SYSTEM AND METHOD FOR PHASE SHI FT ASSI GNMENT TECHNI CAL
FI ELD The present invention relates generally to
phot ol i t hography and nore particulary to patterning
different types of photolithography features,
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However, the use of phase shift masking in dense designs results in a large increase in

the complexity of mask layout. One problem, when laying out phase shift areas on dense



However, correcting phase shift problens in one area
of conpl ex mask | ayout may produce phase problens in
ot her areas of the mask | ayout, As designs becone nore
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P grap DISC{OSUH}E 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 junctions. Phases
are assigned to the phase regions. The manufacturing of a photomask with the assigned

phase regions is directed.



FI Gs, 3A-3E are diagrammtic depictions of 1-function
phase. shift assignnents; FIG 4 is :in exanple of
phase assi gnment according to an enbodi mnent of the
present invention; FIG 5 is an exanple of an initial
phase layout; FIG 6 is an exanple of a final phase
layout; FIG 7 is a block diagram of a phase

assi gnnment system and FIG 8 is a flow chart
of a method for phase shift assignnent in accordance
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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,
some of the dimensions are for the clarity of presentation and are shown exaggerated in the
FIGs.

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



The phot omask 104 includes a light- transparent
substrate 114, of a material such as fused silica or
quartz, with a patterned nask coating 116. The
illum nation source 102 produces |ight 118 of a single
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| ens 106. Focused patterned |ight 122 reproduces the
mask pattern of the patterned mask coating 116 on
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cut line 418 co separ at e ase assi gnfrents for
t he Bﬁfﬁg‘ég I“%‘glt‘bﬁ 43§4 thgrEgsis shown a Ssgrapgpes depislignd0C of a

phas eserh® at WGuiRdRyprafBdhls ﬁl&l@:ﬁﬁenrs%ﬂ @\Q%h&éﬁ)asléf@&t  The phase

sl g se regions,
R0 Bt BB it e R tn e s b and
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i ncr BEE@82 P ETC-oP: Eaergemhewmmrmmm@uanm 300D of a third
pehpiit afineds phat sH @s‘é@mﬁ&%' f&ﬂﬂ@ﬁ{)tom-ﬂkel AR ph%g@ilx fers 308

regjons 4 465 t e I NCr ease
B 2D dROne Rt 6™ a1 L0L e g sies 46
katsel gAtelnte slwfs b ehnusbesr 3O phase passslsgmrreuﬁfomtatugnsns
ﬂrmégeslaml}rlﬁl@l%ﬁscomtl Qtea&@,%p pb_lml Efythg fea?urc g&lsls 0 formed on the
eff|C|en€ chi p phase assI gnnment fl
wﬁﬁFﬁﬁéﬂmﬂ#Hus the tine is decreased betmeen
phot omask desi gn and phot omask manufacturi ng. In
addition, in order to conpletely separate, the phase
regi ons 450-455, the cut lines 410-419 in one
enbodi nent extend out with | engths greater than the
wi dt hs of the small phase regi ons 450-465. Cut |ines
410, 411, and 419 at line ends 430-432 have a length
greater lhati die width of he respective phase. ¢g53
and 454, 450 and 455, and 463 and



465. However, cut lines 412-418 at line jUnCti OnS

440- 444 have a length greater than a I ength equal to
xff.: times the width of the respective obese regions
455 and 458, 456 and 459, 456 and 460, 457 and 461,
458 and 462, 464 and 465, and 452 and 453. This al so
hel ps with phase assignnment by distinctly separating
the smal |l phase regi ons 450-465 from one anot her.
Referring nowto FIG 5, therein is shown an exanple
of an initial phase |ayout 500 in accordance wth an
enmbodicirere "o ot e 3pr égeints shewendiismmmac derviooidi et ofourth
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or di
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desi gn 502 during nultiple photolithog rthlc steps an

PO T AR St SEoEEOm F5000i Gl » BSa PR eatdgmber of
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21DV, sem conduct or S 5
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t he present invention. phase shift assi gnnent

e EIReTEN FhQtopRY dF?é%‘lﬂ"F qumm% mgPEEEvesy t hat at

ti mels aadisem gl @ddr ltbadlgh’fﬂﬂemﬂtlﬁkepb'bl@(ﬂke hadd r§§fi’$n‘d a50- fl(hethe cut lmes
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an assigning block 702, a renoving block 703, a

mer gi ng bl ock 104, an increasing block 705, and a

directing block 706. Each of the bl ocks can stand

i ndependently in the phase shift: assignnent system

700, and within these bl ocks nmay be included various

commerci ally avail abl e techni ques, nethodol ogi es,

processes, and approaches as well as the invention

di scl osed herein, The six fundanmental bl ocks are

di scussed in the approximate chronol ogy that the

bIocks are used in the phase aSS|gnnent systen1700
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JD the adding block 701, cut lines are added, in an
initial phase region |layout, to features at all I|ine
ends and at an oblique angle with respect to at | east
one. of the lines of line ;unctions. Cut |ines divide
the phase regions into smaller phase regi ons and nmay
have a |l ength greater than he width of the phase
regions. Cut lines at line junctions nmay have a | ength
equal to 12 tines the width of the respective phase
regi ons. Next, in the assigning block 702, fr
phases or 180'. phases are assigned to respective

phag ehan ggivotils of trhagegivaplascasgdrg hetiand 54 4gbomf 2 prtdao? ad
@aho&@\%p IcM@ﬁethﬁﬁ% AFR J%H@]@hﬂpﬂﬂfhh\'e(ét]é]gth greater than allQ]gth
the repoving bl ock 703, foll ow ng the phase
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l@seb@lfu‘ﬁ,a]@pssﬁqgo@dtqﬂ] Eﬂ‘asﬁﬁw rangIéquét ﬂ@gﬁsthe formatlon of artlfacts

frogidf hed, pﬂ&i&:thc@l‘h@h}\/%”eaﬁde@naﬁxd%é lrdRnAPEa% @ith hak 606 is
t hose illed in the art in

ht of the afore
R piTbi™ setnstr R gho ookt K sRireh Eis” Snimag e
sulcple ahd@ittnat phieseps mﬁrthofmm atviyonsfactano addiriérabd iodisatadhbol,
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matters of ore set herein or sho
Acbcanphripinpy bemamiasisdare to be interpreted in an

I ustfeaih) 6w NEIAaNthedeH it sk nSEHISR - 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 I NVENTI ON CLAIMED I'S: |. A phase shift assignnent
met hod conprising; providing a sem conductor design
having: at |east one feature at one of: a |line end:
and a line junction; and phase regions havine a wi dth
and. a length; adding at |east one cut line to: such
features at line ends, the at |east one cut |line
having a |l ength greater than the width of the phase
regions: and such features at |line junctions, the at

| east one cut tine having a length greater than tines
thehgobkg et teserfiedt e ofsdee Frefivonsdanggal igeriknt sphas & rraplems
fheddhase regions; and

The six fundamental blocks are an adding block 701, an assigning block 702, a
removing block 703, a merging block 704, an increasing block 705, and a directing block
706. Each of the blocks can stand independently in the phase shift assignment system 700,
and within these blocks may be included various commercially available techniques,
methodologies, processes, and approaches as well as the invention disclosed herein. The six
fundamental blocks are discussed in the approximate chronology that the blocks are used in
the phase assignment system 700.

The phase shift assignment system 700 includes various elements of commercially
available production, design, and development semiconductor equipment and circuitry, which
operate on and manipulate information and/or data, which are generically defined herein as
“information”. The phase shift assignment system 700 receives information from a device
707, such as a semiconductor circuit design system, which is connected to a semiconductor
design 708, having features and phase regions. The phase shift assignment system 700
provides information to a photomask manufacturing system 709.

The semiconductor design 708 can be anything from a full semiconductor chip pattern
down to features and phase regions of an individual semiconductor device on a die. The
photomask manufacturing system 709 can be any technique, method, process, or approach for
the production of one or more photomasks.

In the adding block 701, cut lines are added, in an initial phase region layout, to
features at all line ends and at an oblique angle with respect to at least one of the lines of line

junctions. Cut lines divide the phase regions into smaller phase regions and may have a

length greater than the width of the phase regions. Cut lines at line junctions may have a

length equal to V2 times the width of the respective phase regions.

Next, in the assigning block 702, 0° phases or 180°_ phases are assigned to respective
phase regions. Phases are assigned in a configuration that resolves phase assignment
conflicts.

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.



directing the manufacture of a photomaA having the
assi gned phase regions. 2. The nethod as clained in
claiml wherein adding at |least one cut line to at

| east one of such features at tine junctions further
conprises adding at least one cut line to at |east one
such feature at an el bow junction, a cross junction, a
Tijunction, or a conbination thereof, 3. The nethod
as claimed in claimfurther conprising: adding such
cut lines in an initial phase region |ayout; and
rennvlng such cut lines in a final phase region

| ayoditnally. an thqpigecirg il 7%sthe MaT st qﬁ ﬂ@ll%w'msli “iih BF ejsigned
adel Bgosuchreatt. |1ines to such features at line

| [ fart t t 1] hat .

b oI BE Y STH GUE AT Bt U gb ™ AR G T T g
Asigihage irs ik frilanas sitlganertodimetthd drecoerpr iisiemgn. ghoviedbd g0
%clfuﬁgs pr (H;ln CO @QMﬁoﬁ]QJch?'&le gnpl?at/&grf%lg%?/ﬂrt] N9 eﬁcﬁt Hi';ngl%s qune

p ase regl ons ase re %‘5 ths and

Juetigengnd la'awr?ﬂgoné tita Wché@@ Rediayt insp gt fe@?féﬁa%té‘rle tHan a

BIB@( 804 MHd gt DS 112k tottth&e&ri@ssaemrquic@m irt a_cm(tcta @oe‘ @s@xtghm@ﬁlaﬁg to
eat er

| i ne. end n i ne n t
Bt et e NacBEm 2B SRt Byt dns FRE te PG e
ﬁaamMmesea@mahhabhﬂenpunct|ons to d|vid¢ the phase
regi @Iﬂr?s ﬁl!asooeaﬁ@ %\%&d 18 gﬂa‘éc%éh%;ssl 1fvent SQHJ&%&ng%ﬁtgss of

degr ee ases or ases O respect_l \ _
hegreers mwwtlan eondhi igaeran| f@ﬁ hprlmforer exptwreand Fhzrgigable solutions,

SSHIANRIRAY rGohhia6EaSiages SSPKhRAnitNiGkkndl TR Sekulting processes
and configurations are straightforward, economical, uncomplicated, highly versatile and
effective, can be implemented by adapting known technologies, and are thus fully compatible
with conventional manufacturing processes and technologies.

While the invention has been described in conjunction with a specific best mode, it is
. to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.



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. 6. The nethod as clained in
claim5 wherein the junctions are an el bow junction a
cross junction, a T-junction, or a conbination thereof

. _The thod as clained in claim5 flirther
THEI}%G%ﬁTK@?ﬁ&AIQEE?ﬁb the cut lines in an initial phase
ﬂﬁglOﬁﬂm%éﬁﬂﬁaﬁ@ﬂn&ﬁﬂﬁ&h&ﬂaﬁhﬁﬁﬁ%% lines in a fina

phase region | ayout. 8The nmethod as clained in claim5
WG SqEcGuctpr drseendiavitie |in. e junctions extend

out tgg&gﬁ&&ﬂ% M oRbLEque angle. 9. A phase shift

assi gnment systemconprising: circuitry for adding at
| east one adute endymadt 0 at | east one feature at one of:
a line end of .a senm canductor design havi ng phase

regi ons aﬁﬂ“?é@%%@%é“@t | i ne ends, the phase regions

havi nghask okishs aReing @RGEtASn@Rknkive at | east. one cut
line having a length greater than the wi dths of the

Bﬁ%g%mﬂﬁﬁF@ﬁéwtgﬁﬁﬁh.Iine junction of a seniconductor
desi g, AFviigs RNARGAS gﬁ@ﬁ%ea@%efcﬁﬁfiﬂiﬁa%dﬁ a 1eh€tg [%c%ai‘g]er than the

junctrons, the at |east one cut |line having a
gr eat er t hamith bethepbidsh regiortshandphase regi ons:

gln (rj cu ISI}CEI%E:JH?I‘E:S Aidle &]rllc?lgnsp, I‘Ehaesa? ?eagt%n% Qgt lpnré%sa\e/inrg ea%n%ﬂls éreater than
V2 times the width of the phase regions;
assigning phases to the phase regions; and

directing the manufacture of a photomask having the assigned phase regions.

2. The method as claimed in claim 1 wherein adding at least one cut line to at least
one of such features at line junctions further comprises adding at least one cut line to at
least one such feature at an elbow junction, a cross junction, a T-junction, or a

combination thereof.

3. The method as claimed in claim 1 further comprising:
adding such cut lines in an initial phase region layout; and

removing such cut lines in a final phase region layout.

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.

A A phase shift assignment method comprising;

providing a full semiconductor chip pattern having features and phase regions, the phase
regions having widths and lengths;

adding cut lines having lengths greater than the widths of the phase regions to the

features at all line ends;
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circuitry for directing the manufacture of a photomask
Wi th the assigned phase itgions. 10. The system as
claimed in claim9 wherein such line junctions are an
el bow junction, a cross junction, a T-junction, or a
conmbi nation thereof The systemas clained in claim9
further conprising; circuitry for addi ng such cut

'a'd&% .cluplix?et@ h'aWné ot For t 40 B 1 REQHL widhof th phase regions to
circaitry tor r movi RG such cul - 11nes in a fina 6has§

r egi onhd &youds. at all7lineTjunetiey b elivids thel Fiasetgians ghtai smafler phase
wherein.the cut lines at such line junctions extend

out tHEF'®" om at an oblique angle. 13. A phase shift

asSibRnEERto 8y5EL PhBETHF 1180 Qﬁ'gre@iphﬁsébttb)&e%pééti@dﬂﬁdw r€gibns in a
lines to the features at all |ine ends. of a ful

seni coRaigrgiondhat gesghies Bhase pepanAynt @afliffes at 1ine

epdsvi t A4 at line junctions, and phase regions,
t he ?ﬁ%aﬁ nes SaV|ng | engt hs greater than w dths of

tihergipgasmmonpbgicopgom the |ine ends and the cut |ines

havi ng |l.engths greater than J2 tine w di.hs of the
IR he G el e PRt R A3 BpbER P Rtk e ind
athdting; e inahifaesretdd atphetoh@sit Witk sheaksigndd phhgearegionct i ons
of such a full sem conductor chip pattern to divide

tshe phagendtedi 8N$aimdd ¢ SR b efhepiase jiRUbMNGe ahRBoGUlinction, a
lines having | engths greater than wi dths of the phase

(CERSH s tionar [olmetian, Py conaingioniersdy o degree phases or
180 degree phases to respective phase regions in a
donf i gleandtind assimedigslapas’ b SoRPEpigEment

Qa(aﬁifnlgitﬁ:é Gt lines in an initial phase region layout; and

removing the cut lines in a final phase region layout.

8 The method as claimed in claim 5 wherein the cut lines at the line junctions

extend out therefrom at an oblique angle.

9. A phase shift assignment system comprising:
circuitry for adding at least one cut line to at least one feature at one of:

a line end of a semiconductor design having phase regions and features at line
ends, the phase regions having widths and lengths and the at least one cut
line having a length greater than the widths of the phase regions; and

a line junction of a semiconductor design having phase regions and features at line
junctions, the at least one cut line having a length greater than the width of
the phase regions;

circuitry for assigning phases to the phase regions; and

circuitry for directing the manufacture of a photomask with the assigned phase regions.

10. The system as claimed in claim 9 wherein such line junctions are an elbow

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

11. The system as claimed in claim 9 further comprising;

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

12



circuitry Thr renoving the cut lines; Grellitly for
mer gi ng common phase regions; circuitry for increasing
t he spaci ng between zero degree phases and 180 degree
phases; and circuitry for directing the manufacture of
a photamask with the assigned phase regions. 14. The
systemas clained in claim13 wherein the junctions

B b Rt Loy BT Ut T on
(0B S ST RO Sl AT, Lor, 208G o,

ektesdibittNerRSm hEMHIQEe idpge.cUt lines in a. final phase
region |ayout. 16. The systemas clained in claim13

wher ei&bﬂa&esh‘?&lﬁssl Rt @gteﬁmn{ﬂﬁ@ﬁgj unctions extend out

therefrom at an obliqué angle,
circuitry for adding cut lines to the features at all line ends of a full semiconductor chip

pattern having features at line ends, features at line junctions, and phase regions,

the cut lines having lengths greater than widths of the phase ; regions at the line

ends and the cut lines having lengths greater than V2 times the widths of the
phase regions at the line junctions;

circuitry for adding cut lines to the features at all line junctions of such a full
semiconductor chip pattern to divide the phase regions into smaller phase regions,
the cut lines having lengths greater than widths of the phase regions;

circuitry for assigning zero degree phases or 180 degree phases to respective phase
regions in a configuration that resolves phase assignment conflicts;

circuitry for removing the cut lines;

circuitry for merging common phase regions;

circuitry for increasing the spacing between zero degree phases and 180 degree phases;
and

circuitry for directing the manufacture of a photomask with the assigned phase regions.

14. The system as claimed in claim 13 wherein the junctions are an elbow junction, a

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

15. The system as claimed in claim 13 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.

16. The system as claimed in claim 13 wherein the cut lines at the line junctions

extend out therefrom at an oblique angle.
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