SYSTEM AND METHOD FOR PHASE SHI FT ASSI GNMENT

TECHNI CAL FI ELD The present invention rel ates
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
ranging fromtoys to nassive conmputers. These
integrated circuits are all generally made by a
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width of the feature can be considerably less than could be produced by the same optical
system without phase shifting.
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the complexity of mask layout. One problem, when laying out phese shift areas on dense
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DISCLOSURE OF THE INVENTION

A method for phase shift assignment provides a semiconductor design having at least
one feature at one of a line end and a line junction, and phase regions. At least one cut line is
added to at least one of such features at line ends and such features at line junctiéns. Phases
are assigned to the phase regions. The manufacturing of a photomask with the assigned

phase regions is directed.
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drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG | is

a sinplified schematic drawi ng of a photolithographic
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di agrammati c depictions of T-junction phase shift

assignments; FIG 4 is an exanple of phase assignnent
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The present system is described with respect to wavelengths in the ultra-violet range.
However, it will be readily understood that the invention is applicable to any wavelength of
radiation, and the modifications for other wavelengths will be obvious to those of ordinary
skill in the art based on the description of an embodiment of the present invention provided
herein.

Referring now to FIG. 1, therein is shown a simplified schematic of a

photolithographic system 100. In the photolithographic system 100, radiation is directed
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X is the wavel ength of the illum nation source 102;
and NA is the nunerical aperture of the lens 106. In
an effort to overconme diffraction and interference
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sinplified schematic of a phase shifting system 200.
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segnfeorr326 hﬁhepihﬂﬁremkn&@#med-rchﬁh@hat%ﬁsxsﬁﬁbrf fiers 308 and 304
hase .shifter 312 has a 180

h S

g P BIBSECEIE el VRO S i e R o
: SECO‘]_‘BW"’EEHS‘GT B‘h‘F“ﬁ){' PhEL#I floit tassrpamenity for ttie ghopmaskudes Ehe bhase
shlftérk %Bcinﬂ @ﬁh ha%ORH? ﬂ)lﬁge shi@t &E gﬁ%@ghdﬁeﬁ?lﬁas 4 ??%’fpg%égﬁjﬁ g2

formed on resi st erring
phast, g e g pgves H%Q é fﬁe P Sensonaie thigprasheesta Bjunction
conflihei segnicarB48 00k R 3041 hél fordbd &M il@toreg-lsﬂ weciipon phase

f 1 h t has
S raRIS AR bl hAGePA bease” Gricr PR phide
attemph tf Ii-japctigr phabeasbifigsi8Oeph fos the phitdihask piva Stae §Ehzhef dhefters346
and M$a@ k8 Qhagpm tl%lyh‘fiste Sh‘%‘[?g]ﬂlaﬁg%@ s g?ﬁlft ase sﬁ'ﬁeraﬁg
g

g se shift. Unfortunat
has ?%P&fswhl K it Shfer S sr O3B hnfestataunte (502

prodicgs AALjufictibieshfio® 4 B@ment 354 of the feature 302 is not formed on the

photoresist layer 110.




photoresi st layer 110. 6 Referring nowto FIG 3E
therein is shown a diagramatic depiction 300E of a
fourth attenpt at T -junction phase shift assignnments
for the photomask 104. The phase shifters 308 and 304
have a 0 phase shift, the phase shifter 312 has a 180
phase shift, phase shifter 358 has a 0 phase shift,
and phase shifter 360 has a 180 phase shift.
Unfortunately, this produces a T-junction conflict: a
segnent 364 of the feature 302 is not forned on the
teFiagiogt o FI 8. tergn isphowgja diagmenbe gictionaC0K ofa fryrts .
atterﬁ;B-aB’E-junEthﬁ fp@as@ ket hadi gﬁlﬂ&ﬁs f&Qh&ﬂﬁQhﬁﬁJ 109, 2’$heq;h|ast3 Bﬁﬂ&p a3e
at_elimnate

31
ana 34 oL 0 PR s B e SR PSR Do 558
tmsnﬁﬁuﬁacmbﬂedmiM@wemamr3@)h%phaaﬁ;$hnhmﬂcoUMbmmhswnm&t
procﬁ]@esr S wnytﬁ)q coﬁﬁf:telérs%g}lg:np 9&( Bfothg lf&tu e 80} neﬂ’o? If(ﬂml c? of? I?h%m
an exaimpl e a phase assi gnnent 400 accordance
pr“"\‘Rﬁef‘ﬁl"dﬁ"]éﬂ‘bodlnent of the present |nvent|on A feature
40L witebe Kr@Rnh4 s IFERe gB-3E0herél &Y & ARMBRNbmMBMatRns of the phase

a ot shomn Sub-f eat yres 404
snirAbELE b 2l PN Bt RRE g b S B M PE ihemask
cmn@hnﬁmhﬁgmdBe@@mempﬁaﬁemasemumnmmibémnmadphotonask (not

S ng n L W S t ie
a0S ing B R 5, TR s Seh I BRI o pRfse b1 R UMY &
accoplapresqth aaﬁalb%&'meaﬁ ot Pgat inggREtne Avferirer493 hasceert df:siaeed

for dle@ﬁ&ﬂmeﬁﬂ& Qf)hdt(h&lsk 1R@Su&fshbid)e JublAGiukel84 440244 12
ross junction, line junction 4 1

&M$Esmmq°mﬁ“%?ﬁéﬁ%egﬁﬁng|ne junctions 442-444 are el bow,
Ju&ﬁ@t@h@eaQMQmmukwhme@nMﬁOmﬂ&@wﬁmﬁﬁﬁmmhﬁmﬁkea&uanmof
of tmuéﬁ@j ﬂgzzﬁﬁfﬁg Cut lﬁxgi 912)54165(9 alflrﬁ#e én[‘]s 4§Oh EZ%edc' Tl%liehe

feature 4 For exa
anglg pigh fegRget i deast P@f‘gqfé'ﬁéme%hneaw&n%wo G‘H’e Iwnunpmcmemmw

crosﬁﬁlﬂ'ﬂ&}nsln&eﬁﬁiﬁl@ﬁ a4phaa§ﬁ“ Ja&?brg NHE HLS J\fn@tfong E@Z ma.?'g eil:bﬁw,
n of twar e assi gns phases to e
junclgns, ey ity ﬁ§°3439 & B0 oay R OSLERg AT Ef in
the d‘eeyveqf thel feﬂtlg‘e#mp Fersgamgg ibp psyenpipaBeura@ISit gened phadt @R s
64 Y1 hdBuf Bl A ord RN . l kelolhpgd
ol p5§seuconfl|ct5ﬁ§s§mﬁ%§ﬁ%aaﬁgggTﬂgﬁﬁggﬁmﬂﬁggﬁ?éggnt
and'?‘ﬁventlon however, the many small phase regions
45%&4;6;5 agsrgayptd&sao OF aahy YndlPBsse asRels Boder P}Q:fnously with
fmwg %Wer £ c%gbhpatlgn%mand er nut ati ons for(g ase
(G RERT "SHe WHATY “SSENRITT OBIES oy dBHEhad Srasss 2
conStdhrlalsle Gkebiboddyof iphase e@sﬂ@m rmmdegremesdmém bf te qitmant haéntiad, e
how@&mt}lleam:l% sfnﬁrl dﬂkb@%@ 10r§52¥§b gﬁSnEBlee a éaﬁ;? i {%ﬁ numger of

hase assi gnmsnt opti ons t | ncr aSes,
POSSﬁPowgﬁrnWW ap Pe%@egg Py phasepdigeinent Thal mang el phess e

regioa$ 85(9465&1’1\13 dré&tlg Erﬁﬁbsieythd J83te0y &dfreeag]# $hat 5B @vAilbI® fdrShase
de ea§§d bet we ghotonask desi and phot onask
assi nment phas

e D8y lllfrnum er o e assignment options us mcreases the probability of
Successfui efficient full chlp phase assignment is greatly improved. Thus, the time is
decreased between photomask design and photomask manufacturing.

In addition, in order to completely separate the phase regions 450-465, the cut lines
410-419 in one embodiment extend out with lengths greater than the widths of the small

phase regions 450-465. Cut lines 410, 411, and 419 at line ends 430-432 have a length
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In addition, in order to conpletely separate the phase

regi ons 450-465, the cut lines 410-419 in one

enbodi ment extend out with | engths greater than the

wi dt hs of the small phase regions 450-465. Cut |ines

410, 411, and 419 at line ends 430-432 have a |l ength

7 greater than the width of the respective phase

regi ons 453 and 454, 450 and 455, and 463 and 465.

However, cut |ines 412-418 at line junctions 440-444

have a length greater than a length equal to tinmes
greatepgaryfhel v ot teiepica et irsponphased f gt d A5angf§> g,
465 486y RO 4568 2a0E 1 6Qns M A18RM 4 Bhgth 4RGeaRG 24ESin

464 nd 465, and 452 and 453. This also helps with
cquh e e Uassing Hishef thyyrespedive plepd peigwsrar and 4§ %Sﬁ@n%i*ﬁ&t 456
and I@Jilﬁ&?? £rAGi6 058 404405641 @ AN AR #2010 a53 naf 8d hdl@ NAW

einis n exa an initial
TR R AR AR R A .
t heefgrigsentto Fitv 8nbdrénis sioveniecoptiud toinitdgshg rhayBﬁlZOmas
t :
acco?ci%f?& vSi eaﬂ ;?.gocféijém 9@&4@&8%@9 eg@{eh E}g gér?]r%oﬂglg Br A %sgna%ﬁ g%se
bee"r‘é‘@“itedrf%f dsyedopgIsef B raRhoRisastiier (FRaBEeVedivo hses é%h%m HeF16
add@&&%h&@%xoﬂ§§l‘499@5jl6 Qﬁal&%asfe 1&{??@] a@@WHav@ﬁbeﬁlasa ned

| ayer (not shown ase re |on re
phacB Bt SSRBREH ] polopige 'awa&f@ {PEgPoRae Sie: HRLs 1430 ¢ O
phasphiage Tﬁdﬂpl‘fata re@fbrasao esnf 130Tiese Sifc hPlas dohﬂacta'-suqmaﬁei gelyl
Juncﬁ&ngoil i lldSlI‘&éﬁ%‘l@ egA IBQ |‘F¥/ec§cen %Aé)l\?gas pﬂ%\{)% %ﬁ%l’ €Xam 16
as can be seen, for ex ﬁ ncti
HVP$TgKm§ﬂ%ce all the phase confllcts have been
Suﬁﬁ‘&saﬁfth@ pi¥hsd (%ﬁﬁhlct\s‘ @6he Hebn b&ce@s@ﬂyﬂ@s%ﬁ*’e@llﬁlstn@w pBEsQﬂ%ef%d
o the _final phase Iaéout st age. However rio
P“’Cf‘i’?é?%‘FH“a’ Plige BYRPT§h oo er, PR D ipn iR gkt s g rhsmove
fmn&eﬂmmandmabnkmgesugaw&@2w1heamuﬁg cut |line spaces.
Re
It{e%&# Ellg'r‘]rg)l“ﬂé?ﬁfg g Yl‘:"'lé‘%) :lj@hogg. mgle ofa ﬁ&?%séﬁ oggédrig{%h@r
Optu@b PIOBIEELY (‘Pﬁ”eCAOfphét ﬁw@sqse't laveayaeqi aam'dtoeaf;khm @?fa%lkwer @y
applift mSNHNens &}’conﬁﬁﬂ‘laﬂf |f(5}ghsmi)td:|n§ bzﬁ‘:@itd' @%??Japdlgﬁmrﬁgkﬁst
racti on an

I stortions cause tica
PmCFSés‘?fg"t"s B‘i‘“&%‘eg@”@l‘[f’ e%f’fT%"“%B pr?ﬁu&w 5?‘8% PHEPS CRBEFe & n
semic@eludtdrglesign i Gloinneh dpes pmMrsgﬁsregumsmme havs épdnCrogrgudC 4ror

comg,e% b@ghaé%gt r@gag% 180 b@&%eﬁe%hiélﬁ ihe &n%oﬁﬁ)e%w%gjﬁo

een nerge common 5 ase S regl ons
Phasﬁé!v%f%’@é%ﬁo%é'?dg%(ﬂhasﬁhlﬁ 1eRifies ﬁ)areeelare% bet ween 180

phaeeenlﬁlfgbé tut Ni@Q LRARS s@ﬁ)%ea{gld tthdeJ&a&e/e sﬁé&e&enseg%agms 1&94

al e _enl.ar . gen rgead. Cu e s S we en

phasf S GREPT E e OF i T Sitiot B B R oS SR

createé gluowgs pio@dithagraphy) 9 hedveeds hind ther @fcionag of Gduiml imask tireis
(0] r A T

1mpnfoﬁerdn‘af‘ﬂeot m lfnasﬁ 6tOIS 1:>aﬁ§e§ do %FOSE,%I ﬁlg CfngLl)J&g(ft?r de.Slélﬁ C502 dFrmg

ography is re
multtnlei WPWH@RgF%G Sress and ri iy ey amiretst rlp nddrmkasewateé appyed

the a'upm@g amﬂt; i)hﬁve&ﬂﬁﬁb&@Mci Rbm 68 Sdr8iPonaldéor deidnRB2 (FIG. 5).
nmul t| n?t0|l %aphlc steps and to trimaway

Apfﬁl")ﬂa‘f 8’3% "4 8?“1" as i ndi cated above,

Referring now to FIG. 7, therein is shown a block diagram of a phase assignment
system 700 according to an embodiment of the present invention. The phase shift assignment

system 700 is the result of the discovery that at times a single fundamental block can solve
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the cut lines 504 (FIG 5) have all been renpved from
the sem conduct or design 502 (FIG 5). A photonask
can now be manufactured. Referring nowto FIG 7,
therein is shown a bl ock di agram of a phase assi gnnent
system 700 according to an enbodi nent of the present

i nvention. The phase shift assignnment system 700 is
the result of the discovery that at tinmes a single
fundanental block can solve 8 the problens presented

ften t are fo n anent bl ocks to
the PRE T TGO BB LER Sbo R ot R B
presared. an addi ng bl ock 701, an aSS|gn|ng bl ock 702, a
I SFRV, wﬂm@m{%& 1719%5 aft JIELA 9013%& %1 4 slgﬁ}ﬁg bnp&! ﬁ@zs' 219

bl ock 5, Irecting
remqyjng d)ﬂ@s@k 8% ag‘%ﬁ‘a&ﬁ%ﬂ ?I?F&éﬁé»rmemr?aymg ﬁlotﬂ‘h@Sp Rrgisedigsiife block
706. 884t h GNMIE Bloci Y&t 8 RBpendA0F inWhd frake sthhea%egmeefzis@eﬁwo be

i n¢cl uded i ouUs co rC|aIJ avai | abl e hm
and Rfmo e ok T, o dened Sk S¥RPhRRea AP G
metholidogiaaventisonadiappbobacs vell el the infdneosdiscloséd irctirelit ailx
fundm(glt%k Blo&s gliegfésggg{%ﬁlg g]ﬁ é@p&gﬁﬁatggﬁsr%ﬁggéﬁtgg E{og{% %%eﬁtgyd in
“RF§V§?%W$Wﬂ®ﬂ5Wﬁ€0%hase shift assignment system 700

| NG YRS sHifraksdiame | QABNYTS0 AbuER VIRIuS leRbits oM chealding
rodu%glon de5|$ and devel opnent sem conduct or

ava1lgtdﬁpr8 Pﬁn %eﬁlan @ (&eﬁ?lf)wnt KRR uct8rpe§P181in%nt A%t SRy which
oper#rani pnall retnpularficiommatioommdan ddig whith tase, gewdrically caflmtd herein as
mf Q%ﬁt Cﬂl 'p‘éasg%fuh%? nnlgﬁtes'yﬂenqgoo rggmegfn% t?orﬂ fio lggevme
ase shift assig nt system 7 recerves information
707 fsvféir?ﬁ a S%rewné@tor?wn depgrnsysigm-av i@t eumeridtipp senipedpctor
desi@ACRISO vy StRM:s z}ﬁﬂ[ﬁ'[ﬁﬁﬁh@'r@gl&@nnﬂ)@t ghe tsRiftPas S EIHROBEAWRT 0
e3|§n 708, hg i ng, features an gﬁese regi ons. The
P“”gﬁag TP P 2 REYTHRIERT A EPE R FBGY pr ovi des
i rifhe semEitdndustor design F0fDda0 sl thing ivfractill seignay st etip FO&n
dow Ttl)eﬁe%% £ Hs%tn%;ong %ﬁ Llrg H}dlzrgﬁalc‘sérnw%%u&&y(;ebl NGn tlrdgim The
sem conductor c tern feat ures and
photpypagls mapuEgiug sy em 299 Gap %ﬁydftﬁh'llq‘@e‘ﬁ?twnﬁi%ﬁso?f agergick &ron
ﬂmp&ﬁdhﬁnoﬂh@@qﬂh&ﬂ@&ﬁ&&sﬂanufaCtUrlng systenL7$9 can be
ppr.oac 0

any tec t he

BN R A T P
featuods @cdl 1iA0 dnds engtat hi ghdigueaunge avittl e@dpect th adersi ank bf e ligh aSlae
JUI!C[EO%?I it ﬂu@y ng:dE tﬂeophageer@glws Qrc[‘to @Fﬂal?elr lphelsé pe%mgp glﬁi IﬁﬁwhaQE an

que ang respec I east “one of
length, 8Ff‘é§r Ben fhe h‘@d‘h thﬁe Phash Seg'OGUt C'rt i hﬁesat dwmuaewﬂhealphﬁa% é

.lengtlﬁv%%lél? $2 BLQ Rk g gf tth Q?p%& JE ﬁggi' %ggﬁ&nd may have a

reater t e phase regions.
CuUYext. ilmfg%asagnm& Heck Tl%cﬂt iPE?fﬁ%S mra§0° maases age aspigirg threangefire
phast Qegﬁdngremda@ 2l LibncAfin tah&)nlﬁgﬁﬁ%ﬁtthé( GRS Bhds@ GisPent
in the assigning block 702, 0 phases or 180
Comﬁb fiases are assigned to respective
In the removing block 703, following the phase assignments, the cut lines from the

adding block 701 are removed in a final phase region layout.
In the merging block 704, phase regions with commonly assigned phases are merged.
In the increasing block 705, the spacing between zero degree phase and 180 degree

phases is increased.




phase regions. Phases are assigned in a configuration -
t hat resol ves phase assignnent conflicts. In the

renmovi ng bl ock 703, follow ng the phase assignnents,

the cut lines fromthe adding block 701 are renoved

in a final phase region layout. In the nerging bl ock

704, phase regions with comonly assigned phases are

nmerged. In the increasing block 705, the spacing

bet ween zero degree phase and 180 degree phases is

I nlgm qlasie ghe dlre(‘f[m%elo%kgﬁif)éd rgrlga I'Raﬂ \Aﬁ'afthrc %ﬁ tggoﬂglélg\é@ tzg gsgigtée%e
wm$egmmﬂsdrgmdlrected Referring nowto FIG 8, therein
' SRéé}ﬂHg"ncﬁv tg ERWg QK@& Lis Ql]iomﬁ a%tvqggt (%anef&BB SM@ﬁﬁaﬁghiﬁt
assi gnnent 1 n accordance with an enbodi nent of
assIPIEYR P HYRAMTIE RN PheIAE Rbtie 8rernt inetigtie shpMerHitg
1nchﬂle:S em.axa @ dL@thncdaSﬂ GRigh aWiRg fe&ﬁ@& Wf @ alds,| feftree ROSne
_]UIle?IlS ii(lillﬁ g C l’eglalas lll a biOC &#; gdlélglgtcu[ Itl'lF] tof%-ég‘%am % Elilf: f?rngsnlg a
block Adls addingaut livksde Rle Sf@wres adde jvgctioud in kiblds8(b0asti rand atuwe s
the Irle%ga,swy GlbLIOE; 4k dﬂeéahgﬁk nﬁ%act@ééé DR ANASE thteo
ase regions in a 8, and directing t
ass‘%’f‘ﬁ%ﬂﬁ%ﬁ’dﬁ&ﬂ‘?ﬂé ”’dTbl%‘EkBHbt orrask haV| ng the assigned phase
r egiu@ I’iShals Beedl ddt@EKd BdiQhe phbiddShiftiabsiddaSnthRefdd dﬂxcﬁ@@é&ﬁﬁs&d
se shift as t hod and ar at us

e nt P
the %r?sent 1ﬁventt I'e}grgi,si{\ 1np o\r/t%nlj:] tarlicghegcft%‘s T iugﬁ%wprﬁad Pléa])ﬁu g &olutlons
capahrdifiest @rfdd“me:tiemkWUmagamdrr phagey sifl asslgeneio| libd ©sding processes
and Q@lﬂ%@ﬂahdn‘élaﬁ—;sstr ?%ﬂgor(vglgctedog&@tal a&%@lﬂﬁl@&@@ l'rié}lliy p%?a%% and

assli he resul ti ng processes
effe%ﬁﬁfgktfrlaelea%daw adagirnedm et PevNasier; 2 cerbiifelk) compatible
wnhuaa@mhm Gah@shurif gtysey o S@hidgicand effective, can be

nted.b n nown. t echnol o and
t P S el DRt e e o R e SRS el ong
. o bp wwtpe@ses‘laamdwt zéfcmwlexognoes”lcatmm lamd vdmgtiong weihbe @ppahasm
thosp Qé?lﬂ:d ql@ﬁle Ly b@ﬁgh& 5 ORbHRGL ceenpe i Jnh A@cé@iﬁé’l# fil € 10888 w0
is be understood that man ternatives,
emb%f‘o‘i“f%“@*aﬁ“rﬂaﬁg'es BAGLISALPIS A itiofs which éa“afpﬂ*grtewcored)f the
inchidB sigins Kidll @steksmhithbrefdd ber Ideh:h| lhegh{ oOfhot/hén Ak QERGRANRGe

d awureglg’ %rre t el 11%{;}?18‘[‘5\% lar_ltan\(:jllélétgatl¥é aaldfnon ls mnt s%gsgggdt \C/)ar IngtOIr gﬁg
mhlch faII wi thin the scope of the i ncl uded cl ai ns.
Al matters hithertofore set forth herein or shown in
the acconpanying drawings are to be interpreted in an
illustrative and non-limting sense. 10 THE | NVENTI ON
CLAIMED 1S: 1. A phase shift assignment method

conpri si ng;
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provi ding a sem conductor design having: at |east one
feature at one of: a line end; and a |ine junction;
and phase regions; adding at |least one cut line to at
| east one of: such features at |line ends; and such
features at line junctions; assigning phases to the
phase regions; and directing the manufacture of a
phot omask havi ng the assigned phase regions. 2. The
nmethod as clainmed in claiml wherein adding at | east
THEOL&?/EWfoﬁt?EMEﬁ) | east one of such features at l|ine
unctions further conprises adding at |east one cut

Ilne tQpﬂﬁsesﬂlﬁ&‘éitgmﬁﬂ@m&u&fboﬁlﬁﬁﬁiﬂgre at an el bow
uncté n, ‘ﬁt (Junctlon a T-junction, or a

c oI H% %WK”? SPsHen Yinghe nethod as claimed in

cl ai m kt fagronhgrtucengeprsi Nng; adding such cut lines in

an initial ,phase £,g9i on | ayout; and renoving such cut

lines in a final phase region layout. 4. The nethod as

cl ai med i n2&nePiefiendffer ei n addi ng such cut lines to
such EE@iM@aﬁ at line junctions further conprises

ad%ing @ ; ﬁ thaH xteqd out from such features
at ““4HE Y ?mdﬂ%a% RAVETFRY net hod as clainmed in claim
1 wher ecinfeadds A dnsandh agut Ilnes to such features at
line e tions further conprises adding
respec??%%ggﬁ%&PﬂﬁUhMaﬁat have a length greater than
t PsSigfingefiasst ofie@hise §peRY fde phase regions. 6. A phase
s hiifettin@ 9% ingRirRALre HRLNOESNSR MM ipShd @siged fidkdtHchsa ful |
sem conduct or chip pattern having features and phase

r ei on3he metbiali 23 glagwd ih bigs ! tvbertiheddigat Inagnatutdint td dtne

least%ﬂcd§f’ suéldfgzltﬂgs a(t" Hxﬁc _]I.l CHSTE relhlt J&%pﬁs%@gdﬁf g%t @Iast éh'e cutl l n@% at

junctions di vi ase regions into
leasti o gysh ifeéggrfzﬂﬁ an ela@swgﬁiow FEP BIeHofr BET PSS aGPmTBB'O“
therddEQr ee phases to respective phase regions in a

configuration that resol ves phase assi gnnent

conf | | Thesmethidd as damwd inglatnh &fuctbidr chrpremg;

adding such cut lines in an initial phase region layout; and

removing such cut lines in a final phase region layoul. -

4. The method as claimed in claim 1 wherein adding such cut lines to such
features at line junctions further comprises adding cut lines that extend out from such features

at an oblique angle.

5. The method as claimed in claim ! wherein adding such cut lines to such
features at line ends and line junctions further comprises adding respective cut lines that have

a length greater than the width of the respective phase regions.

6. A phase shift assignment method comprising;

providing a full semiconductor chip pattern having features and phase regions;

adding cut hines to the features at all line ends;

addimg cut lines to the features at all line junctions to divide the phase regions into
smaller phase regions;

assigning zero degree phases or 180 degree phases to respective phase regions in a
configuration that resolves phase assignment conflicts;
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nmer gi ng common phase regions; increasing the spacing
bet ween zero degree phases and 180 degree phases; and
directing the manufacture of a photonask with the
assi gned phase regions. 7. The nethod as clained in
claim6 wherein the junctions are an el bow junction,
a cross junction, a T-junction, or a conbination
thereof. 8. The nmethod as clainmed in claim®6 further
conprising, adding the cut lines in an initial phase
glon Igy ut and renoving the cut lines in a fina
LRVl 6N Syout . 9. The nmethod as claimed in claim
6 mhemgmmvmhem@lh%kmmes at the line junctions extend

0 ul‘ﬁgr‘:ﬂﬁg "s&mngget@&n QQ!) H&He% pﬁ’eﬂgs] dnd lé'OQ}e grzpﬁafé?tah@ d as

laimed™in clarm6 wherein the cut lines have a | ength

grfa@efé\g thet“l‘?élhfa‘t*‘l‘féow RPRmEk Wi dhespagied phadsi B and t he

Sihes R oSGl RE LR RalRr SR bR af AR b Gon. o
a crphmseios biltjuncaers byprehinateyditeend. conpri sing; circuitry

for adding at least one cut line to at |east one

f et ur dbapetbides plpimeq jngleing A §rHer cgmBEREConduct or  desi gn

hayddng mehasedie g sl pand rdeRatays@sanat 1ine ends; and a

l'ine h gﬁanp of sen1conduztor desi gn havi ng phase

r egl'8He® I8 ipse MR &Y ¥ nct i ons: circuitry for
asgl gn'rnfgm&n&ﬁs%laﬁ,gedtin@lamhé%efelﬁg;l,eocrashne@admg hﬁecjum,g%
for directing the manufacture of a photonmask with
exwa%%¥ﬁﬁ@@mbﬁégémﬂﬁ%ﬁﬁﬁns 12. The system as clalned |n
A e e e e
tmmcmwmumafuamh$heg®mimmlsumeassMstemmmwsb%am#m@hwmmlm
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line junctions;
circuitry for assigning phases to the phase regions; and
circuitry for directing the manufacture of a photomask with the assigned phase

regions.

12. The system as claimed in claim 11 wherein such line junctions are an elbow

junction, a cross junction, a T-junction, or a combination thereof.

13. The system as claimed in claim 11 further comprising;
circuitry for adding such cut lines in an initial phase region layout; and

circuitry for removing such cut lines in a final phase region layout.

14. The system as claimed in claim 11 wherein the cut lines at such line junctions

extend out therefrom at an oblique angle.
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16. A phase shift assignnent system conpri sing;
circuitry for adding cut lines to the features at all

line ends of a full sem conductor chip pattern having
features at line ends, features at line junctions, and

phase regions; circuitry for adding cut lines to the
features at all line junctions of such a ful

sem conductor chip pattern to divide the phase regions

into smaller phase regions; circuitry for assigning
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circuitry for directing the manufacture of a photomask with the assigned phase

regions.

17. The system as claimed in claim 16 wherein the junctions are an elbow

junction, a cross junction, a T-junction, or a combination thereof.

18. The system as claimed in claim 16 further comprising;
circuitry for adding the cut lines in an initial phase region layout; and

circuitry for removing the cut lines in a final phase region layout.

19. The systemn as claimed in claim 16 wherein the cut lines at the line junctions

extend out therefrom at an oblique angle.

20. The system as claimed in claim 16 wherein the cut lines have a length greater

than the width of the phase regions, and the cut lines at line junctions have a length equal to

V2 times the width of the respective phase regions.
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