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1 Intr oduction

This article givesa brief summaryof nonlinearmodelingin the “gnucap” circuit simulatorand
examinesanalternativeconvergencestrategy whichimprovesstability for sharplysaturatingcircuit
components.

1.1 SomeCir cuit Simulation Background

Thehistoryof computermodelingof electroniccircuitsprobablygoesstartsat[1] whichmighthave
beenthe �rst attemptto systematicallyapply matrix analysisin an attemptto designa universal
circuit solver. Early attemptsto usedigital computersto simulateanalogcircuits go backto the
early 1960's. However it wasthe Spicesimulatorthat becamethe mostwell known andwidely
availabletool [2], [3].

Overtheyears,othersimulatorshavemovedinto thearena.Many of themarebasedontheoriginal
Berkeley Spicewith moreor lesstweaksandmodi�cations,someadditionalfeaturesandextended
componentlibraries. Fancy graphicalfront-endshave proliferatedin anattemptto make thetools
easierto usebut theseareunrelatedto theactualcircuit solvingalgorithm.

For the mostpart, theseoffshootsof the original Spicecodehave beenabsorbedinto proprietary
productswith secretive sourcecodeandundocumentedinternals. Thesemay prove useful in the
short term for a userwho wantsto concentrateon circuit developmentand who doesn't really
carewhatgoeson insidethesimulatorbut in the long term,continuingdevelopmentrequiresthat
researchershave theopportunityto view andmodify thesimulatorsourcecode.
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1.2 Other Simulators (e.g. APLAC and others)

TheAPLAC simulatoris anexampleof a simulatorthatdevelopedin parallelto but independent
of SPICE.It startedin 1972,wasoriginally designedfor RFcircuits,thenlaterextendedto support
genericsimulation. Developmentof APLAC hasbeencentredaroundFinland. Unfortunately,
sourcecodefor APLAC is notgenerallyavailable.

PSIMis anotherprogram,in principleit is similar to SPICEbut it usesdifferentinternalalgorithms
andwasdevelopedindependentlyto SPICE.Onceagain,sourcecodeto PSIM is not generally
available.

1.3 NGSPICE: Modern Descendentof BerkeleySpice

The“ngspice”projecthastaken the last of�cial spicesourcereleasedby Berkeley (i.e. spice3f5)
andcollectedvarioussnippetsandpatchesto theoriginalSpicecode,merging thoseinto theSpice
baseto make a more up-to-datecodebase.This codeis still being releasedundera BSD style
licensebut thedeveloperslive in thehopethateventuallythey canconvincethespice3f5copyright
holdersto remove the “advertisingclause”from the BSD licenseso that ngspicemay �nally be
releasedasaGPLpackage.

1.4 Gnucap the GPL Cir cuit Simulator

An alternativeprojectis “gnucap”(previouslyknown as“acs” or “Al' sCircuit Simulator”).This is
a largely Spice-compatiblesimulatorthatis a completelynew codebaseandwhichusesmore�e x-
ible internalalgorithmsto theoriginal Spice.Theguncapsimulatoris licensedunderGPL which
preventsthesourcecodefrom everbeingstolenandthusguaranteesthatall futuregnucapversions
andupdateswill beavailablefor researchandteachinguseaswell asfor commercialcircuit devel-
opment.Thegnucapsourcecodeis alwaysavailablefor modi�cation andimprovementsaswell as
for study.

Using patchesavailablefrom ��������	�

��������������������������������� ��!"��#$�%��&�'"��������(���!�)*��	"��+ , a modi�ed
versionof gnucapmaybebuilt containingmodi�cations which addthe “PHI()” probefor induc-
torsandthe “STRATEGY=KNEECHORD”optionwhich improvesthenumericalstability of the
gnucapmatrix algorithm. The standardgnucapsimply usesNewton's method(i.e. usethe �rst
derivativeof thecurve) which is fastto calculateandconvergesrapidly but in somesituationsit is
veryunstable.

2 Nonlinear Componentsin Gnucap

In the commonSpiceversionsthe simplebasecomponents(i.e. resistor, capacitor, inductor)are
linear. Gnucapprovides an alternative approachby allowing a componentvalue to be either a
constant(i.e. a linear component)or a function. Specifyinga function allows the userto de�ne
a relationshipbetweenvoltageandcurrentin a resistor, voltageandcharge in a capacitoror �ux-
linkageandcurrentin aninductor.

Varioustypesof functionmaybede�ned, in this article the“FIT” functionis examinedsincethis
is probablytheeasiestto useandmost�e xible. Any samplepointsmaybegivenanda piecewise
curve �t is usedto modelthecomponentbehaviour.
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(a) InductorModel,LinearInterpolation
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(b) InductorModel,QuadraticInterpolation
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(c) InductorModel,CubicInterpolation

Figure1: Sweepof NonlinearInductor
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2.1 Sweepof a Nonlinear Inductor

Thi very simple circuit is a currentsourcedriving a nonlinearinductor. Using the DC sweep
function resultsin a plot of the inductorcharacteristicanddemonstratesthe capability to model
nonlinearcomponentsby merelyproviding aseriesof characteristicvalues.
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Anyonefamiliar with SPICEwill recognisemostof thecircuit description,it is not very compli-
cated.Notethattheuseof the“FIT” functionallowsL1 to bede�ned asnonlinear.

Whenplacingprobesonacomponent“ pDq�r ” givesthecurrentthroughthecomponentand“ sutvpDq�r ”
will give the�ux-linkage of aninductor.
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(a)StandardStrategy
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(b) KneechordStrategy

Figure2: NonlinearSimulatedResonance,2000nsSteps



3 RESONANT CIRCUIT WITH A NONLINEAR INDUCTOR page5 of 8

Anothergnucapfeaturethatis abit differentto SPICEis theredirectionof theoutputto adata�le,
makingit easyto post-processtheresults.

However, this style of curve �tting hassomelimitations. In particular, piecewise cubic splines
will often overshootascanbe seenin �gure 1. The usermay selectthe interpolationby using
the“ORDER=” parameter, for thelaterexamplesquadraticinterpolationwaschosen(ORDER=2)
becauseit avoidsovershootwhile still providing a reasonablysmoothcurve.

3 ResonantCir cuit with a Nonlinear Inductor

Thisexampleshows thesameinductoraspartof asecondorder�lter . It demonstratestheeffectof
inductorsaturation(thevoltagewavebecomescloserto asquarewavewhile thecurrentwavegets
spiky peaks).

3.1 Cir cuit Text
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The“.generator”directiveinvokesageneralpurposefunctiongeneratorwith varioussettingsgiven,
in this caseit is usedmerelyto generatea singlepulse.Notethattheunix-shell-styleline continu-
ationtechniqueis acceptableaswell asthemoretraditionalFORTRAN styleusedabove.

The“STRATEGY=KNEECHORD”is a specialadditionthatactivatesanalternative convergence
strategy. Detailsof how the“Kneechord”algorithmworksareexplainedin thesourcecodebut in
brief it involvespicking a pair of pointsanddrawing a chordbetweenthem.This is similar to the
commonsecantmethodbut thetwo pointsarerecalculatedwith eachiteration.
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(a)StandardStrategy
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(b) KneechordStrategy

Figure3: NonlinearSimulatedResonance,1000nsSteps
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(a)StandardStrategy
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(b) KneechordStrategy

Figure4: NonlinearSimulatedResonance,500nsSteps
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(a)StandardStrategy
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(b) KneechordStrategy

Figure5: NonlinearSimulatedResonance,250nsSteps

3.2 Resultsof ResonantCir cuit

A seriesof testswasdonewith the “Kneechord”strategy andthe standardstrategy for the same
circuit with smallerandsmallerstepsize(see�gure 2 throughto �gure 6).

From this it canbe observed that the standardstrategy works well undergoodconditions(with
smallstep-size,theoperatingpoint is never far from thenonlinearcomponentmodelsothesystem
only needsto convergea small distance).However, if largestepsaretaken, thestandardstrategy
might give resultsthatarenot evenqualitatively similar to the truevalues.This demonstratesthe
lackof stabilityunderdif�cult conditions.

In comparison,the“Kneechord”strategy alwaysgivessomethingreasonable,eventhoughit is less
accurateat largerstepsizes(only to beexpectedbecauseintegrationaccuracy is reduced)it never
producescompletelyunexpectedartifacts.

3.3 CPU UsagePenalty

Unfortunatelythe“Kneechord”strategy requiresadditionalCPUcycles.In thebestpossiblecase,it
revertsto Newton'sMethodanyhow if theoperatingpointconvergesin onecycle. Evenin thiscase
it requiresoneextraevaluationof thecomponentmodelingfunction.In worsecasesit mayrequire
many evaluationsandthusimposeaconsiderableoverheadin termsof extraCPUcycles.It should
bepointedout that this overheadis ONLY imposedon nonlinearcomponentsandin any realistic
circuit only a small fraction of the componentswill requirenonlinearmodels. In addition, the
optionmaybeswitchedoff oncetheuseris con�dent that thesimulationis producingreasonable
results.Finally, theremay exist situationswherethestandardalgorithmis not suf�ciently robust
evenat smallstepsize.
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(b) KneechordStrategy

Figure6: NonlinearSimulatedResonance,100nsSteps

4 Conclusions

Thegnucapcircuit simulatorcontainssomeinterestingfeaturesbut thestabilityof its convergence
is lessthanideal. Becausegnucapis opensourcesoftware,it attractsresearchersanddevelopers
who wish to experimentwith advancedtechniques,thuspatchesandimprovementsaregradually
incorporatedinto thegnucapcodebase.

Onesuchcontribution is the“Kneechord”alternativestrategy for convergingnonlinearcomponent
models.It hasbeendemonstratedto bemorestablethanthestandardstrategy (Newton'sMethod).
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