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Abstract

This paper provides an introduction to ACE™ AutoedaCircuit Extraction technology from Applied Wave
Research, Inc. (AWR®). ACE™ is an innovative apph to avoid the over dependence of EM analysis as
a design tool. The ACE™ software automates theéelitgy of complex interconnect structures defined a
paths by assembling their equivalent electrical ele@n-the-fly using the very same network reprasiem
designers themselves would make use of if theyHeatime and patience to do so. The simulatiothef
equivalent circuit is done in a fraction of the énthat it would take EM tools to create equivalent
S-parameters. The speed, accuracy, and paranmetiore of ACE™ software enable engineers to retarn
real design by exploring design alternatives andrges in seconds. Obviously, EM verification i 3t
necessary part of the flow, but the ACE™ tool eesl@ngineers to design once again rather than aealy
after the event, even on many of the most chahgrigF and MW designs.

Introduction

Today'’s traditional approach to RF and/or Microwaweuit design is being pressured simultaneouglaib
increase in operating frequencies and bandwidthaaddcrease in physical footprint size. The rasuibat
the physical design challenges faced by these mesicare rapidly increasing, while choices for hbese
challenges should be best addressed are not. fiveetd put more functionality into the same or dera
space is particularly demanding on the RF/Microwdesign flow because of the increased and unaviedab
need to model interconnects and their interactiofgeally, modeling all of the interactions at sehematic
level using distributed line, discontinuity, cougtline models and vias is preferred. While theraathing
preventing an engineer from doing this, the compfedf modern wireless designs makes this an ursteal
and unreasonable approach at a schematic leveh ¢hat this manual process is incredibly time oanag
and error prone. Figure 1 shows a very simple section of PCB multi-layeeinbnnects, minus the SMT
components !

Figure 1: Simple section of PCB multi-layer interconnect simacoupled line structure
with bend discontinuities and via holes
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Consequently, the engineer’s response has beendgd detailed schematic level design and go $iram
analysis and verification as a weak, but fastetershtive after final layout. While this method eav
engineering time by avoiding the manual insertibmasious RF and Microwave line models, the traffaéso
that the overall engineering time grows as theyaigmland verification burden for using EM as a gegbol
has mushroomed. The reality has unfortunately inecmfinite “layout & EM analysis” cycles as linaese
moved and vias replaced. This is all being donbait any design engineering methodology, firstgples
insight, or a parametric handle into or behindresons for doing so.

This situation is all the more critical when coreidg that by the time a layout is complete enctagtio this
sort of “layout & EM analysis” cycle, the designnaich closer to the end of its cycle than the bdgm
Study after study on the engineering of complexesys, from spacecraft to software to electronibens
that it is much more cost-effective to identify ainddesign deficiencies as early as possible & design
cycle. However, doesn’t this mean that the imprayser of EM as a design tool makes this a costlyrishgt
proposition to many RF and Microwave design flows?

EDA developers are working to “catch-up” with theltitude of design challenges created by the exptpd
wireless communications market. This paper deseribe new ACE™echnology and discusses real-world
design examples where this new software approaaVides an accurate, efficient, modern methodolagy a
an alternative to traditional RF and Microwave dasapproaches that no longer meet the challengeexbf
generation communications product design.

What is ACE™?

ACE™ Automated Circuit Extraction technology from Applied Wave Researchs. IRWR®) is an
innovative response to the overuse of EM as a ddeigl. ACE™software reclaims parametric design for
the user by creating netlist-based representabbeemplex interconnects using the very same nédsvof
parametric models designers themselves would ubeyfhad the time and patience to do so, in ditnraof
the time that it would take EM tools to create &glént S-parameters. The speed, accuracy, and earam
nature of ACE™software enable engineers to return to real debigmexploring design alternatives and
changes in seconds. Obviously, EM verificationti$ & necessary part of the flow, but the ACE™ Itoo
enables engineers to design once again ratherathalgze, even on many of the most challenging RF an
MW designs.

ACE™ software is based on the proven digital and analbgd signal (AMS) technique of circuit
extraction from physical layout, but uses microwawvadels and principles. The tool puts the engifeek
into the driver's seat of design by creating circubdels from layout geometries. The ACE®%I, like all
circuit extractors, creates a model for intercomméy geometrically analyzing a layout through kieg it
down into pieces that the extractor understandpping each piece of the reduced geometry to a madel
then combining the models intelligently to creatsiraulatable representation. Digital and AMS extex
typically use RLCK models shown Figure 2 to model interconnect-reduced geometries, buktheguire
very dense networks at microwave frequencies tducapdispersion and skin-effect and they tend to be
bandwidth limited.
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Figure 2: RLCK models for a dispersive microwave transmissiioa used by digital and AMS extractors

ACE™ software, on the other hand, views the layout inmge of distributed line, coupled-line, and
discontinuity models that microwave engineers hdsen using for years, such as MLIN/SLIN,
MTEE/STEE, and M2CLIN/S2CLIN, and so dispersion,nsiffect, and bandwidth are non-issues.
Moreover, vias can be modelled with S-parametes fitom pre-defined via libraries, a fixed resisg@or an
AWR VIA model.

The ACE™ tool generates a detailed, extensiveishethown inFigure 3 in seconds for complex
arrangements of interconnects that engineers wmreliér to make, but either don’t have the hourdays to
do it or find it too error-prone. EM analysis iddake days or even weeks for a single desigmtitar,
provided the computer hardware didn't crash.

Figure 3: ACE™ extracted netlist from a multi layer boardidas
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ACE™ software goes even a few steps further thin As part of the way in which it views the scheics

the same ground planes that are assumed for sgbsiéinitions are found and simplified so thaten
separated by a ground plane are not grouped tagetlaecoupled line structure. Even with low tengiare
co-fired ceramic (LTCC) materials, where dielectdanstant and thickness may vary, ACE™ software
defines on-the-fly substrate definitions for thetdbuted models it extracts. Also, for lines thedssover on
different layers not separated by a ground plansgupling capacitor is calculated based on geomé&ioy
obtain the highest degree of accuracy, the ACE™dan even be directed to extract geometries toetsod
which themselves have highly optimized, built-irViEolvers. In many cases, the software can provide
accuracy that is similar to EM analysis, but is dmeadls if not thousands of times faster for desagks early
and throughout the design flow.

The ACE™ technology uses all of the schematic lemeldels designers would use to model complex
interconnects if they had the time and the patieRoe fast, efficient, and accurate answers it wiesed-
form models such as MLIN and SLIN for lines, MTE&r ft-junctions, and M2CLIN for coupled lines.
Without sacrificing speed, AWR’s industry-leadingmxodels (EM table-based models with the accuracy of
EM and the speed of closed-form models) can be fmediscontinuities. For the most accurate answers
designers can direct the ACE™ tool to use modeshave finite element method (FEM) solvers kgt

in with the model that are highly optimized to sothat particular geometry. GFMCLIN, for examplashan
FEM solver inside, which turns the parametric dipsicns into geometries solved by its FEM solverain
fraction of the time of generalized, three-dimensio(3D) FEM tools. Designers now have the chome t
trade off the difference between speed and dedraecorracy when they chose to have ACE™ use method-
of-moments (MoM) solvers -- faster than the FEMdmhgircuit models such as GFMCLIN and more
accurate than the closed-form models such as M2CLIN

Example 1 — MMIC Distributed Amplifier

A monolithic microwave integrated circuit (MMIC) stributed amplifier depends on the inter-stage
interconnects to define its impedance and bandwgtiiracteristicsFigure 4 shows such a design using
pseudomorphic high electron mobility transistor BNHT) technology initially modeling the interconngct
with distributed MLIN, MBEND, MTEE, etc. models, hdor example, no coupling among adjacent arms of
the meandered inter stage lines.

Using ACE™ software with a very large coupling drste specified yields greater bandwidth, but at the
expense of gain flatness; the culprit is the cawgdj shown in extracted schematic fornfrigure 5.
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Figure 4: Distributed amplifier with ACE™ to extract distrited and discontinuity models with no
interconnect couplings. Extraction time is ~ 0.6as®ls for DC to 12GHz

Figure 5: ACE™ software with large coupling distance showiregformance degradation.
Extraction time is approximately 1 second for DA &§5Hz
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By reducing the ACE™ coupling distance, it can eersthat majority of the detrimental coupling i®da
the adjacent arms of the meandered interconnegididtited inFigure 6.
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Figure 6: Reduced ACE™ coupling radius (bold traces, lefteeds overall performance degradation
(gray traces, left) mainly due to adjacent coudifrgd circles, right)

In a matter of minutes, th®CE™ technology empowers the designer to identify, pinp@and redesign
the circuit as appropriate, whereas iterating cyeleh layout and EM analysis would likely take the
better part of a day or days.

RF-Style Interconnects: iNets®

In the above example, the interconnects and medinésrwere drawn from a microwave engineers point
view — explicit MLIN’s, t-junctions and MBENDS. W just a little more effort, the parallel segmertsiid
easily be changed to coupled-line models and simélsults obtained without the need for ACE™. Xt

the real benefit, AWR have introducé@dets® technology — intelligent nets. This technologyeg the
designer the ability to draw a simple short ciranierconnect in the electrical schematic diagrauah #en in
the layout, route that interconnect with the ingrknowledge of the technology being used. Fomgta,

on a four layer PCB, the five possible locationshef track along with the customer specific viaehoptions
are offered during the routing process. Theseadr®RC correct against the given technology (GaAs,
LTCC, Duroid, PCB, Si, and SiGe) and result in anofacturable interconnect in the layout world. ngsi
ACE™, this physical layout can now produce an adedmetlist, which when combined with the schematic
electrical design of real components, providesaditily accurate simulation results.

To showiNets® on a simple design, | refer to the RLC schemati€igure 7. The graph shows the
expected RLC response of the grey trace wheA@&™ extraction is disabled, and the ripple and loss
in blue as expected from the long meandekaEds® drawn in the layout. These iNets® viewed3D,
show that the immense detail required for manufacttan easily be produced with an appropriate
technology file, and a few mouse clicks to routeititerconnect.
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Figure 7: iNets® for a very simple RLC circuit, showing imnsendetail in 3D for manufacturing

Example 2 — MMIC Spiral Coupling

Making use of iNets® coupled with ACE™ extractidgachnology, the design cycle for complex
Microwave designs reduces from hours to minuteso identical designs, shown below kigure 8
have close to identical layout — trace chamferedexs being the major difference. Explicit microwwa
circuit element design has now been replaced Wwehntuch simpler RF approach in terms of schematic
circuit level entry coupled witiNets® technology producing an identical layoutnc® extracted through
ACE™, the simulation results are incredibly simier perFigure 9 but with the benefit in a hugely reduced
design time.

ACE™ can be pushed yet further with designs that mxlude previously un-simulated reactions. Ie th
same single stage amplifier design, we add a segpinal inductor into the schematic diagram usigts®
which is completely isolated from the original ciitcin the electrical schematic. With ACE™ extiaatin
Figure 10, cross coupling due to the physical layout andaspproximity now perturbs the original
simulation results allowing the design engineeemsure this effect is accounted for during the viest
design cycle at the simulation stage before cgstiyotyping.
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Figure 8:

Identical circuits with very similar layout — onaking minutes, the other hours
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Figure 9: Simulation accuracy using traditional design ver&G&E™ Extraction
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Figure 10: Cross Coupling of a second Spiral Inductor, drasramiNet®
and the resulting change in simulation response

Example 3 —Printed Circuit Board (PCB) Design

In this final example, ACE™ capabilities are applim a complex, 16-layer PCB application shown in
Figure 11 early in the design flow in order to efficientlpchaccurately design the RF transmit signal path on
the top side of the board alongside digital contmolthe bottom side and ground planes in betwegsrda
All'in all, at this stage of the design, the 16dapoard has 168 nets and therefore 336 portspdadevias —
some blind, some buried and some though vias aha y@mple schematic circuit with the routes being
generated in the layout world.

Analyzing this large a design with a 3D planar sols a time-consuming task because of the timeired,
to create the Green’s function for the multiplepamiform layers. 3D FEM techniques would also take
long time -- even longer because of the amount etiam Even 3D finite-difference time-domajRDTD)
software products would suffer due to the high porint. Using ACE™ with this design provides anvears
in a little over one minute when modeling all tleipled lines with the GMCLIN MOM models.

Andy Wallace Paper 9g®8 of 11 ARMMS Nov 200



Figure 11 16layer PCB with 168\ets® interconnect extracted via ACE™ in 1 minsg®onds

In the extracted 3D view shown Figure 11, the ACE™ tool decomposes parallel line segmentts i
coupled-line models such that as nets that have smgment or trace become parallel or stop beirajlgla
with other nets’ segments, the software inserteva coupled-line model in series with the originaith the
difference between the two representing one morener fewer coupled lines. The ACE™ software is
capable of creating very dense networks of intameots in this way by finding units, or portions, tbe
layout that can be grouped together based on thensixe library of models in the AWR design
environment. These are the very same models tisigrairs have been relying upon for nearly a detade
design RF/microwave circuits up to and beyond 109GH

This coupling can be across the same layer, ougtronultiple layers, assuming they are not sepaiajea
ground plane. The equivalent substrate definioralculated depending on the board stack, andhean
different in different areas of the board. Cougloan easily be seenkilgure 11 both across the same layer
on the left and between layers towards the ceifitiieed3D view. Overlapping traces are modeled as
capacitance shown on the top right area of theid@.vFinally, via hole modeling is chosen by tlesidner,
and can be a simple resistance, an s-parameter #lenore complex AWR VIA schematic model. This
design generates an equivalent netlist that is 006 nodes long, and is extracted and simulateddier

90 seconds. Real time physical movement of liaad,resultant changes to the design are perfasdbilile.
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True EM Verification

The same geometries that were sent to an EM sivbe past can now be sent to ACE™. Throughout the
design flow, ACE™ software can be used, in conjiamctvith EM-based discontinuity and coupled line
models, to design and refine. The very same gedgsdtnat are sent to the ACE™ tool during design ¢
then be sent, capacity permitting, to any one ef BM solvers (EMSight, CST, Flomerics, Sonnet, or
Zeland) integrated into AWR’s EM Socket™ |l toof feerification. This includes AXIEEM™ - the new 3D
Planar Method of Moments EM solver from AWR whicbrks on conformal adaptive mesh algorithms. A
simple interconnect from Example 1 of this papey tesults from ACE™ and EMSight Figure 12

Model Agreement
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Figure 12 Comparison oACE™ extraction against a 3D Planar MOM EM solv&MSight

Conclusion

Engineering design in recent years has become reliant on EM analysis and verification because
RF/Microwave design tools have not kept pace withdhallenges of next-generation design. Theifest
and benefits of the ground-breaking new ACE™ autethecircuit extraction technology have been
showcased in this paper and examples of ways iohaigers can employ this technology to streamlite a
optimize their design flows have been presentedERChas been shown here to provide comparable
accuracy at 100x to 1000x speed improvement oveergéized EM solvers when used during design and
analysis. AWR has a rich tradition of leveragirgydbnsiderable experience in microwave designderato
provide innovative EDA solutions that dramaticalipprove design productivity and reduce product
development costs for communications applicatioff®e company has used its microwave expertise to
deliver the ACE™ product by migrating the benefifsdigital/analog circuit extraction technology ant
useful software for high-frequency design. The seftware brings to the RF/Microwave world the apitd
model complex interconnects quickly and accuradelgl, most importantly, to perform accurate and liyme
simulation and analysis early in the design cydfie time-consuming design respins and costlyviarel
adjustments are necessary. Users of ACE™ softwareébe confident that this new technology will eeabl
them to develop products more quickly and confilyetielping them take advantage of ever-smallerketar
windows.
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