar elements, beam splitters or other

30 similar methods.



2 WD 02/ 05029 PCT/US01/21400 One object of the present invention is to
provide off-axis illumnnation that is optim zed for nask features oriented
al ong or Wwogpesmako X and Y-axes as nost sem conduct or devi BET/HsaEieoy i S
oriented along these directions. A second object of 5 this inventionis to
renove the illumnation source shaping that is not optimal for

sem conduct or device geonetry oriented al ong orthogonal X and Y-axes.

Anot her obj ect NS d i IS L O . 3 . he ratio
of on-  axi’s. £ 0B P B B B b e Pl T on o

t he shapeopiimizédfor hiask [ftatmesati¢rded slong cethegonalgX ¥nd Ydax¢sax emst Anot her obj ect
of the present inventi.on is to.pravide illymnation shapin at an be
ol errent SIS BPURE BB PHENE] dons e uous: Asechsottet of nci Ui ng
the use ofnidinlédiRmtis WrreBidhb G iNBMARDA §01ﬁ%§a%»ingbcﬁ@trlk 861 dptn®dl $or aperture

pl ates or 15 masks, or other optical nmeans. These objects are achieved

usi ng a psemicenduator devioerzeramdtnrorsniadi alepgwrérogonal Uk and ¥exems of il um nati on
are provided and these regions are defined by boundaries that lie on X and
Y axes. More specifically, these regions are "L" shaped, where the 20

hori zontal andAygihkt 65jbct DEEHT® Hventadreis YRAILEH forthStdifirdd O WREHtd ¥or-i M ts. The
first limt 1is where the horizontal and vertical segnents of the four "L"
shapes f o#¥is toeffesis illuminatien shapingdngneans ed mdificetion tq the shos ofdbhent s are
equal ;4 The,. second | ipit.i e length of the horizontal and verti cal
segrreln s b '%loglgﬁwefldngr%%g%?ia%gguch that each forma connection with

t he nei ghboring "L" shapes in horizontal and vertical 25 directions,

resulting in a continuous square ring of .illumpatjon, The aperture nask of
the invention ARgtheeobesef thegpesent xFationds i providedHymmation shap@igd8et at e,

such as q 'V i : 'ng%% J -0at ] a
solid, opg‘%{}%aez]m }ti\ézﬂtl é}g\gd;@ea{l\%a{e%ﬁ%giev org %6%% ﬁ%@%ﬁza@ﬁgé fpl)"llag%sge)&lclll"{ﬁlg%(ﬁ:nhevr ons
are 30 | othetueel of diffirdceive optical etenents (B Eshbeam dphicters] gieeturdgalates ohevr on
includes a square region |ocated in the corner and first and second | egs
ext enth ngMeslenPLather iGa B ansparent region and in a direction toward
adj acent corners. The chevrons nay be varied in size

=D

These objects are achieved using a particular illumination shaping where four
regions of illumination are provided and these regions are defined by boundaries that
lie on X and Y axes. More specifically, these regions are “L” shaped, where the

20  horizontal and vertical segments are varied in size between two limits. The first limit
is where the horizontal and vertical segments of the four “L” shapes form squares,
where the length and width of the two segments are equal. The second limit is where
the length of the horizontal and vertical segments of the four “L” shapes is such that
each form a connection with the neighboring “L” shapes in horizontal and vertical

25  directions, resulting in a continuous square ring of illumination.

The aperture mask of the invention may be formed on a translucent or
transparent substrate, such as quartz, with chevron openings in an opaque coating or
from a solid, opaque metal plate with chevron openings in the plate. The chevrons are

30 located in the four corner regions of the plate. Each chevron includes a square region
located in the corner and first and second legs extending from said square transparent
region and in a direction toward adjacent corners. The chevrons may be varied in size
from as small as four square corners to as large as a square annular ring around a

central opaque region.



fromas small as four square corners to as large as a square annular ring
around a central opaque region. 3 WO 02/05029 PCT/ USO01/ 21400 Brief

Descri pt ivom ombsoehe Figures Figures 1 a -1 e show Chevron PCT/wsdwAsGoON
distributions with increasing edge 5 obscuration, Fig.l a, none or square
ring, Fig. Ib, 0.25, Fig. lc, 0.50, Fig. Id, 0.75, and Fig. | e, 1.0 or
square quadrupole. Figure 2 shows the inplenentation of the invention in a
proj ection |ithography tool i . k inthe illumnator. 10
Figure 3 is a beam shapi ng ﬁ%ﬁéﬁgg&{@&@h@?gmﬁ%ed illumnation. Figure 4
shows results of image evaluation using NILS vs. focus for 130nm i nes on

various pitch val yes. usi t he. ASM_-.Quasar, iLlumnation, with

bar anet ef E1gEes Gt 8 ShW B HBRIGH R AN NUdMFEEGAE 5/ 0. 5/ 30,

Fi gures S gheatiofSiis!1Sa, Honke PR IGuRY AhE b Ofb, BsNBigM &9, 565 Fid. 94Ug.75,0r 130nm
lines on various pitch values using the chevron™e" illum nator.” 20 Figure
6 shows resdiFigslepl.Oiarsgearequadiapdlen using NILS vs. focus for 130nmlines on
various pitch values using the chevron "d" illumnator. Figure 7 shows
results of image evaluation using NILS vs. focus for 130nmlines on

vari ous pFigile ¥ shovsthe spRnichitieh 8F fefinvdhtioh in & Piojddieh litkoxrdphy4bsl 8 shows
results of 1mage evaluation using N LS vs. focus for 130nm.|ines on

vari ous phsingaygperbge gk in thpdllumisetoon "b" illuninator. Figure 9 shows
resul i of image eval uation using NILS vs. focus for 130nmlines on 30
various pitch values using the Chevron "a" illumnator. 4 WO 02/ 05029

PCT/ USO1/ Bightd)3 idtsein §Habhig méthéd forlchybhishdped illumination.

Figure 4 shows results of image evaluation using NILS vs. focus for 130nm lines on
various pitch values using the ASML-Quasar(TM) illumination, with parameters

15  (outer sigma/ inner sigma / opening angle) of 0.8/0.5/30°.

Figure 5 shows results of image evaluation using NILS vs. focus for 130nm lines on

various pitch values using the chevron “e” illuminator.

20  Figure 6 shows results of image evaluation using NILS vs. focus for 130nm lines on

various pitch values using the chevron “d” illuminator.

Figure 7 shows results of image evaluation using NILS vs. focus for 130nm lines on
various pitch values using the chevron “c” illuminator.

25
Figure 8 shows results of image evaluation using NILS vs. focus for 130nm lines on

various pitch values using the chevron “b” illuminator.

Figure 9 shows results of image evaluation using NILS vs. focus for 130nm lines on

30 various pitch values using the Chevron “a” illuminator.



The present illumnation nmethod is referred to as chevron illum nation.
Exanpl es of chevron illum nation plates are showmn the Figs. 1 a-1 e. The
chevrons veo @2/0%29 or red and sized to fit into a circul ar pRETAUS@21300
conventional illumnation system Figs. |la-le show several exanples froma
full square ring to four squgyee iﬁoﬁ'ﬁﬁqnvéﬁ[dﬁtions bet ween t hese
extrenes are the Chevron shapes. ese shapes show i nprovenent beyond

ei ther the quadrupole or the ASM.- Quasar(TM shaping currently utilized in

projection systens. 10 .l.n one enbadijrent. of .t he invention the illum nation
plates are for PWentthHng’Bﬁéﬁ%’%}Hﬁf"cfﬁ%% Otaéfhﬁ‘g%b@}@'ﬂa Panspar ent
quartz sulpghigics oféhé%?&?ﬂﬁﬂliﬁ\éﬂdﬂ plABs ARAANGN BRIt Ja-1eY The @héwosduree. The

substrate is covered with a photoresist and the chevron patterns are
exposed i formted andsized to fkints ciscular nupgiod glcpyvaniond iBumiation sysse®&m appar at us

embad monteoarp FENherdrl FRaTRSY BontEniabaf -Bhn R REEPBles Bhe, g 1 1

i ts cor negglutioddbativteh thesddxtrenie arelthe Clievron shepes ThesaRagessBowrask wi th four
chevrons 11Cb, 120b, 130b and 140b. The chevrons have respective pairs of

| egs 11 | wppyementibeypnd eifyey the quadppoleprihe ARMIrQugsarGiMhshaphig | egs ext end
toward adj g ns in successive Figs. 1 c-1 e becone
progressi &@Igéﬁbn%ﬁ{zgghﬁﬁog%ﬁ%g%g%{é%rons 20 120e, 130e, 140e and 150e in
Fig. 0e are siliipheehmbadiapeat efthe dryeati@sthe dllurhimatidn plates amdeemedigy of a quartz
substrate or are E§|(c!?)jle1ni ngs, in the netal substrat IL.n Fi chevrons

: . la, th
meet bet wSeRvenHianal gngloaksk shrolpgy-t 6 tagsRAreH ai §1g),str§tgg§ SvgtedaY ity square
ring 100. Ld: B t
crbodi ments PER ARG IRl heihl, ROSRERRE LRt i B BB ol (%
and verti dad cheVion mhitems tiroerposddintthatesishyExpoeresotypivelly buge elestregual | y
shaped in,both its X.,and Y dinension However., .if desired, the openings
coul d be &FW@PBWPWFW?Wr&Fgﬁ?O ﬁoﬁgﬁeisgﬁ]?gﬂ%t}@r?ﬁhiia?@%%e di mensi on
over fhe QLMeHimdNeHN RlidithdthipIRssd faariﬁtéc}( ®Have ShvrotbSkneids GR §k ¥&inkrsi N

| i thographic applications and are we nown. The present 30 invention is
i npl enent ed i n Tawihigg tnBigkbnlthere iy shominramt aperiutsymask yath/four elayeens 118bst he

11 o 02t 196, oPbh SR 1502 Dt ONFenS AVPlcGodchvd PRNL BT Y 1, 120 2
122b, 131b, 131b, and 141b, 142b. The legs extend toward adjacent corners. The
chevrons in successive Figs. 1c-1e become progressively smaller until the chevrons

20  120e, 130e, 140e and 150e in Fig. 1e are simple transparent squares in the chrome
covering of a quartz substrate or are openings in the metal substrate. In Fig. la, the
chevrons meet between the adjacent corners to form an annular rectangular or square
ring 100.

Those skilled in the art understand that the preferred embodiments

25  have openings with equal dimensions in both horizontal (X) and vertical (Y)
directions. In that way, the source image is equally shaped in both its X and Y
dimensions. However, if desired, the openings could be different in the X and Y
directions to emphasize one dimension over the other. Kohler illumination systems
are used extensively in lithographic applications and are well known. The present

30 invention is implemented in existing Kohler illumination systems via access to the
illumination optical system. One example is shown in Figure 2. Here, a light source
90 generates a light beam that is directed through a condenser lens system 97. Within
this system, an aperture mask 91 is placed in the condenser lens pupil plane. The

mask 91 controls the shape of the light beam into the chevron-shaped intensity



90 generates a light beamthat is directed through a condenser |ens system
97. Wthin this system an aperture nmask 91 is placed in the condenser

| ens pupiwoptemmee The rmask 91 controls the shape of the PCTDWS0IIa0M i nt O

t he chevron-shaped intensity 5 WO 02/ 05029 PCT/ US01/21400 distribution.

The condenger,. | ens_focuses an i nage of the chevron shaped |jght source on
the pupil dﬁtlah@loyeﬂa? conelenssg lens dpeusey ayigagy of %ng‘.’m#ﬁ a%dtgghwzcegz i s

positione ' ' i : S
P i mat o By PUREPIER. 5 b B Bpftelte EHRRENS. The pRRomIYI PR BRA | 2
phot omask a9theiabjqut plane bEthetobjeotighlent eystenn B} end is\iBumarasedysthe ch®@Bo oward its

' I 95... rt mask nmay _ be either _a chro covered substrate
W b cheveBrPeaighl ugts e ADRSE L O RISOIAGK 9B SIS B IV EARE wi i1

chevrop O%Fcﬂ%}enﬁ%rﬁ |9§ t&bﬁu@tsmagi@an@gﬁ MRl Eapttilitt RadkRny 6H&RIRY

optical systemof an illumnation systemthat is nodified to produce the
desired chehrane edvepesbsubsirite Withi chavion wperihgs inltheichiromeiona solid,iopafuesy st em

contains a_beams i ng optical system 52 and optical integrator 60. A
RFitREhE o2 R

l'i ght soursglés Etich 085" exci mer laser 51 is used for

i Ilum nation. Theurbsakbwhandtié expinblAVitlSY béAshabi R%1 §yient bi beam
comng.-fromsource 51 into the che\?ron shape a%%%"?igcts }?hi s shaped beam

onto the idyninghen systeapthepisiraedifipgtonypducsthedesired sheypen-skapeiint egr at or can

consi of:y, [ . éé fly r r e.0r. nor iffractive
opti cg elﬂémrréfr?\l[atsl&{%é @on eagigog © Ig,\%lss %/tgr?%to {éfrzﬁ%% t?e_ usrlﬁggnlg é’gﬁ?aﬂ«gy%%%k with
Kohl er i | I5rhdapiicdl intégrator 60 Askight soirsé sidhuk iadanp of ah Becifieslesdlsarie 54 is a

result of the_ chevron shaping of the illumnator_and is the Fourier
Tr ansf or m¥s§d @ﬁgfwmawrh af%be@ﬂ’a%bépmgﬁpp??d@éﬁw Seisbanes dhg ght bsace shapi ng

o1 3, PSS UG U e TS S0 3
el ement s (BCEs)of anpticdltimtagminy|60y diie optical irtegradon vamainsanof Yartexamplef
| Lhog anli {20l 5.5, heam shpian, omoneniin A, ol v, ool ca
o Sren SfeRD AN il sahi it e SRR Tt
produces fytheimask plane 54 is a result of the chevron shaping of the illuminator and is the
Fourier Transform of the illuminated shape. An image of the chevron source shaping
is also produced in the objective lens system 56-pupil plane 55. Diffractive optical
20  elements (DOEs), also known as binary optical elements (BOEs), are often employed
in the illumination systems of lithographic tools as beam shaping components. A
diffractive optical element operates on the principle of diffraction. Traditional optical
elements use their shape to bend light. Diffractive optics work as Fourier Transform
lenses to form desired optical effects. DOE pattern technology produces multiple
25  phase levels by using ion etching methods, resulting in deflection angles large enough
to allow for shaping that is generally circular in nature. The use of such elements in
lithographic systems can be found for instance in US5926257 where a set of DOEs is
used to form circular Kéhler illumination. In US563172, an array of diffractive
optical elements is placed on or near the focal point of the condenser to generate a
30  desired circular angular distribution with little dependence on the illumination source
profile. Fabrication methods such as those described in US6120950 and US5227915
are well known to those of ordinary skill in the art of diffractive optics. The beam
shaping optical system 52 can contain one or more diffractive optical elements to

achieve the chevron shaping using these fabrication methods.



25 phase levels by using ion etching nmethods, resulting in deflection

angl es | arge enough to allow for shaping that is generally circular in
nature. Weouesw2of such elenents in |ithographic systensPCEuS@R21i@und for
i nstance in US5926257 mhere a set of DOEs is wused to forn1circu|ar Kohl er
illum nation. U8563 an_array qf diffractive el enents is

pl aced on or SIREERSY %ﬁm%o@iemes t IpYROtQR ApFTEISnt quLBE% (‘-5?5@“@“%9‘30 desi red
cireul ar ﬁﬁgé& ﬁﬁnfﬂhﬁiorrﬂ Hﬁés%ed"hfehhéée%&@nﬁ?ﬁ G FeldiSicl é{ umi nation
source profile. Fabrication nethods such as those descri be Ih US6120950
and US522theagh &) havenakteaging edge abstiretien, dfonvnafiercaragrastoi full or 4.0 Wdewer t  of
diffractive aoptic The m s optical t 52. can.contain one or
nore di ff‘?eé‘&f)ﬁ %lﬁflll%%ﬁﬁg %%‘?1‘?@8 ad"(%Fﬁ pﬁi eﬁ}ee\/‘?’ %t ing usi ng

t hese § abgdgfirthis@T theefodP HRmmifiatitfa x@gloﬁéﬁ%actfmf 1HSQhis7deAddige of RYI NY resul ts

using the _present invention are presented. The five chevron shaped

i |l um nat illamlgaﬁ@pégglegwtm%mt%%gﬁa ﬁlﬂdmtms:grm pinikand thefside edge ed gns (a

t hrough e C ngl er full or
1.0, mher%fi]ﬁ\f?pélbgbﬁg]m. gghea G%EO?&?%QQ@SSOPQ a%ag&géeuareg %’uadr upol e.

The wi dt hinahe héighl’;brﬁgqegams Bdrot hﬁagecwalulaﬁdnumsﬂf@bn oiric@@uORB ahS such that
the outside edge of the illumination regions extend to Q.7 of a full unity

si gma pupimagiigsysterm WHA agebisghee kegs NADL (5f5 andawpvlensath of%f@m fﬂréﬁgl ty in
the open ALERS bk Gith 33tnlfcﬁrvgﬁleé ﬁﬁﬁl loh?d‘fiﬂ éb?rés@(}jrﬁfﬁ?ﬁ {0y260|19ntt({1§5616| ghbori ng
region is zero. |mage eval uation een carri or an - [naging

syst em W trh pach ebluectespertivelys Ehdéluaﬁorﬂha%ﬂoea:mdamwvauahm@a keadr a%ﬁahm for 130

10 m line features with pitch values fro . correspondlngto 260
rimto 65Wagﬁmﬁefmn9%we %H&m%? ?snl%m%&l? BV B SRGA | ad out

using a vaghoss the1deatithnh BRGE ifRASly ikl p&gm%rs%@aérmm}%@ Hﬁsr%ﬁt ers. The

nmetric of evaluation using the slope of the logarithmo Intensity
i mage (knassd. o shdvperdpragals ineeha)pobmsseh e dargennsduk: ofAhishnetpier Evalagiton s one

t hat | | t gl uati on, 15
bor f obhed R aren RergothERor e eAeiag Vahgt pier b fiest Ytuge 1 ResRetiSliaF abi e ¢ hat
sharp i megRsp @i e@ﬁ&%@&&e&ﬂ%ﬁ@ﬁa@&rﬁ@i%a@oﬁ%ﬂﬁﬂiﬁ@@ &dsif1© CliSaghsy POSSI bl e.

Imaging results using the five variations on the chevron shaped
i 11 um naticstsHging the Sifje variations on the chevron shaped illumination have been

compared to those for a quadrupole illumination, known as ASML-Quasar(TM)
illumination, defined with an inner sigma value of 0.5, an outer sigma value of 0.8
20  and an arc definition of 30°. Results are shown in Figures 4 through 9. The imaging

performance are summarized as follows.

The through-pitch NILS vs. focus (where NILS is defined as the product of
feature size and the slope of the log of the aerial image, and where larger NILS values
25  are desired) for the ASML-Quasar(TM) design evaluated in Figure 4 show how NILS
values above 1.5 can be achieved through a defocus near 0.25 microns, but the
difference between isolated and dense feature performance (referred to as proximity

bias) is significant and may not be desirable

30



conpared to those for a quadrupole illum nation, known as ASM.- Quasar(TM
illumnation, defined with an inner sigma value of 0.5, an outer sigma

val ue of W0 82/@02eand an arc definition of 30. Results are BODWRO/21408i gures 4
through 9. The imaging performance are sumari zed as follows. The

t hrough-pitch NILS vs. focus (where NILS is defined as the product of
feature size and the slope of the log of the aerial inage, and where |arger

NILS val ues ﬁhﬁ&f&lﬂ?&n&@ﬁ?m{e% VO sitpifle s@d%%ﬁ%’he‘i’&s‘ﬂo%lﬁ gted in

Figure 4 show NILS val ues ove 15 can be achi eved through a defocus
near O. 255,m/1mamﬂﬁa snirdtestt pichdedtines mwrcb@d\welnthcsécSMLdauaadTblﬁme feature

per f or man rred to as R ox| m t as I gpi ficant d may not be
desi r abl epr:%g“? a@f/l@%’@?@ SLT@BYF%?W% ‘%ﬂﬁu “!rofg[ﬁ? FrI%ﬁYE%nEh‘ fhe chevron
shapi g sfiRWAnatibnfdad behBed ﬁ)r%lﬂﬁ%@m{ pRoventit Ereugh RS FARtiSA foesd ifpi t ch
features is inproved over the ASM.-Quasar(TM but ©proximty bias is

i ncr eas edproXimity Biagisnti@wonedrs. vari ati on to the chevron-shaped 5
illum nation can be used for image inprovenent through a |large variation in
focus if proximty bias is not a concern. Figure 6 shows the results for

chevron desi gnFigurd® showskheheuRs forehelbn derign of Fighl P@héRth®d6®Enms better
than that for the ASM.- Quasar(TM and proximty bias is 10 reduced over

Fi gure 5. Pifehi Rerfommanceds hetterdhanitet for tMMﬂ-’r@u%sﬂE@M)l a0 PrRX Y béaf‘f’dﬁl ng can
| ead {p Cfé’&géé?f Av%gFig’@.rré 3t sh5'w% E@\gblgbg?o%rro 86%?‘?1?&%} HHccb‘ﬁg{;‘roﬁgﬁéﬁ

proximty Ias overa ornmance o chevr on
is for thmmlhallfocn‘dmtrﬂ)ﬂed)f/aﬂ:atmn 1ﬂ.1rﬁag1ﬂ'§1ﬁerfdirhﬁnd&d’ltﬂ1&l@h foasumdipsoxdmixgri or to
the ASM.- Quasar(TM and the proximty bias is reduced. This is the
superior PB&ult. Figure 8 shows the result for the chevron design of Fig.

| b. It denonstrates how the chevron shaping can allow for control over
proximty bias and performance, 20 which can allow the source shaping to
be tail ored toFgpecy thaws thadiestigvearntl perfooesse of the chevron is for the chevron

15 ofFig. 1c. The NILS through focus is superior to the ASML-Quasar(TM) and the

proximity bias is reduced. This is the superior result.

Figure 8 shows the result for the chevron design of Fig. 1b. It demonstrates
how the chevron shaping can allow for control over proximity bias and performance,
20  which can allow the source shaping to be tailored to specific imaging and process

requirements.

Figure 9 shows the result for the chevron design of Fig. 1a, which is a square
ring. The square ring shows best isolated to dense process overlap, or minimal

25  proximity bias.

The results show the significance of the invention. When geometry is oriented
along X/Y directions (as is the requirement for a quadrupole type illumination
application), it is most beneficial to use an illumination source which projects energy

30 toXandY axes. This is accomplished with the chevron-shaped designs and cannot
be accomplished using a circular quadrupole or ASML-Quasar(TM) illumination.



requirements. Figure 9 shows the result for the chevron design of Fig. 1 a,
which is a square ring. The square ring shows best isolated to dense
process ovent/e29 or minimal 25 proximty bias. The resul t BCHUSH/A1E®
significance of the invention. Wen geonetry is oriented along XY
directions (as is the requirenent for a quadrupole type illum nation
application), it is nost beneficial to use an illum nation source which
Lo eets ener NiEBudiing ARt S Me%n'd%sdgfbeﬁrw 5it8 BE dnidrtiBod

chevr on- shaped eS| Fhd cannot e acco ied using a circu ar

quadr upol i isorot AistitedQu disse d&'Mptwé exampddsi dfhe dasmeaznmsmnsm% be01/ 21400

Al t hough the pr.esent inve tlon been ,des be under st ood
Chat 1 AR St HEGE RN e PRt hselings inhethds. desEn

enbodigreng gedhét Aly beltRERSBEkId Witk hgiﬁrﬁh‘i‘g A0/ ﬂi@gé@e f ﬂ{eaﬁmoa g

nodi fications in méthods, designs, pl acenent “may be nade thereto

wi t hout d@pambmh@ﬁ¢ron1the scope of the invention as described here. 9 WO
02/ 05029 PCT/ US01/ 21400 What | claimis: 1. A photolithographic systemfor
formng finely space features on a photosensitized surface of a

sem conductor wafer conprising: 5 a light source for illumnating a

phot omask covered with a pattern that will be transferred to the

phot osensitized surface of the sem conductor wafer; an aperture nask

di sposed between the |ight source and the sem conductor wafer and
conprising a translucent substrate with an opaque coating and four
transparent corner regions; 10 each transparent corner region conprising a
chevron including a square transparent region |located in the corner and
first and second | egs extending fromsaid square transparent region and in
a direction toward adj acent corners.



2. The photolithographic systemof claim1 wherein the | egs of chevrons
extend 15 half the length of the distance between adjacent corners. 3. The
phot ol i t vogoapiee system of claim 2 wherein transparent chevusnRifi@r m a
rectangul ar annul ar transparent regi on surroundi ng an opaque rectangul ar
central }%ﬁl%lf)ri . 20 4. A photolithographic systemfor fornmng finely space
features ClafdtSosensiti zed surface of a senmiconductor wafer conprising:
an objective lens system having a pupil plane and an i nage plane for
focusing an inmage of a photomask pattern |located at said pupil plane onto
t he sensit.i zed@hpfml@graﬁlimystehefogécumdmglﬂuduf@pawa&:@urebonat ed at said i mage

pl ane; an_.illum.natjon.s em haV| ht saurce and a condenser |ens
For T oot HPORRF Pt AR S £ GndiEish el SREBPSBES pupi | plan of sai d

obj ectj ve | ens, ﬁgl&tsﬁfﬁceQoﬁﬂlﬁfnh?a@hg\é?)hgfb&ﬂaﬁﬁho@ér&[%ﬁh apeibRThateEated bet ween
the Iight source and the condenser |ens for shaping Iight fromthe |ight

source |ntr@ls(fen@drt@ﬂlqpmg@ewme@lrmfacedah@mcembwcmmafmge pattern | ocat ed

in a corner | em |ng first

and second Ieg%J%I%IP?@ 4dmgika rgpoo(rgnédségg'egllbﬁ%g’{rgﬂggougpeaaxglst%? co}? II d adj acent
corners; vhfér aind &ﬂiépﬁs@hg 4 thieducehdubslirsip Sstithntphy@etbating afld fduract i ve opti cal
el enent s%stem and the sem conductor wafer. 10 WO 02/ 05029 PCT/ US01/ 21400

5. The ph WPWHW%HF@O%%stem of claim4 wherein the | egs of chevrons

exte hal f t £ t rs. 5 6. The
photgllcblthograp I'C sygéag%ﬂo?ﬁlg gim%é% ersgl%n %rr\d;}ggl?eﬁp{gcag&{/rg%ns forma

r ect angul taanspavent r@giohlesatqiingins coregiand fisstrand yewbind Jegsrexeypdingerome sdidngul ar
central region. 7. A photolitho r hi ¢ systemfor formng finely space

features ¥ trapgpaseREEian and [nadirectipp Jowrd pdigcek sPESFdUCt or  waf er
conpri si ng:

2. The photolithographic system of claim 1 wherein the legs of chevrons extend
15  half the length of the distance between adjacent corners.

3. The photolithographic system of claim 2 wherein transparent chevrons form a
rectangular annular transparent region surrounding an opaque rectangular central
region..

20
4, A photolithographic system for forming finely space features on a
photosensitized surface of a semiconductor wafer comprising:

an objective lens system having a pupil plane and an image plane for focusing
an image of a photomask pattern located at said pupil plane onto the sensitized surface

25  of the semiconductor wafer located at said image plane;

an illumination system having a light source and a condenser lens for focsing
an image of the light source onto said pupil plane of said objective lens system;

a diffractive optical element system located between the light source and the
condenser lens for shaping light from the light source into chevron image patterns,

30  each chevron image pattern located in a corner of a pupil plane of the illumination
system and having first and second legs extending from said corner in a direction
toward adjacent corners; and

an optical integrator disposed between the diffractive optical element system

and the semiconductor wafer.

10



an objective |lens system having a pupil plane and an i nage plane for
focusing an inage of a photonask pattern |located at said pupil plane onto
t he sensiw@arasosur f ace of the sem conductor wafer | ocat eBCHUSSIZI1400i mage
pl ane; an illum nation system having a |ight source and a condenser |ens
for focsing 15 an inmage of the |ight source onto said pupil plane of said
obj ective lens system neans for shaping light fromthe |ight source into

chevron i gage Waé pRitoGthog@aphicGhavwnT claaderhstinehdlced68E1RATdM erted@r Ner of a
pupil plane of the illum nation systemand having first and second | egs

ext endi ngh#lf thelengtly ot helistarics batwiich adiapeii cosifar d adj acent corners. 20 8.
The photolithographic systemof claim7 wherein the neans for shaping |ight
conprises a diffractive optical elenent system | ocated between the |ight
sour ce5 and. t h®hephaielithegrabkicsystem of heginn§ whiegid trinsparehhéheviagb tforwar ce i nto
chevron image patterns, each chevron imge pattern |ocated in a corner of
a pupi | pre&%@g@lﬁr T lartagsRarent region siriqpnding an apaguafepgngylistenily second

| egs ext efl%idi‘ﬂ fromsaid corner in a direction toward adjacent corners. 9.
The phot ol I't hogr aphi c system of claim8 wherein the neans for shaping |ight
conprises an aperture nmask di sposed between the |ight source and the

condenser .l ens 0 conpri sing.an. _opaque coating and four transparent
corner_ regi ons? Iﬁ’&&ﬂ%?%?é{ﬁ%wm#&&%ﬁng@%ﬁpa PSSP0 & chevr on

i ncl ugh NgpRotS&tuatiSed SRMRSOBS £RmicSiRDbr wasHoktristhgt he corner and first and
second | egs extending fromsaid square transparent. region and in a

direction t owarriobjdjtansdens systenehrayingla pun Warnoswxe ikEEe DB0E fAfacGing 0. A
A R N T e
fromthe bfi@bseriRUn@RtdrivafeCloemed st dafthigiighplanef NS, each chevron 5 inmage
pattern located in a corner of a pupil plane of a condenser |ens and havi ng
first an illumination system having a light source and a condenser lens for focsing
15  animage of the light source onto said pupil plane of said objective lens system;
means for shaping light from the light source into chevron image patterns,
each chevron image pattern located in a corner of a pupil plane of the illumination
system and having first and second legs extending from said corner in a direction
toward adjacent corners.
20
8. The photolithographic system of claim 7 wherein the means for shaping light
comprises a diffractive optical element system located between the light source and
the condenser lens for shaping light from the light source into chevron image patterns,
each chevron image pattern located in a corner of a pupil plane of the illumination

25  system and having first and second legs extending from said corner in a direction

toward adjacent corners.

9. The photolithographic system of claim 8 wherein the means for shaping light
comprises an aperture mask disposed between the light source and the condenser lens
30  and comprising an opaque coating and four transparent corner regions, each
transparent corner region comprising a chevron including a square transparent region
located in the corner and first and second legs extending from said square transparent

region and in a direction toward adjacent corners.

11



and second | egs extending fromsaid corners in directions toward adj acent
corners; focusing the chevron images of the |ight source onto a phot omask
di sposed wan02/es0pupi | pl ane of an objective | ens system fPRCTERSOMRIAV | Nage
of the photonmask pattern onto the sensitized surface of said 10

sem condugf or o . at. an i I of;, said .obj ive lens
systens fgé' trwgéﬁgl 3‘?? rra%&?lﬁlg ﬁpl)lg&sé) P @%ﬁtﬂg%{l% atﬁ'uhgt% o gsgﬁ%dﬁs%%fﬁ%e %ttaansi tized
surface ofeniibendusRivedicioaipaisingaf er. 11. The nethod of claim 10 wherein the
step of shaping light onprises diffracting 15 a |ight source into chevron
shaped i nages. P! 2 SoHreRellight cl ai m 11 wherein the step of shaping |ight
OS2 | nSClldi 1A ARRPA af (R I BN e bl BuhERRRY | N
condenser lens a rovi di ng ransparent chevron enirngs 1 n an opaque
coati ng oimigegatipmriveatad messdéorna®df hpupiplanp of b dordenmearlensamdaaving first

phot ol i t hogy aphi ¢ system.conprisipg: a.transparent substrate; an opaque

covering GY%{ %eﬁPlEff]?S%?EtF 182 PBlﬁa“{]goéﬂ?E)&? @ﬁ?Cthgﬁfo&ﬁ’é‘,f a‘gé‘fﬂ’ilt £eTARSpar ent

regi on | ocat edgd-si r; ' 14. The
g fdcﬁs1|ﬁ§ﬁ1é)3he{r imagas SRR st&&rgé ghﬁl, ARRSHAK dgﬁyt%&dﬂl

aperture mask of claim 13 wherefn eac our anspar regi ons
conpr i sesagupdplamgdlanobjectivsjeas system;egi on. 30 15. The aperture mask of

cl aim 14 wherejn each of the.rectangular tran rent ..regiops i s a,square
Cransparent - r lieBRoE 18 imagr ShE PRPHhEiaelt oup dhasnsititsten Bihe el
transpRr egdmicSsliuefor SRATRIbSR&] & anGREYS flAné HECdautlbBiSoilvage fistferanspar ent
region and has first and second | egs 12 WO 02/05029 PCT/US01/21400

ext endi ngtrinséerrivg ihe patigry en saidpkgiemask torthesensitizedisurfaca ofitheect i on t owar d
adj acent rne 17, The aperture mask of claim 16 wherein the | egs of
all chevr %e%ﬁs)lcﬁ%({uétotr ﬁéf%ram

11.  The method of claim 10 wherein the step of shaping light omprises diffracting

15  alight source into chevron shaped images.

12.  The method of claim 11 wherein the step of shaping light comprises inserting
an aperture mask between the light source and the condenser lens and providing
transparent chevron openings in an opaque coating on the aperture mask.
20
13.  An aperture mask for a photolithographic system comprising:
a transparent substrate;
an opaque covering on said substrate;
four transparent regions, each transparent region located in one of four

25  corners of said aperture mask.

14.  The aperture mask of claim 13 wherein each of the four transparent regions

comprises a rectangular transparent region.

30 15.  The aperture mask of claim 14 wherein each of the rectangular transparent

regions is a square transparent region.

16.  The aperture mask of claim 15 wherein each transparent region comprises a

chevron including the square transparent region and has first and second legs

12



5 length. 18. The aperture mask of claim 17 wherein the | egs of chevrons
extend half the Ilength of the distance between adjacent corners. 10 19.
The aper woe2/omzk of claim 18 wherein the transparent regPONESHR1M00A

rectangul ar annul ar transparent regi on surroundi ng an opaque rectangul ar

central regign., 20. An aperture mask for_a photolithographic system
conpri si n&tg@%ﬂmlwwmm}ée%%w%@ gHHe?tWrtOYV Bht corner
regions; .&agh transparent corner region conprising a chevron including a
square transparent region |located in the corner and first and second | egs
extending fromsaid square transparent region and in a direction toward

adj acent rners. 20 21. The erfure nas f claim 20 erei.n the | egs of
chevr ons gﬁgten@ﬁ‘?ﬁéﬁeﬁuﬁ'@% %frfa@ﬁ’ L@Wﬁﬁg@gf@&ﬁgi%@%ﬁ%ﬁ&? corners.
22. The apfpture mask of claim 21 wherein the transparent regions forma

rectangul ar annul ar transparent regi on surroundi ng an opaque rectangul ar
central 25 region. 13

18.  The aperture mask of claim 17 wherein the legs of chevrons extend half the

length of the distance between adjacent corners.

10 19.  The aperture mask of claim 18 wherein the transparent regions form a
rectangular annular transparent region surrounding an opaque rectangular central

region..

20.  An aperture mask for a photolithographic system comprising:
15 a mask with an opaque coating and four transparent corner regions;
each transparent corner region comprising a chevron including a square
transparent region located in the corner and first and second legs extending from said

square transparent region and in a direction toward adjacent corners.

20 21.  The aperture mask of claim 20 wherein the legs of chevrons extend half the

length of the distance between adjacent corners.
22.  The aperture mask of claim 21 wherein the transparent regions form a

rectangular annular transparent region surrounding an opaque rectangular central

25  region.
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