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1 About This Document

This documenthasbeenpreparedwithout the help of ary proprietarysoftware productsusing the
following:

SlackwareLinux Version10.

LyX DocumentProcesso¥er. 1.3.4with IATEX typesettingorogram.
DocumentClass:Article (Komascript)

XFig Ver. 3.2.4

For thelatestversionof this documentontactifelektronix@yahoo.can

2 What is SPICE?

Theword SPICEis anacrorym which standgfor
Simulation Programwith | ntegratedCircuit Emphasis

Using SPICEwe canpredeterminen a computerthe responsef a circuit andtherebyevaluateits
working. This is faster safer economicaland hassle-freavay of testinga circuit beforebuilding
a prototype. Many hardware manufcturingindustriesregularly use SPICEfor designof electronic
circuits.

3 What is EDA?

EDA standdor ElectronicDesignAutomation.EDA toolsaresoftwareusingwhich we cannotonly
simulateelectroniccircuits, but alsodesignthe printedcircuit board(PCB) of the circuit. SPICEis
animportantcomponenof all EDA tools availablenow. In additionto SPICE,all EDA tools have
programsfor preparingcircuit schematic PCB drawing, and optimal layout of componentsn the
PCB. AdvancedEDA tools comewith higherlevel hardware descriptionlanguagedike 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.Thiswasderivedfrom CANCER.

SPICE3wasdevelopedfrom SPICEZ2.It hasslight differencecomparedo thelatter

The SPICEdevelopedby University of California, wasableto run only on main frame computers.
Marny commercialcompaniesbroughtout modi ed versionsSPICEwhich couldalsorun onaPC.

Mostof thepresentlay SPICEsoftware,includingcommerciabnes arebasedntheoriginal SPICE
developedby University of California. So, they have almostsimilar syntaxwith minor variations.
Mostcommercialersionsof SPICEhave userfriendly graphicaluserinterface.
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5 Some Commer cial Versions of SPICE

Youcansearctfor SPICErelatednformationontheinternetby usingthesearchstringeEDA + SPICE.
Therearenow mary commercialversionsof SPICEsuppliedby variouscompanies.Someof them
arelistedbelaw (thisis notanexhaustve 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-Softvare. Thisis designedor integratedcircuit desigrwith
specialdevice models.

— RAD-SPICE— suppliedby Meta-Softvare. This is for simulatingcircuits subjectedo
ionizing radiation.

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

— Cadence-SPICE- suppliedby Cadencédesign

— SPICE-Plus— suppliedby Valid Logic

6 What is SPICE OPUS ?

SPICEOPUS:s a circuit simulatoravailablein two versions:(i) SPICEOPUSLite; and(ii) SPICE
OPUSPro. It is arecompilationof the original Berkeley's sourcecodefor Windows 95/98/NTand
Linux operatingsystemavith Geogia TechResearctnstitutes XSPICEmixed-modesimulator You

cansimulateanalog,digital, andanalog+digitalcircuits using SPICEOPUS.This programis being
developedby Facultyof ElectricalEngineeringlUniversityof Ljubljana,Slovenia. SPICEOPUSL.ite

is freeversionwhichis availablefor downloadingat http://fides.fe.un i- ll. sil spi ce. Thelite

versionhasno optimizationtool, a limited circuit size of 100 nodes,and no usersupport. Except
this, bothlite andpro versionsarefunctionally identical. The SPICEOPUSPro which comeswith

optimizationtool is acommercialersionsupportedy SimShelfinternational www.simshelf.com ).

This versionhasno limitations like the lite version. The simulatorcomeswith an interpretedpro-
gramminglanguagecalledNutmey, which allows interactve SPICEsessions.

7 Types of Simulation Studies

Thefollowing typesof studiescanbe conductedn a givenanalogcircuit usingSPICEOPUS:

D.C. Analysis— Determinatiorof steady-stateesponsef thecircuit whentime-invariantD.C.
sourcesareapplied.This canbedoneusingop command.

D.C. SweepAnalysis— Determinatiorof respons®f the circuit whenexcitation, or ary other
components variedover arange.This canbedoneusingdc command.
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A.C. Analysis(FrequencyDomainAnalysis)— Determinationof steady-stateesponsef the
circuit whensinusoidalexcitation is appliedmine the frequeng responsef the circuit. The
frequeng of excitation canbe variedto determinethe frequenyg responsef the circuit. This
requiresac commanadandac speci cationin atleastoneof thesourcesn thecircuit.

T.F. Analysis— Determinationof small-signaltransferfunction with small-signalgain, input
impedancegutputimpedanceThis canbedoneusingtf command.

TransientAnalysis(Time Domain Analysis)— Determinationof variationof responsef the
circuit with respecto time. This bedoneusingtran command.

Apartfrom thebasicanalysesnentionedabore, we canalsoconducthefollowing advancedanalyses:

SensitivityAnalysis— This canbe doneusing.SENS command.
Distortion Analysis— This canbedoneusing.DISTO command.
NoiseAnalysis— This canbedoneusing.NOISE command.

Pole-Zep Analysis— This canbe doneusing.PZ command.

However, thesearenot requiredin anintroductorycourseon circuit simulationandhencethey have
not beenusedin theintroductorysimulationexamplesgiven furtherbelow.

SpiceOpuscomeswith digital codemodels.Thesemodelscanbe usedto simulatedigital circuits.
But ondigital circuitswe canconductonly op andtran analyses.

8 Starting and Quitting Spice Opus
Click onthe Spice  Opus link availableon the desktop(If link is notavailable,then,askyour System
Administrator). Spice Opus Commandwindow openswith promptasshavn in Figure 1. Now,

Spice Opus is readyto executecommands.To quit, type quit andpressEnter or closethe Spice
Opus window.

9 List of Code Models Available
We cangetalist of all codemodelsavailablein SpiceOpusby typing:
siminfo  all<Enter>

at SpiceOpusprompt.

10 Procedure for Simulation

Givenacircuit, we shouldfollow the proceduregivenbelov to conductsimulation:
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File Edit Control Window Help

Loading digital. cm

digital.cm, version 1.0, May 15 2003

Digital event-driven simulation library.

muthor: Simshelf, Inc

coppright: 2000

Found 26 oM device(s) and 0 UDH({s).

successfully Loaded 26 oM device(s) and 0 UDH{s).

Loading xtradev. om
wtradew om, wersion 1.0, Map 15 2003
Additional analoy devices.

Author: Simshelf, Inc

Coppright: 2000

Found 8 ot device{s) snd 0 UDH{s}.
snccessfullp Loaded 9 cH device(s) and 0 UDA{s)

Loading xtrasvt. om
xkraevt, om, version 1.0, May 15 2003

Additional ewvent-driwven dewices

Author: simshelf, Inc

Gopuright: 2000

Found 4 oM device{s) and 2 UDN{s}.

successfully loaded 4 oM device{s) and 2 UDN{s}.

welcome to Frogrem: Spicedpus {¢), wersiom: 2.2 Light
Date built: Thu Hap 15 11:30:88 CEST 2003

EBased on:

SPICE 3f4 {patched to 3£5) by
Electronics Research Laboratory
tollege of Engineering
University of califormia, Berkeley

XSPICE by
Georgia Tech Research Institute

university of Ljubljana, slovenia
Faculty of Electrical Engineering

Group For Computer Alded circuit Design
http://fides. fe.oni-1j. sifspices

Type "help" for more infomation, "muit" to leswe

g:iceopus e} 1 -+ i

Figurel: SpiceOpusCommandVindow

Describethe circuit connectionitherin a*.cir  text le or graphicallyby usinga schematic
program.SPICEOPUSdoesnot have a built-in schematigorogram. However, we canusean
externalschematigrogramcalled EAGLE to preparethe circuit schematic.But for a novice
it is easiento usethetext le. Usingatext le alsohelpsin betterunderstandingf the basics
of circuit simulation. Sowe will use*.cir to describehecircuit. Interestedstudentantry
EAGLE.

Specifythetypeof simulationstudieso beconductedSeeSection7 above). If text le isused,
we canspecifythecommanddor simulationwithin thetext le it self.

Startsimulationby loadingthecircuit le into SPICEprogram.

Printor plot the desiredresults.Commandgor this maybeincludedin thecircuit le it self.

11 Using On-line Help

When SpiceOpuswindow is open,at Spice  Opus prompt,type help andpressEnter to openon-
line help. Then,you will seealist of sub-topicsasshavn in Figure 2. Typethe serialnumberof the
sub-topicyou wantto openandpressEnter . To quit helptypeq andpressEnter or repeatedlypress
Enter until youcomebackto Spice Opus prompt.
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- X
File Edit Control Window Help
Toading xEcaevh. om |
xtraevt.ocm, wersion 1.0, Map 15 2003
Additional event-driven devices.
Author: Simshelf, Inc
Coppright: 2000
Found 4 oH deviceis) and 2 UDH(s)
successfullpy loaded 4 oM dewiceds) and & UDH({s).
Welcoms to Program: Spicedpus {e¢), version: 2.2 Light
Date built: Thu Map 15 11:30:33 CEST 2003
Eased on:
SPICE 2f4 {patched to 3£L) by
Electronics Research Liboratory
College of Engineering
Universitp of california, Berkelen
HSFICE by
Georgia Tech Research Institute
Universitpy of Ljuvbljana, &lowvenia
Faculty of Eleckrical Engineering
Group For Computer Aided Circuit Design
http://fides. fe.uni-1j sifspices
Type "help" for more infemation, "quit" to leave.
spicedpus {c} 1 -» help
Table of Contents
sub-Topics
1) INTEODUCTION 5) INTERACTIVE INTERFEETER
2} CIRCUIT DESCRIFTION £} BIBLIOGRAPHY
2} CIRCULIT ELEMENTS AND MODELS 7} APPENDIX A
4} AMALYSES AND OUTFUT &ONTEOL 8) AFPENDIX E
i selection ¢ #' for help): vi

Figure2: SpiceOpussub-topicsn on-linehelp.

12 Circuit File Format in Spice Opus

Thecircuit le containscircuit connectiordetailsandoptionallycommandgor conductingsimulation
andfor outputtingresults.lt is anASCII text le createdusingary text editor If you useaformating
word processosuchas Microsoft Word to createthe circuit le, remembeto save the le without
ary formatingasan ASCII text le. It is betterto avoid usingword processorso createa circuit
le. InsteaduseanASCII text editor In Linux ervironmentEmacs Vi, GEdit, Kedit, Kwrite, Pico
etc. aresomeof the populartext editors. In Windows environment,you may useNotepad,Norton
Editor, TextPad etc. But remembeto save the le as.cir le. Thecircuit le outlineis asshavn
in Figure3. The rst line of thecircuit le is reseredfor title. You maygive ary title for the circuit
you aresimulating. Commandsgor simulationandoutputtingresultsmustbe givenusingonly lower
casdettersandwithouta. (dot) in thebeginningbetweencontrol  and.endc . Thelastline of the
circuit le mustbe.end . To avoidconfusionijt is betterto useonly lower caseletters throughout.
If youdo notwrite commandgor conductingsimulationandoutputtingresultsin your circuit le,

then, you have to give thesecommandsnteractvely at Spice Opus promptafter the circuit le is
loadedinto SpiceOpus.

13 Scale Factor s used in SPICE

Table 1 shaws scalefactorsusedin SPICEwhile indicatingvaluesof parameter®f circuit compo-
nents.
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Title of the circuit. =—— First line

Circuit description.
Upper or lower case letters.

.control <—— Control block starts here

Commands for simulation
and outputing results
in only lower case letters.

-endc <—— Control block ends here
.end <—— Last line.

Figure3: Circuit le format.

| ScaleFactor| Letter | Value |

Terra T 1012
Giga G 10°
Mega Meg 10°
Kilo K 10°
Mills mil 254 ©
Milli m 10 3
Micro u(orM) | 10 ®
Nano n 10 °
Pico P 10 12
Femto f 10 °

Tablel: ScalefactorsusedSPICE.
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14 Comments in Circuit File

Any line in thecircuit le thatbeginswith a* is treatedasa commentby the SPICEprogram.In the
programsgivenin the following pagesdetailedcommentshave beengiven to explain the program.
Gothroughthesecommentsarefully Title of the circuit neednot begin with a *.

15 How to Load Circuit File into Spice Opus?

StartSpiceOpus.Goto thedirectoryin whichthecircuit le is storedusingcd path_to_directory
commandFor example,if your circuit le is storedin /home/anand/spice  lab , then,youtype

cd /home/anand/spicel  ab <Enter>

Thentypesource filename.cir atSpice Opus promptandpressEnter .

16 Impor tant Conditions to be Ensured
Thefollowing conditionsshouldbe ensuredvhile simulatinga circuit usingSPICE:

Thegroundor datumnodeof thecircuit shouldbe givennumberQ andnotlettero or O.
Othernodesmustbe givennamescontainingary arbitrarycharactestrings.

Thecircuitto besimulatedcannotcontainaloop of voltagesourcesand/orinductorsandcannot
containa cut setof currentsourcesaind/orcapacitors.

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

Everynodemusthave atleasttwo connectiongxceptfor transmissiofine nodesandMOSFET
substrataodes.

Whenyou conductfrequeng domainanalysisusingac commandatleastoneof thesourcesn
thecircuit le musthave ac valuesspeci ed. Thiswill beexplainedlaterin moredetail.

Whenyou conducttime domainanalysisusingtran command at leastone of the sourcesn
thecircuit le musthavetime domainspeci cations.Thiswill beexplainedlaterin moredetail.

A resistanceannot have zerovaluebecausehis causeglivide by zeroerror

If you geterrormessagewhile runningsimulationcheckwhetheryou areviolating ary of thecondi-
tionsgivenabove.

17 Introductor y Simulation Examples

The codesgiven belov shav examplesof simulationof differenttypesof circuits. Theseexamples
aregivento introducea novice to circuit simulation. You mustgo throughtheseprogramscarefully
andunderstandhe statements Extensve commentshave beenprovided to explain the statements.
You musttry to simulatenew circuits otherthanwhatis givenin theseexamplesto masterthe art of
simulation.
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Figure4: Circuit for Problem-1.
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Figure5: Circuit for Problem-1redravn with dummysourcesn eachbranch.

17.1 Verication of Kirchhoff's Laws

ProBLEM-1: In the network shavn in Figure 4 determinethe voltageV, and current
deliveredby the controlledsource.Also prove Kirchhoff's VoltageLaw andKirchhoff's
CurrentLaw. (Thisis Problem2-13,pageno. 84, takenfrom, A. E. Fitzgerald David E.
HigginbothamandArvin Grabel,"Basic ElectricalEngineering” ISBN 0- 07-021152-3,

FourthEdition, 1975,McGraw-Hill Kogakusha.td.)

This exampleis meantfor novice usersof Spice Opusto help thembecomefamiliar with steady-
stateanalysisof a network excited by D.C. sources.Givena circuit, rst markthe datumnodewith
number0 andothernodeswith eithernumbersor alpha-numeridabels. In SPICE,we usedummy
voltagesource— avoltagesourceof zerovalue— asanammeteto measureurrent.Figure5 shavs
the circuit of Figure4 redravn for simulation. Obsere how dummyvoltagesourceis introducedin
eachbranchto measurébranchcurrent. Spice Opusalways calculatescurrententeringthe positive
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terminalof a voltagesource Dummyvoltagesourcepolarity is decidedon this basis.Thecircuit le
to simulatethe circuit shavn in Figure5 is givenbelow.

KIRCHHOFF'S LAWS
* The above line is the title.

* This is how a dc current source is represented:
* [??299222 fromnode tonode dc value.

* Here ??????? can be any alphabet or number.

i 0a28

* 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 hO0vae 28

* This is how a dc voltage source is represented:
* y??????? +node -node dc value.

* These dummy voltage sources work as ammeters:
vae a e dc
vaf a f dc
vab a b dc
ved ¢ d dc
vgc g ¢ dc

O O O oo

* Resistors
* r??7???? fromnode tonode value
ri e 0 28
r2 f 014
r3
r4
5

o o0
= N Ol
o

o T
o

* 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
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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(vge)

* 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(ve d)

echo

echo Observe the values printed are almost zero.
echo

echo

.endc

* Al circuit files  must end with ‘'.end"  statement.
.end

Outputof simulationwill beasshavn belav (theactualnumericalvaluesmaydiffer slightly):

Circuit; KIRCHHOFF'S LAWS
Answers are:

v(@) = 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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VX " |
1 ov 2 15w 3 50 mH 4
* M'ﬁ . VWA ) ) B S —
—_—— +
| r2 %
20 W
+
. * — wxl
vin | I ¢ —/— oV
200 V @ 5e 2 !
50 Hz
+
rl vx2 ——
28 W ov —_
® °
0 (number zero)
Figure6: Circuit for Problem-2.
i(vab)+i(vgc)-i(ve d) = 3.552714e-15

Observe the values printed are almost zero.

17.2 Steady-state AC Circuit Analysis

PrROBLEM-2: A coil of resistancel5W andinductanceD.05H is connectedn parallel
with a non-inductve resistorof 20W. Find: (a) Thecurrentin eachbranchof the circuit;
(b) Thetotal currentsupplied;(c) the phaseangleof the combinationwhena voltageof
200V at50Hz 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 constantfrequeng sinusoidalexcitation. Figure 6 shavs the
circuit simulatedusing SpiceOpus.Dummyvoltagesourcesvork asammeters.

You know thatsteady-statanalysisof a circuit excitedby constanfrequenyg sinusoidakxcitation
is donein frequeng domainusingthe conceptof impedance.For frequeng domainanalysis,an
independensinusoidaloltagesourcemustberepresenteds:

v??????? +node -node dc 0 ac rmsvalue phaseangle
Similarly, anindependensinusoidakurrentsourcemustberepresenteds

i???????  +node -node dc 0 ac rmsvalue phaseangle
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Obsenre thatdc valueis speci ed aszeroandfrequenyg is not mentionechere.Only the RMS value
of thesources givenin thisstatementlf dcvalueis notgiven, SpiceOpusoutputsawarningmessage
andtakesits valueasO. If rmsvalue is notspeci ed, it is takenas1.

To conductfrequeng domainanalysisata constanfrequeng thecommando beincludedbetween
.control  and.endc is:

ac dec 1 source_frequency source_frequency

The meaningof dec will be explainedlaterin detail. By default, Spice Opusoutputsanglein
radians.To male it outputanglein degreesthecommands:

set units=degree

Obsere how we canprint magnitudeand phaseangleof voltageandcurrent. Createthe circuit le
givenbelown usingatext editorwithout ary formattingandsaveit asa*.cir  le.

STEADY-STATE AC CIRCUIT ANALYSIS

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

* Dummysources to measure current

* vx measures total current

* vx1 measures current through inductive  branch
* vx2 measures current through resistive branch
vx 1 2dc O

vx1 4 0dc O

vx2 5 0dc O

* Resistors
r1 2 315
2 2520

* Inductance

* 27292772 fromnode tonode value

* Here, the first letter is L and not 1.
| 3 4 50mH

.control

* By default  SPICE_OPUSoutputs angles in radians.
* This command makes SPICE_OPUSoutput 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

¢ R S AnandaMurthy, Dept. of E&EE, SICE Mysore



A Simpli ed Introductionto Circuit SimulationusingSpiceOpus 15

* This is the commandto 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) *@rl +(i *@l*2* pi *50)))

* |In the above equation @r2 means take the value of r2.

* Similarly, @rl means take the value of rl.

* and @| means take the value of inductance |

* | = 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 runningsimulationonthe abose mentionectircuit le is givenbelow:
Circuit: STEADY-STATE AC CIRCUIT ANALYSIS

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

Current  through branch 1.
mag(i(vx1)) = 0.208282e+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) *@rl+ (* @PF2* 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.

The examplegivenabove shawvs thatby default SpiceOpusoutputscomple valuesin rectangular
formatin the form x;y wherex is the real partandy is the imaginarypart. It alsoshavs how we
canreferto componenvaluesby using@ operator The next problemshaovs how we cansimulatea
three-phaseircuit.

ProBLEM-3: A three-phas&0 Hz, 220V supplyhaving ABC phasesequencéds con-
nectedto a balanced connectedoad having animpedanceof 10\ 30 Win eachphase.
Taking Vgc as referencephasor nd the line currents. Answer: I = 381\ 60 A,

Ig= 381\ 60 A Ic=381 180 A.

Figure 7 shaws the circuit diagram. Sincewe wantto measurehe line currents,we have to insert
dummyvoltagesourcesn the lines. We cannotrepresenthe supply asthree D-connectedine-to-

line sourcesbecausethen, the threevoltage sourcesform a loop which is not allowed in SPICE
(referto Sectionl6). Therefore we representhe supplyasthreeY-connecteghasevoltagesources.
You know from circuit theory that, whenphasesequencés ABC, the phasevoltageslag behindthe

respectre line-to-linevoltagesby 30 . Hence we have the phasevoltagesources

v,
Vi = pB—%\ 30 =124 30V: Ven=12A210V:  Vay= 124 90 V

Thephasempedancef theloadis inductive sinceits phaseangleis positive. Therefore we have
Z= 10 30 W= (R+ jX) = (8:666+ j5)W
Thevalueof inductanceof eachphaseémpedancés

X 5

L= = = = 15:92mH
20f  2p 50 m

We needto calculatethe inductancebecausave cannotenterthe reactancevaluein the circuit le.
Taking the valuescalculatedabove, the circuit to be simulatedwill be asshavn in Figure 8. The
circuit le for simulatingthiswill beasshavn below:
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A

220/240° Vv 220/120° v
10/.30° W

Figure7: Circuit for Problem3.
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0 + B °
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T O ——|
oV o
Vey @ 127/ 210° vV y f1=72= 15 = 8666 W
N c |, =1,=1,=1592 mH
C | I
® || —
+
oV

Figure8: Circuit for simulationpertainingto Problem3.
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Three Phase Circuit  Analysis

* Phase Voltage Sources
van A0 dc 0 ac 127 90
von B 0 dc 0 ac 127 -30
ven CO dc 0 ac 127 210

* Dummysources to measure line currents
va Aldc 0
vb B3 dc O
vc C5dc 0

* Resistors

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

* Inductances

1 2 3 15.92mH
2 45 15.92mH
I3 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 this simulationwill beasshovn 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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Zo —e A
I oA
. . + +
Linear Bilateral v — <> v
Network ocC oc
—. B
e B

Figure9: Theveninequivalentnetwork of alinearbilateralnetwork.

2W 1w 3w
— W~ W
A
2V 12 W 4V
B

Figure10: Circuit for Problem-4

17.3 Veri cation of Thevenin Theorem

In thefollowing problemswe shallverify Thevenin Theorem Firstwe take a circuit excitedby D.C.
source/sThen,we take a circuit excited by sinusoidakource/s.

Statemenbdf TheveninTheoem: Any linear bilateralnetwork connectedo terminalsA andB as
shawvn in Figure9 canbereplacedoy a voltagesourceof valueequalto the opencircuit voltageVoc
betweenthe terminalsA and B connectedn serieswith an internalimpedanceZry whereZry is
the equivalentimpedancef the circuit asmeasuredrom theterminalsA andB with all independent
sourcedn the circuit reducedto zero. We alsohave Zty = Voc=l Wherelg is the shortcircuit
current o wing betweenrA andB.

ProBLEM-4: In thecircuitshavnin Figure10 nd thecurrentin a2Wresistorconnected
betweemodesA andB by applyingThevenintheorem(thisis Problem-51takenfrom S.
Parker SmithandN. N. Parker Smith,“Problemsin ElectricalEngineering” VIl Edition,
pageno. 47). Answer:0.8175A

Figure 11 shaws the circuit simulatedusing SpiceOpus. The right portion of this gure shaws the
Theveninequialentof thecircuit of Figure 10 asseenfrom theterminalsA andB with a 2Wresistor
connected. We solwe this problemby two methods: (i) by usingtf command;(ii) by usingthe
equationZTH = Voc=ls .

Thegeneraformatof tf commands

tf  output_node input_source
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rl r3 r4
1 2 W 2 1w a 5
— M-
oV r2 r5
12 W 2 W
B
A A 4 v

Figurell: Circuit to be simulatedfor Problem-4.

The tf commandperformsa transferfunction analysis,returningthe transfer_function (out-
put/input),output  resistance , andinput resistance  betweenthe given outputnodeandthe
giveninputsource.Thecircuit le givenbelonv shavs how we usetf command:

THEVENIN THEOREMN 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.
vli 10 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 Ov

* Resistors

122

r2 20 12

r3 2al

4 3 a3

i 502

* 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 wusing 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(@) vl

tf v(@) v2

* Observe how the values of sources are

* included in expressions as @vland @v2.

* Also how we can use let command to define new variables.

let ocvolt=(tfl.trans fer _fu nctio n*@vl+tf 2.t ran sfe r_fun cti on* @)

* 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 programtf commands executedwice — oncewith respecto vl andthenwith re-
spectov2. Valuescalculatedduringthe rst runoftf will bekeptin asetreferredo astfl . Similarly
the valuescalculatedduring the secondun will bein anothersetcalledtf2 . Dot operatorsareused
to referto the valuesstoredin a particularset. For example ,whenwe saytfl.transfer_func tio n
we arereferringto the transfer_function storedin thesettfl . Figure 12 shaws the circuit to be
simulatedfor veri cation of Thevenintheoremusingthe secondmethod.In this methodwe rst nd
Voc keepingtheswitchopen.Then,we closethe switchto causeshortcircuitandmeasurdg. Then,
we nd Zry = Voc=ls:. Thecircuit le for secondmethodis givenbelow:
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1 2ZW o 1W 4 3w 3 6 Ffmoo7
rl r3 r4
5
switch\ V2 Voc

vl 7+ r2 % + ré
) 4V

2v<> 12 W 4 2 W

VX v3 % s

—_— 10

ov T

| +

L 2
L 0

Figure12: Circuit for veri cation of Thevenintheoremusinga voltagecontrolledswitch.

THEVENIN THEOREMN 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/lsc. 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.
vli 10 dc 2v
v2 3 0 dc 4v

* This source controlls ON/OFF operation  of the switch.

* When this is Ov the switch is OFF. The switch is closed
* by altering  this to a higher value.

v3 50 dc Ov

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

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

* A voltage controlled switch is specified  as:

* §?77?77?7? N+ N- NC+ NC- MODELNAMEON><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 a4 5 0 switch

.model switch  sw(ron=0.00001 roff=10e+5)

* Resistors

122

r2 20 12

3 2al

r4 3 a3

r5 5 0 10Meg

6 702

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/lsc s
print  opl.v(a)/op2.i(vx)

* Now find current in Thevenin equivalent  circuit.
alter  voc=opl.v(a)

alter  rth=opl.v(a)/op2.i (vx)

op
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1 100 W 2 1 400 W 3
~ M e ANAN—e
rin {\
vin VX
50V ov o

m&

0 (number zero)

Figure13: Circuit for veri cation of Maximum Power Transfertheorem.

echo

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

echo

.endc

.end

17.4 Veri cation of Maximum Power Transfer Theorem

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

Statemenbf MaximumPower TransferTheoem: In alinear bilateralnetwork excitedby a D.C.
sourceasshavn in Figure 13, maximumpower transferfrom the sourceto theloadtakesplacewhen
theloadresistancés equalto theinternalresistancef the source.

In the following program,we usedc commando vary the load resistance The generalsyntaxof
thiscommands

dc parameter startvalue stopvalue  stepvalue

In thiscommandtheparameter canalsobea source Whenthis commands given, the parameter

is variedfrom startvalue  to stopvalue in stepsof stepvalue . At eachvalueof parameter the
respons®f thecircuit is found. In thefollowing programwe will alsobe usingtheplot command.
Obsenre how we usethis commando plot a graphof outputpower versudoadresistance.

MAXIMUMPOWERTRANSFERTHEOREMN DC CIRCUIT
* Voltage Sources

vin 1 0 dc 50

vx 3 0dc O

* Resistors
rin 1 2 100
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n 231

* Observe that we initially set rI 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 Ohmsin 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 1400 1

plot i(vx)*v(2,3)

xlabel  rL[Ohm]

ylabel  P[Watts]

* Along statement can be continued in the next line
by typing + in the first column as shown above.

+ +

*

.endc

.end

The outputobtainedfrom the programwill beasshawvn in Figure 14. Fromthis graphwe seethat
maximumpower is consumedy the loadresistancevhentheloadresistancas equalto theinternal
resistancef thesourcei.e., 100Win this case.

17.5 Series Resonance

In thefollowing problemwe shallplot thefrequenyg responsef a seriesRLC circuit:

PROBLEM-5: A seriesRLC circuit with R= 100W, L = 10mH, C = 0:1uF is excited

by avariablefrequeng sinusoidakourceof R.M.S.value100V. Plotthe magnitudeand

phaseangleof impedanceof the circuit versusfrequeng of the sourceasthe latteris

variedfrom 25 Hz to 1000kHz. Measureresonanfrequeng, half-pover frequencies,
andbandwidth from the plotsandverify their valuesby theoreticalkalculations Repeat
simulationwith R= 1000W and R = 5000W. Whatis the effect of variationof R on

resonanfrequeny, half-pover frequencieandbandwidth?

For thegivencircuit, theresonanfrequeny is givenby
1
T pIc
At half-powver frequeng f; the phaseangleof impedanceof the circuitis 45 andat half-paver
frequeng f, it is 45 . So, we canlocatethe half-powver frequenciesby plotting a graphof phase

fo
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Figurel4: Plotof outputpower versudoadresistance.
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{100,1k,5k} W 10 mH 0.1 mF
S 5 o o W R
r 2 | 3 c
* +
vin @ 100 V v ——
25 Hz 1000 kHz ov T
Oe .

Figure15: Circuit for studyingseriesresonance.

angleof theimpedanceversusfrequeng. To dothis, we needto vary the frequeng of the sinusoidal
excitation. So,we have to useac command.To nd frequeng responsethecommando beincluded
betweencontrol  and.endc is

ac dec points_per_decade start_frequency end_frequency
For example,if we give thecommand
ac dec 100 25 1000k

thefrequeny is variedfrom 25 Hz to 1000kHz taking 100 pointsper decade.Logarithmicscaleis
usedfor the frequeng in the plot. Figure 15 shaws the circuit to be simulated. Dummy sourceis
insertedto measurehecurrent. The programis 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

* DummySource to measure Current
vx 4 0dc O

* Passive Components

* Observe initially we arbitrarily set r=0.1 and later
* change it to 100, 1000, and 5000 Ohm.

r1201

| 2 3 10mH

C 3 4 0.1uF

.control

* This makes SPICE_OPUSoutput 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(acl.v(l)/acl.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(acl.v(1)/acl.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]

+ tite  'Phase Angle of Impedance[Deg]

* This plots  Current

plot acl.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

Outputsobtainedrom theprogramgivenabove areshavn in Figuresl6, 17, and18in thefollowing

pages.
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plotd:Magnitude of ImpedancelOhm] - Spic =4
r=100 Ohm[Red], r=1000 Ohm[Green] and r=5000 Ohm[Blue]
BOp00
SOCKI0
400
30000
20000
10000
e
0 100 1000 10000 100000
Freguency [Hz]
Curve: <spacer & x=11464 8554 y=F0617 5754

)

Figure16: Variationof magnitudeof impedancef seriesR-L-C circuit with frequeng.
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plot2: Current[A] - SpiceOpus Plot
r=100 Ohm[Red], r=1000 Ohm[Green] and r=5000 Ohm[Blue]
1
L}
0s
0e
0.4
0.2
0 1000 10000 100000 —1
Freguency [Hz]
Curve: <space: & x=26821.7507 y=0.8525327058 ~

Figurel7: Variationof magnitudeof currentin aseriesR-L-C circuit with frequeng.
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sl plotl:Phase Angle of Impedance[Deqg] - Sy 4
r=100 Ohm[Red] r=1000 Ohm[Green] and r=5000 Ohm[Bloe]

L} ’ﬂ'p‘—-—?A

a0

il

100 1000 10000 100000

Freguency [Hz]
Curve: <spacer & x=4730.09755 y=097.0094525 ~

Figure18: Variationof phaseangleof impedancef seriesR-L-C circuit with frequeng.
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vin
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—
I g s
o =° %

Figure19: Circuit for studyingparallelresonance.

17.6 Parallel Resonance

In the programgivenbelon we shallsimulateresonancén aparallelR L C circuit. Theprogram
is similarto thatof seriesresonance.

Problem-6:A serieR-L circuitwith R, = 6WandL = 1 mH,isin parallelwith aserieR-
C circuitwith Rc = 4WandC = 20uF. This parallelcombinationis excitedby avariable
frequeng sinusoidakourceof R.M.S.value50V. Plotthe magnitudeandphaseangleof
impedanceof this parallelcombinationversusfrequeng of the sourceasthe frequenyg
is variedfrom 25 Hz to 1000 kHz. Measureresonantfrequen% and crosscheckthis
by theoreticalcalculation. Repeatsimulationwith R, = R- = L=C. Whatis your
conclusiorn?

Figure19 shaws the circuit to be simulated.The programis 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 10 dc 0 ac 50V

* DummySource to measure Current
vx 1 2dc O

* Passive Components
rc 234

M 246

¢ 3 0 20uF
[ 40 1ImH
.control

* This makes SPICE_OPUSoutput 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(acl.v(l)/acl.i( vX) ) mag(ac2.v(l)/ac2.i(v X))

+ xlabel  'Frequency[Hz]

+ ylabel 'Red: rL=6 Ohmand rC=4 Ohm, Green: rL=rC=7.0711 Ohm'
+ title  'Magnitude  of Impedance[Ohm]'

* This plots Angle of Z

plot  ph(acl.v(1)/acl.i(v X)) ph(ac2.v(1)/ac2.i( VX) )

+ xlabel  'Frequency[Hz]

+ ylabel 'Red: rL=6 Ohmand rC=4 Ohm, Green: rL=rC=7.0711 Ohm'
+ tite  'Phase Angle[Deg]'

* This plots  Current

plot acl.i(vx) ac2.i(vx)

+ Xlabel  'Frequency[Hz]

+ ylabel 'Red: rL=6 Ohmand rC=4 Ohm, Green: rL=rC=7.0711 Ohm'
+ title  'Current’

.endc

.end

The outputsobtainedfrom the progra@iven above areshawn in Figures20, 21, and22 From
thiswe canseethatwhenR_. = R- = L=C thecircuitis resonanatall frequencies.
17.7 R-C Coupled Amplier

In thefollowing circuit le we simulatean R-C coupledampli er. We obtainthefrequeng response
andtime responsef theampli er whena sinusoidalsignalis appliedat the input. Figure 23 shawvs
theampli er circuit to besimulated.To obtainthetime responsethe commands

tran Tstep Tstop [ Tstat [ Tmax] ] [ UIC ]
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plot2:Magnitude of ImpedancelOhm] - Spic =4
Fed: rL=5Ohm and rZ=4 Ohm, Green: rlb=rZ=7.0711 Ohm

= M Pl S '."'-
100 1000 10000 B[ saas
Frequancy [Hz]

Cunvs: =spaces (@ x=741.447372 y=0 06167122

Figure20: Variationof magnitudeof impedancef parallelRLC circuit with frequeng.
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v plot3:Phase Angle[Deqg] - SpiceOpus Plot sl 4

Fed: rL=5Ohm and rZ=4 Ohm, Green: rlb=rZ=7.0711 Ohm

DM

-10

+15

100 1000 10000 100000
Frequancy [Hz]

Curvs: =spaces (@ x=1240 34451 yv=590385752

Figure21: Variationof phaseangleof impedancef parallelRLC circuit with frequeng.
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b s plotd: Current - SpiceOpus Plot -0 X

Fed: rL=5COhm and rZ=4 Ohm, Green: rL=rC=7.0711 Ohm

12

11

10

100 1 10000 100000
Fraquancy [HZ]

Cuns: =spaces (@ x=bb253.1227 y=13.24531537 y

Figure22: Variationof currentdravn by parallelRLC circuit with frequeng.
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AN N 2N2222
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8.2k 15k IZOmF L
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Figure23: R-C coupledampli er.
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TSTEP s the time increment. TSTCP is the nal time, and TSTARTIs theinitial time. If TSTARTIs
omitted, it is assumedo be zero. The transientanalysisalwaysbegins at time zero. In the intenal
<zero, TSTART> thecircuit is analyzed(to reacha steadystate),but no outputsarestored. In the
intenal <TSTART, TSTOP> the circuit is analyzedand outputsare stored. TMAXis the maximum
step-sizeéhat SPICEuses;for default, the programchoose®itherTSTEPor (TSTOP-TSTART)/50 .0 ,
whicherer is smaller TMAXis usefulwhenone wishesto guaranteea computingintenal which is
smallerthantheprinterincrement,TSTEP.

UIC (useinitial conditions)is an optional keyword which indicatesthat the userdoesnot want
SPICEto solve for the quiescenbperatingpoint beforebeginning the transientanalysis.If this key-
wordis speci ed, SPICEuseghevaluesspeci edusinglC=... onthevariouselementastheinitial
transientconditionand proceedswith the analysis. If the .IC controlline hasbeenspeci ed, then
thenodevoltagesonthe.IC line areusedto computethe initial conditionsfor the devices. Look at
thedescriptiononthe.IC controlline for its interpretationwhenUIC is not speci ed. In mostof the
casesyve usetran commandn thefollowing format:

tran Tstep Tstop

If tran commandhasto be executed,at leastone of the sourcedn the circuit shouldhave time
domainspeci cation. In thefollowing simulation,we areobtainingbothfrequeng responsandtime
responsef the circuit. So,we specifybothtime-domainandfrequeng domainspeci cationfor the
input signalsource For example,we write

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

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

Q???????  collector_node base_node emitter node = MODELNAME
.model MODELNAMBPN(Parameterl=x Parameter2=x ...

in boththe statementsFor eachtype numberof transistorits .model statemenshouldappearonly

oncein thecircuit le. Usually .model statemenis providedfor transistordy manuficturersattheir

web sites. This statementontainsparametersf the transistorwhich dependuponthe construction.
For example,the.model statemenbf the NPN BJT q2N2222taken from a manufcturers web site

is givenbelow:

.model 2N2222 NPN(Is=14.34f  Xti=3 Eg=1.11 Vaf=74.03 Bf=255.9 Ne=1.307
+ lse=14.34f  |kf=.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=22.0lp Mje=377 Vje=.75

+ Tr=46.91n Tf=411.1p Itf=6  Vitf=1.7 Xtf=3 Rb=10)

Similarly we canalsospecifyPNPBJT. At this stagejt is unnecessarnp goin to themeaningof each
of the parametergjivenin the statemenabore. Obviously typing sucha lengthy.model statement
is cumbersome So, all such.model statementgor differentdevices canbe collectedtogetherand

storedin alibrary le. You cangive anappropriatenameto that le, sayparts.ib . This le can
be storedin a directorywhich is accessetby SpiceOpus(Usually /usr/lib/spice/lib/s cript s
in Linux machinesin Windows machines:\SpiceOpus\lib\scr ipt s). Then,the contentsof this

library le canbeincludedin thecircuit le by writing thestatement
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include  parts.lib

in thecircuit le. In the programgive below, it is assumedhatsuchalibrary le is available.If it is
notavailable,then,youhaveto createt by collectingthe SPICEmodelsfrom theinternet. Thecircuit
le for simulatingaBJT ampli er is givenbelow:

BJT C-E AMPLIFIER USING VOLTAGEDIVIDER BIAS

* Biasing  Supply
vecc vec 0 dc 22

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

* Biasing  Resistors

r1 vecc b 56k
2 b 0 8.2k
re e 0 15k

rc vec ¢ 6.8k

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

* Emitter  Capacitor
ce e 0 20uf

* Load Resistance
rout out 0 1el?

* Transistor
g c b e g2n2222

* This library  file  contains model of @2n2222
include  parts.lib

.control
set units=degree
destroy  all

* This finds time response.

tran 1lus 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'

+ tite  'Frequency  Response of BJT C-E Amplifier

plot  ph(gain)

+ xlabel  'f[Hz]

+ ylabel 'Angle in Degrees'
+ title  'Phase Angle of Gain'
.endc

.end

* Howis v(out) affected by variations in the following:
* (@ wvee; (b) rout; (¢) rl or r2 ?
* Howis v(out) affected if cout is shorted ?

Resultsof simulationof BJT ampli er aregivenin Figures24, 25, and26.

17.8 Inverting and Non-inverting Amplier s using Op-amp

In the programgivenbelaw, we simulateaninvertingandnon-invertingampli er which usesop-amp
MA741. Thisop-amphasacomple circuitin side.In SPICEwe cande ne ary circuitasasub-circulit.
For example,the op-amppA741 canbe modeledasa sub-circuitasshavn below:

*Mniin /e )
* UA741/AICIE  OPERATIONALAMPLIFIER MACRO-MODEL
*Mnin /e )
*

* connections: non-inverting input

* inverting input

I
* | | positive  power supply
* | | | negative  power supply
¥ | | | | output
* I
* I
.SUBCKT uA741 1 2 99 50 28

*

* Features:
* Improved performance over industry  standards
* Plug-in  replacement  for LM709,LM201,MC14309,7 48
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Figure24: Timeresponsef BJT ampli er.
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Figure25: Phaseangleof gainof BJT ampli er plottedversusfrequeng.
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Figure26: Decibelgainof BJT ampli er plottedversusfrequeng.
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* |nput and output overload protection

*
****************l N P UT STAG E****'k******** *

*

I0OS 2 1 20N
*Nnput  offset  current
R11 3 250K

R2 3 2 250K

1 4 50 100U
R3 5 99 517

R4 6 99 517
Q15 2 4 QX
Q26 7 4 QX
*Fp2=2.55 MHz
C4 5 6 60.3614P

*

***********COMMON MODEEFFECT***********
2 99 50 1.6MA

*Quiescent  supply current

EOS7 1 POLY(1) 16 49 1E3 1

*Input  offset  voltage.”

R8 99 49 40K

R9 49 50 40K

*

ek QUTPUT  VOLTAGE LIMITING* ke
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

G198 956 21E-3

*Fpl=5 Hz

R5 98 9 95.493MEG

C3 98 9 333.33P

*

***************POL E STAGE************* *%
*

*Fp=30 MHz

G398 15 9 49 1E-6

R12 98 15 1MEG

C5 98 15 5.3052E-15

*

wereeretCOMMON-MO DE ZERO STAGE**ttnix
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*

*Fpecm=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

The abore SPICEmodelhasbeencopiedfrom oneof the manugcturers web site. At this stage,
it is not requiredto understandhow the modelshavn above is derved. Suchmodelsare available
freely ontheinternetfor mostof thecommonlyusedop-ampsWe cancopy this sub-circuitmodelin
to our parts.lib le. After this we cansimply call this sub-circuitfrom our circuit le by thetwo
statementgivenbelow:

x???2?2???  Input+ Input-  Supply+ Supply- Output uA741
include  parts.lib

orderin which they aregivenin the sub-circuitde nition in parts.lib le. Figure 27 shaws 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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rf={100k, 47k}

VWA
cin
1.0uF cout
1
Input I . 6 1'|OUF Output
|
vin
05V 10kwW 10kW
peak rl rout
Figure27: Invertingampli er usingop-ampuA741.
rf={100k, 47k}
VWA
cout
_]’__W 6 1'|OUF Output
cin = |
1.0uF
Input —|—— 10KW 10KW
vin rl rout
05V — —
peak L L

Figure28: Non-invertingampli er usingop-amppA741.
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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

m 3 0 10k

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

Xx 32746 uar4l
include  parts.lib

.control

destroy all

tran 0.0lms 4ms

alter  rf=47k

tran 0.0lms 4ms

plot v(lnput)  vs (time*1000)

+ (tranl.v(Output)) vs tranl.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 UuA741 OpAmp'

destroy all

ac dec 10 10Hz 1MegHz

alter  rf=100k

ac dec 10 10Hz 1MegHz

plot mag(acl.v(Output))/ mag@a cl. v(I nput) ) vs acl.frequency

+ mag(ac2.v(Output))/ mag(ac 2. v(I nput)) 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: Time respons®f invertingampli er usingop-amppA741.

Theresultsof simulationaregivenin Figures29 and30. Figure28 shavs the non-irvertingampli-
er. Changethecircuit le givenabove to simulatethis circuit. The resultsof simulationareshavn
in Figures31and32

17.9 Bridg e Recti er

In Figure 33 a bridgerecti er with a step-devn transformermanda P lter is shavn. Let usplot the
outputvoltage of this circuit versustime. It is given that the input voltageis vs = 1697sin37%.
So, the durationof one periodis T = (2p=377) = 16:67 ms andthe frequeng is 60 Hz. Let us
plot the output voltage for about5 cycles. So, the durationto be specied in tran commandis
5 16:67 85ms. Stepdownn transformeihasaratio of 12: 1. The secondaryoltageis therefore
given by v; = vg=12 = 0:.083vs. So, the secondaryoltage sourcemay be modelledas a voltage
controlledvoltagesourceasshavn in Figure 34. Thecircuit le for simulationis givenbelow:
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Figure30: Frequeng respons®f invertingampli er usingop-ampuA741.
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Figure31: Timerespons®f non-invertingampli er usingop-amppA741.
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Figure32: Frequeng respons®f non-irvertingampli er usingop-amppA741.
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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 451 0 0.0833

* Resistors
R1 3 0 100
R2 10 1T

* Diodes

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

* |f 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= 1776 XTI 30 EG= 1110 CJO = 1519E-11

+ M= 03554 VJ = 05928 FC = 05 BV = 1000.0 IBV = 1.0E-03)

* Filter

C120 10u
C2 3 0 100u
L1 2 3 0.1m

.control

destroy  all

tran 0.0lms 85ms

plot v(3) vs (time*1000)

+ xlabel  'Time[ms]'

+ ylabel  'V(out)

+ title  'Time Response of Bridge Rectifier
.endc

.end

Theoutputobtainedirom simulationof bridgerecti er circuit is shavn in Figure 35.
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+

R2

@VS l.OTW§ A

| $D4 %DZ

All diodes 1N4007 L1
_ 1115
12:1 % D1 D3 0.1 mH
+ + \_ +
(V) vs % % V1 10 UF == 100 UE =

R1
—  Vout % 100W

Figure33: Bridgerecti er circuitwith P lter.

V1=Vs/12 % D1

5

_fD4 *DZ

R1
—~  Vout % 100W

L1 3
4115
D3 0.1 mH
4 +
10 uF = 100 uF

Figure34: Bridgerecti er circuit modi ed for simulation.
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Figure35: Outputof bridgerecti er circuit with P Iter .
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R1
5 Kk
1 5K 2
R2 R3
10 k 10 K
| + 3 5
Vi
14.14 sin10% v D1 D2
. 4 6
V1 V2
10 v & 5V

Figure36: Diodeclippercircuit.

17.10 Diode Clipping Circuit

Figure36 shavs adiodeclippercircuit. It is requiredto plot a graphof v; andv, versugime andalso
to plot its transfercharacteristicsvhichis a plot of v, versusy;. Thecircuit le is givenbelow:

DIODE CLIPPER

* Input  Source
Vi 1 0dc O sin(0 14.14 1eb5)

* DC Sources
V14 0 dc 10
V2 0 6 dc 5

* Resistors
R11 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 0.0lu 12u
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Figure37: Inputandoutputvoltagesof diodeclippet

plot V(1) V(2) vs (time*10e6)

+ Xlabel  t[micro-sec]

+ ylabel 'Vi and Vo

+ tittle  ‘Input and Output of Clipper'

plot  V(2) vs V(1)

+ xlabel Vi

+ ylabel Vo

+ title  'Transfer  Characteristics of Diode Clipper'
.endc

.end

Resultsof simulationareshavn in Figures37 and38.
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Figure38: Transfercharacteristicsef diodeclippet
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R1 | 15V

33k |5 1~ }7?

Rn
33k

i

R2 R3

out

Vn
15V

Cl g C2 g C3

I_

C1=C2=C3=0.1uF
R2=R3=R4=3.3k

Figure39: Phaseshift oscillatorusingop-amp.
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17.11 R-C Phase Shift Oscillator using Opamp

Figure39 shavs an R-C phaseshift oscillatorbuilt usingop-amp741. Thefrequeng of oscillationof
thiscircuitis givenby
1
f= —p——
2p 6RC

whereR= R, = R3= Ry andC = C; = C, = C3. At frequeng f given by the abore equationthe
gainA, = R¢{=R; mustbeatleast29 for theoscillationsto sustain.For thevaluesof parametergiven
in the gure, thefrequeny of oscillationis 200Hz. This oscillatorgivessinusoidaloutput. Circuit
le for simulatingthis circuit is givenbelon. Herewe usetran commandsincewe wantto plot the
outputvoltagewaveformversugime.

R-C Phase Shift  Oscillator Using Opamp uA741

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

* Resistors
R11 2 33K

R2 1 0 3.3K
R35 0 3.3K

R4 8 0 3.3K
RF 2 OUT IMEG
RN 3 0 33K

* Capacitors
Cl115 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
X327 4 out uA741

include  parts.lib

.control

destroy all

* Here, TSTARTIis 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 0.0lms 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 simulationareshavn in Figure40.

17.12 Diode Clamper

Figure41 shawvs adiodeclamperandits input voltagewaveform. Thediodeis assumedo be 1N4007
whosemodelis assumedo be presenin parts.lib le. If it is notpresenin 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(vl V2 TD TR TF PWPER) where

* V1 - Initial value.

* V2 -- Pulsed value
* TD -- Delay time
* TR -- Rise time

* TF -- Fall time

* PW-- Pulse width
* PER -- Period
V110 dc 0 PULSE(-20 10 0 2NS 2NS 0.5ms 1ms)
V23 0dc 5

R1 2 0 100K
Cl121U

D1 3 2 1N4007
include  parts.lib

.control

destroy  all

tran 0.0lms 5ms

plot v(1) v(2) vs (time*1000)

+ xlabel  'Time[ms]'

+ ylabel 'Input: V(1)[Red];  Output:  V(2)[Green]
+ tite  'Diodle  Clamper Response'

.endc

.end

Theoutputandinput voltagewaveformswill beasshawvn in Figure42.
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tvi 1mF

1 N 2 Output

f = 1000 HZ |\ * * *

10 V . C1 D1 =1
- 3

0 - vi(y) 100 k
A

20V L L 1T

Figure41: Diodeclampercircuit.

Figure42: Input andoutputvoltagewaveformsin diodeclampercircuit.
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