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Description of the Related Art

Modern integrated circuit (IC) design and fabrication processes are complex and
require the input of many entities. Generally design companies prepare integrated
circuit designs that are then released to an IC manufacturing facility that uses
integrated circuit fabrication equipment in a manner defined by the design release to
fabricate the integrated circuit. In many instances the design release, although it
captures the specific layout of the integrated circuit, does not capture the design intent
of the designer. This is because design intent may encompass a variety of parameters
beyond merely the physical layout of circuit elements; for example, design intent can
include guidelines drawn to criteria such as circuit yield, speed and power
consumption, timing closure, among others. Thus, even if the physical layout of circuit
elements appears to translate correctly from design to fabrication, this does not
necessarily confirm that the fabricated [C embodies all parameters of the designer's
intent.  As such, critical aspects of the integrated circuit that were considered by the
designer are not tested nor considered as critical by the IC manufacturing facility during

IC fabrication. Consequently, the IC may not operate as intended by the designers.



Figure 1 depicts a block diagramof an |IC fabrication process. The process
100 is divided into a circuit design phase 102 and a circuit fabrication

phase 104. Equi prment 106 is provided to the circuit fabrication phase 104
to facilitate fabrication of the IC. In the circuit design phase 102, the
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structures and the like. The facility 122 supplies this information such that macros are
developed to be optimized for a particular facility's equipment. As such, the
component macros are developed and supplied to the design companies without
charge. The macro developers are not paid directly for their component macros, but
are paid on a royalty basis as each integrated circuit that uses the macro is produced
by the IC manufacturing facility. Alternatively, access fees are charged for the

compone nt macros.

The ultimate design release is a layout that utilizes a plurality of component
macros and other logic that interconnect the components to form an integrated circuit.
The design release is sent to the IC manufacturing facility 122 along path 120.

The IC manufacturing facility 122 comprises EDA tools 124 that use the design
release to produce masks for fabricating the integrated circuit and a wafer fabrication
center 126 that uses the masks and the equipment supplied by the equipment
manufacturer 130 along path 128 to fabricate the integrated circuit. Altematively, the

EDA tools 124 may be used in a separate facility from the IC manufacturing facility.
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rel ease to produce nmasks for fabricating the integrated circuit and a wafer
fabrication center 126 that uses the nasks and the equi pnment supplied by

t he equi prent manufacturer 130 along path 128 to fabricate the integrated
circuit. Alternatively, the EDA tools 124 nay be used in a separate
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i nt egr dteariarity ovhile theatphysioabt chepacterigtics fobran integrated circuit are generally
statistical in nature such that the design company never achieves the exact physical
characteristics that had been desighed. The statistical nature of the physical
characteristics (e.g., the layout) will result in a statistical variation in the electrical
characteristics of the integrated circuit. Furthermore, the design company may have
had critical characteristics (e.g., critical regions or critical pathways) around which the
integrated circuit was designed and the manufacturing facility does not know of, nor
consider, these critical characteristics when fabricating the IC. Consequently, the IC
manufacturing facility ultimately produces an integrated circuit that is not optimized for

these critical characteristics.

Therefore, there is a need in the art to capture and use the design intent of a
designer such that the integrated circuit produced by a foundry is optimized using the

design intent.

SUMMARY OF THE INVENTION

The invention provides a method and apparatus for capturing and using design

intent within an 1C fabrication process. The design intent information is produced along
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these critical characteristics. Therefore, there is a need in the art to
capture and use the design intent of a designer such that the integrated
circuit produced by a foundry is optim zed using the design intent.
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These design ru
desi gn coupsd tmttbe tetmnmnepbeem thaic the metrology eqmpment can monitor critically

important locations and critical dimensions of the longest speed path to ensure that the
infegrated circuit will operate as characterized by the design company. In another
embodiment, certain design rules may be developed by the equipment manufacturer to
optimize certain types of circuits within the equipment. These design rules are coupled
to the design company, which embeds these design rules into the component macro
modules or other component models to ensure that certain structures that are
developed by the macro consider the design rule requirements of the equipment’s
manufacturing capability. The models and macros will contain manufacturability
information that is related to the equipment that is to be used to produce the IC. As
such, when these macro modules are used to design components within the integrated
circuit the equipment within the IC manufacturing facility will automatically consider the
design rule parameters and optimize that circuit manufacturing process or layout.
Payment for the design rule may occur at the same time that the component macro
module designers are paid (i.e., at the time that a royalty is paid for the integrated
circuit being produced by the foundry).

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of the present invention
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nodul es or other conponent nodels to ensure that certain structures that
are devel oped by the nmacro consider the design rule requirenents of the
equi pnent's rmanufacturing capability. The nodels and macros will contain
manuf acturability information that is related to the equipnent that is to
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depicts a bl ock diagramof the conmponents of an integrated circuit

fabri cati on Rigwees ddpictacr blodingiagminh loftdéntegiated aircuit Fabticatiod geress $na
bl ock diagramof a integrated circuit fabrication process in accordance
with t RECBrEERwiththenpresant iIpvgablieN:3 depicts a bl ock di agram of a generic
arrangenment of sem conductor integrated circuit fabrication equipnent;

Fi gure 4 dep; [ I nSERt GBS t he
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Figure 4 depicts a block diagram of an arrangement of equipment, where the

metrology equipment utilizes design intent information in its operation; and

Figure 5 depicts a flow diagram of a process for using design rules within the

integrated circuit manufacturing process; and

Figure 6 depicts a flow diagram of an exemplary method for generating a design

rule.

DETAILED DESCRIPTION

Figure 2 depicts a block diagram of an integrated circuit fabrication process 200
in accordance with the present invention. The process 200 involves a design company
108, an IC manufacturing facility 122 and an equipment manufacturer 130 as
discussed with respect to Figure 1. In accordance with the present invention, while
developing a design release, the design company captures the design intent used
during the design process. The design company produces a design release along path
120 as well as design intent information 202. The design intent information 202 may
be coupled to the equipment manufacturer 130 or to the IC manufacturing facility 122

after the equipment is installed. The design intent information 202 may be processed
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I ntegrated circuit manufacturing process; and Figure 6 depicts a flow
di agram of an exenplary nethod for generating a design rule. DETAILED
DESCRI PTI ON Figure 2 depicts a block diagramof an integrated circuit

fabrication process 200 in accordance with the present invention. The
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The CPlg general 'y one of nor rocessors, m Croprocessor
m cr o- ameordancerwith rstruchenstieatiare stored in memory 310. The support circuits 308

are well known support circuits comprising cache, power supplies, clock circuits,
input/output interface circuits and the like. Memory 310 comprises random access
memory, read only memory, removable memory, disk drives, or combinations thereof.
The memory 310 stores various types of software including equipment control software
312 and design intent parameters 314. The controller 302, when executing equipment
control software 312, sends conirol messages along path 316 to various process
equipment 304 within the 1C manufacturing facility 122 of Fig. 1. Process equipment
304 may comprise deposition equipment, etch equipment, polishing equipment,
metrology equipment, lithography equipment and the like.

Within the IC manufacturing facility, there may be one or more controllers that
control various combinations of process equipment. When controlling the process
equipment 304, the design intent parameters 314 are used within the equipment
control software 312 to insure that the process equipment is operated in such a
manner that the design intent information supplied by the designer is fulfilled. In
essence, the design intent information is supplied to the controller to facilitate creation
of the design intent parameters 314 that inform the processing tools of what they are

actually making such that they may optimize the product. This information may be
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accordance wth instructions that are stored in nmenory 310. The support
circuits 308 are well known support circuits conprising cache, power

supplies, clock circuits, input/output interface circuits and the |ike.
Menory 310 conprises random access nenory, read only nmenory, renovable
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intent information for a specific design is supplied to the IC
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produced by the processing equipment 402 in view of the design intent information.

For example, if an SRAM module is to be fabricated upon a particular integrated
circuit that is being fabricated by the processing equipment 402, the SRAM module has
a critical dimensions requirement to enable the NMOS and PMOS transistors to be
balanced. The design intent information identifies that a particular part number (e.g.,
the SRAM part number) is being created by the processing equipment 402. This part
number may be applied to a database, such as a lookup table 412 that identifies
specific test parameters that can be used to test the particular SRAM module being
manufactured. Because the SRAM is identified as a critical component of the IC, the
metrology equipment will focus testing on this component. For example, line width
testing can be performed near the location of the SRAM. Although the LUT 412 is
shown as being located in the metrology equipment, those skilled in the art will realize
that the LUT 412 can be located in the controller 302 or elsewhere (e.g., via a LAN or
WAN).

Metrology equipment that is flexible enough to produce such on-demand testing

is the TRANSFORMA metrology equipment manufactured by Applied Materials Inc. of
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406. The processi ng equi pment 402 conprises one or nore integrated circuit
fabrication process tools including etch reactors, deposition reactors,
chem cal nechanical polishing (CVMP) equipnent, |ithography equi pnent and
the like. The <controller 302 utilizing equipnment control software controls
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Fo0t partite ST R Sttt BEafow ok e "resisaienta ek SR A0PeSBaY ng
manuf acddifigilenBecause the SRAMis identified as a critical conponent of the
IC, the netrol ogy equipnent will focus testing on this conmponent. For

exanple, line wdth testing can be perforned near the |ocation of the
SRAM Al t hougharotber emhndimest of Hibgninyentien.nthe cesigner iidertifiesnthe donggst

" ocar ecrhonc A SyRlth shEdodl " n Wntegbltel, SRR 47 e, BaNigh IRien nféiigfion. "
Met r ol Oiyis &mgeptrepéed bath isddéntifedodea efittgichapadtenskitcsf thedhtegrated vradit.

et er | 1S FREON GFont IR BRTE 2 Sa P ghRTES IR0y @BHETRN! 96 Weinara tiimber
cqui prar ML PRy Sed BE ScfiSve ifmipa e 8f B DioEH! bpecd GalfE) 3 S, the
t hat, froetrelogypiouipmbkat MBS~ EInHe RiiteSted dosmehitors thes eritidall dinveionss of died,
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metrology equipment 406 can be matched to a database 414 of information to insure
that the parameters and critical dimensions of the longest path are being met by the
processing equipment. Such metrology can be performed by comparing images of an
ideal line or transistor that is stored within a database to the measured or captured line
or transistor that has been produced by the processing equipment 402. The result of
the comparison can be used to control the processing eguipment 402 to achieve the

ideal line and/or transistor structure that provides the best long pathway performance.

Figure 5 depicts a flow diagram of a process 500 for utilizing design rules that
capture the design intent information of a designer. In certain instances the
semiconductor wafer processing equipment performs optimally when an integrated
circuit layout is created in a particular manner or fashion. For example, to control
dishing when using chemical mechanical polishing (CMP) equipment, a dummy
structure, e.g., a plurality of conductive patches, is positioned proximate to a
conductive line within the integrated circuit. In other instances, these design rules or
models may be circuit structures, particular process recipes, component models, and

the like. At step 502, the equipment manufacturer produces a design rule (DR), e.g.,
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critical dinensions of the NMOS and PMOS transistors of the SRAM nodul e.
The testing may be used to optim ze either processing of the wafer during
fabrication or it nay be used to optim ze the nmask creation process
wherein, for exanple, mask trimming can be optim zed in view of the

neasur eABiesigrakas foy ONR palichidlgOginy [ﬁélUd@ffﬁ@tneédecﬂrUHrﬁm'y afasiesenbngf
the invention, the designer identifies | ongest speed path within tThe

| ogi ¢ dineanof neastiat leaoB.r cdihe slesigre ru@surgayu alsemcomw@emamﬁacturﬁhﬂﬁy
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optim zation of the |ongest speed path. As such, the metrolqllg prment
406 wi |inTopARd; Alaleany GAHGATT: bptweRs wetdt aBd I PaifdraRsIceriabvauld resilt i

corrpoan;).t'l‘,?,%quI pngegé%g%gggrﬁeﬁugme est path. The neasurements nede by the

net r ol og e matched to a database 414 of information to
insure that the paranmeters and critical dinmensions of the |ongest path are

bei ng net byigre G;uiepim‘sahr@(emmlammathocsﬁﬁﬂ foepraduninyg eadedign pde ffor ose by
i ' d i t t t d withi
dat abadt rRtBHE ks arbe SEtiorhaeday e PECEPdnEY o FhaTh AL Bl
pr oduc efalfatbhfinB! fREHBS @i At PRRALIAXFers NBe @S itd deéugnéheor%?'fﬁnﬁf béﬂ?l can

be used to contrdl the processing equi pnent 402 to achieve the ideal
and/ or thahlﬁymekatecttqmf@r@QIMPaﬁmu le@ metbo@@@ﬁ bagins pheteps§02 wherein

f t f Q f I
Gesi gn 7 Lce! ERdBEar shaiPs bl ab WiTHE, FREeCE PlorBrRdRCRR R arklipdhiond | o
cert ai fatit angestephe04 s e mhﬂf:e Vﬂfﬁéct@h@ﬁ@%ff NeeckBied r@fﬂ:pdﬁéhf Qg
optimally when an inte é;%ate circuit layout is created in particul ar

manner igentifieghi HhstepHUts e dpsign ruls tasthe slevice t@rmu@abmf@ﬁﬁdjsﬁ aegneratad that
h |
mechani Igt% s b b%{?b i tﬁ&'\@ec@gﬂﬂtslf%aﬁg@: Bﬁ.gg.k';‘!ljp eth? gu’e%PMEaﬁ Qract?nz%lu%é Ity

of con I ve patc con | Ve ne Wi thin
t he i nt{egr. ,apeldonmarms hm:tamrm)hﬁrthaheqamt Desim dﬁél@nerailoaasdﬁacmmd@l S

and TS Seee madelR 60 854t dreiisodd PR RObmm hae S ERVIER RO GG davalagean

rule (RRing Bhisics derivation and empirical analysis. Depending on the design rule being
generated, the models may include SPICE models, photoresist mask models,
interconnect structure models and the like. Such models correlate a measurable,
physical feature to a design or performance requirement. At step 608, the method 600
outputs the design rule.

Returning to the method 500 of Figure 5, the design rule is given to the
component macro designer at step 504, which incorporates the design rule into the
macros. For example, a macro that contains a particular length of line will, when used
by a designer, automatically add to the layout the appropriate dummy structure to
achieve optimal line fabrication when using the equipment. In other applications, a
designer may use a particular model or embed a specific process recipe that optimizes
the circuit design for a particular set of equipment.

For example, the manufacturability information within a design rule may provide
process models for the IC manufacturing equipment that will be used to manufacture
the IC. These process models allow a comparison of yield vs. performance such that a

designer can select a level of tradeoff between yield and performance. Additionally, in
9



8 the design rule for CWP polishing may include the need for dummy
structures along lines of certain |length. The design rule may al so
conprise manufacturability information that will informthe designer when
their design paraneters may exceed the manufacturing equipnment's

per f or ndewef rhantifasturabitityanfematibe, tesdgsighecasn keangdidesipdatiiiutes 80kh
tradeof f hetween yield and performnce that woul d result from using the

pr opose?F e Blapdr HméPees '3YPP6J|0é't'BQdB'T@ﬁ sidthgn visk eppitaaRd piagsseeso tavesr
f
o oSUe AR oSS SAR e Al HEur R EBAIY B0y <pBEE NBF A0 DBl o

manuf acand ase of Brﬂamkmabmodeisbgsl? semfbdestlgm addp@lﬂﬁ;zat:dmmodle% ummdzsa]tred t Of
t he for ties. -The netho 00 be t step 602 erein alist o
o DRI rBRasiGRS Bid- DasEIoBot Shorsyhstrals. nyiddh o Be LRt BeRlf | ng
facilit t 4 pe n r e C

equi pmetmd(g%se@ ?ﬁééﬁ% ea‘tg% At pg%é?%'gomédgﬁtgwcmee%ﬁ fr-| {"F}%‘JJ%‘?/‘L@%"{% be

fabri c&ﬂ@dmaﬁogem:yabedfwmd faralequipimerd ’dtatowrlformse CMEciiithagrapby.edtch,
equi p t,.and,t he char cter zatia r f ormance

i © el copnind endaeny P e SRR HER cofdatiarb et BRbac | tated by
devi ce nodel s 610 that are used by step 606. These device nodels are

devel oped  uyst ﬂegrm)@ltﬁé dkidgry alleos ed meéngﬁethean@g}‘étba ch?,Qﬂeélfbrﬂméin
t he deS|gn rul e being enerated, the nodels may include SPICE nodel s,

phot or s¥hen ardesignas eﬁs aj parbiewan suetus from meema@aehbraéy\ﬂwatrséructwe wiluch
nodel s I‘?{F & cal feature to a design or performance
r equi re&ngét %lt%% (?OIHB%%@[ den%@ﬂ“’géeoo out puts the design rule.

Returning to the rrethod 500 of Figure 5, the design rule is given to the
conponent et siep &8y ties i(atdestgmplsm;t thﬂiue:tCinrmmfaohuahgﬁatrh@ d@tséstgp 510,e

into t or ex macro t ta articul ar ngth of
e wildr eaghdfi el ctstel ysioogner madia ik cOBRTS ViesdebnmE | SRiAty e
appr oprizAd ¢ BRheSIH ' S5inbRy for th@cfhééﬁéearﬂﬂd iic e{,]m %én%%érﬁﬁéét%r%[%nsés' ng
the equiprment. In other applications, a designe y use a particula

nmodel oof theisesion =i c Altemativelyethe eemprr@ntt maanufpctiundrzemild be paid an access

fee or other form of royalty for the design rule.

The manufacturability information can be produced for the models by performing
EDA testing at the equipment manufacturer's facility. Generally, the EDA testing is
completed at the equipment manufacturer’s facility and the model can be created using
the EDA data by an EDA company or the equipment manufacturer. As such, the
models can be produced and distributed to the designers prior to an IC manufacturing
facility having the equipment. The designer can then design ICs using the equipment
manufacturer's models and request that the IC manufacturing facility use the
equipment specified in the design. Because the models are closely tied to specific
equipment sub-modules (e.g., a specific efch reactor, a specific deposition reactor, and
the like), the statistical distribution of physical attributes is tighter than if the designer
designed an IC without the manufacturability information-based models, i.e., design to
an unknown suite of equipment used by an IC manufacturing facility. By designing with
specific sub-modules in mind, the granularity of the design parameters is reduced thus
enabling designs that result in the production of ICs with very high performance,
repeatability and yield.
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the circuit design for a particular set of equipnent. For exanple, the
manuf acturability information within a design rule nay provide process
nodel s for the I C manufacturing equi pnent that will be used to manufacture
the IC. These process nodels allow a conparison of yield vs. performance

such that aWiisifgregoimais sibeletl © Vavmls embodatients’ ob eiaveeskarit Ghdkerititm,
per f ormance. Additionalhé, in 9 view of manufacturability information, the
m

desi gneéftheRand RiHes eekogiments of hetiBwertinmay P dedsegwithourdepartina from

| ayout, i i 1 \A I . [ S,
and 5015 BSIcop Re el B Do REA BB R Yy ek, 2 SIRER:

and use of a statistical nodel -based set of design and verification nodels
or rules that function in 3 dinensions, e.g., position on the substrate,
wi dth of the feature and thickness of the feature. Process nodel s that

i ncl ude such manufacturability information may be fornmed for equi pnent
that perforns CWP, |ithography, etch, plating, chemcal and physi cal
vapor, deposition, oxidation, and the like. At step 506, the design rule is
used to design the integrated circuit such that when a designer selects a
particular structure fromthe macro library that structure wl|
automatically conply with the design rule. At step 508, the I1C design is
sent to the IC manufacturing facility. At step 510, for each ICthat is
created using the macro that contains the design rule, a royalty is paid
to both the I P conpany for the macro and to the equi pnent manufacturer for
use of the design rule. Alternatively, the equi pnent manufacturer could be
paid an access fee or other formof royalty for the design rule. The

manuf acturability information can be produced for the nodels by perform ng
EDA testing at the equi pnent manufacturer's facility. Generally, the EDA
testing is conpleted at the equi pnent manufacturer's facility and the
nodel can be created using the EDA data by an EDA conpany or the equi pnent
manuf acturer. As such, the nodels can be produced and distributed to the
designers prior to an IC manufacturing facility having the equi pnent. The
desi gner can then design I Cs using the equi pnent
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manuf acturer's nodel s and request that the 1 C manufacturing facility use
the equipnent specified in the design. Because the nodels are closely tied
to specific equipnment sub-nodules (e.g., a specific etch reactor, a
specific deposition reactor, and the like), the statistical distribution
of physCkamsattributes is tighter than if the designer designed an IC

w t hout the manufacturability information-based nodels, i.e., design to an
unknown suite of equipnment used by an I C manufacturing facility. By
designing with specific sub-nodules in mnd, the granularity of the design
paranmeters is reduced thus enabling designs that result in the production

of 1 Cs. i Ninkihiot JFirabri@tinbIn(RASEd oreBROBbARHbIGY and viel d. 10 Whil e

foregoing is directed to us embodi nen t he present invention,

ot her and f urapheingedesign et inddrmdton ovamintegrated cheuitidesigeer with hespect
departing from the basic scope thereof, and the scope thereof is
determtﬁ%dd%ﬁ)g?ﬁ €8P%ins that follow 11 Clains: 1. A nethod of fabricating

integrated agbrgaidinyg FRNMSdigh MenCiaRirHiioe éiﬁﬁir@ﬂéé?é@?éle%ﬁ & Qﬁtiﬁt%%é%éda“
integrated circuit designer with respect to a design release; forWarding
t he destighitimarufaciuingrfacitityoandnd t he design rel ease to an integrated

circuit man LN ibitye . in he design | nt.ent, informti.on

w thin it egiiedhe! BetBR' iirkels JEPhPHRYT iR iR ed (i, Rieahncg

ci rcui teqmmuém:barthe%f?réﬂ_edt irt @t eRdnuThERring faeflisg @ tdlimiss r4tiihteBfA84Ced
in accordance with the design release and the design intent. 2. Thé nethod
of cl aiGhcuitpredused inmeccaedange With e design relaase Aand dhe desigs infent.east one

| ocation of a critical circuit elenment. 3. The nmethod of claim1l wherein
the design intent information conprises an identification of a critical

ci r cui t2.eThewnéthad tdiictaitnhe wiheteigithd edsignrintsnt inf4rmdiien oemmbeideo bt Faat ond

wher ei the design.intent, informati on compri ses at | east one
r]ocaﬂlon o) agntlcai circuit efgament. P

3. The method of claim 1 wherein the design intent information comprises an

identification of a critical circuit element within the integrated circuit.

4. The method of claim 1 wherein the design intent information comprises at least one
circuit attribute selected from the group consisting of specification of yield, speed and

power consumption.

5. The method of claim 2 wherein the at least one location is measured by metrology

equipment within the integrated circuit manufacturing equipment.

6. The method of claim 2 wherein the critical circuit element is measured by metrology

equipment within the integrated circuit manufacturing equipment.

7. The method of claim 2 wherein the design intent information comprises a location

and critical dimensions of particular conductive lines within the integrated circuit.

8. The method of claim 7 wherein the location and critical dimensions are used by

metrology equipment within the integrated circuit manufacturing equipment.
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circuit attribute selected fromthe group consisting of specification of
yi el d, speed and power consunption. 5. The nethod of claim2 wherein the
at | east one location is neasured by netrol ogy equipnment within the
integrated circuit manufacturing equipnent. 6. The nethod of claim2
wherein the critical circuit elenment is neasured by metrol ogy equi pnent

within the int e%pat ed circuit manufacturing equi pnent. 7. The nethod of
cl ai m 2-whBeenginedeofqdaingd wherein thendesigmdntent mat@bcwp&%& pawpmeand

Cri i CalaidhERhaR R BaF K SulabaGR d ihbgesdd BRS MRl d] Bheah-E

circuit od o A M 7 WHeT el i alon an

di mensimasufactiresedhb)integettedicirgyit dgsigneent wi t h| n the integrated circuit
manuf acturi ng equi pment. 12 9. The nethod of claim| wherein the design
intent information conprises equipnment utilization information that is

provi degh byha Q-nbﬂ{o“c’i%%lgﬁng %’é?élg%ﬁ@#@?ﬁdiéhﬁgtn%%ﬂbﬁ @amr e%cééta‘{]igﬁ to

the integrated circuit designer.

equi prapte that idefines an optiroalnsitduitrcdrdigaratiesi gnbe foineed bgtthelerﬁhegﬂedmimpiti mal
circuit conff uration to {)e formed by the integrated circuit nanufacturing
equi pmdAETY f? MPASIRHAGBE of claim 10 wherein the design rule identifies a

location to position dummy structures to prevent dishing when using a

chem cal - mechani cal polishing tool to manufacture the integrated circuit.
12. Thel lretfhedmethasl af alagnvik mdierein Hbe elgsigmewie identifi asaaulmathmrtw pasltnomn

[t eor aanm AR aR e ttnt G MR Baind 3 FRaEhisPaelel Oty I

conpri stomgamjfabma@the)m@egrgtgdmm equi pnent for inspecting a structure of
the integrated circuit; and a source of design intent information that is

coupled to the at Ieast one netrol ogy equi pnent, wherein a conparison

bet wee21 d’/_{ hq'h@eﬁl'e% BF &Rdinn va?ﬁé@egr e ggﬁllgmaéntltﬁm%éticﬂpﬁff?lfm%rﬁ%ﬁfpﬁ} uL§

obtain froma por lon of an in I Fcui
manufacturability information.

13. Apparatus for fabricating an integrated circuit comprising:

integrated circuit manufacturing equipment comprising at least one metrology
equipment for inspecting a structure of the integrated circuit; and

a source of design intent information that is coupled to the at least one
metrology equipment, wherein a comparison between the design intent information and
at least one of an attribute obtained from a portion of an integrated circuit being

manufactured is used to control the integrated circuit manufacturing equipment.

14. The apparatus of claim 13 wherein the source of design intent information
comprises a database of critical elements located on the integrated circuit.

15. The apparatus of claim 14 wherein the source of design intent information
comprises a look-up-table of critical elements located on the integrated circuit.

16. A business method for fabricating an integrated circuit comprising:
creating a design rule for an integrated circuit processing tool;
using the design rule to develop an integrated circuit that is defined by a design

release;
13



manuf actured is used to control the integrated circuit manufacturing

equi pnent. 14. The apparatus of claim 13 wherein the source of design
intent information conprises a database of critical elenents |ocated on
the integrated circuit. 15. The apparatus of claim 14 wherein the source of

desi gn i nt erfendMOtHERHESIAN ©MEYD ﬁﬁ%naintézgétedpcr&@m md?fufédthﬁh§%ciﬁt|y%’ﬂt s
| ocated on the integrated circuit. 16. A business nethod for fabricCating an
i nt egr &tseg the ifagrated piseuitpiogessiogdadli ng a design rule for an integrated

circuit pro ' t y | 1 he . ' . eyel | nt egrat ed
circuit t hagir E;B@éag%pi %ﬁ@tﬁage%g%équgr{ﬁl%%ﬁg@gbg%W@]Otggndée%hﬁp {eﬁ%as&esi gn rel ease
to an i nt egrafeding theUabricating siepldd perfbanéd iby\thkhategratedscitdng proteging ed
circuit processing tool; fabricating an integrated circuit in accordance

wi th t ReCldadesprnss o8 6omparisan delvesrdesisniidient agd ancpttribite ebtaiped drosy ¢ he
I nt egr Ol et LG . 1,0 to a conparison between
desi gn%ltﬁ(?rgﬁb Oglrt:ﬁ gﬂé@?ﬁtfgu ét %‘%ﬁ%rén%ga rd%?'%g portion of the integrated
circuit bei payirapra ceyelly o payi integratenly aifouwit! memufduturiing e@iciitedocithe ui t

manuf act ur i facility to the iptegrated circuit equi pnent manyfacturer
for cadheOrleg CHCHY SOURTIPRE MRRLFACEITER R eagh tegratath obRat thal iy febrgated 17
The bugj e r@éﬁs}? fb. claim 16 wherein the design rule specifies an

opti mal Sml?%cgtioﬁ {)r circuit elements on the integrated circuit. 18. The

busi ness nethod of claim 16 wherein the design rule specifies a |ocation
for d tructures wi.th,respect .to circuit el enents on the integrated
ci rcut t17 13 Ne PSS Rhon o iRty A BOvEr i $heReR i SPaCLeg A1} GPUT

cr eat edoditiontfol ep&lit eleffer®é oAthé MHtegaddEir&lif. cui t equi pment manuf acturer,
the integrated circuit mnufacturing facility and a third party that is

unrel ated to the equi pnent manufacturing facility. 20. The busi ness net hod

of ¢l aiyg 18nuheifidis HREMoH GALRY 18 VRerbll IS8R ESscifies a location for

dummy structures with respect to circuit elements on the integrated circuit.

19. The business method of claim 16 wherein the design rule is created by at least
one of an integrated circuit equipment manufacturer, the integrated circuit
manufacturing facility and a third party that is unrelated to the equipment
manufacturing facility.

20. The business method of claim 16 wherein said creating step further comprises:

generating a list of equipment that is used and/or will be used by the integrated
circuit manufacturing facility;

identifying the performance characteristics of the listed equipment;

generating the design rule using the performance characteristics of the listed
equipment and device models of integrated circuit structures to be defined by the
design rule.

21. A method for improving integrated circuit (IC) manufacturing comprising:

capturing manufacturability information for integrated circuit manufacturing
equipment;

incorporating the manufacturability information into a design rule for designing

an integrated circuit IC;
14



generating a list of equipnment that is used and/or will be used by the
integrated circuit manufacturing facility; identifying the perfornance
characteristics of the |isted equi pnent; generating the design rule using
the performance characteristics of the |listed equipnent and devi ce nodel s

of i ntegrat edpiriglddsigh riehtingsniationeofds] integtatd tiktiit gesgsr with fespstt A
met hod for inproving integrated circuit (1C) nmanufacturing conpri sing:
capt ur i'd§ FREET ERIe@F&bIi | ity information for integrated circuit

manuf act ur i i ol t] ahk iyl I ik on
o o desi SRy #T MandBaRtRARE hRfmaln 04 OIICH hbYol gt
desi gn infotr@ation;nf or mati on of an integrated circuit designer with respect

to a design rel ease; includi _n? t he. manyfacturability infornation as a
portion of tfﬁ@VQi@@QgtHeiQﬂS&ﬂ'" @niflaﬂq'm@rieﬂ;anﬂdhmilgrgred%%u&%mtea@@ﬁ

I nf or matd nzé}gl : | r ase to an integrated circuit manufacturing
facil m@egn usf%‘ér}g”ﬁﬁzé‘g'g‘é'l ﬁer]dai ntent information with the integrated
circuit manwisags the rdpsigrgintpne mfoohatidre witit dlge dhiedrated ceirduitmavaniudadturing g
facility to optim ze . the integrated circuit in.accordance wth. the design
ol cas SRS OHLAT JRSOrtEHCIrool. manuiaiiing Teity i RPUDIAm e inoaried
desi gn diLiRH abéﬁr@%ﬁ@érb\fi’cﬂ tRE WREIghSSlcdisel Arbthe d¥fyr PE&t on of a criti cal

circuit element. 23. The nethod of claim21 wherein the design intent

i nformati on conprises an identification of a critical circuit el enent

i thin e nt at.e Lreypt, 24, The meth of .claim 21 wher.ein e
Gesi gn 2%t ThE TTEPBHL AT 2onindréin HarafBhd iRteBh iro bl cdifpfifed el Wast
sel ect ephd lbeaidSF & EAtidhl ¢iBGik ldmentof specification of yield, speed and
power consunpti on.

23. The method of claim 21 wherein the design intent information comprises an

identification of a critical circuit element within the integrated circuit.

24. The method of claim 21 wherein the design intent information comprises at least
one circuit attribute selected from the group consisting of specification of yield, speed
and power consumption.

25. The method of claim 22 wherein the at least one location is measured by

metrology equipment within the integrated circuit manufacturing equipment.

26. The method of claim 22 wherein the critical circuit element is measured by

metrology equipment within the integrated circuit manufacturing equipment.

27. The method of claim 22 wherein the design intent information comprises a location

and critical dimensions of particular conductive lines within the integrated circuit.

28. The method of claim 27 wherein the location and critical dimensions are used by
metrology equipment within the integrated circuit manufacturing equipment.

29. The method of claim 21 wherein the design intent information comprises

equipment utilization information that is provided by an integrated circuit manufacturing
15



25. The nethod of claim 22 wherein the at | east one |ocation is nmeasured by
nmetrol ogy equi pnent within the integrated circuit manufacturing equi pnent.
26. The nethod of claim22 wherein the critical circuit element is nmeasured
by nmetrology equipnment within the integrated circuit manufacturing

equi pmefifuipradnt hBRuRRtUTeiortheGhRigiatdd ciaglt eeBighee design intent information
conprises a location and critical dinensions of particular conductive
lines within the integrated circuit. 28. The nmethod of claim 27 wherein the

| ocat i a et L. [ re _u I Welug: L Ehin
the 1 nibyr soearebarr SEFRE AT e el S Tiamn: TREROBIFIABTTE R il 20
wher ei nukchtbatidefiges antaptimalndirruiraiondiguetiopr tostss foreted byeiné integlatedicironit
information that is provided by an integrated circuit manufacturing 15
equi preRRNUFARUIREIEAWRAMERE. t he i ntegrated circuit designer. 30. The method
of claim29 wherein the equipnent utilization information is a design rule
that defines an optinmal circuit configuration to be fornmed by the

i nt egr &ledThermeihod odaim@uwhereiedhe plesign ridé . iddhidieses hochtioh © positiG

wherein, the design rule identjfies | ocation to position kB du structures
Lo pr e RSN e SR Presrih ishiod BeBa S i TR HEChaNe AP AISING fo)

manuf agh WhshrBGturdiroin®E fstcel dicctitt - 32. The nmethod of claim 29 wherein the
equi pnrent utilization intormation conprises nanufacturability informtion.

33. The nethod of claim 21 further conprising: generating a |ist of
equi p hat i,S_ us and/or, wll. be used by the.integrated circuit
manuf acur T gmedied BE ot geinetin el iRtz LLN 1S BeEn pEPPEES ¢ he
l'i st ed eanlifasRpdbilitgenerRbtieg, t he design rule using the perfornmance
characteristics of 'the |isted equipnent and devi ce nodel s of integrated
circuit structures to be defined by the design rule. 34. An integrated
ci rcui 33wathe Bethed afclpie 21ifuthebeyPPESIAG: | nt egrat ed circuit

generating a list of equipment that is used and/or will be used by the integrated

circuit manufacturing facility;

identifying the performance characteristics of the listed equipment;

generating the design rule using the performance characteristics of the listed
equipment and device models of integrated circuit structures to be defined by the

design rule.

34. An integrated circuit manufacturing facility comprising integrated circuit
manufacturing equipment adapted to operate in accordance with an integrated circuit

design release and design intent information.

35. The integrated circuit manufacturing facility of claim 34 wherein the design intent

information comprises at least one location of a critical circuit element.

36. The integrated circuit manufacturing facility of claim 34 wherein the design intent
information comprises an identification of a critical circuit element within the integrated

circuit.

37. The integrated circuit manufacturing facility of claim 34 wherein the design intent

information comprises at least one circuit attribute selected from the group consisting
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manuf act uri ng equi pnrent adapted to operate in accordance with an integrated
circuit design release and design intent information. 35. The integrated
circuit manufacturing facility of claim 34 wherein the design intent

i nformati on conprises at |east one location of a critical circuit elenent.

36. Thefigpeetication of viekl)ishes@ antamiwer dasshiaptibht y of claim 34 wherein the
design intent information conprises an identification of a critical
circuit element within the integrated circuit. 37. The integrated circuit

manuf a ri fagili . aj [ . esi hat [ on
conpri gsteésJ alt?ﬂfeegg%éljgtr[\%d géllrrcghi {T{ggtﬁfarc\ﬁgﬁi fggﬁlgﬁtogda%?@&?h@%’%u‘%ﬁ@é@bgt I ng
16 of gpetolbggaduipment, wherein thpestdeastdomoiveationis waisuped by&he Thetrology
integrated circuit manufacturing facility of claim 35 further conprising
met r ol RFAHMRABMBneNnt, wherein the at least one location is measured by the
metrol ogy equipnent. 39. The integrated circuit manufacturing facility of
claim35 further conprising netrology equipnment, wherein the critical

ci r cui t3%I eifbat integnatet wiredit bgnanbéacteting | fagiity efucipimends #otheFheomptisiggat ed

circuit nufacturing facility of claim3 erei.n the design intent
"t or PP ERO8Y ApLIRSBent, Aiseeinitaf oxfieel ot e e U GHUSR PypaP B ERIaEY
conductdg(fprhbpes W thin the integrated circuit. 41. The integrated circuit

manuf acturing facility of claim40 further conprising netrology equi pnent,
wherein the |location and critical dinensions are used by the netrology

i . A2.. The ,int t ' it facturi facil.i f cl ai 4
wner o 208 Jategfetefl AR FapdREr G PE T SHE 2B vBfisie e BesBarnBint
i nf or MEhfoRmatibRtconspriveeVa tatibl M critif=f dirfbRsloRs 0f WaktidAMUESTduetive Bines
equi pnment manufacturer to the integrated circuit designer. 43. The

i nt egr Vg ghe ntegratacheif@tbt uring facility of claim 39 wherein the equi prent

41. The integrated circuit manufacturing facility of claim 40 further comprising
metrology equipment, wherein the location and critical dimensions are used by the
metrology equipment.

42. The integrated circuit manufacturing facility of claim 34 wherein the design intent
information comprises equipment utilization information that is provided by an
integrated circuit manufacturing equipment manufacturer to the integrated circuit

designer.

43. The integrated circuit manufacturing facility of claim 39 wherein the equipment
utilization information is a design rule that defines an optimal circuit configuration to be
formed by the integrated circuit manufacturing equipment.

44. The method of claim 43 wherein the design rule identifies a location to position
dummy structures to prevent dishing when using a chemical-mechanical polishing tool
to manufacture the integrated circuit.

45. The method of claim 42 wherein the equipment utilization information comprises

manufacturability information.
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utilization information is a design rule that defines an optimal circuit
configuration to be forned by the integrated circuit manufacturing

equi pnrent. 44. The nethod of claim43 wherein the design rule identifies a
| ocation to position dunmy structures to prevent dishing when using a
cheni ca46.nEhddntegaited olrcwihmapufatlring faciianuf eeini 36 fukther bé@prisingd sourcai t .
45. The net hod of c¢laim 42 wherein the equipnent utilization informtion
conpr i SEdesigimintetinfeEBalion.y i nformation. 17 46. The integrated circuit
manufacturing facility of claim35 further conprising a source of design
intent information. 47. The integrated circuit manufacturing facility of

cl ai m 47 .whéhei intdgnateslouircdt ncampfackeingafatilitplefselaoh 46 i whealin dhensourse

| ocated on the integrated cjrcuit. 48. The integrated circuit manufacturing
faci | 1 GPTERISSA ARIaRRAN 6TicA ReBBRISIpeaisdon FBIRIGHABHINTEUSs criti cal

el ements | ocated on the integrated circuit. 18

48. The integrated circuit manufacturing facility of claim 46 wherein the comprises a

look-up-table of critical elements located on the integrated circuit.
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