MASK SYSTEM EMPLOYING SUBSTANTIALLY CIRCULAR OPTICAL PROXIMITY CORRECTION
TARGET AND METHOD OF MANUFACTURE THEREOF TECHNICAL FIELD [0001] The present
invention relates generally to an integrated circuit system, and more particularly to an integrated circuit
system formed from a mask system employing a substantially circular optical proximity correction target.
BACKGROUND ART [0002] Integrated circuits can be found in many of today's consumer electronics,
such as cell phon@g ASKESYSARRISYIRIGDIN 1 88IB PIayN T AL IMECIROUTIAR BPEIC ARfegrated circuits
may include a combination of active devices, passive devices and their interconnections. [0003]
Photolithograph P ROXEVE N CORBI(EII N BABS M EANDMEFEBIOI2 OF iMAYBICA CHPIRES, and consists
of patterning the surface of a semiconductor wafer in accordance with the design and layout of the
integrated circuits to be formed. One of the majcfHERIEE formed by photolithography within an
integrated circuit is the contact hole structure. [0004] Uniformity of these contact hole structures becomes
increasingly critical as the technology node continues to decrease for high-performance integrated
circuits. Unfortunately, optical proximity effegisc-gigl a8 light giffraction and interference, can greatly
impact the uniformity of these contact hole structures as the technology node continues to decrease.

Thus, optical jpo@ximity GREseRtion ARG VassdeurianeddYthe EemicPaRUGIoLReMsStndoneSfset optical
proximity effects, [0005] For contact hﬁle,structures, OPC technolo isﬁfgpically performed on square

y
polygons dedPEEHHE B PRt IRESRIEA ST HRERILCEE A XBISthJr MBI BRIy SR SirBular at the
design and watextdewdly Assliohppkiorpmeihdgaloges@mpley. a square OPC target that utilizes the
frequency filtering effects of a projection optics system to induce corner rounding at the printed feature,
which then results in printing of a circular hole. Conventional OPC techniques applied to square OPC
targets include the addition of serifs at edgesARTKIGRIOENEOARITbIasing to ensure the printed feature is

within tolerable dimension.
[0002] Integrated circuits can be found in many of today’s consumer electronics, such as cell

phones, video cameras, portable music players, printers, computers, etc. Integrated circuits
may include a combination of active devices, passive devices and their interconnections.
[0003] Photolithography is one of the principle processes in the manufacture of integrated
circuits, and consists of patterning the surface of a semiconductor wafer in accordance with
the design and layout of the integrated circuits to be formed. One of the major features
formed by photolithography within an integrated circuit is the contact hole structure.

[0004] Uniformity of these contact hole structures becomes increasingly critical as the
technology node continues to decrease for high-performance integrated circuits.
Unfortunately, optical proximity effects, such as light diffraction and interference, can greatly
impact the uniformity of these contact hole structures as the technology node continues to
decrease. Thus, optical proximity correction (OPC) was developed by the semiconductor
industry to offset optical proximity effects.

[0005] For contact hole structures, OPC technology is typically performed on square
polygons despite the fact that the intended feature of a contact hole structure is generally
circular at the design and wafer level. As such, prior methodologies employ a square OPC
target that utilizes the frequency filtering effects of a projection optics system to induce
corner rounding at the printed feature, which then results in printing of a circular hole.
Conventional OPC techniques applied to square OPC targets include the addition of serifs at

edges and dimensional biasing to ensure the printed feature is within tolerable dimension.



[0006] Unfortunately, as the semiconductor industry moves towards smaller dimensions, the process
window gain from conventional OPC methods for contact holes has become limited. Additionally, other
issues encountered for contact holes, such as side lobe printing, missing contact holes, and pattern
fidelity, further impact the process window for contact hole patterning. Furthermore, as integrated circuit
dimensions 8006 &selbrtalyedp g isrinenid wideligddsiey torehes | sw pds siiftéereffiaensprhetirojection

optics SYSte%w&&%&%%ﬁﬁ%%@&%@%@@&o&@tﬂb@ﬂﬁ,c%rﬁ@&%&‘ég reMRIROriAitgliable mask
system and methaod of fabrication, as well as a reliable integrated circuit system and method of

fabrication, wih&TBIATHE noHKK Epsterrati e s graact drtiit Yysahtgfolilie @ am BrnaHcEE image
fidelity and progess windowntbrpaoatiadidedie, patidkringiphetvigw pbtiees ewatdinereéasingaontoercial
competitive pressures, along with growing consumer expectations and the dimjnishing opportunities for
eangt PR e o e S e B R e
problems. Additibvatlye tieethreéaimeatsdiiter coisie, dnhopeoistiiciermgives avsiperfothimaeacavdmeet
competitive Q%gggfg%qu@,an even greater urgency to the critical necessity for finding answers to these
problems. [00084 olutions to these problems have been long sought but prior developments have not
taught or sug§88ad By adieribHE isenaiRt Lo ITRIBRY (B e SEsrB BRAEHRE 9b MPEraHeY fHose skilled in
the art. DISCWQSMRErEEbIHn N T [00a%) the prapentonyasitianrovidesia methad of
manufacture of  mask System,neluding: providing desian, datey generating p gubstanfially, giroular optical
proximity corrgctlonatargef; front the design 8%&61; sing a segment of {Hegsubstar‘{tiaqy]():lrcu?ar optical
proximity correotiow targentasidiglerretttingsndsk data bdised anttreashigpe produee ddmpbidsing the
segment of the.substantialivsircuak ARIGHsRRTIB GRS tion Rﬂ&&‘in[ﬁ%@ﬂﬂ%_%ﬁﬁ@lﬁ&ﬁ@?%‘mems of the

invention have other steps or elements in addition to or in place of those mentioned above. The steps or
element will BRCSHREEIAtAt S igsREErRmalths ek Pliom b iredtifg Brifevsrsvihndeuatded
description winest takeranith refedenicadmythenaceesapanyisguekavings. iBpiak RERGCRIRT IQN OF THE

DRAWINGS %9 1}LFIG. 1 is an isometric view of the bg?c elements of a hotolltho%g%@és?}fstem

. ance, a meet competitive pressyures adds an, even greater urgency .
employing a Kask'sySteni 1o pattern an integrated circuit Systény infaccordance with an émbodiment of

the present iw%ﬁmf@ﬁh@él@s@% antlesempldeydepiction of a flow diagram for an OPC process.
[0013] FIG. 34pa¥] Q¥R MASESHIONs!R e R A SRS IR MR DYGH SRl MASK SRRIUIS In

accordance with an embodiment of the present invention.
taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.

DISCLOSURE OF THE INVENTION

[0009] The present invention provides a method of manufacture of a mask system including:
providing design data; generating a substantially circular optical proximity correction target
from the design data; biasing a segment of the substantially circular optical proximity
correction target; and generating mask data based on the shape produced by biasing the
segment of the substantially circular optical proximity correction target.

[0010] Certain embodiments of the invention have other steps or elements in addition to or in
place of those mentioned above. The steps or element will become apparent to those skilled
in the art from a reading of the following detailed description when taken with reference to

the accompanying drawings.



[0014] FIG. 4 is an exemplary graphical representation of an aerial image intensity produced by a square
pattern versus a substantially circular pattern. [0015] FIG. 5 is a simulated critical dimension through pitch
(aerial image) for a substantially circular pattern versus a square pattern. [0016] FIG. 6 is a simulated
depth of focus through pitch (aerial image) for a substantially circular pattern versus a square pattern.
[0017] FIG. 7 is an exemplary graghiuBiratind B EanuRitddiprbBesY Wikdow for dense and wide pitch
square features formed by prior methodologies. [0018] FIG. 8 is an exemplary graph illustrating a
simulated prd@858 Wikt dw odBRE EHRdMFHehitbh SatstalstRanjscREmpiatibes ishnadsimhe current
proposed OP&prgeess finwiofsihepresgniembadimneaitsed 0849 R tehisa sieotlatee aafalimage
contour plot fe% gifJerent Ostlﬁ%gr%ered structures for both square and substantially circular patterns. [0020]
ali

FIG. 10 is a SiMUIAtEG a&r rgsgeéltégﬁ?gtﬁ(rmplot along with a simulated aerial image intensity plot for

different stagtf¥ied Etfuctives ¢aebplinsderacecand slostalmtiidin cimcaldpRatteeess. [0021] FIG. 11 is a flow

chart of a MefipR pFMaTNAGE 4 A MASkSYRIRMT A AlhodimeR Al bepgsRRLnyeRden. BEST
MODE FOR CARRYING OUT THE INVENTION [0022] The following embodiments are described in

sufficient det#i agreidante oy skipedicti @THherBrpeita™AIQ8e the invention. It is to be understood that
other embodijperats MG Ud Pmevidenh BaseghantigRiesRAbLAISCIASIHE] INd I Ak SHHE ProMIBSESS, OF

mechanical clglanges may be made witq)out de?arting from the scope of the present invention.
y a Square pattern versus a substantially circtllar pattern.

[0015] FIG. 5 is a simulated critical dimension through pitch (aerial image) for a
substantially circular pattern versus a square pattern.

[0016] FIG. 6 is a simulated depth of focus through pitch (aerial image) for a substantially
circular pattern versus a square pattern.

[0017] FIG. 7 is an exemplary graph illustrating a simulated process window for dense and
wide pitch square features formed by prior methodologies.

[0018] FIG. 8 is an exemplary graph illustrating a simulated process window for dense and
wide pitch substantially circular features formed by the current proposed OPC process flow
of the present embodiments.

[0019] FIG. 9 is a simulated aerial image contour plot for different staggered structures for
both square and substantially circular patterns.

[0020] FIG. 10 is a simulated aerial image contour plot along with a simulated aerial image
intensity plot for different staggered structures for both square and substantially circular
patterns.

[0021] FIG. 11 is a flow chart of a method of manufacture of a mask system in an

embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] The following embodiments are described in sufficient detail to enable those skilled in
the art to make and use the invention. It is to be understood that other embodiments would be
evident based on the present disclosure, and that system, process, or mechanical changes may

be made without departing from the scope of the present invention.



[0023] 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. [0024] The drawings showing embodiments
of the systend ¥RSBEd&milgiakpitnwmatideasitb ot tawoalevanshostiticddtuly, awneivehtie digddsions are for

the clarity ofpreseRiaHeR-aNdiAELE RRYR exRaerRIgE, 1, he dIaving frlGshaimiarbenaithongh the views

in the drawings for ease of description generally show similar orientations, this depiction in the FIGs. is
arbitrary for FPRBEEAaHCUiBrsIgPER Rt on R QF B DAL USRS BRSREEBATVIHI2B] Where
multiple emBoeglimesitkase disalosedanthdeacibeddaying pemesiaapdras Hdehsolsen ifafeelarity and ease

of lustration, gigsgription, and camprehension ereof simiar and ke eatures, ane.to,a70iher wil
ordinarily be desc ibed With Sinilar reterence numerals. foséligfﬁ)r exposi 5'ry purposes,?ﬂe erm
"horizontal" serlgsenl hpreinulkdiefivse: o dholadhaepsicalieito foetboriattiorabsienaiomsarfhets of a

substrate, reggless AR QrIRNRIARWERE e "arical aiata e mdirstion ReReRdinuapio the

horizontal as just defined. Terms, such as "above”, "below", "bottom", "top", "side" (as in "sidewall"),

"higher", "lofASP klspstptiongsmeraily shpyysimikrerHesiaenivithit Spiste o BB o M arBiATE, as shown
in the figuresor [B02+]sTheatteGrpraBe Ssingyveasdisech beiaindudas depasition of material or photoresist,
patterning, e re,.develo nt, etching, cleaning, and/or oval of the material or photoresist as
Feguired m e S oA BT A R e
contact amotmralemdnt<s1aji9 20} Thes tef iy stexampleScoiptioxe andlappipacbensied Herend, tomlean serving as

an instance g4 {HSiR-ARY BSREHPHAMPUNE M ARSCHPEANBISIRRT AlteIEXA MBI QK as "exemplary”

is not necessarily to be construed as preferred or advantageous over other aspects or designs. [0030]
The term "lay@PZ&hEBNfYAssEL HBtHRPRE SsikGURIParkPEHENSILr 28 UiRes BestHe RnvisEinqdiaateala®031] The

terms "maskyaani] tetislel asdngenanerain areuidabe drseshinierchangrably @sitherpRirgaesnt empodiments
are equally r%\g licable t?,,eit er system or method 9

: S ste tign en Iélrnt]ast;!l< ()lgol;?ti()%ltezﬂ 91]; 1t‘?1rs.2nci1ngnae afern sby
photolithography. rﬁﬁffﬁ FIGS. i-fo, WIEH fg%’w, éfeplct By v?/ay of examp and noffl}quilemnlltatlon, one or
more exemplaely systebnsedr ithethrods otidns. fabmcatéidandsk sy Stedaveridjor highntégtated:”,

“upper”, “over”, and “under”, are defined with respect to the horizontal plane, as shown in the

figures.

[0027] The term “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
photoresist as required in forming a described structure.

[0028] The term “on” is used herein to mean there is direct contact among elements.

[0029] The terms "example" or “exemplary” are used herein to mean serving as an instance
or illustration. Any aspect or embodiment described herein as an "example" or as
“exemplary” is not necessarily to be construed as preferred or advantageous over other aspects
or designs.

[0030] The term “layer” encompasses both the singular and the plural unless otherwise
indicated.

[0031] The terms “mask™ and “reticle” as used herein are to be used interchangeably as the
present embodiments are equally applicable to either system or method (e.g., mask or reticle)
of forming a pattern by photolithography.

[0032] FIGS. 1-10, which follow, depict by way of example and not by limitation, one or

more exemplary systems or methods used to fabricate a mask system and/or an integrated



circuit system and they are not to be construed as limiting. It is to be understood that a plurality of
conventional processes that are well known within the art and not repeated herein, may precede or follow
FIGS. 2 and 3. Moreover, it is to be understood that many modifications, additions, and/or omissions may
be made to the below described process without departing from the scope of the claimed subject matter.
For example ctidibelsiordewcrither prosessonbaycimeiigd arolianfswerltos dthbe sisjssstadditianally, steps

may be peff%m&ﬂtgn@QB&MEQ@A@I%@@&M@MW@%@M&@Wittllil‘ﬁ #ROREAA 1R &gﬁé%tﬂa’éﬁ{]tion- [0033]
Moreover, it is to be a&g\r/eciated that the integrated circuit system of the present disclosure may include

any number SFHCcRVE S ied &Y., A it 1BLtrbdMRFRE n vitcHPtive ctEnrBWHG BEeen two
specified electatitsimHeQniddileehar madiladeck oy theayoliagraapplietiabal eoniset ehedtindedsand/or
passive devices and their interconnections. mplary illustrations of the.one or more active devices may
i, wiinGu T SR T oA A4 oo P N p e STt P ranotor
(PFET), a codepteivrdntapgarsetadyoxiduidsilivore(Gmes peariicjusteion, Adlitiglealdateterinsiayobea multi-gate
transistor, a fﬂéifﬁe@fn%ﬁm{élﬁé 9?&@;W%lﬁ@épﬁﬁﬁ%ﬁﬂ(ﬂyQééff’étkﬁriﬁe%@&lpﬁ%ﬂﬁ%me passive
devices may include, without limitation, resistance devices with varying resistance values formed by

strategically i\Md\}{ﬂ@‘ﬁ%cé%égté‘bﬁﬁi&B@@?@S?@nﬁ'bﬂéFPeilIlﬁ’é‘fﬁé%ﬂsc’é?‘fﬁesﬁf@?b(?ﬁ ABCIBHE may
include, withaidclissitiationy oreues moneusmotagtlale gyvickyres. Funibrrmecaoieigdoidanndatstood that
one or more gf.ihe Intograted C‘p%\i‘v‘vte%ﬁ%” gould he prepayed;at one i &”rﬁo%ﬁiég% which could be
separated into individual Or il Iple’in egrate%ﬂcwcuit assemblies at a later Stage of 1a rication. [0034]
Furthermore vitlisgo eplievtietstoouhtieatethetinteyratéer girstitesyisternsnaad ufgotuneddoprtbrtiemnbodiments

described hefgi, fan-PRILSEM MU R U AR QT SIRIRDICSYRIS TR RICH AR RIHEEEsRICamponents,
memory components, logic components, d%@' components, angéﬂog components, mixed-signal
oﬁ%fb n

components, ehiared (FERE, FABReREJORHEY) (RFY-EBMpR fect mrneinrd SIhfelitsy, digital
signal processanslompane st ANixidcalBse MEIin)icah Campone NisngpRticat 3RASRIEMAEIENtS, and so
forth, in numerous con{i(%ur iqﬁ;%fnd arranrﬁ‘?menttstas may bEs nee ed.1[00t35d It sk}otﬁld be understood
that the definffions‘and nomenciature 4864 Netet 5réa6%/sen 'by’\(ﬁgl)? Sfye&é%rp eog%ﬁ/ and’tiiat one skilled
in the art wouldreadily wndevstemdntlyaiatinde. defthitionkreitrdi oo menstataelavayg bevuberatgiilfustrate the
techniques, Sysfems. d@a‘ﬂf&sf&&@c{“ﬁﬁh%ﬁ%?éﬁf%%ﬁé?ﬁ%e'&re [BRRE1 PR thedolin

I
embodiments relate to a mask system’including afeature formed utilizing a circular OPCIé\zfirget. In at least

one embodinBHr#Ha PIChe e eI & p) bR Yo Reldre: SEEARNERGHINtP e AR BB GRIEMS of the OPC
target biasedrQ103#dibe ynaskiryaierms rafeseduuberain mayRava gesmetitandiardeligonal
shaped patternst corresp ndir;]%] to Jh? circtuit comdpongints tohbel-ti?t%f %ted ont(t) 3Wtafer or. substrate. The
patterns used 0 EretE stich'R 3%q<sa081ﬁeblemgeeoﬁleré?8 lﬂﬁli%nﬁ: R C[cgr%eﬁﬁ araigey' elg%glrlﬁ programs,
such as an E@An(dlpbironigraedigneaittomatibng softivaretpgegfdabriddost CAD programs follow a set of
predeterminegggsiph iesthak shapie hadssianaLimerarie fuactional masksnianelaly ghese rules

are set by processing and design limitations. For example, design rules can define the space tolerance
between circtlit d8\hedsesticAcsdigeddsreiasanibsrascste ) iyp contAtHe Riscleg e8It EiPesttht the circuit
devices or coptaibhales dompiiaierantmbhyobsnanathel ingik WderiaRle Wat.T keHssisnule
limitations are typically referred to, as, "critical dimensions" é(i:D). By way of example, a critical dimension
of 2 circut cal TS TR S8 & Lr AR P& KRS S Tt B AR KR Bermitted
between two comtactihol€s.g[008B] REfONingroow)to d¢iall sipereiprisshownampisemetrimiciew of the
basic elemenip,of A ROAIAIIRONARNYRSEM LA URE] teopaNaRan Riegratef Gy SYRiBM 102 n
accordance with an embodiment of the present invention. [0039] The photolithography system 100
includes a ragifafigHrageircandouraggeaaiation Benks 106led-condenser 108, a mask system 110, a projection

optics 112, ayghsssieppand béufzrnessdynih@derakisysteny kbthisdhiminatech by thasagiationp beam 106
emitted from the radiation source 104 and a pattern of the mask? stem 110 is&%gti?d onto a
ti

photoresist &t T8 RIS IBS AT 18, BS Hhy8F SxEapie, W A Sl¥ee 104 may
include any fdefimafcn-axisoneaitlaxis enerdy thad caillberpropegatboiaswanesior dtneamsod charged
particles. [OO%(%lﬁ%%sia?%g'}gbeegtﬂ‘é%%the illustration, the radiation beam 106 emitted by the radiation source
104 passes through the condenser 108, and is projected onto the mask system 110. In some
embodiments, the condenser 108 may include optical lenses, mirrors, and apertures, such as slits, for the
purpose of controlling and directing the radiation beam 106 onto a precisely defined area of the mask
system 110. 5



[0041] After passing through the mask system 110, the radiation beam 106 carries information as to
patterns formed on the mask system 110. The resulting patterns are imaged onto the photoresist material
116 formed over the substrate 118 by the projection optics 112. The projection optics 112 may include
minors, lenses, filters, apertures, and other optical devices for directing the radiation beam 106 onto the

integrated cirdl¥9f@y/sraneraly2 o dalp i tentrodingarstisbcthattieaghorsienistadiegial fieaBiinay include

any type of ap,gR&IQYiFARSIHVE M- Ue0 BSRnegaliMelenad eaisbmRasiive e desishari chemically
amplified resist that is deposited by techniques well known in the art and not repeated herein.
Additionally, #4356 B iHHeRIBsBRHaR M SeBaR ssErTALehbe ARCHgRiRTEL one or more layers
patterned on¢00BTNAIE tHMAGS Witbnin egstieadCHarviithns hetoweahouiedic nanemeaiBrsoalepeer, it will be
appreciated by {ngse skiled. 0 it hat addiionsl avars, such.a5.a primer, A don anffreflective coating
and/or a bottdm anti-reflective c%a?ing may be en?pl%yed fo enhafice the evelopment9 of the photoresist
material 116.T0043(txfe texbissirigathes pwhotorgsistam &te deilerad thielisutgstrate 1a@npatebhaidsadked and

developed, |ecﬁ¥i§19) %Q%&%ﬁ@ﬁeﬂ by fsaphateresist ﬁ%’té‘zﬁﬁi@ﬁﬁd%}ﬁmﬁl&em@ Yy r@ggqns that are
not covered. The pattern produced b%/ the mask system 110 may be used to manuracture integrated

circuit compdneR@wERm e Mt Pated RiFdaieayathilests s el iBr el dnditdt processing
steps, includifigdticntiplesrditicaa-pajtanirgaperationsyihesuhstatad iS&tanhatseparated (e.g., diced)
into individual or mlulti(i)le se 'condu&tgr a semblie%1£9044]bEach of the. ifr%]te rast d (:Lr%uit gt\ésstem 102

formed on th& SUbstra eesﬂéurﬁgﬁﬂcﬁ eemgnsy%fﬁferenatnica?yeer%wefﬁecérecﬂf erent | SQlecrs. r%ﬁy include
metallization ¢apangorseetioondweting halersodielectnigfaybas tharrieyitalearss sete cPhectiffdeediolayers may

have differenf Rafieing WA AT CERHLEHTIROAE M SR ARACHMEARNICER BPR3IYE devices,

and their interconnections. The different patterns and/or layers may be imaged by a single multi-layer
reticle or multifEFAUR-fay & ifisabidenEi Qs rid S Bt inBy My opleFANBRE: [OGASTH idilFBednefefstood that
the photolithegraphyasystedaifdad preserNieAIRROVAIIMEHENY RRIRSERtR anr/exarmspisdrellugtiation of such a
system and there.is n%%i}ntention to limit ﬁ(r)pésembodiment to this configuration, the illustrated parts, or the

arrangementpc?f%létf g. Eﬁ%ﬁl ﬁve(?é:?rl}ﬁaﬁtnow fo FIG. 2, therein is shown an exemplary depiction of a flow

diagram 200 9038 BPe pre cesstoGdhetathertei o diegr ason20ic depicts ha @RCeproecasoflow for
targeting a sURStaRRLY.FHEURINAIEH QM %}Qﬂéﬁ#aﬁy AR AAOA: (G RAPTHRtE 18, bajt. of FIG. 1.

For purposes of illustration; the flow diagram 200 compares and contrasts the prior methodologies for
targeting a citéthanSatRtHBgUS eI CaRdAYSHéPosed OPC process flow of the present embodiments. It

will be appre¢iad Pycthaseohesaipayys sidhin tiei@tudes a radiation source 104, a radiation beam
106, a condenser 108, a mask system 110, a projection optics 112, and a stepper 114.
Generally, the mask system 110 is illuminated by the radiation beam 106 emitted from the
radiation source 104 and a pattern of the mask system 110 is projected onto a photoresist
material 116, which coats a substrate 118. By way of example, the radiation source 104 may
include any form of on-axis or off-axis energy that can be propagated as waves or streams of
charged particles.
[0040] As is evident from the illustration, the radiation beam 106 emitted by the radiation
source 104 passes through the condenser 108, and is projected onto the mask system 110. In
some embodiments, the condenser 108 may include optical lenses, mirrors, and apertures,
such as slits, for the purpose of controlling and directing the radiation beam 106 onto a
precisely defined area of the mask system 110.
[0041] After passing through the mask system 110, the radiation beam 106 carries
information as to patterns formed on the mask system 110. The resulting patterns are imaged

onto the photoresist material 116 formed over the substrate 118 by the projection optics 112.



that the flow diagram 200 represents a generalized schematic illustration and that other steps may be
added or existing steps may be removed or modified. [0047] From viewing the flow diagram 200 it is to be
understood that prior OPC process flow methodologies print a circular pattern on the wafer despite
targeting a square pattern in the OPC portion of the process. However, it will be appreciated by those of
ordinary skill Theneraectieat attismalferay radixesmineshiapsesd daisiof tperseraranpatianatiprior

methodologi%@&éb%m%ﬁ@%& thgiimaos:fidaliy and desult .ameallenipiogessiyindows for the process.
The present inventors have discovered that by targeting a substantially circular optical proximity

correction (OF84Zhlgist (adoppesiaad haldhe rRhesesesich Gaeitht ihSagavitsitgeasty p¥8eedsMhindow
parameters cafridge vpiovediiD0d8] tsenesallyydhentomsdiagramiz QO bagirsiwithr getieraiingya design
data 203 describj n integrated circuit layout pattern in. a step 202. Typically, the integrated circuit
ayout patter R B ol R e S oA, actions
within the intéglditenadiseuitisyshemndarsiphdabniohe pmlocdintemtetid Idfegratarlbidevrdayorpattern can

model the del%i%?soﬁa‘?@%&'i mﬁrgr%&@%ﬁ@%t@?ﬁ@%ﬁ&iiW@Qtlﬁ%@fé@ﬁmpﬁﬂﬁﬁ&ﬁ(@ys- In such
case, the contact hole design may include a polygon shaped feature and/or a substantially circular

shaped polyddAfexeird. WhtheremsrirRictidhtiogletedna the ¥hiehepttiseebivsBCprbesds flow may
include a circpiiatcdesigp aittherisien 2EaiR04AR) dhebdesigndaieret e sienmg0Zagas bagoyderted to a
database file tforrrﬁat, ed. Jra hic de}taf%){st%n}tll GPSI][&.ir] ?l%tep 204. It is to be understood that the
database file format can be Yjsgmgnré)preggn? he b anar daeome'tric and/or polygonal shapes and other
information al¥9d8ihefiertegratakcihcuithietpmsispan@enidh hiérdhchichkfoten thhtcearbbebeisald aadcreate the
mask Syswmd!:\]@@(%_’éd,:l@av]m RS ANSFeR 204 SRS TETaIRE:LP Afthed GRS iPmBRLion of the

[

mask data preparation. It will be appreciated by those skilled in the art that prior methodologies typically
convert the clf&ifar HESiRR pattarrstinEhsiapoprydreylirdheattie it EDRINPSEsER- J0050] Unlike

prior methodalegiestifcaihleastcanarembadipaidhitheitiiirent propasad-RRE praemssoiowagan retain the
circular design \pat}ern (lgenerated t the step 202 bg/ formin a(\l.subst ti?lly ﬁid'.cular feature.at the "GDS
T s?hera ore,. semiconguctor processin tegs u ll’lg mg#g) e ~addifional P%termng .
in" stage. In other embodiments, the current proposed OPC process flow can convert the circular design
pattern generatedtanthehstept02ito ld Squarddeapmsted tivez GOHS dn"istagediidill ber appheadrated by
those skilled in the aft that, the shape or configuration chosen at the step 204 may depend upon the
optimization of the particular process. [0051] The data created in the step 204 can then be subject to an

OPC procesd A4 skapoosthe dpiassatrs\ dratraxriond (R derse s8ehatprie MétRsaoRgHes form the
OPC target ainthe Stef286 appsquareHeatusardiiikaperr mathogelogiesnthgicunient pyepgsed OPC

process flow at the sdtegago gglenera es a substantiall rCfrcular OPCFtarg%% 207 {rom the dgs\i,%n data 203

and/or the cohtact note desid e.rfh%{ EALE OhE"Em alérl|m%?ﬁ?,rsfheetCSubgFan]tléaﬁflntt:ir%‘(ﬁ%sr Ef‘arget 207

generated atdtféemmppaﬁ&mayfﬁﬂmimW@ﬁqug@hfsﬁvapfedﬁ@muse auctl/@F acsi}bstamﬁauymissjuhar shaped
polygon featyye;; {0052) T data I8, Ig SHOSIRO AR Gl AL QRGuIRI 98 A0NA/ BatH IS step 206 can

be transferred to a "GDS out" (e.g., GDSII file format) portion of the mask data preparation-at a step 208.
The step 2085t addidavarsiield ob nelte Pyt tradesihiask b PogHerprsiiottion of the mask
system 110 tpaspluce finshesuintegratast excyitsiolithography system 100 presented above merely

represents one example or illustration of such a system and there is no intention to limit any
embodiment to this configuration, the illustrated parts, or the arrangement of parts.

[0046] Referring now to FIG. 2, therein is shown an exemplary depiction of a flow diagram
200 of an OPC process. Generally, the flow diagram 200 depicts an OPC process flow for
targeting a substantially circular pattern on the mask system 110 and the substrate 118, both
of FIG. 1. For purposes of illustration, the flow diagram 200 compares and contrasts the
prior methodologies for targeting a circular pattern against the current proposed OPC process

flow of the present embodiments. It will be appreciated by those of ordinary skill in the art



[0053] In at least one embodiment, the "GDS out" pattern generated on the mask system 110 by targeting
a substantially circular OPC pattern can be a substantially circular aperture. In other embodiments, the
"GDS out" pattern generated on the mask system 110 by targeting a substantially circular OPC pattern
can be a substantially circular aperture with certain segments of the OPC target and/or the "GDS out"
pattern biaseddsyhexiendimgtne 300 tsirrhecaisiistantialiyedirchrmapistibntintian agithdirediose[B054] It will

be appreciategh by dhagealiled R tbe Ritaldn-Aeeiator imRIgia the manufacturability of the OPC target
produced in the step 206 that the "GDS out" pattern desi%ns of the step 208 may employ OPC techniques

that alter a mARTRYEP pigvans theol e 4o eametty idrdq e mdersiard e meon O OBfeeEs diPY wafer. By
way of examplethibiiskaes 208 taayriavael yatgeoviethic wirtdfalepgityganalingan yulat gag«oh thethayout to
improve man turability.of the design, It is to be erstood that the OPC.technigues,applied at the
AL o i s i B R o e S RNl e
target 207. [0068kAastap R forraprosesntbaiykaimeadge prd thicatian phdcwaté popitiebabdeleates 218, of FIG. 1,
by the "GDS gyt datamattainifemethanhadmask systemel 1036 dbwilkharnpieeiatespy those

skilled in the art that during the mask Writin%process a substantially circular mask pattern produced by
the steps 2027 WV BEPORAYSHIGRVEFEU R HsHBEEL PRI iFEGHF RRITRVEO T Yo be

understood thatrtaadpolpronahsihaps ppved ly 1hqueusrortprapasad: @Rgepfacrssdiavwaidfposses a
configuration VYH&% more @%HQLQ%QS}QQ&N the edges compared to the square configurations of the
prior methodgiogles,pfhereeby |mprovmd)|mag'e fidelity. [0057] Moreover, it will be appreciated by those
skilled in the B48bGtherpiiyctssiionddepiotedblegiesfioth dagram 20docagn detadfidsdes-abidgepeated
iteratively unﬁhthﬁe%@}g@ aredvesansthe.wates f@!ef withinapageeriabladolaranca valus, Ja058]
Referring now to FIG. 3, therein iS shown an exemplary process flow to generate a substantially circular
mask apertur@iif#c<ahddRedeivitheadssigbotliniBht dftthe Jreisst iRdShtforfleXitrbughdie dhftent
illustration is pxaoyplitetbhy aisinglthéeatdpeatedgcimtoriaeiholedesigny: ibis teni dindatstoed that the
process flow ma atg([l)lé/ to is Iatetd stemi-dense ?r]fllgr densF confi%Jrationst OI f)h? f%atured. It will be
appreciated 6131/? 5se 6t'6r6 inagr%}l sﬂﬁﬁ ik tﬁ%na{lr]toﬂ?af &6 nrﬁpf’élreyoﬁrogéesgo O reop?%s%rrﬁl%g aubeneralized
schematic illusttatidnsemd dhatcothdeste psranay besaddedsortbxistingestaps deagbengmovett @r modified.
[0059] Genergliyy i @rsieR AQZRIESIONHRIARNT SARRP ASHR BRI RerhnOmARIAiRgrAIed circuit

layout pattern. Inat least one embodiment, the design data 203 may model and/or represent a contact
hole design dRethadplagismand dscrEaderonsccoRticPrraes HEer man drelpatteric iy IRitRice polygon
shaped squaiessigciangles and/or circular designs. [0060] In a step 304, the substantially circular OPC

target 207 ¢ erated based on the desjgn and/or pattern information provided from the step 302.
ot loast onD B BT EHE BotbR i, STl ESP TGS 307 JaH e T e 504 may
include a polggghishipe sy feanulie (GG, arsu bssipRallylciscl dre shalpextbpd ligo thteddatasét fideto be

understood thaplanar geameiis ANdIQLRANOPNLSeRRS AR ERIEF B A iEr Arepis U farpugan be used
to create the substantially circular OPC target 207.
information about the integrated circuit layout pattern in hierarchical form that can be used to

create the mask system 110, of FIG. 1. Generally, the step 204 can be referred to as the
“GDS in” portion of the mask data preparation. It will be appreciated by those skilled in the
art that prior methodologies typically convert the circular design pattern of the step 202 to a
square feature at the “GDS in” stage.

[0050] Unlike prior methodologies, in at least one embodiment, the current proposed OPC
process flow can retain the circular design pattern generated at the step 202 by forming a
substantially circular feature at the “GDS in” stage. In other embodiments, the current
proposed OPC process flow can convert the circular design pattern generated at the step 202

to a square feature at the “GDS in” stage. It will be appreciated by those skilled in the art that



[0061] In a step 306, the substantially circular OPC target 207 generated in the step 304 can be
partitioned by a radial segmentation method to form two or more equal or unequal partitions, such as a
segment 307, within the substantially circular OPC target 207. In at least one embodiment, the
substantially circular OPC target 207 generated in the step 304 can be segmented into substantially equal
portions of thésekaprent SOTIEwstEanchesselae thatiten Y e prasderetiayp onahg virshaiet i dbyes
emanating fromdhgcerieLsQf the substantially circular OPC target 207 and terminating with the perimeter
of the substantially circular OPC target 207.%0062] In a step 308, selective biasing of one or more of the
segment 30718hk 4 titia e st Breniersabb Ry thithiscopenQffePsy7stah HEBertBrmed to form
a biased segmeniic38w@enenalymne or taceenchthersegmenidieardba biasmthyrextanding the arc of
the segment 307,Jocated along.the perimeter of the circular OPC target jn the radial direction. Stated
anothor way. THE AR Eai07 KA DGR LY e R e e B e ST a6 T ot
from the centéeypainthefsthie Hbeeantiddlycitthslan@PCeisngjer QBT windlet A¥intainidy tesigindeiasions of the
segment 307 \yithinuihe sURsiRia CHCHAr QF G RIGELAD Enib @hieAstRNe BRI figsed forms of

the segment 307 can be located substantially equidistant from the other biased forms of the segment 307,
although it is ARHrEEsbdth e BEFRT L 8hHur Eor AR diisie 21PRINE B hREE ¥ BIs d4t hé selective
biasing of theasgmenty3itdanshepsmpleraentestwith reference to nearby feature distribution. [0063] In a
step 310, "G " data can enperated for. th st 10, of FIG, 1, based on the shape
oroduced in S0 L T e oty i S e S A B et on the
mask systemtigfaney imel (A Anvapéergr &b Sdcoigting) evscartidly mislofetherperineteat of the shape

produced in theSioR 39R. GENSHRIVaiARc BPRRHEIIBEGAD RE LRI eHIPAS IR MRSk A 209. [0064]

Referring now to FIG. 4, therein is shown an exemplary.%]r; hical representation of an aerial image
intensity prodtieder BonL5HGaPaskh aHFEfS 9P dpess iy H@@ﬁ%‘iﬁfﬁ? pattEth. The exemplary graphical
representatiojp(sg8[dihe lig st algntbe, e agib v thaRasikiorRincdanomeaterk alarenthey” X" axis.
Generally, thg exemlplarX g]rglthicalllre re en&;'&)n depicts how th%aeriallimca%e intensit r%luced by the

. t in anti ircular attern can be a stantially circular apertur .
circular patterlxoq‘r%ﬁe résent empodiments is higher than that o%uasquaré/one produced by prior

methodologie&h&pfsdméimtand@sf,‘@lm ayar’l’albfittmggdmmgityrpmﬂjmdq fyytehe Ididculanngetiteg shows an
average of 3QiB IMPFANERALLVEPIF AL SaHATR %%uﬂ@&ﬁﬂl@%@f&ﬂ% rﬁl?)%mé: \Gero hgIRIN Is shown

a simulated critical dimension through pltchéPaerlal image) for a substantially circular pattern versus a

square pattefiseTRReXe MR dragshiril/pe the sEiatm feisthbidsstd enfredisriten)htanometers
along the "Y"saxisaaindiinerpitehpirieanamelers aleogdhe "X" axis. Per this simulation, dimensional biasing

was applied far both square and circular patterns, with a target critical dimension (CD) of 8Qnm. The
optimized illu r%){i?)tn %gﬁ(lj)ﬁioaﬁ%erc a(t)a § ugﬁ}oes%ﬁgﬁé?@dféﬂé%r%c grré{lysO SFL3BRMRNAS Uded and it is
the same for bathistapdsditferf the @BGltsriccambecsden thattipe Aléctiar hatt€iDObthe present

embodimentsshaws fegs JUsuaian n.oR ceskoas RREL CRAARTRRUEAEh Ackosdinaly, i has

been shown that™a substantially circular paftern produced at the "GDS in", OPC, "GDS out", and/or mask

level can impiOYRTEYREgIR G pEFrdTeH A BE I Q6rItRT ANalFpaieraecommpaledosiERdl8re target
pattern of prigfainethaglogiasmcia06ahdrwilljae snprrecialagunitheseskiledindhe ast thasrbeyond a
3mSR S e e R ast ang, Gieg s hgtefined.

step 208 can help to improve the image fidelity and process window of the substantially

circular OPC target 207.

[0055] A step 210 represents the image produced on the wafer or the substrate 118, of FIG. 1,

by the “GDS out” data pattern formed on the mask system 110.

[0056] It will be appreciated by those skilled in the art that during the mask writing process a

substantially circular mask pattern produced by the steps 202-208 will be polygonal in shape

and will not be perfectly circular. However, it is to be understood that the polygonal shape

formed by the current proposed OPC process flow will posses a configuration with a more



[0067] Referring now to FIG. 6, therein is shown a simulated depth of focus through pitch (aerial image)
for a substantially circular pattern versus a square pattern. The exemplary graphical representation plots
the depth of focus (DOF) in nanometers along the "Y" axis and the pitch in nanometers along the "X" axis.
Per this simulation, the DOF degrades as pitch increases for both circular and square contact arrays.
Although, thegtiftalatipaiteen ofttieeprsisent eambadion éntshexhivirs apcatigragonf 20694tienprgvement in

DOF as comﬁgtggdt(qggg@gﬁ@ggygﬁg%@p%%%@ méthgdologies. Accordingly, it has been shown that a
substantially circular pattern produced at the "GDS in"”, OPC, "GDS out", and/or mask level can improve

the imaging PEPRIMARIEEMDT & it ApPasFiBdely AR comipareddhe SGUMKY (aterRcqoB8) Referring
now to FIG. defliardinysishtlon dimngxenpol@nagiapidjlisst aidgepsired atedi prgcass wiadmaséor dense
(130nm) and wide (300 itch square features formed by prior methodologies. [0069] Referring now to
FIG. 8, thereﬁ?suscl%v%qgﬁ)g&%’?n%ﬁaslrylg}gpﬁ ﬁfﬁgﬁ%%ﬁr%éoa{eérlﬁ:ﬁlg%% ‘process window for dense (130nm)

and wide (308481 fidhrgnp tewitial K Girdukhefaatisrekoforrae ¢agyniarc irreatspiopotege @RS process flow

Qf the pfeser@&%ﬁﬁme&%uﬂﬁﬁ%& Qﬁ@rﬁﬂ@‘ﬁﬁo&%ﬁﬁ%% window basdmprayest QM@*{&%E@@% fora
circular pattern produced by the present embodiments as compared to the sgftijare pattern of FIG. 6

produced by PHERiNRtHOUIBZIEEe (BT RERSHING RowerantitsddviASHRHF iEUNBWNA & AHNERd aerial
image contowoplaletosndifferent séaggeradostitistuiepicrcbotivaguayenpplg cuistantiathhgiauiar patterns. It
s to be undersinod hat the square (araataaliom rfers fo briometnadajodies and (hat e giroular target
patter refers {0the Curren propose o) process flow of the present embodiments. It will be appreciated
by those skillthd inrttitteattaethel apicepsoff eincolascasge gpattaincdassivoatitatdgchtopeniddic and
non-periodic giiuGiwes. Which areRfignansamRtared i desion JOQrd fhemarial image contour plot

depicts staggered contact structures with 130nm X and Y separation dimensions in case (a), staggered
contact struglﬂpéglvﬁﬁv%%mm AR s dpstatigh Wimehsiandoreensaqleartb iia gy disaebtact
structures withird@0nibanpakd@nmiX anek¥ sepandiimtiniensiansdn ease(e)nliysniodee anadgrstood that
optimized iIIuminatiotn con(ttiitito %for both I?ﬂ).laretzt;md c{rculaﬁ conta%tls array to}f1 ]]B%nm IS Si ! ulated and it
is the same for both s&hg%%%? f%) 6751’ eiustBtion ¢ de|51|cS scaﬁalsrﬁspm\e/é: I}m%gé) Con r1§rslta6ro%fuced by the
circular targepgeite mapfithiedupréyioprdpose diORS, progegisSlow/ ascoonipalesite. that of the square target
pattern prodyggeopYPYIGENRINQHOQ8IeS: LAY CHRMR'BPE £ASS B &3 iHeJaRe.RAG i el for the

square target pattern, but it is not observed for the circular targe;(glttern produced by the present

embodimentsleNt #dfihgaE Beinfpiteis Ay safitomrthsety e JredelstthoBRIPREEMSYE that the
square edgeshef iR saare dataek EIteiRId(0 siffeaatmaredghipavoayrignntheimaipofeasure, thereby
causing the sigle Icg}bfe ?OO fo(rly‘uationg ?roturﬁd the mai feaéurel. The for%-:'sent[tlnv%'n ors ?13\’? didscovered
that by emplosyl‘%H’ge he'citeaid ?5ragse1{ ps)a efnof tfié aprrcs-:‘saé)ﬁ Embodiménts that'the irddfar S[aoPgets possess
a more gradubhtrdmsitigepatethie edgealyddnt stegec esdfigiaed ou hteofrigleb diffiractadbawsad fiom the main
feature, ther%@é/a{m&\aﬁ@amﬁﬁ%%ﬂ@%Jif% t[aqggt:a]olfurthermore, in case (c), a better CD control for all of

the contact holes surroundina the center/main hole or feature can be achieved for the circular target

pattern prodU888lbyntreEnrEht EamBBitBrHE. e witaipprieeldea sy ardskiskhretcn e @ that the CD
error for the %&Uﬁﬁﬁitﬁlﬁﬁa@t Bgitﬁefﬁldﬁlr@élgl}hé%trﬁﬁhﬂi}%ﬁhﬂlﬁt@ffm kal)uar tasgetpaltesn .uﬂlé@]z?jﬂ Refelrring
now to FIG. 10, therein is shown a si ted aerial image contour plot with a simulated aeria
image intensﬁﬁrBfmoF%ﬁg?@rﬁegfg%%piﬂ %fpﬂ&[ﬁ% %3?%8&%&%%@ %P?%%gﬁ?& ta%@all@@iﬁ?ﬂ%r patterns.
Staggered cantactnbirdictanes iwitintkBomiiX cwedly Saraton2difrgensiotd arehshoprB(d casdda),
staggered copiagt S GHECS N AFANE ig0d K RCHARI R ARSI ALE SBOWh IR EASH{P). and
staggered contact structures with 130nm and 150nm X and Y separation dimensions are shown in case
(c). [0075] THenRIekadon depiedaarhnisibyedsatagasnnadtprothscetntsy MHetesrcubitaaiigdt pattern of
the current pgRaseOEP arpEpsesa liPwraseaRPAadHo fhahekthe sruaRiatgelRalter preduced by
prior methodologies. In particular, case (a) shows that the aerial image intensity for the circular target
pattern prodJ&'@ﬁﬁtl%%he current embodiments can be higher than that of a square target pattern. In some
instances, th¢0@eZialnrmage B nsitctvodusad: oy the cirsuwiar darhetqaitanB8hovhapanaesage of 30%
improvement.over : t . in C rial image
ntenaty for e ey B o o ST
maxima at aréRfhd @togrdhmpnasn BRI The seamesipdvanag Bmbidsibhypisteatie i citapitdigyet pattern
exhibits an aerial image intensity plot of less than a third of the value exhibited by the square target
pattern at around plus or minus 150nm. Accordinglyy the incidence of the side lobe 900 formation can



be greatly reduced by employing the circular target pattern of the present embodiments. Additionally, in
case (c), the aerial image intensity produced by the circular target pattern shows an average of 25%
improvement over that of a square target pattern. [0077] Generally, FIGS. 9 and 10 depict that the image
contrast produced by a substantially circular target OPC pattern can be improved significantly compared
to that of a sgegirenai§eétipeatedriltmerthepaorest GShe eirciBrdapictarest thetkeeridishditpstresult from a

substantially gjreuian QRECALPreRdrUbCRrrRAtOR RIeRIRANER SRR JoRreNe dimags  rRATrast
compared to that of a sguare target pattern, thus, giving the circular target gattern image better process

window and €95 <OHHId [t Ree fERiTg RIS Hie StRstntptin rremaiviBGisteeha? o ifethod 1100
of manufactusieapfdienmaskdsyisieiond b0, Fdémehs BOarwaRibokinesitatithe presentdrealign. The

method 1100, jncludes: providing design data in.a block 1102: generatin stantjally circular optical
oroximity corfuton LAt e QLI Aokn o1 % DGR 1 Bt ena A sa il oF e A eranill
circular opticatprtexriidity eorndistion frngethin etlisio bkesctOB)randof he rsetimy mh 28K . dlthovakadl sn the shape

produced by E&i@@i&gﬁ%ﬁgm&?@ﬁﬁ%ﬁg%ﬂ@ébﬁﬁﬁu![@fi@R%@'HM&%E& H%r%féi%lef&f&eff in a block
1108. [0079] The resulting method, process, apparatus, device, product, and/or system is straightforward,

cost-effective? FHBO A PIEATSBCRIGNI FaratPIcRerrdy I BdR&tRASe Aherafrs dhtrafis el BB implemented
by adapting Koosa Goampenents faDeaady, &ificienbagchaanaastical maruattaring), apication, and
utilization. [0080] It has been discovered that the present jnvention thus has numerouys ects. One such
aspect 5 ihal & Bl BRI ORI LR DB e o B R R R RS L convro
for patterninglacthetaciolpretbsigh oj0d8 1inksh sy harnl Hisooyeredudratthe pitese nthirseerrtibnehelps

improve the Qﬁ%gﬁﬁﬁa\ﬁ%{‘ﬂﬁi‘}’q?s”ﬁagpeﬁ%%?'cipfh‘éaéﬁ%%éi dueentACckole feBign ByRiakingrelected
|

segments of a substantially circular OPC target. [0082] It has been discovered that the present invention
helps improve4Re QBrislasiePmieraity Bras tspaek Aeik @sign by forming the OPC target as a

substantially pos4iaréeafinenas ePPE0sed R RifGUdHeWe abl PSP ki blasbeerediscavarechthat the
present invention helps CD throuéc)]rrg(ﬁli(t:cg Ef a contact hole design by fgsrtryr{{}% the. OPC tar(l_zje?;[1 asa

substantially SFEUI4PFERMIE"4Y EHISE 1 4 Satilrellfgacnsts ¢ Subantiatly chetlaf i
The exemplary graphical representation plots the intensity along the “Y” axis and the position
in nanometers along the “X” axis. Generally, the exemplary graphical representation depicts
how the aerial image intensity produced by the circular pattern of the present embodiments is
higher than that of a square one produced by prior methodologies. In some instances, the
aerial image intensity produced by the circular pattern shows an average of 30%
improvement over that of a square one.

[0065] Referring now to FIG. 5, therein is shown a simulated critical dimension through
pitch (aerial image) for a substantially circular pattern versus a square pattern. The
exemplary graphical representation plots the critical dimension (CD) in nanometers along the
“Y” axis and the pitch in nanometers along the “X” axis. Per this simulation, dimensional
biasing was applied for both square and circular patterns, with a target critical dimension
(CD) of 80nm. The optimized illumination condition for both square and circular contact
arrays of 130nm was used and it is the same for both shapes. Per the results, it can be seen
that the circular pattern of the present embodiments shows less fluctuation in CD and has
better CD control through pitch. Accordingly, it has been shown that a substantially circular
pattern produced at the “GDS in”, OPC, “GDS out”, and/or mask level can improve the

imaging performance for a contact array pattern as compared to a square target pattern of

prior methodologies.
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[0084] It has been discovered that the present invention helps improve the depth of focus through pitch of
a contact hole design by forming the OPC target as a substantially circular feature, as opposed to a
square feature. [0085] It has been discovered that the present invention helps to prevent the formation of
side lobes by forming the OPC target as a substantially circular feature, as opposed to a square feature.

[0086] Yet arl8866l inpidhennpspratiedbihdpeedaind iy dition kathay dndal Fabnynspipporbs sgidiservices the

historical trend Qf FedHaNRGRR oMYA SYSieMBuARdRCeRsiNG R&farpance. [0087] These and
other valuable aspects of the present invention consequently further the state of the technology to at least

the next level Q938 EeARNS tiev 0ot HAE Hadh desetipstmmushtrrtbiar forrsdupediiiisEst mode, it
is to be unde(séciadithademanya alidrnaltivgs, sirodificpiians, v@naarigtiorspatitie ameasesnhpmihose skilled

in the art n light o e, aforedaing description, Asdardinall1s ntended ta,cribrace al such alteratives,
modlflcatlonsgf ahd Variations ?haﬁf% w&hm e scope 0 tﬁg incllided cfams. All matter$ hithertofore set
forth herein dhsipgaminndneaeconibensyihy drawimgskerehs benirtsipreidOBnldtisteatyeiseid
non-limiting sgases.VWhabisclaimed sk mebhng-phmanuiAHiGAf AMaskiSy RmEAMAdsIng:
proyiding design data;  generating a substantialla/ circular optical proximity correction target from the
design 5datal’)resent embodiments exhibits an average of 20% improvement in DOF as compared to the

square pattern of prior methodologies. Accordingly, it has been shown that a substantially

circular pattern produced at the “GDS in”, OPC, “GDS out”, and/or mask level can improve

the imaging performance for a contact array pattern as compared to a square pattern.

[0068] Referring now to FIG. 7, therein is shown an exemplary graph illustrating a simulated

process window for dense (130nm) and wide (300nm) pitch square features formed by prior

methodologies.

[0069] Referring now to FIG. 8, therein is shown an exemplary graph illustrating a simulated

process window for dense (130nm) and wide (300nm) pitch substantially circular features

formed by the current proposed OPC process flow of the present embodiments. Notably, the

common process window has improved by about 28% for a circular pattern produced by the

present embodiments as compared to the square pattern of FIG. 6 produced by prior

methodologies.

[0070] Referring now to FIG. 9, therein is shown a simulated aerial image contour plot for

different staggered structures for both square and substantially circular patterns. It is to be

understood that the square target pattern refers to prior methodologies and that the circular

target patter refers to the current proposed OPC process flow of the present embodiments. It

will be appreciated by those skilled in the art that the concept of a circular target pattern can

be extended to periodic and non-periodic structures, which are often encountered in design.

[0071] The aerial image contour plot depicts staggered contact structures with 130nm X and

Y separation dimensions in case (a), staggered contact structures with 150nm X and Y

separation dimensions in case (b), and staggered contact structures with 130nm and 150nm X

and Y separation dimensions in case (c). It is to be understood that optimized illumination

conditions for both square and circular contacts array of 130nm is simulated and it is the

same for both shapes.
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biasing a segment of the substantially circular optical proximity correction target; and generating mask
data based on the shape produced by biasing the segment of the substantially circular optical proximity
correction target. 2. The method as claimed in claim 1 wherein: 10providing the design data includes
providing a polygon shaped feature. 3. The method as claimed in claim 1 wherein: generating the
substantially KZdiaFlspilbebproxiknictomesnorrafgeniaelcossganedaterh by potygonddicinegdar shape. 4.

The method §§t6?c|1%ir8ﬁﬁlérbﬁl?éﬁﬂ ﬂr&%&@é@@P@Pﬂ@@éE@fI@@ §§%?§;5Hréﬁ EBQI%@%%@@%MQ%%@{ optical
proximity correction target includes biased forms of the segment located substantially equidistant from the

other biased PBHSTE BiOhs <E RSN Bethedqlnsint dFiQs iamRid harsift)1 aniriahe 500 PHBErating the
mask data in¢ludessgenenating mgapbia datamsysteeved fpatieirtaldharg@rpasiasysiemsed by

the present embodiments. Not wishing to be limited to any particular theory, the present
inventors believe that the square edges of the square target pattern tend to diffract more light
away from the main feature, thereby causing the side lobe 900 formations around the main
feature. The present inventors have discovered that by employing the circular target pattern
of the present embodiments that the circular targets possess a more gradual transition at the
edges and this reduces the amount of light diffracted away from the main feature, thereby
improving the image fidelity.

[0073] Furthermore, in case (c), a better CD control for all of the contact holes surrounding
the center/main hole or feature can be achieved for the circular target pattern produced by the
current embodiments. It will be appreciated by those skilled in the art that the CD error for
the square target pattern is much larger than that of the circular target pattern.

[0074] Referring now to FIG. 10, therein is shown a simulated aerial image contour plot
along with a simulated aerial image intensity plot for different staggered structures for both
square and substantially circular patterns. Staggered contact structures with 130nm X and Y
separation dimensions are shown in case (a), staggered contact structures with 150nm X and
Y separation dimensions are shown in case (b), and staggered contact structures with 130nm
and 150nm X and Y separation dimensions are shown in case (c).

[0075] The illustration depicts an improved image contrast produced by the circular target
pattern of the current proposed OPC process flow as compared to that of the square target
pattern produced by prior methodologies. In particular, case (a) shows that the aerial image
intensity for the circular target pattern produced by the current embodiments can be higher
than that of a square target pattern. In some instances, the aerial image intensity produced by
the circular target pattern shows an average of 30% improvement over that of a square target
pattern.

[0076] Furthermore, in case (b), the aerial image intensity for the square target pattern
depicts the side lobe 900 exhibiting an aerial image intensity maxima at around plus or minus
150nm. The corresponding simulation plot of the circular target pattern exhibits an aerial
image intensity plot of less than a third of the value exhibited by the square target pattern at

around plus or minus 150nm. Accordingly, the incidence of the side lobe 900 formation can
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6. A method of manufacture of a mask system comprising: providing a contact hole design; generating a
substantially circular optical proximity correction target of the contact hole design; 25segmenting the
substantially circular optical proximity correction target; biasing a segment of the substantially circular
optical proximity correction target; and generating mask data based on the shape produced by biasing the
segment of the sutsshantidiseditoukindpiivgl hroxinsitipcomesttiontearged. tife Prrsarethiddimieiimed in claim
6 wherein: 30gigiigingythg cantacs hale dasianiBeludas iy PAdinea s ehlasiRhapad:feaiienS- The

method as claimed in claim 6 wherein: segmenting the substantially circular optical proximity correction
target includeSS¥YHENERGHRE S bSPTIR T CurA &I PrasariTS EBIHEERon target into substantially
equal partitiof0£77] Generally, FIGS. 9 and 10 depict that the image contrast produced by a substantially

circular target OPC pattern can be improved significantly compared to that of a square target
pattern. Furthermore, FIGS. 8 and 9 depict that the aerial image result from a substantially
circular optical proximity correction target pattern exhibited improved image contrast
compared to that of a square target pattern, thus, giving the circular target pattern image
better process window and CD control.

[0078] Referring now to FIG. 11, therein is shown a flow chart of a method 1100 of
manufacture of the mask system 110, of FIG. 1, in an embodiment of the present invention.
The method 1100 includes: providing design data in a block 1102; generating a substantially
circular optical proximity correction target from the design data in a block 1104; biasing a
segment of the substantially circular optical proximity correction target in a block 1106; and
generating mask data based on the shape produced by biasing the segment of the substantially
circular optical proximity correction target in a block 1108.

[0079] The resulting method, process, apparatus, device, product, and/or system is
straightforward, cost-effective, uncomplicated, highly versatile, accurate, sensitive, and
effective, and can be implemented by adapting known components for ready, efficient, and
economical manufacturing, application, and utilization.

[0080] It has been discovered that the present invention thus has numerous aspects. One
such aspect is that a substantially circular OPC target provides an improved process window
and CD control for patterning a contact hole design.

[0081] It has been discovered that the present invention helps improve the process window
and CD control for patterning a contact hole design by biasing selected segments of a
substantially circular OPC target.

[0082] It has been discovered that the present invention helps improve the aerial image
intensity of a contact hole design by forming the OPC target as a substantially circular
feature, as opposed to a square feature.

[0083] It has been discovered that the present invention helps CD through pitch of a contact
hole design by forming the OPC target as a substantially circular feature, as opposed to a

square feature.
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59.The method as claimed in claim 6 wherein: biasing a segment of the substantially circular optical

proximity correction target includes biasing more than one of the segment. 10. The method as claimed in
claim 6 wherein: generating the mask data based on the shape produced by biasing the segment of the
10substantially circular optical proximity correction target helps to prevent formation of a side lobe. 11. A
method of maifidctuhaobeemdiskosysté hatohvppisisegt providingheles ntrrroldedsignof focus generating

a substantially,Gj H|§ﬁ&P§P§'oBH?ﬁQHHBfeC&H§%9tWf@fﬁ‘ﬁ%%&@lﬂ@&ﬁ%ﬁ o designy sggmenting the
substantially circular optical proximity correction target; biasing a segment of the substantially circular

optical proxinfiiy <o CRBRSErget fyfare feature.

[0085] It has been discovered that the present invention helps to prevent the formation of side
lobes by forming the OPC target as a substantially circular feature, as opposed to a square
feature.

[0086] Yet another important aspect of the present invention is that it valuably supports and
services the historical trend of reducing costs, simplifying systems, and increasing
performance.

[0087] These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

[0088] 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 that 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.
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extending an arc of the substantially circular optical proximity correction target in a radial direction; and
20generating mask data based on the shape produced by biasing the segment of the substantially
circular optical proximity correction target. 12. The method as claimed in claim 11 wherein: providing the
contact hole design includes providing a polygon shaped feature. 13. The method as claimed in claim 11
wherein: 25g¥fatasiagithedssibstantially circular optical proximity correction target includes generating a
polygonal circular shape. 14. The method as claimed in claim 11 wherein: biasing the segment of the

substantially circulal- opticai PRGN RBWEHYR LATBR KR HRREERSIms of the segment located
substantially equidigtanidir@rddign3eather biased forms of the segment.

generating a substantially circular optical proximity correction target from the design
5 data;

biasing a segment of the substantially circular optical proximity correction target; and

generating mask data based on the shape produced by biasing the segment of the

substantially circular optical proximity correction target.

2. The method as claimed in claim 1 wherein:
10 providing the design data includes providing a polygon shaped feature.
3. The method as claimed in claim 1 wherein:

generating the substantially circular optical proximity correction target includes

generating a polygonal circular shape.

4. The method as claimed in claim 1 wherein:
15 biasing the segment of the substantially circular optical proximity correction target
includes biased forms of the segment located substantially equidistant from the

other biased forms of the segment.

5. The method as claimed in claim 1 wherein:
generating the mask data includes generating a graphic data system out pattern for the

20 mask system.

6. A method of manufacture of a mask system comprising:
providing a contact hole design;
generating a substantially circular optical proximity correction target of the contact
hole design;
25 segmenting the substantially circular optical proximity correction target;
biasing a segment of the substantially circular optical proximity correction target; and
generating mask data based on the shape produced by biasing the segment of the

substantially circular optical proximity correction target.

7. The method as claimed in claim 6 wherein:

30 providing the contact hole design includes providing a circular shaped feature.
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15. The method as claimed in claim 11 wherein: generating the mask data includes generating a graphic
data system out pattern for the mask system. 16. The method as claimed in claim 11 wherein: 5biasing
the segment of the substantially circular optical proximity correction target is done with reference to
nearby features. 17. The method as claimed in claim 16 wherein: providing the contact hole design
includes providing &-circulBrshahed featerncdis ciile omehwenas claimed in claim 16 wherein:

10segm¢nting_the %Qﬁiﬁﬁf@|¥h%_”§g!rﬂ§tﬁ19ﬁiﬁ?'cﬂ&¥imﬁ}5tﬁ‘a[ rg%mﬁ@r%m%@%gagmaem the
substantially circular optical proximity correction target into substantially equal partitions. 19. The method
as claimed in claim 16 whes&nentng the substantially circular optical proximity correction target into

substantially equal partitions.

5 9. The method as claimed in claim 6 wherein:
biasing a segment of the substantially circular optical proximity correction target

includes biasing more than one of the segment.

10. The method as claimed in claim 6 wherein:
generating the mask data based on the shape produced by biasing the segment of the
10 substantially circular optical proximity correction target helps to prevent

formation of a side lobe.

11. A method of manufacture of a mask system comprising:
providing a contact hole design;
generating a substantially circular optical proximity correction target of the contact
15 hole design;
segmenting the substantially circular optical proximity correction target;
biasing a segment of the substantially circular optical proximity correction target by
extending an arc of the substantially circular optical proximity correction
target in a radial direction; and
20 generating mask data based on the shape produced by biasing the segment of the

substantially circular optical proximity correction target.

12. The method as claimed in claim 11 wherein:

providing the contact hole design includes providing a polygon shaped feature.

13. The method as claimed in claim 11 wherein:
25 generating the substantially circular optical proximity correction target includes

generating a polygonal circular shape.

14. The method as claimed in claim 11 wherein:
biasing the segment of the substantially circular optical proximity correction target
includes biased forms of the segment located substantially equidistant from the

30 other biased forms of the segment.
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biasing a segment of the substantially circular optical proximity correction target 15includes biasing more
than one of the segment. 20. The method as claimed in claim 16 wherein: generating the mask data
based on the shape produced by biasing the segment of the substantially circular optical proximity

correction target helps to prevent formation of a side lobe. 20
15. The method as claimed in claim 11 wherein:

generating the mask data includes generating a graphic data system out pattern for the

mask system.

16. The method as claimed in claim 11 wherein:
5 biasing the segment of the substantially circular optical proximity correction target is

done with reference to nearby features.

17. The method as claimed in claim 16 wherein:

providing the contact hole design includes providing a circular shaped feature.

18. The method as claimed in claim 16 wherein:
10 segmenting the substantially circular optical proximity correction target includes
segmenting the substantially circular optical proximity correction target into

substantially equal partitions.

19. The method as claimed in claim 16 wherein:
biasing a segment of the substantially circular optical proximity correction target

15 includes biasing more than one of the segment.

20. The method as claimed in claim 16 wherein:
generating the mask data based on the shape produced by biasing the segment of the
substantially circular optical proximity correction target helps to prevent

formation of a side lobe.

20
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