10

15

20

25

30

35

INTEGRATED APPROACH FOR DESIGN, SIMULATION AND
VERIFICATION OF MONOLITHIC, SILICON-BASED
OPTO-ELECTRONIC CIRCUITS 5 Cross-Reference to Related
Applications This application claims the benefit of Provisional Application
No. 60/582,235, filed June 23, 2004. 10 Technical Field The resent
invention NIBERATKD ARBRQAEHIERR, P RnaOBHEAT N,
inCRHEH-AETRY O MOINOB A A o HBQQ@&%&&?%F%%ECTRONIC
co-verification of both the optical ah &Hts,al circuit arrangements
present in a silicon-based opto-electronic circuits. 15 Background of the
Disclosure Today's integrated circuits consist of as many as a billion
transistors, a | r of input/output pins, and provide extensive
Crop r&féﬁ%ﬁﬁ?t %%%ﬁgldﬂ’ﬂi a&@ﬁgn, simulation, verification,
pladénamﬁpﬂmﬂmmﬂdﬂnydmmmsé ntegsmted ApplitstiantNe. 20/SB3t2a3,
file(E gw% levels, the integrated circuit (IC) industry has developed
Fy ro well-established and standardized computer-aided design
(CAD) tools, particularly electronic CAD (E-CAD) and methodologies. The
Tec%%g@ls support digital, analog or mixed signal integrated electronic

circuits. Generally, IC designers use libraries of circuit, gate and/or logic
elerhenpsogeat Brecaen apohio tnutemetl Rageh b qELEaty tfigwien of

1ntet£94§d Qirrgﬁfé%{ﬁﬁ’ }ﬁH{%t‘ﬁH%ﬁ&QRJﬁy”f@ﬁiéS&thmﬁﬁﬁépﬁ?df&) RREFRattHEof both

power of the standardized E-CAD tools has srgnrfrcantl)éfueled the growth
the %ﬁkaﬂ%ﬁ&r%ﬁﬂér@rﬁm&emﬁ@@r%rréa%r%amléré SeQpensneyonic

circGistom, semi-custom, or a combination of custom and semi-custom
design methodologies. "Custom" refers to the creation of a 30 new
physical layout for each design. Semi-custom refers to the use of

Badrgedeiided miemiscpiaments, such as "gate array" and "standard cell”
eler:PgEts Gate arr yS emglo&ga serfof [gre deflngcillfunctlons fabrlciated on

rate TCII' lfl]lt Sb ]S- any as a S1Stor arge
a semic rwairer may be later “intérconnec e O |m a

nundes |ghn§ma/ndqmt paib tecth poi&giesmenwviefaﬂdumrz}hqf RBWSlmpeircﬂmdbm gn,
TS e BT L I RO
systidtbhay drsidigic levels, the 1ntegrated c1rcu1t (IC) industry has developed highly
robust, well-established and standardized computer-aided design (CAD) tools,
particularly electronic CAD (E-CAD) and methodologies. The E-CAD tools support
digital, analog or mixed signal integrated electronic circuits. Generally, IC designers use
libraries of circuit, gate and/or logic elements that are available through the well-known
E-CAD software tools, or develop “custom” tools in-house to meet specific needs. The
power of the standardized E-CAD tools has significantly fueled the growth and maturity
of the IC industry.

Integrated circuit designs may employ custom, semi-custom, or a combination of
custom and semi-custom design methodologies. “Custom” refers to the creation of a
new physical layout for each design. Semi-custom refers to the use of predefined circuit
elements, such as “gate array” and “standard cell” elements. Gate arrays employ a set of
pre-defined functions fabricated on a semiconductor wafer that may be later
interconnected to implement a design. Standard cell technologies provide a library of
low-level circuit functions each having a predefined physical layout. The predefined

physical layout (or “cells™) typically have a common dimension such as width or height
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1 such that they may be placed in rows and blocks, the order determined
by functions to be implemented and routing of interconnect between cells
or groups of cells. In developing an integrated circuit, a designer may
partition a design into various functional blocks and then design circuitry
for each functional block or re-use a design 5 for a functional block if a
suchrhafi ey drasids Resd 1§iE%WbéWé?laﬁﬂ’ﬂ%?fBFﬁ%ﬁ%‘@r@m&‘H?y dypstiipns to be
impiesigmast fsaaHeonemnpiaws @ barewargldescrntpietfaravage (HDL)

that specifies circuit elements and the connection between elements.
Ve&fbé%?)elgl%i“%éﬂfﬁﬁﬁ‘iﬁzt%éﬁc%ﬂ drtisReTHRRL PR BIOEERe S g yarious
fund(iil @liscRsragisteliede iaderoaiiyofoc adenoadiesiyBISyste MSuse a design
headquartered in San Jose, California. Verilog 10 may be used to specify
for B IRATUBLIGh b BES TR A IO AL R AR S8 ot
Ciraliedésipasinay tatjopehationl ¢y ve tsiciwafdidcispitabl enforags € Hviih) ainalog
circuits (A-HDL), or for, \Very high speed integrated circyit HDL_ (VHDL)
S B e el B S TR M kvown
conimﬂndayaﬂed/kil_ﬁmﬁﬁj thdlp[_epdieﬁﬁBIEMlﬂfk%«ﬂs ozfeai}stgigharegmﬂr&idbrary_
wad TR0 PIOUIe B 18 desiied funcian, aLmiaY agl provide (he specd; pize
or power consumptio sired.’[n these circumstances, new cells may
mawb@a@,_torsaecifsttimibitéd(d@ﬁilglgiminm@@aﬂngtd’ﬁém@simﬁoﬁfﬂrﬁw@d_ﬁa’nd
roolSRAAYIgS I C@g,st(zg%gi&fe gnedadhe Kesion ebiasusiamRiosk of logic.may,

employ ' ecial Programs for Interactive Circuit Elements) to

circgie tiiytHAR) sim{ftatéehid gbsiperd3nies gied Ut idiSIbriy BIEPICE support
inclh?@it,f;glwi@ﬂ-;Qamrtmﬁggm@gﬁﬁamp%ﬁ%é% BISIMHANOM ihe art.
|

extremely slow when compared to simulation emplﬁéi)ng an HDL netlist

mod¥|ifaeheBSylesingdiseie betHsthadand v chlibedtsinyiagidrovide a
desBELHRRTIoR, ORI A BSI U BB SiEeMRHRDIP SHBHEIR thDESTIRsKQsIdn.

The custom logic may exist simply as a "black box" wherein operation of
thesg GRS RRIE S W FSIHNTIIRE S SEpardtEty ' SimbiatE§! deqisgrporating the
deseadriphising hatlrdhisaationsmisbealcpeifetmenk dekighaviokatmodebistch

as may be written.in the rogramming language,.may. be.employed for
of S R Ak o SRR TR [t uss D e
spe@Bsiddsithel grothledesodstetudar gprodlistweroustarn I8HIE mpperahdtimopsgcal
andipﬁ?ﬂrag?rg 'gicuitsHare bein, E1ed thqt includ? both elIectrOHic circuit

ulation. "However,, simulation 1S extremely SIow when Cormpare

eleménts an optical circuit elements, particu arFy in ﬁght of the use o

to sreldtiietyethir asilicoan dlfeksnori st dil s Yoktradesignsupplordetth typedak cell

and RMANIS N &MRACNINE SILAC&s R LREGH IAYSH YRR Sl state
today as the electronic IC industry was in
design. The custom logic may exist simply as a “black box” wherein operation of

standard cell and custom logic are separately simulated; simulation comprising both
sections is not performed. A behavioral model, such as may be written in the

C programming language, may be employed for function simulation, but such models do
not allow for timing analysis.

Besides the problem of standard cells vs. custom logic, more and more integrated
circuits are being formed that include both electronic circuit elements and optical circuit
elements, particularly in light of the use of relatively thin silicon layers on an SOI
substrate to support both types of elements in a monolithic structure.

The optics industry is in a similar state today as the electronic IC industry was in
the 1960’s. As such, today’s optics industry lacks a common technology platform to

integrate different components (building blocks) to make a subsystem. As a result, the
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the 1960's. As such, today's optics industry lacks a common technology
platform to integrate different components (building blocks) to make a
subsystem. As a result, the 2 current optical industry at large has a highly
"un-integrated" approach for designing, simulating and verifying the
mostly discrete optical components and optical Ecg/stems The few existing

currgasppicalinduionhliassdricishlioois-tBicsfiedi anemaideeAesiense.
sim@MEHY SRECHIa A MamtiewRr diReRf GrilcalofpicR Y Mmevpiam of qptisal

components. 5 Indeed, these tools have generally been developed for

Thefeyy GoEdRpslstites a’%@?‘hﬂ%‘lﬂéf@m@b‘?{’&%} é’ﬁf’s“ﬂs‘ﬂﬁ“?ﬁ“tﬁéend to be
oveﬂwqﬁk‘t‘ﬁd mwa@@wg@gwﬂe@ﬁcﬁa@mﬁymm&@n snapyctacieipbiaes.

ogether to make the integrati n of Iectrlc | circuits a
I Vo e R Bt (ot st Sipices. ok he
sﬂldmn)nmhqlmnemlmt@emmshegmtand&rm@gﬂ% proaogssiag. technology (as 10
Wld I ce ted by the IC dustry). This a ch towards, silicon- ased
RIS S S
Optlcababileﬂycmflmbcn@md uswrsliintel ineingoieolipticpladotentrRacet l@fforts to
ine JFADSAE IR FARYY LS ARRIRAEN RGN By G

support this effort of integration, ho ver there Is a need

widg] mm&t%bw@ﬁf&%@ﬂwﬁ@oﬂﬁ%&ﬁﬁﬂ@@!@&mﬁfb édﬁ@bh@?@@l@@nd optics
mte@fﬁi@%‘@ﬁﬂé@{éﬂlé@&&g@ﬂ% @S NG e §e3IgR R HSVRIaRME Hhdustry

hases. E-CAD tools, used for the design and development of tradltlonal

mtOél@c%ﬁﬁ%ltm@éﬁﬁéf@alc.P&ﬁ%gt Bitifze (RonnHes the peabniierd this
appRsRaniially.shapaciacze and soppesl dhe &f@ﬁtfﬂfifﬁd@ﬁgjﬁtﬁév&éwlt&ere isa

These parameters can be the signal inputs, outputs, clock signal, time
needy AT 9BaHMbHE GaY, VERGY R BHDe RBURAPRAEIRSRRBIS EPFHYB Blectronic
prefemaﬂyt elepasenaklies ﬂma@l;&gﬂegsgtmdeﬂw@pmaﬂﬁgﬂlm verify the

circ |ort mas rication. These parameters.ca |n analog

or AL S5 SR8 AV SRR U LA T
integtnadesrc@mwﬂmvielmgs tapeneipionadtaboba, e haigtdiora teeien and
moAieTJ[ ed.to use. with tra[d anonal II- sbased op! tical deVIt():eﬁ1 Wlth tlhe agvent

¢ clecpronic nte Clrcuits TAMCLETs can
sillicon-nase |ca devices, l% an%latﬁe mtegratlon O? 0] tICaj

outpprssileslopignal, deumé@)tye,léfmdo Midtagks, mtbselentrahmaeacmw@@mﬁme
elecﬁ%%&%%%)eﬁﬁ@i%%%@%n&%?e@%%E@%@%%’h&{gﬂ meihedolagx L rsimplify

the fabrication steps associated with such a monolithic design. Simmary
circyftsipsipne mpsk a0l frzigae rehhataiby Im e pHarbarn serder s sBaiBy the

forRAESRATLIMERIRN VNS . RolalRS IRithE Hseah QlFaIaRiGHanRUter-aided

design (E- CAD% tools to perform circuit
ptical modeling, as mentioned above, has heretofore been limited to use with

traditional III-V-based optical devices. With the advent of silicon-based optical devices,
and the integration of optical (i.e., passive optical devices), electronic and opto-electronic
(i.e., active optical devices) components, the need has arisen for a methodology to

simplify the fabrication steps associated with such a monolithic design.

Summary of the Invention
The need remaining in the prior art is addressed by the present invention, which

relates to the use of electronic computer-aided design (E-CAD) tools to perform circuit

layout and, more particularly, to the integrated design, verification and layout of optical and

electrical components in a monolithic, silicon-based electro-optic chip so as to allow
for the use of opto-electronic CAD (OE-CAD) tools to be used in the circuit design
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layout and, more particularly, to the integrated design, verification and
layout of optical and electrical components in a monolithic, silicon-based
electro-optic chip so as to allow for the use of opto-electronic CAD
(OE-CAD) tools to be used in the circuit design 3 process. In accordance
with the present invention, conventional simulation tools associated with
Progae-design and fabrication of digital electronic devices and "mixed"/analog

elegiyanie deivicaviiie FRAACIRVERID 0L sSR WMibh S ilsRmrsadsptical 5
devices and opto-electronic devices, (both passive and active devices).

aSSeﬁi?é%@ﬂﬂbﬁﬁ8@%}%1|6W§?8Pfﬁ5‘§b‘b%§%3{ﬁk%°§f8ﬁlé|éﬁ‘(é%?sa(}.‘b., digital IC

“migtRmeni®g aralaghiv ke lGielemenisand aptorelecivpnisialenents) épieal
d indivigéjally deined and sim att d. Thereaf er,a"co-sim%lat' " process
VISP AR TRC TR UL S AP DRSS TSRS ASRIGAS 1K Fek sdBSrate
methindollagioal jorec &sabs tepasse sgpthieflagintnasiks difine M0 «damyplste
anaYANGETEL TG, (NicS separale simulation ISSUHS 816 N HSGAAS 4ng
INputs to three separate hysma ?ayou routines to be veritied. galn,?ﬁle
simtthred . sépearatiéclapoists samel used” asowyssiis poréotowd/drifioations' ippoteds to

resdffVIFHIR AGA Q{éts‘?lfn‘iﬁﬁti&?uﬁﬂ&%@e@r{@ 0N {BACCRGHIGSE Wih

the present invention, the co-simulation results are checked against the
congdeietificagionerésdibs. trassspaatuitaleinn agrdenientheroutisd asrtubtsto

threEERAUIRE pIARR-AULY G AIBRESS B%%ﬁﬁ&ﬁfl&gaﬁh?tﬁéq'li{i&’é@é)p'ﬁg{é%yeﬁks

steps for the final circuit arrangement). Otherwise, problem(s) is/are
are peathiHidePRRAOGhe Y SHBFatithRreespsiT e Bribesssua diystihehitcare

confPReEEARAIBE0-iMltIgmand e esiticationvereeasarsc-ara meriaomed
for a second time. Again, if the results are not satisfactary, the process is

resulljGSheake! AR RTICS SemitRi e h N RS SI Y & o A8FRRRsnl
the Htilsuarisaspegtaf thedsasenhdprondivruibatyastustrnbhdifidantabrication

stephy 1oF the fina algcble a‘#r%edew'éﬁ'tr‘)‘ q @‘?c‘ riogesrsb%%qglff?z{req Iedacesy one
then requwe(f S BB ST e Hesults 0 St:)el?n(fegra d before performing

or ntbhee cd-hierstdationthe poa@sificgticompriocessesdd nmahéerobodimeinofridheo-

verRIERERLIRVERtION, & seuisive didital intgaratedycincuit, 25 logig, designis
dleve?oppeg using re%lster transter level %f—'gufeL) cﬁcuits, which are

satistactreively Bipcthe sizsiy sichatstedandverifiedfimehtheréieratalasigsutiests

achihg glesired objectives. In a similar manner, a conventional analog/mixed

circuit design tool is used to specify in schematic form, simulate and
verifyitHa asmsgrhbecti R tbsietipndhratadiosy caitsliffeisat oreegsces withy be

use&hﬁiﬁ’l‘iﬁ%@@ﬁ &5%%6@&9%&'9@13@%&1@19@@6&% m%ﬁﬁ@gﬁté‘@low for the results
to be integrated before performing the co-simulation or co-verification processes.

In one embodiment of the present invention, a recursive digital integrated circuit
logic design is developed using “register transfer level” (RTL) circuits, which are
recursively synthesized, simulated and verified until the final design meets the desired
objectives. In a similar manner, a conventional analog/mixed circuit design tool is used
to specify in schematic form, simulate and verify the analog/mixed electronic integrated
circuits. In accordance with the present invention, the opto-electronic components are
simulated using, for example, hardware description language (HDL), particularly analog
HDL (A-HDL). In this case, an optical simulation is performed to verify the
performance of the optical components in the opto-electronic arrangement, with a
conventional device simulation used to verify the performance of the associated electrical

devices.
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30 simulated using, for example, hardware description language (HDL),
particularly analog HDL (A-HDL). In this case, an optical simulation is
performed to verify the performance of the optical components in the
opto-electronic arrangement, with a conventional device simulation used
to verify the performance of the associated electrical devices. 4 Other and

furthehsmBbihen RbrHBpresdb e AN BRI B SFIBPRPadEHing
duriflerkoUbaes O bingeflnvving discussinnane Pifatereneat® &mpanying

accompanying drawings. 5 Brief Description of the Drawings Referring
drawifgsto the drawings, FIG. 1 illustrates, in block diagram form, an

exemplary design architecture that may be used to provide the desired

.Ccp-simylation -verification of the three types of elements formed in
Brig ey

DB SHSIHE circuit structure in accordance with the 10
preBefitriiventionp FIGd2 wingtrates an exemplary optical element that can

be e d using a, layoyt tool commanly employed for the layout o
et e B B P e ARty b
use@%epmpmly thpt@es't@dtcofﬂbntﬂatimtt_é mh@rirﬁ'ehtmmﬁay Be@rahezed to
elerf R H’—Jﬁﬂ@&%ﬂrﬁ?ﬂl?o%%‘»%’&@&%%ﬁéﬂﬁn%?n%ﬁﬁ‘){t?@&ﬁﬁe YHULIBRIREES St the
invention; and FIG. 4 is a flowchart of the process that may be used in
Preé@ﬁjm‘_{@ﬁ@ﬁf_the _ trans_mitter cha_mnel of FI_G._ 3to deve_lop the integrated,
MoRgHthiG fikeMikde S IoR PRI H Qe SRARIRMAOIM #8 MQSIPehe@ e a
sense, the present invention can be viewed as performing separate

layqigqel erpatealicrarioyrd destindionrtnd tidenitsleRtdpes of elements
inclpieswihimdbe finalisiticen-dasadmeoplithic stipalyreptdhe-trgsc
different types of elements, as mentioned above, can be defined as: (1)
trangiitsr SRR BT Rt e e BT S F At IGTHATKRE S
acc@ieaitomidlintegsaiash cineuii@ements; and (3) opto 25 electronic elements
(in ing.passive and active optical elements). Once the behavioral logic
oot T S RGeS B e A G
tranpiysic@hlayeliv fddSigh tis dteviip pedi ardryvedfiedfolidactidiffederitype of
element in the circuit. The separate physical layouts are then co-verified,
using a pre-defined set of test vectors, to measure the properties of the
Detwled dMephryphivad design. The annotated results (complete

In its most general sense, the present invention can be viewed as performing

separate top-level behavioral logic designs for the three different types of elements
included within the final, silicon-based monolithic structure. The three different types of
elements, as mentioned above, can be defined as: (1) digital electronic integrated circuit
elements; (2) analog/mixed signal electronic integrated circuit elements; and (3) opto-
electronic elements (including passive and active optical elements). Once the behavioral
logic design is completed, the results are combined and co-simulated. A physical layout
design is developed and verified for each different type of element in the circuit. The
separate physical layouts are then co-verified, using a pre-defined set of test vectors, to
measure the properties of the overall physical design. The annotated results (complete
with definitions of parasitic capacitances and resistances, for example) is then re-
simulated and compared with the prior simulation, with alterations made in the logic
design and/or the physical layout until the desired operating parameters are obtained.
Once the desired results are generated, conventional wafer-level fabrication operations
are then considered to provide a final product (“tape out”).
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30 with definitions of parasitic capacitances and resistances, for example)
is then re- simulated and compared with the prior simulation, with
alterations made in the logic design and/or the physical layout until the
desired operating parameters are obtained. Once the desired results are
generated, conventional wafer-level fabrication operations are then

condidieriti v prorsaeCa Hinay prsa ot thetBisecatiny entorig ifrcagsddeplseeiop
a 1iBREYSYSISM M ANE PEIIKBHIPVENLDIIE- KBRS A deVRIARo A IbIaNASfhe

"schematics" of exemplary silicon-based optical devices to use during the
loglfb@‘?éla‘ééﬂfrﬁﬁﬁﬂcdﬁi@f uf Pi%%t Eﬁ%él. Wﬁié’a‘i%?ﬁ?dl“ﬂ%\ﬁ%&rm&mféme
elelMediO & Nagsives, PEnantsi(way/eaatices, 4acismsy el oS gEalingsn o As,
well as active elements (MZIs, 5 optical detectors, ring resonataqrs, etg.)..
PR IS D O o AT AR restia R isagayices
in tedayicIRDIGstret tuvaslahivssriorexistingys thematin ¢ agiene toalsptord@ols to
emplo for this characterization. A.particular concern for th tical
be G A0 R b LA FRICE: IO BRRSEY gpe
conpgrtivalyevegtridesiionaguntrdstho ke diedirioabtophedtions guitemdnof

cont¥H§S 1Y MNLIALRAGR20 3K ﬁﬁ%&&ﬂ%ﬁ%ﬁ@?%ﬁ%ﬁg%%% ShWircuit, the

waveguide-based optical connections are significant d
length agiliraiopisthe (@A vegEAedhascdrprilem | fwadstii dragraniTerh dapign
conS¥eMRlaLy architecture 10 for implementing the integrated approach for
forming a monolithic, silicon-based opto- electronic circuit in accordance

witt the preakvsnipeiiiphiad RInsthiagras: forih ibersnapar atehiRsdiie O
for BHBIEMEALY &8R4 6 setine.ppo sintdaterthe dhrap Aunes Okplemanisdopis

included in the monolithic arrangement: (1) digital electronic elements,
Clectaftifet NG S ARTERY vy e RERE RPNy nafoliiiRed Sl ree
sepglactionicleirauwiiglemeatsd defurad andssmldaidet ih@sagendieaidetsld,

b .arld 3) op o-electliot iC circuit elerpe ;[sd de[i dtand Si uIattedi .aéguirdd
I I A B A P S R Ao il i & B F RS S o THB SR ARG
simoffathé idigifabt imtegraté?l (Mcaritdagsimigedor gxdiel pteohiDLitanyurgent(such
as Verjlo a?jj/ . VHDL). .The outpuyt fr grst module 12 is a .
e A g A SRS SRR e ctemens,
defiped-oivhsautdaizd dnstahiddrdockills that are utilized to define the desired

dioifpl ey Sisepndmopiledhassoriatsd Wi dpsnaat
~simulation of the 25 analog/mixed signal elements may use a schematic
integgpsedreingpis(gtian. At espaRmiplal eagiages (Qshpo¥enles aed/eropkdl)-
Thedﬂﬁﬁmrmﬁqﬁbt_m@q isknoyminithe aibitheuseiniign /pgdesign of

analog/mixed circuit cannot always be performed by using ]
constructured and pre-characterized standard cells that are utilized to define the desired
digital circuitry. Second module 14, associated with the design and simulation of the
analog/mixed signal elements may use a schematic capture tool (such as, for example,
Cadence Composer) to develop the desired model, since as is known in the art, the
definition and design of analog/mixed circuit cannot always be performed by using
standard cells. Subsequently, the results of the analog/mixed signal logic design is then
converted to an HDL netlist, similar to the output from first module 12.

In considering the essential characterization of passive and active optical
elements, there are various parameters that are analog in nature, such as optical loss,
optical gain, changes in effective refractive indices, etc. The passive and active optical
elements can thus be modeled using their optical parameters, just as the electronic

components are modeled. Optical “standard cells”, corresponding to a schematic optical

6



10

15

20

25

30

standard cells. Subsequently, the results of the analog/mixed signal logic
design is then converted to an HDL netlist, similar to the output from first
module 12. 30 In considering the essential characterization of passive and
active optical elements, there are various parameters that are analog in
nature, such as optical loss, optical gain, changes in effective refractive
libriwgicas tate by Ferpad b uard ishibbisdaadale ein et thegaguired active

and PAGRICEpIRING KIS DG LA ABIRIENS IBEAS IRl QGERNICRAPRIBENLS

are modeled. Optical "standard cells", corresponding to a schematic
B)p‘ﬁcgtfl“érﬁ%?ﬁ WLPHls be formed and used within third module 16 to
defiResthengeguiner] aativecand mpﬁtyer@nttﬁahell@nem& #MHgain adgipstdias
.__terms of eithey a schematic or gés ]EﬁOf C Faaréw ed as an output.,
IMPYREIR Hirfg 8 ERE O AR R o Gtpth e $r8 PTﬂeth“i%‘%?"é it
has appliéchad timinjwtsde eombmmmuianﬁmarrahgmn@utsl@ﬂlneadctomlance
uns 1S?athe gp{gssefpt |rt1€\§ent| it cﬁ%ﬁl een fourgfi‘that th%(riréeretﬁomblnatlon of
& netlist pu SW Ieac?%o an unsaﬁsf%lc ory resullin terms of the
elecm@tlltmtésmmamaﬂayd@ts widbed]ghel \amitngmetedtsigahloardl optiealectronic

elerf?é’r{é%%‘?e{& Qlith ditalo AR MBKH SARL AN PRI HIGAURMS Thus, a

elements mteract within one another and modify the results of the

“cogivmylation. Tgsloam@l eeudianetidyy vib et thes sppriRisrispesh olpnmds
are IGIIES RRRALRIE PYRESIHRIiS ePRMSHAESIMMAAD oSStk hsialiiko

to perform a co-simulation process is considered to be a significant

be adgpidicantRerpreeb i RIRSAROH YA HomE STESRISkIfgRE Giscrtratianal

abilakilitesmefhadnanolithicamepgement. The netlist outputs from modules
12, 14 and. 16 are also provided as se%arate 15in H‘I%PUtS to arrangements for

per@ﬁﬂﬁ&ih@%&@%a{%‘éﬁ%ﬂ%’c Bl h2 WRFR ALY B it
inpstshewigdhemetispetitpuiifiothedigitit simytatioofeatiue the dﬁﬁmﬂt&gipes

of R A R e A e R S MR T R e
eing well-known’ it ear N RSVAES ayo element22Ss aiethty

as adéniwg the ppiysicaldaypout’dfthet ammg/mmwomgﬂahamémgmngnx/eﬂds&dm
on the pet fro nalo mulat 0 mo uIe 14, An o
in the arp A‘ ?uhllscusyg%ult (P ﬁ') %erlve Splgln dpaf[:l of the

ayout element erforms the optlca Iayout proces ree
anal%@wmmtgummmhé@m@mtst wmdr@harmlmtmnéauon

mo®IRSENt ARVRRIA R 8%M8£F§$1B91‘?o‘%lﬁmﬁé‘5§§ca\f\4 (ﬁ%‘?&&?s&o 1R the

optical layout, conventional Design Rule Checking (DRC) can be
threim e neaePHss\Aspiteh AvphEdesidip At i rss sl anecriids thp dEsfiedf by a

inv@iNGR, TBuUNdI¥YcHEWRYRTIERRIR kAt SR WhEM 25 e nhysisa!
representation of the layout versus the schematic needs to be verified
con‘(§BEHnal Design Rule Checking (DRC) can be implemented to verify that the design

adheres to the rules specified by a given foundry. However, complications arise when
the physical representation of the layout versus the schematic needs to be verified (such
as when using a Layout Versus Schematic (LVS) tool). In accordance with the present
invention, a “recognition” layer is added to the verification process that marks the
various points within a defined optical element, then defining the path of a light beam as
it passes through the structure. FIG. 2 contains an example of the application of this
process to a conventional Mach-Zehnder interferometer (MZI) structure. Referring to
FIG. 2, an input light beam follows a first path A and encounters a turning mirror 30.
The light beam then follows path B and impinges a focusing mirror 32 that re-directs the
light beam along path C and into an input port of an MZI 34. The output beam from
MZI 34 follows along a path D, where it then impinges an output mirror 36 so as to be
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as when using a Layout Versus Schematic (LVS) tool). In accordance with
the present invention, a "recognition” layer is added to the verification
process that marks the various points within a defined optical element,
then defining the path of a light beam as it passes through the structure.
FIG. 2 contains an example of the application of this 30 processtoa
focysseyatershentiaaldrrdhndbe ﬁlﬁéﬂéﬁdﬁ?@tg‘r@wﬂ?@ﬂ?&i@t&f@l%ﬁm@?omto
an dﬁtﬁlt%ig%ﬁli[i%tﬁg hbearAdalieiysa dikst RAHARNAISNERURLETSA BdkREed
mirror 30. The light beam then follows path B and impinges a focusin
to th iP?Sﬁaé%ﬂ?&fPéﬂ%ﬁ SRS Ed Mgt e AbRig pRYAE g R S ?Hﬁt&k?i)oﬁy
usin@f @n Mdlo34, herutpuhbpamidroniefitél34 foldanscateonaiapath 12,

where it then impinges an output mirror.36 so as to be 7 focused into an
recQf R B AR (PO o SR s A a e
co-Omiduti signg), patb-Ferffhatconmectivitis ofdhehuatabts ioptigalopathseAdrican
ardglikened 1o éﬂew“ﬁlecgﬁ‘é 2 %%?%%%%5 ociated with the layout of
P Bhvention m%egra ed cireois. y usi this ana ogy,'ﬁmere ore, one is
abl®tsddkinw-anrdptitaneledansithalatan pe@yescgnizeophsredxisgngsults of

thes\é fgggstélgg]aﬁ%q}&ﬁl A8, df?ﬁié%%@ﬁ‘h@%?é’ fh éﬁs@ﬂ%l@gﬁj&gﬁﬁﬂxqt ist gresumed

-simulation step, a co-ve(ificatlon process is used that takes in
thatgbe somplate dasiensvipdrasicress deysdated hitketd tyoorstaddieppheal

pro@Rd SleRIEANIE RIEMAS.RRREHME capeesificatiaprRRdHARIEHIAHBRA cation

processes are completed, the results of these processes are compared. If
stepthe/YRSTRE i ReissHaBiEdgReemiR S ibssrestsoreriHigain and co-
simGRAR PR dasignondlbiunstior abslesiiesh1ang thesetioheats greatrd from

the process can then be used jn a conventional "tape out" to define the
mod ey HERSBH A0 Srisple RrdiHSHvRRITE RO Hiftdrantss fPresarpple.
the batweenthespaifrr finatio Bl anent oSl Midatie BIRUESSE S bifcahine

.1}ee(tiback signals are direct(ted tt)l?(t:llq( to §{)ecifi% modules/eie ents that
VLS PIE HoUHRARE BIAG UOs e 1 R SO BE S eXample IS the
difféleyoeitnofrasspeciiied poical sele wfentj msayente eCrtce bizermpdtifeeichtol istsng die

1ayoﬁ1r?é Xr%rgé‘%ﬁ‘ﬁh%l‘e&r R s'{r‘rtl?fl%%%%rr?da@é-‘é"é%t&% 1&93%”9&'%“%%%&?&%@

eed, various different elements may neea som sort of adjustment.
agaiD@pd mmxgdew@ﬂimsmm@ﬂ- I@dm@@m@mmﬁ@tﬁﬁpﬁmmssimulation
conARGLGMA] 'ﬁ%ﬂ%r@@&@gﬁ%@%ﬂ&r@e‘?ﬁ@%@&&%ﬂ% apd ihe,piiipyts are

again compared. This comparison/feedback process is 20 continued until
a prafsfifad b grarafeaur e Ay applier igTeoh Vbei S EprEiYfet?- FIGs. 3

simBRAHshYSERIR AL RXRRIAN ARRIGALRR A& iRYaRHME R 9ading each type of
simulation/co-verification design process for a transmitter channel

clercah idg eab Ry of 1BIBMER ¥ HesctibbtatovemEhdarstblarkdigsram
of thitusteaiprd highrauet Blaskelli@ghiams and FIG. 4 contains a flowchart for an
exemplary process that may be used to implement the integrated design methodology of
the present invention. Referring to FIG. 3, an exemplary transmitter channel 100 is
illustrated as comprising an encoder 110 that receives the input digital data signal that is
desired to be transmitted. Encoder 110, as is known in the art, functions to translate the
digital input signal into a particular coded form (such as NRZ) suitable for use in the
remainder of the transmitter channel. The output from encoder 110 is subsequently
applied as an input to a serializer 120, followed by a driver 130. Serializer 120 and
driver 130 are typically implemented as a combination of analog and digital (“mixed

signal”) circuitry.
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of the exemplary transmitter channel elements and FIG. 4 contains a
flowchart for an 25 exemplary process that may be used to implement the
integrated design methodology of the present invention. Referring to FIG.
3, an exemplary transmitter channel 100 is illustrated as comprising an
encoder 110 that receives the input digital data signal that is desired to be
tranSHiReRvERBdEHVEL olray id Khotha Inake aﬁﬁoaﬁ%ﬁéﬂwl%ﬁ%b tite

subGigialipRp SIGNA! iRt PR ifWRECOIBE dRRBuEEHEH 139 NR Zpaitable for

use in the 30 remainder of the transmitter channel. The output from

contpuHeY 10 fsV SRS RARRE LS A Shpt t@&@@ﬂ%ﬂ%‘@?’ﬁd“o As

is whallewedoy ﬁld@lﬁeﬂ}b?@ecﬁ&faaﬁlﬁ@[tl?@uﬂﬁﬁ uskiver hafuaite tpicyptical
pleme ted as a combinatian nalo and digital ("mixed signal")

S R S AL U E30 £l analog encodiet
infohmatiorlsiga ahthshstﬁashmge nﬂymgphmﬂnaa\mminpuitﬁ@ dosieddatrdeoplip an
moduylator 140. A se arate con s wav nal is

i ACHOhA0AL SRR NSRSt RIS SRS o

thattti“@ e_i@ﬁtwtsmp@m@miabm&euewmbdmw treaGinebptibad® sibelie as a

mofiEMEIOR A% A0 P2 SRl RIAAL RIR0ALD AeAERTGRIMAD

the teachings of the present invention, it is desired to develop an

methﬂ@g}mérm}@yﬁgﬁmémem@dm&?&mgtwn oreresseferahe miagiatdskimnsmitter
chafieMepntss s irtigEnirefepsniliaschanneldpavdednRienentac:oma

single silicon substrate as a monolithic arrangement. FIG. 4 contains a

the fRRAGErOINGEtratinige 2 gyl IsVeritAB DTSR SoRSIBYY BRfisisgetzs! as

“di generaiaibe fakeicailian PiagespH ot iR At this PARMBIIG ceRaBRder
100 as shown in FIG, 3. Thegﬁ)rocess begins at step, 200, as shown, by

I lod%ﬁﬁm’@dtf'\%asté(Bﬁf’a\téh%f&k RN ﬁ?@‘?ﬁ‘i@@gl‘:&’fﬂﬁf%% M&h‘fstﬁgil
usM@@Mﬁ&l@B&WtﬁEd@ﬁ:oiﬁgﬁd coiaralaglimixgstsigiato@edlayout process.

Serg PIRCIANIS N s el case anceder M0 iR delinedasa

pica ronlc in egra &Sjt&/ﬁlc ay sYnthésize
to-agtdogleod eelts @hak Suljjectetold) @dnvhanmmbalsyplaeﬁz&ddlsmgtdielmfﬁnL

andRIOSPRE. Sﬁ”a's!%sera% Qand.driysr 38 are defy E‘eﬁla FRICHENa %ned as a
circuitry, inc ucflnga Igital- to-analog converte ft Us "mixed Sig na

typiwh i@pﬁ@&h@eogmtmmmubmggtheﬂmlegnc@lrmtﬂbmsmm:mmn@cte@en aas

opugiﬁ% ﬁ?ﬁ i hglve Electro-optic modulator 140 is defined as a typical
opto-electronic element, utilizing both electrical and optical inputs to form

an Qm@pﬂp@aiaémpﬁﬁlgwﬁ Iorebagiedgiined ansl sategnyedveapl érpelefined
clerRO (AIGORAIZRLBRAL LY REAQD LIQINEH [ SRRALAIRY RHPIRGEHiEQ1& I8DICor

design process suited for the particular type of
element ?step 210). That is, an RTL and synthesis process may be used for digital

encoder 110, a SPICE simulation for serializer 120 and driver 130, and a number of
optical “standard cells” can be defined and used in conjunction with electronic “standard
cells” and HDL definitions to synthesize the modulation functionality of electro-optic
modulator 140.

Subsequent to the completion of the logic design of the three types of elements,
the logic design data (typically in the form of a netlist - in the form of code or schematic)
is provided as input to a co-simulation process 220. In accordance with the present
invention and as discussed above, the co-simulation process is utilized to ensure that the
various types of elements will function together to provide the desired output. That is,
the logic designs of each type of element are melded together in a single simulation
process to assess the interworking of the digital element with the mixed signal elements,
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element (step 210). That is, an RTL and synthesis process may be used
for digital encoder 110, a SPICE simulation for serializer 120 and driver
130, and a number of 25 optical "standard cells" can be defined and used
in conjunction with electronic "standard cells" and HDL definitions to
synthesize the modulation functionality of electro-optic modulator 140.
and Qvightle RE-ckeEeiH BrRE %@?@@6@@?%@%@%%@@& logic
desiRiepretissednr: [9QicgpaigndaiputyRicaliin thedprmwiangtiistcaimime
form_of code or schematic) 30 is provided as input to a co-simulation

Progst5¢BaLBEiIaRs 42860 ¥ RN tHdhsRR e hiaAHbAT dhdieial<lerasay the
mixaeu@athReaRBinMulBiRLPIOeRSS B dtlizedio ensyie iaddBebeaiiaes of the

tgrﬁes of telem nt wilifunction togoether (ﬁ) prct)vidirt]he. esired outg)ut. '[hat
Preseit HRETHHIE GRSIGHS GPORE Y8 Br S @ MY SH ST g dtisH T°a O
enswiaglet siolukeparntprocessstacasses bdfedntéinorkihg of-theifiigiiah glerwamnt
Withy e e ’Paheet‘%ﬁner;ﬁ%' A0 rher with the, ORto-ISCITONIC is
elemen{. The netiis outlpur%é fom the para e3(og|c é%&gn protesses are
theraipplagoipiieth asprigats cas shiboation stein23@; thoavphysicpl2éyodss picoessl

abo22k fébr-“v‘éix‘?ﬂéali’oﬁ%ﬁ’%@s%el?Hé%%’ig%&%%'%éi&ﬁtﬂ%’ QLI digitah o

element, the mixed signal elements and the opto-electronic element. In a

ensyyretatt i dripiaeiohdit B &yBoseisd pmieive it Briv eHet skl cLRECRes
martP IR eIPIRMIR M eRiEATIANPIRERATRS IO SRSV IBIh A RAD BERAIRSE

_ layout is accurate before initiating the co-verification process. The
Slm%%ﬁibﬂ)%%ﬁﬁé@ﬁﬁﬂ@&ﬁ@ﬂ%ﬁé@%éb%ﬁ&fé‘ pRYSIEdaisuesangR Aaes
(step BBV PRRII e d QS MM EOn GO TV B HGRAtIOR YR RS RRAW FeBIRBN2AL-

As discussed above, a co-verification process is used in accordance with
resuli (PP inUd At 67 1 S e UL At thasEFBIE - SPEHe THIEE pasndt the
morlBhenisavibwerkitageipiitdd, and apefratan mesvies abovw faiprcsuraiage

) oa%stion of transmitter channel 100. Once both the co- simulation and
(ste o-verification processes have been completed, the results are compared

(stelp 250y dmdcavddtempnattaniis endde, i€ darding thaeidediemiodisagreement

agreement hetween the results (step.26 the results are sufficiently in
ben O SR B e R e e MR B gt
clergent{plébatimapd¢maqdificd s moves thahestigpencuttestdgeofstep 12007, the

co-ASAALRRCE MMM EORRSROLIRERIP QI IRE'E XIS SIONIBFARLA,

disagreement between the results, a determination is made (step 280)
corgsgapdiery Haeksagneliarprbeeas aalanisrie sl enatonay kuntsemde b made to
the IBYREQNG: EREieRE (I Rithe bR ConsiroWatioR a6 uefifigasion, or

both). Once the particular affected elements are identified, a
processes are then performed again and an updated comparison is performed. The
process may continue in this manner until there is sufficient agreement between the co-
simulation and co-verification results.

The foregoing description of various implementations of the present invention
has been presented only for the purposes of illustration and description. They are not
intended to be exhaustive or to limit the invention to the disclosed forms. Accordingly,

many modifications and variations will be apparent to those skilled in the art, with the

scope of the present invention being limited only by the claims appended hereto.
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correction/feedback signal is applied as an input to allow for an

adjustment to be made to the logic design, physical layout or both. The

co-simulation and co-verification processes are then performed again and

an updated comparison is performed. The process may continue in this

manner until there is sufficient agreement between the co- 25 simulation
Wheiia el8itedrisation results. The foregoing description of various

impje M%rﬂﬁﬁﬁg&r{éfntff@rqf&%i@/%tMi diasbeanpiesemiedionbt omthlithic
. purposes of illustration and description. They are not intended to be
integrated SHOW G THRMBRAVES RO A°Rs ARe dedildactmis clketatafh digst one
analv@miNRO sificatipnseanandaiationswil fie-appaseitt dR thasalakite #eihat

art, with the 30 scope of the present invention being limited only by the
Conﬁgﬁ]ﬁ?appended hereto. 10 What is claimed is: 1. An arrangement for

perfopmibtyhe desgnmiaddert fandafarifigandn ofibesiinglithiepdntegratedf said

e hSiehie comprising al east ang gl slerlonie Llement ARk signal

PHI8ne ana 05 mixed signa e*emen and at least one op%o-e ectronic 2 &
cleretpmediihhet drsingemetet daomprisiegeatptutetity of biksignraldogiledefogn
reqlﬁ?é‘iﬂéﬂ%;and synthesizing in separate ones of said plurality of design

modules the at least one digital element, the at least one analog/mixed

sigidosiambioanePtidcatdestbitd bwlestc s epentinmémawhlity of
desi%ﬁ hﬁ'é/ﬂlg[@é{ l%‘%ﬁ%ﬁ%o@%&ﬁﬁmﬁﬂﬁ é&@t?ﬁe’%f@l’éﬁ{&@ Mgéggssing the logical

responsive to the logic design outputs from the plurality of design
profisisagieal oF cambitatieBusly simulating each type of element and

assgpaingithelpgiguapraficiemeyatine ep rRPoalion ieRuitdelRhYsiga from an

layout madules, each responsive tq the logic design output from an

assoeEUElidieig RGN TR i@ B tHE SRASHSPOP o (RTGaaNEstiRgr cach logic design

intoCANVBtidigedatly dngiadesigiribete@n associated physical layout
arranc%eme?t; a. co-verification module, responsive }o the éJIH'alitX of
a —vFrl 1¢ation motﬁu resH%)nsw to II;],[le uriﬁltg/.o 'p'h S1 a tlout uts from the
physical fayout outputs from the " plurality of physica aX/ou modules, Tor

plumsiinutibiplepusly legoify ngdinesphysical piacembnisrdiieadie tylpsiohlgharanents of

eacl?p d é'jl g§gl%§rllrggttg}%%grformaﬁi:e gzttohre Cocrg %fgl g%gmfiela {Qr? g%sélarﬂgn?s; and

coyrﬁparator responsuvsgst%nﬁ]e %Btputs rom the co-simulation an
co-\a@mm@@mme@fw rﬁliwgl tha gatisfaditon codrefationfication
mo&lﬁé‘é"ﬁﬁrhé%dﬁ&lﬁg‘hP&%Qﬁﬁ%&X&Q@&QXﬁ&%e%%ﬁr{l‘l%% UL‘PBI%M&Q?%H? physical

reached, allowing for a final tapé-out to be performed. 2."The arrangemen
placgggiesripiepis Biaihsen vitaeheth aHevdasifm midenlIeressstliatingitaried.

2. The arrangement as defined in claim 1 wherein the design module associated with the
at least one digital element utilizes register transfer level (RTL) circuits to provide the digital

integrated circuit logic design.

3. The arrangement as defined in claim 1 wherein the design module associated with the
at least one analog/mixed signal element utilizes a schematic capture design tool to provide the
logic design.

4. The arrangement as defined in claim 1 wherein the design module associated with the

at least one opto-electronic element utilizes an OE-CAD design tool for optical logic design.
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at least one digital element utilizes register transfer level (RTL) circuits to

provide the digital 25 integrated circuit logic design. 3. The arrangement

as defined in claim 1 wherein the design module associated with the at

least one analog/mixed signal element utilizes a schematic capture design

tool to provide the logic design. 30 4. The arrangement as defined in

claifm Thi/AEPEES IR RSSO HUrdAHB dovhatsdnwRRATHSE ” afGeas8etiRed as outputs from
the PREQIRIESHQRIGEIRBIANLUtIlizes an OE-CAD design tool for optical logic

design. 11 5. The arrangement as defined in claim 1 wherein "netlists" are

generated as outputs from the plurality of design modules. 6. The

arraggesanine deingdisrietim dahereifceiplacplarcthhdutitdayduitioobl is used

Is used. 5 for the sical layout of the at least.one digital electronic
o (SR P Ao P O e i e Rrein a full custom

physical layout design is utilized within the design module associated with

the ast one analog/mixed.signal circuit element. 10 8. The . .

oA a8 PR T RN A R et g esien s
utilidedigrlisn thilidesdewitmdulea desigiadnotiutbeasdoniatad with haiatdeagnal circuit
clerl)f OPto-electronic circuit element. 9. A method of providing an

integrated design, simulation and verification of a 15 monolithic circuit

arrangement including digital electronic elements, mixed signal elements,

a”%%ﬁ%‘%‘ﬁ%%&%&?b% S ﬁ'ﬂeclmﬁmqglﬁ%ﬂpéiﬁm%ggﬁ)ﬁt'ﬁﬁ%fgél)@iyout design is

_defining a set of elements to be included in the integrated design; b) =~
“Uhéf‘é‘a‘ﬁﬂg’%élﬁaﬁlaﬁégw%%%ﬁﬁ%%w thpeidraicPRenptaigieairepicsgcuit element.
signal and opto- electronic; 20 ¢) combining the separate logic designs
into an overall design and performing a co- simulation of the combined
logit: de RO JIREILINR G S BB erE AT SIS T e aEH tgpRogror @
moBthenfirbasedaadhedogicudrg gns areaiaebiv Stepne)ite ntiasakiiding Hi@nents, and

separate, oh sical Iaaaguts ﬁ\(;[g an overall t%sticalolfayout and performing
0

ORI E  ENe FifiCatibh tﬁlgtcom%(fnmé’élsﬁﬂ§5|caﬁtf’gﬁout; f) comparing the

co-sindefating ¥ esudisclorlaets o> \verifickutiod e sul is tpchete masimn if an

accg)oé%let%lt?ncéosggel%{g Ii]ogf(cl éc’s.igr?sdfor each type of element: digital, mixed signal and opto-

electronic;

¢) combining the separate logic designs into an overall design and performing a co-
simulation of the combined logic designs;

d) generating separate physical layouts for each type of element, based on the logic
designs created in step b);

e) combining the separate physical layouts into an overall physical layout and performing
a co-verification of the combined physical layout;

f) comparing the co-simulation results to the co-verification results to determine if an
acceptable correlation exists; and

g) if acceptable, generating information needed for fabrication, otherwise;

h) identifying specific logic and/or physical designs to be modified;

1) performing the identified modifications; and

j) repeating steps ¢) and e) - g) until an acceptable agreement in results is obtained.

10. The method as defined in claim 9 where prior to performing the co-simulation of step
¢), each logic design is separately simulated until a satisfactory result is achieved.
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g) if acceptable, generating information needed for fabrication, otherwise;

h) identifying specific logic and/or physical designs to be modified; 30 i)
performing the identified modifications; and j) repeating steps c) and e) -

g) until an acceptable agreement in results is obtained. 10. The method as
defined in claim 9 where prior to performing the co-simulation of step c),

each logic design is separately simulated until a satisfactory result is
achiqverheldeldodedmaihrg apaetineck e sHRiMOpuinaigiRE @el@o-verification of
performing the co-verification of step e), each %sical layout is

StePoeInGRCRAN \riiih by OitiP A DA R HEL R GL eekpetprs rEp gy achieved.

arrangement for performing the design, layout and verification of an

integrated circuit structure comprising a first ynit inclugjin .at least qne .

digitAl AR BIER TP SERERE i et ST iaton of an ntegated
circanatog/nnix ednspgisal geddfine ninatridcduthirg anmét sin ohuditigj tal déastopieclement, a second
uniQRILSISCUPRIC SIemEnt, e, AUATaCIent COmPrisiNg & P SHASPIAN, one

modules for de ining an gsyn esizing In separate ones of sai ura |tay
optatitesignombhdes tireaatlgesaneadigitaielement, the at least one

an %lﬁ%ﬁé%%n ?ﬂ%ﬁlﬁ%‘ APAdRR A 1AL NG SRR %les%g%%it% 8h%£"<‘r’|ﬂ”§aid

in terms o al/logic design requirements; a co-simulation module,

pluigdp oh divegtbravd ulsgithe asigs oonp digifpb glemnens| tre iy okt gasiginlog/mixed signal
elerfROXHASHES SRR %P{@&e%%ﬂl@%ﬁphl MR Qb lemenkand gic design

assessing the logical 15 proficiency of the combination; a plurality of
reqiFRIBTRAt-layout modules, each responsive to the logic design output from

an pssentaiRd sesismmadyenioraenHerting theiloie @esi g int@dplurality of
physical layout arrangement; a co-verification module, responsive to the

desighyBRAHIESy B SHORIERS S5 PHRYPRIRSIRI T i i Sy Ram dpehasatiuag il logical
proftieulipoetesdynbrifyiog;the physical placements of each type of 20
elemept a[nd afs essin&;lthel{)erfo{rpance }(laf the combinaﬁiop of %Iements; 6
and'& CEMPatAIEP AL ohSIVE TE THE B GHS TS RO the R SiRifatipheR iy Put from an
assauatieerificagtiomothdeflescton detegriiaiogiif desatisfactophgocrtfatyont arrangement;
between the outputs has been reached, allowing for a.final tape-ouf,to he ..
e 18t R A A BRSO iy of
physiesidaymibdiduissdeiaioth Witivothly artdasdthe digitakéBnaremeatilizesich type of
elehEHSI &5@5@5‘?}% v SR Mok GUCHILo-BraYIfe She Figiial iRtegrated circuit

logic design. 14. The arrangement as defined in claim 12 wherein the
desigiomBElR sspoBrredahn oBp ke Rdhs coreTdHalion /mikeer Srhisation

mo&J%@ﬁﬂ%ﬁ@%ﬁﬁiﬁﬁﬁ%&%@%ﬁ&%&%@%&ﬂ m@gigﬁuts has been reached,

allowing for a final tape-out to be performed.

13. The arrangement as defined in claim 12 wherein the design module associated with
the at least one digital element utilizes register transfer level (RTL) circuits to provide the digital

integrated circuit logic design.

14. The arrangement as defined in claim 12 wherein the design module associated with
the at least one analog/mixed signal element utilizes a schematic capture design tool to provide

the logic design.

15. The arrangement as defined in claim 12 wherein the design module associated with
the at least one opto-electronic element utilizes an OE-CAD design tool for optical logic design.
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the logic design. 15. The arrangement as defined in claim 12 wherein the
design module associated with the at least one opto-electronic element
utilizes an OE-CAD design tool for optical logic design. 13 16. A method
of providing an integrated design, simulation and verification of an
integrated circuit arrangement including digital electronic elements, mixed
signal elements, and opto-electronic elements formed on at least two
seppgats sleHRY @ riRedmethintheemrisiBg dhesimaieRs ahda)defiainit af an
. set of elements to be included in the integrated design; b) creating
integEaled SIECTH LR &RRsBISE THICB KRR R o RS HRINE: Agieatsninide sighal elfepents. and
opt@plectigictepnieng cemiiningthadoge designssintotar Qvesalledesignmpsing the
ppe:{prming a co-simulation of 10 the combined logic designs; d)
ste 5(—9 erating separate physical layouts for each type of element, based on
the dpditindesigns cfektadiin side b)clejlebmbieingegretphysioal;layouts into
an gverall.physical layout and performing. a co-.verificatign of the. .
o SR Bt T e A R e g anc ovto-
electrmvierification results to determine if an acceptable correlation exists; and

9) I ACGRRIANE ﬂ%‘?l%%[é‘ﬂ,@&a%H!%‘i’&%%’y@r%ﬁ%%%ra éi&%%ng?éig)‘!\éﬁ%laﬁon of

h) identifying specific’logic and/or physical designs to be modifi
the graprorierhg sisedrgedtitied modifications; and 20 j) repeating steps c) and e)

-9)d %@'h@ﬁn@:‘g%ﬂ%@ ANGEERbINY EIUR AN RIBINEnch! -Hh0% PR eic

as detined in claim 16 where prior to performing the co-simulation of step
designseae I8 dicH@NYn is separately simulated until a satisfactory result is

achigvemhbaiinkthd BRyRIEINRY ASsdafinateiaiphewheyeuRHaa iR rforming a co-
performin&t?he co-verification of step e), each physical layout is

veri Qg on TGS B M Y SSASIYABEY result is achieved. 14

f) comparing the co-simulation results to the co-verification results to determine if an
acceptable correlation exists; and

g) if acceptable, generating information needed for fabrication, otherwise;

h) identifying specific logic and/or physical designs to be modified;

1) performing the identified modifications; and

j) repeating steps ¢) and e) - g) until an acceptable agreement in results in obtained.

17. The method as defined in claim 16 where prior to performing the co-simulation of

step ¢), each logic design is separately simulated until a satisfactory result is achieved.

18. The method as defined in claim 16 where prior to performing the co-verification of

step e), each physical layout is separately verified until a satisfactory result is achieved.
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