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SPICE is a general-purposecircuit simulation program for nonlinear dc,
nonlineartransient,and linear AC analyses.Circuits may contain resistors,
capacitors, inductors, mutual inductors, independentvoltage and current
sourcesfour typesof dependensourcestransmissiordines, and the four most
commonsemiconductodevicesdiodes,BJT's,JFET'sandMOSFET's.

SPICE has built-in modelsfor the semiconductodevices,and the user need
specify only the pertinentmodel parametervalues. The model for the BJT is
basedon the integral charge model of Gummel and Poon; however, if the
Gummel-Poomparametersare not specified, the model reducesto the simpler
Ebers-Mollmodel.In eithercase chargestorageeffects,ohmicresistancesanda
current-dependemutputconductancenaybe included.The diode modelcanbe
usedfor eitherjunctiondiodesor Schottkybarrierdiodes.

TheJFETmodelis basedon the FET model of Shichmanand Hodges. ThreeMOSFET

modelsareimplementedMOSL1 is describedby a square-lawi-V characteristic,
MOS2is ananalyticalmodelwhile MOS3is a semi-empiricamodel.Both MOS2 and

MOS3 include second-ordereffects such as channel length modulation,
subthresholdconduction, scattering limited velocity saturation, small-size
effectsandcharge-controlle@dapacitances.
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1. TYPES OF ANALYSIS

1.1. DC Analysis

TheDC analysisportion of SPICEdetermineghe DC operatingpoint of the circuit
with inductorsshortedand capacitorsopened. A DC analysisis automatically
performed prior to a transient analysis to determine the transient initial

conditions,andprior to an AC small-signalanalysisto determinethe linearized,
small-signalmodels for nonlineardevices.If requested,the DC small-signal
value of a transferfunction (ratio of output variable to input source),input
resistance and output resistancewill also be computedas a part of the DC
solution.

The DC analysiscan also be usedto generateDC transfer curves: a specified
independentwoltage or currentsourceis steppedover a user-specifiedrange
and the DC output variablesare stored for each sequentialsourcevalue. If
requestedSPICEalsowill determinethe DC small-signalsensitivitiesof specified
outputvariableswith respecto circuit parameters.The DC analysisoptionsare
specifiedonthe.DC,.TF, .OP,and.SENScontrollines.

If one desres to see the small-signal models for nonlinear devices in
conjunctionwith atransientanalysisoperatingpoint, thenthe .OPline mustbe
provided. The DC bias conditionswill be identical for eachcase,but the more
comprehensiveperatingpointinformationis not availableto be printedwhen
transientnitial conditionsarecomputed.

1.2. AC Small-Signal Analysis

The AC small-signalportion of SPICE computesthe AC output variablesas a
function of frequency. The programfirst computesthe DC operaing point of
the circuit and determineslinearized, small-signal models for all of the
nonlineardevicesin the circuit. The resultantlinear circuit is then analysed
over a user-specifiedangeof frequencies. The desiredoutput of an AC small
signal analysisis usually a transferfunction (voltage gain, transimpedance,
etc). If the circuit hasonly oneAC input, it is convenientto setthat input to
unity and zero phase,so that output variables have the same value as the
transferfunction of the outpu variablewith respecto theinput.

The generatiorof white noiseby resistorsandsemiconductodevicescanalsobe
simulatedwith the AC small-signalportion of SPICE. Equivalentnoise source
valuesare determinedautomaticallyfrom the small-signaloperating point of
the circuit, and the contribution of each noise sourceis addedat a given
summingpoint. Thetotal outputnoiselevel andthe equivalentinput noiselevel
aredeterminedat eachfrequencypoint. The outputandinput noise levels are
normalisedwith respecto the squareroot of the noisebandwidthand havethe



unitsVolts~NHz or AmpsAHz. The outputnoiseandequivalentinput noisecan
be printedor plottedin the samefashionasotheroutputvariables.

No additionalinput dataarenecessaryor this analysis.

Flicker noisesourcesanbe simulatedin the noiseanalysisby including values
for the parameter&F andAF onthe appropriatadevicemodellines.

The distortion characteristicsof a circuit in the small-signal mode can be
simulatedasa part of the AC small-signalanalysis. The analysisis performed
assuminghatoneor two signalfrequenciesareimposedat theinput.

The frequencyrange and the noise and distortion analysis parametersare
specifiedon the .AC, .NOISE,and.DISTOcontrollines.

1.3. Transient Analysis

The transientanalysisportion of SPICEcomputedhe transientoutputvariables
asa function of time over a user-specifiedime interval. The initial conditions
are automaticallydeterminedby a DC analysis. All sourceswhich are not time

dependentfor example,power supplies)are setto their DC value. For large-
signal sinusoidalsimulations,a Fourieranalysisof the outputwaveformcan be

specifiedto obtain the frequencydomain Fourier coefficients. The transient
time interval and the Fourier analysisoptions are specifiedon the .TRAN and
.FOURIERcoOnNtrollines.

1.4. Analysis at Different Temperatures

All inputdatafor SPICEis assumedo havebeenmeasureat27 degC (300 degK).
Thesimulationalsoassumesa nominaltemperaturesf 27 degC. The circuit can
besimulatedat othertemperatureby usinga.TEMP controlline.

Temperatureappearsexplicitly in the exponentialterms of the BJT and diode
modelequations. In addition, saturationcurrentshave a built-in temperature
dependenceThe temperaturelependencef the saturationcurrentin the BJT
modelsis determinedy:

T XTI q.EG.(T1-To)
IS(Tp) = IS(To).(% ) 'eXp(T.:'LI'oO

wherek is Boltzmann'sconstantq is the electroniccharge EGis the energygap
which is a model parameterand XTl is the saturationcurrent temperature
exponent(also a model parameterand usually equalto 3). The temperature
dependencef forward andreversebetais accordingo theformula:

beta(T)=beta(T). (% )XTB



where T1 and Tg are in degreesKelvin, and XTB is a user-suppliedmodel

parameter. Temperatureeffects on beta are carried out by appropriate
adjustmento the valuesof BF, ISE,BR, andISC.

Temperaturelependencef the saturatiorcurrentin thejunctiondiode modelis
determinedy:

T1 \—/ 9.EG.(T1-To)
= — )N
1S(T1) IS(TO).(TO ) “KNTiTo

whereN is the emissioncoefficient,which is a model parameterandthe other
symbolshavethe samemeaningasabove. Note that for Schottkybarrierdiodes,
thevalueof the saturatiorcurrenttemperaturexponentXTl, is usually?2.

Temperatureappearexplicitly in thevalueof junction potential ,PHI, for all the
devicemodels. Thetemperaturelependences determinedy:

kT NaN
PHI(T) =~ log 2
NjT

wherek is Boltzmann'sconstantg is the electroniccharge,N3 is the acceptor
impurity density, Ng is the donor impurity density and Nj is the intrinsic
concentration.

Temperatureappearsexplicitly in the value of surfacemobility, Ug, for the
MOSFETmodel. Thetemperaturelependences determinedy:

Uo(T
Uom =22

(L 2
N
The effectsof temperaturen resistords modelledby the formula:

value(T) = value(R).(1+TC1.(T-TN)+TCa.(T-Tn) D))

whereT is the circuit temperatureTy is the nominaltemperatureand TCq, and
TCo arethefirst andsecondrdertemperatureoefficients.

2. CONVERGENCE

Both DC and transientsolutionsare obtainedby an iterative processwhich is
terminatedvhenboth of the following conditionshold:

1) The nonlinear branch currentsconvergeto within a toleranceof 0.1
percentr 1 picoamp(1.0E-12Amp), whicheveris larger.



2) The node voltagesconvergeto within a toleranceof 0.1 per-centor 1
microvolt (1.0E-6Volt), whicheveris larger.

Although the algorithm usedin SPICE hasbeenfound to be very reliable, in
somecasesdt will fail to convergeto a solution. When this failure occurs,the
programwill print the nodevoltagesat the last iteration andterminatethe job.
INn suchcasesthe nodevoltagesthat are printed are not necessarilycorrector
evencloseto the correctsolution.

Failureto convergein the DC analysisis usually due to an error in specifying
circuit connectionseglementvalues,or model parametewalues. Regenertive

switchingcircuitsor circuitswith positive feedbackprobablywill not converge
in the DC analysisunlessthe OFF option is usedfor someof the devicesin the

feedbackpath,or the .NODESETIine is usedto forcethe circuit to convergeto the

desiredstate.

3. INPUT FORMAT
Theinputformatfor SPICEis of thefreeformattype.

Fieldson an input line are separatedby one or more blanks,a comma,an equal
(=) sign, or a left or right parenthesisextraspacesareignored. A line may be
continuedby entering a + (plus) in column 1 of the following line; SPICE
continuegeadingbeginningwith column?2.

A namefield mustbegin with a letter (A throughZ) and cannotcontain any
delimiters. Only thefirst eightcharactersf the nameareused.

A numberfield may be an integerfield (eg 12, -44), a floating point field (eg
3.14159),either an integer or floating point numberfollowed by an integer
exponent(eg 1E-14, 2.65E3),0r either an integer or a floating point number
followed by oneof thefollowing scalefactors:

T=1E12

G=1E9

MEG=1E6

K=1E3

MIL=25.4E-6

M=1E-3

U=1E-6

N=1E-9

P=1E-12

F=1E-15(sodon'twrite C1100 1Faradyou'll only getl femto!)

Lettersimmediatelyfollowing a numberthat are not scalefactorsare ignored,
and lettersimmediatelyfollowing a scalefactor are ignored. Hence, 10, 10V,
10VOLTS,and10HZ all representhe samenumber,andM, MA, MSEC, and MMHOS



all representhe samescalefactor. Note that 1000, 1000.0,1000HZ, 1E3, 1.0E3,
1KHZ, and1K all representhe samenumber.

4. CIRCUIT DESCRIPTION

The circuit to be analyseds describedo SPICEby a setof elementlines, which
definethecircuit topologyand elementvalues,and a setof control lines, which
definethe modelparameterandthe run controls. The first line in the input
file mustbe a title line, andthe lastline mustbe a .END line. The order of the
remaininglines is arbitrary (except,of course,that continuationlines must
immediatelyfollow theline beingcontinued).

Eachelementin the circuit is specifiedby an elementline that containsthe
elementname,the circuit nodesto which the elementis connected,and the
valuesof the parameterdhat determinethe electrical characteristicof the
element. Thefirst letter of the elementnamespecifiesthe elementtype. The
format for the SPICE elementtypesis given hereunder. The strings XXXXXXX
YYYYYYY and 22772777 denote arbitrary alphanumericstrings. For example,a
resistornamemustbeginwith the letter R and can containfrom one to eight
characters.

Hence,R, R1,RSE,ROUT,andR3AC2ZY arevalid resistomames.

Datafields that are enclosedin It and gt signs'< > are optional. All indicated
punctuation (parenthesesequal signs, etc.) are required. With respectto
branchvoltagesand currents,SPICE uniformly usesthe associatedreference
convention(currentflows in thedirectionof voltagedrop).

Nodesmust be nonnegativantegersbut need not be numberedsequentially.
Thedatum(ground)nodemustbe numberedzero.

Thecircuit cannotcontainaloop of voltagesourcesand/orinductorsand cannot
containa cutsetof currentsourcesand/orcapacitors. Eachnodein the circuit
musthavea DC pathto ground. Every nodemusthaveat leasttwo connections
exceptfor transmissiorline nodes(to permitunterminatedransmissionines)
andMOSFETsubstratanodes(which havetwo internalconnectionanyway).

5. TITLE LINE, COMMENT lines and .END LINE
5.1. Title Line
Example:

POWERAMPLIFIER CIRCUIT TEST OF CAMCELL

This line must be the first line in the input file. Its contentsare printed
verbatimasthe headingfor eachsectionof output.



5.2. .END Line

Thisline mustalwaysbethelastline in theinputfile. Note thatthe periodis an
integralpartof the name.

5.3. CommentLine

Generaform:

* <anycomment>

Examples:

*RF=1K GAIN SHOULDBE 100

* MAY THE FORCEBE WITH MY CIRCUIT

The asteriskin the first column indicatesthat this line is a commentline.
Commentines maybe placedanywheran the circuit description.

6. ELEMENT LINES

6.1. Resistors

Generaform:

RXXXXXXXNL1 N2 VALUE <TC=TC1<,TC2>>
Examples:

R11 2100

RC1 12 17 1K TC=0.001,0.015

N1 andN2 arethetwo elementhodes. VALUE is the resistancdgin ohms)and may
be positiveor negativebut not zero.

TC1 andTC2 arethe (optional)temperaturecoefficients;if not specified,zerois
assumedor both. Thevalueof theresistorasafunctionof temperatures given

by:
VALUHT) = VALUETY). (1+TCl.(T—TN)+TCZ.(T—TN)2))

6.2 Capacitors and Inductors

Generaform:

CXXXXXXXN+ N- VALUE <IC=INCOND>
LYYYYYYY N+ N- VALUE <IC=INCOND>
Examples:

CBYP 13 0 1UF

COSC17 23 10U IC=3V

LLINK 42 69 1UH

LSHUNT 23 51 10U IC=15.7MA

N+andN- arethe positiveandnegativeelementodes respectively. VALUEis the
capacitancén Faradsor theinductancen Henries.



Forthe capacitor.the (optional) initial conditionis the initial (time-zero)value
of capacitornvoltage(in Volts). For the inductor,the (optional) initial condition
is theinitial (time-zero)valueof inductorcurrent(in Amps) that flows from N+
throughtheinductor,to N-. Notethatthe initial conditions(if any) apply 'only’
if the UIC optionis specifiedonthe.TRAN line.

Nonlinearcapacitorsandinductorscanbe described.

Generaform:
CXXXXXXXN+ N- POLY CO C1 C2 ... <IC=INCOND>
LYYYYYYYN+ N- POLY LO L1 L2 ... <|IC=INCOND>

COClC2.. (andLO L1 L2 ... ) arethe coefficientsof a polynomialdescribing
the elementvalue. The capacitancas expressedis a function of the voltage
acrossthe elementwhile the inductanceis a function of the currert through
theinductor.

Thevalueis computedas
VALUE=CO+ClV+C2V 2 +.
VALUE = LO + L1.I + L2.I 2 4.,

whereV is the voltage acrossthe capacitorand| the current flowing in the
inductor.

6.3. Coupled (Mutual) Inductors
Generaform:

KXXXXXXXLYYYYYYY LZZZ7Z7Z7Z VALUE
Examples:

K43 LAA LBB 0.999
KXFRMRL1 L2 0.87

LYYYYYYYandLzzzzz7Z are the namesof the two coupledinductors,andVALUE is
the coefficientof coupling, K, which must be greaterthan 0 and lessthan or
equalto 1. Using the 'dot' corvention, place a 'dot’' on the first node of each
inductor.

6.4. TransmissionLines (Lossless)

Generaform:

TXXXXXXX N1 N2 N3 N4 Z0=VALUE <TD=VALUE> <F=FREQ <NL=NRMLEN>>
+ <IC=V1,11,Vv2,I2>

Example:

T1 1 0 2 0 Z0=50 TD=10NS

N1 andN2 arethe nodesat port 1; N3 and N4 are the nodesat port 2. Z0 is the
characteristiampedance.The length of the line may be expressedn eitherof
two forms. Thetransmissiordelay,TD, may be specifieddirectly (as TD=10NS for
example). Alternatively, a frequencyF may be given, togetherwith NL, the



normalisedelectrical length of the transmissionline with respectto the
wavelengthn theline atthefrequency.

If a frequencyis specified but NL is omitted, 0.25 is assumed(that is, the
frequencyis assumedo be the quarter-waverequency). Note that although
both forms for expressinghe line length areindicatedas optional, one of the
two mustbe specified.

Notethat this elementmodelsonly one propagatingnode. If all four nodesare
distinctin the actualcircuit, thentwo modesmay be excited. To simulatesucha
situation, two transmissionline elementsare required. (Seethe examplein
Appendix A for further clarification.) The (optional) initial condition
specificationconsistof the voltageandcurrentat eachof the transmissiordine
ports.

Notethattheinitial conditions(if any)apply'only' if the UIC optionis specified
onthe.TRAN line.

One should be awarethat SPICEwill use a transienttime stepwhich does not
exceed 1/2 the minimum transmissia line delay. Therefore very short
transmissionines (comparedvith the analysistime frame)will causelong run
times.

6.5. Linear DependentSources

SPICEallows circuits to containlinear dependensourcescharacterisedby any
of thefour equations

i=g.v v=e.v i=f.i v=h.i

whereg, e, f, and h are constantgepresentingransconductancepltagegain,
currentgain,andtransresistanceespectively.

Note:a morecompletedescriptionof dependensourcesasimplementedn SPICE
is givenin AppendixB.

6.6. Linear Voltage-Controlled Current Sources
Generaform:

GXXXXXXXN+ N- NC+ NC- VALUE

Example:

Gi12 05 0 01IMMHO

N+andN- arethe positiveandnegativenodesrespectively.Currentflow is from
the positivenode,throughthe source to the negativenode. NC+andNC- arethe
positive and negative controlling nodes, respectively. VALUE is the
transconductanc@n mhos).



6.7. Linear Voltage-Controlled VVoltage Sources

Generaform:

EXXXXXXXN+ N- NC+ NC- VALUE
Examples:

E1 2314 120

N+ is the positive node,andN- is the negativenode. NC+ andNC- arethe positive
andnegativecontrolling nodesrespectively.VALUE is thevoltagegain.

6.8. Linear Current-Controlled Current Sources
Generaform:

FXXXXXXXN+ N- VNAMVALUE

Examples:

F1 13 5 VSENS5

N+andN- arethe positiveandnegativenodesyrespectively.

Currentflow is from the positivenode,throughthe source to the negativenode.
VNAMis the nameof a voltage sourcethrough which the controlling current
flows. The direction of positive contolling currentflow is from the positive
node,throughthe source,to the negativenode of VNAM VALUE is the current
gain.

6.9. Linear Current-Controlled Voltage Sources
Generaform:

HXXXXXXXN+ N- VNAMVALUE

Examples:

HX 5 17 VZ 0.5K
N+andN- arethe positiveandnegativenodesyespectively.

VNAMis the nameof a voltage sourcethrough which the controlling current
flows. The direction of positive controlling currentflow is from the positive
node, through the source, to the negative node of VNAM. VALUE is the
transresistancén ohms).

6.10. IndependentSources

Generaform:

VXXXXXXXN+ N- <<DC> DC/TRAN_VALUE><AC <ACMAG<ACPHASE>>>
IYYYYYYY N+ N- <<DC> DC/TRAN_VALUE><AC <ACMAG<ACPHASE>>>
Examples:

VCC 10 0 DC 6

VIN 13 2 0.001 AC 1 SINO 1 1MEG)

ISRC 23 21 AC 0.333 45.0 SFFM(0 1 10K 5 1K)

VMEAS12 9



N+andN- arethe positiveandnegativenodesyrespectively.

Note that voltagesourcesneednot be grounded. Positivecurrentis assumedo
flow from the positivenode,throughthe sourceto the negaive node. A current
sourceof positive value,will force currentto flow out of the N+ node,through
the source,andinto the N- node. Voltage sourcesjn additionto being usedfor
circuit excitation, are the 'ammetersfor SPICE, that is, zero valued voltage
sourcegnay be insertedinto the circuit for the purposeof measuringcurrent.
They will, of course,have no effect on circuit operationsincethey represent
short-circuits.

DC/TRAN_VALUEis theDC andtransientanalysisvalueof the source. If the source
valueis zeroboth for DC andtransientanalysesthis value may be omitted. If
the sourcevalue is time-invariant(e.g, a power supply), then the value may
optionallybe precededy thelettersDC.

ACMAGs the AC magnitudeand ACPHASHS the AC phase. The sourceis setto this
valuein the AC analysis. If ACMAGs omittedfollowing the keywordAC, a value of
unity is assumed.

If ACPHASHS omitted,avalueof zerois assumed If the sourceis not an AC small-
signalinput, the keywordAC andthe AC valuesareomitted.

Any independensourcecanbe assigneda time-dependentalue for transient
analysis. If a sourceis assigheda time-dependernvalue,the time-zerovalue is
usedfor DC analysis.

There are five independentsource functions: pulse, exponential, sinusoidal,
piece-wiselinear, and single-frequencyFM. If parametersother than source
values are omitted or set to zero, the default values shown will be assumed.
(TSTEPis the printing incrementand TSTOP is the final time (seethe .TRAN line
for explanation)).

1. Pulse

Generaform:

PULSE(V1 V2 TD TR TF PWPER)

Examples:

VIN 3 0 PULSE(-1 1 2NS 2NS 2NS 50NS 100NS)

Parameters Defaultvalues Units

V1 (initial value) Volts or Amps
V2 (pulsedvalue) Volts or Amps
TD (delaytime) 0.0 S(seconds)
TR (risetime) TSTEP S

TF (fall time) TSTEP S

PW (pulsewidth) TSTOP S
PER(period) TSTOP S

10



A singlepulsesospecifiedis describedy the following table:

Time Value
0 V1
TD V1
TD+TR V2
TD+TR+PW V2
TD+TR+PW+TF V1
TSTOP V1

Intermediatgointsaredetermineddy linearinterpolation.

2. Sinusoidal

Generaform:

SIN(VO VA FREQTD THETA)
Examples:

VIN 3 0 SIN(O 1 100MEG INS 1E10)

Parameters DefaultValue Units

VO (offset) Volts or Amps
VA (amplitude) Volts or Amps
FREQ (frequency) 1/TSTOP Hz

TD (delay) 0.0 S

THETA (dampingfactor) 0.0 1/seconds

Theshapeof thewaveformis describedy the following table:
Time Value

OtoTD VO

TD to TSTOP VO + VA.exp(-(time-TD). THETA ).sin(A.FREQ.(time + TD))
3. Exponential

Generaform:

EXP(V1 V2 TD1 TAU1l TD2 TAU2)

Examples:

VIN 3 0 EXP(-4 -1 2NS 30NS 60NS 40NS)

Parameters DefaultVValues Units

V1 (initial value) Volts or Amps
V2 (pulsedvalue) Volts or Amps
TD1 (risedelaytime) 0.0 S

TAU1 (risetime constant) TSTEP S

TD2 (fall delaytime) TD1+TSTEP S

TAU2 (fall time constant) TSTEP S

Theshapeof thewaveformis describedy the following table:
Time Value
OtoTD1 Vi

11



TD1to TD2 V1+(V2-V1).(1l-exp(-(time-TD1)/TAU1))
TD2to TSTOP V1+(V2-V1).(1-exp(-(time-TD1)/TAU1))
+(V1-V2).(1-exp(-(time-TD2)/TAU2))

4. Piece-WiselLinear

Generaform:

PWL(T1 V1 <T2 V2 T3 V3 T4 V4 ...>)

Examples:

VCLOCK7 5 PWL(0 -7 10NS -7 11INS -3 17NS -3 18NS -7 50NS -7)
Parameteranddefaultvalues:

Eachpair of values(Ti, Vi) specifiesthatthe valueof the sourceas Vi (in Volts or
Amps) at time=Ti. The value of the sourceat intermediatevalues of time is
determinedy usinglinearinterpolationon theinputvalues.

5. Single-FrequencyrM

Generaform:

SFFM(VO VA FC MDI FS)

Examples:

V1l 12 0 SFFM(0 1M 20K 5 1K)

Parameters DefaultVValues Units

VO (offset) Volts or Amps
VA (amplitude) Volts or Amps
FC (carrierfrequency) 1/TSTOP Hz

MDI (modulationindex)

FS (signalfrequency) 1/TSTOP Hz

Theshapeof thewaveformis describedy thefollowing equation:

value =VO+ VA sin((2TFC.time) +MDIL.sin(2TFS.time))
7. SEMICONDUCTOR DEVICES

Theelementdhathavebeendescribedo this point typically requireonly a few
parametervaluesto specify completely the electrical characteristicsof the
element. However, the modelsfor the four semiconductordevices that are
includedin the SPICEprogramrequiremanyparametewalues. Moreover,many
devicesin acircuit often aredefinedby the samesetof devicemodel parameters.
For thesereasonsa set of device model parameterdgs defined on a separate
.MODEL line and assigneda unique model name. The device elementlines in
SPICEthenreferencaghe modelname. This schemalleviatesthe needto specify
all of the modelparametersn eachdeviceelementine.

Each device elementline contins the device name,the nodesto which the
deviceis connectedand the device model name. In addition, other optional
parametersnay be specifiedfor eachdevice: geometricfactors and an initial
condition.
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The areafactor used on the diode, BJT and JFET device line determinesthe
number of equivalent parallel devices of a specified model. The affected
parametersre markedwith an asteriskunderthe heading'area’'in the model
descriptionselow.

Severalgeometricfactorsassociatedvith the channeland the drain and source
diffusionscanbe specifiedon the MOSFETdeviceline.

Two differentforms of initial conditionsmay be specifiedfor devices. The first
form is includedto improve the DC convergencdor circuits that contain more
thanonestablestate.

If a device is specified OFF, the DC operating point is determinedwith the
terminalvoltagesfor thatdevicesetto zero.

After convergenceas obtained,the programcontinuesto iterateto obtain the

exactvaluefor the terminalvoltages. If a circuit hasmore than one DC stable
state,the OFF option can be usedto force the solutionto correspondo a desired
state. If a deviceis specifiedOFF whenin reality the deviceis conducting,the

programwill still obtainthe correctsolution (assuminghe solutionsconverge)
but more iterationswill be required since the program must independently
convergdo two separatesolutions. The NODESETIine servesa similar purposeas

the OFFoption. The .NODESEToptionis easieno apply andis the preferral means
to aid convergence.

The secondform of initial conditionsare specifiedfor usewith the transient
analysis. Thesearetrue 'initial conditions'asopposedto the convergenceaids
above. Seethe descriptionof the .IC line and the .TRAN line for a detailed
explanatiorof initial conditions.

7.1. Junction Diodes

Generaform:

DXXXXXXXN+ N- MNAME<AREA> <OFF> <IC=VD>
Examples:

DBRIDGE 2 10 DIODE1
DCLMP3 7 DMOD3.0 1C=0.2

N+ andN- arethe positive and negativenodes,respectively. MNAMEs the model
name,AREAis the areafactor, and OFF indicatesan (optional) startingcondition
on the devicefor DC analysis. If the areafactor is omitted, a value of 1.0 is
assumed.The (optional) initial condition specificationusing IC=VD is intended
for usewith the UIC option on the .TRAN line, when a transientanalysisis
desiredstartingfrom otherthanthe quiescenbperatingpoint.

7.2. Bipolar Junction Transistors (BJT's)

Generalform:
QXXXXXXXNC NB NE <NS> MNAME<AREA> <OFF> <IC=VBE,VCE>
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Examples:
Q23 10 24 13 QMODIC=0.6,5.0 Q50A 11 26 4 20 MOD1

NG NB andNE arethe collector,base,and emitter nodes,respectively. NS is the
(optional) substratenode. If unspecified,groundis used. MNAMEis the model
name AREAis the areafactor,andOFFindicatesan (optional) initial conditionon
the devicefor the DC analysis. If the areafactor is omitted, a value of 1.0 is
assumed. The (optional) initial condition specification using IC=VBE,VCE is
intendedfor use with the UIC option on the .TRAN line, when a transient
analysisis desiredstartingfrom otherthanthe quiescenobperatingpoint. See
the .IC line descriptionfor a betterway to settransientnitial conditions.

7.3. Junction Field-Effect Transistors (JFET'S)

Generaform:

IXXXXXXX ND NG NS MNAME<AREA> <OFF> <IC=VDS,VGS>
Examples:

J1 7 2 3 JM1 OFF

ND NG andNS arethe drain, gate,and sourcenodes,respectively. MNAMEs the
model name, AREA is the areafactor, and OFF indicates an (optional) initial
conditionon the devicefor DC analysis If the areafactoris omitted, a value of
1.0is assumed.The (optional)initial condition specification,usingIC=VDS,VGS is
intendedfor use with the UIC option on the .TRAN line, when a transient
analysisis desiredstartingfrom otherthanthe quiescentoperatingpoint (see
the.IC line for a betterway to setinitial conditions).

7.4. MOSFET's

Generaform:

MXXXXXXXND NG NS NB MNAME<L=VAL> <W=VAL> <AD=VAL> <AS=VAL> + <PD=VAL>
<PS=VAL> <NRD=VAL><NRS=VAL> <OFF> <IC=VDS,VGS,VBS>

Examples:

M124 2 0 20 TYPE1L

M31 2 17 6 10 MODM.=5U W=2UM31 2 16 6 10 MODMsU 2U
M12 9 3 0 MOD1L=10U W=5UAD=100P AS=100P PD=40U PS=40U
M12 9 3 0 MOD110U 5U 2P 2P

ND, NG, NS and NB are the drain, gate, source and bulk (substrate)nodes,
respectively. MNAMEs the model name. L and Ware the channellength and
width, in meters. AD andAS arethe areasof the drain and sourcediffusions,in

sg-meters.Note that the suffix U specifiesmicrons (1E-6 m) and P sg-microns
(1E-12sg-m). If anyof L, W AD, or AS are not specified, defaultvaluesare used.
The usermay specifythe valuesto be usedfor thesedefault parameteron the
.OPTIONSIine.
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The use of defaults simplifies input file preparation,as well as the editing
requiredif devicegeometriesareto bechanged.PD andPS arethe perimetersof
thedrainandsourcgunctions,in meters. NRDandNRSdesignateghe equivalent
numberof square®f the drain and sourcediffusions;thesevaluesmultiply the
sheetresistanc&SHspecifiedon the .MODEL line for an accuaterepresentation
of the parasiticseriesdrain and sourceresistancesf eachtransistor. PD andPS
default to 0.0 while NRD and NRS to 1.0. OFF indicates an (optional) initial
conditionon thedevicefor DC analysis.

The (optional) initial condition specificationusing IC=VDS,VGS,VBS is intended
for usewith the UIC option on the .TRAN line, when a transientanalysisis
desiredstartingfrom otherthanthe quiescenobperatingpoint. Seethe .IC line
for abetterandmoreconvenientway to specifytrarsientinitial conditions.

7.5. MODEL Line

Generaform:

.MODEL MNAMETYPE(PNAME1=PVAL1PNAME2=PVAL2... )
Examples:

.MODEL MOD1NPN BF=50 IS=1E-13 VBF=50

The .MODEL line specifiesa setof model parametershat will be usedby one or
more devices. MNAMHEs the modelname,andtype is one of the following seven

types:

NPN NPN BJT model

PNP PNPBJT model

D diodemodel

NJF N-channellFETmodel
PJF P-channelFETmodel
NMOS N-channeMOSFETmodel
PMOS P-channeMOSFETmodel

Parametevaluesaredefinedby appaexdingthe parametename,asgiven below
for eachmodeltype, followed by an equalsign andthe parameteralue. Model
parameterdhat are not given a value are assignedthe default values given
belowfor eachmodeltype.

7.6. Diode Model

The DC characteristic®f the diode are determinedby the parameterdS and N.
An ohmicresistanceRsS,is included. Chargestorageeffects are modelledby a
transit time, TT, and a nonlinear depletion layer capacitancewhich is
determinedoy the parameter€JO,VJ, and M. The temperaturedependencef
the saturationcurrentis definedby the parameter&G, the energyand XTI, the
saturatiorcurrenttemperaturexponent.Reversebreakdowrns modelledby an
exponentialincreasein the reversediode current and is determinedby the
parameter8V andIBV (bothof which arepositivenumbers).
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Name Parameter Units Default Example Area

1 IS saturatiorcurrent A 1.0E-14 1.0E-14 *

2 RS ohmicresistance Ohm 0 10 *

3 N emissioncoefficient - 1 1.0

4 TT transit-time sec 0 0.1Ns

5 CJO zero-biagunctioncapacitance F 0 2PF *

6 VJ junction potential \% 1 0.6

7 M gradingcoefficient - 0.5 0.5

8 EG activationenergy ev 1.11 1.11Si
0.69Sbd
0.67Ge

9 XTI saturation-currertemp.exp - 3.0 3.0jn
2.0Shbd

10 KF flicker noisecoefficient - 0

11  AF flicker noiseexponent - 1

12 FC coefficientfor forward-bias - 0.5

depletioncapacitancéormula

13 BV reversebreakdownvoltage \% infinite 40.0

14 IBV currentat breakdownvoltage A 1.0E-3

7.7 BJT Models (both NPN and PNP)

The bipolar junction transistormodelin SPICEis an adaptationof the integral
chargecontrolmodelof GummelandPoon.

This modified Gummel-Poomodel extendsthe original modelto include several
effectsat high biaslevels. The modelwill automaticallysimplify to the simpler

Ebers-Moll model when certain parametersare not specified. The parameter
namesusedin the modified Gummel-Poommodel have beenchosento be more

easilyunderstoody the programuser,andto reflect better both physicaland

circuit designthinking.

The DC modelis defined by the parameterdS, BF, NF, ISE, IKF, and NE which
determinehe forward currentgain characteristicslS, BR, NR, ISC, IKR, andNC
which determinethe reversecurrentgain characteristicsand VAF and VAR
which determinethe output conductancefor forward and reverseregions.
Three ohmic resistance®B, RC, and RE are included, where RB can be high
currentdependent. Basechargestorageis modelled by forward and reverse
transittimes, TF and TR, the forward transit time TF being bias dependentf
desired,and nonlineardepletionlayer capacitancesvhich are determinedby
CJE,VJE,andMJE for theB-E junction, CJC,VJC,andMJC for the B-C junction and
CJS,VJs, and MJS for the C-S (Collector-Substratejpunction. The temperature
dependencef the saturationcurrent,IS, is determinedby the energy-gapEG,
andthe saturatiorcurrenttemperaturexponentXTl. Additionally basecurrent
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temperaturalependencés modelledby the betatemperatureexponentXTB in
the newmodel.

The BJT parametersusedin the modified Gummel-Poormodel are listed below.
Theparametenamesausedin earlierversionsof SPICE2arestill accepted.
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Modified Gummel-PoorBJT Parameters.

Name Parameter Units DefaultExample Area

1 1S transportsaturatiorcurrent A 1.0E-16 1.0E-15 *
2 BF idealmaximumforwardbeta - 100 100
3 NF forward currentemissioncoefficient - 1.0 1
4 VAF forward (fwd) Early voltage V infinite 200
5 IKF fwd betahigh currentroll-off corner A infinite 0.01 *
6 ISE B-Eleakagesaturatiorcurrent A 0 1.0E-13 *
7 NE B-E leakage=emissioncoefficient - 1.5 2
8 BR idealmaximumreversebeta - 1 0.1
9 NR reversecurrentemissioncoefficient - 1 1
10 VAR reversgrvs) Early voltage V infinite 200
11 IKR rvsbetahigh currentroll-off corner A infinite 0.01 *
12 ISC B-Cleakagesaturationcurrent A 0 1.0E-13 *
13 NC B-C leakage=emissioncoefficient - 2 1.5
14 RB zerobiasbaseresistance Ohms 0 100 *
15 IRB currentwherebaseresistancdalls

halfwayto its minimumvalue A infinite 0.1 *
16 RBM min baseresistancathigh currents Ohms RB 10 *
17 RE emitterresistance Ohms 0 1 *
18 RC collectorresistance Ohms 0 10 *
19 CJE B-Ezero-biasdepletioncapacitance F 0 2PF *
20 VJE B-E built-in potential \% 0.75 0.6
21 MJIE B-Ejunctionexponentiafactor - 0.33 0.33
22 TF idealforwardtransittime S 0 0.1Ns
23 XTF coefficientfor biasdependencef TF - 0
24 VTF voltagedescribingV/BC dependencef TF V  infinite
25 ITF high-currentparametefor effectonTF A 0 *
26 PTF excesghaseatfreq=1.0/(2TF)Hz deg 0
27 CJC B-Czero-biagdepletioncapacitance F 0 2PF *
28 VJC B-C built-in potential \% 0.75 0.5
29 MJC B-Cjunctionexponentiafactor - 0.33 0.5
30 XCJC fractionof B-C depletioncapacitance - 1

connectedo internalbasenode
31 TR idealreverseransittime S 0 10Ns
32 CJS zero-biascollector-substrateap F 0 2PF *
33 VIS substratgunctionbuilt-in potential \% 0.75
34 MJS substratgunctionexponentiafactor - 0 0.5
35 XTB fwd andrvs betatemperaturexponent - 0
36 EG energygapfor tempeffecton IS eVv 1.11
37 XTI temperaturexponenfor effectonlIs - 3
38 KF flicker-noisecoefficient - 0
39 AF flicker-noiseexponent - 1
40 FC coefficientfor forward-bias

depletioncapacitancéormula - 0.5

7.8. JFET Models (both N and P Channel)

The JFET modelis derivedfrom the FET model of Shichmanand Hodges. The DC
characteristicare defined by the parameters/TO and BETA, which determine
thevariationof draincurrentwith gatevoltage,LAMBDA, which determinegshe
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output conductanceand IS, the saturationcurrent of the two gate junctions.
Two ohmicresistancesRkRD and RS, areincluded. Chargestorageis modelledby
nonlineardepletionlayer capacitance$or both gate junctionswhich vary as
the -1/2 power of junction voltageand are definedby the parameter€GS, CGD,
andPB.

Name Parameter Units Default ExampleArea
1 VTO thresholdvoltage \% -2.0 -2.0
2 BETA transconductangearametefprm) A/NV2 1.0E-4 1.0E-3 *
3 LAMBDA channelengthmodulationprm 1/V 0 1.0E-4
4 RD drainohmicresistance Ohm 0 100 *
5 RS sourceohmicresistance Ohm 0 100 *
6 CGS =zero-biasG-Sjunctioncapacitance F 0 5PF *
7 CGD =zero-biasG-Djunctioncapacitance F 0 1PF *
8 PB gatejunction potential Y 1 0.6
9 IS gatejunction saturatiorncurrent A 1.0E-14 1.0E-14 *
10 KF flicker noisecoefficient - 0
11 AF flicker noiseexponent - 1

12 FC coefficientfor forward-bias - 0.5
depletioncapacitancéormula

7.9 MOSFET Models (both N and P channel)

SPICEprovidesthree MOSFET device modelswhich differ in the formulation of
thel-V characteristic.ThevariableLEVEL specifiesthe modelto be used:
LEVEL=1-> Shichman-Hodges

LEVEL=2-> MOS2(asdescribedn [1])

LEVEL=3-> MOS3,asemi-empiricaimodel(sedl])

The DC characteristic®f the MOSFET are definedby the deviceparameters/TO,
KP, LAMBDA, PHI and GAMMA. These parametersare computedby SPICE if
procesgparametergNSUB, TOX, ...) are given, but user-specifiedraluesalways
override.

VTO is positive (negative)for enhancemenmode and negative (positive) for
depletionmode N-channel(P-channel)devices.Chargestorageis modelledby
three constant capacitors,CGSO, CGDO, and CGBO which representoverlap
capacitancesby the nonlinear thin-oxide capacitancewhich is distributed
amongthe gate,sourcedrain,andbulk regions,andby the nonlineardepletion-
layer capacitancesfor both substratejunctions divided into bottom and
periphery, which vary as the MJ and MJSW power of junction voltage
respectivelyandaredeterminedy the parameter§BD, CBS, CJ, CISW,MJ, MISW
andPB.

Therearetwo built-in modelsof the chargestorageeffects associatedvith the
thin-oxide.
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The default is the piecewise linear voltage-dependentapacitance model
proposedy Meyer.

The secondchoice is the charge-controlledcapacitancemodel of Ward and
Dutton[1]. The XQC model parameteractsasa flag and a coefficientat the same
time. Astheformerit causedhe programto useMeyer'smodelwhenevedarger
than 0.5 or not specified,andthe charge-controlleagnodelwhen betweern0 and
0.5. In the latter caseits value defines the share of the channelcharge
associatedwith the drain terminal in the saturationregion. The thin-oxide
chargestorageeffects are treatedslightly different for the LEVEL=1 model.
Thesevoltage-dependemiapacitanceareincludedonly if TOXis specifiedin the
input descriptiomandthey arerepresentedsingMeyer'sformulation.

Thereis someoverlapamongthe parametersiescribingthe junctions, e.g. the
reversecurrentcanbeputin eitha aslS (in A) or asJS (in A/IM2). Whereashe
first is an absolutevalue the secondis multiplied by AD and AS to give the
reverse current of the drain and source junctions respectively. This
methodologydoesnot alwaysforcerelatingjunction characteristicsvith AD and
AS enteredbnthedeviceline; the areascanbe defaulted. The sameideaapplies
alsoto the zero-biasunction capacitance€BD andCBS (in F) on one hand,and
CJ (in F/M2) on the other. The parasiticdrain and sourceseriesresistancecan
be expressedhs either RD and RS (in ohms) or RSH (in ohms/sq.),the latter
being multiplied by the numberof squaresNRD and NRS put in on the device
line.

[1] A. VladimirescuandsS. Liu, "The Simulationof MOS Integrated
CircuitsUsing SPICE2",ERL MemoNo. ERL M80/7,Electronics
Researchaboratory ,University of California,Berkeley,Oct.1980.
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Name Parameter Units Default Example

LEVEL modelindex - 1
VTO zero-biaghresholdvoltage \% 0.0 1.0
KP transconductangearameter A/NV2 20E-5 3.1E5
GAMMA bulk thresholdparameter Vv 0.0 0.37
PHI surfacepotential \% 0.6 0.65
LAMBDA channel-lengtimodulation(not MOS3) 1/V 0.0 0.02
RD drain (drn) ohmicresistance Ohm 0.0 1.0
RS source(src) ohmicresistance Ohm 0.0 1.0
CBD =zero-biasB-D junctioncapacitance F 0.0 20FF
CBS =zero-biasB-Sjunctioncapacitance F 0.0 20FF
IS bulk junctionsaturationcurrent A 1.0E-14 1.0E-15
PB bulk junction potential \% 0.8 0.87
CGSO gate-sourceverlapcapacitance

permeter(cpm)channelwidth F/M 0.0 4.0E-11
CGDO gate-drairmverlapcpmchannebwidth F/M 0.0 4.0E-11
CGBO gate-bulkoverlapcpmchannelength F/M 0.0 2.0E-10
RSH drnandsrcdiffusion sheetresistance Ohm/sqg0.0 10.0
CcJ zero-biasbulk junctionbottomcap.

persg-meteiof junctionarea F/M2 0.0 2.0E-4
MJ bulk junctionbottomgradingcoef - 0.5 0.5
CJSW zero-biashulk junctionsidewallcap.

permeterof junctionperimeter F/M 0.0 1.0E-9
MJSWbulk junctionsidewallgradingcoef - 0.33
JS bulk junctionsaturatian current

persg-meteiof junctionarea A/M?2 1.0E-8
TOX oxidethickness M 1.0E-7 1.0E-7
NSUB substrateloping 1/cm3 0.0 4.0E15
NSS surfacestatedensity 1/cm? 0.0 1.0E10
NFS fastsurfacestatedensity 1/cn? 0.0 1.0E10
TPG typeof gatematerial:+1 for oppositeto - 1.0

substrate;1 for sameassubstrate for Al gate
XJ metallurgicaljunctiondepth M 0.0 1U
LD lateraldiffusion M 0.0 0.8U
UO  surfacemobility cm?/VS 600 700
UCRIT critical field for mobility

degradatiorfiMOS2only) V/cm 1.0E4 1.0E4
UEXP critical field exponenin

mobility degradatiorfMOS2only) - 0.0 0.1
UTRA transversdield coef(mobility)

(deletedfor MOS2) - 0.0 0.3
VMAX maximumdrift velocity of carriers M/S 0.0 5.0E4
NEFF totalchannelkharge(fixed and

mobile) coefficient(MOS2only) - 1.0 5.0
XQC thin-oxidecapacitancenodelflag

andcoefficientof channelcharge

shareattributedto drain (0-0.5) - 1.0 0.4
KF flicker noisecoefficient - 0.0 1.0E-26
AF flicker noiseexponent - 1.0 1.2
FC coefficientfor forward-bias

depletioncapacitancéormula - 0.5
DELTA width effecton thresholdvoltage

(MOS2andMOS3) - 0.0 1.0
THETA mobility modulation(MOS3only) 1/v 0.0 0.1
ETA staticfeedbackKMOS3only) - 0.0 1.0
KAPPA saturatiorfield factor (MOS3only) - 0.2 0.5
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8. SUBCIRCUITS

A subcircuitthat consistsof SPICEelementscanbe definedandreferencedn a
fashionsimilarto devicemodels. Thesubcircuitis definedin the input file by a
groupingof elemant lines; the programthen automaticallyinsertsthe group of
elementawvhereverhe subcircuitis referenced.Thereis no limit on the size or
complexity of subcircuits,and subcircuitsmay contain other subcircuits. An
exampleof subcircuitusagds givenin AppendixA.

8.1. .SUBCKT Line

Generaform:

.SUBCKT SUBNAMN1 <N2 N3 ...>
Examples:

.SUBCKT OPAMP1 2 3 4

A circuit definition is begunwith a .SUBCKT line. SUBNAM is the subcircuit
name,andN1, N2, ... arethe externalnodes,which cannotbe zero. The group of
elementlines which immediatelyfollow the .SUBCKT line definethe subcircuit.
Thelastline in asubcircuitdefinition is the .ENDSline (seebelow).

Controllinesmaynot appeamwvithin a subcircuitdefinition; however,subcircuit
definitions may contain anything else, including other subcircuitdefinitions,
devicemodels,and subcircuitcalls (seebelow). Note that any device modelsor
subcircuitdefinitionsincludedaspartof a subcircuitdefinition are strictly local
(i.e., such models and definitions are not known outside the subcircuit
definition). Also, any elementnodesnot included on the .SUBCKT line are
strictly local, with the exceptionof O (ground)which is alwaysglobal.

8.2. .ENDSLine

Generaform:
.ENDS <SUBNAM>
Examples:

.ENDS OPAMP

This line must be the last one for any subcircuit definition. The subcircuit
name,if included,indicateswhich subcircuitdefinition is being terminated;if

omitted, all subcircuitsbeingdefinedareterminated! The nameis neededonly
whennestedsubcircuitdefinitionsarebeingmade.

8.3. Subcircuit Calls
Generaform:

XYYYYYYYN1 <N2 N3 ..> SUBNAM
Examples:

X12 4 17 3 1 MULTI
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Subcircuitsareusedin SPICEby specifyingpseudo-elementseginningwith the
letter X, followed by the circuit nodesto beusedin expandinghe subcircuit.

O. CONTROL LINES

o.1. .TEMP Line

Generaform:

TEMP T1 <T2 <T3 ..>>
Examples:

.TEMP -55.0 25.0 125.0

This line specifiesthe temperaturesat which the circuit is to be simulated. T1,
T2, ... Are thedifferenttemperaturedn degree€. Temperatureessthan-223.0
degCareignored.

Model dataarespecifiedat TNOM degreeqseethe .OPTIONSIline for TNOM); if the
.TEMP line is omitted, the simulationwill also be performedat a temperature
equalto TNOM.

9.2. .WIDTH Line

Generaform:

WIDTH IN=COLNUMOUT=COLNUM
Examples:

WIDTH IN=72 0OUT=133

COLNUMSs the last columnreadfrom eachline of input; the setting takeseffect
with the nextline read. The defaultvaluefor COLNUMs 80. The out parameter
specifiesthe output print width. Permissiblevaluesfor the output print width
are80and133.

9.3. .OPTIONS Line

Generaform:

.OPTIONS OPT1 OPT2 ... (or OPT=OPTVAL..)
Examples:

.OPTIONS ACCT LIST NODE

This line allows the userto resetprogramcontrol and useroptions for specific
simulationpurposes.Any combinationof the following optionsmaybe included,
in anyorder. 'X' (below)representsomepositivenumber.

OptionEffect
ACCT causesaccountingandrun time statisticsto be printed
LIST causeshe summanisting of theinput datato be printed
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NOMOD
NOPAGE
NODE
OPTS
GMIN=x
RELTOL=x
ABSTOL=x
VNTOL=x

TRTOL=x

CHGTOL=x

PIVTOL=x

PIVREL=x

suppressethe printoutof the modelparameters.
suppressepageejects

causeghe printing of the nodetable.

causeghe optionvaluesto be printed.

resetsthe value of GMIN, the minimum conductanceallowed by the
program. Thedefaultvalueis 1.0E-12.

resetdhe relative error toleranceof the program. The defaultvalue
is 0.001(0.1 percent).

resetsthe absolutecurrent error toleranceof the program. The
defaultvalueis 1 picoamp.

resetsthe absolutevoltage error toleranceof the program. The
defaultvalueis 1 microvolt.

resetsthe transienterror tolerance. The defaultvalueis 7.0. This
parameteirs an estimateof the factor by which SPICE overestimates
the actualtruncationerror.

resetdhe chargetoleranceof the program. The defaultvalueis 1.0E-
14.

resetdhe absoluteaminimumvaluefor a matrix entryto be acceptedas
apivot. Thedefaultvalueis 1.0E413.

resetsthe relative ratio betweenthe largestcolumn entry and an
acceptablgivot value. The defaultvalueis 1.0E-3. In the numerical
pivoting algorithmthe allowedminimum pivot valueis determinedoy
EPSREL=AMAX1(PIVREL*MAXVAL,PIVTOL) where MAXVAL is the
maximum elementin the column where a pivot is sought (partial
pivoting).

NUMDGT=x resetsthe numberof significant digits printed for output variable

TNOM=x
ITL1=x
ITL2=x
ITL3=x
ITL4=x
ITL5=x

ITL6=X

CPTIME=x
LIMTIM=x

values X mustsatisfytherelation0<x <8. Thedefaultvalueis 4. Note:
this option is independenef the errortoleranceusedby SPICE(i.e., if
the valuesof optionsRELTOL, ABSTOL, etc.,are not changedhen one
maybe printing numericalnoise'for NUMDGT > 4.

resetdhe nominaltemperature Thedefaultvalueis 27C(300K).
resetdheDCiterationlimit. Thedefaultis 100.
resetdheDCtransfercurveiterationlimit. Thedefaultis 50.
resetdhelower transientanalysisiterationlimit. the defaultvalueis
4.

resetsthe transientanalysistimepoint iterationlimit. The defaultis
10.

resetsthe transientanalysistotal iteration limit. the defaultis 5000.
SetITL5=0 to omit this test.

resetsthe DC iteration limit at each step of the source stepping
method. Thedefaultis O which meanahotto usethis method.

the maximumcpu-timein secondsallowedfor this job.

resetdhe amountof cputime reservedoy SPICEfor generatingplots
shoulda cpu time-limit causegjob termination. The defaultvalue is 2
(seconds).
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LIMPTS=x resetghetotal numberof pointsthatcanbe printedor plottedin a dc,
ac,or transientanalysis. Thedefaultvalueis 201.

LVLCOD=x if x is 2 (two), then machinecode for the matrix solution will be
generated. Otherwise,no machinecode is generated. The default
valueis 2. Appliesonly to CDCcomputers.

LVLTIM=x - if x is 1 (one),the iterationtimestepcontrolis used.if x is 2 (two),
the truncation-errortimestepis used. The default value is 2. If
method=GeaandMAXORD>2 thenLVLTIM is setto 2 by SPICE.

METHOD=name - setsthe numericalintegrationmethodusedby SPICE. Possible
namesareGearor trapezoidal.The defaultis trapezoidal.

MAXORD=x sets the maximum order for the integration method if Gear's
variable-ordemethodis used. X mustbe betweer? and6. The default
valueis 2.

DEFL=x resets the value for MOS channel length; the default is 100.0
micrometer.

DEFW=x resets the value for MOS channel width; the default is 100.0
micrometer.

DEFAD=x resetdhevaluefor MOS draindiffusion area;the defaultis 0.0.

DEFAS=x resetdghevaluefor MOS sourcediffusion area;the defaultis 0.0.
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9.4. .OP Line

Generaform:
.OP

The inclusionof this line in an input file will force SPICEto determinethe DC

operatingpoint of the circuit with inductors shortedand capacitorsopened.
Note: a DC analysisis automaticallyperformedprior to a transientanalysisto

determinethe transientinitial conditions, and prior to an AC small-signal
analysisto determinehelinearized small-sgnal modelsfor nonlineardevices.

SPICEperformsaDC operatingpoint analysisif no otheranalysesrerequested.

9.5. .DC Line

Generaform:

.DC SRCNAMVSTART VSTOP VINCR [SRC2 START2 STOP2 INCRZ2]
Examples:

.DC VIN 0.25 5.0 0.25

.DC VDS0O 10 .5 VGS0 51

.DC VCEO 10 .25 1B 0 10U 1U

This line definesthe DC transfercurve sourceand sweeplimits. SRCNAMs the
nameof anindependentoltageor currentsource. VSTART VSTORP andVINCR are
the starting,final, andincrementingvaluesrespectively.The first examplewill
causdahevalueof thevoltagesourceVIN to be sweptfrom 0.25Volts to 5.0 Volts
in incrementof 0.25Volts. A secondsource(SRC2)may optionally be specified
with associatedweepparameters.In this case,the first sourcewill be swept
overits rangefor eachvalueof the secondsource. This option can be useful for
obtainingsemiconductodeviceoutputcharacteristics.Seethe secondexample
datafile in thatsectionof the guide.

9.6. .NODESET Line

Generaform:

NODESETV(NODNW)=VAL V(NODNUM)=VAL...
Example:

NODESETV(12)=4.5 V(4)=2.23

Thisline helpsthe programfind theDC or initial transientsolutionby makinga
preliminary passwith the specified nodesheld to the given voltages. The
restrictionis thenreleasedandthe iteration continuesto the true solution. The
.NODESETIline maybe necessaryor convergencen bistableor astablecircuits.

In generalthisline shouldnotbe necessary.
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9.7. .IC Line

Generaform:

IC V(NODNUM)=VALV(NODNUM)=VAL...
Example:

AC V(11)=5 V(@4)=-5 V(2)=2.2

This line is for setting transient initial conditions. It has two different
interpretationsdependingon whetherthe UIC parameteris specified on the
.TRAN line. Also, oneshouldnot confusethis line with the .NODESET line. The
.NODESET line is only to help DC convergenceand does not affect final bias
solution (exceptfor multi-stablecircuits). The two interpretationsof this line
areasfollows: 1. Whenthe UIC parameteis specifiedon the .TRAN line, then
the node voltagesspecifiedon the .IC line are usedto computethe capacitor,
diode,BJT,JFET,andMOSFETIinitial conditions.

This is equivalentto specifyingthe IC=... parameteion eachdeviceline, but is
much more convenient. The IC=...parametecan still be specifiedand will take
precedencever the .IC values. Since no DC bias (initial transient)solution is
computedbefore the transientanalysis,one shouldtake careto specify all DC
sourcevoltageson the .IC line if they are to be usedto computedeviceinitial
conditions.

2. Whenthe UIC parameters not specifiedon the . TRAN line, the DC bias (initial

transient)solutionwill be computedbeforethe transientanalysis. In this case,
the nodevoltagesspecifiedon the .IC line will be forcedto the desiredinitial

valuesduring the bias solution. During transientanalysis,the constrainton
thesenodevoltagess removed.

O.8. .TF Line

Generaform:
.TF  OUTVARINSRC
Examples:

.TF V(5,3) VIN
.TF I(VLOAD) VIN

This line definesthe small-signaloutput and input for the DC small signal
analysis.OUTVARs the small-signalutputvariableandINSRC is the small-signal
input source. If this line is included, SPICEwill computethe DC small-signal
value of the transfer function (output/input), input resistance,and output
resistance Forthefirst example SPICEwould computethe ratio of V(5,3) to VIN,
the small-signalinput resistancet VIN, andthe small-signaloutput resistance
measureccrossodess and3.

9.9. .SENSLine
Generalform:
SENS 0OV1<OV2 .. >
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Examples:
.SENS V(9) V(@4,3) V(@A7) I(VCQC)

If a.SENSIline is includedin the input file, SPICEwill determinethe DC small-
signal sensitivities of each specified output variable with respectto every
circuit parameter. Note: for large circuits, large amountsof output can be
generated.

9.10. .AC Line

Generaforms:

.AC DEC ND FSTART FSTOP
AC OCT NO FSTART FSTOP
AC LIN NP FSTART FSTOP
Examples:

AC DEC10 1 10K

.AC DEC 10 1K 100MEG
AAC LIN 100 1 100HZ

DECstanddor decadevariation,andND is the numberof points per decade.OCT
standsfor octavevariation, and NO is the number of points per octave. LIN

standsfor linear variation, and NP is the numberof points. FSTART is the
startingfrequencyandFSTOPis the final frequency. If this line is includedin

the file, SPICE will perform an AC analysisof the circuit over the specified
frequencyrange. Note thatin orderfor this analysisto be meaningful,at least
oneindependensourcemusthavebeenspecifiedwith anAC value.

9.11. .DISTO Line

Generaform:

DISTO RLOAD<INTER <SKW2 <REFPWR<SPW2>>>>
Examples:

DISTO RL 2 0.95 1.0E-3 0.75

This line controlswhetherSPICEwill computethe distortion characteristicof
the circuit in a small-signalmode as a part of the AC small-signalsinusoidal
steady-statanalysis. Theanalysiss performedassuminghat one or two signal
frequenciesareimposedattheinput; let the two frequenciede f1 (the nominal
analysis frequency) and f2 (=SKW2.f1). The program then computesthe
following distortionmeasures:

HD2 - the magnitudeof the frequencycomponent2.f1 assumingthat f2 is not
present.

HD3 - the magnitudeof the frequencycomponent3.fl1 assumingthat f2 is not
present.

SIM2 - the magnitudeof thefrequencycomponentl + 2.

DIM2 - the magnitudeof the frequencycomponentl - f2.
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DIM3 - the magnitudeof the frequencycomponeng.fl - f2.

RLOAD is the nameof the outputload resistorinto which all distortion power
productsare to be computed. INTER is the interval at which the summary
printoutof the contributionsof all nonlineardevicesto the total distortionis to
beprinted. If omittedor setto zero,no summaryprintoutwill bemade.

REFPWRIs thereferencepowerlevel usedin computingthe distor-tion products;
if omitted,avalueof 1 mW (thatis, dbm)is used. SKW2 is the ratio of f2 to f1. If
omitted,a value of 0.9is used(i.e., f2 =0.9.f1). SPW2is the amplitudeof f2. If
omitted,avalueof 1.0is assumed.

The distortionmeasuresiD2, HD3, SIM2, DIM2, and DIM3 may alsobe be printed
and/orplotted(seethe descriptiornof the .PRINT and.PLOTIlines).

9.12. .NOISE Line

Generaform:

.NOISE OUTV INSRC NUMS
Examples:

.NOISE V(5) VIN 10

This line controls the noise analysisof the circuit. The noise analysisis
performedn conjunctionwith the AC analysis(see.AC line). OUTV is an output
voltagewhich definesthe summingpoint. INSRCis the nameof the independent
voltage or currentsourcewhich is the noise input reference. NUMS is the
summary interval. SPICE will compute the equivalent output noise at the
specifiedoutputaswell asthe equivalentinput noiseat the specifiedinput. In
addition, the contributions of every noise generatorin the circuit will be
printed at every NUMS frequencypoints (the summaryinterval). If NUMS is
zero,no summaryprintoutwill be made.

The output noise and the equivalentinput noise may also be printed and/or
plotted(seethe descriptiornof the .PRINT andPLOTIlines).

9.13. .TRAN Line

Generaform:

.TRAN TSTEP TSTOP <TSTART <TMAX>> <UIC>
Examples:

.TRAN 1NS 100NS

.TRAN 1NS 1000NS 500NS

.TRAN 10NS 1US UIC

TSTEPIs the printing or plotting incrementfor line-printeroutput. Forusewith
the post-processorTfSTEP is the suggestedcomputingincrement. TSTOP is the
final time, andTSTARTIis theinitial time. If TSTARTis omitted,it is assumedo be
zero.
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Thetransientanalysisalwaysbeginsattime zero. In theinterval <zero, TSTART>,
thecircuit is analysedto reacha steadystate) but no outputsare stored. In the
interval <TSTART, TSTOP>the circuit is analysedand outputsare stored. TMAX is
the maximum stepsizethat SPICE will use (for default, the program chooses
eitherTSTEPor (TSTOP-TSTART)/50.0ywvhicheveris smaller. TMAX is usefulwhen
onewishesto guarantea computingintervalwhich is smallerthanthe printer
increment,TSTEP.

UIC (useinitial conditions)is an optionalkeywordwhich indicatesthat the user
doesnotwantSPICEto solvefor the quiescenbperatingpooint before beginning
the transientanalysis. If this keyword is specified, SPICE usesthe values
specifiedusingIC=... on the various elementsas the initial transientcondition
andproceedsvith theanalysis.If the .IC line hasbeenspecified,thenthe node
voltagesonthe.IC line areusedto computetheinitial conditionsfor thedevices.

Look at the descriptionon the .IC line for its interpretationwhen UIC is not
specified.

9.14. .FOUR Line

Generaform:

.FOUR FREQ OV1 <OV2 0OV3 ...>
Examples:

.FOUR 100K V(5)

This line controlswhetherSPICE performsa Fouria analysisas a part of the

transientanalysis. FREQ is the fundamentalfrequency,and OV1, ..., are the

output variablesfor which the analysisis desired. The Fourier analysisis

performedovertheinterval <TSTOP-periodTSTOP>whereTSTOPIis the final time

specifiedfor thetransientanalysisand periodis one period of the fundamental
frequency. The DC componentand the first nine componentsare determined.
For maximumaccuracy,TMAX (seethe .TRAN line) shouldbe setto period/100.0
(or lessfor very high-Qcircuits).

9.15. .PRINT Lines

Generaform:

.PRINT PRTYPEOV1 <OV2 .. 0V8>
Examples:

.PRINT TRANV(4) [(VIN)

.PRINT AC VM(4,2) VR(7) VP(8,3)

PRINT DCV(2) I(VSRC) V(23,17)

.PRINT NOISE INOISE

.PRINT DISTO HD3 SIM2(DB)

This line defines the contentsof a tabular listing of one to eight output

variables.PRTYPEis thetype of the analysis(DC, AC, TRAN, NOISE, or DISTO) for
which the specifiedoutputsare desired.The form for voltageor currentoutput
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variabless asfollows: V(N1<,N2>) specfies the voltagedifferencebetweennodes
N1 andN2. If N2 (andthe precedingcomma)is omitted,ground(0) is assumed.
For the AC analysis,five additional outputscan be accessedy replacingthe
letterV by: VR realpartVI - imaginarypartVM - magnitudeVP - phaseVvDB -
20.logl0(magnitude I[([VXXXXXXX) specifies the current flowing in the
independentwoltage sourcenamedVXXXXXXX. Positive currentflows from the
positivenode,throughthe source to the negativenode. For the AC analysis.the
correspondingeplacementdor the letter | may be madein the sameway as
describedor voltageoutputs.

Outputvariablesfor the noiseanddistortion analyseshave a different general
form from that of the other analyses,.e. OV<(X)> where OV is any of ONOISE
(outputnoise),INOISE (equivalentinput noise),D2, HD3, SIM2, DIM2, or DIM3 (see
descriptionof distortion analysis),and X may be any of: R - real part | -
imaginarypart M - magnitude(defaultif nothing specified)P - phaseDB -
20.logl10(magnitudedhus, SIM2 (or SIM2(M)) describesthe magnitudeof the
SIM2 distortion measure,while HD2(R) describesthe real part of the HD2
distortionmeasure.

Thereis no limit onthenumberof .PRINT linesfor eachtype of analysis.

9.16. .PLOT Lines

Generaform:

.PLOT PLTYPE OV1 <(PLO1,PHI1)> <OV2 <(PLO2,PHI2)> .. O0OV8>
Examples:

.PLOT DC V@) V() V@)

.PLOT TRANV(17,5) (2,5 I(VIN) VvV@A7) (1,9

.PLOT AC VM(5) VM(31,24) VDB(5) VP(5)

.PLOT DISTO HD2 HD3(R) SIM2

.PLOT TRANV(5,3) V(@) (0,5 V(7) (0,10)

This line definesthe contentsof one plot of from oneto eight outputvariables.
PLTYPE is the type of analysis(DC, AC, TRAN, NOISE, or DISTO) for which the
specifiedoutputsare desired. The syntaxfor the OVi is identicalto that for the
PRINT line, describedabove.

The optional plot limits (PLO,PHI) may be specified after any of the output
variables.All outputvariablesto theleft of a pair of plot limits (PLO,PHI)will be
plotted using the samelower and upper plot bounds. If plot limits are not
specified, SPICEwill automaticallydeterminethe minimum and maximumvalues
of all outputvariablesbeingplottedandscalethe plot to fit. More thanone scale
will be usedif the outputvariablevalueswarrant(i.e., mixing output variables
with valueswhich areorders-of-magnituddifferentstill givesreadablelots).

Theoverlapof two or moretraceson any plot is indicatedby the letter X. When
more than one output variable appearson the sameplot, the first variable
specifiedwill be printed as well as plotted. If a printout of all variablesis
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desired,thena companionPRINT line shouldbe included. Thereis no limit on
the numberof .PLOTlines specifiedfor eachtype of analysis.
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10. APPENDIX A: EXAMPLE DATA FILES

10.1. Circuit 1

The following file determinedhe DC operatingpoint and small-signaltransfer
functionof asimpledifferential pair. In addition,the AC small-signalresponse
is computedverthe frequencyrangelHzto 100MEGHz.

SIMPLE DIFFERENTIAL PAIR
VCC7 0 12

VEE 8 0 -12

VIN 1 0 AC 1

RS11 2 1K

RS2 6 0 1K

Q13 2 4 MOD1

Q25 6 4 MOD1

RC17 3 10K

RC2 7 5 10K

RE 4 8 10K

.MODEL MOD1NPN BF=50 VAF=50 IS=1.E-12 RB=100 CJC=.5PF TF=.6NS
TF V() VIN

AAC DEC 10 1 100MEG
PLOT AC VM(5) VP(5)
PRINT AC VM(5) VP(5)
END

10.2. Circuit 2

The following file computeghe outputcharacteristic®f a MOSFET device over
therange0-10V for VDS andO-5V for VGS.

MOS OUTPUTCHARACTERISTICS

.OPTIONS NODENOPAGE

VDS 3 0

VGS2 0

M11 2 0 0 MOD1L=4U W=6U AD=10P AS=10P
.MODEL MOD1NMOSVTO=-2 NSUB=1.0E15 UO=550
* VIDS MEASURESD, WE COULDHAVE USED VDS, BUT ID WOULDBE NEGATIVE
VIDS 3 1

.DC VDS 0 10 .5 VGSO 5 1

PRINT DC I(VIDS)  V(2)

PLOT DC I(VIDS)

END

10.3. Circuit 3

The following file determinesthe DC transfer curve and the transientpulse
responsef a simpleRTL inverter. Theinputis a pulsefrom O to 5 Volts with
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delay,rise,andfall timesof 2nsanda pulsewidth of 30ns. Thetransientinterval
is O to 100ns,with printing to bedoneeverynanosecond.

SIMPLE RTL INVERTER
VCC4 0 5

VIN 1 0 PULSEO 5 2NS 2NS 2NS 30NS

RB 1 2 10K

Q1320 Q1

RC 3 4 1K

PLOT DC V(3)

PLOT TRANV(3) (0,5)

PRINT TRAN V(3)

.MODEL Q1 NPN BF 20 RB 100 TF .INS CJC 2PF
DC VIN 0 5 0.1

TRAN 1NS 100NS

.END

10.4. Circuit 4

Thefollowing file simulatesafour-bit binary adder,using severalsubcircuitsto
describevariouspiecesof the overall circuit.

ADDER- 4 BIT ALL-NAND-GATE BINARY ADDER
**  SUBCIRCUIT DEFINITIONS

.SUBCKT NAND1 2 3 4

* NODES: INPUT(2), OUTPUT, VCC
Q19 5 1 QMOD

D1CLAMPO 1 DMOD

Q29 5 2 QMOD

D2CLAMPO 2 DMOD

RB 4 5 4K

R1 4 6 16K

Q36 9 8 QMOD

R2 8 0 1K

RC 4 7 130

Q4 7 6 10 QMOD

DVBEDROPLO 3 DMOD

Q53 8 0 QMOD

.ENDS NAND

.SUBCKT ONEBIT 1 2 3 45 6

* NODES: INPUT(2), CARRY-IN, OUTPUT, CARRY-OUT, VCC
X112 7 6 NAND

X2 1 7 8 6 NAND

X3 2 7 9 6 NAND

X4 8 9 10 6 NAND

X5 3 10 11 6 NAND

X6 3 11 12 6 NAND

X7 10 11 13 6 NAND

X8 12 13 4 6 NAND

X9 11 7 5 6 NAND

.ENDS ONEBIT

.SUBCKT TWOBIT1 2 34567 89

* NODES: INPUT - BITO(2) [/ BIT1(2), OUTPUT- BITO / BIT1,
* CARRY-IN, CARRY-OUT, VCC
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X112 7510 9 ONEBIT
X2 3 410 6 8 9 ONEBIT

.ENDS TWOBIT
.SUBCKT FOURBIT1 2 34567 8 9 10 11 12 13 14 15

* NODES: INPUT - BITO(2) / BIT1(2) / BIT2(2) / BIT3(2),

* OUTPUT- BITO / BIT1 / BIT2 / BIT3, CARRY-IN, CARRY-OUT, VCC

X112349 10 13 16 15 TWOBIT

X256 7 811 12 16 14 15 TWOBIT

.ENDS FOURBIT

***  DEFINE NOMINAL CIRCUIT

.MODEL DMODD

.MODEL QMODNPN(BF=75 RB=100 CJE=1PF CJC=3PF)
VCC99 0 DC 5V

VINIA 1 0 PULSE(O 3 0 10NS 10NS 10NS 50NS)
VINIB 2 0 PULSE(O 3 O 10NS 10NS 20NS 100NS)
VIN2A 3 0 PULSE(0O 3 O 10NS 10NS 40NS 200NS)
VIN2B 4 0 PULSE(O 3 O 10NS 10NS 8O0NS 400NS)
VIN3A 5 0 PULSE(O 3 O 10NS 10NS 160NS 80ONS)
VIN3B 6 0 PULSE(O 3 O 10NS 10NS 320NS 1600NS)
VINAA 7 0 PULSE(O 3 O 10NS 10NS 640NS 3200NS)
VINAB 8 0 PULSE(0 3 0 10NS 10NS 1280NS 6400NS)

X11234567 8910 11 12 0 13 99 FOURBIT
RBITO 9 0 1K

RBIT1 10 0 1K

RBIT2 11 0 1K

RBIT3 12 0 1K

RCOUT13 0 1K

PLOT TRANV(1) V() V() V(@) V() V(6) V(7) V(8)
PLOT TRANV(9) V(10) V(11) V(12) V(13)

PRINT TRANV(1) V(2) V(3) V@) V() V(6) V(7) V(8)
PRINT TRAN V(9) V(10) V(11) V(12) V(13)

#+ (FOR THOSEWITH MONEY(AND MEMORY)TO BURN)
TRAN 1NS 6400NS

.OPTIONS ACCT LIST NODELIMPTS=6401

.END

10.5. Circuit 5

Thefollowing file simulatesatransmission-linenverter. Two transmission-line
elementsaarerequiredsincetwo propagatiormodesare excited. In the caseof a
coaxialline, thefirst line (T1) modelsthe inner conductorwith respectto the
shield, and the secondline (T2) modelsthe shield with respectto the outside

world.

TRANSMISSION-LINE INVERTER
V11 0 PULSE(O 1 0 0.1IN)
R11 2 50

X1 2 0 0 4 TLINE

R2 4 0 50

.SUBCKT TLINE 1 2 3 4

Tl 1 2 3 4 Z0=50 TD=1.5NS
T2 2 0 4 0 Z0=100 TD=1NS
.ENDS TLINE

.TRAN 0.1INS 20NS

.PLOT TRANV(2) V(4)

.END
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11. APPENDIX B: NONLINEAR DEPENDENT SOURCES

SPICEallows circuits to containdependensourcescharacterisedby any of the
four equations

i=f(v) v=Ff(V) i=f(i) v=F(i)

where the functions must be polynomials, and the arguments may be
multidimensional. The polynomial functions are specified by a set of
coefficientspO, p1, ..., pn. Both the numberof dimensionsand the numberof
coefficientsare arbitrary. The meaningof the coefficientsdependsupon the
dimensionof the polynomial,asshownin thefollowing

Examples:

Supposdhat the function i=f(v) is one-dimensiona(that is, a function of one
argument). Then the function value f(v) is determinedby the following
expressionn v:

pO + pl.v + p2% + p3.B3 + pd.# + p5.\VP + ..

Supposanow that the function is two-dimensionalwith argumentsva and vb,
i=f(va,vb). Thenthe function value f(va,vb) is determinedby the following
expression:

pO +
pl.va + p2.vb +
p3.v& + p4.va.vb + p5.vbh +
p6.va3 + p7.v&vb + p8.va.vB + po.vB + ..

Consider now the case of a three-dimensionalpolynomial function with
argumentsva, vb, andvc. Thenthe function value fv is determinedby the
following expression:

pO +
pl.va + p2.vb + p3.vc +
p4a.vé& + p5.va.vb + p6.va.vc + p7%b+ p8.vb.vc + p9.& +
pl0.va + pll.v&vb + pl2.v&vc + pl3.va.vB + pld.va.vb.vc + pl5.vac
+
pl6.vb® + pl7.vB.vc + pl8.vb.vé + pl9.vé +
p20.vet + ...

Note: if the polynomial is one-dimensionaland exactly one coefficient is
specifiedthen SPICEassumesdt to be pl (andpO = 0.0), in orderto facilitate the
input of linearcontrolledsources.
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For all four of the dependentsourcesdescribedbelow, the initial condition
parameteirs describedasoptional. If not specified,SPICEassumed the initial
condition for dependentsourcesis an initial 'guess'for the value of the
controlling variable. The programusesthis initial condition to obtain the DC
operating point of the circuit. After convergencehas been obtained, the
program continuesiterating to obtain the exact value for the controlling
variable. Hence,to reducethe computationakffort for the DC operatingpoint
(or if the polynomialspecifiesa strongnonlinearity),a valuefairly closeto the
actualcontrollingvariableshouldbe specifiedfor theinitial condition.

11.1. Voltage-Controlled Current Sources
Generaform:

GXXXXXXXN+ N- <POLY(ND)> NC1+ NC1- ... PO <P1 ..> <IC=.>
Examples:

Gl110530 01M
GR17 3 17 3 0 1M 1.5M IC=2V
GMLT23 17 POLY(2) 3512 0 1M 17M 35U IC=25, 13

N+ and N- are the positive and negativenodes,respectively. Current flow is
from the positivenode,throughthe source to the negativenode. POLY(ND) only
hasto be specifiedif the sourceis multi-dimensional(one-dimensionais the
default). If specified,ND is the numberof dimersions,which must be positive.
NC1+,NC1-,... Are the positiveandnegativecontrolling nodes,respectively. One
pair of nodesmustbe specifiedfor each dimension. PO, P1, P2, ..., Pn are the
polynomial coefficients. The (optional) initial conditionis the initial guessat
the value(s)of the controlling voltage(s). If not specified,0.0is assumed. The
polynomial specifies the source current as a function of the controlling
voltage(s). The secondexampleabovedescribesa currentsourcewith value | =
1E-3.V(17,3)+ 1.5E-3.V(17,3% notethatsincethe sourcenodesarethe sameasthe
controllingnodesthis sourceactuallymodelsa nonlinearresistor.

11.2. Voltage-Controlled VVoltage Sources
Generaform:

EXXXXXXXN+ N- <POLY(ND)> NCi1+ NC1- ... PO <P1 ..> <IC=.>
Examples:

E1 3 4 21 17 105 21 1.75
EX 17 0 POLY(3) 13 0 15 0 17 0 0 1 1 1 IC=15,2.0,17.35

N+ andN- arethe positive and negativenodes respectively. POLY(ND) only has
to be specified if the source is multi-dimensional (one-dimensinal is the
default). If specified,ND is the numberof dimensionswhich must be positive.
NC1+,NC1-,... arethe positive and negativecontrolling nodes,respectively. One
pair of nodesmustbe specifiedfor eachdimension.
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PO,P1,P2,...,Pnarethe polynomialcoefficients. The (optional) initial condition
is theinitial guessatthevalue(s)of the controlling voltage(s). If not specified,
0.0is assumed.

The polynomial specifiesthe sourcevoltage as a function of the controlling
voltage(s). Thesecondxampleabovedescribes voltagesourcewith value

V =V(13,0) + V(15,0) + V(17,0)

(in otherwords,anidealvoltagesummer).

11.3. Current-Controlled Current Sources
Generalform:

FXXXXXXXN+ N- <POLY(ND)> VN1 <VN2 ..> PO <P1 ..> <IC=..>
Examples:

F1 12 10 VCC 1MA 1.3M
FXFER 13 20 VSENSO 1

N+ and N- are the positive and negativenodes,respectively. Current flow is
from the positivenode,throughthe source to the negativenode. POLY(ND) only
hasto be specifiedif the sourceis multi-dimersional (one-dimensionais the
default). If specified,ND is the numberof dimensionswhich must be positive.
VN1, VN2, ... arethe namesof voltage sourcesthrough which the controlling
currentflows; onenamemustbe specifiedfor eachdimension.

The direction of positive controlling current flow is from the positive node,
throughthe source to the negativenodeof eachvoltagesource. PO, P1, P2, ...,
Pnarethe polynomialcoefficients. The (optional) initial conditionis the initial

guessat the value(s)of the controlling current(s)(in Amps). If not specified,
0.0is assumed.The polynomial specifiesthe sourcecurrentas a function of the
controllingcurrent(s). Thefirst exampleabovedescribesa currentsourcewith

value

| = 1E-3 + 1.3E-3.I1(VCC)

11.4. Current-Controlled Voltage Sources
Generaform:

HXXXXXXXN+ N- <POLY(ND)> VN1 <VN2 ..> PO <P1 ..> <IC=..>
Examples:

HXY 13 20 POLY(2) VIN1 VIN2 0 0 0 0 1 IC=05 13
HR4 17 VX0 0 1

N+ andN- arethe positive and negativenodes,respectivle/. POLY(ND) only has
to be specified if the sourceis multi- dimensional (one-dimensionals the
default). If specified,ND is the numberof dimensionswhich must be positive.
VN1, VN2, ... are the namesof voltage sourcesthrough which the controlling
currentflows; onenamemustbe specifiedfor eachdimension.
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The direction of positive controlling current flow is from the positive node,
throughthe source to the negativenodeof eachvoltagesource. PO, P1, P2, ...,
Pnarethe polynomialcoefficients. The (optional)initial conditionis the initial

guessat the value(s)of the controlling current(s)(in Amps). If not specified,
0.0is assumed.The polynomial specifiesthe sourcevoltageas a function of the
controllingcurrent(s). The first exampleabovedescribes voltagesourcewith

value

V = I(VINL).I(VIN2)
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12. APPENDIX C: BIPOLAR MODEL EQUATIONS

(Gmin termsomitted)

Acknowledgment:This sectionhasbeencontributedby Bill Bidermannat HP
labs.

12.1 D.C. MODEL
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componentsiueto recombinationin the BE andBC spacechargeregionsat low
injection.

Rb-Rpbm

If 1p notspecified:Rpp'=Rpm + 08

. tan(Z2)-Z
If Ip specified: Rpb'=3(Rp-Rpm) ﬁtaan + Rpm
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NOTE: I vp is the currentwherethe baseresistancdalls halfway to its minimum
value. VgfandV g are forward andreverseEarly voltagesrespectively. I kf and
lkr determinehe high currentbetarolloff with I¢c. Igg Isg Ne and N determine
thelow currentbetarolloff with Ic.

12.2 A.C. MODEL
d -Mie
e = guoo(TH —(exp<T) 1)) + Ge( 1— j
Wh Teg = Tg ( 1+ XTF i Vbe
ere: = + expf
= Tf ( (e 1e0)2 p\1_44vtf))
qVp'e'
I = Ig( exp(NfT) -1)
Cb1= G (1-XCJIC)
Cp2= Cpc. XCIC
qls ,CIV -M;
Coc= TrN KT exp )+CJC(1' le
Css=Gs (1— “Mis
NOTE: all junction capacitancesf theform:
V -
Co- (1)
revertto theform:
Co M(V-2.Fc)

— . (1 +
M a(1-
(1-Fo) (1-F
when V > Fea.( ForCggassumeéC=0)
12.3 NOISE MODEL

2 _ 4KT Delta f
Irpp™ = —rbe

5 A4KT Delta f
Ires = ———
e

42



AF
2 _ AKT Delta f KF.lp

Ire 2reb f

Delta f

Note: Thefirst termis shotnoiseandthe secondermis flicker noise.

Icn2 = 2qlDelta f

Note: Thisis shotnoise.

12.4 TEMPERATURE EFFECTS

All junctionshavedependenceisienticalto the diode modelbut all N factorsare
considerectquall.

XTB

Bf andBy go as ( ) whenNF=1.

Tnom

Thisis donethroughappropriatechangesn Bf , By andlgg |sc accordingto the
following equationgespectively:

Bf' (or By’) = Br (or Br)-(#n)XTB

T (XTI-XTB qEG (T-Thom)
Ise'(or Isc) = Ise (Or IsQ '(Tnom)( ) - exp

L NkTTnom
12.5 EXCESSPHASE

Thisis adelay(linearphase)n the gm generatoiin AC analysis. It is alsoused
in transientanalysisusing a Besselpolynomial approximation. Excessphase,
PTF,is specifiedasthe numberof extradegree®f phaseatthe frequency

1
= >mTE Hertz

13. APPENDIX D: ALTER STATEMENT AND THE SOURCE-STEPPING
METHOD

The ALTER statemenallows SPICEto run with alteredcircuit parameters.
Generaform:

ALTER ELEMENT

lines (DEVICE LINES, MODELLINES)

ALTER (or .END) LINE

Examples:

R11 0 5K

VCC3 0 10

M13 2 0 MOD1L=5U W=2U
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.MODEL MOD1NMOS(VTO=1.0 KP=2.0E-5 PHI=0.6 NSUB=2.0E15 TOX=0.1U)
ALTER

R11 0 3.5K

VCC3 0 12

M13 2 0 MOD1L=10U W=2U

.MODEL MOD1NMOS(VTO=1.2 KP=2.0E-5 PHI=0.6 NSUB=5.0E15 TOX=1.5U)
ALTER

M13 2 0 MOD1L=10U W=4U

.END

This line introducesthe element(s) device(s)and model(s) whose parameters
arechangedduringthe executiorof theinputfile. Theanalysespecifiedin the
file will startoveragainwith the changedgarametersThe ALTER line with the
lines defining the new parametershould be placedjust beforethe .END line.
The syntaxfor the element(device,model) lines is identicalto that of the lines
with the original parameters.

Thereis no limit on the numberof .ALTER lines ard the circuit will be re-
analyzedas many times as the numberof .ALTER lines. SubsequeniALTER
operationsmployparametersf the previouschange.No topologicalchangeof
thecircuit is allowed.

Thesource-steppinghethodcan enhancedC convergencebut it is slowerthan
directuseof the Newton-Raphsomethod.

Thereforeit is best used as an alternative to achieve convergenceof DC
operating point when the circuit fails to convergeby using the Newton-
Raphsonmethod. The source-steppingnethod is usa by SPICE when the
variablelTL6 in the .OPTIONSIine is setto the iterationlimit at eachstepof the
source(s).

Forexample;

OPTIONSITL6=30 will causeSPICEto use source-steppingnethodwith iteration
limit 30 at eachstep. By default, ITL6 is 0 which meansto use the Newton-
Raphsommethoddirectly.
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