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1 About This Document

This documenthasbeenpreparedwithout the help of any proprietarysoftware productsusing the
following:

� SlackwareLinux Version10.

� LYX DocumentProcessorVer. 1.3.4with LATEX typesettingprogram.

� DocumentClass:Article (Komascript)

� XFig Ver. 3.2.4

For thelatestversionof thisdocumentcontactlifelektronix@yahoo.co.in

2 What is SPICE?

ThewordSPICEis anacronym whichstandsfor

SimulationProgramwith IntegratedCircuit Emphasis

UsingSPICEwe canpredetermineon a computer, the responseof a circuit andtherebyevaluateits
working. This is faster, safer, economicalandhassle-freeway of testinga circuit beforebuilding
a prototype.Many hardwaremanufacturingindustriesregularly useSPICEfor designof electronic
circuits.

3 What is EDA?

EDA standsfor ElectronicDesignAutomation.EDA toolsaresoftwareusingwhich wecannotonly
simulateelectroniccircuits,but alsodesigntheprintedcircuit board(PCB)of thecircuit. SPICEis
an importantcomponentof all EDA tools availablenow. In additionto SPICE,all EDA tools have
programsfor preparingcircuit schematic,PCB drawing, andoptimal layout of componentson the
PCB.AdvancedEDA tools comewith higherlevel hardwaredescriptionlanguageslike VHDL for
designingevenintegratedcircuits.

4 Brief Histor y of SPICE

� In early 1970s,University of California, Bekeley, developedthe �rst circuit simulatorcalled
CANCER.

� In mid-1970sUniversity of California, Berkeley, developedthe �rst versionof SPICEcalled
SPICE2.This wasderivedfrom CANCER.

� SPICE3wasdevelopedfrom SPICE2.It hasslightdifferencescomparedto thelatter.

The SPICEdevelopedby University of California,wasableto run only on main framecomputers.
Many commercialcompanies,broughtout modi�ed versionsSPICEwhich couldalsorun on a PC.
Mostof thepresentdaySPICEsoftware,includingcommercialones,arebasedontheoriginalSPICE
developedby University of California. So, they have almostsimilar syntaxwith minor variations.
Most commercialversionsof SPICEhave user-friendly graphicaluserinterface.
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5 Some Commer cial Versions of SPICE

Youcansearchfor SPICErelatedinformationontheinternetby usingthesearchstringEDA + SPICE.
Therearenow many commercialversionsof SPICEsuppliedby variouscompanies.Someof them
arelistedbelow (this is notanexhaustive list)

� PCVersions

– PSPICE– suppliedby OrCAD.

– IS-SPICE– suppliedby IntuSoft.

– Z-SPICE— suppliedby Z-Tech.

– MultiSym – suppliedby ElectronicWork Bench(www.interactiv.co m)

� Mainframeversions

– HSPICE— suppliedby Meta-Software.Thisis designedfor integratedcircuit designwith
specialdevice models.

– RAD-SPICE— suppliedby Meta-Software. This is for simulatingcircuits subjectedto
ionizing radiation.

– IG-SPICE– suppliedby A. B. Associates.

– Cadence-SPICE— suppliedby CadenceDesign

– SPICE-Plus— suppliedby Valid Logic

6 What is SPICE OPUS ?

SPICEOPUSis a circuit simulatoravailablein two versions:(i) SPICEOPUSLite; and(ii) SPICE
OPUSPro. It is a recompilationof theoriginal Berkeley's sourcecodefor Windows 95/98/NTand
Linux operatingsystemswith GeorgiaTechResearchInstitute's XSPICEmixed-modesimulator. You
cansimulateanalog,digital, andanalog+digitalcircuitsusingSPICEOPUS.This programis being
developedby Facultyof ElectricalEngineering,Universityof Ljubljana,Slovenia.SPICEOPUSLite
is freeversionwhich is availablefor downloadingat http://fides.fe.un i- lj. si/ spi ce . Thelite
versionhasno optimizationtool, a limited circuit sizeof 100 nodes,andno usersupport. Except
this, both lite andpro versionsarefunctionally identical. TheSPICEOPUSPro which comeswith
optimizationtool is acommercialversionsupportedby SimShelfInternational(www.simshelf.com ).
This versionhasno limitations like the lite version. The simulatorcomeswith an interpretedpro-
gramminglanguagecalledNutmeg, whichallows interactive SPICEsessions.

7 Types of Simulation Studies

Thefollowing typesof studiescanbeconductedon agivenanalogcircuit usingSPICEOPUS:

� D.C.Analysis— Determinationof steady-stateresponseof thecircuit whentime-invariantD.C.
sourcesareapplied.Thiscanbedoneusingop command.

� D.C. SweepAnalysis— Determinationof responseof thecircuit whenexcitation,or any other
componentis variedover a range.This canbedoneusingdc command.
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� A.C. Analysis(FrequencyDomainAnalysis)— Determinationof steady-stateresponseof the
circuit whensinusoidalexcitation is appliedmine the frequency responseof the circuit. The
frequency of excitationcanbevariedto determinethe frequency responseof thecircuit. This
requiresac commandandac speci�cationin at leastoneof thesourcesin thecircuit.

� T.F. Analysis— Determinationof small-signaltransferfunction with small-signalgain, input
impedance,outputimpedance.This canbedoneusingtf command.

� TransientAnalysis(Time DomainAnalysis)— Determinationof variationof responseof the
circuit with respectto time. Thisbedoneusingtran command.

Apartfrom thebasicanalysesmentionedabove,wecanalsoconductthefollowing advancedanalyses:

� SensitivityAnalysis— This canbedoneusing.SENS command.

� DistortionAnalysis– Thiscanbedoneusing.DISTO command.

� NoiseAnalysis— Thiscanbedoneusing.NOISE command.

� Pole-Zero Analysis— Thiscanbedoneusing.PZ command.

However, thesearenot requiredin an introductorycourseon circuit simulationandhencethey have
notbeenusedin theintroductorysimulationexamplesgivenfurtherbelow.

SpiceOpuscomeswith digital codemodels.Thesemodelscanbeusedto simulatedigital circuits.
But on digital circuitswe canconductonly op andtran analyses.

8 Star ting and Quitting Spice Opus

Click on theSpice Opus link availableon thedesktop(If link is notavailable,then,askyourSystem
Administrator). Spice Opus CommandWindow openswith promptas shown in Figure 1. Now,
Spice Opus is readyto executecommands.To quit, type quit andpressEnter or closethe Spice
Opus window.

9 List of Code Models Availab le

Wecangeta list of all codemodelsavailablein SpiceOpusby typing:

siminfo all<Enter>

atSpiceOpusprompt.

10 Procedure for Simulation

Givenacircuit, we shouldfollow theproceduregivenbelow to conductsimulation:

c
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Figure1: SpiceOpusCommandWindow

� Describethecircuit connectionseitherin a *.cir text �le or graphicallyby usinga schematic
program.SPICEOPUSdoesnot have a built-in schematicprogram.However, we canusean
externalschematicprogramcalledEAGLE to preparethecircuit schematic.But for a novice
it is easierto usethetext �le. Usinga text �le alsohelpsin betterunderstandingof thebasics
of circuit simulation.Sowe will use*.cir to describethecircuit. Interestedstudentscantry
EAGLE.

� Specifythetypeof simulationstudiesto beconducted(SeeSection7 above). If text �le is used,
wecanspecifythecommandsfor simulationwithin thetext �le it self.

� Startsimulationby loadingthecircuit �le into SPICEprogram.

� Print or plot thedesiredresults.Commandsfor this maybeincludedin thecircuit �le it self.

11 Using On-line Help

WhenSpiceOpuswindow is open,at Spice Opus prompt,type help andpressEnter to openon-
line help. Then,you will seea list of sub-topicsasshown in Figure2. Typetheserialnumberof the
sub-topicyou wantto openandpressEnter . To quit helptypeq andpressEnter or repeatedlypress
Enter until youcomebackto Spice Opus prompt.
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Figure2: SpiceOpussub-topicsin on-linehelp.

12 Circuit File Format in Spice Opus

Thecircuit �le containscircuit connectiondetailsandoptionallycommandsfor conductingsimulation
andfor outputtingresults.It is anASCII text �le createdusingany text editor. If you usea formating
word processorsuchasMicrosoft Word to createthe circuit �le, rememberto save the �le without
any formatingasan ASCII text �le. It is betterto avoid usingword processorsto createa circuit
�le. Instead,useanASCII text editor. In Linux environmentEmacs,Vi, GEdit, Kedit, Kwrite, Pico
etc. aresomeof the populartext editors. In Windows environment,you may useNotepad,Norton
Editor, TextPadetc. But rememberto save the �le as.cir �le. Thecircuit �le outline is asshown
in Figure3. The�rst line of thecircuit �le is reservedfor title. You maygive any title for thecircuit
you aresimulating.Commandsfor simulationandoutputtingresultsmustbegivenusingonly lower
caselettersandwithout a . (dot) in thebeginningbetween.control and.endc . Thelastline of the
circuit �le mustbe.end . To avoidconfusion,it is betterto useonly lowercaseletters throughout.

If you do notwrite commandsfor conductingsimulationandoutputtingresultsin your circuit �le,
then,you have to give thesecommandsinteractively at Spice Opus promptafter the circuit �le is
loadedinto SpiceOpus.

13 Scale Factor s used in SPICE

Table1 shows scalefactorsusedin SPICEwhile indicatingvaluesof parametersof circuit compo-
nents.
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Circuit description.
Upper or lower case letters.

Title of the circuit. First line

.control

Commands for simulation

Control block starts here.

.end Last line.

.endc Control block ends here.

in only lower case letters.
and outputing results

Figure3: Circuit �le format.

ScaleFactor Letter Value

Terra T 1012

Giga G 109

Mega Meg 106

Kilo K 103

Mills mil 25:4� 6

Milli m 10� 3

Micro u (or M) 10� 6

Nano n 10� 9

Pico p 10� 12

Femto f 10� 15

Table1: ScalefactorsusedSPICE.
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14 Comments in Circuit File

Any line in thecircuit �le thatbeginswith a * is treatedasa commentby theSPICEprogram.In the
programsgiven in the following pages,detailedcommentshave beengiven to explain theprogram.
Go throughthesecommentscarefully. Title of thecircuit neednotbegin with a * .

15 How to Load Circuit File into Spice Opus?

StartSpiceOpus.Goto thedirectoryin whichthecircuit �le is storedusingcd path_to_directory
command.For example,if your circuit �le is storedin /home/anand/spice lab , then,you type

cd /home/anand/spicel ab <Enter>

Thentypesource filename.cir at Spice Opus promptandpressEnter .

16 Impor tant Conditions to be Ensured

Thefollowing conditionsshouldbeensuredwhile simulatingacircuit usingSPICE:

� Thegroundor datumnodeof thecircuit shouldbegivennumber0 andnot lettero or O.

� Othernodesmustbegivennamescontainingany arbitrarycharacterstrings.

� Thecircuit to besimulatedcannotcontainaloopof voltagesourcesand/orinductorsandcannot
containacut setof currentsourcesand/orcapacitors.

� Eachnodein the circuit musthave a D.C. pathto ground. So, therecannotbe any dangling
nodes.

� Everynodemusthaveatleasttwo connectionsexceptfor transmissionline nodesandMOSFET
substratenodes.

� Whenyouconductfrequency domainanalysisusingac command,at leastoneof thesourcesin
thecircuit �le musthave ac valuesspeci�ed.Thiswill beexplainedlaterin moredetail.

� Whenyou conducttime domainanalysisusingtran command,at leastoneof the sourcesin
thecircuit �le musthave timedomainspeci�cations.Thiswill beexplainedlaterin moredetail.

� A resistancecannothave zerovaluebecausethiscausesdivide by zeroerror.

If yougeterrormessageswhile runningsimulationcheckwhetheryouareviolatingany of thecondi-
tionsgivenabove.

17 Intr oductor y Simulation Examples

The codesgiven below show examplesof simulationof differenttypesof circuits. Theseexamples
aregiven to introducea novice to circuit simulation.You mustgo throughtheseprogramscarefully
andunderstandthe statements.Extensive commentshave beenprovided to explain the statements.
You musttry to simulatenew circuitsotherthanwhat is given in theseexamplesto mastertheart of
simulation.
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Figure4: Circuit for Problem-1.
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Figure5: Circuit for Problem-1redrawn with dummysourcesin eachbranch.

17.1 Veri�cation of Kir chhoff 's Laws

PROBLEM-1: In the network shown in Figure 4 determinethe voltageVa andcurrent
deliveredby thecontrolledsource.Also prove Kirchhoff 's VoltageLaw andKirchhoff 's
CurrentLaw. (This is Problem2-13,pageno. 84, takenfrom, A. E. Fitzgerald,David E.
Higginbotham,andArvin Grabel,“BasicElectricalEngineering”,ISBN 0- 07-021152-3,
FourthEdition,1975,McGraw-Hill KogakushaLtd.)

This exampleis meantfor novice usersof SpiceOpusto help thembecomefamiliar with steady-
stateanalysisof a network excitedby D.C. sources.Givena circuit, �rst mark thedatumnodewith
number0 andothernodeswith eithernumbersor alpha-numericlabels. In SPICE,we usedummy
voltagesource— avoltagesourceof zerovalue— asanammeterto measurecurrent.Figure5 shows
thecircuit of Figure4 redrawn for simulation.Observe how dummyvoltagesourceis introducedin
eachbranchto measurebranchcurrent. SpiceOpusalwayscalculatescurrententeringthe positive
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terminalof a voltagesource.Dummyvoltagesourcepolarity is decidedon this basis.Thecircuit �le
to simulatethecircuit shown in Figure5 is givenbelow.

KIRCHHOFF'S LAWS

* The above line is the title.

* This is how a dc current source is represented:
* i??????? fromnode tonode dc value.
* Here ??????? can be any alphabet or number.
i 0 a 28

* This is how a Current Controlled
* Voltage Source (CCVS) is represented:
* h??????? +node -node vnam value
* Here 'vnam' is the name of the voltage source
* through which the controlling current flows.
* 'value' is the transresistance in ohms.
h h 0 vae 28

* This is how a dc voltage source is represented:
* v??????? +node -node dc value.
* These dummy voltage sources work as ammeters:
vae a e dc 0
vaf a f dc 0
vab a b dc 0
vcd c d dc 0
vgc g c dc 0

* Resistors
* r??????? fromnode tonode value
r1 e 0 28
r2 f 0 14
r3 b c 5
r4 g h 20
r5 d 0 10

* Observe in the statements above that the unit for the
* quantity need not be specified. SPICE takes this
* automatically for the quantity.

.control
* op command calculates steady-state response to
* dc excitation assuming all inductances to
* be short circuits and all capacitors to be
* open circuits.
op

c
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* Observe how to print messages using echo.
echo Answers are:

* Observe how to print node voltages and
* current through voltage sources.
print v(a) i(vgc)

* The following statement causes a blank line to be printed.
echo
echo These are KVL equations:
echo
* Observe how we can write expressions in print statement.
* Here v(a,c) means v(a)-v(c).
print v(a)-v(a,c)+v(h,g) -v( h)
print v(h)-v(h,g)-v(d)

echo
echo These are KCL equations:
echo
print 28-i(vae)-i(vaf)-i (va b)
print i(vab)+i(vgc)-i(vc d)
echo
echo Observe the values printed are almost zero.
echo
echo
.endc

* All circuit files must end with '.end' statement.
.end

Outputof simulationwill beasshown below (theactualnumericalvaluesmaydiffer slightly):

Circuit: KIRCHHOFF'S LAWS

Answers are:
v(a) = 1.704348e+02
i(vgc) = 2.434783e+00

These are KVL equations:

v(a)-v(a,c)+v(h,g) -v( h) = 0.000000e+00
v(h)-v(h,g)-v(d) = 0.000000e+00

These are KCL equations:

28-i(vae)-i(vaf)-i (va b) = 3.552714e-15
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Figure6: Circuit for Problem-2.

i(vab)+i(vgc)-i(vc d) = 3.552714e-15

Observe the values printed are almost zero.

17.2 Steady-state AC Circuit Anal ysis

PROBLEM-2: A coil of resistance15W andinductance0.05H is connectedin parallel
with a non-inductive resistorof 20W. Find: (a)Thecurrentin eachbranchof thecircuit;
(b) Thetotal currentsupplied;(c) thephaseangleof thecombinationwhena voltageof
200V at 50 Hz is applied(ProblemNo. 39, takenfrom S.Parker Smith& N. N. Parker
Smith,“Problemsin ElectricalEngineering”,VIII Edition,pageno. 47,Asia Publishing
House,1976.). Also prove KVL andKCL. Answer:(a)9.2A,10A; (b) 17.6A;(c) 22� .

This exampleis meantfor novice usersof SPICEOPUSto help thembecomefamiliar with steady-
stateanalysisof a circuit excited by constantfrequency sinusoidalexcitation. Figure 6 shows the
circuit simulatedusingSpiceOpus.Dummyvoltagesourceswork asammeters.

Youknow thatsteady-stateanalysisof acircuit excitedby constantfrequency sinusoidalexcitation
is donein frequency domainusing the conceptof impedance.For frequency domainanalysis,an
independentsinusoidalvoltagesourcemustberepresentedas:

v??????? +node -node dc 0 ac rmsvalue phaseangle

Similarly, anindependentsinusoidalcurrentsourcemustberepresentedas

i??????? +node -node dc 0 ac rmsvalue phaseangle
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Observe thatdc valueis speci�edaszeroandfrequency is not mentionedhere.Only theRMS value
of thesourceis givenin thisstatement.If dcvalueis notgiven,SpiceOpusoutputsawarningmessage
andtakesits valueas0. If rmsvalue is not speci�ed,it is takenas1.

Toconductfrequency domainanalysisataconstantfrequency thecommandto beincludedbetween
.control and.endc is:

ac dec 1 source_frequency source_frequency

The meaningof dec will be explainedlater in detail. By default, SpiceOpusoutputsanglein
radians.To make it outputanglein degreesthecommandis:

set units=degree

Observe how we canprint magnitudeandphaseangleof voltageandcurrent.Createthecircuit �le
givenbelow usinga text editorwithoutany formattingandsave it asa *.cir �le.

STEADY-STATE AC CIRCUIT ANALYSIS

* This is a sinusoidal voltage source.
vin 1 0 dc 0 ac 200v

* Dummy sources to measure current
* vx measures total current
* vx1 measures current through inductive branch
* vx2 measures current through resistive branch
vx 1 2 dc 0
vx1 4 0 dc 0
vx2 5 0 dc 0

* Resistors
r1 2 3 15
r2 2 5 20

* Inductance
* l??????? fromnode tonode value
* Here, the first letter is L and not 1.
l 3 4 50mH

.control

* By default SPICE_OPUS outputs angles in radians.
* This command makes SPICE_OPUS output angles in degrees.
set units=degree

* This statement deletes any previously calculated
* values present in the workspace. It is better to do this
* before starting any simulation.
destroy all
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* This is the command to conduct ac analysis
* at a constant frequency
ac dec 1 50 50

echo Total Current
* This command prints magnitude of a complex vector.
print mag(i(vx))
* This gives a blank line.
echo
echo Current through branch 1:
print mag(i(vx1))
echo
echo Current through branch 2:
print mag(i(vx2))
echo
echo Phase Angle of Impedance of Circuit in Deg.:
* This command prints phase angle of a complex vector
print ph(v(1)/i(vx))
echo
echo KVL equation:
print i(vx2)*@r2-(i(vx1) *(@r1 +(i *@l *2* pi *50 )))
* In the above equation @r2 means take the value of r2.
* Similarly, @r1 means take the value of r1.
* and @l means take the value of inductance l.
* i = square root of -1. This is a built-in constant in SPICE.
* pi = 3.14159... a built-in constant in SPICE.
echo
echo KCL equation:
print i(vx)-i(vx1)-i(vx2 )
echo
echo Values printed above are almost zero.

.endc

.end

Theoutputobtainedby runningsimulationon theabove mentionedcircuit �le is givenbelow:

Circuit: STEADY-STATE AC CIRCUIT ANALYSIS

Total Current
mag(i(vx)) = 1.766299e+01

Current through branch 1:
mag(i(vx1)) = 9.208282e+00
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Current through branch 2:
mag(i(vx2)) = 1.000000e+01

Phase Angle of Impedance of Circuit in Deg.:
ph(v(1)/i(vx)) = 2.215021e+01

KVL equation:
i(vx2)*@r2-(i(vx1) *(@r1+ (i* @l*2* pi* 50) )) = 0.000000e+00,3.2682 19e-15

KCL equation:
i(vx)-i(vx1)-i(vx2 ) = -1.77636e-15,0.000 000e+00

Values printed above are almost zero.

Theexamplegivenabove shows thatby default SpiceOpusoutputscomplex valuesin rectangular
format in the form x;y wherex is the real part andy is the imaginarypart. It alsoshows how we
canreferto componentvaluesby using@ operator. Thenext problemshows how we cansimulatea
three-phasecircuit.

PROBLEM-3: A three-phase50 Hz, 220 V supplyhaving ABC phasesequenceis con-
nectedto a balancedD connectedloadhaving animpedanceof 10\ 30� Win eachphase.
Taking VBC as referencephasor, �nd the line currents. Answer: IA = 38:1\ 60� A,
IB = 38:1\ � 60� A, IC = 38:1\ � 180� A.

Figure7 shows the circuit diagram. Sincewe want to measurethe line currents,we have to insert
dummyvoltagesourcesin the lines. We cannotrepresentthe supplyasthreeD-connectedline-to-
line sourcesbecause,then, the threevoltagesourcesform a loop which is not allowed in SPICE
(referto Section16). Therefore,we representthesupplyasthreeY-connectedphasevoltagesources.
You know from circuit theory, that,whenphasesequenceis ABC, thephasevoltageslag behindthe
respective line-to-linevoltagesby 30� . Hence,wehave thephasevoltagesources

VBN =
VBCp

3
\ � 30� = 127\ � 30� V; VCN = 127\ 210� V; VAN = 127\ 90� V

Thephaseimpedanceof theloadis inductive sinceits phaseangleis positive. Therefore,wehave

Z = 10\ 30� W= (R+ jX) = (8:666+ j5)W

Thevalueof inductanceof eachphaseimpedanceis

L =
X

2p f
=

5
2p � 50

= 15:92mH

We needto calculatethe inductancebecausewe cannotenterthe reactancevaluein the circuit �le.
Taking the valuescalculatedabove, the circuit to be simulatedwill be asshown in Figure 8. The
circuit �le for simulatingthiswill beasshown below:
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Figure7: Circuit for Problem3.
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Figure8: Circuit for simulationpertainingto Problem3.
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Three Phase Circuit Analysis

* Phase Voltage Sources
van A 0 dc 0 ac 127 90
vbn B 0 dc 0 ac 127 -30
vcn C 0 dc 0 ac 127 210

* Dummy sources to measure line currents
va A 1 dc 0
vb B 3 dc 0
vc C 5 dc 0

* Resistors
r1 1 2 8.666
r2 3 4 8.666
r3 5 6 8.666

* Inductances
l1 2 3 15.92mH
l2 4 5 15.92mH
l3 6 1 15.92mH

.control
* This clears the workspace.
destroy all
set units=degree
ac dec 1 50 50
echo The answers are:
print mag(i(va)) ph(i(va))
print mag(i(vb)) ph(i(vb))
print mag(i(vc)) ph(i(vc))
.endc

.end

Theoutputof thissimulationwill beasshown below:

Circuit: Three Phase Circuit Analysis

The answers are:
mag(i(va)) = 3.807836e+01
ph(i(va)) = 6.000943e+01
mag(i(vb)) = 3.807836e+01
ph(i(vb)) = -5.99906e+01
mag(i(vc)) = 3.807836e+01
ph(i(vc)) = -1.79991e+02
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Figure10: Circuit for Problem-4

17.3 Veri�cation of Thevenin Theorem

In thefollowing problems,we shallverify TheveninTheorem.First we take acircuit excitedby D.C.
source/s.Then,we take acircuit excitedby sinusoidalsource/s.

Statementof TheveninTheorem: Any linear bilateralnetwork connectedto terminalsA andB as
shown in Figure9 canbereplacedby a voltagesourceof valueequalto theopencircuit voltageVOC

betweenthe terminalsA andB connectedin serieswith an internal impedanceZTH whereZTH is
theequivalentimpedanceof thecircuit asmeasuredfrom theterminalsA andB with all independent
sourcesin the circuit reducedto zero. We alsohave ZTH = VOC=ISC whereISC is the shortcircuit
current�o wing betweenA andB.

PROBLEM-4: In thecircuit shown in Figure10�nd thecurrentin a2Wresistorconnected
betweennodesA andB by applyingThevenintheorem(this is Problem-51,takenfrom S.
ParkerSmithandN. N. ParkerSmith,“Problemsin ElectricalEngineering”,VIII Edition,
pageno. 47). Answer:0.8175A

Figure11 shows the circuit simulatedusingSpiceOpus. The right portionof this �gure shows the
Theveninequivalentof thecircuit of Figure10 asseenfrom theterminalsA andB with a 2Wresistor
connected.We solve this problemby two methods: (i) by using tf command;(ii) by using the
equationZTH = VOC=ISC .

Thegeneralformatof tf commandis

tf output_node input_source
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Figure11: Circuit to besimulatedfor Problem-4.

The tf commandperformsa transferfunction analysis,returningthe transfer_function (out-
put/input), output resistance , and input resistance betweenthe given output nodeand the
giveninput source.Thecircuit �le givenbelow shows how weusetf command:

THEVENIN THEOREMIN DC CIRCUIT: METHOD-1

* In this method we use tf command.
* This method can be applied only when the circuit
* has one or more independent dc sources.

* These are given voltage sources.
v1 1 0 dc 2v
v2 3 0 dc 4v

* This is Thevenin equivalent voltage source.
* This is later set equal to open circuit voltage.
voc 4 0 dc 0v

* Resistors
r1 1 2 2
r2 2 0 12
r3 2 a 1
r4 3 a 3
r5 5 0 2
* rth is initially set to some arbitrary
* value other than 0. Here it is assumed to be 10 Ohms.
* But later we set the value of this to the correct
* value using alter command.
rth 4 5 10

.control
* This clears the workspace.
destroy all
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* You must conduct tf analysis with respect to each
* independent source in the given circuit.
tf v(a) v1
tf v(a) v2

* Observe how the values of sources are
* included in expressions as @v1 and @v2.
* Also how we can use let command to define new variables.
let ocvolt=(tf1.trans fer _fu nc tio n*@v1+ tf 2.t ran sfe r_ fun cti on* @v2)

* In the above equation we are actually applying
* principle of superposition.

let zth=output_impeda nce
echo Solution using tf command.
echo
echo Voc is
print ocvolt
echo
echo Rth is
print zth

* Now find current in Thevenin equivalent circuit.
alter voc=ocvolt
alter rth=zth
op

let i2ohm=-i(voc)
echo
echo Current through 2 Ohm resistor is
print i2ohm
echo
.endc

.end

In theabove program,tf commandis executedtwice — oncewith respectto v1 andthenwith re-
spectto v2 . Valuescalculatedduringthe�rst runof tf will bekeptin asetreferredtoastf1 . Similarly
thevaluescalculatedduringthesecondrun will be in anothersetcalledtf2 . Dot operatorsareused
to referto thevaluesstoredin a particularset.For example,whenwesaytf1.transfer_func tio n
we arereferringto the transfer_function storedin thesettf1 . Figure12 shows thecircuit to be
simulatedfor veri�cation of Thevenintheoremusingthesecondmethod.In this methodwe �rst �nd
VOC keepingtheswitchopen.Then,weclosetheswitchto causeshortcircuit andmeasureISC. Then,
we �nd ZTH = VOC=ISC. Thecircuit �le for secondmethodis givenbelow:
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Figure12: Circuit for veri�cation of Thevenintheoremusingavoltagecontrolledswitch.

THEVENIN THEOREMIN DC CIRCUIT: METHOD-2

* In this method we first find Voc. Then, we use a
* voltage controlled switch to cause short circuit to measure Isc.
* Then, Rth is calculated as Voc/Isc. This method can be applied
* in any circuit. Observe that voltage controlled
* switch has finite on-state and off-state resistances.

* These are given voltage sources.
v1 1 0 dc 2v
v2 3 0 dc 4v

* This source controlls ON/OFF operation of the switch.
* When this is 0v the switch is OFF. The switch is closed
* by altering this to a higher value.
v3 5 0 dc 0v

* This dummy source measures Isc.
vx 4 0 dc 0v

* This is Thevenin equivalent voltage source initially
* set to 0 V arbitrarily. Later we set this to proper value.
voc 6 0 dc 0v

* A voltage controlled switch is specified as:
* S??????? N+ N- NC+ NC- MODELNAME<ON><OFF>
* Nodes N+ and N- are the nodes between which the
* switch terminals are connected.
* NC+ and NC- are the controlling voltage source terminals.
* The model name is mandatory while the initial condition
* (ON or OFF)is optional. This statement must be followed by a
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* .model statement as shown below. Here sw represents
* the model of voltage controlled switch. The name given
* here for the model is switch. Observe that the ON state
* resistance ron is chosen to be very small and the OFF state
* resistance roff is chosen to be very large as compared to
* other resistors in the circuit.
s a 4 5 0 switch
.model switch sw(ron=0.00001 roff=10e+5)

* Resistors
r1 1 2 2
r2 2 0 12
r3 2 a 1
r4 3 a 3
r5 5 0 10Meg
r6 7 0 2
rth 6 7 10

.control
* This clears work space
destroy all

* Initially switch is open. So, find Voc.
op

echo Solution using voltage controlled switch.
echo
echo Voc is
print v(a)

* Apply controlling voltage to close the voltage
* controlled switch to cause short circuit and measure Isc.
alter v3=10
op
echo
echo Isc is
print i(vx)

* Calculate Rth
echo
echo Rth=Voc/Isc is
print op1.v(a)/op2.i(vx)

* Now find current in Thevenin equivalent circuit.
alter voc=op1.v(a)
alter rth=op1.v(a)/op2.i (vx )
op
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Figure13: Circuit for veri�cation of MaximumPowerTransfertheorem.

echo
echo Current through 2 Ohm resistor is
print -i(voc)
echo
.endc

.end

17.4 Veri�cation of Maxim um Power Transf er Theorem

In the following problemwe shall verify maximumpower transfertheoremin a circuit excitedby a
D.C.source.

Statementof MaximumPowerTransferTheorem: In a linear bilateralnetwork excited by a D.C.
source,asshown in Figure13, maximumpower transferfrom thesourceto theloadtakesplacewhen
theloadresistanceis equalto theinternalresistanceof thesource.

In the following program,we usedc commandto vary the loadresistance.Thegeneralsyntaxof
thiscommandis

dc parameter startvalue stopvalue stepvalue

In this command,theparameter canalsobea source.Whenthiscommandis given,theparameter
is variedfrom startvalue to stopvalue in stepsof stepvalue . At eachvalueof parameter the
responseof thecircuit is found. In thefollowing programwe will alsobeusingtheplot command.
Observe how we usethiscommandto plot agraphof outputpower versusloadresistance.

MAXIMUMPOWERTRANSFERTHEOREMIN DC CIRCUIT

* Voltage Sources
vin 1 0 dc 50
vx 3 0 dc 0

* Resistors
rin 1 2 100
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rl 2 3 1
* Observe that we initially set rl to 1 Ohm
* and not to 0 because resistance cannot be
* 0 in SPICE.

.control
* Clear workspace.
destroy all

* Using this command rl is varied
* from 0 to 400 Ohms in steps of 1 Ohm.
* Power consumed in rl is plotted versus rl
* Value of rl corresponding to maximum power
* is read from the graph.
dc rl 1 400 1
plot i(vx)*v(2,3)
+ xlabel rL[Ohm]
+ ylabel P[Watts]
* A long statement can be continued in the next line
* by typing + in the first column as shown above.

.endc

.end

Theoutputobtainedfrom theprogramwill beasshown in Figure14. Fromthis graphwe seethat
maximumpower is consumedby theloadresistancewhentheloadresistanceis equalto theinternal
resistanceof thesourcei.e.,100Win thiscase.

17.5 Series Resonance

In thefollowing problemwe shallplot thefrequency responseof aseriesRLC circuit:

PROBLEM-5: A seriesRLC circuit with R = 100W, L = 10mH, C = 0:1µF is excited
by avariablefrequency sinusoidalsourceof R.M.S.value100V. Plot themagnitudeand
phaseangleof impedanceof the circuit versusfrequency of the sourceas the latter is
variedfrom 25 Hz to 1000kHz. Measureresonantfrequency, half-power frequencies,
andbandwidth from theplotsandverify their valuesby theoreticalcalculations.Repeat
simulationwith R = 1000W andR = 5000W. What is the effect of variationof R on
resonantfrequency, half-power frequenciesandbandwidth?

For thegivencircuit, theresonantfrequency is givenby

f0 =
1

2p
p

LC

At half-power frequency f1 the phaseangleof impedanceof the circuit is � 45� andat half-power
frequency f2 it is 45� . So, we can locatethe half-power frequenciesby plotting a graphof phase
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Figure14: Plotof outputpowerversusloadresistance.
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Figure15: Circuit for studyingseriesresonance.

angleof theimpedanceversusfrequency. To do this,we needto vary thefrequency of thesinusoidal
excitation.So,wehave to useac command.To �nd frequency response,thecommandto beincluded
between.control and.endc is

ac dec points_per_decade start_frequency end_frequency

For example,if we give thecommand

ac dec 100 25 1000k

the frequency is variedfrom 25 Hz to 1000kHz taking100pointsperdecade.Logarithmicscaleis
usedfor the frequency in the plot. Figure 15 shows the circuit to be simulated.Dummy sourceis
insertedto measurethecurrent.Theprogramis givenbelow:

SERIES RESONANCE

* Sinusoidal Voltage Source with dc value = 0
* and rms value = 100V. If dc value is not set you
* will get a warning.
vin 1 0 dc 0 ac 100V

* Dummy Source to measure Current
vx 4 0 dc 0

* Passive Components
* Observe initially we arbitrarily set r=0.1 and later
* change it to 100, 1000, and 5000 Ohm.
r 1 2 0.1
l 2 3 10mH
C 3 4 0.1uF

.control

* This makes SPICE_OPUS output angle in degrees.
set units=degree
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* This clears workspace.
destroy all

* conduct ac analysis by varying frequency from
* 25Hz to 1000kHz taking 100 points per decade.
* Check the effect of reducing/increasin g number
* of points per decade. Conduct AC analysis for
* each value of r as shown below:

foreach value 100 1000 5000
alter r=$value
ac dec 100 25 1000kHz
end

* This plots |Z|
plot mag(ac1.v(1)/ac1.i( vx) )
+ mag(ac2.v(1)/ac2.i( vx) ) mag(ac3.v(1)/ac3. i(v x))
+ xlabel 'Frequency[Hz]' ylabel 'r=100 Ohm[Red],
+ r=1000 Ohm[Green] and r=5000 Ohm[Blue]'
+ title 'Magnitude of Impedance[Ohm]'

* This plots Angle of Z
plot ph(ac1.v(1)/ac1.i(v x))
+ ph(ac2.v(1)/ac2.i(v x)) ph(ac3.v(1)/ac3.i( vx) )
+ xlabel 'Frequency[Hz]' ylabel 'r=100 Ohm[Red]
+ r=1000 Ohm[Green] and r=5000 Ohm[Blue]'
+ title 'Phase Angle of Impedance[Deg]'

* This plots Current
plot ac1.i(vx) ac2.i(vx) ac3.i(vx)
+ xlabel 'Frequency[Hz]' ylabel 'r=100 Ohm[Red],
+ r=1000 Ohm[Green] and r=5000 Ohm[Blue]'
+ title 'Current[A]'

* Suppose we want to plot magnitude of voltage
* across L and voltage across C versus frequency,
* how to do this? Add instructions here and check
* your results.
.endc

.end

Outputsobtainedfrom theprogramgivenaboveareshown in Figures16, 17, and18in thefollowing
pages.
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Figure16: Variationof magnitudeof impedanceof seriesR-L-C circuit with frequency.
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Figure17: Variationof magnitudeof currentin aseriesR-L-C circuit with frequency.
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Figure18: Variationof phaseangleof impedanceof seriesR-L-C circuit with frequency.
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Figure19: Circuit for studyingparallelresonance.

17.6 Parallel Resonance

In theprogramgivenbelow we shallsimulateresonancein a parallelR� L � C circuit. Theprogram
is similar to thatof seriesresonance.

Problem-6:A seriesR-L circuitwith RL = 6WandL = 1mH, is in parallelwith aseriesR-
C circuit with RC = 4WandC = 20µF. Thisparallelcombinationis excitedby avariable
frequency sinusoidalsourceof R.M.S.value50V. Plot themagnitudeandphaseangleof
impedanceof this parallelcombinationversusfrequency of thesourceasthe frequency
is varied from 25 Hz to 1000kHz. Measureresonantfrequency andcrosscheckthis
by theoreticalcalculation. Repeatsimulationwith RL = RC =

p
L=C. What is your

conclusion?

Figure19 shows thecircuit to besimulated.Theprogramis givenbelow:

PARALLEL RESONANCE

* Sinusoidal Voltage Source with dc value = 0 and rms
* value = 100V If dc value is not set you will get a warning.
vin 1 0 dc 0 ac 50V

* Dummy Source to measure Current
vx 1 2 dc 0

* Passive Components
rc 2 3 4
rl 2 4 6
c 3 0 20uF
l 4 0 1mH

.control
* This makes SPICE_OPUS output angle in degrees.
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set units=degree

* This cleans the workspace.
destroy all

* conduct ac analysis by varying frequency from
* 25Hz to 1000kHz taking 100 points per decade.

* Check the effect of reducing/increasin g number
* of points per decade.
* Conduct AC analysis for each value of r as shown below:

ac dec 100 25 1000kHz
alter rl=7.0711
alter rc=7.0711
ac dec 100 25 1000kHz

* This plots |Z|
plot mag(ac1.v(1)/ac1.i( vx) ) mag(ac2.v(1)/ac2.i(v x) )
+ xlabel 'Frequency[Hz]'
+ ylabel 'Red: rL=6 Ohm and rC=4 Ohm, Green: rL=rC=7.0711 Ohm'
+ title 'Magnitude of Impedance[Ohm]'

* This plots Angle of Z
plot ph(ac1.v(1)/ac1.i(v x)) ph(ac2.v(1)/ac2.i( vx) )
+ xlabel 'Frequency[Hz]'
+ ylabel 'Red: rL=6 Ohm and rC=4 Ohm, Green: rL=rC=7.0711 Ohm'
+ title 'Phase Angle[Deg]'

* This plots Current
plot ac1.i(vx) ac2.i(vx)
+ xlabel 'Frequency[Hz]'
+ ylabel 'Red: rL=6 Ohm and rC=4 Ohm, Green: rL=rC=7.0711 Ohm'
+ title 'Current'
.endc

.end

Theoutputsobtainedfrom theprogramgiven above areshown in Figures20 , 21, and22. From
thiswecanseethatwhenRL = RC =

p
L=C thecircuit is resonantat all frequencies.

17.7 R-C Coupled Ampli�er

In thefollowing circuit �le we simulateanR-C coupledampli�er. We obtainthefrequency response
andtime responseof theampli�er whena sinusoidalsignalis appliedat the input. Figure 23 shows
theampli�er circuit to besimulated.To obtainthetimeresponse,thecommandis

tran Tstep Tstop [ Tstart [ Tmax ] ] [ UIC ]
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Figure20: Variationof magnitudeof impedanceof parallelRLC circuit with frequency.

c
 R SAnandaMurthy, Dept.of E&EE, SJCE,Mysore



A Simpli�ed Introductionto Circuit SimulationusingSpiceOpus 35

Figure21: Variationof phaseangleof impedanceof parallelRLC circuit with frequency.
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Figure22: Variationof currentdrawn by parallelRLC circuit with frequency.
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Figure23:R-C coupledampli�er.
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TSTEP is the time increment. TSTOP is the �nal time, andTSTARTis the initial time. If TSTARTis
omitted,it is assumedto be zero. The transientanalysisalwaysbegins at time zero. In the interval
<zero, TSTART>, the circuit is analyzed(to reacha steadystate),but no outputsarestored. In the
interval <TSTART, TSTOP>, the circuit is analyzedand outputsare stored. TMAXis the maximum
step-sizethatSPICEuses;for default, theprogramchooseseitherTSTEPor (TSTOP-TSTART)/50 .0 ,
whichever is smaller. TMAXis usefulwhenonewishesto guaranteea computinginterval which is
smallerthantheprinterincrement,TSTEP.

UIC (useinitial conditions)is an optional keyword which indicatesthat the userdoesnot want
SPICEto solve for thequiescentoperatingpoint beforebeginningthetransientanalysis.If this key-
word is speci�ed,SPICEusesthevaluesspeci�edusingIC=... on thevariouselementsastheinitial
transientconditionandproceedswith the analysis. If the .IC control line hasbeenspeci�ed, then
thenodevoltageson the .IC line areusedto computethe initial conditionsfor thedevices. Look at
thedescriptionon the.IC control line for its interpretationwhenUIC is not speci�ed. In mostof the
cases,weusetran commandin thefollowing format:

tran Tstep Tstop

If tran commandhasto be executed,at leastoneof the sourcesin the circuit shouldhave time
domainspeci�cation.In thefollowing simulation,weareobtainingbothfrequency responseandtime
responseof thecircuit. So,we specifybothtime-domainandfrequency domainspeci�cationfor the
input signalsource.For example,we write

vin in 0 dc 0 ac 1mv 0 sin(0 1mv 10kHz)

Hereac 1mv 0 is thefrequency domainspeci�cationwhich is requiredby ac commandandsin(0
1mv 10kHz) is thetime-domainspeci�cationwhich is requiredby tran command.An NPN BJT is
speci�edin thecircuit �le by two statementshaving theformatgivenbelow:

Q??????? collector_node base_node emitter_node MODELNAME
.model MODELNAMENPN(Parameter1=x Parameter2=x ...)

Here??????? is thelabelgivento aparticulartransistorin thecircuit,andMODELNAMEshouldbesame
in both thestatements.For eachtypenumberof transistor, its .model statementshouldappearonly
oncein thecircuit �le. Usually, .model statementis providedfor transistorsby manufacturersat their
websites.This statementcontainsparametersof thetransistorwhich dependupontheconstruction.
For example,the .model statementof theNPN BJT q2N2222taken from a manufacturer's website
is givenbelow:

.model q2N2222 NPN(Is=14.34f Xti=3 Eg=1.11 Vaf=74.03 Bf=255.9 Ne=1.307
+ Ise=14.34f Ikf=.2847 Xtb=1.5 Br=6.092 Nc=2 Isc=0 Ikr=0 Rc=1
+ Cjc=7.306p Mjc=.3416 Vjc=.75 Fc=.5 Cje=22.01p Mje=.377 Vje=.75
+ Tr=46.91n Tf=411.1p Itf=.6 Vtf=1.7 Xtf=3 Rb=10)

Similarly wecanalsospecifyPNPBJT. At thisstage,it is unnecessaryto goin to themeaningof each
of theparametersgiven in thestatementabove. Obviously typing sucha lengthy.model statement
is cumbersome.So,all such.model statementsfor differentdevicescanbe collectedtogetherand
storedin a library �le. You cangive anappropriatenameto that �le, sayparts.lib . This �le can
bestoredin a directorywhich is accessedby SpiceOpus(Usually /usr/lib/spice/lib/s cr ipt s
in Linux machines.In Windows machinesc:\SpiceOpus\lib\scr ipt s). Then,thecontentsof this
library �le canbeincludedin thecircuit �le by writing thestatement
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.include parts.lib

in thecircuit �le. In theprogramgive below, it is assumedthatsucha library �le is available. If it is
notavailable,then,youhave to createit by collectingtheSPICEmodelsfrom theinternet.Thecircuit
�le for simulatingaBJT ampli�er is givenbelow:

BJT C-E AMPLIFIER USING VOLTAGEDIVIDER BIAS

* Biasing Supply
vcc vcc 0 dc 22

* Input Signal Source
vin in 0 dc 0 ac 1mv 0 sin(0 1mv 10kHz)

* Biasing Resistors
r1 vcc b 56k
r2 b 0 8.2k
re e 0 1.5k
rc vcc c 6.8k

* Coupling Capacitors
cin in b 10uf
cout c out 10uf

* Emitter Capacitor
ce e 0 20uf

* Load Resistance
rout out 0 1e12

* Transistor
q c b e q2n2222

* This library file contains model of q2n2222
.include parts.lib

.control
set units=degree
destroy all

* This finds time response.
tran 1us 500us
plot v(out) (v(in)*100) vs (time*1000)
+ xlabel 't[ms]'
+ ylabel 'v(out)[Red], v(in)*100[Green]'
+ title 'Time Response of BJT C-E Amplifier'
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* This finds frequency response.
ac dec 10 10Hz 100MegHz

let gain=v(out)/v(in)

* Observe how decibels can be calculated.
plot db(gain)
+ xlabel 'f[Hz]'
+ ylabel 'Gain in dB'
+ title 'Frequency Response of BJT C-E Amplifier'

plot ph(gain)
+ xlabel 'f[Hz]'
+ ylabel 'Angle in Degrees'
+ title 'Phase Angle of Gain'
.endc

.end

* How is v(out) affected by variations in the following:
* (a) vcc; (b) rout; (c) r1 or r2 ?
* How is v(out) affected if cout is shorted ?

Resultsof simulationof BJTampli�er aregivenin Figures24, 25, and26.

17.8 Inver ting and Non-in ver ting Ampli�er s using Op-amp

In theprogramgivenbelow, wesimulateaninvertingandnon-invertingampli�er whichusesop-amp
µA741. Thisop-amphasacomplex circuit in side.In SPICEwecande�ne any circuit asasub-circuit.
For example,theop-ampµA741canbemodeledasasub-circuitasshown below:

*///////////////// /// /// /// // /// /// /// // /// /// /// // /// /// //
* uA741/A/C/E OPERATIONALAMPLIFIER MACRO-MODEL
*///////////////// /// /// /// // /// /// /// // /// /// /// // /// /// //
*
* connections: non-inverting input
* | inverting input
* | | positive power supply
* | | | negative power supply
* | | | | output
* | | | | |
* | | | | |
.SUBCKT uA741 1 2 99 50 28
*
* Features:
* Improved performance over industry standards
* Plug-in replacement for LM709,LM201,MC143 9,7 48
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Figure24: Timeresponseof BJTampli�er.
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Figure25: Phaseangleof gainof BJTampli�er plottedversusfrequency.
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Figure26: Decibelgainof BJTampli�er plottedversusfrequency.
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* Input and output overload protection
*
****************IN PUT STAGE************* *
*
IOS 2 1 20N
*^Input offset current
R1 1 3 250K
R2 3 2 250K
I1 4 50 100U
R3 5 99 517
R4 6 99 517
Q1 5 2 4 QX
Q2 6 7 4 QX
*Fp2=2.55 MHz
C4 5 6 60.3614P
*
***********COMMON MODEEFFECT***********
*
I2 99 50 1.6MA
*^Quiescent supply current
EOS 7 1 POLY(1) 16 49 1E-3 1
*Input offset voltage.^
R8 99 49 40K
R9 49 50 40K
*
*********OUTPUT VOLTAGELIMITING********
V2 99 8 1.63
D1 9 8 DX
D2 10 9 DX
V3 10 50 1.63
*
**************SECO ND STAGE**************
*
EH 99 98 99 49 1
G1 98 9 5 6 2.1E-3
*Fp1=5 Hz
R5 98 9 95.493MEG
C3 98 9 333.33P
*
***************POL E STAGE************* **
*
*Fp=30 MHz
G3 98 15 9 49 1E-6
R12 98 15 1MEG
C5 98 15 5.3052E-15
*
*********COMMON-MO DE ZERO STAGE*********
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*
*Fpcm=300 Hz
G4 98 16 3 49 3.1623E-8
L2 98 17 530.5M
R13 17 16 1K
*
**************OUTP UT STAGE**************
*
F6 50 99 POLY(1) V6 450U 1
E1 99 23 99 15 1
R16 24 23 25
D5 26 24 DX
V6 26 22 0.65V
R17 23 25 25
D6 25 27 DX
V7 22 27 0.65V
V5 22 21 0.18V
D4 21 15 DX
V4 20 22 0.18V
D3 15 20 DX
L3 22 28 100P
RL3 22 28 100K
*
***************MOD ELS USED**************
*
.MODEL DX D(IS=1E-15)
.MODEL QX NPN(BF=625)
*
.ENDS

Theabove SPICEmodelhasbeencopiedfrom oneof themanufacturer's website. At this stage,
it is not requiredto understandhow the modelshown above is derived. Suchmodelsareavailable
freelyon theinternetfor mostof thecommonlyusedop-amps.Wecancopy thissub-circuitmodelin
to our parts.lib �le. After this we cansimply call this sub-circuitfrom our circuit �le by the two
statementsgivenbelow:

x??????? Input+ Input- Supply+ Supply- Output uA741
.include parts.lib

Herex refersto thesub-circuit,??????? canbeany label,andnodesmustbespeci�ed in thesame
order in which they aregiven in the sub-circuitde�nition in parts.lib �le. Figure 27 shows the
invertingampli�er circuit to besimulatedandthecircuit �le is givenbelow:

INVERTING AND NONINVERTINGAMPLIFIER USING OPAMP741

vin Input 0 dc 0 ac 0.5v 0 sin(0 0.5v 1kHz)
vp 7 0 dc 15
vn 0 4 dc 15
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Figure27: Invertingampli�er usingop-ampµA741.
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Figure28: Non-invertingampli�er usingop-ampµA741.
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rin 1 2 10k
* Comment out the above line and uncomment the
* following line for non-inverting amplifier.
* rin 0 2 10k
rf 2 6 100k
rn 3 0 10k
rl 6 0 10k
rout Output 0 10k

cin Input 1 1uF
* Comment out the above line and uncomment the
* following line for non-inverting amplifier.
* cin Input 3 1uF
cout 6 Output 1uF

x 3 2 7 4 6 ua741

.include parts.lib

.control
destroy all
tran 0.01ms 4ms
alter rf=47k
tran 0.01ms 4ms
plot v(Input) vs (time*1000)
+ (tran1.v(Output)) vs tran1.time*1000
+ (tran2.v(Output)) vs tran2.time*1000
+ xlabel 'Time[ms]'
+ ylabel 'v(Input), v(Output) with rf=100k[Green], 47k[Blue]'
+ title 'Response of Inverting Amplifier having uA741 OpAmp'

destroy all

ac dec 10 10Hz 1MegHz
alter rf=100k
ac dec 10 10Hz 1MegHz

plot mag(ac1.v(Output))/ mag(a c1. v(I npu t) ) vs ac1.frequency
+ mag(ac2.v(Output))/ mag(ac 2. v(I npu t)) vs ac2.frequency
+ xlabel 'Frequency[Hz]'
+ ylabel 'Gain with rf=47k[Red], 100k[Green]'
+ title 'Frequency Response of Inverting Amplifier having uA741 OpAmp'

.endc

.end
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Figure29: Timeresponseof invertingampli�er usingop-ampµA741.

Theresultsof simulationaregivenin Figures29and30. Figure28shows thenon-invertingampli-
�er . Changethecircuit �le givenabove to simulatethis circuit. Theresultsof simulationareshown
in Figures31 and32.

17.9 Bridg e Recti�er

In Figure33 a bridgerecti�er with a step-down transformeranda P �lter is shown. Let usplot the
output voltageof this circuit versustime. It is given that the input voltageis vs = 169:7sin377t.
So, the durationof one period is T = (2p=377) = 16:67 ms and the frequency is 60 Hz. Let us
plot the output voltagefor about5 cycles. So, the durationto be speci�ed in tran commandis
5� 16:67 � 85 ms. Stepdown transformerhasa ratio of 12 : 1. Thesecondaryvoltageis therefore
given by v1 = vs=12 = 0:083vs. So, the secondaryvoltagesourcemay be modelledas a voltage
controlledvoltagesourceasshown in Figure34. Thecircuit �le for simulationis givenbelow:
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Figure30: Frequency responseof invertingampli�er usingop-ampµA741.
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Figure31: Timeresponseof non-invertingampli�er usingop-ampµA741.
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Figure32: Frequency responseof non-invertingampli�er usingop-ampµA741.
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BRIDGE RECTIFIER WITH PI-FILTER

* Sources
* This is the sinusoidal input voltage
* source of peak value 169.7 V @ 60 Hz frequency.
Vs 1 0 dc 0 sin(0 169.7 60)

* This is the secondary source.
* This a voltage controlled voltage source.
* The secondary voltage = (1/12)Vs = 0.083Vs
E1 4 5 1 0 0.0833

* Resistors
R1 3 0 100
R2 1 0 1T

* Diodes
D1 4 2 1N4007
D2 0 5 1N4007
D3 5 2 1N4007
D4 0 4 1N4007

* If the model statement given below is
* copied into parts.lib file, then, this
* can be replaced by .include parts.lib
.MODEL 1N4007 D(IS = 3.872E-09 RS = 1.66E-02
+ N = 1.776 XTI = 3.0 EG = 1.110 CJO = 1.519E-11
+ M = 0.3554 VJ = 0.5928 FC = 0.5 BV = 1000.0 IBV = 1.0E-03)

* Filter
C1 2 0 10u
C2 3 0 100u
L1 2 3 0.1m

.control
destroy all
tran 0.01ms 85ms
plot v(3) vs (time*1000)
+ xlabel 'Time[ms]'
+ ylabel 'V(out)'
+ title 'Time Response of Bridge Rectifier'
.endc

.end

Theoutputobtainedfrom simulationof bridgerecti�er circuit is shown in Figure35.
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Figure33: Bridgerecti�er circuit with P �lter .
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Figure34: Bridgerecti�er circuit modi�ed for simulation.
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Figure35: Outputof bridgerecti�er circuit with P �lter .
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Figure36:Diodeclippercircuit.

17.10 Diode Clipping Circuit

Figure36shows adiodeclippercircuit. It is requiredto plot agraphof vi andvo versustimeandalso
to plot its transfercharacteristicswhich is aplot of vo versusvi . Thecircuit �le is givenbelow:

DIODE CLIPPER

* Input Source
Vi 1 0 dc 0 sin(0 14.14 1e5)

* DC Sources
V1 4 0 dc 10
V2 0 6 dc 5

* Resistors
R1 1 2 5k
R2 2 3 10k
R3 2 5 10k

* Diodes
D1 3 4 1N4007
D2 6 5 1N4007
.include parts.lib

.control
destroy all
tran 0.01u 12u
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Figure37: Inputandoutputvoltagesof diodeclipper.

plot V(1) V(2) vs (time*10e6)
+ xlabel t[micro-sec]
+ ylabel 'Vi and Vo'
+ title 'Input and Output of Clipper'

plot V(2) vs V(1)
+ xlabel Vi
+ ylabel Vo
+ title 'Transfer Characteristics of Diode Clipper'
.endc

.end

Resultsof simulationareshown in Figures37 and38.
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Figure38: Transfercharacteristicsof diodeclipper.
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Figure39: Phaseshift oscillatorusingop-amp.
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17.11 R-C Phase Shift Oscillator using Opamp

Figure39showsanR-C phaseshift oscillatorbuilt usingop-amp741.Thefrequency of oscillationof
thiscircuit is givenby

f =
1

2p
p

6RC

whereR = R2 = R3 = R4 andC = C1 = C2 = C3. At frequency f given by theabove equation,the
gainAv = Rf =R1 mustbeat least29 for theoscillationsto sustain.For thevaluesof parametersgiven
in the �gure, the frequency of oscillationis 200Hz. This oscillatorgivessinusoidaloutput. Circuit
�le for simulatingthis circuit is givenbelow. Herewe usetran commandsincewe want to plot the
outputvoltagewaveformversustime.

R-C Phase Shift Oscillator Using Opamp uA741

* This is dual power supply.
VP 7 0 DC 15
VN 0 4 DC 15

* Resistors
R1 1 2 33K
R2 1 0 3.3K
R3 5 0 3.3K
R4 8 0 3.3K
RF 2 OUT 1MEG
RN 3 0 33K

* Capacitors
C1 1 5 0.1UF
C2 5 8 0.1UF
C3 8 OUT 0.1UF

* This refers to subcircuit of op-amp uA741
* which is stored in the library file parts.lib
X 3 2 7 4 out uA741
.include parts.lib

.control
destroy all
* Here, TSTART is assumed to be 15ms. So, the waveform
* from t=0 to t=15ms is not shown in the plot.
* Try simulation without TSTART and observe the output
* voltage plot.
tran 0.01ms 50ms 15ms

plot v(out) vs (time*1000)
+ xlabel 't[ms]'
+ ylabel 'v(out)[V]'
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Figure40: Outputof phaseshift oscillator.

+ title 'Time Response of R-C Phase Shift Oscillator'
.endc

.end

Theresultsof simulationareshown in Figure40.

17.12 Diode Clamper

Figure41showsadiodeclamperandits inputvoltagewaveform.Thediodeis assumedto be1N4007
whosemodelis assumedto bepresentin parts.lib �le. If it is not presentin parts.lib �le, copy
thesameinto that�le andthenproceedwith simulation.Thecircuit �le is givenbelow:
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DIODE CLAMPERCIRCUIT

* Input has a rectangular waveform which can
* be described for time-domain analysis by
* a pulse specification. General format of pulse
* specification is:
* pulse(V1 V2 TD TR TF PW PER) where
* V1 -- Initial value.
* V2 -- Pulsed value
* TD -- Delay time
* TR -- Rise time
* TF -- Fall time
* PW -- Pulse width
* PER -- Period
V1 1 0 dc 0 PULSE(-20 10 0 2NS 2NS 0.5ms 1ms)
V2 3 0 dc 5
R1 2 0 100K
C1 1 2 1U
D1 3 2 1N4007
.include parts.lib

.control
destroy all
tran 0.01ms 5ms
plot v(1) v(2) vs (time*1000)
+ xlabel 'Time[ms]'
+ ylabel 'Input: V(1)[Red]; Output: V(2)[Green]'
+ title 'Diodle Clamper Response'
.endc

.end

Theoutputandinput voltagewaveformswill beasshown in Figure42.
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Figure41: Diodeclampercircuit.

Figure42: Inputandoutputvoltagewaveformsin diodeclampercircuit.
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