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Preface

SPICE, from the University of California, at Berkeley, is the de facto world standard
for analog circuit simulation. PSpice®, from MicroSim Corporation, is one of the
many commercial derivatives of SPICE, and the first to be available on the IBM®
personal computer. PSpice quickly became popular, and our customers found that
there are no “‘how to” references for using SPICE, or its derivatives, the way
there are references for database, spreadsheet, and word processing programs. This
book’s goal is to help:users of PSpice, and many other SPICE-derived simulators,
to access and use the faatures of the simulator for their work. Many of these features
are only hinted at in other references, notes, or advice from other users, which are
the traditional means of help yo& get for SPICE.

. Beyond the syntax and semantics of the SPICE-standard input file, this book
also demonstrates the use of PSpice for electrical engineering applications. There
is a lot you can do with a circuit simulator that corresponds to what you might do
on the lab-bench, as well as simulated measurements that go beyond what is possible
with lab equipment. -

The background required for using PSpice includes the following:

This book assumes that you have a passing acquaintance with electrical or
electronic circuits. This may come from formal study of basic electronic compo-
nents (for instance, do you know what resistors and capacitors are, and how
they react to electrical stimulation) and network analysis (for instance, do
you recall Kirchhoff’s laws). Or perhaps you picked up a working knowledge
from your job, or as a hobby. If you have a circuit whose operation you
basically understand, and you want to simulate this circuit to check the details
of operation, you probably know enough to understand PSpice.
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xiv ‘  Preface

This book also assumes that you are able to operate the computer that will
run the simulator, as well as create the input for the' simulator. Perhaps a
friend, or another kind person, will help you with this.

Many people made this book possible, Foremost, I thank my family for their .
patience while my preoccupation with this book kept me away from them. Also, I
thank the people at MicroSim for their encouragement. Finally, I thank the users
of PSpice whose many questions made the need for this book so obvious.

Paul W. Tuinenga

ADDITIONAL ITEMS AVAILABLE -

PSpice is available for the IBM-compatible personal cbmputcrs, including the newer
PS/2 series. PSpice is also available for workstations, mtinicomputers, and mainframes.
Check with MicroSim for product availability. Tius book and the Student Version
PSpice software i ‘_' ailable in several formats: .

1. A papetbg '»‘eﬂumn wnth software included in the book (834614)
agk sdition which does not inlude the software (834606).

3. The Sﬂftﬂtmﬁi ?allnble separately in quantity from Prentice-Hall in an IBM®
e v::mon 5(834630) and a Macmtosh ne compatible version

 (834622)..

To order the softwm‘e separately in. quantlty, please see the drder card whxch is
included in this book R
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Introduction

PSpice helps you sxmulate your. electncal cu:qmt desngns befox'e ‘you build thea.
This lets you decide if changes are néeded, without. touchmg any. hardware. PSpice
also helps you check your dcsrgn after you think it is complete. This lets you
decide if the circuit will. worg correctly outside your office, in-the real world, and
have good production yield. In.short, PSpice.is a simulated “‘lab berq;” on which
you create test c1rcu1ts  and make measurements (PSplce will not design the c:rcu}t
for you). ,
. The practmaf way to cbeck an ebctncal circuit is to butld u. Howevcr, by
the early 19705, the components which were connected on an im;gmted circuit had’
become much smaller than individual dlscreoa .components. Physmal effects that

were negligible: for normal circuits, such as a stereo amplifier, became lmportant- '

for these microcircuits. So the circuits could not be assembl fram components in
the lab and nge the correct test results; the circuit had to b either (i) physically
built, which is expensive and time consumiing, or (i) cfalefu;ly simulated using a
computer program. This is why the acronym, SPICE stands for &Mat:on Program
‘with Integrated Circuit Emphasm o ; : '

WHAT IS PSPICE? | “ o

PSpnce is a member of the SPICE “famlly" ot’ cxrcult snmula(ors; all of whicl
derive from the SPICE2 circuit simulator developed at the University of Cahfomna
Berkeley, during the mid-1970s. SPICE2 evolved from the. original SPICE program,
which, as it turns out, evolved from another sxmuiator called CANCER that was
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developed in the early 1970s. Tremendous effort over this relatively short time
created a simulator whose algorithms are robust, powerful, and general; SPICE2
quickly became an industry standard tool. Since this development was supported
using public funds the software is ‘‘in the public domain,’’ which means it may be
freely used by U.S. citizens. The software is improved by U.C. Berkeley to the
extent that it supports further research work. For example, SPICE3'is a “‘redesigned’’
implementation of the SPICE2 program that fits into U.C. Berkeley’s computer-
aided design (CAD) research program. SPICE3 is not better than SPICE2, in the
way that SPICE2 was an advance over the original SPICE program; rather, it is
designed to be a module in the U.C. Berkeley CAD research system. Neither SPICE2
nor SPICE3 is supported by U.C. Berkeley in the way commercial products are,
nor does U.C. Berkeley provide consulting services. This led to commercial versions
of SPICE which have the kind of support industrial customers require. Also, many
companies have an in-house version of SPICE that has modifications to suit particular
m . R .
PSpice, which uses the same algorithms as SPICE2 (and conforms to its input
syntax), shares this emphasis on microcircuit technology. However, the electrical
concepts are general and are useful for all sizes of circuits (for example, power
generation grids) and a wide range of applicatians. For instance, the simulator has
no concept of large or small circuits; microvolts or megavolts are ‘‘just numbers™’
to PSpice. As long as PSpice is: able to solve your circuit matrix, it will do so.
This makes PSpice *‘technology independent™ and generally useful. On the other
hand, no ‘assumptions arc made sbput how the circuit should behave; for example,
PSpice is not concerned that 0:03-watts output power does not make for a very
loud stereo amplifier. You have t look at the resulis to see if they make sense in
* " For discrete circuits (circuit made of individual parts assembled on a circuit
board) PSpice has a variety of uses. Like the integrated circuit designs mentioned
hefore, your designs are préssed for schedyle time, budget expense, and manufacturing
yield. With PSpice youcan —~ + |

Check @ clrcuit idea before building 3 breadboard (even before ordering the
Try out ideal, or “‘blue sky,’’.operation by using ideal components to isolate,
limiting effects in your design. " <

Make simulated test measurements which are

-+ difficult (due to electrical noise or circuit loading),
» inconvenient (special test equipment is unavailable), or
« unwise (the test circuit would destroy itself).
Simulate a circuit many times with component variations to check what percent-
age will pass ““final test,”” and find which combinations give the “‘worst case”’
results. ‘ 4
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~ Once you become famlhar thh P8pice, yor will find thm it m substxtute for
most (but not all) of your breadboard wovk lee any new 1o ,'_ ‘upemnce is required
to get the most benefit from it. R :
The PSpice control statements (or “languagc,” 'th prefer) are easy to
learn and use. These statements, which are collected in the file which is read ﬂy
- the simulator (the file is called a “‘circuit file’’), are usually self-contained and
may be understood without referring to any other statements. Moreover, each statement
has so little interaction with other statements that they have the same meaning
regardless of context. So the language of PSpice is easy to leam because you can
focus on each statement type, master it, then move on to the next. Also, as you
will see, you will not need to know many statement types to-get started. Most of
your glifﬁcﬁl_ty will probably come from learning and operating your computer system.

OTHER SPICE-BASED PROGRAMS
The commercially supported versions of SPICE2 fall into three groups:

The original group of mainframe-based versions, mcludmg HSPICE from Meta- -
, Softw_a_:e. IG-SPICE from A.B. Associates, and I-SPICE from NCSS timeshar-
ing. HSPICE focuses on the needs of the integrated circuit designer with
special device model support; Meta-Software also distributes RAD-SPICE -
which, as you might guess, simulates the operation of circuits subjected (0
ionizing radiation. I-SPICE and IG-SPICE focus on *‘interactive’’ ¢ircuit simula-
tion and graphics output (which was an innovation for mainframe users). Precise
from Electronic Enginegring Software is a more recent addition to this group.

The IBM-PC based programs (besides PSpice), including AllSpice: fn)m Aco-
tech, IS-SPICE from Intusoft, and Z-SPICE from Z-Tech. These are very

similar to SPECEZ; in most cases no changes have been mado—-ueven to correct .

errors (such as convergence problems) Without serious support for the simula- -
tor, these programs fall into a more ‘‘hobbyist™ class of product, Howeves,
interesting additions inciude pre-processors or shell programs to maitage input
and provide ‘‘interactive’ control, as well as post-processors for nﬁmng the
normal SPICE output. ~

Advanced programs, with “‘innards”’ that are significantly overhanled or en-,
tirely new, but adhering fo the U.C. Berkeley standards for circuit description,
including SPICE-Plus from Analog Design Tools, DSPICE from Daisy Systems,
and PSpice from MicroSim. Many additions and improvements are available
from these products. Also, these advanced simulators have options to ‘extend
simulation capabilities and interpret results.

The ‘“growth’” portion of the analog circuit simulation business is the last group,
especially with the rap:dly expanding market for engineering workstations. While
U.C. Berkeley remains at the forefront of computer-aided tools for engineering, as
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a practical matter the complete simulation products wxll come from industry. Most,
if not all, of the techniques you will see in this text are apphcablc to these products x

DRGAN!ZATION OF THIS BOOK

.

~ This book adopts a ‘‘graduated example” (which some call a “tutonal”) apptﬁach

to leaming ‘about circuit simulation. It is tempting to load new software and try-
some exarpples, well before reading the instructions, so we will chanriel this urge:

toward ‘learning about the simulator. We will start by building asimple circait;

make some DC ‘‘measurements,”” and move on. The biggest hurdle seems to be
mnmng n sirulator the first few tinies. After that you start to focus on the electronics
you - are simulating -and how best to measure what you want to discover.

' The details of the semiconductor models are described later. These models

are independent of the methods for using tbe sunulator In fact; we will. do w:thout

them entirely-in the exampies
‘ An abridged summary of the control statemcnts and device descriptions are
at the end of the book. In fact, these appear as appendices because this information

is not the raison d’étre of the book, and is applicable to the SPICE-like simulators

in only a general’ 'sense. You should try to obtain a dctanlcd guide to the simulator

- you will be using; .

Not “everyﬁnng you ever wanted to know about SPICE is in this

‘book. Missing are some topics that I had planned to include, as well as additional

depth of coverage of the topics that do. appear. These fell victim to the schedule
for completing the text. Additional topics, without doubt, will become obvious
fmm reader commentk Perhaps in thc nexf edition.

.a.m
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X1V LIST OF SYMBOLS

ki Electromechanical coupling coefficient.

k(f) Desired frequency characteristic.

K Thermal conductivity. A constant.

L Parallel inductance. Optical path length.

M Receiving sensitivity.

N Near field range.

P Pressure. Proportion. Amplitude.

P(1) Pressure wave. Profile of laser pulse.

Q Q@ value.

r (Transducer) radius. Radial position.

R Load. Range. Reflectivity ratio.

s Elastic compliance.

S Transmitting sensitivity. Specific thermal capacity.
S Strain.

[ Time. Thickness. Spatial separation of pulses. Pulse length.
T Temperature.

T Stress.

u Particle velocity. Particle displacement.

U@ Received voltage pulse.

v Volume.

14 Voltage.

w Pulse width. Half width of beam.

W Figure of merit for energy trapped in a disc.
X Off-axis distance.

Xg Reactance of electrical current.

;}: JL Transmitter and receiver efficiency parameters.
z Depth.

Z Acoustic impedance.

o Attenuation coefficient. Coefficient of linear expansion.
¥ Angle of deviation from axis.

o Skin depth.

£ Dieletric coupling constant.

¢/ Beam angle.

A Ultrasonic wavelength.

A Optical wavelength.

" Permeability. Particle displacement.

I Permeability of free space.

Au Sound-induced refractive index variation.

s Efficiency.

P Density.

o Conductivity.

¢ Angle.

w Angular frequency.
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CHAPTER 1

Getting Started

Let us begin with a quick circuit to introduce you to running PSpice. This will
show you the basics of a circuit simulation without getting complicated by rules,
details, exceptions, and so on, and quickly get to a successful resuit. Later, we
will get to the wide range of featutes and ways of combmmg these to express
complex circuit functions.

Sometimes the examples will omit features of the simulator intentionally to
concentrate on a particular topic, 'I‘hep&katllres are necessary for normal use, and
wew:llgettothemmducoume The examples are brief, updomonsuamantdca
and there is the danger that, in not explaining somewhat unrelated items, they may
mislead you. If this happens it was not intended, but is just a problem with this
approach.

-Sometimes the examples will repeat some of what was done already.

1.1 A SMALL CIRCUIT

The best way to leamn a circuit simulator is to ““do’” simulations. Usually you start
with a smal} circuit that you know, by inspection, will work.

Running this simulation requires several basic accomplishments. It requires
that you (i) create the input file, or *‘circuit file>* (although some call it a “‘program’’
for the simulator), (ii) run the simulator (w1thout errors) (iii) find where the output
went, and (iv) inspect the output.

9150064



2 Getting Started Chap. 1

j_ Figure 1.1 Schematic for small-circuit
= examiple. o

In PSpice, the circuit file to simulate this circuit is

* Registor divider circuit
VIN 1 0 3.0volt %
Rt '3 2 }.0ohnm

RZ. 2 0 2.0chnm
TJEND - -

“How:you run this. situation will depend on the system you are using. You will
need to learn to use a text editor to create the input file. Then you will run PSpice,
- specifying the input file you created. If everything works, PSpice will read your
input file called, for example, TEST.CIR, and place the results in an output file
called TEST.QUT. The same text editor you used for creating the input file can
also be used. to. inspect the output file. This output file may also be directed, by
you, to am 5 o . |
Exercise 1.1.1 R |
Create and run this simulation on younsjs'tém. Look at the output file. Did the printout '
show (comrectly) node 2’s voltage as 2 volts? Experiment by changing the circuit
file—leave out, or add, something and se¢ what errors PSpice will check.

Now to describe, and explain the circuit file. PSpice always expects the first line
of the circuit file to be a title line. You can leave it blank, but circuit description
can ot start until the sécond line of the file. The examples in this book will sometimes
start the title line _witﬁ a *‘*” (which alse indicates a comment line) by force of
habit on my part. This'is not necessary. What is necessary is the last line, *.END"",
which completes the description of the entire circuit including any simulation controls.
You use “*.END’’ because PSpice will let you start another, completely different,
circuit simulation right after **. END’’. Between the first and last line, the circuit
file may be in almost any order. '



