METHOD AND APPARATUS FOR REMOVI NG RADI ATI ON SI DE LOBES
TECHNI CAL FI ELD The present invention rel ates

generally to photolithography and nore particularly to
patterning different types of photolithography
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light passing through one of the shifters is out of phasc ‘with the light passing through the

other shifter, a feature is created on the photoresist that is narrower than the opaque region
separating the shifters. By reducing the size of the opaque region, and thus the distance
between the two shifters, very small features can be created on the photoresist. The width of
the feature can be considerably less than could be produced by the same optical system

without phase shifting.




Controlling the phase of the |ight passing through the
mask can be extended to the point where all of the
opaque regi ons are created by destructive interference
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Further, positioning the first and the second region to cause radiation at a second plane to be
neutralized in a first region, not to be neutralized in a second region, and to have a side lobe
in a third region. Further, positioning a non-transparent region at the first plane to assure
radiation at the second planc to be neutralized in the first region and positioning a third
radiation transparent region of the first or second phase at the first plane to neutralize the side

lobes in the third region at the second plane.
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BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in

detail. Likewise, the drawings are semi-diagrammatic and not to scale and, particularly,
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Unfortunately, in photolithographic systems, even a geometrically perfect lens cannot
separate two points below a minimum distance. When the two points are less than this

minimum distance from each other, they cannot be separated or “resolved”. This is due to
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The phase shifting system 200 has three adjacent shifters 202, 203, and 204 located at
a first plane, such as the light-transparent substrate 114. The light 118 passes through the
shifters 202, 203, and 204, which are transparent to light.

Since phase shifting of light occurs as a function of the thickness of the shifter
material, an extra layer of shifter material 206 is added to shifters 202 and 203 to cause

additional phase shifting. This extra layer of transparent material 206, such as silicon or
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400. A photoresist 402 has been patterned from the photomask 302 (of FIG. 3). Contact hole
features 404 have been formed as desired in the photoresist 402 in contact hole target regions
depicted by target squares 405. However, side lobes 406 have also formed in the photoresist
402.




phase regions 305, the chrone patches 308 are no

closer to the 0 contact hole phase regions 305 than a

di stance equal to the width of the orthogonally shaped

180 Fhase regions 306. Thus prepared, the photonmask

30271 Sidedahss H10 et paifastsnereaed glusng avbatol r;inpanaehssuoqcm@@ts are

un@antB®t) Rk Sdréked(iNQhe §H&W@glst ef z{r%dg%frlgt\%nﬁgrr\f{%% infensity. By

therein is shown an illustratio
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for%htOt ol i thography. Artifacts are unwant eé) feat ures
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|'i gRéfeiring @0%i thEIGBY, thérfkeiak @8Rk lYpiBkACH 0% (e pIchs QIR design
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prevented. Unfortunately, the critic stan
Oﬂlﬁggﬂ?lb’d’(h?ﬂf‘é (34t Blpe regiens 3@6 dbe ghromenpatches A@S are also shown. In

addMiC Q{E%Bm%gt Q@%%ﬁb@ﬁ]%iﬁfthﬁg&tmp h g%ea%?r'ég hes ti%ot%glehsd:;udres

Practical considerations suc patc h "t
40% prdbthi pgodbet 406 t at i ons on the use of chrorre patches

to n I ohe forrmlo Referri. ow, t
ﬁﬁeérl{é&ﬁc ?Jétglg N Z&% %revented | 08”%16 oc%f (ﬂagl o reg:om
Howe\gqr,gn sm3BI00 n(grdn@ wls@m Ehlﬂpﬁﬂ’olﬂmﬂ&ﬁds WBebultihet Fakti enyBsused, the
sid@f&? ‘{Oﬁ 1| St 400 (FIG 4). The photomask 302 is shown

&% SHAS, r egi ons 304, the O contact hol e phase

r e@@mn@&f)w ANEGt I8e thepdib hoganal by ifhanpes 380 hbhasg chuc,mgD

1 (ng gn% 06. The chrone pat ches 308 are al so shown.
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It has been discovered that positioning a region of mixed phases at the photomask
design 600 can neutralize the side lobes in the photoresist in regions where non-transparent
chrome will not perform the function or where the chrome layer will be too small and will be
subject to lift-off. Thus, the region will be smaller than the non-transparent regions and fit

into spaces too small for the non-transparent regions.




Furt hernore, chronme patches 608 and 608", which

prevent the passage of light therethrough, have been
deposited on the photomask 602. In order for

des%ructiv |nt%%%eren e to properly occur, the

chr oMfe*F4Y fiofn Bt 685 Phatcesyherekine P and ¢i9e shaped in one

em@bdiftegoaakivars hareslaQd GO @ﬁérnatn | &cPhQsRd é?@spr@?c%m the
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elif @t Ji' @R g@’ Cp@nageesgbt%?loﬁi 6m ﬁ(rg la@paa %oersex%r%gltehlﬁ Fhlgftls \ggere spacing

esi gh 60 an neut 1 ze 1 side’10
is Qm@poﬁ@susm)hmmxe@j@m@hmﬁbxeomapmﬁh@pem&eaﬁgonchﬁ&ﬁampm the

ortl}(ﬂ%/)llaiﬂpskﬁaﬁ & f i gi‘batsg ?F&H{l éclkdol\% QFSO \g@%ge‘g{%}he%&{fls tﬁgggre not utilized

in harfawenfrégionkh lsILB:,h ets hegioe @il on Tub lrepered Mt |pBbtohRAN 66N Q ready for
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destructive | nterference
foun Ogeg Wk Gidth pf proadpeentebgion.nat ed the 180 phase

su ns 61 ced, r_ex n reg S
oney HBRHORR FIE EBFER b B 48 Thefauof 06 Soieditne gfde love
patarr@gr}:ﬂle&pfalrsd 76y ﬁhﬂ&ﬁarﬁs&@h 70D, haf Bécne@h@tgﬁhlg@ ﬂ%ﬁthfspci)lotomask 602
ogona phase regi on e
(th@s o8 ?é‘él%p 2051 g0 PaR5ER o Fedesicd indhs ohdresist 702 in
cont2ghsla farg® YgAraa 706 89dRReD IrbrmIiMASo fREERA BHes 40BFIG. 4) has been

hot omask 602 is ready for patterning onto a
SUPBYEIOr esi st (not shown). Where the sizes of the

VargQsing Q80§ I@ré? tﬁé&ﬁ% §i§)%da %%&%69'8&[ oPYhe Jlfe: fhbe reducing

| engths and wi dths, the subreqgi be sma
phofqpagtk firsigne ﬁ@q I{EIQ)f O} ﬁepemgqoemis olpert tf@bmgltmftdh eids ahlibe patterned
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non-tran gi ons so Wi genera
regiphie 0684.t the roethagomalpy olpedrs)® \mnthcttlmbeseharsegbgmﬁs 6(!).‘1 thcas 80° phase

ed_.t hat £gi ons mor I
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phaterdBsdngd paféies 668 RRO1OL’ el?a'v@ tprez/ggte&' S RRED op ‘rfﬁet £iDRMes 406
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(FIG. ity fasger Peptonia Jie Stalisn rﬁf&wlﬁnwhes thg@grqn@cmtqm @8 and 608 could

not RROLRN € #leStqudd21 dop phase subregions 610, placed in a checkerboard pattern,
prevented the formation of the side lobes 406 (FIG. 4). The combination of the chrome

patches 608 and 608’ and the 180° phase subregions 610 substantially limits the formation of




contact hole target squares 706 as desired. Formation

of the side | obes 406 (FIG 4) has been suppressed.

Referring nowto FIG 8, therein is shown a depiction
0 of the side | obe reducing photomask design 600

thf( fii?ffdobe) 409 (Bt i%9p dlie e e rccomalivhed fiy deplasiddentagblenles, semi-dense
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shifiaticdads nfa08 upntlthe A80° favesudievantced e rammt)? 91&s@§eglichﬁ902 The

S|de | ob 40 er regi In snall
chigty T U By B eV GG MEE BB e 608 W 0B By desuctive
mt&@érerbﬁ ol §RAhedkBB oS padk®n, IROcRbAS Eat&UMSGQ'nQP%egétpever the smaller
ced in a checkerboard pattern, prevented

185 ot'¥et JUSFEelms PR of F@é)hp@bs@gt G- (T:lp@wngnts ty @sk of chrome lifting
in QQFUéfWﬁﬁdlp{@ngfls §MBe C RN Boar® ﬁgt&tﬂ?ﬁy 008inaf ﬁ?%atng'qgﬁlé chrome

t he 180 phase subregions 610 substantia
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to taHREieQNn a AlcRhasE: p@ﬂté:ﬁné@&@o:ﬁcﬁregﬁﬂ 8f WBecBhd pilge ;ﬁﬂe ﬁrst plane,
phase subregi ons 610" and a 180 phase regi on 902.

theg cHFUiterepial chngusnt fsragiagien dud fsr seeend wfaﬁcgb@ln&s@swa@bf out of
phds@ &} @8 99 PhadUig atlﬂocﬁ(l'l@(}@%tsﬁ;ﬂﬁﬁlk\ﬂﬁ: ﬁrﬁt‘%@fw& Q%detgg @ec%ﬁd re#lon to
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be tn'@@tra@i'%@@% 3 @E(};e ve 911 gtrm el se?&eﬂ%\/ nllie %1(!11 Ff‘% %CNQ’ kchIBgeo Iqem the

ting int ns” o oar
radpmptl éir i thing regipmmitrthe serqgnd Ibienemmg/ bisnal 006¢ hdisﬁlrmmgﬁﬁxﬁcmh%sparent

o O B RS TR o o
regmait dm‘a;sé@né I’pﬁiné gépablocf 0dhend hisammingaticihes gioﬁ off HéSirst phase or
nuner ous

reatl hr ou h the elimnation o
thedgond eliarit %‘8? e glane g EF?*Vﬁdhen%% lobespn e thigd reglon apihg second
plah& isheMek 801fol ow chart of a nethod 1000 for redu0|ng

side | obe formation in accordance with the present

i nvERSi gnhasThisn (fitcRvded gd the side lobe formation reducing method and

apparatus of the present invention furnish important and heretofore unknown and unavailable
solutions, capabilities, and functional advantages for reducing side lobe formation. The
resulting process and configurations are straightforward, economical, uncomplicated, highly
versatile, accurate, sensitive, and effective, and can be implemented by adapting known

components for ready manufacturing, application, and utilization.




i ncludes positioning a first region of a first phase

at a first plane, the first region transparent to

radi ation, in a block 1002; positioning a second

regi on of a second phase at the first plane, the

secHide theghomtipn asslirar descriped in adijandtion withd: phefis bepnde, it is

. . . e <k LIS

© BRERRREKT Gaf PR HHGHFISY B Bhiont R S ob{ Syl e Shoarent
thoam ekilidreingbe andn higlgi adrihe dforegaiug descaigiiat | Srvofdimgly.tihe intended to
cnplab S R B PEHGBOEER ey L TGP oo or e
inctuelgd ohirad. tAlemaeae hdhglodne sctafodthtierdiave siiovad tethlealeeompanying

fromthe, radiatiaon in a third regjion at the second
dmﬁWEﬁéF”?ﬁeggﬂPg%w*i@@gpm33§F?W%WVﬁﬂnﬁmﬁ6ﬂ§?ransparent

region at the first plane to assure radiation fromthe

first plane to be neutralized in the first region at

t he second plane, in a block 1008; and positioning a

third region of the first phase or the second phase

at the first plane to neutralize the side |obes in the

third region at the second plane, in a block 1010.

Thus, it has been discovered that the side |obe

formati on reduci ng nethod and apparatus of the

present invention furnish inportant and heretofore

unknown and unavail able solutions, capabilities, and

functi onal advantages for reducing side |obe

formation. The resulting process and configurations

are straightforward, econom cal, unconplicated, highly

versatile, accurate, sensitive, and effective, and can

be inpl emented by adapting known conponents for ready

manuf acturing, application, and utilization. 9 Wile

the inventi on has been described in conjunction with a

specific best node, it is to be understood that nany

alternatives, nodifications, and variations will be

apparent to those skilled in the art in light of the

af or egoi ng description. Accordingly, it is intended to

enbrace all such alternatives, nodifications, and

variations which fall within the scope of the

included clainms. Al matters hithertofore set forth

herein or shown in the acconpanying drawings are to

be interpreted in an illustrative and non-linmiting

sense. 10 THE I NVENTION CLAIMED I'S: 1. A nethod for

renmovi ng side | obes conprising: positioning a first

region of a first phase at a first plane, the first

region transparent to radiation; positioning a second

region of a second phase at the first plane, the

second region transparent to radiation and the second

phase bei ng substantially out of phase
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to the first phase; positioning the first region and
the second region to cause radiation fromthe first
pl ane to be neutralized in a first region at a second
| ane, not to be neutralized in a second region at
T VGO pI-AREEDdRD to have a side |obe fromthe
radiation in a third region at the second pl ane;
posit i ont mgthwddenemesing pde kibes eairsingat t he first
pl ap&itQ; Ladiat i , ' _ .
heur A PUBEEACLRA bFh PR pLECTLE IR lahe e @ER80h faffarent
and posimfiendmg a third region of the first phase or

t he t.the first,plane. to ~neutral,jze th .
oi dg{%ﬁgzglg% %’E&?ﬁde?ettgholnr% a :EGeé:P%dnB% S¢ tahghesf'érétoﬁ@eplﬂgznsee_cmﬁ region
The net hogspient karadiakiombhsl tic Beqoad iphasarvicing stseantibilsbut of phase
regi on qg%“h%% econd region at the first plane

further conpr|§%1$%ositioning the first region and the

secputtionegi e fadt regibe ahd H&t scpbRN@glod hVaet BEGRCABA the first
region at the seco&ﬂ $%ane into a design. 3. The _
met hod AT APRTFUIRHETER 7 TEYLPaPOMiAngondiine dngt &ypiopputralized
further igQMchSESegidiOhMhBGeddng Jikte! dnd 89HOR Oide lobe from the
adj acent subregions arranged in an alternating

checker BagifePn ipathiet sgion at hesecprdplaptiase and the
secanfioR@S&ondrandAfenRE: DR 8t fgét?%eme ko YRGL Gldtion from the first
positioning the first région an e second region

furt her Rowpe bsewitpbradiimthetfing régdiensst thasedorslgdamed and

regi be. of  di hzes: positioning fhe .
nonll‘-)(%[rzg)ﬁé] ar tgnnr? r?%%j{ éﬁ{hg Eﬁitﬁ)g%%cdor 7 T S8ad P W%na‘hgletfﬁg plane to
non- t r ansp@alenthe sidedotan it e ¢hifd regibn ai thesdcandysiinet han

the different sizes of the first region or the second
regi-on; Tdwednpbsd vf okinng wiecit posidoniegitienfifstirdsh@rand the second

co [ orm the third.region to a seco Si ze .
e R Rl P b Suio S Wy 1 BuT el e Pl osion
thedind ptahe tsfoan it seagideeiobat tldecdmigod ifb a@kdbdm |

further conprising: positioning a fourth region of the

first phasenalod beclsiar ORthephagssitainidt 4 tHislt re@bR M@ thet ROmprises

f four&hﬁﬁﬁgion tr?n%parent to radiation and having a
orpngse ReEIPhET PHATYH SUlreeipRsgREHErd dh B dlipmating ghgckerboard
paticad @8ke fiRefhatd\rdflthd Sbond fhbde. from the first or second

regions; and positioning the third region at the first

pl ane f umtheihROTRGIS e HRfAYI ding the third region in
the space where the space is larger than two tinmes the
fi ropitigpige thealirgt region and the second region further comprises forming the first

and second regions to be of different sizes;

positioning the non-transparent region further comprises forming the non-transparent
region to a first size larger than the different sizes of the first region or the
second region; and

positioning the third region further comprises forming the third region to a second size

smaller than the different sizes of the first region and the second region.

s. The method of claim 1 further comprising:
positioning a fourth region of the first phase or the second phase at a first plane, the

fourth region transparent to radiation and having a first width, the fourth
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| ess than four times the first wwdth. 6. A nethod for
renovi ng side | obes conprising: positioning a first

region of a first phase at a photomask, the first

region transparent to light; positioning a second

regi on ofegign s ospd i apase rgqrhbanpth@tﬁ@mmh frdve tseffrone second
region ftrapspajent to light and the second phase

bei ng subStantially out of phase to the first phase;

pos p@&lfmm/ggt 1@ hlerd‘ ragstn atete dimst a)ﬂ‘ﬂﬂ\etfhehaemﬂmdsd’sngﬂﬂmg @he third
cause | i hot.omask t neutralized

first re% EnSMl ot élreetg fgyee ﬁgfl"&‘frcefh%}etwﬁéﬁ’fersé% firéh"”%th and
in a selcxsnbhnrﬁgu omcathctfhﬂmcﬁtﬁ.t oresist, and to have a

side lobe fromthe light in a third region at the

phot- or esmme;hopdfmrtemonunggxdaidbemdmpam&@ar ent region of a
firgs LS RO E pggl on and the second

regi ON Ozlalfngta s rfﬁ%‘?%ﬂ%% rsf Bhaéesgt@r forygat. the it repign transparent to
photonasllghto be neutralized in the f| rst region at

the photoresist. the non-transparent gl on opaque to
r adPSHI081E Hifo oS ndiantscand: Ith*Ffdatrtég iPBptompsky e feconst region

phase anghnbfagens &s o a‘ﬂBQ&ES&‘BnJ ﬁ%s@lagibg MRsKlifly out of phase to
neutralize the side |obes in regl on a1

phot or esP&Hist plgeest hird r egi on at the phot omask haV| ng

a SKLEARMInSuFss @H@étbﬁ%n& tli@$_?]c%9c?refigl$glzct> isé Fé%%Ogl (e Rhogpmask to

transparent to
posi ti orherf@wtrﬁemf!unslt ﬁr%égcvgmm &na phéteresiec and to begbwamliaéd in a

t he phot i tionin [
regi on an‘g)% K(ééigr((e%{;n K eg 6313 agg Q‘f ﬁ%vep%ﬁlfi%goé’gl}r%t}feolfgr}i’f ina
the seccbhmti ncg@nanthaphcbtbms@thot oresist into a desi gn 8.
Omi:lo hod g 6 wherein positioning a thir

gp % {g tahné)P rfig%ﬁng éeglonfog rﬁtgmf%@'otumaltedthf: géqt é?giqu and the
adj acentsccsmbrre@moras tiad pleneeki B ARudlibRr Rah! MY RGWALE to be
checker boagq(ﬂI gﬂﬁg} ﬁﬂ'}n of the first phase and theé second
phase. é oISk regloni ah the W?@Flﬁt tsorintrasapatent region

the fi f%baiu@%ﬁﬁxaﬂﬂ@' id¥e second region further
conprises formng the first and second regions to be

of FH’F‘F”P%‘P% Athig] eegign of shedst nhipgsrind ghd $eeombphate & tispetremask to
regi on antEtPalﬂ% th%Qm%rib&%an ﬁ%ﬁﬁ%&"%g% F& at Ellnc Fortbefs , Jhe third region

thereof to be larger than t erent’ SI'268 "0
first reégitlon pbetomhsk decomad segndrsjzcandaller than the first size and

transparent to light.

7. The method of claim 6 wherein positioning the first region and the second

region at the photomask further comprises positioning the first region and the second region

at the photomask to form the second region at the photoresist into a design.

8. The method of claim 6 wherein positioning a third region further comprises

forming the third region of adjacent subregions arranged in an alternating square

checkerboard pattern of the first phase and the second phase.

9. The method of claim 6 wherein:

positioning the first region and the second region further comprises forming the first

and second regions to be of different sizes;
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positioning the third region further conprises formng

the second size thereof to be smaller than the

di fferent sizes of the first region and the second

region, 10. The nethod of claim6 further conprising:
posPastisHingghandroansparerd géadm Bftherembrisestfophiag ¢hedirst dive thereof

second PPRS e s PROLRRSK: . ~ourth region .
t ranspar ent tr%% I }?laht éﬁﬁgﬁtlz}\lﬁc%gﬁge Efsggetgmvi\}/i AT, S9pg resion; and
f oupasHionayi they thildoegive duttier acrspaee fdravigethetshamdtshe thereof to be

first w Jromt first or.secaond.regions; and .
positioﬁgﬁgm?h%p%épﬁ%“?gﬂﬁgﬁng%ﬁﬂé%ﬁﬂbgﬁﬁggﬂ”?%??ﬁ@ﬂ

co i's roviding.t third region in the space

whers | ﬁéh"g‘b%&oé‘d GfLH ‘%?S%‘Fh"tr ARG ti mes the first

Wi dpdsitamchg d fessh tdgam dfolur fidsi prase bie bédosd pMisdtiha phdtomAk, the
structur fﬁr reqpvi&g sid? Lobes conpri,sing; a First )
region o UIE FRErOl R at g % 3n fravipe i iest biiehs the deurth region
regi on tibamsipanephcdiergedb@ticast AdBEEARGhd 881 ONselind@egions;
second phase at the first plane, the second region
transpaﬁ? t to radiation and the second phase

subsdsamhing! thy it re%ltm RbaRE R nlE [lidep tcotplgﬁ's%g; rding he third
first region and the second region being posi I oned” {0
cause r 4884k indhe snaeerivhere the spade is [argen han dwh @mes the first width and

neut r al 112&eha N fhibShe EROLRIY, @t a second pl ane, not
lized 1n a

to be neutralize : second region at the second
Plane. a0UrfQul®Y %o tlilfad G0 Hlgihbe radiation in
athird region at the Second pl ane; é’non-transparent

r egd Bt meion éa fiist ghaspitarfestphenasthe fiest regttinatangpardnt @atibgon;

first. . utralized.in,the first region at
B8RS A MRER A PSR W Bl
to radi atdigtion aadh theacdonil Hlase eghisantiglfy dunef piassto tRORSEPHALC;

t he, second. pha at the first plane to neutralize the

si db° EREEIRAR fis Staene traioagictis pa nony te 6o6R iR gom the fist
12. The ptdne tcbdiicRtr@izea hdh st rdgioth 86ddnd BRIk, inoBlo be neutralized
region and the second region at the first plane

furt her 'Rn5Fideseione i scopdglenn wddior breegegidndobe from the
regi on RESitlch ML thidtediftCarfihd Stol g, to formthe

second region at the second plane into a design. 13.

Theé WirifpesnaFat sriog) ahtha firstplankh ér edsere aadiddiondrone thiedmst plane to be

further n@xQFQRE&%%h% Rt b Jii({nd?t tﬁcegzlc?rpd O a9, agoeng%%{lrs%arent region

subregi ons arranged I'n ah alternating checker
pat t er n opfque herafliangt, anghase and the second phase. 13

14., tim(? reﬁornl“b(f'ﬂyer fis© [:];hagé S g‘ec%n(}l\g%rsg gitntile first plane to neutralize the

side lobes in the third region at the second plane.

12, The structure of claim 11 wherein the first region and the second region at the

first plane further comprises the first region and the second region positioned at the first plane

to form the second region at the second plane into a design.

13. The structure of claim 11 wherein a third region further comprises the third

region of adjacent subregions arranged in an alternating checkerboard pattern of the first

phase and the second phase.
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the first region and the second region further

conprises the first and second regions of different

si zes; the non-transparent region further conprises

the size of the non-transparent region to he |arger

t hahtt t hel'listrieprsof clging &k whereinhe first region or the

sec i on t 0 ses

i het(ﬁg :ﬁésré ?&%%5091"5?11(:1 fa{bdseco&{d%%&% ﬁlgtthgzr %mpnséaL{f Pr%[ %n% n?qrz]]d rcgions of
di f f er entiffgeresenf the first reglon and the second

reg ure of .claim11l

corpRrariaTea R aaRvh s St e petahaSengprpgsion o
seco n d pﬂaﬁgeralﬁanahé diffsienpliznef the iest ko & thegtanl reglon and

trapnsparent. tao radiation and having a first wdth

F U LR BBt S SatenY ARgeFEpRdn o Ealer o the
first widltfekizther thd ﬁ&tre@bn%ﬁ&ﬁh@ge&ﬁ&fe%nﬁ, and the

third region at the first plane further conprises the

thirsl regieauli@icR@cRindyi dfdlel dmpkBRgSpace where the
space is larger than two tinmes the ?lrst wi dt h and

| es® fquHE regigrrfrthe firsbrhapher the pecpndiphpspat apigrst plangs thgdewithercgion

for r em}/zing‘ggire?ﬂt Q)Qaﬁtgtb(ﬁﬁaxﬁmﬁgﬁ'fﬂﬁ w:@thftlhé ?Jurt'h%gé;@rp 1Qfated in a
a first phase at hot omask, "the first region

t r ansparsepie larger fhcgﬁf e figgt S/éiﬁlmﬂﬁthﬁ gt @trﬁeeﬂfndacge@omdi

?gaﬁiﬁ t}ﬁLd lrchgg thﬁg ?1% b;me tﬁnﬁw? 8&%}5}%65 @19' @Hi rtc Pll %%v:ded in

e se ond ase st ant
of phaseh¢amtmghﬁﬁﬂwmpgnas@nprﬁhet®®nsmsﬂeg}ﬂwwah@nﬂhss&mn
second r itioned to cause light fromthe
photonage%f Be neu&ygﬁlzed inafirst region at a

pho res ot to in a second region
&ﬁe ﬁ%g?%?ggﬁgfmnown ?ﬁﬂﬂéVéogpg?ﬂ% | obe from the

| | ghfirst reg@ntohi ﬁd;t plege e ghotdihek, poker @ gios triandarent to light;
non-tran Faren (% on of a first si % proxi mate the

£ 1 1 SIPRERIn Aha STHAT BB ALe PBGBR A et R REH G parent to
to assurighl ;!n@lhﬁc bt ghhg: RNQLapRSKall PolQf 1@&% tAtht Zied phase;
in the first %lon at the photoresist, t

nonr H?stf&’roén% r bgi BPPrgpEge keong peiEoned dicEassq HEhigfiom the
regi on Qfhofolifs itd Bt 1{&]@‘%?26@“[4 4 '?i?qt S@%Qﬁ‘% Qih?l%%t@&stt R6t to be

photonask to neutralize the sid es In
regi on areurHigepiict seesi r§310ntahélewh®tpdmﬁbgm€bw hatve g yite lobe from

phot oraskc a1y REGAM RIS RRL] e than the first

size an nsparent 17. The structure
of &hamnﬁmﬁmmMemgmncﬁheﬁﬁnmeb;Hegm@miandkﬁh@gmeamddhesamnd

region agg,lg §t the photomask to assure light from the photomask to be neutralized
in the first region at the photoresist, the non-transparent region opaque to light;

and
a third region of the first phase and the second phase at the photomask to neutralize
the side lobes in the third region at the photoresist, the third region at the
photomask having a second size smaller than the first size and transparent to

tight.
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phot omask further conprises the first region and the

second region positioned at the photomask to formthe

second region at the photoresist into a design. 18.

The structure of claim 16 wherein a third region

f u r’tt”/‘her T&mnﬁutttst@@f pla'en i iwrhdreirrtég figsh ragfonafl eeesstond region at the
pho nas g%uggs gtgr{i]g? ¥, n glloh egnlaa{he %g(églua ijrg) ﬁosmoned at the
phc&ﬁﬁaﬂ;hﬁb fuaske seﬂ:&ld rﬂlen sﬁthmpitottmesmﬁnte hdpsignl 6 wher ei n:

the first region and the second region further

commriséﬁw&hamhhf@hﬂﬁmdu%eh@ﬁM¢ré@ﬂomsmoﬁﬂﬂﬂtﬁ@emﬁnsﬂwthhd

t he n-transpa regi on further rise
e HPSE S B RO RO PN PHER S o g erfgp e of the
ﬁmiﬂﬁ@e&hﬁhdk&%ﬁﬂﬁW&aSlzes of the first region or the
second region; and the third region further conprises

t herosecond sghaere@f clalne 16 Whedint egi on to be smal | er than

the different sizes of the st region and the se

" oghbS! BEIOTPRE TR PERE G bR St second Feos of
conpri Sigi@redt sf204rth region of the first phase or the
second phase at a photonask, the fourth region

t r athe par-Besperent| pgien fusther waprises the Fiist dze twndtaﬁspar% region to be

fourth l%g%ﬁﬂar! Q& Qltﬂ%g:n t 4128 of BRALE rcl:g%rgﬁ‘rthé J&@(ghdt r@?on and

first w first or second Teglons;
t hi thd thidgegion émhpmmn@@sdmkorfM@wéthedbmﬁbm@@§0 peramaller than

third T“t‘&i &’;ﬁfer%ﬁt' Jieds o%@ﬁ”?s‘?reﬁgon a‘thﬁ%wss%%ﬁ zvfgxg{ € ;'r‘]e

space is e first

less thap, s(rﬁé:l[lreto'f B 1 Rurdhb! Smpts @i 15

a fourth region of the first phase or the second phase at a photomask, the fourth region
transparent to light and having a first width, the fourth region located in a
space larger than the first width of the first or second regions; and

the third region at the photomask further comprises the third region being located in
the space where the space is larger than two times the first width and less than

four times the first width.
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