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1 Intr oduction

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

1.1 SomeCir cuit Simulation Background

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

Overtheyears othersimulatorshave movedinto thearenaMany of themarebasedntheoriginal
Berkeley Spicewith moreor lesstweaksandmodi cations,someadditionalfeaturesandextended
componentibraries. Fang/ graphicalfront-endshave proliferatedin an attemptto make the tools
easierto usebut theseareunrelatedo the actualcircuit solvingalgorithm.

For the mostpart, theseoffshootsof the original Spicecodehave beenabsorbednto proprietary
productswith secretve sourcecodeandundocumentedhternals. Thesemay prove usefulin the
shortterm for a userwho wantsto concentrateon circuit developmentand who doesnt really
carewhatgoeson insidethe simulatorbut in the long term, continuingdevelopmentrequiresthat
researcherbBave the opportunityto view andmodify the simulatorsourcecode.
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1.2 Other Simulators (e.g APLAC and others)

The APLAC simulatoris an exampleof a simulatorthat developedin parallelto but independent
of SPICE.It startedn 1972,wasoriginally designedor RF circuits,thenlaterextendedo support
genericsimulation. Developmentof APLAC hasbeencentredaroundFinland. Unfortunately

sourcecodefor APLAC is notgenerallyavailable.

PSIMis anothemprogram,n principleit is similarto SPICEbut it usedifferentinternalalgorithms
andwas developedindependentiyto SPICE.Onceagain,sourcecodeto PSIM is not generally
available.

1.3 NGSPICE: Modern Descendenbf Berkeley Spice

The“ngspice” projecthastakenthelast of cial spicesourcereleasedy Berkeley (i.e. spice3f5)
andcollectedvarioussnippetsandpatchedo the original Spicecode, meging thoseinto the Spice
baseto make a more up-to-datecodebase.This codeis still being releasedundera BSD style
licensebut thedeveloperdivein the hopethateventuallythey cancorvincethe spice3f5copyright
holdersto remove the “advertising clause”from the BSD licenseso that ngspicemay nally be
releasedcisa GPL package.

1.4 Gnucapthe GPL Circuit Simulator

An alternatve projectis “gnucap”(previously known as“acs” or “Al' s Circuit Simulator”). Thisis

alargely Spice-compatiblsimulatorthatis a completelynen codebas@andwhichusesmore e x-

ible internalalgorithmsto the original Spice. The guncapsimulatoris licensedunderGPL which

preventsthe sourcecodefrom ever beingstolenandthusguaranteethatall futuregnucapversions
andupdateswill beavailablefor researctandteachinguseaswell asfor commerciakircuit devel-

opment.Thegnucapsourcecodeis alwaysavailablefor modi cation andimprovementsaswell as
for study

Using patchesavailable from , amodied
versionof gnucapmay be built containingmodi cations which addthe “PHI()” probefor induc-
torsandthe “STRATEGY=KNEECHORD” option which improvesthe numericalstability of the
gnucapmatrix algorithm. The standardgnucapsimply usesNewton's method(i.e. usethe rst

derivative of the curve) which is fastto calculateandcorvergesrapidly but in somesituationsit is
very unstable.

2 Nonlinear Componentsin Gnucap

In the commonSpiceversionsthe simple basecomponentgi.e. resistor capacitoy inductor)are
linear Gnucapprovides an alternatve approachby allowing a componentvalue to be eithera
constant(i.e. alinearcomponentpr a function. Specifyinga function allows the userto de ne
arelationshipbetweenvoltageandcurrentin aresistor voltageandchage in a capacitoror ux-

linkageandcurrentin aninductot

Varioustypesof functionmaybede ned, in this articlethe“FIT” functionis examinedsincethis
is probablythe easiesto useandmost e xible. Any samplepointsmay be givenanda piecevise
curve t is usedto modelthecomponenbehaiour.
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Figurel: 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 inductor characteristiand demonstrateghe capabilityto model
nonlinearcomponent®y merelyproviding a seriesof characteristivalues.

Anyonefamiliar with SPICEwill recognisemostof the circuit description,t is not very compli-
cated.Notethattheuseof the“FIT” functionallows L1 to bede ned asnonlinear

Whenplacingprobesonacomponent " givesthecurrentthroughthe componentand*
will givethe ux-linkage of aninductor
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Figure2: NonlinearSimulatedResonance2000nsSteps
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Anothergnucapfeaturethatis abit differentto SPICEis theredirectionof the outputto a data le,
makingit easyto post-procestheresults.

However, this style of curve tting hassomelimitations. In particulay piecavise cubic splines
will often overshootascanbe seenin gure 1. The usermay selectthe interpolationby using
the“ORDER=" parameterfor the laterexamplesquadratianterpolationwaschose(ORDER=2)
becausét avoidsovershootwhile still providing areasonablmoothcurve.

3 ResonantCir cuit with a Nonlinear Inductor

This exampleshows the sameinductoraspartof asecondorder Iter . It demonstratethe effect of
inductorsaturationthe voltagewave becomesloserto a squarevave while the currentwave gets

spiky peaks).

3.1 Circuit Text

The".generator'directive invokesa generapurposdunctiongeneratowith varioussettingsgiven,
in this caseit is usedmerelyto generate singlepulse.Note thatthe unix-shell-styleline continu-
ationtechniquds acceptablaswell asthe moretraditionalFORTRAN style usedabove.

The“STRATEGY=KNEECHORD"is a specialadditionthat activatesan alternatve corvergence
stratgy. Detailsof how the “Kneechord”algorithmworks areexplainedin the sourcecodebut in

brief it involvespicking a pair of pointsanddrawing a chordbetweerthem. This is similar to the
commonsecanimethodbut thetwo pointsarerecalculatedvith eachiteration.



3 RESOMNT CIRCUIT WITH A NONLINEAR INDUCTOR

page6 of 8

S -
< o
O pa—
©
o o
S g -
5 5 3.
8 © 7 3 " K
S S °7 HH
x o 4 o
O o 3] 3
C o N
o \j n
o -
; v
' o
o —
©
| | | | | | | | | | | |
0 20 40 60 80 100 0 20 40 60 80 100
time (us) time (us)
(a) Standardstratgy (b) Kneechordstratgy
Figure3: NonlinearSimulatedResonancel000nsSteps
3 1 2

200
|
200
|

A%

black (V), red (51)
0
|
yal
N
f
N
f
N\
Vam
black (V), red (5I)
0
|
/—
N

>
>
>
>
>
>
>

N

o o
o o -
N o
° y b y \ VY U\
o — —
¥
o o
o - o 4
© | | | | | | © | | | | | |
0 20 40 60 80 100 0 20 40 60 80 100
time (us) time (us)
(a) Standardstratgy (b) Kneechordstratgy

Figure4: NonlinearSimulatedResonances00nsSteps



3 RESOMNT CIRCUIT WITH A NONLINEAR INDUCTOR page7 of 8

o o
o — o -
< <
~ 9 . o
5 Q7 5 &7
e} °
g g
E LA E AN
4 4
Q Q
8 o 8 o
o] 8. — o) 8' —
o o
o — o -
< <
| | | | | | | | | | | |
0 20 40 60 80 100 0 20 40 60 80 100
time (us) time (us)
(a) Standardstratgy (b) KneechordStrateyy

Figure5: NonlinearSimulatedResonance250nsSteps

3.2 Resultsof ResonantCir cuit

A seriesof testswasdonewith the “Kneechord” stratgly andthe standardstrateyy for the same
circuit with smallerandsmallerstepsizgsee gure 2 throughto gure 6).

From this it canbe obsenred that the standardstrately works well undergood conditions(with

smallstep-sizethe operatingpointis never far from the nonlinearcomponentnodelsothe system
only needgo corverge a smalldistance).However, if large stepsaretaken, the standardstratay

might give resultsthatare not even qualitatively similar to the true values. This demonstratethe
lack of stability underdif cult conditions.

In comparisonthe“Kneechord”strateyy alwaysgivessomethingeasonablegventhoughit is less
accurateat larger stepsizes(only to be expectedbecausentegrationaccuray is reduced)jt never
producesompletelyunexpectedartifacts.

3.3 CPU UsagePenalty

Unfortunatelythe“Kneechord”stratey requiresadditionalCPUcycles.In thebestpossiblecasejt
revertsto Newton's Methodanyhow if the operatingoointcornvergesin onecycle. Evenin thiscase
it requiresoneextra evaluationof the componenmodelingfunction. In worsecasest mayrequire
mary evaluationsandthusimposea considerabl®@verheadn termsof extra CPUcycles. It should
be pointedout thatthis overheads ONLY imposedon nonlinearcomponentandin ary realistic
circuit only a small fraction of the componentswill require nonlinearmodels. In addition, the
optionmay be switchedoff oncethe useris con dent thatthe simulationis producingreasonable
results. Finally, theremay exist situationswherethe standardalgorithmis not sufciently robust
evenatsmallstepsize.
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Figure6: NonlinearSimulatedResonancel00nsSteps

4 Conclusions

Thegnucapcircuit simulatorcontainssomeinterestingfeaturesout the stability of its corvergence
is lessthanideal. Becausegnucapis opensourcesoftware, it attractsresearcheranddevelopers
who wish to experimentwith advancedtechniquesthus patchesandimprovementsaregradually
incorporatednto thegnucapcodebase.

Onesuchcontributionis the“Kneechord”alternatve strateyy for corverging nonlinearcomponent
models.It hasbeendemonstratetb be morestablethanthe standardstratgyy (Newton's Method).
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