| NTEGRATED APPROACH FOR DESI GN, SI MULATI ON AND
VERI FI CATI ON OF MONOLI THI C, SI LI CON- BASED

WORIVEMECTRONI C Cl RCUI TS Cross- Ref erence t o RedHUSZNNS/022254

10

15

20

25

30

35

Applications This application clains the benefit of
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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



physi cal |ayout (or "cells") typically have a conmon
di mensi on such as wdth or heightsuch that they may be
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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



substrate to support both types of elenments in a
nmonol ithic structure. The optics industry is in a
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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
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30 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



recursively synthesized, sinulated and verified until
the final design neets the desired objectives. In a
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Det ai | ed Description In its nost general sense, the
present invention can be viewed as perform ng separate
top-1evel behavioral |ogic designs for the three
d!lﬁq‘tﬁteﬂmeséma of el ements included within the final,
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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
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elements, there are various parameters that are analog in nature, such as optical loss,
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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 encounteré a turning mirror 30.
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applied as an input to a serializer 120, followed by a driver 130. Serializer 120 and
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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,
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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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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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physi cal |ayout nodul es, each responsive to the logic

wae®bgor4out put from an associ ated desi gn nodul BCT/82005/022254
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converting the logic design into a physical |ayout
arrangenment; a co-verification nodule, responsive to

the physical |ayout outputs fromthe plurality of

physi c8lTHeay@uenBOAY REned if Clafh MWheANE A ]s” YRIdehathtd@as

t he physi cal P acenents of each type of el enment and
asuwyisilion thp glusdity ofdesige @odyles he conbi nation of

el ements; and a conparator responsive to the outputs
fromthe co-sinulation and co-verification nodul es for

det er nPrThegriangemeshasi dsfingd ip elpimg b Myhereit 3 Giadsa@ndueiie”tigpout tool
oL . B

© A For P BEEL APRCITE ot T QAL OB echohk Bt

defined in claim1 wherein the design nodul e

associ at j IO :

a1 2 o lohgealchocten 85 AR el £ BOR Py oal lyout
presigrdie utiheedovitiin the desigragediledssesiateivith the gt lsast end galog/mixed
3.ilg%ha&{an eent  as defined in claim1 wherein the
d5§|gn fodul & associ ated with the at |east one
anal og/ m xed signal elenent utilizes a schematic

capt ur sign tool t rovi de the | agi esian., 4.

The ar Pangeemeone afhienn o Qa3 BRI piea you
d @sdigis Mkidzddeviasis the idedigtmpdulhassdosatad witleds it loase one opto-
opLP-eLthronic el ement utilizes an OE- CAD design tool

f GIECBRiF a5t desi gn. 5. The arrangement as defi ned
inclaiml wherein "netlists" are generated as outputs

fromthe plurality of desjgn nodul es.,K 6. The ) )
ar r ang&mérfnethed fgroviding ?‘hmgqg‘é?it% desigmsingilpfion and verificatippiof a
hHnBlithicAaN Rk afr8PbmbiSt idkhREnd Afitdl BRctRINYSIEAdnts, dytRddl sighibl

r
the at |least one digital electrgonic elenment. 7. The

arclearsgenanoptaselersroniteleriaitsethg mefhpd ipBPETIRE e Figpq of
custo ”h)oci})fﬁlingaal sef Beitlenties bQﬂlcltuaedJih ithd iAREraWiatdatipn;t he

desi gn ‘nodu associated with the at | east one

anal oghhérsasthgserims logicrdesibns fer eagie pe oBelerpp: digital, mixed signal
R oS, ayout dosign 1 ulllized wthin the
desi gncrmdimngiths degiadesignsintdant dyeralltdesigmand psrfernpipg a co-
BN, 1 T of proviing
d) generating separate physical layouts for each type of element, based on/the
logic designs created in step b);
e) combining the 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; and
g) if acceptable, generating information needed for fabrication, otherwise;
h) identifying specific logic and/or physical designs to be modified;
i) performing the identified modifications; and
j) repeating steps c) and €) - ) until an acceptable agreement in results is

obtained.
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nmonolithic circuit arrangenent including digital
el ectronic el enents, m xed signal elenents, and
w@piteneldect roni ¢ el ements, the method conpri si POI/UR®05/022254
steps of: a) defining a set of elenents to be included
in the integrated design; b) creating separate | ogic
desi gnt0.f Bhe maethed asydgBnaskin glatm mtheredirigr togierfopming ghe co-
signals { 0icBh&s het! hory result
o Biofds Ho Bl Ccf G} s sepbafl AT uh sl¥fcRonyres
cossAchighvert. i on of the conbined | ogic designs; d)
generati ng separate physical |ayouts for each type of
el enent, based on the |l ogic designs created in step
5 b); e)ltchizmetho 4shiefipdayis cleih O MpEutrior toreoforning thercat |

PRl S, AT CRT P AR A A 20

C eessit imHchievaall results to the co-verification results;
and g) if acceptable, generating information needed
for fabrication, otherwi se; h) identifying specific
| ogi ¢ and/ or physical designs to be nodified; i)
performng the identified nodifications; and j )
repeating steps c¢c) and e) - g) until an acceptable
agreenment in results is obtained.10. The nethod as
defined in claim9 where prior to performng the
cosi mul ation of step c), each logic design is
separately sinmulated until a satisfactory result is
achieved. 11. The nethod as defined in claim9 where
prior to performng the coverification of step e),
each physical |ayout is separately verified until a
satisfactory result is achieved.
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