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invention relates to a nethod and apparatus for capturing and using design
intent in an I C fabrication process. Description of the Related Art Mdern
integrated circuit (1C) design and fabrication processes are conplex and
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 desi gneaferelheés i s because design intent may enconpass a variety of
paraneters beyond nerely the physical |ayout of circuit elenents; for
exanpl e, desi 8n intent can include guidelines drawn to criteria such as
circui NTI@Nnsunption, tining closure, anong others.
Thus, even if the physical layout of circuit elenments appears to translate
cor r ecltield of the thaeindiont o fabrication, this does not necessarily confirm
ézgat the fabricated I C enbodies all paraneters of the designer's intent.

As such, critical aspects of the jntegrated circuit that were considered by
the designel® BF€S gfnvpgipgde S t?bﬁ‘gggf@ C'&“é"’i:df@s fabyicapnipracesses and
manuf agthignes.! Morkigarti@la i dhe present invention relates to a method and apparatus

for capturing and using design intent in an IC fabrication process.

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 IC 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.



1 C fabrication. Consequently, the IC may not operate as intended by the
desigrners. 1 Figure 1 depicts a bl ock di agram of an | C fabrication process.
The process 100 is divided into a circuit design phase 102 and a circuit
fabrication phase 104. Equi pnent 106 is provided to the circuit
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design or performance requirement. One such model type for modeling transistors is a
SPICE model. Other models may be used for modeling photolithography, interconnect
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

component 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. Alternatively, the

EDA tools 124 may be used in a separate facility from the I1C manufacturing facility,
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The ultimate design release is a layout that utilizes a plurality of
-conponent nmacros and other |ogic that interconnect the conponents to form
an integrated circuit. The design release is sent to the I C manufacturing
facility 122 along path 120. The I C nmanufacturing facility 122 conpri ses
EDA tools 124 that use the design release to produce masks for fabricating
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integrated circuit are generally statistical in nature such that the
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the design specifications that the design company was striving to achieve in the design
release. However, the IC design assumes the IC dimensions are absolute and
invariant, while the physical characteristics of an integrated circuit are generally
statistical in nature such that the design company never achieves the exact physical
| characteristics that' had been designed. 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 tha
integ_rated 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
Disclosed herein is a method and apparatus for capturing and using design

intent within an IC fabrication process. The design intent information is produced

alon _ _
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characteristics (e.g., the layout) wll result in a statistical variation
In the electrical characteristics of the integrated circuit. Furthernore,
t he design conpany may have had critical characteristics (e.g., critical
regions or critical pathways) around which the integrated circuit was
desi gned and the manufacturing facility does not know of, nor consider,
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f abri cdebaeated GeHiteve optim zation of the critical characteristics
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forwarding the design intent information and the design release to an integrated circuit
manufacturing facility; and using the design intent information within integrated circuit
manufacturing equipment of the in_tegrated circuit manufacturing facility to optimize an
integrated circuit produced in accordance with the design release and the design
intent.
In a second aspect, there is provided an 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
fabricated under a design release, the metrology equipment having design intent
information associated with the design release, 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, wherein the attribute is developed by the design release
designed in accordance with the design intent information.
In a third aspect, there is provided 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; capturing design intent information of
an integrated circuit designer with respect to a design release; including the
manufacturability information as a portion of the design intent information; ferwarding
the design intent information and the design release to an integrated circuit

manufacturing facility; and using the design intent,information with the integrated circuit
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devel oping a design release in accordance with the design intent

i nformation; forwarding the design intent information and the design

rel ease to an integrated circuit manufacturing facility; and using the
design intent information within integrated circuit manufacturing

equi pnrent of the integrated circuit manufacturing facility to optim ze an
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the desigimizacenain 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 may contain'manufacturability
information that is related to the equipment that is to be used to produce the IC. As
such, when these macro moduies are used to design components within the integrated
circuit the equipment within the IC manufacturing facility can 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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In afourth aspect, there is provided an integrated circuit manufacturing

f.acility conprising integrated circuit manufacturing equi pnent adapted to

operate in accordance with an integrated circuit design release and design

intent information. In one enbodi nent of the invention, the design intent
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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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.So that the manner in which the above recited features of the pr esent

knvention 4a are attained and can be understood in detail, a nore
particul ar description of the invention, briefly sumarized above, nay be
had by reference to the enbodi nents thereof which are illustrated in the
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other equally effective embodi nents. Figure 1 depicts a block diagram of
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integrated circuit fabrication equipnment; Figure 4 depicts a block diagram
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met hod for generating a design rule. i,. DETAILED DESCRI PTION Figure 2

1 accor daridBilg th (HCy s BREC R ERIGHMEThoLS Gfols RoroRtbl sEipmettsi gn
mana Ay er Yo a BRENE Rl AT Ittt Bt e GO R Infprmmation i
Ahe priesassordangenwitiothe prasest invention. The equipment arrangement 300 includes a
- controller 302 and process equipment 304. The controller 302 comprises a central
processing unit (CPU) 306, support circuits 308 and memory 310. The CPU 306 is
generally one or more processors, microprocessors, or micro-controllers that operate in
accordance with instructions that are 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 control messages along path 316 to various process
equipment 304 within the IC 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 fulfilied. 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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devel opi ng a design rel ease, the design conpany captures the design intent
.used during the design process. The design conpany produces a design

rel ease along path 120 as well as design intent information 202. The
design intent information 202 may be coupled to the equi pment nanufacturer
130 or to the IC nanufacturlng facility 122 after the equipnent is
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manuf th@lultfa@cﬁa@hlﬂmgesﬁﬂ to the design conpany 108. Figure 3 depicts a
generic arrangement 300 of |C fabrication equi pnent suppl ired by the
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par aneerventional nmneroalongl path 2aD, Mﬁlmmdgumngomepﬁesmphes design
intent information along path 408 to the metrology equipment 406. This information
enables the metrology equipment 406 to optimize its testing of the wafers as they are

‘produced by the processing equipment 402 in view of the désign intent information.

For example, if an SRAM module is to be fabricated upon a particutar integratéd
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 nsed to test the paftiCular SRAM module being
manufactured. Because the SRAM is identified as a critical coniponent of the IC, the
metff)logy equipment will foéds tésting on this component For example, line widthv_

testing can be performed near the location of the SRAM. Although the LUT (Look-up-table) 412is
. .:shown as being located in the metrology equ:pment those skilled in the art will realize

that the LUT (Look-up-table) 41 2 can be located in the controlier 302 or eisewhere (e.g., via a
. -LAN or WAN). )

Metrology equipmeént that is flexible enough to "prod'ué_'é.."s‘ﬁ't:h dh%déméhd-"teéﬁng' '

is the TRANSFORMA metrology equipment manufactured by Appli.édgi‘ﬂatenals Inc. of
. 7 ' '




control software 312, sends control nmessages along path 316 to various
procéés equi prent 304 within the | C manufacturing facility 122 of Fig. 1.
Process equi prent 304 may conprise deposition equipnent, etch equipnent,
pol i shing equi pment, nmetrol ogy equi prent, |ithography equi pnent and the

ik SN A AR bl e B e
cont r othé ntebited’ dRRES thedHEROBEY flpriche dé‘ﬁshgl'&zé tﬂ%s‘f m]%rﬁﬁ'fee?%rﬁaﬁ{a? h&ﬁ%

are used within the equi pnent control software _ Xé
pr oces SPHENAGShEAE insurierthekdfarnesaimples thearfMOS hand tAOR: strayrsistote ndre

i i i ' i,s ful fi d. essence, the design
|t ent BPiEe8 R <8N ot 80Bhy St i bf Heslormad VA eseedde B o
the desiiiraliditnensiopsr afties NMQS4and FHMOY FaRbisksts BOgRSSRAM t 8&1@99“ Thiat

they are actually nmaeking such that they may optimze the pro uct. ThI:S
i nf gr n&ﬁ“ﬁﬂ "Ray b@gus@ {qpplimize eithemprosgasipgefttherawalica dutingriabricdtidrhat it he

[ ' LLitat ' the design iptent infornatjon. The
dest g il RcSeY 8, Siinice Bt Batch, BRYYS Whbfeih o rlaSer bl esba)
t o prottinmirgheapabansptanizedlih viddidii tralmMeasireehey Rakdy ﬁﬂgylthé) trR&trdBgY 9N

intent information for a specific designis supplied tot
manuf BR8P facility along with the design release to enable the
facility to optimze the integrated circuit fabrication process. Figure 4

: : - fothg jnvent.ion.usi desi gn
b o o etolas A S oL REhIBRa e AN UdtlrgRele 1R

ar r angeprast pathovitbinthe bgic ancamintegiated 302uit REOMESEESIGN GSEEhPIFTBIM AR . and
Rl R N K IR T LML e
[ Ehogy aohy Bou oreinfonRBtisits phgece i 8% meidny Sibint o8B b e tbment
cont r destRg isspegouoed tolachigve pptioizatior qfithedongést speed path. As such, the
metrology equipment 406 will be directed to monitor the critical dimensions of the
circuit components and lines along the longest path. The measurements made by the
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 equipment 402 to achieve the

o,

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.,

8



conventional manner along path 410. Additionally, controller 302 supplies
desi Qﬁ intent information along path 408 to the netrol ogy equi pment 406.

- This information enables the metrol ogy equipment 406 to optimze its
testing of the wafers as they are produced by the processing equi pnent 402

testi ers ¢ | . . ent. 4
to be Hf et 478 580 ot Shlishiooinay el Be nesd for dumm Sisciseasnglong.
fabricéihed by ddrim’ RAGES nqr@ﬂl&é&*@ﬂtru@%aghgﬁ&%@% %Q&ﬁggﬁﬁéiht&' cal

di mensions requirement to enabl e the NMJS an ! nsistors
bal ancétformationthatgyill infoemthe slesigner ivdeni theirt ddsigrs palaheterpandy exderd thar t

. t n I s being, created by the processing
At L L St S =
| ookupirfalthed 4bbut harly trdebiffbetwechP@sidl bAd tﬁeﬁforﬁ?&rﬁ'&eﬁ%%%éuhet re%ﬁﬁ' used
to test fhe particular SRAM nodul e bei ng rmanutfactured. Because the Mis

i dent | HPEY 188 PIORPSad desige Mapametarsof the IC the netrol ogy equipment will
focus testing on this conponent. For exanple, line width testing can be

rmed n ' M ough the LUT (Look-up-table)
B (o sholus Qﬁ%{eﬁ%ﬁﬂi S EA, 750 Phb gaygm%ﬂtqese%géesfm HF&d i n
the ar bywmethoced@0ze Thidahethod BOD (ayokbeUprdcieb) b lat et Whd Waged|dn
the controller .30% qr. el sewhere (e.g., via a LAN or” WAN). I\/Etfol ogy _
equi prBRNURLHIIRG ?q"@(i BRIPEIRAI ghanefagtusaiss dhe devige da?gemwrw;ta ditd pgfl’cyl: s

RANSFORYAR gl ' : act e i e als lLnc.
of - 7 CaeT ARG oM BN M Glei S R0 piebins B 613 Fbiein
Jodul ealist 0§ egegument thahés used gralvitidoe iusediis, proligcs@byOhedC RHHPSRDENGaN

utili test rameters that agre optimzed for insuring that, for exanple,
f hle :\IZ M gﬁ/égeﬁ Iﬁi’#sitbf’oi?%ﬁ%fman Icharacderisticss gt e Jisted aguipmest aod ogy

ek, pRPUBSSS 800EY QM ARG o o i ol A Bl

opt i mi te&esiintneaccorot thesspapifid listhd eqpipmentand thd pbrforaan@ cRsracterizations
(e.g., performance limitations) of that equipment. Design rule generation is facilitated
by device models 610 that are used by step 606. These device models are developed
using physics 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



may be used to optim ze the mask creation process wherein, for exanple,
mask - trinmm ng can be optim zed in view of the neasurenents taken by the
metrol ogy equipnent. |In another enbodi nent of the invention, the designer
‘identifies the |ongest speed path within the logic on an integrated
circuit as the design intent information. This |ongest speed path is
identified as a critical characteristic of the integrated circuit. The

desi grviewitod meanuwfpsturabiliprinfarmatiose the desigaemsanotingaedesignestirides such

spocd B5alor RS KT pile” FiVoRE o8 IR st e Tk B Blackdfeuly” Y&
moni t ghickhesrarid 68l ordli Mt netufadtutdintity Ghforiiation OallANS fbss thandelélbpmenttong
the | ongest path. The ‘nmeasurenents made by the netrol ogy equi pnent 406 can

be matdikkdse of a shlistisabmadiekbased sPbphiieridn any yerdfipationt adelsier pasthater s
and crg fLd irﬂj!ﬁﬂﬁ{aﬂﬁéngf e@e bgﬂigﬁsén Hﬁ%hs@;sq Ag! Q\gdg}:’tof Rhe! RGture. and
ISR Skt PO ogy cCan Forme y conp

processSi Ng equi pnen e per aring i nages
of an thickeesds |afneher fdataesi sPeocddsatmodelst thad invdladie nsacid atratmatactubiiitg

measur.ed or captured |ine or transistor that has been produced by th
proceé%fi% atigny; maynbe stopmedh for, gguinment thaicpedrasi é&’”g cgﬁ‘%aﬂti%de?g‘-

contr 2 ' | : CRi: ' l i ne and/ or
transﬁié?ti)r{rb?gﬁgﬁgﬁ?e tihgt pr(Té/P%%gﬁﬁﬁgﬂggé{g*l?éﬁ%ﬁ'B%%\E\%m%%rforrrance. .
Figure 5 depicts a flow diagramof a process 500 for utilizing-design rule
that capt WestepdOfe ghgrdasigre mlei isfusedatd dasigh thedisdegnaded dincuit eauchi that

I nstanges the .sem conductor wafer, processing equi nt perfor tinally
when it 2 e sidhel selitrt & nardPal srpCORs Earithe Aracapraiingl sHhrfEs o

f ashi emtorhaficAytRhgly with ®ieddsidn ndéshi ng when using cheni cal nmechani cal
polishing (CWP) equipnent, a dunmy structure, e.g., a plurality of
conductive patches, | POS] tioned proximate to a conductive line within

i S i r |\

“the i nt egr At &der SP8uthe |G degiands send ta M lC mapulachuyigfadlilyefstep wdlel s

may b ' ' C t eci ° ent l.S,

T PIRCLRGIIS AT MeLAER OREL N AP IAR SERRS s edaTIRE I Rl
rul e @&k to boih. the IP company for the macro and fo the equipment manufacturer for use
of fhe design rule. Alternatively, the equipment manufacturer could 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 teéting 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 bé produced and distributed to the- designers prior to an IC manufacturing
facility having the equipment. The designer can then design ICs using the equipment
manhfactur_er’s models and reqUest- that the IC manufacturing facility use the
equipmerit specified in the design. Because the models are closely tied to specific
equipment sub-modules (e.g., a specific etch. réactor, a spegcific deposition reactar, and
the like), the statistical.distribution of physicat attributestis 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

spegcific sub-modules in mind, : thus ‘

enabling designs that result in the production of ICs with very high performance,

repeatability and yield. V
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8 the design rule for CWP polishing may include the need for dummy
structures along Ilines of certain length. The design rule may al so
conprise manufacturability information that will informthe designer when
their design paraneters may exceed the nanufacturing equi pnent ' s
per f or mance jnstance,. the designer c i nf ormed about any
tradeoff beti \/\I/Jt’a'ene nhg’igéf),&]%a 4 IBEFtEdy H%répLg;n Bntsegfj the presantusyertiame
pr opos ethegesidofuripar eficliments aLihe '
prodUC|ng a design rule for use bJﬁﬂg?%@@%% %ﬁaq @Qﬁ%%ﬁ%gﬂgggﬁﬁtﬁgqmﬂﬂ
pract i S¥jb@sic §F°P%Hﬁfe@ﬁ@r@fthﬁmop@ thenofiissdetermingd g the ¢lgimsetihat fotion.,
manuf acturers, the device designer, or athird party that is unrelated to
the foregoing parties. The nmethod 600 begins at step 602 wherein a list of
equi pnment that is used or will be used is produced by the I C manufacturing
facility. At step 604, the performance characteristics of the listed
equi pnent are identified. At step 606, a design rule for the device to be
fabricated is generated that takes into account the specific listed
equi pnent and t he performance characterizations (e.g., performance
limtations) of that equipnent. Design rule generation is facilitated by
devi ce nodel s 610 that are used by step 606. These device nodels are
devel oped wusing physics derivation and enpirical analysis. Depending on -
the design rule being generated, the nodels may include SPICE nodel s,
phot oresi st mask nodels, interconnect structure nodels and the |ike. Such
nodel s correl ate a neasurable, physical feature to a design or performnce
fequirenment. At step 608, the nmethod 600 outputs the design rule.
&@turnlng to the method 500 of Figure 5, the design rule is given to the
conponent macro designer at step 504, which incorporates the design rule
into the nacros. For exanple, a macro that contains a particular |ength of
line will, when used by a designer, automatically add to the | ayout the
appropriate dunmmy structure to
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achieve optinmal line fabrication when using the equipnent. In other
applications, a designer may use a particular nodel or enbed a specific
process recipe that optimzes the circuit design for a particular set of
equi pnent. For exanple, the manufacturability information within a design
rule may provide process nodels for the |IC manufacturing equi pnment that
wll be used to manufacture the IC. These process nodels allow a
conparison of yield vs. performance such that a designer can select a

| evel of Cragheoff between yield and performance. Additionally, in 9 view
of manufacturability information, the designer can change design attributes
such as floor plan, RTL code, layout, routing, line wdths, via count and

pl acement 4 | aygry, PB(&#%E‘.BH ﬂ\té@'a&{ﬂ cup_cb s%@ﬁ R rability information

allows for the deve opnent at’l "nodel - based set of
desi gn and ver cdptogng od\es:grdeheﬂbrlnfammlonhaf arf untegratedi arcust dlesigner ons,

e.g., posi n.on the.substrat.e, t hi ckness of the
et ur o HrYsI0uE0 At e 1 actbitadeR vt e rdRlan B o mata  mat + on
may be formed fo@ﬁlam*ag phé@ 'destdhaintest frﬁ’ér'ﬁﬁat@ﬁpandjlthéoﬁs?g}h)feleagéctb an

pl ati ng, chem cal and physical vapor; deposition, oxidation, and the |iKke.

At step SiEegraled ‘d@é‘itdﬂaﬂﬂﬁ%tuflgg facityrandiesi gn the int egr at ed circuit such
that when a d@ﬁhg@ﬁé d%@i'gﬁ%&ni" é‘rrrﬁétﬁﬂ @/fthﬁﬁhﬁé@’i’é&% &&Bﬁ“rﬁﬁlﬁlﬁ@tﬁﬁﬁ%' i brary

that structure w aut matlca y co eS|gn r
508, the egqigmenyof the istegrated cirbait tr@nnuﬁauntﬁmgimcmtygtofcammuze an iltegsitegh 510

2 1 oyal tyo T RRbeSed iRt A B dRRoT e e Bl porilie ©" " ©

equi prent nenufacturer for use of the design rule. Alter natively, the

equi pment _manufacturer  c uld be paid an access  fee or qther,form of
royalty for tﬁ&%ww P@lmﬂhwﬁmt%%fﬂ%.Intﬁrﬂvnquﬁlﬁa@mpr@&ﬁ ahe

produced feast eoBafGh 87 BXriREA CREM BemdHRA testing at the equi prent
manufacturer's facility. Cenerally, the EDA testing is
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.
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conpl eted at the equi pnment 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 ICs using the equi pnment rmanufacturer's nodels and
request that the 1C manufacturing facility use the equipnent.specified in
t he design. Because the nodels are closely tied to specific equipnent

sub- modul gs (eTie méths@eF didim ¢t WwherdiP 8t Mcatidn SPRCEAtGI 'dﬂﬁﬁ%bﬁé I%Pe

reactor, and the. li1ke), the statistical distribution of physica

attri but eused sby i matrelogy hgauipmarnie withii gher inteigratasheeraait In@Mwifa¢tuiing t he
manuf act u&&@é}.nieby i nformation-based nodels, i.e., design to an

unknown. sui oT "equi pnent usedby an |1 C manufacturing facility. By
designing with specific sub-nmodules in mnd,, thus enabling designs that

result in_the production_of | jth very high performance, repeatability
ind yi el " 10 T nasthad SgaaiEn 1 oherein 8231 dped0 e SEHBS HERTETSES t he
present | 8Y@PkeAD utiliRhfe idftniadbh hiiat €D YHHVIBEA Sbef ah hitddieidt icBuiiRy be
devi sed without departing from the basic scope thereof, and the scope

t her eof i BapufasturingeenuisMenemanaiasiurentetthe dntegiated gircull designer- 1. A net hod
of fabricating integrated circuits conprising: capturing design intent

information of an integrated circuit designer developing a design rel ease
i n accor ddhce e mdthed déslapn 9 mhenéini thé erquizinent; utilizatiovairdomgatidmeisdaesi gn

intent information_ and, the design release to_an integrated circui
rmnuf act CHSSIG rHE H\HEMRRg S (Rl ot Tt TP el Bt n
i nt egr at eiptegratedi dirchiR MHRFALUHRG eq@pHidpENt Of the integrated circuit
manuf acturing facility to optimze an integrated
11.  The method of claim 10 wherein the design rule identifies a location fo
position dummy structures to prevent dishing when using a chemical-mechanical

polishing tool to manufacture the integrated circuit.

12.  The method of claim 9 wherein the equipment utilization information

comprises 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 fabricated
under a design release,
the metrology equipment having design intent information associated
with the design release, 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, wherein the attribute is developed by the design

release designed in accordance with the design intent information.
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circuit produced in accordance with the design rel ease and the design
intent. 2. The nmethod of claim 1l wherein the design intent information
conprises at |east one location of a critical circuit elenent. 3. The

met hod of claim 1 wherein the design intent information conprises an
identification of a critical circuit elenment within the integrated circuit.
4. The nmethod of claim1l wherein the design intent information conprises at
| east one circuit attribute selected fromthe group consisting of

speci fi cagyon phe :Xﬂ)&érﬁtusslb?egaﬁ\ﬁ‘d1@%éreﬁ?ﬁﬁ@”ptdéélbn 5nteﬁhelnf6ﬁhﬁﬁ&l of
claim2 wherein the at |east one location is measure metr ol og

equi pnment CONPHSES @ H@tabraﬁ@g&f gtibep! elaraents lopated abdhe lnh@gr@ém @ireitt | 6 The

met hod of claim2 wherein the critical circuit elenent is nmeasured by

met rol ogy equi pnment within the integrated circuit manufacturing equi pnment.
7. The nethod ®ie cdamammswmér el'aimth:e wheieyn thet erdesignf anteat i informatipn | ses a

| ocation and criti nsi articul a nductve |ines thin the
|t egr at efoMpIPes 7 fooknp-BbNe RESHiRh e lsBled SR i ilegr et St i on' and
critical dinmensions are used by netrol ogy equi pment within the integrated
circuit manufacturing equipnment. 9. The nethod of claim1 wherein the
design intent information conprises equipnment utilization information that
is provided by an integrated circuit nanufacturing equi prent nanufacturer
to the integrated circuit designer. 10. The nethod of claim9 wherein the
equi pnment utilization information is a design rule that defines an optinmal
circuit configuration to be fornmed by the integrated circuit manufacturing
equi pnrent. 11. The nethod of claim 10 wherein the design rule identifies a
| ocation to
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position dummy structures to prevent dishing when using a
chem cal -nechani cal polishing tool to manufacture the integrated circuit.
12. The method of claim9 wherein the equiprment utilization information
conprises manufacturability information. 13. Apparatus for fabricating an
integrated circuit conprising: integrated circuit manufacturing equi pnent
conprising at |east one netrology equi pnent for inspecting a structure of
the integrated circuit fabricated under a design rel ease, the netrol ogy
equi pnment having design intent information associated w th the design
rel ease, wherein a conparison between the design intent information and at
| east one of an attribute obtained froma portion of an integrated circuit
bei ng mank act yr. j i j . cyi facturing
caul pront e o anb (AR fng Bk led R AR Rh B cmer SR 2
desi gned i n accaptadmg manufdctarabilitleisfamatioh dot intetratedadincait maiifdeturifidne
appar at us_of. cl a't_m 13 wherein the design intent information conprises a
dat abase %‘Fu'e'fniep_’cal el enments |ocated on the integrated circuit. 15. The
appar atus of cihgbffotingh&ei MahlraclfsHiBy iMM6@Mtidnn e Nat d@Q%nCﬁﬂ@rﬂoFeS a
| ook-up-table of critical elements |ocated on the integrated circuit. 14
16. A met #oU0RiBg aniplegiatad cirfdiblirat ed circuit (1C) manufacturing o
conprising: capiind deBBAURRNT W : (078 O ol t circuit
manuf act uri ng &g%w' pqleﬁtgﬁ i ncor pof?g’blgfﬁ%ﬁtoﬁghrr'gn %%taué!g%]ftlﬁ@é |‘%f‘§frﬁ1rrat| on
into a gjelﬁsgact_rtoladésign releasegni ng an integrated circuit 1C capturing
design intent ihgltg{ngathle%ar?Jfa&ﬂrébﬂh& ﬂ{fg}rﬁgioﬂ &8 glp%ngo%séfqnee rcle:\é\'fgtnhinﬂtent
information;

forwarding the design intent information and the design release to an
integrated circuit manufacturing facility; and

using the design intent information with the integrated circuit
manufacturing equipment of the integrated circuit manufacturing facility to
optimize the integrated circuit in accordance with the design release and the

design intent.

17. The method of claim 16 wherein the design intent information comprises at
least one location of a critical circuit element.

18. The method of claim 16 wherein the design intent information comprises an

identification of a critical circuit element within the integrated circuit.
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respect to a design release; including the manufacturability information as
a portion of the design intent information; forwarding the design intent
information and the design release to an integrated circuit manufacturing
facility; and using the design intent information with the integrated
circuit manufacturing equi prment of the integrated circuit manufacturing
facility to optimze the integrated circuit in accordance with the design
rel ease and the design intent. 17. The nethod of claim 16 wherein the
design intent information conprises at |east one location of a critical
circuit element. 18. The nethod of claim 16 wherein the design intent

i nformati 8 ddepmetws efrclaingdArwherein therdegigmindenttintoamagon comprises @ént

WL N R akNbRETAICER SibBl Lelebbd! flom e JR1BRIsifb UL kRnBROS IR the
design intent I nfornmation conprises at east one crreuitattripute

sel ect ed ¥ielnspbed gnd ppweossnsimpipraf specification of yield, speed and
power consunption. 20. The nethod of claim 17 wherein the at |east one

| ocation is nmeasured by netrology equipnent within the integrated circuit

manuf act upO.NATHRI HdMBRNbF cRim ThahERsiAAHe Gt 16441 dRelibcBlieh B thedilred by i cal
circuit elenment is neasured by netrology eg:lw pment within the integrated
I FeH

circui t nEelRRAYEIURMedViBHR the integra WoanwWactriag eawipm@dr ei n t he
design intent information conprises a |location and critical dinensions of
particul ar conductive lines within the integrated circuit. 23. The nethod
of cl ai m 22 \ither miethadhef ¢leicatli7osheneth the tiitial cidéuieeleivmmnd ismesasusstbpy

met rol Ogym%?r%b%geer&uiﬁ?ﬁmten 'v{flttr'%irr)] the {rlnttéagc}rafgde grc%}trrﬁéjﬁ&fa&%ﬂrlfé %%Lllf)rrﬁen .

22. The method of claim 17 wherein the design intent information comprises a
location and critical dimensions of particular conductive lines within the integrated

circuit,

23. The method of claim 22 wherein the location and critical dimensions are
used by metrology equipment within the integrated circuit manufacturing

equipment.

24. The method of claim 16 wherein the design intent information comprises
equipment utilization information that is provided by an integrated circuit

manufacturing equipment manufacturer to the integrated circuit designer.

25. The method of claim 24 wherein the equipment utilization information is a
design rule that defines an optimal circuit configuration to be formed by the

integrated circuit manufacturing equipment.
26. The method of claim 25 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.
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equi pnent. 24. The nethod of claim 16 wherein the design intent information
conprises equipnent utilization information that is provided by an
integrated circuit nmanufacturing equi pnment nmanufacturer to the integrated
circuit designer. 25. The nmethod of claim 24 wherein the equi pnent
utilization information is a design rule that defines an optimal circuit
configuration to be forned by the integrated circuit manufacturing

equi pnent. 26. The nethod of claim25 wherein the design rule identifies a

location pp. WASi Mietibd WiMdlaitt rAC IWHRSINt heP eBUpMerfll StlizBBo R riMaticly a
chemi cal - nechani cal olishing tool to manufacture the integrated circuit.

16 27. TheomaEsRfgmanuiactrability iffesmation.t he equi prent utilization information
conprises manufacturability information. 28. The nethod of claim 16 further
conprising: generating a |ist of equipnent that is used and/or will be used
by the i 28.edhateathcd of olaimiérfufthet comprisifgici 1ity; identifying the

performance characteristjcs of the |isted equipnment:; enerati,n he design
rul e using thegeffbef"f"ﬂ?%h%t efﬁﬁﬂ%{f@“i’f 3'%'?%? ﬂ?e‘fﬁé‘%% ‘é’ﬂeﬁe é@ﬁppﬁé € and
devi ce nohddgraRl dirtLiR ohaiFactaling Mdilitgt ructures to be defined by the design
rule. 29. An integrated circuit manutacturing facility conprising

integrated ci riggnifyingdharsesetmange ehnrppiespticsefdpe dgtedeaiinant in

accordance wt i i i i i iyt ent
o or mat s on. St R B HeSln fUic Tl B55 pEoh A RR ShaASRLOB W T g
wher ei n t listedieguigment @ndndevicd modalsi afrintegnated wdsuistriictasds tmiee defiag¢d on of a

critical gipcujt.. nt. 31. The integrated circuit manufacturing facility
Gt deou %

of claim e design

29. 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.

30. The integrated circuit manufacturing facility of claim 29 wherein the design

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

31. The integrated circuit manufacturing facility of claim 29 wherein the design
intent information comprises an identification of a critical circuit element within
the integrated circuit.

32. The integrated circuit manufacturing facility of claim 29 wherein the design
intent information comprises at least one circuit attribute selected from the group

consisting of specification of yield, speed and power consumption.
33. The integrated circuit manufacturing facility of claim 30 further comprising

metrology equipment, wherein the at least one location is measured by the
metrology equipment.
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intent information conprises an identification of a critical circuit
element within the integrated circuit. 32. The integrated circuit

manuf acturing facility of claim29 wherein the design intent information
conprises at least one circuit attribute selected fromthe group

consi sting of specification of yield, speed and power consunption. 33. The
integrated circuit manufacturing facility of claim30 further conprising
nmet rol ogy equi pnent, wherein the at |east one |location is nmeasured by the

met r ol ogy3£quitiTRtégraled éifcuit Manufdc@eRy fALiIRY of \WdimB0 Yirddriédmgridiag | 1ty
of claim30 further conprising netrol _og% equi pment, wherein the critical
circuit eMeelagy sqwipeeit.cwhengin tlee ombicabriseyit elpmenieatmeasurethby ithe egr at ed
circuit I F cility of claim30 wherein the design intent

i nf or mat %@%ﬁi@s %ﬁtf ocation and critical dinmensions of particular
conductive lines within the integrated circuit. 36. The integrated circuit

manuf actuging.,facility of. claim urther..conprisi met r o] ogy equi prment,
wherein 17 TPl nghital HohdpeG o eefh 2 witrelniberdesah oy
equi pmentintehf. infdithdtibhesémbrses id teddtioRBBRd agitisal MmbAsibhs tof phrtieLikm 29
wherein the design intent information conprises equi pment utilization

i nf or mat i endustive figesWihindba idparated ciewlyr at ed circuit manufacturing

equi pnent manufacturer to the integrated circuit designer. 38. The

integrated circuit manufacturing facility of claim34 wherein the
equi prent 3@t i THez itégratddh Eiocuittmanofacturingl &xiilgy of wWadmt B3 tfurthedri cowsprEsingpt i mal

cqut prent T38RI Deh e R looHuor Aot R RRAGRiaos ng g, (LB 55
wher ei n t{he rAewdlegy equipment.

37. The integrated circuit manufacturing facility of claim 29 wherein the design
intent information comprises equipment utilization information that is provided by
an integrated circuit manufacturing equipment manufacturer to the integrated

circuit designer.

38. The integrated circuit manufacturing facility of claim 34 wherein the
equipment utilization information is a design rule that defines an optimal circuit

configuration to be formed by the integrated circuit manufacturing equipment.
39 The integrated circuit manufacturing facility of claim 38, 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.

40. The integrated circuit manufacturing facility of claim 37, wherein the

equipment utilization information comprises manufacturability information.

‘41. The integrated circuit manufacturing facility of claim 30 further comprising a

source of design intent information.
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rule identifies a location to position dummy structures to prevent dishing
when using a chem cal -nmechani cal polishing tool to manufacture the
integrated circuit. 40. The integrated circuit manufacturing facility of
claim 37, wherein the equipnment utilization information conprises

manuf acturability information. 41. The integrated circuit manufacturing
facility of claim30 further conprising a source of design intent
information. 18 42. The integrated circuit manufacturing facility of claim
41 wher ei B2! hehes PiddrtedCARBY HERURCHRAINGIASMALO5f Qbint UGaln&LRTBRL Sodresat ed on
the integrated circuit. 43. The integrated Circuit nmanufacturing facility
of cl ai m 2aMpfiseen datahase obpptical eleraentsdecaigd palthe integratdd ¢icait. el enent s

| ocated on the integrated circuit. 18a

43. The integrated circuit manufacturing facility of claim 41 wherein the

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

18a



