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METHOD AND APPARATUS FOR REMOVI NG RADI ATI ON SI DE LOBES

TECHNI CAL FI ELD The present invention relates

generally to photolithography and. nore particularly

to patterning different types of photolithography

features. BACKGROUND ART Integrated circuits are

now used in al nost every type of electronic product
METHDDAND APRORATIS FORSREM OVENG RADIATHENSIDE LOBES

integrated circuits are all generally nmade by a

phot ol i t hographi c process, which invol ves

manuf acturing a tenpl ate containing patterns of the

el ectrical circuit and opaque areas.

The patterned tenpljigﬁigﬂigﬁgﬁﬁéa to as 10a "reticle"

or "mask". A radiation source, such as a |ight,

The peesentt iovensiop relatesgeneratlyto phetolihoaraphy ged megretpgeicularly to

patern R R R R RBP4 SO i er. once

features are patterned an the photoresist, further
processing is performed to formvarious structures on
the silicon wafer. BACKGRPUMIR2ARAaf er is then cut (or
"diced") to fow 15the individual integrated circuits.
FRELARAr GrchidP afehd W WHEE irf ORmYst %f/erﬁltﬁ&doﬂ elsb@oni¢ PEARIC) ranging
to Create a schematic design of the mask. One
from tayscloningeséve cewpwstn Phasseingigrated ficuisy ats plhgimmergly made by a
Al ternating Apertur. -Shi fting,. J .
photolifioiFioRR Pk P EEbIH RydTugS Hanfatdtifig, ol foh s Mhms of
the eledt@ad] wiresit ad RagphehBirRiCofaduaarRas. r Tiof pateassd templaheis mefsked to as
. .. called shifters separated by an opaque region. 20 The
a-rﬁuﬁba&ué“$bgion, typi cally made of chrone, does not
bkl 3f, id RAGS phit A Hultiple i fth
%)l\—/\%\/ﬁé{o,ﬁ% %f(gé’%ﬂ FI?tH %?é@gﬁ’ bgol\%gfl it%ﬁ? to gass t hr ob%ﬁ lrg%gdes on e
mask onhasghotbhasioiva seatafal t dveh las ghthotoFewist sin fhiessusfacaof beilicon wafer.
used to shine lLight on the sa egi on of a.

Once 1SS 861 RATSAeH Hhfo PROFRSISp AL g PRIF Sl o RETgetinle form
varioussﬂf’ufc{'tﬁ'ﬁssoﬂhﬁle QH coﬁﬂnf&‘?sﬁlev\‘;oﬂblét&hvlaf@!ﬁ theA S8l (@9 “diced”) to form
through the other shifter, a feature is created on the

the indptiditad irgedrated thatitsi s narr ower t han t he opaque region.

separat.i the shifters. . reducipng. the size,of .. .
TopadRen Bt commer i (RIS BEefbRnPhatc desien
of the %n\%k Ok t&hBiqubeLYvens® Phidseahifiag, slankhews heallRghading Aperture

s
he:phptore5|st. The width of the feature can_be
Phase-Blifténg v wsoll yo trests sttallrfeaoes @nbeiegiated sitetithy Sydhesnipdinfsatures are

i | . { .W,t h .shifti
senes GG Y SRR SHE 80 Bl VPR 30
i@ paducapionstypichRy niilie b eiromdeddes wot alley tadiaiohenenasight to

occurs and the L%ht fromthe two shifters cancels.
pass thepighy dlewetgrtthe shillgsenllow tigh to ipatit thﬁ%‘@éiaﬁé AREsUYR Phang of the
light. %%léhff?e?s pa% HXIgeh q(? ghﬁlg tliggte%tpﬁl' @Em\gﬁ?@%ign af hrﬁ)ﬁgto%é%fst. When the
opaque Tegions are crea y destructive Interference
light pasingphesgd dme &f the lshifgerd eoddiftphasd titbhthetight passing through the
ehronel ess phase-shif iggenask transmts 100% of the .
other siftgt a Sappre 45 gatedion the pRetoRldhat b Padowefaban dyfyepaque region
: Ofpy 2&fRidg the( ogREE kegidh, Shak HAWALAGist
scparaif HEHERE 016 el BOOBICOR LR ki S Py Bisnc
betweenithe tige slifteSPLerg amatidesterearcan bactestetl @nappehotoresist. The width of

Artifacts are. u ted features in the photoresist
the feitpisat B D ORI eH B SobgM RIS Pf SRAUTE BROPEy ey ptical system
withouk H&w%ﬁﬁﬁﬁéifact 10 is a side | obe. Side |obes

t%pically appear as small halos in the photoresist.
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One techni que used to prevent side |obes is the use of

a chronic patch. Wen properly placed on the nask,

chrome patches block |ight of secondary intensity and
prevent side | obes fromfowing in the photoresist.

Uwhen tlightafredyone shiffet &r K80C ant of phate adikoyriapemithtthahight from the

i.nensj ons of .chrone patches. 1 Furthernore, as.
other Hfe eﬁwaﬁme&fg&eaeﬁ REFEYAd die el °fth e pien SBigrpgeancels
Contr({ﬂi??%‘ (EL RS TR TibRMUSasbifg Bk thd RESK ek Be WxtnBEPTR the point

ing increase. Chrone |iftrng is the loss of the
where @Hrod tlee gratiediregions preraréatersbydestinetivsanishierenos angpposed to blocking

. processes sugch,as nask, cl eati.ng. What i, ede .
the tigf, GFERRREnS X InfiinsIs e B mast mapvitg 1946 oD HE g and i
used iR hav@miduetaBédiphdso@ge ENromcfesy i %ﬁis}dﬁhégaﬂﬁﬁ{]‘ﬁ@g”ﬂ Ghlso known

the risk of chronme Iifting. 20Sol utions to these

as chrgypelpssathgseniéthesraivn(“CBRY)- sought but prior devel opnents
t h SUQQ sQl utions t hus
L U M E e G oo
featureskih Ithephdtoretibtecredatéd byPhidat OBk#sonddry Tight inbdvEL| Oie T of artifact

] .present provi des. a_net hod and structure for renoving
isa su@". lgke.| Hhe \{’BVY??]BBX ARReghRT Y4l hades inle RYRHS adi ati on

t . i . 1t ] i 0
DR AL usplf ) (5 i SRR |l bf Sl pARRC When properly
placedpinatbe saski ahgorseipat Clems thil @kl light uf seebndainp seensfyu b prevent side lobes

osi ti oni ng?the.fi rst and the second region to cause

from f %P&Hg‘ﬁ? OEES8hcond pl ane to be neutralized in a
fiARHuhARBlyOBhiftBRTcah Uik tRE BldcahbiOMd! dinRnSi6RLBH chrome patches.
region, and to have a side lobe in a third region. _

Furthemraenehens, plpdelithographig tachnotegyr aorjpacerie advghesn and mpsk designs

. first, plane t.g assure 3Q...radiation at the.secon

continggt Kby B i@ PEiTmd g RiiPe AP iREE AT he toss of the
chrome® Eﬁtich,! @Doftidnd ot therpdtch adliratgl 20cdsE3 REEPAENASK @€inaip, Of

the first or second phase at the first plane to i

n¥hat g negded; peerefprge aroparroved msthodshapd) corligusations fonareventing
side 10BESHR .ff))llnﬂt]gwhile dﬁcreﬁﬁ{(g/tﬂé?isfgpaﬂbﬂg g@ﬁ} .f the .

I'nvention have of her advantages In addition to or in

B agttomsfto tthws @rotéerhd hanedbezhdureg sotight Butviaitiraigeslopinkhts have not

beconme apparent to thgse skilled in the art froma
taught 108 SYBEFf Tty ngwa,ei%ltw@a tey dsp ippeblems Jiunlong eluded
those dkk@NnWd 4. r ef erence to the acconpanyi ng draw ngs,

BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 (PRI OR ART)

is asinplified schematic of a phomithowaphic system

DISCLOSURE OF THE INVENTION

The present invention provides a method and structure for removing side lobes by
positioning first and second radiation transparent regions of respective first and second
phases at a first plane with the second and second phases being substantially out of phase.
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 plane 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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FIG 2 (PRROR ART) is a sinplified schematic of a.

phase shilling systemutilizmg chronel ess phase
l'ithography; FIG 3 is an illustration of a photomask
design; 10FIG 4 is an illustration of a patterned

hlgttpi%r@?n i %Emgn?g (% tgpn egtrigg}l%\ﬂag(ggggat@?/r g%:é iljll lﬁ(i(ﬂtsl(t)rg al grdin place
of thosP RAABRSKaRS! aheOfdviilt es%viﬂu%bh%?gﬁ@riﬁﬁfihoier&ﬂled in the art

patterned photoresist depicted in F
from aHemading ofS then fqllolesg rdatailoth dshcriptvindeherntidkenewitl j igtprence to the
accom}{gﬂgltngﬁgsk desi gn accordance with 1.5an enbodi nent of

LERE>i nvent i on; FIG 7 is an illustration
of a reduced side | obe patterned photorcsist resulting
fromthe photomask illusnted in FIG 6; FIG 8 is

a depi cti onBRIER DESSRIPTI@NOF EHEdRYWINGtOmask desi gn

of FIG 6 superinposed over the reduced side |obe

ReG! ﬁgm@wnm i EsdigtplifedsHeRfhtit Bf Fbfdtolfthog@bhicsySeins

a cross-sectional view of a central portion of tKe .

§i@e2 [(BREOR ARE) ivgp pingtlidivd skheteaticgdf @lepisetsbifting srtan utilizing
hr % tgkeri.ﬂgn cross-sectional line 9-9 therein; and
chromexgsg;phasy ' O%al?hy_ow chart of a method for reducing side

Irete3 tsqnn’ﬁﬁgtﬁyﬁohafagﬁ&bﬂﬁmee id;h the present

i nvention. BEST FOR CARRYI NG QUT THE | NVENTI ON

FEGn 4t isearf glusowiiony of éis patigenedo photorasive resuliingpBemys the photomask
: det.ai ire given to provide a thorough understandi ng
illustra I?Eiéi 3gv_enti on. However, it will be apparent that

e, isngentdepiatiswf he phawiragle dewigh dUFIG. lesepspemistd @ver the

details. In order to avoid obscuring the present
patternpchplegipresist depisied WO Rhown circuits, system

£ . _ o di . _

R A e S L e R

an embadindinbf the peseheinaaidionpar ti cul arl vy,

FIG. 7 is an illustration of a reduced side lobe patterned photoresist resulting from the
photomask illustrated in FIG.6;

FIG. 8 is a depiction of the side lobe reducing photomask design of FIG. 6
superimposed over the reduced side lobe patterned photoresist depicted in FIG. 7;

FIG. 9 is a cross-sectional view of a central portion of the side lobe reducing
photomask design depicted in FIG. 6, taken on cross-sectional line 9-9 therein; and

FIG. 10 is a flow chart of a method for reducing side lobe formation in accordance

with the present invention.

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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some of the dinensions are for the clarity of
presentation and are shown exaggerated in th FIGs. The
term"horizontal" as used herein is defined as a pl ane
paral | el the conventional plane or surface of the
some st cmenkioararnddrethe otaritly of preegaatitinesd aod shdven exaggerated in the
orientation. The term"vertical" refers to a direction
FIGs. per pendi cul ar to the horizontal as just defined.
BRI Brm SHEHzRal” AMised HR %"(}eﬁl nbé Ll@%lp}aﬂe P%fl&% the gonventional
"top", "side" (as In "sidewa In) “ht gher™, "l ower",
plane buppéace of "the eerhicombudtor uvafer 41, diay egeididss etl itsiotientatiepe dhe term
« ..ta the hori,zontal plane. .The .t erm " processi ng"
vertif?” g8y P eG4 5 HPBFPTA etk AP oy emne such as
“on”, PRIV EShabw” PabJtRIN Ndop e XRRRUI@s iAEe%RIRRIT®Nthigher”, “lower”,
etching, cleaning, and/or 1.Cl110Val of the nateri al
“uppedy “ongr plaod Owrslst’s areatelinedywitheespeet to drerionigontabdses. i bed
ru rE, . »lhe present.systemis.described wt .
- D" Brosssningegrl TR HEVGS PebieRan paga " Photoresist
patterdiloy)ess@iosuref deidldprixat) eRBinky cléafiassheber tdhadval E the material or
invention i s applicable to any wavel ength of
photorpsigfi agretired am Epriving HeRfcribedbiiiu6h%ef or ot her wavel engt hs
i ' : : i il ar
b RSP B A AR OE R o R AR il e - ol rane
Howevyar oiv ivdB dbehreadilynunddfstdidfteatrtha gnweatiod 3 dpblicable (0PRlyGRavelength of

. JART), therejp is shown a sinplified schematic of a i
radlah%cﬁ%ﬁ N ﬁ%ﬁlﬁiﬂﬁlfes _E%rs%% Hoiengthsphll fnotvaryst tﬁa_é?sgp?ﬁ qrdinary
skill irSthe bR Mad@Qn thadbRtip@h bSthdb&RE 18R dhfid bR VIRt LN

source 102 through a photomsk 104 and a | ens 106 onto
Refemingarautot BIG. WaPEIOROSR Thrihewhingk shwv a lsienjfldredesdhematic of a

ural.i.t f inptegrated circuits when co eted. . A . .
photolBhrBinic by o {10F b bR b Bl apEa Bl cgation is direted
from aSAf1a€i6A dUEce N 01AirBhghl & Photdthbbie 10hehPaRSK 1184 ntd ! séf€Snductor

Ilght-transParent substrate 114, of a material erial

a
wafer §0@romehidiswill be foreedcr plymality of inlegiated qysuitemied completed. A
t] T i.ation ur,ce 2 n be a
photorf IS0 1 1 bon dedified BIUR CRRCRIHGEAMRFIBER, ongtn.

WitieCphdtdr@agkhidoineibiiesl §4ighelratbhrés ubstrdtows 4t &t ®ugeri$ such as
patt erned Ii]_g{lt 120 to be focused by the | ens 106.
fused gthica A siyariat Wil heaftanegnaskopatingt Yduces t he mask

t.h:0.: t K . i+ .
PRI ARL 08 AP RISl 00REIR Mg weveeat
which éxppistomaskt e sehctiesipatowh dirongisassiatteané lightl 120 & besfdused by
a ska .phot ol j £t hographi c . process to form features
the leng 10§, %ﬁﬁfé%ﬁ“‘?"%ﬁi 1o r?medlgf@ﬁﬁ@dﬂ@_ﬁf&aaﬁrf«m{tg? paffpgned mask
coatin®1 166n YAEdt Qi isredsBF e SpifiordBbiQhIRl1 197 evi ousl y deposi t ed
or grown on the sem conductor” wafer 108. The goal in

tAierp lavpasiiie, hibgr pasteinedf phodtdrasist tlaydte &l rieduseilngs tahenask in a

photolﬁflozg?ap%c IS,H,%QSS%Q ff(?r?r} RafitedOr olirr;rl%ia%p }eggo%glo%n[ﬁé semiconductor wafer

108 or on various layers of material previously deposited or grown on the semiconductor
wafer 108. The goal in the photolithographic field is to keep reducing the size of such
features and implant regions.

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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Unfortunately, in photolithographic systens, even a
geonetrically perfect |ens cannot separate two points
bel ow a m ni mum di stance. Wien the two points are |ess
than this mnimum di stance from each other, they
. cannof. be_separated or._ "resolyed". This i ue to
diffraciigr PhioferGRenos s st Of FEcHRR syfsqt?se%lﬁlgh a1 ‘f‘Fﬂagﬁ Ve nature of
the ligh {PEISusdBEAR AdCvAISs tO obhE W RRkMEe oPhd Nignt 1 Bhbassin
elg@is, caﬁgggpeaks a%d S%IIé&s t% occur i@éthe in ens[t? £
througlofin bpening, ghth 4518 rassigrg thdpastegredamaskponiing)! 16s godh falkng on the

phOtOI‘%?ﬁt ffzfyﬁgll E@ O{Iﬁ ef %}%&F@I}(ﬁ:g{og t%"da]f%m- i@%&%ﬂ&{:% éﬁkctsa g(cjcur with side-
by-sideSBn iR AWEdre 'ihééﬁifaﬁi add@lleh b ek eipantavafdah eiterf@e bs to cancel
with sideby-side openings, where the peaks and vall eys

each othier phie ok icgh treinfovess archamplityesach rashes o depsnding anibe lowgiehs of the
. other out, or can reinforce and anplify each other,
OPeMNgnendi ng on the |ocations of the openings.

efidlhf gpstPBiv BRE 6 OB ints\ide, Pl difBacion cffebtespreads the light from
diffraction effect spreads the |ight fron1the%§ttmo )
these tyygineings aetoss thet imagingalgnng Ll badwo moints @re wtigenth slogs ¢he light
] RS i cientl I [ : i ' t h
e
other ané thoowill bsendeé thatimisthesolatich dhey switein. Te sebaetiont h£a non-

[imt of resolution of the ste The resol uti on of a
perfectnlgas dgpende (upPR i8° a%ads{?agtﬁ@fi St RYEE RBLAC Semerigal aberture
(“NA”* 'é)g Efle %F _C“?w@ni%agg§ AP BBsheRld 3PSl Rsdlvale )wlfé&l ﬂéle 8ntensity

i mages e consi dered as being resol va

betweentthemtdneps tot #npértent lné theemgehstensityo pEhtso 180 ipages eme cofsidered
e jmage i ntensity.. Thu ) i mages are consi dered
feso“*‘&’g?\@b%ﬂ‘%ﬁtﬁ@&%ﬂ%ﬁq% ’é’nf‘%ﬁﬂ%\tlﬁyd\ﬂg equation is ful filled:
2P =5.//Na?I NA where: 2D is the separation of the two

i mages; k is the wavel ength of the illum nation source
vaRre:a2d iNAhé¢ sepatadionoftheitealimagesi t ure of the | ens 106.

20ln an .effort to gverco diffracti nd i nterkrence
probl e ,SfﬂQFa‘?’?V&ﬁJ?gﬁh%f;tgé gﬁﬂlfl?thodl 3 ;l/lgct%(re]l r?g ’ a(tlve been

devel opeAlis the numefRefl@pbérnitg o 6w 16 Fl6G. 2 (PRI OR ART),
therein is shown a sinplified schematic of a phase .
Jniantafieg toyeyewameobiftaction 2Rt jiekirenrs RellcPpa@gious phase shifting

lith "CPL"). The center portion of the |ens
SyﬁﬂniégV$§&%?%¥ﬂ§gﬁ-mmere the angle of the focused |ight

ReferringIneasto Fild. @qPRIOR2ARAY thereinhie shinot alsirthpidfwepichematic of a
system 100

s FIG 1), light 118 of a.singl |4
phase SYTang seten F0oii btibe iRy ek PGt JUBPELP R0} iy gughhe conter
poﬂioﬁpﬁﬁt{h@h@&s%%% gg}%?re?rf%e}@ﬁlel angfe e PEMRed ﬁﬁlt 122 is 1168§t. affected.

oresis on the~sem conduct or ~waf er
As in fhe@hpioig®gedphict dysigns 160 @iG20) lighs1 thokesiagie acantength is directed

hifters 202, 203 and 204 | ocated at. first plane,
from (B hTRioh Gopieg T, PaEaEk 05%?5% feaad e fepl06 onto the
photorkdiGHyet 180 BRERER ] i RYSBr (Afkr3Pgshi fters 202, 203, and

204, which are transparent to |ight

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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Si nce phase shifting of light occurs as a function of
the thickness of the shifter material, an extra | ayer
of shifter material 206 is added to shifters 202 and
203 to cause additional phase shifting. This extra
quartz| asodncef a phasesyhadt @IﬁtlSﬁ‘hﬁ&ﬁtl\&l to286 ,shidiee R0AS Tid ce@eEsponds to an

opticaﬂllajﬁa# ﬁé\gﬂg é&glfle%%g Q?é@? ?"E}gllﬁg fgefr%l (%Smrqe%(}}t allr\é gtl\tats?ar}tmﬁy out of
phase Bgﬁ‘g@ Begbdsf 6F € PGS witiddhe oTﬁEt'%hlﬁteP?O@h' fters 202 and

are substantially out of phase by 180 degrees, or
nSinegdplaasss of}\hght wlineh gtelmubstgﬂnaﬂlymut@@@hase destr@®itrvely interfere and

theref ST AL MYBIey Lt 1 8P in 3L ST BFbr 1% ARo? LB destructiv

interfetdhRY iOVIRS f)zﬁ&mddhl h tif laSseddhd pldfk3 .suahas #HedpHo®#68st layer 110.
destructive interference in the patterned light 120 in

Thus, thessbefeniel 262, aWé; ard, 204 a@atterﬁeplmﬁ@pmtefgatgte 308yiarthg photoresist layer
110 il BB r el o PR sl F L AR R G B R TRt

tTi&tphaSe ﬁﬁﬁm\g s9stemaol thiis Allvas szﬁt&res Bldy Brhe plasOtebiti Bture 208
mt of the lens 106 itself. The phase shiftin gh
to be @9%11 snpbochamasysemaws usiagmbpissshifiing. dénfprgnately, however, phase

Shﬁhngggﬁg&§§&§5aLpantre 208 10to be nmuch smaller than a
ystem not using phase shilling. Unfortunately,

hitefernrmg, naqwhasEIG 1, It]herelg iashawmaen dlusaati@cefis photomask design 300
Referrin s shawn

t . \
for o g 6PRAR 5 of A PBISE K RSB0 00 L S8R0 iy 0 contact hole
phase Fe%‘iﬁrﬁqoSh'thdﬁ caﬁs@ﬂ@l‘emkp}fﬁge? s AighP ?s%ﬁlgrtﬁﬂiugﬂ $he regions,

contact hol e phase regi ons 305, whi cause
and ortliogphalyoshaped pRAsehashirégionst 306, ghitictp aause n@omtha é&@"hphalae shift of

i s R LR s e 8 B 3R o

square&ﬁ@lhrﬂﬂ désgrotiglhonk Nguchegi tﬁél 9° cdhactdld QHm%éiMnéi B @5’ edn addition,
180" phase regions 306 forma square around desig

chrome a@mﬁsﬁ 08arm begn depesityd ondhe platomatkedBndde Chégm%mches 308 are
non-trffaretloGE libhnpfls (BIG A sce el PLORS, 2PEI pot pagp froueh
thecmaﬁ&;mnmwiB@hsparent to the light 118 (FIG 2), Thus,

R e i, (LS, 2t LoD B LEough ZOLR L 302 b
are cohsnd'&éﬁ {PBe gl@%ogﬁo&rt‘l at't e pﬁ§toh‘1§§i@§0§ {beb@mécﬁqg%lf sitfantially the

but are considered positioned at
smneng@tonask 302 to be effectlve in substantially the

n _orde or destructjve interference to
SROTaR B otestiieisr Sleate it T3 it cocut oL BRaE, dtact hote
phase &2ons 308, BB RN DFARE 03RS Qo t& HHRIRohtct Hiffe Qhase regions
contact hol e ﬁhase re 305 than a di stance equal to the

305 thapm @tdistaricet ¢gua tqﬁggfad%u q>fytr1]19 m@ggo@g@@hmshs d@g?@n@glons 306.
302
Thus B8Pred ot TBRPENE g el B BrAE drfo oS bty such o o

photorédigti(nstixawin). Referring now to FIG 4, therein is shown

an illustration of a patterned photo resi st

Referring now to FIG. 4, therein is shown an illustration of a patterned photoresist
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.
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30 400. A photoresist 402 has been patterned fromthe
phot omask 302 (of FIG 3). Contact hole features 404

have been fornmed as desired in -the photoresist 402 in
contact hole target regions depicted by target squares

405. Ho si de | bes 406 have al ed. in
Eh%tsg}eem%§ @ézare arti acts treatedi dwing, g go[lg-@g%pgy krtlfacts are

unwant8d Fdah@6d Sreb gﬁ ah etk pH&tbﬂﬁlspn@Z 9&'&&1@ Grapidhdady fight Eiﬁt%ﬁsuy By

are unwanted features created in the phOt oreési st 40
strategiballyaplecisg te dhearoagarchied 3GhFIGNS ptosietegtiv@dy prevent the transmlssmn

o s SLFLER oL 3ELTS LN, SHLOTR PRLELSE 599 LBl cn e
preventéd! @‘nf(?r)un‘iifé[}p WecrGRlal disPinBREN debtRRSive iMerférandeab icefurdfmits the

such artifacts can be prevented. Unfortunately, the
placementi aridc dimegisions rod eth¢ a:hrqm&smﬁsrhcs J@8.i ritragtical émsedqf@lons such as

orom SRR P S3AGFTT b B PEDR Rl L s v

formati6hr one patch lifting also inpose limtations on the
use of chrone patches to control side |lobe fon natio

Refesring newriow1Eo SFihereim is shosmed fepistiar oth Oﬁﬂtfex&%qm%?ﬂ'design
| E1G3
s00 e EE0 AL R AR ER (B E10 T g st 0
is show‘B w1fﬁhthem1’0phh@a3kg1816h2 304?, b dwrb(mtdch hbleplBe pbgises 305, and the
alons 304, th cont act holgrphase re k%ns ggg,h
orthogonaly S edr 1R @Bm regioghaed Thg @ E%tclileég% shown. In
addltIOIT t’tﬁe %E&B%ISP abs I?se%zo ﬁ?h@&ocﬁ?a& Iﬂ@l’@feat'u?esaﬂﬂ' Hiqurget squares
ot or esi st I's shown wth contact ho

405, anﬂem sidebbdO406.t he target squares 405 and the si de

| obes 406. es 3 revent e

1BF bt petehey 30 opaategte it %af SidB OBt apbd ggions
HoweverTRh R4l S8 0N whbhahS chldmeGalBeR 3 (RERIE Bot3 TR G4 Be used, the

not effectively be used, the side | obes 406 have
side lotfesitelave formed.Ref erring now to FIG 6, therein is

ng%vrms%an | E)l JFE(IE] %0 %fneﬁﬁ) ];% 8 (?vlggﬁglelﬂwﬁf 1%8”0%46%%10 ; lob lobe treducmg

photorfbk tdeSigRr@Bet atddy@ité Ofith An Zénifihentesk tHeOprehas 1nvent10n A
orthogonal |y sha ed 0 phase regions 604, orthogonal (x
photonsinbé@gh@ wdieeaed cg@]ag@ser wglogh §06a5thogenplly Shaped 0° contact

rtho onal | e 6 6
ok R PRI, 2 Hﬁ‘%@m%&ﬂ@h%@%&ﬁ T4PE30R RO tB0 wna 2
Furtherﬁ{di‘b’ edhi‘orhél PatpaGsEBeandl 6081, gittich peweitithe p@ﬁﬁag&ﬁﬁ/l%ﬁv dlemethrough,
deposi ted on the photomask 602. | n order

have bgasdapasitetyan thaPEPIPEIERBE1 B a&deb&}rl%‘ﬁsmw Interfereqeg g goperly
t I

o, BRARGA SR LORE 05,0, CLEBEE 0 i 46 oo

hole pldiss regioss ﬁmjﬁiantaodlsﬂaace/\eqiiah tothet W&iﬂo |0f Hegomtiaigoyalshsipedd 180°

phase kgt B ot P20 B SaaSry Hhinel SRR IRE o R cquare
£ANE3RhseebiBnPbFse regi ons 605.

around%é Elg%géﬂ}] %Il gg‘gggcrdgaact hat %possﬁ tléloﬁl ng a. region of

ﬂi hmlb@ma@vanedtthet msmcomg;k region gl 16i3ed phpses at the photomask
desizn B TS 1A P G BRPOER bfhy non anspen
chromé)\%m ﬁ&trpe}ﬂaﬁnfthmﬁﬁub%h 6f whhre e Eteme hayerwvill 8y édo shall and will be

be too ; ma d will be subject to lift-off Thus, the

subjectr todifonfini Thushélesrmpnemlltbmnqlke thesnthe mapgsaprasent regions and fit

ons into e smal |l for the

into SP%%%R%%H%E%’F élhetn étr?ngﬁgr%ﬁt r%gl Oggxarrpl e, the addition80"
phase subregi ons 610 shaped i n one enbodi nent as
squares and placed in an alternating checkerboard
pattern, prevents the formation of the side | obes 406
(FIG 4) in those regions.7 I n anot her exanple, in
regions too small for the alternating checkerboard
pattern but w de enough for single subregions, the
addi tion of single, square 180 phase subregi ons 610
prevents the formation of the side |obes 406 (FIG 4).
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Where the sizes of the various regions are established
generally by their | engths and w dths, the subregions
will be smaller than the I engths of the regi ons but
about the same 15 widths as the regions. The

SEi le® @hpleSthe Wpditiene N1 3G°Hhasusubidgiuns pa0 ehhpddagions Smb@diment as
wi | enerally fil] spaces where there are_ proble

squaregapd Paged B %@F“é‘??émgl e g R ﬁ%ﬁnaflﬁ% of the side
I 0 I S, |

lobes 30@ (?ﬁ‘i tlﬂ@{%e 3@%[)6“] d ga}sng)ﬁfe angl?l:llj:r n'r ?% ﬁﬁatl rfor the

alternad:lhg alhealchrbcmdltpattelgl owt. wiRlef emauighgfoncwmgio sﬁ’fbr@loﬁs, the addition of

ere s, sho an il stratlo f a.reduce i.d
single) G50 BPESHRBS B bl 2er it oo Prmiifiob iy S8 406 FIC.
4). THOGisORRR RFaHRUNET Jalihld ﬂﬂespﬁwttm%(tog Qghal1FbfSchrBine patches to
Cont act hole features 704 have been fow ed as desired
prevent formagiop lndtler €d¢ Kibeg 806.i Thus rf@ad@strhcﬂn@ interigeance ¢uagas and the

side 10})%36 4§§ (%Z(Sél ﬁggcbrg? & 1@%&8&1 % 1t & f1)§?srel st 9%??984%1%’:%@ &gced for

exampld) €h @édlohsSwhbeWadin gl &P kfdate® A0V O fime§ ehesivilizh lof Qecorrespondlng
redUC|ng phot omask design 600 (FIG 6) superinposed

phase rﬁg&n tioreckagple B athggon 1ye9hpaa@d L5 atpagshisewngyliZs t TheopB0° phase
subreg nlts%loga}]% %VMII g&’ gl‘g}l f?(?\g er 1e éo}rlé gsﬁ{;)lﬁ é@rg@qfhrﬁlﬁg ®lhus prepared, the
photorﬁ)z{sklmg omahﬂyfoe @a@@ﬂm@ onea phaadrekiol @opdhasa).r egi onS 605,

th 18 " phase subregions 610, a he orthogonal |
swﬁsr@ dhq 8665 phiksyaried) BTG FES eﬁfﬂ@l %@?@rqé%(gf&h irgggths and
widths?%}ge Iggf?’e iGHsCwl] §ﬂ ﬁnﬁﬁ&“thah Qh@qjﬁlgf ST thé h&ipRob@r zﬁy%'uﬂhe same

omn W t e cont act e 30features 704 and
widthst le thearegidnss The esib@tns supplenibne thech nomérapspacdne se@§08s so will

OW have event ed . f or mat of the sjde.l obes 406
generaf L Py FIRrB Gt F BEHES WIth TERAFIET, S5O ET (Rggred that
the subrBgiof§ WARE wRALCRRS k0S8 e BRS:r tRalivb Nflks B &K and s than

square 180 phase subregions 610, placed in a
four tlmh%&lkwldtbmf@npéﬁﬁwmeglorpr event ed the formation of the
| obes conbi natjon of ~th o]
Rl 0 121560 tttin oS, AR AREb €47 S JFe tobe

patternet Qibenédiaal 109. | A rphosorésistC7 dzoﬁasvdeb@ Patéméd &osi de Ib}Q)b(ﬁﬁask 602
This _can be acconplished for isolate

(FIG. %n?é%@cqml‘%e§eaﬂ§§ﬁoﬂBﬁ‘éeeb‘??@nﬁ’&@?d pofiesired aléﬁlseeplmrswt 702 in
t

comac 0 Rk 5 160 BBt oL R BT 3 B v

mmpnﬁsﬂshomn a partial cross-sectional view 900 of a

ral rt| f the side |obe reduci ot o ;
3%%?%% o Bibrd> §hFin o% Shas & dgpSnoT PO gﬁ@ %lﬁﬁ&wdﬂmng
photorRaskt BEQKY rbO@ngh@w &) @ ﬂ)%r%?dé@@doxtepethé%dﬁct@s Qide lobe patterned

subregi ons 61 t her eon hase shill nesa is made up
photorgsﬁsttﬂ@@ (28D'7). plﬁhsphcgoubaskgﬁm sisv with theaorti®@ongllyashaped 0° phase

. _region 90 chrgne patch 608' is.pla Vel o
region{ gty Hegeittogstsiy el Cafb o biige vEEpretss, B Tsor phase
subregiiﬁﬁtmoc hhd/ el d}ﬂﬁg&ﬁillf}'%ﬁp&f 180vehafterkRnD @86 d THt dhedrfle patches

he chronesgatch 608" is not needed over the smaller

608 anﬂ8i§>8’ phake ssonnedi additign ohe photetgaisip{isie shown withethe contact hole
of chrome lifting in the very
featureshll()ﬁ aR& ﬁl e[Qlllggt sté]_}lgrel% bééc(:hecker board pattern by

eThem:fﬁainb natdhbe 608 A)d BT8! havehprenent@atahatol Iﬁ)ﬁtthfy\@ldb dobes 406
ot herwi se be needed is such small areas. The t

(FIG. )ipdareeniegtomgati py? iesa%om% @6@& the sheome; pschsr éP% Bad é08’ could
not b &kd, ecg@'t utb {]éber@'a | i n ﬁp%ﬁO' ﬁlatcgdjslnge[ %ﬁ&élﬁ%rboartﬁ Pattern

redué roug tion of "nunmerous suc

pat ches. Referring nowto FIG 10, therein is
shown a flow chart of a mgthod 1000 for reducing side
| obe formation in accordance with the present

i nvention. The nethod 1000 i ncl udes positioning a
first region of a first phase at a first plane, the
first region transparent 20 to radiation, in a block
1002; positioning a second region of a second phase at
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25 radiation in a third region at the second pl ane,
in a block 1006; positioning a non-transparent region
at the first plane to assure radiation, fromthe first
pl ane to be neutralized in the first region at the

prevenéégﬁgﬁo@%a%?)g oty SidopRase 10 (b St ohcqRagaTes of fis Shrome
patches 668%11&30%” d B8 @ﬁJ i: §@orEQ§n§5ﬁﬁsdb@Qﬁ§al fﬂlﬁlﬁ?tﬂerfbfrﬂlation of

Ion at the secon ane, 1 n a
the s1de Iobbsmocbﬁéﬁ d). sTloy eareble admtnphlshedsﬁod esowtoetsiecomtﬂchholﬁmeml dense

contc; S8, 20100, 20, 2o e, of LIE RSV TRED ot

conﬁgﬂgﬁygllable sol utions, capabilities, and functiona
advant ages for redu0|ng side | obe formation. The
Be&mmg mgwptooEBKs s9,atherenois shpurmag ipartial grass-sectional view 900 of a

central \pgpt ql}ttée Slgai‘ﬂf&{{? l?crllrgénﬂlg a(l?rp%sj(n&eg:%l éO@?{eag% OP cg)gé-)éectlonal line

9-9 in &, i6MHr rﬂcbabt‘{al@mbild‘ﬂleklm%h{se REEBgiohs6 M thdrémdyA phase
rranufacturl plication, and utilization,

shift mgw samadecun ol/BAtISOhPhES SBEEEIOBE 680 1 BEd 150" Pbpjeusgon 2. The
chromengzﬁal §P$’pl ﬁ)g ce& OQS}S tthe gprggr 1%6 C}ihsclsé %ﬁ%ﬁl\/%ﬁd epHat 99 ﬁlet (Fl-’]%{ructlve

Ives, I cCa ariatrons w
1nterfe14@ﬁcea<liﬂlﬁé eﬁﬁckémoﬁl’dq&&emktﬂeloﬁd)mmpzttﬁewﬁ’ is ot nkédgdtovef the smaller

t he af or egoi de t A it
180° phase §m§gog%6gﬁ@f§§eg£ | pq: Is]glﬁcrﬁes;f ?ﬁg%&%{ éxgg It}}e tisk of chrome lifting

in the @g I ?Eélﬁﬁ'ssof t‘ﬁP @g&%’étb?%#f;@ﬁte% b$ Rlif@atinifd¥nng BRall chrome

e 1 nclude matters hlthertofore
patcheSS’&l‘at f)\mutdloﬂleﬂv&i;mb@nefslhda\im siah ¢rive] sregonPantinegt thkawfargdeaning

ICOI T T -
througﬁrﬁ‘#e%ﬂuflé}{onrcﬁmﬁie{'&s%hé}?sﬂlﬂpﬁﬁcﬁéé”pr' sing: positi onl ng

irst region of first phase at a first plane,
fRefarting etg]wmo tHI@né@,aﬂermn riachawinon flospeBart iodra mlget%pd 1000 for

onofase S atth first
reducii GO S PRI £ AROBGS SHE 5 Pad ol vshiTam g TFRgrethod 1000
1nclude%e;ﬁ)@ﬁf€|mﬁ@aa5ﬁrsb Rdoich SUDSEADhAR] dt)s @t plede, pRafsst tagidh@ansparent
first phase; 825|t| oning the first reg| on and the
to radlstm frela blosg.l@ trositianie a waend Tegipnfofgniceond phase t the £isy plane,

the secr?gii rg%lgg e}a{r]lgyltﬁr?z gqolrg%lgmgﬂ hd tﬁeegécgﬂd %ilas% i1 E]Lgospinﬁgﬂey out of
phase to the first phase, in a block 1004; positioning the first region and the second region to
cause radiation from the first plane to be neutralized in a first region at a second plane, not to
be neutralized in a second region at the second plane, and to have a side lobe from the
radiation in a third region at the second plane, in a block 1006; positioning a non-transparent
region at the first plane to assure radiation from the first plane to be neutralized in the first
region at the 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 lobes in the third region at the second
plane, in a block 1010.

Thus, it has been discovered that 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



10in a second region at the second plane, and to have

a side |obe fromthe radiation in a third regi on at

t he second pl ane; positioning a non-transparent region

at the first plane to assure radiation fromthe first
versatﬂ)d:,a:nﬁufate b;emi'&uﬁ, raakdi efésdtive) dddecdn bstimphpientedaby taigpting known

seco positioning a third.

companggs E?F T6ROX Wémffg?tg’fm% l?agléc%‘Pn’t%‘é uWEZYId- phase at the
fW‘h?lE i BREntdA ﬂa@%@éﬁ Hélchgéad {n nﬁfngﬁ‘orl Q/Rﬁ? Sb&hﬁ@ Best I%1'10éie, it is
hird region at the second .~ The netho
to be uﬁdﬁri;taodnthat wharyedlterpisis, |mod1ﬁgattdne, findr wdriatiegs will abnob.pparent to

t.h d re n first ane further [is
those i3ed iofiRiag! Eke of ' rseniniiasfeiins Asiinedy By Bfended o
embrabd18l] budhSdlteRlaBiP&s, hddf RaTbAN En® 0&2MENE R8IcATaiRWithiethe scope of the
second pl ane into a deS|gn 3. The net hod of
included glagms. b medtiersphighertogne rsgt frth heéreindon ghgivaninf et dsepmpanying
S third.region.of adjacent
arawi IR el BT ISchea PR s ot boar o
pattern of the flrst phase or the second phase, 4The
nmet hod of claim 1l wherein; positioning the first
regi on and the second region further conprises formng
the first and second regions to be of different sizes;
25positioning the non-transparent region further
conprises formng 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 conprises formng the third
region to a second size smaller than the different
sizes of the first region and the second region,
305. The nmethod of claim1 further conprising:

10
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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 region |ocated. in a space |arger than the
first wwdth fromfthe first or second regions; and

THEI Nﬂ@ﬂiqlrgf‘ hi rd region at the first plane
further conErises providing the third region in the
§paceAnehed feraempying sidg l‘ir’]léﬁ%rempf‘ﬁ‘&ﬁ' two tines the
bdiSEnid a ik | 0 teHnBparent to
B B P B Tl i BT e, i Rt iy
posi t ralidtiog; a first region of a first phase at a
phat omask, the first region,trans ent to |light; .
B Arigeencs EREAOT B PORddTase Eg%n%%ﬁ‘%%qg% Sgiogd region
phot opBSH,rdhh & SRGRRH ah8 IhOfRcdAd bhaR TRAENbsthi@iallyghut of phase
and the second phase being substantially out of phase
t o t héo therfsst phhsse; positioning the first region and

t he..second r.egion to se light fro [

PESIBEIAR lﬁ}?‘? &Fﬁi&%“’? r?néatﬁ? PP ellﬁfglg A tgt éaggepﬁ%?%l{rag& s ,the .
not t 9ldAe thBe hEdtdlizedin Nfidt sREaNE o Rgbmiplate, beto be neutralized
photoresist, and to have a side |obe fromthe li gig(gg I.n

a 15t n adseceny ovgion at ke prvondmiaies pnd dodiave gntifig Iepe from the

non-tra ar.ent ' f f.] .ze proxi mate the
first” @%Fogﬁngﬁlaﬁ$ﬁégﬁ)gshe%é}ﬁ%sercgg(? lr?ﬁ%t t he photomask to
POSUOLInk laGldh-tFanhepartdi egibw tiotira Siesttptarteeo neute miliazied fiom the first
the first region at the photoresist

th
non- t P& SaPe AFUTAGROHR (s S eeaiep iy _%fi‘f’%ﬁi] plagfigand
%ﬁﬁﬁghﬁlg %Sﬂhgﬁ arg%it)ﬁ'orf ql# fEk: gﬁaééf ort € skddnatphRfiasend st plane to

e secon at the photomask to neutralize the
si de Inetteslizienhd $ide tobks th the giichregiontahthephomdméariest , t he
third region at the photoniask having a second size
smal | amethiahod b€ didifnst vitiez€n oditionmgstharfesit regonl anghthe second
7. The nmethod of claim6 wherein pasitionin he first .
region plelyp st AP HENS cOBRESTRPSBITNELE hA&T Aot ot HESke ferepfdpeion at

the ﬁrsfglgﬁé .{osf%fm?gez éetﬁhrg{]%e%%nt Aend geE?rE)dr %ﬁ%&% apgighe second

on a rirask to e second region at

he photoresi st . into.a design... . ._The. .
Fai m deqpaned /f glauy tli%}?ﬁr%él%gmtnﬁfnrn& ﬂr‘%g‘}‘%in‘%g‘l?gﬁh‘g?& Smprises
forming QAP Ith$& Sedi6h BMAjideat bliregonegirangedf inad) attemuting checkerboard
subregi ons arranged in_an alternating square
paﬁemdféhﬂ(gisbﬂﬁsdObﬁEtSé‘PQﬁlddﬂla%%e first phase and the second
phase. 309. The nethod of clai:
4. The method of claim 1 wherein:

positioning the first 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.

5. 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

11
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positioning the first region and the second region

further conprises formng the first and second regions

to be of different sizes; positioning the

non-transparent region further conprises formng the

first sigim tibwatedoih 4 spabe ldrgerghin theafivst Wadthl iffohe thenfirst or second
sizes of the first region or the second region; and

posi t i G#NE e third region further conprises form ng

tp&im theSihf8 & Befgft%lé Gir 1P GBEr E&ﬁﬁnsteg Zxovi(éing the third

ditt sizes of the tfirst ‘region and the secon
r egi onregiki ifihlee sppthwdiewfthe spaicensdarfgar thae twe times itls fivgt width and

posi ti pni fourth region,of the first phase or the
secondgﬁﬁﬁg%%gWﬂgnﬁﬁ%?gﬂﬁgﬂgﬁthe fourth region
transparen l'ight. and having a first width, the
f@urthzﬂﬁﬁggLﬁFéﬁg?ﬂﬁgﬁﬁegﬁ§§8@ﬁpm%¥%er than the first

V‘%&’sﬁtﬁbrﬁﬁ@z{rﬁfs@ ?eigzdl{ ot a fr?lgt ?1?&%9 A, gﬁﬁét) S H@}ﬁ'st re%ion transparent to

10posi tioni ng e [ egl on at e phot onas

f urt heligdpnpri ses providing the third region in the
space where thg s&gce is larger tha

f F

t times the .
PLonipiit Fecond FEOE of faroprLPhast fodhs RPIeTy g thepnd rogion
A struglddprehtofo hQIMH N8 Sdcdfd pRRRSERIbsBhAfLy Sut of phase to
first region of a first phase at a. first plané, the

first thedirdmphaseansparent to radi ation; 15a second

r (%iit?o ilg)fthgﬁ%‘%cgngn h(ﬁ & eato Elhee i osé Pel A tht tomask to
SEHRIEGF SR PR Bk B A8 FRITRYG R HNT iRl D& oBRig
phase sdpsitabizedlih ¥ Bist r@fiod Bﬁ%gﬂio@orbsﬂﬁ, hot &t be PB@®Aized in a
the first region. and the second regi on being

posi t | R regprciibe phalgretst.omdrtediave Hesids fobe fimtle tight in a
be neW%Eﬂ&%é&?mﬂﬁeghﬁbﬁgﬁtregiOn at a second pl ane,
e lze

not to utra in a second region at the second
ph@itenied ndo trhmspareat sdgiten bfob Brst s prdramatdr thelifi@dtiregion And the
a thi rsdeccr)ne ireogrilonatat' tl'}ehghostgn%gsrll(dtopgsasgree; light from the photomask to be
neutralized in the first region at the photoresist, the non-transparent region
opaque to radiation; and
positioning 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 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;

12
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a non-transparent region at the first plane to assure
radiation fromthi- first plane to he neutralized in
the first region at the second plane, the
non-transparent region opaque to radiation; and

a third region of the First phase or the seco
apsitipring thestongrapares lREGR Rtz COpRES Palélgrtg%‘ég“ Sige thereof

the thipdf 'tl%ﬂ 1R giffn® SSAE (R AR region or the second. fé%lon and
i S

structure erern t region and the
pednoting el mnrdartegtohefufthexsctomqua;ae férming dre scoompt sige therdnd to be

first region a e second_.reqi on positioned at the

1 1ot SHRSTaMOE dHAreR e es eba Tragran ard el sticn

pI ane into a design, 13.The structure of claim11l
WAer ei @eﬁmﬁéh(t% frdprmeyfueth of GRBEINGionpr i ses the third

iﬁ 1?18h?1 aogouﬁﬁjr%i&{] f thy r&%h%@oxaﬂt% %Qﬁﬁq ﬂh'aseaﬁ %photomask the

ernalngc er noar tern o f1rst pnase or
t he sdomtidrqpaseanspdent ffhhglﬁtankichasmfg offirstl width, e fourth region

wherein: the first_ regi n the ond r n .

f ur t hdpcasshipra gaee { %e%ftﬁ%&l gf %lﬁef%ﬁSOféFcond regions;
di fferggt sizes; the non- transparent regl on further
conprises the size of the non-transparent region to
lpesitianipgrthe ttand tdgsordatf mer;ﬂmtormskdgﬂmr ¢omeprisis providigg dre third

or the secon 0 a he on fur

conpr i'§&88" {th eéPg"@ "g?er H@ Sp?ﬁerlﬁ g‘@rl tg?fg i B Ige%ﬁ)ﬁ%rr%t iCHh and
than 488 teHnf feh efles Shez@st Rfdth.he first region and the
second regr on. 15. The structure of claim 11 further

GQmPri gk efé‘rlfe&%{in'g &ng&t{&nﬁﬁgﬁlfl rst phase or

the secon phase at a |rst pl a he fourth region
Hissargiparcd atfirstophasedit atfirstrplaned tmdirshggtanﬂnanslarmt tit fadiation;
the fo rthr ion | ted in ce ertha

f4 jegen % tohend PR ap e Brsb AR db SHEd gt tparent o

radlatlon and the second phase substantially out of phase to the first phase;

the first region and the second region being positioned to cause radiation from the first
plane to be neutralized in a first region at a second plane, not to be neutralized
in a second region at the second plane, and to have a side lobe from the
radiation in a third region at the second plane;

a non-transparent region at the first plane to assure radiation from the first plane to be
neutralized in the first region at the second plane, the non-transparent region
opaque to radiation; and

a third region of the first phase or the second phase at the 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 the third region further comprises the third

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

phase or the second phase.
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d region at the first plane further conprises the
third region being provided in the space where the
space is larger than two tines the first width and
| ess than four times the first wdth, 1516, A structure
fbt. r eMhwitngtiet déclhimbeés whergnt:i sing: a first regi on of
a fi hase. at a ot amask, the first region .
tthg ﬁé?gﬂ"t‘ apthe;s : regigh I FEPPIETES dte IarssaKdpiseond regions of
phase (ﬁgcfeltehgmgggotonasl c, the second region transparent
and the second phase being
shhb smamanaialrgnt m@glorofurﬂhasmnplmses hlme fize of thp masdransgaeent region to

first n,an second el n ositioned to
cause ‘rﬁe@?ﬁe ﬂ?@rﬁ@%bﬂaﬁs slémﬁ)é & SepPifgeiop; and
ahk ithisd rég@eH Athet c&n?ﬁ&ts ARE&iz8 bf tH@:oﬂnrHQeggn 'ﬂ@ %E lstall&EMan the
in a second region at the photoresist, and have a

si de | &ferent vrastaiéhd figghtegion aad the semndg@g@n at t he
photoresi st; a non-transparent region of a first size
proxi rbesttuesiré pf iy épfwtheacemprimng econd regi on at

h ot amas ure |jght fro t he

oo P SER Sbaertirghiaps pL oA & AATSHOTG H urh region
the NOWarsh@BSAB r &NAtidreMdAAV R30St \tvf?ltlll 'tﬂﬁhfourtﬁ'}ggl@n located in a
third region of the fi rst@ﬁhase and the second phase

at th esm%katgen ek thofitshwi d’étheo%et@r isecond eegionms; dnd
regi r heb he th
oTRUBRL B RERLP LR Mt SBmbiich o BRRe b s rayided n
si ze aﬂhé spa’caﬁﬂiwdf ﬁa@tspédé i$ Qirgcghllan two times the first width and less than
four times the first width.

16. A structure for removing side lobes comprising:

a first region of a first phase at a photomask, the first region transparent to light;

a second region of a second phase at the photomask, the second region transparent to
light and the second phase being substantially out of phase to the first phase;

the first region and the second region being positioned to cause light from the
photomask to be neutralized in a first region at a photoresist, not to be
neutralized in a second region at the photoresist, and to have a side lobe from
the light in a third region at the photoresist;

a non-transparent region of a first size proximate the first region and the second
region at 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

light.
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17. The structure of claim 16 wherein the first region

and the second region at the photonask further

conprises the first region and the second region

positioned at the photomask to formthe second region

at the photoresist into a design. . 1%6 The )

47+ ucThe stragtugel ofichaim 1§ \iheeisi the Ayt Aegion preyihg seqopd rgipn at the

. Ses 1 hi [ f. adhac egi :

photon GO HAEE® oh M) B, (0 rPlof (wRCIRCSTbnd IPEA fiioned at the
photomagit toeformalie $ddend feiin ap irgthoanesitthetosetesigd. phase.

19. The structure of claim 16 wherein; the first

neggi omhangutiie: seecand 166gh@binf Litildefegoanirthaesonigtizes the third
first and second regions of different sizes; 10t

Ot he
region abadipeenhsplreginns pagigsh it Bntalemagipasaiae shegrerbpprdspattern of the

size n-tr ent region to be hinter than the
ﬁrStphgﬁefafllg?@%%ecg?@@ga%gf the first region or the second

region; and the i.rd regiaon further conprises the
&gcong[’h§isg'@_ct3¥e ‘ftlﬁgm?lﬂi@‘g%rgﬁi on to be smaller than the

¢hd fi8f RBlonSind8Be QlcohdRglon BikthEc@inGitisadthe g a8@ceddeld regions of
regi on. 20. The structure of claim 16 further

conpr defferent si®s fourth region of the first phase or

he second phase. at ' -
e R R
fourt ﬂhr?é}ghﬁlﬂthle@@fﬁreﬂi siZes af edtret rtegibger thelacoridregibny i
wi dth of the first or second regionS'?ﬁgd t he thj

hjrd
ﬁ}éﬁgt:phb'ﬁ r@gi.pn fuithep ROTBIHES fher qyp@q@esrlzec%ﬁ{b dregiqn tq h@ fraaller than
| ar gomq Rl 858 i Bl R R R R Do
%Bf ou rThtei s%gtu%ho cflzilirrnslt6 ﬂ\f.rtglgrthmprising:

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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