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Chapter

1
Introduction

The technology in the area of computer modeling and simulation is
growing at a rapid pace. As computers become faster and more capable,
new software provides greater capability. This progress in technology is
of great benefit to design engineers and to the companies that employ
them. This book is intended to show how to harness the capability of
computer modeling and the simulation of power circuits.

Why Simulate?

On more than one occasion, I have been asked (usually by my superi-
ors) why there always seems to be a quest for newer, faster computers
and software. Why are so many precious budget dollars requested for
conferences and training seminars? After giving this question a great
deal of thought, I have the following conclusions:

� Simulation saves money. Design flaws that are not detected until
the production cycle may delay schedules and significantly increase
production costs. Simulation is an aid to the early detection of these
errors. Monte Carlo and worst-case simulations help to ensure max-
imum production yield. With the help of simulation, expensive parts
and systems can be effectively debugged without the possibility of
destroying them.

� Simulation saves time. Circuits can be simulated on a computer
much more quickly than they can be built and evaluated.

� Simulation measures the immeasurable. Computer simulation al-
lows engineers to evaluate a circuit with the worst-case values or
difficult environmental conditions. It would be quite a challenge to
build a circuit that encompasses all worst-case component values, or
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to measure the effects of solar flares on circuit performance. Simula-
tion allows these types of conditions to be easily evaluated.

� Simulation promotes safety. Simulation allows the evaluation of
fault conditions, which may be dangerous to human life. Airline pi-
lots spend a considerable amount of time simulating emergency con-
ditions, of course, rather than practicing them.

About the SPICE Syntax Used in This Book

This book assumes that you already have a working knowledge of
SPICE, in particular PSpice R© from Cadence Design Systems. If this
is not the case, it is suggested that you review the manuals that accom-
pany your SPICE program before proceeding. A demonstration version
of PSpice is available from Cadence Design Systems at www.orcad.com
or www.ema-eda.com. The syntax used in this book is generally SPICE 2
or SPICE 3 based; however, several key PSpice extensions to the SPICE
language are utilized in the modeling process. These extensions greatly
enhance the simulation efficiency and ability to model various aspects
of a power ICs operation. (See the PSpice, SPICE 3, and Other SPICE
Extensions section.)

This book is intended to assist you in using SPICE during the de-
sign and analysis process. I strongly encourage you to run the example
simulations in order to get a better understanding of the capability of
the software and the modeling techniques. All example circuits in this
book are designed to be simulated using OrCAD’s Capture and PSpice,
although other versions of SPICE that are compatible with PSpice may
also be used. With a few modifications (described in the next section),
almost any SPICE software can be used to run the simulations. In ad-
dition, the design and modeling techniques are applicable to many dif-
ferent types of simulators. Some of the circuits, schematics, and SPICE
netlists are included on the enclosed CD for your convenience.

I have selected Cadence/OrCAD PSpice for several reasons:

� The PSpice simulator brings state-of-the-art technology to analog and
mixed-signal design software.

� It is one of the best SPICE simulators for power electronics and re-
lated applications. The libraries included with the simulator have a
large number of power semiconductor models, including IGBTs, SCRs,
triacs, power MOSFETs, power BJTs, and much more. All the models
are in unencrypted ASCII text files, so they can be easily edited.

� A software modeling utility is available as a part of most of the Ca-
dence/OrCAD’s offerings. This utility allows you to easily model your
own devices from a manufacturer’s data sheet parameters.



P1: IML/OVY P2: IML/OVY QC: IML/OVY T1: IML

MHBD017-01 Sandler MHBD017-Sandler-v4.cls October 6, 2005 21:5

Introduction 3

� All of the power devices use sophisticated subcircuit structures, thus
providing very realistic behavior. PSpice’s behavioral modeling ac-
commodation is very powerful and extensive.

� Cadence/OrCAD is dedicated to the improvement of their products.
They are continually enhancing their software and adding features
that increase productivity.

� Cadence/OrCAD maintains a knowledgeable technical support staff
and works closely with engineers, in order to make their software as
productive as possible.

� PSpice is the most predominant SPICE-based simulator in use today.

PSpice, SPICE 3, and Other SPICE
Extensions

The majority of the models and circuit elements in this book utilize
SPICE 2G.6 syntax. Wherever possible, generic syntax is used so that
the models can be adapted to various simulators. However, some key
elements are modeled using PSpice specific and/or Berkeley SPICE 3
syntax extensions. In particular, SPICE 3 has an arbitrary dependent
source, or B element, that allows mathematical expressions of volt-
ages, currents, and other quantities to be used. PSpice extends the syn-
tax of the E- and G-controlled source elements even further in order
to add many behavioral modeling constructs including mathematical
and logical If-Then-Else expressions. Switches with or without hys-
teresis can be created in both PSpice and SPICE 3 and are also used
extensively.

The newer SPICE 3 elements provide greater flexibility and im-
proved performance. Their syntax and behavior are briefly reviewed
later, along with several other SPICE “extensions.” More information
is available in [5].

To emulate the nonlinear large-signal behavior, often found in power
devices, such models require arbitrary X-Y transfer functions. The poly-
nomial math features of SPICE 2, while universally accepted, are very
limited. Therefore, the more flexible Behavioral Math Expressions fea-
ture of Berkeley SPICE 3 is used extensively. In addition, there are
occasions when a procedural type of behavior is required. To produce
this functionality, PSpice uses an If-Then-Else syntax. This “syntax ex-
tension” has also been added to the Berkeley SPICE 3 B-element in
some versions of SPICE, but not all of them. Some SPICE vendors in-
clude a table-type function where the transfer function is defined by
a series of X-Y data points. The table function is supported in PSpice.
However, the advantage of the If-Then-Else capability over the table
model is that the transfer function between each X-Y data point can
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be nonlinear in the If-Then-Else syntax, whereas the Table model only
supports linear segments between points.

Nonlinear PWM IC models require basic digital logic functions such
as latches and flip-flops. These functions can be efficiently modeled in
several ways in PSpice, but are prohibitively complex to model, using
SPICE 2 polynomial syntax. Therefore, another PSpice syntax exten-
sion, Boolean Logic Expressions, was chosen to model the digital func-
tions.

If your simulator has support for the SPICE 3 functions and equiv-
alent support for the PSpice extensions, you can easily translate the
syntax used in this book.

PSpice is based on Berkeley SPICE. However, it has been significantly
enhanced over the generic Berkeley version in terms of its simulation
algorithms, graphical user interface, advanced multirun analysis, and
model support.

Shown later is the syntax for the Berkeley SPICE 3 element and
PSpice’s behavioral extensions, along with some examples on how to
translate the syntax extensions to other SPICE simulators.

Nonlinear Dependent Sources (B, E, and G
Elements)

Math expressions

The arbitrary dependent source (B element) allows an instantaneous
transfer function to be written as a mathematical expression. This B
element is a standard Berkeley SPICE 3 element. The expressions,
[EXPR], given for V and I may be any function of node voltages, currents
through any element, or a variety of traditional math functions. In
PSpice, the E- and G-controlled source elements are utilized:

Format: Bname N+N − [ I=EXPR ][V=EXPR ]

SPICE 3 Examples: B1 0 1 I = sqrt(cos(v(1)/(v(2,3))))
B4 outp outn V = exp(i(vdd)ˆ2)
B1 1 0 V = V(2) ∗ abs(I(V1)) + V(3)
B3 1 2 V = I(R1)
B2 2 3 I = {V(7) ∗ Sin(Time)}∗

∗Note: Some, but not all, SPICE simulators allow the keywords “Time,”
“Freq,” or “Temp” in B element expressions.

Format: EnameN + N − Value = {EXPR}
Gname N + N − Value = {EXPR}
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PSpice Equivalent Examples: G1 0 1
value = {

√
cos (v(1)/(v(2,3)))}

E4 outp outn value = {exp(pwr(I(vdd),2))}
E1 1 0 value = {V(2)∗ abs(I(V1)) + V(3)}
E3 1 2 value = {I(R1)}
G2 2 3 value = {V(7)∗ Sin(Time)}

The Berkeley SPICE 3 arbitrary source syntax begins with the letter
B. N+ and N− are the positive and negative nodes, respectively. The
values of the V and I parameters determine the voltages and currents
across and through the device, respectively. Unlike in PSpice, there
is no distinction between current-controlled (G element) and voltage-
controlled (E element) sources for the B element. If “I=” is given, then
the output is a current source. If “V=” is given, the output is a voltage
source. One and only one of these parameters must be given.

If-Then-Else examples in PSpice

The [EXPR] given in the Math Expressions section earlier can also
contain a special If-Then-Else logical expression. Many SPICE vendors
do not have an equivalent syntax for this capability, as shown later in
the PSpice examples, even though it is one of the most used modeling
constructs in Power IC modeling.

Format: Ename N+N− Value = {IF (Evaluation, Output Value1 or
Expression, Output Value 2 or Expression)}
More Simply: Ename N+N− Value = {if (Evaluation is true, then
V(N+, N−) = Output Value 1, else v(N+, N−) = Output Value 2)}

Evaluation, Output Value, and Expression may consist of any math ex-
pression discussed in the Math Expressions section, or Boolean opera-
tors. There is virtually no limit to the length or complexity of the ex-
pressions that can be used. The Evaluation expression can use greater
than “>” or less than “<” test. Equal is not allowed.

If-Then-Else examples

3 Input Nand gate with user-defined levels

PSpice: e1 4 0 value = {if(v(1) > 1.5, if (v(2) > 1.5, if (v(3) > 1.5,
0.3,3.5), 3.5), 3.5)}
Translation: If v(1) is greater than 1.5, then if v(2) is greater than
1.5, then if v(3) is greater than 1.5, then v(4) = 0.3; else v(4) = 3.5
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3 Region Limiter
PSpice: e1 4 0 value = {if (v(1)< .5, v(1)∗.5+.25, if (v(1)>1.53, 1.54,
v(1)))}
Translation: If v(1) is less than .5, then v(2) = v(1)∗ .5 + 2.5; else if
v(1) is greater than 1.53, then v(2) = 1.54; else v(2) = v(1)

Comparator
PSpice: e1 3 0 value = {if(v(1,2) < 0, 5, .2)}
Translation: If voltage difference v(1)−v(2) is less than 0, then v(3) =
5; else v(3) = .1

Voltage-Controlled Decision
PSpice: e1 2 0 value = {if(v(vctrl) < 0, v(3), v(4))}
Translation: If vctrl is less than 0, then v(2) = v(3); else v(2) = v(4)

Digital Logic Functions

The PSpice If-Then-Else element extension can be used to create mod-
els of digital logic functions. This is accomplished by including level
tests and Boolean operators in the [EXPR] function. PSpice is a true
native mixed-mode simulator, which has a full digital logic simulator
included within the program. PSpice also includes digital models of dif-
ferent logic families, and includes exact transistor representations or
IBIS (I/O Buffer Interface Specification) representations. The Boolean
logic methodology was chosen over these other two digital simulation
philosophies because of its efficiency and simplicity.

The E/G element expressions [EXPR] may consist of Boolean opera-
tors and any of the functions in the Math Expressions section. There
is virtually no limit to the length or complexity of the expressions that
can be used. The following operations are defined for the Boolean oper-
ations:

& − And | − Or

PSpice Examples:
ENand 5 0 Value = {If ((V(1) > 800mV) & (V(2) > 800mV) & (V(3) > 800mV), 0, 5)}
EOr 5 0 Value = {If ((V(1) > 800mV) | (V(2) > 800mV), 5, 0)}
EInv 3 0 Value = {IF (V(1) > 800mV, 0, 5)}

PSpice Example FFLOP Netlist
.SUBCKT FFLOP1875 1 2 11 12 5 6
∗ CLK D R S QB Q
X1 7 4 2 8 NAND31875 0
X2 8 3 10 9 NAND31875 0
X3 1 8 10 7 NAND31875 1
X4 4 9 1 10 NAND31875 0
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X5 4 7 6 5 NAND31875 1
X6 5 10 3 6 NAND31875 0
X7 11 4 INV1875
X8 12 3 INV1875
.ENDS FFLOP1875
∗
.SUBCKT NAND31875 0 1 2 3 4
∗ Nand Gate with 0V initial output voltage, Node 4
E1 5 0 VALUE = {IF ((V(1) > 800mV) & (V(2) > 800mV) & (V(3) > 800mV), 0, 5)}
R1 5 4 40
C1 4 0 50P IC = 0
.ENDS NAND31875 0
∗
.SUBCKT NAND31875 1 1 2 3 4
∗Nand Gate with 5V initial output voltage, Node 4
E1 5 0 VALUE = {IF ((V(1) > 800mV) & (V(2) > 800mV) & (V(3) > 800mV), 0, 5 )}
R1 5 4 40
C1 4 0 50P IC = 5
.ENDS NAND31875 1
∗
.SUBCKT INV1875 1 2
E1 3 0 VALUE = {IF (V(1) > 800mV, 0, 5)}
R1 3 2 10
C1 2 0 20P IC = 5
.ENDS INV1875

PSpice Example Nand Netlist Using Math Equations
.SUBCKT X gate A B out
R1 A B 1meg
E1 3 0 Value = {(1 + tanh(1000∗(1.5−v(A))))∗(1 + tanh(1000∗(1.5−v(B))))}
R2 3 4 1
C1 4 0 1n
.ENDS

Switch Elements (S/W Elements)

Switches are a key part of most power electronics simulations. Switches
are frequently used to replace a semiconductor in order to speed the sim-
ulation. PSpice includes three different switches whose characteristics
make them suitable for different applications.

One of the most frequently used is the switch with hysteresis. If
your simulator supports all the standard Berkeley SPICE 3 elements,
then this switch can be used without any syntax changes. This type
of switch has only recently been included as a primitive element in
PSpice.

SPICE 3 syntax

Format: Sname N + N−NC + NC− modelname [ON] [OFF]
Format: Wname N + N− vname modelname [ON] [OFF]
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Example: S1 1 2 3 4 switch1
.Model switch1 SW Ron = 0.1 Roff = 1G
Vt = 1 Vh = .5

Example: W1 1 2 Vsense switch1
.Model switch1 CSW H Ron = 1m Roff = 1G
It = 1 Ih = .5

The SPICE 3 voltage-controlled switch begins with the letter S. N+ and
N− represent the connections to the switch terminals. The nodes NC+
and NC− are the positive- and negative-controlling nodes, respectively.
The device’s model name (modelname) is mandatory, while the initial
conditions are optional. ON or OFF specify the switch state for the DC
operating point calculation. The current-controlled switch begins with
the letter W, and the statement names a voltage source whose current
is used to control the switch. Otherwise the model parameters and
operation are the same.

The switch requires a .Model statement in order to describe the switch
characteristics. The model type parameter must be SW. Ron is the on
resistance, Roff is the off resistance, Vt is the threshold voltage, and Vh
is the hysteresis voltage.

In PSpice, the type of switch, either with hysteresis or with a smooth
transition region, is determined by the model parameters used in the
.Model statement. The settings for the PSpice switch with hysteresis
are explained below.

PSpice syntax—switch with hysteresis

Format: Sname N + N−NC + NC − modelname
Format: Wname N + N−vname modelname

Example: S1 1 2 3 4 switch1
.Model switch1 VSWITCH Ron = 1m Roff = 1G
Vt = 1 Vh = .5

Example: W1 1 2 3 4 switch1
.Model switch1 ISWITCH Ron = 0.1m Roff = 1G
It = 1 Ih = .5

In older versions of PSpice, the switch with hysteresis is not available.
Instead a subcircuit representation can be used to create this function.
Passed parameters replace the model parameters.

PSpice subcircuit syntax—switch with
hysteresis

.Subckt SWhyste NodeMinus NodePlus Plus Minus PARAMS:
+ RON = 1 ROFF = 100MEG VT = 1.5 VH = .5
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S5 NodePlus NodeMinus 8 0 smoothSW
EBcrtl 8 0 Value = {IF (V(plus)−V(minus) > V(ref), 1, 0 )}
EBref ref1 0 Value = {IF (V(8) > 0.5, {VT−VH}, {VT + VH})}
Rdel ref1 ref 70
Cdel ref 0 100p IC = {VT + VH}
Rconv1 8 0 10Meg
Rconv2 plus 0 10Meg
Rconv3 minus 0 10Meg
.Model smoothSW VSWITCH (RON = {RON} ROFF = {ROFF}
+ VON = 1 VOFF = 0)
.Ends SWhyste

The switch model allows an almost ideal switch to be described in
PSpice. The switch is not quite ideal; the resistance cannot change from
zero to infinity, but must always have a finite positive value. If the on
and off resistances are selected properly, they can be effectively zero
and infinity in comparison to other circuit impedances. The switch has
hysteresis, which is described by the Vh parameter. For example, the
voltage-controlled switch will be in the on state, with a resistance, Ron,
at Vt + Vh. The switch will be in the off state, with a resistance, Roff,
at Vt−Vh.

The use of an ideal element that is highly nonlinear, such as a
switch, can cause large discontinuities to occur in the circuit node volt-
ages. The rapid impedance change, which is associated with a switch
that is changing state, can cause numerical roundoff or convergence
problems. This leads to erroneous results or timestep difficulties. Con-
sequently, the following steps may be taken to improve the switch
behavior:

� Set the switch impedances to values that are only high and low enough
to be negligible with respect to other elements in the circuit. Using
switch impedances that are close to “ideal” under all circumstances
will aggravate the discontinuity problem. Of course, when modeling
real devices such as MOSFETs, the on resistance should be adjusted
to a realistic level, which depends on the size of the device that is
being modeled.

� If a wide range of on to off resistance must be used (ROFF/
RON > 1E + 12), then the tolerance on errors allowed during the tran-
sient analysis should be decreased. This is achieved by specifying the
.OPTION TRTOL parameter to be less than the default value of 7.0.
When switches are placed around capacitors, the .OPTION CHGTOL
parameters should also be reduced. Suggested values for these two
options are 1.0 and 1E−16, respectively. These changes inform PSpice
to be more careful near the switch points, so no errors are made be-
cause of the rapid change in the circuit response.
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Smooth Transition Switches

There are two other types of useful switch models. Both have the added
advantage of a more controlled and normally smoother transition re-
gion between the on and off states. This can greatly help simulation
convergence and are therefore recommended when hysteresis is not
required of the switch.

One method uses a subcircuit approach with a dependent source.
Another method uses different model parameters in the PSpice S/W
elements. Again, these switches do not have hysteresis.

PSpice syntax—smooth transition switch

Format: Sname N + N − NC + NC − modelname
Format: Wname N + N − vname modelname

Example: S1 1 2 3 4 switch1
.Model s1 VSWITCH Ron = 1m Roff = 1G Von = 1
Voff = .5

Example: W1 1 2 3 4 switch1
.Model s1 ISWITCH Ron = 0.1m Roff = 1G Ion = 1
Ioff =.5

Von/Ion is the control quantity that sets the on state. Voff/Ioff is the
control quantity that sets the off state. The resistance in the transition
region is set by the expression

Rs = exp(Lm + 3 · Lr · (Vc − Vm)/(2 · Vd) − 2 · Lr · (Vc − Vm)3/Vd3)

where Vc = voltage across control nodes
Lm = log-mean of resistor values = ln((RON·ROFF)1/2)
Lr = log-ratio of resistor values = ln(RON/ROFF)

Vm = mean of control voltages = (VON + VOFF)/2
Vd = difference of control voltages = VON − VOFF

Several similar resistance functions and instructions pertaining to their
use are given in [33].

The following SPICE 2–based subcircuit is actually a voltage-
controlled resistor. Therefore, it can be used as a switch or a poten-
tiometer. It is the simplest way to create a switch function in SPICE 2.
The switch is made with a voltage-controlled current source (G element)
tied back onto itself. The netlist is shown here.

The switch is very simple to use. Applying 0 V to the control input
(node 3) opens the switch. The open resistance is 1E12 � = R1. It
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3

1 2

Controlling Voltage
R(1,2) = 1/V(3)

*OPEN WHEN V(3,0) = 0,
*CLOSED WHEN V(3,0) <> 0
*ON RESISTANCE IS 1 / V(3)
*OFF RESISTANCE IS 1E12
.SUBCKT SWITCH 1 2 3
R1 1 2 1E12 ; Off Resistance
G1 1 2 POLY(2) 1 2 3 0 0 0 0 0 1
.ENDS

Switch Netlist

may be changed if desired. Applying any voltage to the switch-control
input (node 3) closes the switch, giving it a resistance of 1/V(3). For
example, applying a voltage pulse from 0 to 1 V to the control input will
change the resistance, which is seen from port 1 to port 2 from 1E12 to
1 �.

Note: Some SPICE programs require a resistor across the voltage-
dependent source inputs in order to have a DC path to ground.

Note: In some cases, when the S element switch is used in a model as
described in this book, the voltage-controlled resistor, or the smooth
transition switch version may be substituted. Figure 1.1 shows a sim-
ulation of the three different switches and their transfer functions.

Software Included with This Book

The CD that is included with this book contains some of the models,
circuits, schematics, and graphs found within the book. The schematics
utilize the OrCAD Capture/PSpice format. Capture is a schematic entry
program that has been specifically designed for use with the PSpice
simulator. Probe is a postprocessor, which is used to analyze SPICE
output files by way of waveform graphs and powerful signal processing
functions.

An evaluation version of OrCAD/PSpice is available free of charge
from ORCAD’s Web site, www.orcad.com.

SPICE-Based Analyses Types Used
in This Book
Operating point analysis

Produces the operating point of the circuit, including node voltages and
voltage source currents.

The DC analysis determines the quiescent DC operating point of the
circuit with inductors shorted and capacitors opened. A DC analysis,



P1: IML/OVY P2: IML/OVY QC: IML/OVY T1: IML

MHBD017-01 Sandler MHBD017-Sandler-v4.cls October 6, 2005 21:5

12 Chapter One

Controlling Voltage

Switch With
Hysteresis

Smooth Transition
Switch

Voltage Controlled
Resistor

Impedance

V1
PULSE

X1
PSW1

R2
100

R1
100

R3
100

V2
5V

V(1)
SWITCH

V(2)
BPSW1

V(3)
SELEM

V(5)
VIN

Tran
VIN

5.25

-250M
2.000  time

Tran
SELEM

2.62

-124M
2.000  time

  
Tran
BPSW1

2.62

-124M
2.000  time

Tran
SWITCH

5.24

-250M
2.000  time

  

5
4

3 2 1

2

3

1

Figure 1.1 The transfer function for the PSpice switch with hysteresis (selem), voltage-
controlled resistor (switch), and the PSpice smooth transition switch (PSW1).

known as the “Initial Transient Solution,” is automatically performed
prior to a transient analysis in order to determine the transient initial
conditions. A DC analysis, known as the “Small Signal Bias Solution,”
is performed prior to an AC small-signal analysis to determine the lin-
earized, small-signal models for all nonlinear devices. It should be noted
that these two operating point calculations can be different, depending
on the DC and transient stimulus that is used.

Transfer function analysis

Produces a small-signal DC transfer function.
The transfer function analysis calculates the small-signal ratio of

the output node to the input source, and also the input and output
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impedances of a circuit. This analysis may be used to determine the
small-signal gain and the input and output impedances of filter circuits.
Any nonlinear models, such as diodes or transistors, are first linearized
based on the DC bias point, and then the small-signal DC analysis is
performed.

Sensitivity analysis

Produces the DC and AC sensitivities of an output variable with respect
to all circuit variables, including model parameters.

The sensitivity function uses the direct approach [34] to support sen-
sitivity calculations for the DC and AC analyses. The DC sensitivity
is with respect to the DC operating point. SPICE calculates the differ-
ence in an output variable, either a node voltage or a branch current,
by perturbing each parameter of each device independently. Because
the solution is a function and not a number, the results may be highly
nonlinear or may demonstrate second-order effects in highly sensitive
components, or may fail to show very low, but nonzero sensitivity. Be-
cause each variable is perturbed by a small fraction of its value, zero-
valued parameters are not analyzed. This analysis is useful when trying
to find a worst-case scenario of circuit operation. By finding the most
sensitive components and moving their values accordingly, the circuit’s
performance can then be evaluated.

DC analysis

Produces a series of DC operating points by sweeping one independent
source, or two sources in a nested loop.

The DC analysis is used in applications that are dependent upon
static variables such as line regulation, load regulation, or the DC mod-
ulation gain of a power converter. The .DC function is a special subset of
the DC analysis feature. It is used to perform a series of DC operating
points by sweeping voltage and/or current sources and performing a
DC operating point at each step value of the source(s). At each step, the
DC voltages, currents, and computed device/model parameters can be
recorded. The DC statement defines the sources that will be swept, and
their corresponding increments. One or two sources can be involved in
the DC sweep. If two sources are involved, the first source will be swept
over its range for each value of the second source. This option is useful
for obtaining semiconductor device output characteristics or calculating
load lines.

AC analysis

Generates a frequency response/Bode plot of the circuit. Magnitude,
phase, real, or imaginary data are produced.
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The AC analysis is used to evaluate many performance characteris-
tics, many of which are covered in this book. It may be used to determine
traits such as circuit stability, impedance, and filter attenuation.

The AC analysis in SPICE computes the small-signal response of the
circuit. Output variables are recorded as a function of frequency. Before
the AC analysis is performed, SPICE first computes the DC operating
point of the circuit. It then determines the linearized small-signal mod-
els for all the nonlinear devices in the circuit, based on this operating
point. The resultant linear circuit is then analyzed over the specified
range of frequencies. It is very important to establish the proper DC
circuit biasing in order for the AC analysis to produce useful data. For
example, biasing an op-amp in its linear range will give different AC
results than if the op-amp is saturated.

Although the AC analysis performs a sinusoidal steady state analysis,
it should not be confused with a transient (time domain) analysis using
a large-signal SINE wave. The AC analysis is a small-signal analysis in
which all nonlinearities are linearized. For instance, if the DC biasing
of a transistor gain stage produces a gain of 10, then the gain will
remain 10, regardless of the input value. If the input is 1, then the
output will be 10. If the input is 100, then the output will be 1000.
The gain is linearized. Under nonlinear conditions, however, the gain
of the transistor will roll off as the input is increased. The “VName 1 0
SIN...” stimulus is only used for nonlinear time domain analyses, and
should not be confused with the “Vname 1 0 AC 1” frequency response
stimulus.

Frequency Mixing Note: The AC analysis is a single frequency anal-
ysis. Only one frequency is analyzed at a time. Therefore, circuits that
perform signal mixing will not benefit from the AC analysis. To see
frequency mixing, you will have to run a transient analysis and con-
vert the output waveforms into the frequency domain using a Fourier
transform.

Transient analysis

Runs a nonlinear time domain simulation.
The transient analysis computes the circuit response as a function of

time over any time interval. Output data, including node voltages and
voltage source currents, can be recorded. During a transient analysis,
numerous independent sources may have active time varying stimulus
signals.

It is often necessary to start an SMPS simulation with a predefined
set of operating conditions. The use initial conditions (UICs) keyword in
the .TRAN statement causes SPICE to skip the initial transient solution
(operating point), which is normally performed prior to the transient
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analysis. If this keyword is included, the values that are specified via
“IC =” specifications on the various elements and .IC statements, are
used as the sole source for initial conditions. The transient analysis will
begin with these values.

Fourier analysis

Fourier analysis provides a simple means for evaluating the harmonic
content of a time domain waveform. This analysis may be used to de-
termine performance characteristics, such as the conducted emissions
performance of a switching power supply or the harmonic content of
a sine wave output converter. A Fourier analysis can be performed by
SPICE, but is usually performed using a separate data postprocessing
program, which operates on the .PRINT transient simulation output
data.

Temperature analysis

SPICE allows the temperature of the circuit, or a particular element, to
be varied.

SPICE simulates circuits using a global temperature of 27◦C. This
can be changed using the .TEMP command. In addition, to set the tem-
perature for an individual device, this feature permits the simulation
of a temperature gradient, as well as a “hot” device. Individual device
temperatures are set directly on the device call line or in the .Model
statement.

Although the Monte Carlo, worst case, and optimization analyses are
not inherently part of SPICE 3, most commercial vendors have added
them to the list of simulation capabilities. They are an invaluable part
of SMPS investigation and design.

Monte Carlo and worst-case analysis

The Monte Carlo tolerance analysis is an ideal application for circuit
simulation. The effects of component tolerance variations are difficult
to assess by any other means. Imagine sitting in an engineering lab
and sorting resistors, capacitors, and other components, in an attempt
to find the worst-case tolerance extremes to place in your circuit.

This investigation is usually performed either as a worst-case anal-
ysis or as a Monte Carlo analysis. These analyses seem to be used in-
terchangeably, although they are quite different.

A worst-case analysis determines worst-case circuit performance, but
does not determine the statistical weighting of performance. As a gen-
eral rule, the worst-case analysis is preferred if the worst-case values
can be easily determined. In many cases, however, it is difficult to know
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which components must be varied, and in which direction, in order to
generate the worst-case result.

A Monte Carlo analysis provides the statistical weighting, but per se
does not provide the worst-case result. Monte Carlo analysis is gener-
ally used to calculate the mean and standard deviation of a particular
performance characteristic. This analysis takes significantly longer to
run than the worst-case analysis, because it requires many simulations.

Optimizer analysis

The optimizer analysis is a powerful PSpice feature that allows a series
of simulations and measurements to be automatically performed over
a range of component values, based on a design objective specified by
the user. Circuit variables may be swept through a specified range of
values. This feature is useful for determining, for example, the damping
components of an EMI filter as a design objective.


