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Before You Begin

Welcome to MicroSim

Welcome to the MicroSim family of products. Whichever
programs you have purchased, we are confident that you will
find they meet your circuit design needs. They provide an easy-
to-use, integrated environment for creating, simulating and
analyzing your circuit designs from start to finish.
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MicroSim PSpice
Overview

MicroSim PSpice is an accurate and reliable analog simulator
which calculates the behavior of analog circuits with speed and
accuracy. MicroSim PSpice calculates voltages and currents of
the analog devices and nodes, subject to a specified analysis.
The results are formulated into meaningful graphical traces in
Probe which can be marked for display directly from your
schematic.

How to Use this Guide

This guide is designed so you can quickly find the information
you need to use PSpice.

This guide assumes that you are familiar with MicroSoft
Windows (3.1, NT or 95), including how to use icons, menus
and dialog boxes. It also assumes you have a basic
understanding about how Windows manages applications and
files to perform routine tasks, such as starting applications and
opening and saving your work. If you are new to Windows,
please review youvlicroSoft Windows User's Guide.



How to Use this Guide

XXi

Typographical Conventions

Before using PSpice, itis important to understand the terms and
typographical conventions used in this documentation.

This guide generally follows the conventions used in the
MicroSoft Windows User’s Guiderocedures for performing an
operation are generally numbered with the following
typographical conventions.

Notation Examples Description
ALL CAPS ANALOG.SLB or Library files and file names.
CLIPPER.SCH
(Ctri)+ PresqCtri)+ 1~ A specific key or key stroke
on the keyboard.
monospace TypeVAC.. Commands/text entered from
font the keyboard.

Mouse Conventions

« If you have a multiple-button mouse, the left mouse button
is the primary mouse button, unless you have configured it
differently.

- “Point” means to position the mouse pointer until the tip of
the pointer rests on whatever you want to point to on the
screen.

« “Click” means to press and then immediately release the
mouse button without moving the mouse.

« “Right-click means to press the right mouse button and then
immediately release the mouse button without moving the
mouse.

« “Drag” means to point and then hold down the mouse button
as you move the mouse.
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Manual Name*

Related Documentation

The documentation for all MicroSim products is available in
both hard-copy and on-line. The documentation you receive
depends on the software configuration you have purchased.

Description

MicroSim Schematics
User's Guide

MicroSim PCBoards
User's Guide

MicroSim PCBoards Autorouter
User's Guide

MicroSim PCBoards Tutorials

MicroSim PSpice A/D & Basics+
User’s Guide

MicroSim PSpice A/D
User's Guidéefor the Sun& HP

MicroSim PSpice & Basics
User's Guide

MicroSim PSpice A/D
Reference Manual

MicroSim Application Notes

MicroSim PSpice Optimizer User’s

Guide

Provides information about how to use MicroSim Schematics, which is a
schematic capture front-end program with a direct interface to other MicroSim
programs and options.

Provides information about MicroSim PCBoards, which is a PCB layout editor
that allows you to specify printed circuit board structure, as well as the
components, metal and graphics required for fabrication.

Provides information on the integrated interface to Cooper & Chyan
Technology’s (CCT) SPECCTRA autorouter in MicroSim PCBoards.

Provides a collection of tutorials to help you quickly get started using
MicroSim PCBoards.

Describes the capabilities of PSpice A/D, Probe, Stimulus Editor, and Parts
utility. It provides examples for demonstrating the process of specifying
simulation parameters, analyzing simulation data results, editing device
stimuli, and creating models.

Describes the capabilities of PSpice A/D, Probe, Stimulus Editor, and Parts
utility. It provides examples for demonstrating the process of specifying
simulation parameters, analyzing simulation data results, editing device
stimuli, and creating models.

Provides information on MicroSim PSpice & MicroSim PSpice Basics which
are circuit analysis programs that allow you to create, simulate and test circuit
designs containing analog components.

Provides reference material for PSpice A/D. Also included: detailed
descriptions of the simulation controls and analysis specifications, start-up
option definitions, and a list of device types in the analog and digital model
libraries. User interface commands are provided to instruct you on each of the
screen commands.

Provides a variety of articles that show you how a particular task can be
accomplished using MicroSim'‘s products, and examples that demonstrate a
new or different approach to solving an engineering problem.

Provides information for using the PSpice Optimizer for analog performance
optimization.
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Manual Name*

Description

MicroSim PLSyn Programmable
Logic Synthesis

MicroSim/AMD PLD Design
System User’s Guide

MicroSim Filter Designer
User's Guide

Library Reference Manual**

Provides information for using programmable logic synthesis.

Provides information about the implementation of a PLD design targeted for
using one or more of AMD'’s devices.

Provides information about designing electronic frequency selective filters.

Provides a complete list of the analog and digital parts in the model and symbol
libraries.

* On-Line documentation is available only to those users who install MicroSim products by CD-ROM.
** This manual is provided in on-line formanly.

On-Line Help

Pressind Fi) or selecting Contents from the Help menu brings
up an extensive on-line help system.

The on-line help includes:

» Step-by-step instructions on how to use PSpice features.

- Reference information about PSpice.

« Technical Support information.

If you are not familiar with Windows (3.1, NT or ‘95) Help
System, select How to Use Help from the Help menu.
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Referto the Schematics User’s
Guide for a description of new
features for MicroSim
Schematics.

New Features in this
Release

For release 6.3 of MicroSim PSpice, the following features have
been added:

support of IGBT as an intrinsic model (“Z” device)

160 new IGBT models (with symbols) in the IGBT.LIB
library

support of TOM-2 model, an improved TOM model for
MESFETSs (level=5 of “B” device)

GMIN stepping (to enhance DC convergence performance)
has been added to the Analysis Setup Options dialog box

more source files are available with the Device Equations
option
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If You Don’t Have the
Standard PSpice
Package

If You Have PSpice Basics

PSpice Basics provides the basic functionality needed for

analog circuit design without the advanced features in the full
PSpice package. Since this user’s guide is for both PSpice and
PSpice Basics users, however, there are some features described
in this user’s guide that are not available for PSpice Basics
users.

Basics

The Basics icon next to this paragraph is used throughout the  not
user’s guide to mark each section or paragraph which describesuded
a featurenot availablefor PSpice Basics users. If an entire in:
section describes a “hon-Basics” feature, the icoraisgul next

to the section title. If an individual paragraph describes a
“non-Basics” feature, the icon is placed next to the paragraph.

The following table identifies which features are included with
PSpice and PSpice Basics.

Feature PSpice Eigl'gse
Benefits of integration with MicroSim Schematics
graphical design entry (schematic capture) yes yes
simulation setup using dialog boxes yes yes
cross-probing yes yes
multi-window analysis of Probe data sets yes yes
marching waveforms in Probe yes yes

board layout package interfaces yes yes
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Feature PSpice E:Eii((:f
Notable PSpice analysis and simulation features
DC sweep, AC sweep, transient analysis yes yes
noise, Fourier, temperature analysis yes yes
parametric analysis yes no
Monte Carlo, sensitivity/worst-case analysis yes no
analog behavioral modeling (ABM) yes yes
Stimulus Editor yes no
Parts utility yes no
performance analysis (goal functions) yes no
save/load bias point yes no
Notable PSpice devices and library models
GaAsFETSs: Curtice, Statz, TriQuint, all Statz
Parker-Skellern
MOSFETSs: SPICES3 (1-3) with charge yes yes
conservation, BSIM1, BSIM3 (version 2)
IGBTs yes no
JFETs, BJTs yes yes
resistor, capacitor, and inductor MODEL  yes yes
support
ideal, non-ideal lossy transmission lines all ideal
coupled transmission lines yes no
nonlinear magnetics yes no
voltage- and current-controlled switches yes yes
analog model library 8500+ 8500+ *
Purchase options
MicroSim PCBoards yes yes
MicroSim PSpice Optimizer yes no
Device Equations yes no
network licensing yes no
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Feature PSpice PSplce
Basics
Miscellaneous specifications
unlimited circuit size yes no**

* PSpice Basics package includes all libraries except SCRs, thyristors,
PWNMs, magnetic cores, and transmission lines.

** Unlimited circuit size means you can have as many components in your
design as can be accommodated by your computer’'s memory—rule-of-
thumb is one Mb of RAM for every 400 transistors or 4,000 gates in the
circuit. The PSpice Basics package is limited by the total device count: 100
large devices (all transistors and ABM devices) or 500 small devices

If You Have the Evaluation
CD-ROM

MicroSim’s evaluation CD-ROM has the following limitations:
« Schematic capture limited to one schematic page (A-size)
« Maximum of 25 symbols can be placed on a schematic

¢ Maximum of nine symbol libraries can be configured

« Maximum of 20 symbols in a user-created symbol library

«  Circuit simulation limited to circuits with up to 64 nodes, 10
transistors, two operational amplifiers, or a combination
thereof, and 10 ideal transmission lines with not more than
four non-ideal lines (lossy lines using RLGC parameters)
and four coupled lines

» Device characterization limited to diodes
« Stimulus generation limited to sine waves

« Sample library includes 22 analog parts



Part One
Simulation Primer

Part One provides basic information about circuit simulation
and includes examples of common analyses.

Chapter 1,Simulation Overviewprovides an overview of the
circuit simulation process and describes standard simulation
analysis types.

Chapter 2 Simulation Examplg#ncludes examples of common
analyses which provide an introduction to the methods and tools
for entering circuit designs, running simulations with PSpice,
and analyzing simulation results using Probe.
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Chapter Overview

This chapter provides an overview of the circuit simulation
process and describes standard simulation analysis types.

Creating and Analyzing Circuits on page de@scribes the
process of circuit simulation. The simulation process consists of
creating and preparing a circuit for simulation, simulating a
circuit with PSpice, and displaying simulation results.

Analysis Types on page ldéscribes the analysis types for
PSpice.
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Creating and Analyzing
Circuits

Figure 1-1illustrates the process of creating a circuit, simulating
the circuit, and displaying the simulation results. This process
consists of the following:

1 The circuit schematic is created and prepared for simulation
using MicroSim Schematics.

2 Circuit simulation and analysis are performed by PSpice.
3 Probe is used to display simulation results.

Each of these procedures is described in the following pages.

stimulus f
global || == -
inpu ) s ‘
models = waveforms -
) model custom

definitions include files

local = simulation
del primitives -
models|| _ ‘

MicroSim
PSpice

simulation simulation

directives Wt output file

simulation
results
]
Probe
data file
Probe
markers lL
MicroSim
Probe

Figure 1-1 Circuit Analysis File Interactions

MicroSim
Schematics

circuit file set

netlist
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Creating and Preparing a Circuit
for Simulation

The following files are used for circuit simulation:
«  Circuit file set

« Model files

«  Stimulus files

e Custom include files

Circuit file set The filename of the primary

The circuit file set includes the following files: circuit file is schematic.cir
_ o _ _ _ where schematic is the name of
+ Primary circuit file, which contains analysis commands, the schematic.
simulation control commands, and references to the netlis

alias, model, and other files required by the circuit to be The filename of the netlist file is

schematic.net , where

simulated. schematic is the name of the
« Netlist file, which describes the components and schematic.
connections of the circuit. The filename of the alias file is

schematic.als , where
schematic is the name of the
schematic.

« Aliasfile, which maps the Schematics part and pin namest
the simulator device and node names.

Model files

Model files contain the electrical definition of the components The most commonly used
of a schematic. Each model is comprised of an individual devicmodels are available in the
or a subcircuit. MicroSim model library. If

. . - needed, however, you can
Device models describe a primitive part by a set of parametercreate models. See Chapter

Subcircuits are functional groupings of components to which 5 Creating Modelgor more

elements in external circuits can be connected. information.
Stimulus files See The Stimulus Editor Utility
Stimulus files are user-defined files containing stimulus on page 10-%or a description of

waveform specifications. These can be automatically createdhow to use the Stimulus Editor.
using the Stimulus Editor utility or created manually. The
creation of these files is transparent when specifying VSTIM o
ISTIM stimulus part instances in your schematic.

Basics

Note PSpice Basics
does not include the
Stimulus Editor.
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See Part Three, Setting Up and
Running Analysegor a
description of how to set up and
perform simulation.

See Part Four, Viewing Results
for a description of how to use
Probe to display simulation
results.

Custom include files

Custom include files are user-defined files containing simulator
command and device instructions referenced in the circuit file
set. These files can include user-defined functions that are used
in numeric expressions.

Simulating a Circuit with PSpice

Simulation and analysis are performed by PSpice. The simulator
(PSpice) interprets the information in the Schematics files for
the circuit, runs the simulation, and produces the Probe data file
and simulation output file.

To simulate a circuit, the wire connections to the pins of parts
shown in a schematic are transformed into electrical node
connections to device terminals that are understood by the
simulator.

Displaying Simulation Results

Simulation results are written to the Probe data file and
simulation output file.

Probe data file

The Probe data file contains simulation results to be viewed and
manipulated interactively with the graphical waveform analyzer
program, Probe. As the simulation proceeds, the simulator
updates the Probe data file with simulation results.

Probe reads the data stored in the Probe data file and displays
waveforms reflecting circuit response at marked nets, pins, and
devices in your schematic or for output variables specified in
Probe. The results can be further manipulated through
expressions and search functions, and families of curves can be
displayed on a single plot.

Analyzing data in Probe can help you to determine the validity
of your design. Both your schematic and simulation setup
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parameters can be refined based upon earlier results, thus
creating an iterative process of running simulations and Probe
analyses.

Simulation output file

The simulation output file is an ASCI| text file containing lists
and tables describing the input circuit, the analysis directives,
and the results of the specified simulations—in essence, an audit
trail of simulation events and results.

The content of the simulation output file is determined by the
types of analyses run, the options selected for running PSpice,
and the pseudocomponents placed and connected to nets in your
schematic. For example, each instance of a VPRINT1
pseudocomponent placed in your schematic and connected to a
different net causes PSpice to save the voltage values at those
nets to the simulation output file. Any warning or error
messages encountered during read-in or simulation are also
written to the output file.
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See Chapter 2,Simulation
Examplesfor introductory
examples of how to run each
type of analysis.

See Part Three, Setting Up and
Running Analysegor a more
detailed description of how to run
each type of analysis.

Analysis Types

PSpice circuit analyses can be classified as follows:
- Standard

e Simple multi-run

« Statistical

These analyses types are described in the following pages.

Standard Analyses

PSpice standard analyses include the following:

Table 1-1 PSpice Standard Analysis Types

DC sweep Voltages and currents are calculated where a
source, model parameter, or temperature is
swept over a range of values.

Bias point detail ~ Additional bias point data is calculated and
reported (bias point is computed automatically

by PSpice).

DC sensitivity Calculates the DC sensitivity of a node or
component’s voltage as a function of bias
point.

Small-signal DC Calculates small-signal DC gain, input

transfer resistance, and output resistance as a function
of bias point.

Frequency Calculates the small-signal response of the

response circuit, linearized around the bias point, to a

(AC sweep) combination of inputs. One or more sources

are swept over a range of frequencies. The
voltages and currents of the circuit are
calculated, including magnitude and phase.
This can be used to obtain Bode plots.
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Table 1-1 PSpice Standard Analysis Types (continued)

Noise analysis A noise analysis can be performed in
conjunction with the frequency response
analysis. The contribution of each noise
generator in the circuit is propagated to an
output node for every frequency specified in
the AC analysis. These propagated
contributions, as well as their RMS sum, are
calculated for each frequency.

Transient Circuit behavior is tracked over time in
response response to time-varying sources. The
voltages and currents are computed.
Fourier A Fourier analysis can also be performed in
components conjunction with a transient analysis.

Calculates the DC and Fourier components of
the transient analysis results.

Simple Multi-Run Analyses

The following PSpice analyses allow the circuit-wide
temperature, a global parameter, or a characteristic of a
particular component to be changed, resulting in each specified
DC sweep, AC sweep, or transient analysis being rerun with the
new value. The simple multi-run analyses provided are:

Table 1-2 PSpice Simple Multi-Run Analysis Types

Basics

Parametric Repeats the specified standard analyses as a. not
global parameter, model parameter, included
component value, or operational temperature in:
is stepped through a series of values

Temperature Repeats the specified standard analyses as the
operational temperature is stepped through a
list of values.




1-8 Simulation Overview

not
included
in:

Basics

Statistical Analyses

Two PSpice analyses are provided that allow device and lot
tolerances to be applied to device models, resulting in multiple
runs of the specified DC sweep, AC sweep, or transient analysis.
The statistical analyses provided are:

Table 1-3 PSpice Statistical Analysis Types

Monte Carlo Computes circuit response to changes in
component values by randomly varying all
device model parameters for which a tolerance
has been specified.

Sensitivity/ Computes circuit response to changes in

worst-case component values by varying one device
model parameter (where a tolerance is
specified) at a time on a device by device
basis, culminating in a single run where all
model parameters for all devices are set to
their worst-case values.




Simulation Examples

Chapter Overview

The examples in this chapter provide an introduction to the
methods and tools for entering circuit designs, running
simulations with PSpice, and analyzing simulation results using
Probe. All analyses are performed on the same example circuit.
This allows for a clearer illustration of analysis setup,
simulation, and result analysis procedures for each analysis

type.
This chapter includes the following sections:

Example Circuit Design Entry on page 2-2
Bias Point Analysis on page 2-6

DC Sweep Analysis on page 2-9
Transient Analysis on page 2-14

AC Sweep Analysis on page 2-18
.Parametric Analysis on page 2-22

Probe Performance .Analysis on page 2-28
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New icon: \Q’

S_hortcut: Click on %I or press

If you have enough room on your
screen, click on Place to leave
the Part Browser dialog box
open.

Example Circuit Design
Entry

This section describes how to use MicroSim Schematics to enter

the simple diode clipper circuit shown in Figure 2-1.

Voo

L D1
© DIN3940

7 Mid

3.3k
Cout Dut

Dz 7 R4
R3S pinzedn Lo -
P R

Figure 2-1 Diode Clipper Circuit
To open a new schematic window

1 Start Schematics. If Schematics is already running, be sure
you are in the schematic editor.

2 Ifyouarein a blank schematic window (indicated by “new”
in the title bar at the top of the window), you can begin
entering the circuit.

If you need to open a new schematic window, click the New
icon or select New from the File menu.

To place the voltage sources

1 Select Get New Part from the Draw menu to display the Part
Browser dialog box.

2 TypeVDCin the Part Name text box.
3 Click on Place & Close.

4 Move the cursor to position the source at the desired
location on the schematic page.
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5 Click to place the first source.
Move the cursor and click again to place the second source.

Right-click to end placement mode.

To place the diodes
Go to the Part Browser dialog box. If needed, click on @Ito

1
. redisplay the Part Browser dialo

2 TypeD1N39* in the Part name text box. bOXI. pay W aog
3 PreS to dISp|ay a I|St Of dIOdeS When p|acing Components:
4 Click on D1N3940. e Leave space to connect the
5 Click on Place (to leave the dialog box open) or Place & Comp?nents with wires.

Close (to close the dialog box). * If device names and values

) ] ] don’t match the names

6 Presgctri)+ ¥ to rotate the diode outline to the desired shown in Figure 2-1, they can

orientation. be changed later.

7 Click to place the first diode (D1), and click again to place
the second diode (D2).

8 Right-click to end placement mode.

To move the text associated with the diodes (or
any other object)

1 Click once on the text to select it. Select Redraw from the View
menu or press (Ctr)+ B to redraw

2 Drag the text to the desired location. the circuit as necessary.

To place the other components

Follow similar steps as described for the diodes to place the
components listed below. The symbol names you need to type
in the Part name text box of the Part Browser dialog box are
shown in parentheses.

1 resistorsR)

2 capacitor Q)

3 ground symbolsEGND

4 bubble symbolsRUBBLB
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Shortcut: Click on T\s\l or press
(Ctri+wv.

You can right-click at any time to
stop the wiring mode. The cursor
changes to the default arrow.

If necessary, double-right click or

press to resume wiring
mode. The cursor changes back
to a pencil.

Clicking on any valid connection
point terminates a wire. A valid
connection point is shown as an
“X” (see Figure 2-2).

R1

AN
1k

Figure 2-2 Connection Points

o

If you make a mistake when
placing or connecting
components:

Bubbles serve as “wireless”
connections where connectivity
is implied by identical labels.

To connect the components

1

Select Wire from the Draw menu to enter wiring mode. The
cursor changes to a pencil.

Click on the connection point (the very end) of the pin on the
bubble at the input of the circuit.

Click on the nearest connection point of the input resistor
R1.

Connect the other end of R1 to the output capacitor.

Connect the diodes to each other and to the wire between
them:

a Click onthe connection point of the anode for the lower
diode.

b Move the cursor straight up and click on the wire
between the diodes. The wire terminates and the
junction of the wire segments is made visible.

¢ Click again on the junction to continue wiring
d Click on the end of the upper diode’s cathode pin.

Continue connecting components until the circuit is wired
as shown in Figure 2-1 on page 2-2.

To assign names (labels) to the nets and bubbles

1

Double-click on any segment of the wire which connects
R1, R2, R3, the diodes, and the capacitor.

TypeMid in the Label text box.
Click on OK.

Double-click oneachbubble to label it as shown in
Figure 2-1 on page 2-2.
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To place the viewpoint symbol

1 TypeVIEWPOINTIn the Part Name text box of the Part
Browser dialog box.

2 Place the viewpoint so that its connection point (pin end)
touches the wire labeled Mid.

To assign a name to a device

A particular name can be assigned to a device in the schemaExample: assigning the name

(like “Vin” for a VDC, or Cout for the capacitor) as follows:  “Vin" for the second VDC.

1 Double-click on the reference designator for the device. 1 Double-click on the reference
. . ) ) designator of the VDC

2 Type the new name in the Edit Reference Designator dialo  symbol, V2.

box. 2 Type Vin in the Edit
3 Click on OK. Reference Designator dialog
box.

To change the value of a device

1 Double-click on the value for the device.

2 Type the new value in the Edit Value dialog box.
3 Click on OK.

To save your schematic

1 Select Save from the File menu. Shortcut: Click on \E’ or press
2 TypeCLIPPER as the schematic file name.

3 Click on OK to save the file adipper.sch
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AL
S_hortcut: Click on or press

Bias Point Analysis

Running PSpice

After creating the schematitipper.sch , YOU can run

PSpice by selecting Simulate from the Analysis menu. PSpice
performs the simulation and generates the output file
(clipper.out ).

While PSpice is running, the progress of the simulation is
displayed in the PSpice simulation status window (see
Figure 2-3).

Writing results to [ME]5 S SRNTN]

Calculating bias point
Bias point calculated

Figure 2-3 PSpice Simulation Status Window
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Simulation Output File

The simulation output file acts as an audit trail of the simulation.
This file optionally echoes the contents of the circuit file as well
as the results of the bias point calculation. If there are any syntax
errors in the netlist declarations or simulation directives or
anomalies while performing the calculation, error and/or
warning messages are written to the output file.

To view the simulation output file
1 Close the PSpice window.

2 In Schematics, select Examine Output from the Analysis
menu to display the output file in the MicroSim text editor
window. Figure 2-4 shows the results of the bias point
calculation as written in the simulation output file
(clipper.out ).

3  When finished, close the MicroSim text editor window.

= MicroSim Text Editor - CLIPPER. out [-] <]
File Edit Search VYiew Insert Help

nEFERRERE]

* C:TUTCORIALSCLIFFER. =ch

press SMALL SIGHAL BIAS SOLUTION TEMPERATURE =  27.000 DEG C
NODE ~ VOLTAGE NODE  VOLTAGE HODE ~ VOLTAGE HODE ~ VOLTAGE
{ Tn) 00000 Mid) 9434 ( Out) 00000 Vee) 5 0000

VOLTAGE SOURCE CURRENTS
HAME CUORRENT

vl 1 229E-03 B The voltage at net Mid is in
e N agreement with manual
TOTAL POWER DISSIPATION 6.15E-03 WATTS .
51 calculation:
For Help. press F1 |Ln 1, Col 1 | NUM
Figure 2-4 Simulation Output File - _Req
g p V(MID) = 5 Req VCC

Since the diodes are both reverse biased (off), and the input W
source Vin is OV (a short circuit to ground), the bias point is
dependent only on the values of VCC, R1, R2, and R3. Req =

here:

R1x R3
R1+Req
Note that the current through VIN is negative. By convention,
I;Sr?_ce meas_ur?s tI:je curr?nrt] throughda two _ter:mlrgal del\/lce manalysis results provide
the first terminal and out of the second terminal. For voltage ,¢q;rance of proper circuit
sources, current is measured from the positive terminal to theggnnectivity.

Correct, expected bias point
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negative terminal; this is opposite to the positive current flow
convention and results in a negative value.

Voltage Viewpoint

The VIEWPOINT symbol was initially a blank line. When the
simulation is finished and bias point voltages are available, the
viewpoint reflects the voltage at the net to which it was
connected (in this case, the voltage at the node Mid is 0.9434).
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DC Sweep Analysis

You can visually verify the DC response of the clipper by
performing a DC sweep of the input voltage source and
displaying the waveform results in Probe. This example sets up
DC sweep analysis parameters to sweep Vin from -10 to 15 volts
in 1 volt increments.

Setting Up and Running a DC
Sweep Analysis

To set up and run a DC sweep analysis

1 Select Setup from the Analysis menu.

Shortcut: Click on .

2 Click on the DC Sweep button in the Analysis Setup dialog= DC Sweep
box. = Hame: Vin
H H H ® IerEEe HModel l—
3 Setup the DC Sweep dialog box as shown in Figure 2-5. | gusmseues 00—
Note The default settings for the DC Sweep dialog box are LRI e
Voltage Source as the swept variable type and Linear Sv(;)nyp Stevaue [0
as the sweep type. To select a different swept variable © gotave EndValuor [15
type or sweep type, click on the appropriate radio g%:;zdfm :”'“‘ !
button. - ds' - ITI o
4 Click on OK to exit the DC Sweep dialog box.

If needed, click on the DC Sweep check box in the Analysi_
Setup dialog box so that it is checked on (enabled).

6 Click on Close to exit the Analysis Setup dialog box.

Save icon: \E’

7 Click on the Save icon.

You can also save the circuit under a different name. To
save the circuit aglipperd.sch , for example, select
Save As from the File menu in the schematic editor and
enterclipperd  as the file name.

8 To run the analysis as specified, select Simulate from the
Analysis menu.

Figure 2-5 DC Sweep Dialog

“H
S_hortcut: Click on I or press
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To set up Probe to automatically
run after simulation, select Probe
Setup from the Analysis menu
and click on the Automatically
Run Probe After Simulation box
so that it is checked on.

Shortcut: Click on or press

Displaying DC Analysis Results
in Probe

If Probe is set up to automatically run upon successful

completion of a simulation (the default setting), then the Probe
window is displayed when the simulation is finished. The Probe
window displays a plot screen like the one shown in Figure 2-6.

To plot voltages at nets 1 and 2
1 Select Add from the Trace menu.

2 Click on V(In) and V(Mid) in the Add Traces dialbgx.
3 Click on OK.

To display traces using markers
1 Delete the two traces you plotted above:

a Click on the text V(In) located under the X axis of the
plot to select trace V(In).

b Press and hold tigif] key and click on V(Mid) to also
select trace V(Mid).

c PresgDel) to remove both traces.

Probe - [CLIPPERD.DAT] -
[&[18 Yiew Tools Window Help

X Axis Settings... | 7 [
Axis ﬁettins... f] wl%l %lq:B \/?/ L
[ Add ¥ Axis Ctrl+Y .
Delete Y Axis  Shift+Ctrl+Y
" Add Plot |
Delete Plot
i Unsync Plot
| Digital Size...
\
\ AC...
1 ¥ DC...
\ Transient...

|Specify the X axis settings

Figure 2-6 Probe Plot
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2 In Schematics, select Mark Voltage/Level from the MarkersShortcut: press (Ctri]+M.

menu.
Click to place the first marker on net In.
Click to place the second marker on net Mid.

Right-click to end marker mode. Waveform traces are
displayed as shown in Figure 2-7.

-18u -5y au 5u 180 15y
o u(In) ¢ U(Hid)

trace legend

Figure 2-7 Voltage at In and Mid

To place a cursor on each trace

You can click on \E’ in

Schematics to save the

Labelsare includedin Figure 2-7
for informational purposes only.
Refer to the Schematics User’s
Guide for a description of howto
add labels.

This example uses the cursors
feature to view the numeric

1 In Probe, select Cursor from the Tools menu, then select \5ues for two traces and the

Display to activate cursors.

Two cursors are activated for the first trace defined in the

difference between them by
placing a cursor on each trace.

legend below the X axis—V(In) in this example. The Probe

Cursor window is also displayed.
2 To display the cursor cross-hairs:

a Position the mouse cursor anywhere inside the plot
window.

b Click to display the cross-hairs for the first cursor.

¢ Right-click to display the cross-hairs for the second
cursor.

Table 2-1 Association of Probe
Cursors with Mouse Buttons

Cursor 1 left mouse button

Cursor 2 right mouse button

ioiu{In) < U{Hid)

Figure 2-8 Trace Legend with
Cursors Activated
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Your ability to get as close to 4.0
as possible depends on screen
resolution and window size.

[ u(In) ¢ U(Hid)]

Figure 2-9 Trace Legend with
V(Mid) Symbol Outlined

There are other ways to display
the difference between two
voltages at a trace:

* By plotting “V(In)-V(Mid)” in
Probe
* By selecting Mark Voltage

Differential from the Markers
menu in Schematics

In the trace legend, the symbol for V(In) iglmed in the
cross-hair pattern for each cursor, resulting in a dashed line
as shown in Figure 2-8.

Place the first cursor on the V(In) waveform:

a Click on the portion of the V(In) trace in the pimity
of 4 volts on the X axis. The cursor cross-hair is
displayed, and the current X and Y values for the first
cursor are displayed in the Probe Cursor window.

b To fine-tune the cursor location to 4 volts on the X axis,
drag the cross-hairs until the corresponding entry in the
Probe Cursor window is approximately 4.0 for the X
axis value of the A1 cursor. You can also ptessnd
for tighter control.

Place the second cursor on the Mid waveform:

a Associate the second cursor with the Mid waveform by
right-clicking on the trace legend symbol for V(Mid)
(on the diamond). The cross-hair pattern for the second
cursor outlines the V(Mid) trace symbol as shown in
Figure 2-9.

b Right-click on the portion on the V(Mid) trace that is in
the proximity of 4 volts on the X axis. The X and Y
values for cursor 2 are displayed in the Probe Cursor
window along with the difference between the two
cursors’ X and Y values.

¢ To fine-tune the location of the second cursor to 4 volts
on the X axis, drag the cross-hairs until the
corresponding entry in the Probe Cursor window is
approximately 4.0 for the X axis value of the C2 cursor.

You can also presifi+—) and(shiftt+(«+] for tighter

control.

Figure 2-10 shows the Probe window when both cursors are
placed.
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________________________________

-18U -cu au
EU(InY S1U(Hid)
U_uin

Probe Cursor
A1 = 4.88008, 4.8808
Az = 4.8008, 3.4348
dif= @.888, G566.0838m
R REEEEEEEEEEE Fommmmmoo-- 9

Figure 2-10 Voltage Difference at V(In) = 4 Volts

At this point, the schematic has been saved. If needed, you can
close Schematics and Probe and begin the remaining analysis

exercises later using the saved schematic.
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Shortcut: press (CtriJ+><.

If your version of Schematics
does not include the Stimulus
Editor (Basics users):

1 Place a VSIN symbol instead
of VSTIM.

2 Double click on it.

3 Double-click on the
appropriate attributes to set
their values as VOFF,
VAMPL, and FREQ. Click on
Save Attr or press after
entering each attribute’s
value to accept the changes.

Transient Analysis

This example shows how to run a transient analysis on the
clipper circuit. This requires adding a time-domain voltage
stimulus as shown in Figure 2-11.

..... SuLUs=RE

Figure 2-11 Diode Clipper Circuit with a Voltage Stimulus

To add a time-domain voltage stimulus

1

A WDN

© 00 N O O

In Schematics, select Clear All from the Markers menu.
Select the ground symbol beneath the VIN source.
Select Cut from the Edit menu.

Scroll down or select Out from the View menu (or click on
the Zoom Out icon).

Place a VSTIM symbol as shown in Figure 2-11.
Select Paste from the Edit menu.

Place the ground symbols as shown in Figure 2-10.
Select Fit from the View menu.

Select Save As from the File menu, and save the file as
clippert.sch

Double-click on the VSTIM symbol to start the Stimulus
Editor.
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11 When prompted to name the stimulus, tE and click
on OK.

12 Inthe New Stimulus dialog box of the Stimulus Editor, click
on SIN, and click on OK.

13 In the Stimulus Attributes dialog box, set the first three
parameters as follows:

Offset Voltage = 0
Amplitude = 10
Frequency = 1kHz

14 Click on Apply to view the waveform. The Stimulus Editor
window should look like Figure 2-12.

=| Stimulus Editor - [CATUTORIAL\CLIPPERT.STL *] b |
=|Ei|e Edit Stimulus Plot ¥Yiew Tools Window Help o

N = IS ENEY I EY N I =R
10

I
1| Mame: SINE

i Type: SIN
Dffset Walue [E
y Amplitude

I]: Frequency |TkHz
Time Delay

Damping Factor (0

il

Phase Angle

-18+

Bs 8.5ns 1ms
O SINE

(=[] [2]

[
Figure 2-12 Stimulus Editor Window

15 Click on OK.

16 Click on the Save icon or prefsig+(F12) to save the Save icon: EI
stimulus information.

17 Select Exit from the File menu.
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Analysis Setup icon: I

T

= Transient
ot Al

FPrint Step: 20ns
Final Time: 2ms|
Ho-FPrint Delay:
Step Ceiling:

[ Detailed Bias Pt.

[" Skip initial transient solution

Il

-Fourier Analysi

[ Enable Fourier

LCenter Frequency: I
Mumber of harmonics: I
Dutput \I"als.:l

Figure 2-13 Transient
Analysis Dialog Box

Save icon: \E’
Simulate icon: @

To set up and run the transient analysis

1

(o]

In Schematics, click on the Analysis Setup icon or select
Setup from the Analysis menu to display the Analysis Setup
dialog box.

Click on Transient to display the Transient Analysis dialog
box.

Set up the Transient dialog box as shown in Figure 2-13.
Click on OK.

If needed, click on Transient check box in the Analysis
Setup dialog box so that it is checked on (enabled).

If needed, disable DC sweep from the previous example by
clicking on the DC Sweep check box so that itas
checked.

DC Sweep is disabled here so that you can see the results of
a transient analysis run by itself. PSpice can run multiple
analyses during simulation, and you could run both DC
sweep and transient analyses.

Click on Close to exit the Analysis Setup dialog box.
Click on the Save icon.

Click on the Simulate icon or pressl] to start the
simulation.

PSpice uses its own internal time steps for computation. The
internal time step is adjusted according to the requirements of
the transient analysis as it proceeds. Data is saved to the Probe
data file for each internal time step.

Note The internal time step is different from the Print Step

value. Print Step controls how often optional text format
data is written to the simulation output file ((OUT).
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To display the output variable list with aliases This portion of the example

and display desired traces in Probe describes how to view the input
) sine wave and the clipped wave
1 Select Add from the Trace menu. (You can also click on thigt Out. The output variable list is

Add Trace icon or pregssert).) used as an alternative to
markers to select the tracesto be

Select V(Out) and V(In) by clicking on them in the trace “St'displayed.

Click on OK. The traces are displayed.

Place the symbols shown in the trace legend on the traces
themselves as shown in Figure 2-14:

a Select Options from the Tools menu.
b Click on Always in the Use Symbols portion of the

dialog box.
c Click on OK.
5 Click on the Save icon. Save icon: \E’

LR EEEEES o

These waveforms illustrate the
clipping of the input signal.

a.
O U(In) < U(Hid)

Time

Figure 2-14 Sinusoidal Input and Clipped Output Waveforms
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Time-domain and AC stimuli are
independent of one another. For
example, the SINE stimulus is

ignored (0V) during AC analysis.

The new Vin still has aDC
attribute which can be used to
include a bias with the AC
source. Double-click the AC
source to see the DC attribute
value.

AC Sweep Analysis

The AC sweep analysis in PSpice is a linear (or small signal)
frequency domain analysis which can be used to observe the
frequency response of any circuit at its bias point.

Setting Up and Running an AC
Sweep Analysis
This example sets up the clipper circuit for AC analysis by

adding an AC voltage source for a stimulus signal as shown in
Figure 2-15, and by setting up AC sweep parameters.

..... . . . . C o . . R R4
R3 D1N3540 5.6k
..... . . 33k . [ . . R o

To change Vin to include the AC stimulus signal
1 Click on the DC input source, Vin, to select it.

2 Select Replace from the Edit menu.

3 In the Replace Part dialdgx, typeVAC
4

Click on the Keep Attribute Values check box so that it is
checked on.

5 Click on OK. The input voltage source changes to an AC
voltage source.
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6 Double-click on the displayed (AC) value of the new Vin.
In the Set Attr Value dialog box, set the valud Yo
To set up the AC sweep and start simulation

1 Click on the Analysis Setup icon or select Setup from the Analysis Setup icon:
Analysis menu to display the Analysis Setup dialog box.

2 Click on AC Sweep.

3 Set up the AC Sweep and Noise Analysis dialog box as [ 'AC Sweep and Noise Analysis
ShoWn |n Fi ure 2_16. rAC Sweep Type —  [Sweep Parameters
g ) Linear Ptz/Decade 1
Note PSpice is not case sensitive, so both M and m can be O Octave Statfreq:  [10
used as “mili,” and MEG, Meg, and meg can all be used ) Mzt EndFreq:  [100Med
for “mega. '"':EN _ :E o
4 Click on OK to close the AC Sweep dialog box. T
5 Click on Cl lose the Analysis Setup dialog b
ick on Close to close the Analysis Setup dialog box.
Y P AIao8
6 Select Mark Advanced from the Markers menu. X
. Figure 2-16 AC Sweep and
7 Double-click on vdb. Noise Analysis Dialog Box
8 Place one Vdb marker on the output node, aadganother
on the Mid node.
9 Select Save As from the File menu, and save the schematic
asclippera.sch
10 Click on the Simulate icon or pre$s$t] to start the Simulate icon: @I

simulation.

Since the transient analysis was not deactivated, PSpice
performs both the transient and AC analyses.
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AC Sweep Analysis Results

Probe displays the dB magnitude (20l0g10) of the voltage at the
marked nodes, Out and Mid, as shown in Figure 2-17.
VDB(Mid) has a lowpass response due to the diode capacitances
to ground. The output capacitance and load resistor act as a
highpass filter, so the overall response, illustrated by VDB(out),
is a bandpass response. Since AC is a linear analysis and the
input voltage was set to 1V, the output voltage is the same as the
gain (or attenuation) of the circuit.

104z 100Hz 1. 0KHz 10KHzZ 100KHz 1.0tz 10MHz 100tHz
0 UDB(Out) o UDB(Hid)
Frequency

Figure 2-17 dB Magnitude Curves for “Gain” at Mid and Out

To display a Bode plot of the output voltage,
including phase

1 Switch back to the Schematics window.

Select Mark Advanced from the Markers menu.
Place a vphase marker on the output next to the Vdb.
Delete the Vdb marker on Mid.

a b~ W N

Switch to Probe. The gain and phase plots are both
displayed on the same graph with the same scale.

6 Click on the trace name, VP(Out), to select it. The text
should turn red.

Note Depending upon where the vphase marker was placed,
the trace name may be different, such as VP(Cout:2),
VP(R4:1), or VP(R4:2).
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7 Select Cut from the Edit menu.
Select Add Y Axis from the Plot menu.

Select Paste from the Edit menu. The Bode plot is displayeShortcut: Click on I or press
as shown in Figure 2-18.

Shortcut: Click on cH: Ior press

57, 1eed-

-28 -58d

104z 100Kz 1.0KHz 10KHzZ 100KHz 1.60Hz 10MHz 106HHz
0 UDB(Dut) | UP(Dut)
Frequency

Figure 2-18 Bode Plot of Clipper’'s Frequency Response
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ot 1] Parametric Analysis
included
in: This example shows the effect of varying input resistance on the

bandwidth and gain of the clipper circuit. This is done by:
« Changing the value of R1 to the expression {Rval}
« Adding a PARAM symbol to declare the parameter Rval

« Specifying a parametric analysis to step the value of R1 via

Rval
..... - - . Nec, . Ce .
S PARAMETERS, L [ . L .
..... Rual kL . . Ce .
..... rs B .
33k oingeen 4o o
..... w1 S .94.34 N 7. T . C.Gm e
P Mid I P Out
L u
..... n CRvalt o OaTd
..... o o . S d oo L e
R3 DiN394D 5.5k
S 33k . S R I
Voo In - .

The example results in 21 analysis runs, each with a different
value of R1. Once the analysis is complete, you can analyze
curve families for the analysis runs in Probe.
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Setting Up and Running the
Parametric Analysis

To change the value of R1 to the expression

{Rval}

1 Double-click on the value of R1.

2 Type{Rval} in the Set Attribute Value dialog box.
3 Click on OK.

To add a PARAM symbol to declare the parameter
Rval

1

2
3
4

Click on the Part Browser icon or pré&s]+g.
TypePARAMN the Part text box, and click on OK.
Place one PARAM symbol on the schematic.

Double-click on the PARAM symbol to display the
attributes list.

Double-click on NAME1 and typRval (no curly braces)

in the Value text box.
Click on Save Attr to accept the changes.

Double-click on VALUEL, typelk, and click on Save Attr.
Click on OK. Rval 1k is displayed in the PARAMETERS

list on the schematic.

PSpice interprets text in curly
braces as an expression which
evaluates to a numerical value.
This example uses the simplest
form of an expression—a
constant. The value of R1 will
take on the value of the Rval
parameter, whatever it may be.

Part Browser icon: %I
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Analysis Setup icon: I

Swept Var. Type
) Voltage Source
O Temperature
C Current Souice
) Model Parameter
® Global Parameter

=] Parametric

Hame: Rval

Hodel
Model Mame:

Param. Name:

Sweep Type
C Linear
) Dctave
® Decade
I Value List

Start Value:  |100
End Value: 10K

T

Pts/Decade: |10

Values:

!

Figure 2-20 Parametric Dialog
Box

This setup specifies that the
parameter Rval is to be stepped
from 100 to 10k logarithmically
with a resolution of 10 points per
decade.

The analysis is run for each
value of Rval. Since the value of
R1 is defined as {Rval}, the
analysis is run for each value of
R1 as itlogarithmically increases
from 100Q to 10 kQ in 20 steps,
resulting in a total of 21 runs.

To set up and run a parametric analysis to step
the value of R1 via Rval

1

aa A W DN

10

Click on the Analysis Setup icon or select Setup from the
Analysis menu to display the Analysis Setup dialog box.

Click on Parametric.
Set up the Parametric dialog box as shown in Figure 2-20.
Click on OK.

If needed, click on the Parametric check box in the Analysis
Setup dialog box so that it is checked on (enabled).

Click on the Transient check box so that ihdg checked.
Click on Close to close the Analysis Setup dialog box.

Select Save As from the File menu, and save the schematic
asclipperp.sch

Delete the VP marker. (For this example, we are only
interested in the magnitude of the response.)

To run the analysis as specified, click on the Simulate icon

or pressFii].
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Analyzing Waveform Families in

Probe

To display all 21 traces in Probe

1 There are 21 analysis runs, each with a different value of R1.
When Probe starts, it displays the Available Sections dialog
box which lists all 21 runs and the Rval parameter value for

each. You have the option to select one or more runs.

Click on OK to accept the default of all runs. All 21 traces To selectindividual runs, click on
(the entire family of curves) for VDB(Out) are displayed in each one separately.
Probe as shown in Figure 2-21.

100Hz 1.0kHz 10KHz 100K Hz
oooooooo TA O+ X AY X OUDBLOUL)
Frequency

1. 6HHZ

16HHzZ

180HHZ

Figure 2-21 Small Signal Response as R1 is Varied from

100Q to 10 K2

2 To remove the traces shown, click on the trace name to

select it and then pregzi).

To compare the last run to the first run

1 Select Add from the Trace menu.

2 Type the following text in the Trace Command text box:

Note

Vdb(Out)@1 Vdb(Out) @21

The difference in gain is apparent, you can also plot the
difference of the waveforms for runs 21 and 1 and then

use the search commands feature to find certain

characteristics of the difference.

To see more information about
the section which produced a
specific trace, double-click on
the corresponding symbol in the
legend below the X axis.

You can also remove the traces
by deleting the VDB marker in

Shortcut: Click on or press

You can avoid some of the typing
for the Trace Command text box
by clicking on the V(OUT)
selection in the trace list and
editing the resulting Trace
Command to insert text where
appropriate.
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Shortcut: Click on or press

Shortcut: Click on \i’

Shortcut: Click on N‘f I

Shortcut: Click on .

This command instructs Probe to
search for the point on the trace
where the X axis value is 100.

3 Delete the two traces.

4 Plot the new trace by specifying a waveform expression:

a
b

(o

Select Add from the Trace menu.

Type the following waveform expression in the Trace
Command text box:

Vdb(Out)@1-Vdb(OUT)@21
Click on OK.

5 Use the search commands feature to find the value of the
difference trace at its maximum and at a specific frequency:

B == == == T oo
|

a

e
f

Select Cursor from the Tools menu, and then select
Display.

Select Cursor from the Tools menu, and then select
Max.

Select Cursor from the Tools menu, and then select
Search Commands.

Enter the following search command:
search forward x value (100)

Select cursor 2 as the cursor to move.

Click on OK.

Figure 2-22 shows the Probe window when the cursors are
placed.

|
304
|

{OiVdb(0ut)@1-Udb({0ut)@21

Probe Cursor
A1 = 100.0006H, 35.776
A2 = 1@86.068, 17.874
dif= 100.8080H, 17.9082
B B i B i D LD Rt
188Hz 1.8KHz 1BKHz 188KHz 1. 8HHz 1BHHz 188HHz

(u}

Frequency

Figure 2-22 Comparison of Small Signal Frequency Response
at 100 and 10® Input Resistance
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Note that the Y value for cursor 2 shown in the cursor box
atthe lower rightis about 17.87. This indicates that when R1
is set to 10 R, the small signal attenuation of the circuit at
100Hz is 17.87dB greater than when R1 is200

Deactivate the cursors and delete the trace to prepare for the
next exercise.
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Basics

not
included
in:

At each step, the wizard provides
information and guidelines to
follow.

Shortcut: Click on , then

double-click on V(Out).

Probe Performance
Analysis

Probe's performance analysis is an advanced feature that can be
used to compare the characteristics of a family of waveforms.
Performance analysis uses the principle of search commands
introduced earlier in this chapter to define functions which
detect points on each curve in the family.

Once these functions have been defined, they can be applied to
a family of waveforms using Add on the Trace menu and
produce traces that are a function of the variable that changed
within the family.

This example shows how to use the performance analysis
feature of Probe to view the dependence of circuit
characteristics on a swept parameter. In this case, the small
signal bandwidth and gain of the clipper circuit are plotted
against the swept input resistance value.

To plot bandwidth vs. Rval using the performance
analysis wizard

1 InProbe, select Performance Analysis from the Trace menu.
The Performance Analysis dialog box is displayed with
information on the currently loaded data and performance
analysis in general.

2 Click on Wizard.
Click on Next>.

Click on Bandwidth in the Choose a Goal Function list, and
then click on Next>.

5 Click in the Name of Trace text box, and ty@®©ut) .
Click in the db Level Down text box and tyBe

7 Click on Next>. The wizard displays the gain trace for the
first run (R=100) and shows how the bandwidth is
measured. This is done to test the goal function.

8 Click on Next> or Finish. Probe displays a plot of the 3dB
bandwidth vs. Rval.
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9 Change the X-axis to log scale.
a Select X Axis Settings from the Plot menu. Shortcut: Double-click on the X
b Select Log in the Scale list box.
¢ Click on OK.

To plot gain vs. Rval manually
Select Add Y Axis from the Plot menu.

Select Add from the Trace menu. Shortcut: Click on or press
3 Click on the Max(1) goal function. Use the scroll barto  The Trace list includes goal
move to the right in the Trace list. functions only in performance
) . analysis mode when the X-axis
4 Scroll to the left again and click on V(out). variable is the swept parameter.

Edit the Trace Command text box toMax(Vdb(out)) ,
and click on OK. Probe displays gain on the second Y axis,
vs. Rval.

Figure 2-23 shows the final performance analysis plot of 3dB
bandwidth and gain in dB vs. the swept input resistance value.

806K

4,80

188 388 1.8K 3.8K 18K
O Bandwidth(U{0ut}, 3) [Z] = Hax(Vdb{Dut})
Rual

Figure 2-23 Performance Analysis Plots of Bandwidth and
Gain vs. Rval

For more information about performance analysisEseenple:
RLC Filter on page 11-3



Part Two
Design Entry

Part Two provides information about entering circuit designs in
MicroSim Schematics.

Chapter 3,Preparing a Schematic for Simulatigorovides
information to help you enter circuit designs that simulate
properly.

Chapter 4,Creating Symbolgprovides information about
creating symbols. Symbols are the graphical representation of
circuit components.

Chapter 5,Creating Modelsprovides information about
creating models. Models define the electrical behavior of
schematic components for purposes of simulation.

Chapter 6,Analog Behavioral Modelingdescribes how to use
Analog Behavioral Modeling (ABM) feature provided in
PSpice.



Preparing a Schematic for

Simulation

Chapter Overview

This chapter provides information to help you enter circuit

designs that simulate properly.

Passive Parts on page 3deéscribes setup information for a
variety of analog parts. For a listing of standard library
components, refer to the on-lihébrary Reference Manual

Parameters and Expressions on page deScribes how to use
parameters and expressions in place of literal values.

Analog Power Supplies on page 3-déescribes setup

information for DC sources.

The information in this chapter
supplements the information in
the Schematics User’s Guide.
The Schematics User’s Guide
describes how to use
Schematics to create circuit
schematics, and this chapter
includes additionalinformation to
help you set up components to
ensure proper simulation of the
schematic.
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Passive Parts

This section describes setup information for a variety of analog
parts. For a listing of standard library components, refer to the
on-lineLibrary Reference Manual

Resistors, Capacitors, and
Inductors

Also seeResistors, capacitors, and inductors on page 5-25

Table 3-1 Resistor, Capacitor, and Inductor Attributes

Symbol Symbol Library Attribu _
Part Type Name File te Description
capacitor C analog.slb VALUE capacitance
(PSpice ‘C’ device) analog_p.slb* o

IC initial voltage across the
capacitor during bias point
calculation

C_VAR VALUE base capacitance

SET multiplier

inductor L analog.slb VALUE inductance
(PSpice ‘L’ device) analog_p.slb _

IC initial current through the
inductor during bias point
calculation

resistor R analog.slb VALUE resistance
(PSpice ‘R’ device) analog_p.slb i .

TC linear and quadratic

temperature coefficients
R_VAR VALUE base resistance
SET multiplier

* The Symbol Library file ANALOG_P.SLB contains R, L, C, R_VAR, and C_VAR symbols with visible pin numbers. To use
the symbols in this file instead of those in ANALOG.SLB, use Editor Configuration on the Options menu to add
ANALOG_P.SLB to the list of configured Symbol Library files before the ANALOG.SLB file entry. Refer t8ahematics

User's Guidefor a description of how to use Editor Configuration.
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For the standard R, C, and L parts, the effective value of the part
is set directly by the VALUE attribute. For the variable resistors
and capacitors, R_VAR and C_VAR, the effective value is the
product of the base value (VALUE) and multiplier (SET).

In general, resistors, capacitors, and inductors should have
positive component values (VALUE attributé).all cases,
components must not be given a value of zero.

However, there are cases when negative component values are
desired. This occurs most often in filter designs that analyze an
RLC circuit equivalentto a real circuit. When transforming from
the real to the RLC equivalent, it is possible to end up with
negative component values.

PSpice allows negative component values for bias point, DC
sweep, AC, and noise analyses. In the case of resistors, the noise
contribution from negative component values come from the
absolute value of the component (components are not allowed to
generate negative noise). A transient analysis may fail for a
circuit with negative components. The negative components,
especially negative-valued capacitors and inductors, may create
instabilities in time which the analysis cannot handle.
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Transformers

Table 3-2lists attributes that can be set per instance of a linear
transformer part.

For additional information:

Table 3-2 Transformers

SeeTransformers on page 5-28

SedJsing the Inductor Coupling SymbaigheApplication
Notes Manuafor a description of techniques for creating
additional transformer configurations.

SeedUsing the KBREAK symbol in a schematic on page 5-26
for information about using nonlinear magnetic cores with
transformers.

Symbol Library

Part Type Symbol Name File Attribute Description
transformer XFRM_LINEAR analog.slb L1 VALUE windinginductances
(PSpice ‘K and ‘L’ L2_VALUE in Henries
devices) -
COUPLING  coefficient of mutual
coupling (must lie
between 0 and 1)
K_LINEAR analog.slb Ln inductor reference

designator
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Transmission Lines

Ideal and lossy transmission lines

Table 3-3lists the attributes that can be set per instance of an
ideal (T) or lossy (TLOSSY) transmission line. The parts
contained in theline.slb symbol file contain a variety of
transmission line types. Their part attributes vary.

Table 3-3 Transmission Lines

Symbol Symbol Attribu _
Part Type Name Library File te Description
transmission line T analog.slb Z0 characteristic impedance
(PSpice ‘T’ device) .
TD transmission delay
F frequency for NL
NL number of wavelengths or wave
number
TLOSSY* analog.slb LEN electrical length
R per unit length resistance
L per unit length inductance
G per unit length conductance
C per unit length capacitance

* Not available for Basics users.

PSpice uses a distributed model to represent the properties of a
lossy transmission line. That is, the line resistance, inductance,
conductance, and capacitance are all continuously apportioned
along the line’s length.

A common approach to simulating lossy lines is to model these
characteristics using discreet passive elements to represent
small sections of the line. This is the lumped model approach,
and it involves connecting a set of many small subcircuits in
series as shown in Figure 3-1. This method requires that enough
lumps exist to adequately represent the distributed characteristic
of the line. This often results in the need for a large netlist and
correspondingly long simulation time. The method also
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not
included
in:

Basics

produces spurious oscillations near the natural frequencies of
the lumped elements.

T i i1

lumped line segment

Figure 3-1 Lossy Line Comprised of Lumped Line Segments

The distributed model used in PSpice frees you from having to
determine how many lumps are sufficient, and eliminates the
spurious oscillations. It also allows lossy lines to be simulated
with the same accuracy in a fraction of timee required by the
lumped approach.

In addition, you can make R and G general Laplace expressions.
This allows frequency dependent effects to be modeled, such as
skin effect and dielectric loss.

Coupled transmission lines

Table 3-4lists the attributes that can be set per instance of a
coupled transmission line symbol. The symbol library provides
symbols that can accommodate up to five coupled transmission
lines. You can also create new symbols that have up to ten
coupled lines.
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Table 3-4 Coupled Transmission Lines

Symbol Attribu i
Part Type Symbol Name Library File te Description
coupled T2COUPLED tline.slb LEN electrical length
transmission line—
symmetric TSCOUPLED R per unit length resistance
(PSpice ‘K" and T TACORPLED L er unit length inductance
devices) T5COUPLED perunit fength indu
per unit length conductance
per unit length capacitance
LM per unit length mutual inductance
CM per unit length mutual capacitance
coupled transmission T2COUPLEDX* tline.slb LEN electrical length
line—asymmetric
(PSpice ‘K’ and ‘T’ TSCOUPLEDX R per unit length resistance
devices) TACOUPLEDX
T5COUPLEDX L per unit length inductance
G per unit length conductance
per unit length capacitance
LM per unit length mutual inductance
CM per unit length mutual capacitance
transmission line KCOUPLE2 tline.slb Tl name of first coupled line
coupling matrix ]
(PSpice ‘K’ device) T2 name of second coupled line
LM per unit length mutual inductance
CM per unit length mutual capacitance
KCOUPLES3 T1 name of first coupled line
KCOUPLE4 T2 name of second coupled line
KCOUPLES
T3 name of third coupled line
LMij per unit length mutual inductance
between line Ti and line Tj
CMij per unit length mutual capacitance

between line Ti and line Tj

* T2COUPLEDKX is functionally identical to T2ZCOUPLED. However, the T2COUPLEDX implementation uses the expansion
of the subcircuit referenced by T2COUPLED.
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not
included
in:

Basics

Simulating coupled lines

Coupling between transmission lines can be simulated using the
PSpice K device. Each of the coupled transmission line parts
provided in the standard symbol library translate to K device and
T device declarations in the netlist. PSpice compiles a system of
coupled lines by assembling capacitive and inductive coupling
matrices from all of the K devices involving transmission lines.
Though the maximum order for any one system is ten lines,
there is no explicit limitation on the number of separate systems
that may appear in one simulation.

The simulation model is accurate for:

- ideal lines

» low-loss lossy lines

« systems of homogeneous, equally spaced high-loss lines

For more information about the K device, refer toRSpice A/
D Reference Manual

Simulation considerations

When simulating, transmission lines with short delays can
create performance bottlenecks by setting the time step ceiling
to a very small value.

If one transmission line is setting the time step ceiling
frequently, PSpice reports the three lines with the shortest time
step. The percentage attenuation, step ceiling, and step ceiling as
percentage of transmission line delay are displayed in the
PSpice status window.

If your simulation is running reasonably fast, you can ignore this
information and let the simulation proceed. If the simulation is

slowed significantly, you may want to abort the simulation and
modify your design. If the line is lossy and showing negligible

attenuation, model the line as ideal instead.
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Parameters and
Expressions

Parameters

In many applications, it is convenient to use a parameter instead
of a numeric value. A parameter is like a programming variable
used to indirectly represent a value. Parameters are useful for
assigning like values to multiple part instances as well as setting
up analyses involving swept variables (parametric, for
example).

A parameter is defined using the PARAM pseudocomponent.The OPTPARAM

Up to three parameters can be defined per PARAM instance tpseudocomponent can also be
assigning each parameter’s name and value to the correspondused to define global

NAMEn and VALUERN attributes. These are global to the entireParameters, though its primary

schematic regardless of hierarchical level. use is to define design
parameters for use with the

For instance, an independent voltage source, VCC, can have PSpice Optimizer. If you choose
VALUE attribute set to the value of a parameter called to use OPTPARAM, up to eight
VSUPPLY using the notation {VSUPPLY}. The curly braces parameters can be defined by
instruct the simulator to evaluate VSUPPLY rather than use thspecifying values for Name and
text representation itself. Initial Value.

VSUPPLY must also be defined by placing a PARAM
pseudocomponent in your schematic, and defining one of theNote The system variables in
NAMEn/VALUE n attribute pairs. To set VSUPPLY to 12 volts, Table 3-7 on page 3-1&ave

the first pair of PARAM attributes can be defined as: reserved parameter names.
User-defined parameters should
NAME1 = VSUPPLY not use these parameter names.
VALUE1L = 12V

By using parameters, multiple devices can respond to a change
in that parameter. For instance, if a second independent source,
VEE, also has its value set to {VSUPPLY} as well, then both
sources can be changed to 14 volts by simply reassigning the
VALUEL1 attribute of the PARAM pseudocomponent to 14V.
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Additional flexibility can be
provided by using parameters in
expressions. See Parameters on
page 3-9or more information
about parameters.

Expressions

In many applications, it is helpful to have more flexibility in
setting up values by using expressions in place of literal values.

For example, an independent source, VEE, could have its
VALUE attribute defined as:

VALUE = {-10*FACTORY}

where FACTOR is assigned the value of 1.2 using a PARAM
pseudocomponent. The value for VEE resolves to (-10 * 1.2) or
-12.0 volts.

Expressions can contain the standard operators listed in
Table 3-5 the functions iMable 3-6 and the system variables
listed inTable 3-7.

The simulator (PSpice) accepts expressions of any length, but
MicroSim Schematics imposes some length limits. Part attribute
definitions, for example, are limited to 1,024 characters in
Schematics. In such cases, it is appropriate to define custom
functions for expressions, thus decreasing length and improving
readability.

The simulator evaluates expressions upon reading in the entire
circuit file set. Parameter values that change as an analysis
proceeds (a DC sweep or parametric analysis, for example)
cause the simulator to re-evaluate the expression at that time.

Table 3-5 Operators in Expressions

Type Operators Meaning
arithmetic + addition (or string
concatenation)
- subtraction
* multiplication
/ division

*x exponentiation
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Table 3-5 Operators in Expressions (continued)

Type Operators Meaning
relational: within ~ unary NOT
IF() functions
| boolean OR
A boolean XOR
& boolean AND
== equality test
I= non-equality test
> greater than test
>= greater than or equal to
test
< less than test
<= less than or equal to test

Table 3-6  Functions in Arithmetic Expressions
Function Meaning Comment
ABS(x) [¥]

SQRT(X) X2
EXP(x) &
LOG(x) In(x) log basee
LOG10(x) log(x) log base 10
PWR(x.y) b
PWRS(x,y) +¥ (if x > 0)

-Ixp (if x < 0)
SIN(x) sin(x) X in radians
ASIN(X) sint(x) result in radians
SINH(X) sinh(x) X in radians
COS(x) cogx) X in radians
ACOS(x) cost(x) result in radians
COSH(x) coshx) X in radians
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Table 3-6  Functions in Arithmetic Expressions (continued)

Function Meaning Comment
TAN(X) tan(x) x in radians
ATAN(X) tan‘l(x) result in radians
ARCTAN(X)
ATAN2(y,X) tan™ (y/x) result in radians
TANH(X) tanh(x) X in radians
M(x) magnitude of x same result as ABS(x)
P(x) phase of x in degrees; returns 0.0 for
real numbers
R(x) real part of x
IMG(x) imaginary part of x applicable to AC analysis
only
DDT(x) time derivative of x applicable to transient
analysis only
SDT(x) time integral of x applicable to transient
analysis only
TABLE(X,X1,Y1,..-) y value as a Xn,Yn Point pairs are plotted
function of x and connected by straight
lines
MIN(x,y) minimum of x and
y
MAX(X,y) maximum of x and
y

LIMIT(x,min,max) min if x < min
max if X > max
else x
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Table 3-6  Functions in Arithmetic Expressions (continued)

Function Meaning Comment
SGN(x) +1if x>0
Oifx=0
-lifx<0
STP(X) lifx>0 used to suppress a value until
0 otherwise a given amount of time has
passed; for example,
{v(1)*STP(TIME-10ns)
gives a value of 0.0 until 10
nsec has elapsed, then gives
v(1)
IF(t,x,y) x if tis true tis arelational expression
y otherwise using the relational

operators shown in

Table 3-5

Table 3-7 System Variables

Variable Applicability

TEMP

Temperature values resulting from a temperature,

parametric temperature, or DC temperature sweep
analysis. This temperature is not necessarily that for
passive or semiconductor devices that may have

their temperatures customized. The default

Refer to the PSpice A/D

temperature, TNOM, is set in the Options dialog box Reference Manual for

(accessed by selecting Setup from the Analysis
menu and clicking the Options button) and defaults temperatures for passive or

to 27°C.
TIME

semiconductor devices.

Time values resulting from a transient analysis. If no

transient analysis is run, this variable is undefined.

TIME can only be used in analog behavioral
modeling expressions.

information about customizing
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Analog Power Supplies

This section describes setup information for DC sources.

The symbols imable 3-8have a DC attribute which can be set
to the supply level. Séie place the voltage sources on page 2-2
for an example of how to place a power supply.

Table 3-8 Analog Power Supplies

Symbol Symbol Library Description

VDC source.slb voltage source
VSRC source.slb voltage source
IDC source.slb current source

ISRC source.slb current source
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Chapter Overview

This chapter provides information about creating symbols.
Symbols are the graphical representation of circuit components.

When you create a new symbol in the symbol editor, you need
to define the graphics and pins of the symbol and the symbol
attributes. You also must define a device model or subcircuit if
the symbol will be simulated and a package definition if it will
be used with a board layout package.

Creating a New Symbol on page 4i&scribes how to create a
symbol and define graphics and attributes for the symbol.

Linking a Symbol to a Model or Subcircuit Definition on
page 4-1ldescribes how to link a symbol to the model or
subcircuit which defines the simulation behavior of the part.

Adding New Symbols from a Vendor on page 4lestribes
how to set up symbols created by a vendor.
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The symbol library contains
graphical descriptions of all
devices found in the model
library.

It is recommended that changes
to symbols be saved in a user
library rather than the supplied
MicroSim library.

Creating a New Symbol

The process of creating a new symbol includes the following:
« Creating the symbol

»  Defining symbol graphics

« Defining attributes for the symbol

Each of these are described in the following pages.

Creating a Symbol

There are two ways to create a new symbol:

« Copy an existing symbol from the symbol library and
modify it as needed

» Create a new symbol from scratch

If there is an existing symbol similar to the one you want to

create, itis normally quicker and easier to create the new symbol

by copying and modifying the existing symbol.

It is recommended that you create a separate symbol library file
for new symboals rather than modify any of the original symbol
library files.

To copy and modify an existing symbol

1 Select Edit Library from the File menu to access the symbol
editor.

2 The currently selected symbol library is indicated in the title
bar of the symbol editor window. If you want the new
symbol to be in an existing user library:

a Select Open from the File menu.
b Select the library file to open and click on OK.

3 In the symbol editor, select Copy from the Part Menu and
click on the Select Lib button.
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In the Open dialog box, click on the symbol library file
which contains the symbol you wish to copy, then click on
OK.

At the Copy Part dialog box, scroll through the part list in

the lower right corner and click on the symbol you want to

copy. Make sure that you copy a “base” part rather than aAn AKO part cannot exist in a
“AKQO” part. symbol library file without the

) ) base part that it references. If
When you click on the desired part, the part name appealyoy want to copy an AKO part,

in both the Existing Part Name and New Part Name fieldsfirst copy the base, then the
Modify the New Part Name field as desired, then click on AkO.
OK. The symbol is displayed.

Select Attributes from the Part menu. Click on the PART Be sure to configure the model
attribute so that it is selected. In the VALUE text box, typelibrary using Library and Include
the name to display on the symbol. If the symbol has a  Files on the Analysis menu in
MODEL attribute, click on it and set the value to the exactSchematics.

name of the model ((MODEL or .SUBCKT name). Make

sure attributes have been changed.

Select Save As from the File menu (for a new file) or Save
(if you opened an existing file in stép

To create a new symbol from scratch

1

Select Symbol from the Edit menu to access the symbol
editor.

The currently selected symbol library is indicated in the title
bar of the symbol editor window. If you want the new part
to be in a different library:

a Select Open from the File menu.
b Select the library file to open and click on OK.

Select New from the Part menu to define the part name,
description, and other information for the symbol. Click on
OK when finished.
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Graphics checklist:

1 Isthe origin at the hot-spot of
the upper leftmost pin of the
symbol?

2 Are all visible pins and
graphics contained within the
bounding box?

3 Is the bounding box no larger
than necessary?

4 Are all pins on grid?

Hidden pins do not have to be
(and in most cases are not)
contained within the bounding
box. Attributes which are visible
on the schematic do not need to
be contained within the bounding
box.

Understanding Symbol Graphics

The following graphic information is defined for a symbol:
« Origin
« Bounding box

« Grid spacing

Origin
The origin is used when placing a part and is the centerpoint

used when rotating a part. The symbol origin is defined using
Origin on the Graphics menu in the symbol editor.

By convention, the origin of each symbol in the symbol library
is placed at the hot-spot of thpper leftmost pin on the device.
The hot-spot is the point of connection to a wire or to another

pin.

The origin is maintained as a point of reference on the
schematic. If you change the origin of a symbol, thus changing
the location of the symbol graphics and pins, relative to that
point, then the symbol graphics and pins are relocated
accordingly when a schematic is edited.

Bounding box

The bounding box determines the selection area for a part. When
you click on a part in MicroSim Schematics, the area in which
you can click and have that part be selected is defined by the
bounding box of the symbol. The symbol bounding box is
defined using Bbox on the Graphics menu in the symbol editor.

By convention, the bounding box contains the complete symbol
(graphics and pins). You will get a warning if you try to save a
symbol which has any pins outside the bounding box. All visible
pinsmust be contained within the bounding box in order to
make proper connections.

The bounding box should be no larger than necessary. If a part’s
bounding box is larger than necessary, then part selection in the
schematic editor can be difficult for parts placed close together.
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The bounding box should only contain the symbol graphics and
visible pins.

Grid spacing

The grid spacing in the symbol editor can be changed when
higher resolution is desired for creating graphics in a tighter
grid. Grid spacing is defined using Display Options on the
Options menu in the symbol editor.

The default grid spacing is set at 0.1", and the minimum grid
spacing is 0.01". If you change the grid spacing, be sure to set
the grid spacing back to the default before placing pins.

Pins must be placed on the grid at 0.1" intervals from the origin
of the symbol and at least 0.1" from any adjacent pins. Pins that
are not at 0.1" intervals from the origin are considered “off-
grid,” and a warning is displayed if you try to save a symbol with
one or more pins off-grid.
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When you use New on the Part
menu in the symbol editor to
create a new symbol, the PART,
MODEL, REFDES, and
TEMPLATE attributes are
provided as a default set. You
can provide any other attributes
as needed.

Attributes checklist

1 Does the value ofthe MODEL
attribute match the PSpice
.MODEL/.SUBCKT name?

2 Doesthe TEMPLATE specify
the correct number of pins/
nodes?

3 Are the pins/nodes in the
TEMPLATE specified in the
proper order?

4 Do the pin/node names in the
TEMPLATE match the pin
names on the symbol?

Defining Part Symbol Attributes

This section describes the following attributes:
MODEL, below
SIMULATION ONLYbelow
TEMPLATE on page 4-7

MODEL

This attribute indicates the name of the model referenced for
simulation. The MODEL name should match the name of the
.MODEL or .SUBCKT definition of the simulation model as it
appears in the PSpice model library fild( ).

For example, your design could include a 2N2222 bipolar
transistor with a .MODEL name of Q2N2222. The MODEL
attribute on the symbol for that part should be Q2N2222. This
MODEL attribute can then be referenced in the TEMPLATE
attribute.

In the schematic editor Edit Attributes dialog box, the MODEL
attribute is marked with an asterisk and cannot be changed. You
can change the MODEL attribute the following ways:

« Use Model on the Edit menu item in the schematic editor to
either change the model reference or to create an instance
model.

« To edit the underlying model definition of a part, use Model
on the Edit menu in the symbol editor.
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SIMULATION ONLY

If present, this attribute indicates that the part only has meaning
for simulation. The SIMULATION ONLY attribute identifies
parts such as voltage and current sources, breakout devices
(found inbreakout.slb ), and special symbols (found in
special.slb ).

TEMPLATE Connectors

This attribute defines how to create a netlist entry for PSpice. For board layout purposes,
The pin names specified in the TEMPLATE attribute must ~ connectors are treated as parts
match the pin names on the symbol. The number and order of t(&nd may be packaged, in the
pins listed in the TEMPLATE attribute must match those case of a multi-pin connector).

appropriate for the associated .MODEL/.SUBCKT definition "°" Simulation purposes,
referenced for simulation connectors do not play any part
) other than to provide one or

In the schematic editor Edit Attributes dialog box, the more pins where Probe markers
TEMPLATE attribute is marked with an asterisk and cannot bmight be placed.

changed. To change the TEMPLATE attribute, use Model on Connectors are indicated by
the Edit menu in the symbol editor. having a PKGREF attribute but

. . no TEMPLATE attribute. If you
The TEMPLATE contains regular characters that are copied tereate a connector symbol, be

the netlist, and spec?al item_s such as attri_butes, that are _ sure to delete the automatically
translated before being copied to the netlist. The translation qyided TEMPLATE attribute
process is repeated until there are no more attributes left in throm the attribute list in the
template. symbol editor.

Regular characters include alphanumerics, $ and _, white space,

and some punctuation marks. An “identifier” is taken to mean an

alphabetic character followed by zero or more alphanumeric
characters, $ or _.

Attribute names are denoted by an identifier preceded by one of
the following special characters:

@?~#&

Attribute processing is determined by the character preceding
the attribute name:

@« > replaced by the value oid=. Error if no
<id> attribute or if no value assigned.
&<id > replaced by the value ofd if <id>

defined.
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?<id >s...s replaced by text between s...s iifix
defined.

~<id >s...s replaced by text between s...s iifix
undefined.

#<id >s...s like ? but delete rest of template il
undefined.

The ? and ~ forms can also take an “else” clause:
?<id>s...ss...S

~<id> s...ss...S

In the above, “s” can be any “non-regular” character. These
conditional attribute constructs can be nested by using different
separator characters.

The ” character is also special. It is replaced by the complete
hierarchical path to the device being netlisted.

The sequencw is replaced by a new line. This allows a multi-
line netlist entry to be generated from a one-line template.

Pin names are indicated by a % character followed by one or
more regular characters. A pin name in the template is replaced
by the name of the node connected to that pin. The pin name is
everything after the % to a separator (white space or comma).
Some characters in pin names are translated to avoid problems
with Probe:

< is replaced by | (L)

> is replaced by g

= is replaced by e
XXX\ is replaced by XXXbar

To enter a % character into the netlist output, e¥%in the
template.

Any devices generated from a netlist template must start with a
letter acceptable to PSpice for that particular kind of device
(such affor a bipolar transistor). To ensure this, templates for
devices in the Symbol Library start with a prefix letter, followed
by the hierarchical path, and then the reference designator
(REFDES) attribute.

For example:
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R"@REFDES.. for a resistor

We strongly recommend that users adopt this scheme when
generating their own netlist templates.

TEMPLATE example: simple resistor (R)

The symbol for a simple resistor has attributes for REFDES and
VALUE, both of which are required. It has two pins (1 and 2).
A suitable template would be:

RM"@REFDES %1 %2 @VALUE

A device with REFDES = R23 and VALUE = 1k connected to
nodesabc anddefwould generate:

R_R23 abc def 1k

TEMPLATE example: voltage source with
optional AC and DC specifications (VSRC)

The VSRC symbol has two attributes (AC and DC) and has two
pins (+ and -). A suitable TEMPLATE would be:
VA@REFDES %+ %- ?DC|DC=@DC| ?AC|AC=@AC]|
A device with REFDES = V6 connected to nogpsindvm,
with DC set to 5v and AC undefined would generate:
V_V6 vp vm DC=5v
or with AC set to 1v would generate:
V_V6 vp vm DC=5v AC=1v

TEMPLATE example: parameterized subcircuit

call (X)

Suppose you have a subcircuit Z that has two pins (a and b), and
a subcircuit parameter G. If G is undefined, the value 1000 is to

be supplied. You use an attribute, G, to allow the parameter to
be changed on the schematic.

A suitable TEMPLATE would be:
X"@REFDES %a %b Z PARAMS: ?G|G=@G| ~G|G=1000|

A device U33 connected to nodes 101 and 102, and with G set
to 1024 would generate:

X_U33 101 102 Z PARAMS: G=1024
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or with G undefined would generate:
X_U33 101 102 Z PARAMS: G=1000

The TEMPLATE could also be written using the ‘if...else’ form:
X @REFDES %a %b Z PARAMS: ?G|G=@G||G=1000|
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Linking a Symbol to a
Model or Subcircuit
Definition

Each part that you place on your schematic is linked to a model
or subcircuit definition which describes the electrical behavior
of the part for simulation purposes. This section provides
information about how parts are linked to models and
subcircuits.

Linking a Symbol to a Model

When the electrical behavior of a part is described by a modeFor a description of the MODEL
the associated model is identified by the MODEL attribute for attribute, see MODEL on
the part symbol. page 4-6

To tell PSpice where to find the model library file containing the
definition of the simulation model referenced, use Library and
Include Files on the Analysis menu in the schematic editor.

In the Library and Include Files dialog box, the files listed must
be in a directory on the library search path or be specified with
a complete path. You can display or modify the library search
path using Editor Configuration on the Options menu in the
schematic editor.

Relating Subcircuits to Part
Symbols

When the electrical behavior of a part is described by a For a description of the MODEL
subcircuit, the associated subcircuit is identified by the MODElattribute, see MODEL on
attribute for the part symbol. page 4-6

In the standard symbol and model libraries, the symbol name
and corresponding subcircuit name are identical. This
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convention should be followed when creating user-defined parts
with subcircuit definitions.

If the subcircuit has optional nodes using the OPTIONAL.:
construct, and/or variable input parameters using the PARAMS:
construct, the part symbol must have corresponding attributes
which can be optionally set on a part instance basis. For
example, the 7400 subcircuit definition in the model library has
two optional nodes DPWR and DGND and two variable
parameters MNTYNXDLY and IO_LEVEL as defined in the
following .SUBCKT statement:

.SUBCKT 7400 AB Y
+ optional: DPWR=$G_DPWR DGND=$G_DGND
+ params: MNTYMXDLY=0 IO_LEVEL=0

The equivalent part symbol attributes for this subcircuit are:

MODEL = 7400
ipin(PWR) = $G_DPWR
ipin(GND) = $G_DGND
MNTYMXDLY = 0
IO_LEVEL=0

Note The optional nodes are defined as hidden pins such as
ipin(PWR) in the part symbol definition. Hidden pins
must be set to a net name to define connection —
typically a global node name as shown.

For a description of the These part symbols also have a TEMPLATE attribute which

TEMPLATE attribute, see defines how Schematics should translate the attributes of a given

TEMPLATE on page 4-7 part instance into an X (subcircuit) device declaration written to
the netlist. A 7400 TEMPLATE is defined in a single line of text
as:

TEMPLATE = X*@REFDES %A %B %Y %PWR %GND @MODEL
PARAMS: I0_LEVEL=@IO_LEVEL MNTYMXDLY=@MNTYMXDLY

X "@REFDES instructs Schematics to substitute the
hierarchical (if applicable) reference designator for this part
instance prefixed with the letter X, thus producing a simulator-
compatible subcircuit device. Template items preceded by a %
character produce simulator compatible node names.

The required connecting terminals must be listed in the order
specified in the subcircuit definition, followed by any optional
nodes. In this example, %A %B %Y reflect the exact order of
the terminals in the 7400 .SUBCKT definition. %PWR and
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%GND represent the optional power and ground nodes used by
the simulator when processing interface nodes. By default, these
are $G_DPWR and $G_DGND, respectively.

@MODEL is substituted with the subcircuit name 7400.

By default, @IO_LEVEL and @MNTYMXDLY are
substituted with 0, but they can be reset for a given part instance.

When creating a subcircuit definition for a new part (rather than
modifying an existing part symbol or part instance), you need to
create a new part symbol (and possibly a package definition),
being sure to define all of the appropriate attributes.
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Adding New Symbols
from a Vendor

This section describes how to add new symbols from a vendor
or other source when the user has an existing model library.

For every new device that you want to add to the software, you
need to add two and sometimes three distinct items:

« amodel or subcircuit definition
- asymbol
- apackage definition

The model and symbol are required in all cases, but the package
is required only if you are packaging your designto goto a PCB
layout program.

Model Library

All . MODEL and .SUBCKT statements are kept in the model
library. By convention, this file has.Bb  extension.

If you receive new models from a vendor, they may be in a
single file or in many files that each contain one model or
subcircuit. If they are in a single file, simply rename it so that it
has alib  extension.

If each model is in its own file, then you can copy them all into
a single file using the DOS copy command. For example, if the
model files all have anod extension, enter the following DOS
command:

copy *.mod mylib.lib

This command copies all of the models into the file called
mylib.lib

Note Make sure none of the new model or file names
duplicate those already in the MicroSim package.
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Now you need to tell the simulator that this file exists:

1 In Schematics select Library & Include Files from the
Analysis menu.

2 Type in the name of your file including the extension in the
File Name text box.

3 If you want the models to be global (available for any
schematic), select Add Library*. If you want them to be
local (only for the current design), select Add Library.

Symbol Library

Now you need to add a symbol for each of the models or
subcircuits that you intend to use.

Switch to the symbol editor by selecting Edit Library from the
File menu. The title bar at the top of the window should say
<new>:<new>. This means that you are editing a new symbol
library file and are editing a new symbol.

A quick overview of the structure of a typical symbol library
may be helpful. Most symbol libraries are composed of base
parts and AKO (a kind of) parts. The base part usually contains
the graphical information for the symbol as well as the minimum
attributes required to make that symbol functional. The AKO
symbol inherits all of the graphics and attributes of the base part
but can alter them or add to them. One other important point: an
AKO symbol can only reference base parts contained in its own
library.

The quickest way to add a new symbol is to copy an existing one
and customize its attributes. Let's assume you have a new set of
opamps from a vendor. For this example, we assumedicat
device has five interface pins. Since all of the symbols will look
the same, we want a symbol library that has one base part and an
AKO part for each device to be used.
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There are two types of parts in a
symbol library: a base part and
an AKO part. Only base parts
(those without the AKO
reference after the part name)
can be copied.

The TEMPLATE attribute must
be defined in accordance with
the model or subcircuit definition.
See page 4-12

Copying and Modifying a Symbol
for a Single Vendor Model

1

Select Edit Library from the File menu to start the symbol
editor.

If the new symbol is to be placed in an existing library,
select Open from the File menu to open the destination
library. (Skip this step if the symbol is to be placed in a new
symbol library.)

Select Copy from the Part menu.
Click on the Select Lib button.

Scroll through the list oslb  files, selecopamp.slb ,

and click on OK. A list of symbols is displayed in the parts
window. Notice that most of the symbols have an AKO
reference after them.

To copy a base part:

a Scroll through the list nearly to the bottom (base parts
are always at the bottom of the library).

b Select a base part (op5, for example). The base part
name appears in both the New Part Name and Existing
Part Name text boxes.

¢ Enter the name of the new model or subcircuit in the
New Part Name text box.

d Click on OK. The symbol for the part is displayed.
Select Attributes from the Part menu and do the following:
a TypePARTIn the Name text box.

b Type the name of the model or subcircuit in the Value
text box.

¢ Click on Save Attr.

d TypeMODELn the Name text box. (The name of the
model or subcircuit should still be displayed in the
Value text box.)

e Click on Save Attr.
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8 Select Save As from the File menu (or select Save if an
existing library was opened in sté&p

9 Type the name of the new file without tiséh  extension.
Make sure that the new symbol and file names do not
duplicate existing file names.

10 When you are asked whether to add this file to the list of
Schematics’ configured libraries, select Yes. This makes the
symbol library available to Schematics.

Copying and Modifying a Symbol
for Multiple Vendor Models
Using AKO Symbols

Adding a base part

1 Select Edit Library from the File menu to start the symbol
editor.

2 If the new symbol is to be placed in an existing library,
select Open from the File menu to open the destination
library. (Skip this step if the symbol is to be placed in a new
symbol library.)

Select Copy from the Part menu.
Click on the Select Lib button.

Scroll through the list oklb files, selecbpamp.sib ,

and click on OK. A list of symbols is displayed in the parts
window. Notice that most of the symbols have an AKO
reference after them.

6 To copy a base part:

a Scroll through the list nearly to the bottom (base parts

are always at the bottom of the library). There are two types of parts in a

b Select a base part (op5, for example). The base part
name appears in both the New Part Name and Existin(those without the AKO

symbol library: a base part and
an AKO part. Only base parts

Part Name text boxes. reference after the part name)

can be copied.
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AKO symbols are useful if a
library contains multiple models
that can use the same symbol
graphics. If only one symbol is
needed, you can skip this
section.

¢ Enter the name of the new model or subcircuit in the
New Part Name text box.

d Click on OK. The symbol for the part is displayed.

7 Select Save As from the File menu (or select Save if an
existing library was opened in step TBD2).

8 Type the name of the new file without tiséh  extension.
Make sure that the new symbol and file names do not
duplicate existing file names.

9 When you are asked whether to add this file to the list of
Schematics' configured libraries, select Yes. This makes the
symbol library available to Schematics.

Adding AKO symbols

Your new library now has one base part. Next we will add the
first AKO part (the first symbol that can be used for simulation).
Assume that the first opamp that you want to add is called
LM557.

1 Select New from the Part menu.

2 Enter a description for the part. This can be anything
meaningful to youitiverting OPAMP | for example).

3 Enter the name of the part. This usually matches the name
of the model (M557, for example).

4 EnterOP5for the AKO name.

Click on OK. The status bar at the top of the screen lists the
symbol being edited as LM557.

6 Select Attributes from the Part menu. In the Attributes
dialog box, there are four attributes listed for the symbols:
REFDES, TEMPLATE, PART, and MODEL. REFDES
equals U? by default, which denotes that it is referencing an
IC definition. For most cases you do not need to edit
TEMPLATE. Both PART and MODEL are blank.

7 Click on PART. The word PART appears in the NAME text
box.

8 Enter the name of the symb&M557) in the VALUE text
box.
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9 Click on Save Attribute.
10 Repeat the previous two steps for the MODEL attribute.

MODEL must match exactly the name of the part as defined
in the .SUBCKT definition found in youlib  file. (Case
is not important.)

11 Click on OK.
12 Select Save from the File menu.

You now have one base part and one AKO symbol in your
library. At this point, you could return to Schematics and call up
the LM557 symbol, place it in your drawing, and simulate with
it.

Repeat the procedure for each AKO part that you want to add. If
other new devices have different graphics than the op5, add a
new base part and proceed as above.

If you need to add symbols over the course of several editing
sessions, you need to add one step: after switching to the symbol
editor, select Open from the File menu and open the file to which
you will be adding new symbols. The status bar at the top of the
screen shows which library you are working in at any given
time.
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Chapter Overview

This chapter provides information about creating models. For a listing of standard library
Models define the electrical behavior of schematic componencomponents, refer to the on-line
for purposes of simulation. Library Reference Manual.

This chapter includes the following sections:
Model Overview on page 5-2

Using the Parts Utility on page 5-4

Subcircuits on page 5-19

Using the Model Editor (Text Editor) on page 5-20
Configuring the Library on page 5-35
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See MODEL on page 4-for a
description of the MODEL
attribute.

Model Overview

Models define the electrical behavior of parts or subcircuits for
simulation. A model is linked to a specific part or subcircuit by

the MODEL attribute defined for the symbol used by the part/

subcircuit.

The model library shipped with your MicroSim software
installation contains descriptions of the electrical behavior for
many stock parts using the device model (MODEL) and
subcircuit ((SUBCKT/.ENDS) constructs.

Model definitions describe circuit behavior by a set of variable
model parameters which fine-tune the output of the model. The
model construct is used for analog devices that are supported by
intrinsic simulator device models.

Subcircuit definitions describe the electrical behavior of a part
using circuitry. The subcircuit construct supports variable input
parameters to fine-tune output.

Global Models vs. Local Models

Models can be global (available to any schematic) or local
(customized for one schematic).

When designing a reusable custom part, it is usually necessary
to add a model or subcircuit definition to the model library in
conjunction with a symbol and package definition in the symbol
and package libraries, respectively. This kind of global
definition becomes available to any circuit created in the
MicroSim Schematics environment.

It is sometimes necessary to modify the model or subcircuit
definition for a part instance in your schematic, thus creating a
local version of the definition. An example of this is setting
device and lot tolerances on the model parameters for a
particular part instance in order to run a Monte Carlo or
sensitivity/worst-case analysis.
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Creating and customizing device definitions requires
knowledge of the model and subcircuit syntax recognized by the
simulator, as well as various techniques to facilitate their
creation and modification.

See Supported Device Types on

Parts Utility vs. Text (Model) page 5-7for a description of
. models supported by the Parts
Editor ity

Models can be defined using the Parts utility or the text editor
(sometimes called the model editor).

Note The Parts
utility is not included
in PSpice Basics.

Basics

The Parts utility is useful for characterizing specific models
from data sheet curves. The text editor is useful if model

parameters are already defined (such as for models from a
vendor) or if the model is not supported by the Parts utility.
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not
included
in:

Basics

Using the Parts Utility

MicroSim software is shipped with a model library containing
device model and subcircuit definitions for thousands of off-the-
shelf parts. For most users, the devices in this library are
sufficient. However, it is sometimes necessary to define new
device models when creating additional parts to be used in your
schematic or to test changes to a part's operational
characteristics.

By simply entering data sheet values for the desired
semiconductor components, the Parts utility can be used to
create new .MODEL and .SUBCKT definitions. These
definitions are saved to external model files which can then be
used when simulating a schematic.

A difficult areas in using analog circuit simulators is finding
accurate models for off-the-shelf parts. The Parts utility is a
semi-automatic aid for determining the model parameters for
standard devices, such as bipolar transistors, and the subcircuit
definitions for more complex models, such as operational
amplifiers. The Parts utility helps to convert information from
the component manufacturer’'s data sheet (without taking
measurements of a real device) into parameter values used by
PSpice.

You may ask, “Why do | need to model these devices? Won't
the data sheet values work?” Well, yes and no. Yes, for simpler
devices such as resistors, which only need the resistance value
to have a complete model. No, for more complex devices,
especially semiconductor devices. This is because the physical
model for predicting how a transistor operates views the
transistor from the inside, while the manufacturer provides
measurements that show how the transistor operates from the
outside. Therefore, a conversion is necessary from data sheet
values to physical model parameters.

Data sheet information shows what the manufacturer will
guarantee when you buy a part. The device’s operating
characteristics will fall within the range specified: a particular
part could be near the minimum value of one specification and
near the maximum value of another. A typical value is given for
some specifications to indicate how most of the devices will
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operate. Though the Parts utility works with measurements
taken from a specific device, itis sufficient to use typical values
from the data sheet for most of your simulation work. You may
also want to create best/worst case models for checking your
design.

For a given device type, the Parts utility displays the data sheEach curve in the Parts utility is
specifications, estimated model parameters, and graphs of thdefined only by the parameters
device characteristics. Usually, you will enter or modify data Peing adjusted. For the diode,
sheet information for each device characteristic. The Parts ~ the forward current curve

utility then estimates the model parameters and generates a displayed in the Parts utility only
graph displaying device characteristic behavior. AIternativer,ShOWS. the part of the current
you can edit model parameters directly to investigate their eﬁ‘elequatlon which is associated

. . . with the forward characteristic
on a device characteristic (see Figure 5-1). parameters (such as IS, N, Rs).

device data from However, PSpice uses the full

data sheets equation for the diode model,
which includes a term involving
the reverse characteristic
parameters (such as ISR, NR),
which could have a significant
estimation effect at low current.

parts

This means that the curve
displayed in the Parts utility is not
exactly as what is displayed in

PSpice | Probe after a simulation. Models
model equation grﬂph of devi should always be tested and
parameters evaluatio characterist verified using PSpice and fine-
T tuned if necessary.

user
data-entry

“what-if” model data

Figure 5-1 Process and Data Flow for the Parts Utility
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Starting the Parts Utility

The Parts utility can be started from the schematic editor or the
symbol editor.

To start the Parts utility from the schematic editor:
1 Select Model from the Edit menu.

2 Click on Edit Instance Model (Parts).

To start the Parts utility from the symbol editor:

1 Select Model from the Edit menu.

2 Click on Edit Model (Parts).

Once itis started, the Parts utility creates instance models or
base models, respectively. Models are saved to model files and
automatically configured for use with Schematics.
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Supported Device Types

The Parts utility produces either a .MODEL definition of the Note The model parameter
device or a .SUBCKT definition of the device. Devices such adefaults used by the Parts utility

diodes and bipolar transistors are derived from PSpice’s are different than those used by
intrinsic template models and use the .MODEL statement. g’g base models intrinsic to
pice.

Opamps, on the other hand, are defined as a macromodel or
subcircuit whereby a collection of circuit elements are bound
together in a single packageble 5-1 summarizes the device
model types supported in the Parts utility.

Table 5-1 Device Models Supported in the Parts Utility

Device Type Definition Pref'ix (PSpice
Form Device Type)

diode .MODEL “D”

bipolar transistor .MODEL “Q"

IGBT .MODEL A

JFET .MODEL “J”

power MOSFET .MODEL ‘M7

operational amplifier .SUBCKT “X”

voltage comparator .SUBCKT X

nonlinear magnetic core .MODEL “K”

voltage regulator .SUBCKT “X

voltage reference .SUBCKT “X”
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Parts Model Files (.lib or .mod)

The .MODEL and .SUBCKT definitions generated by the Parts
utility are output to one or more model files, depending upon
platform. The files are ordinary text files which can be copied or
changed with a text editor.

Once a configured model file (usually withthb  extension)
is opened, all new and/or modified .MODEL and .SUBCKT
definitions are saved to the open model file.

If, from within Schematics, the part instance refers to a base
model definition contained in the model library, then a default
file named schematic namelb  is opened into which an
instance model is created. That is, the base model is copied into
the file and its name is changed to a unique name, thus creating
the instance model. The instance model name is of the form
<base model nameX<n> where q> is <blank1 | 2| ... >. If
desired, the currently opened file can be saved to a new file
using Save As on the File menu.

Configuring parts model files

Within the schematic editor, Library and Include Files on the
Analysis menu allows you to view the list of model files
pertaining to your current schematic, or to manually add, delete,
or change the model file configuration (S&enfiguring the

Library on page 5-3p The Library Files list box displays all of
the currently configured model files. One file is specified per
line. Files can be configured as either global to the Schematics
environment (using Add Library*) or local to the current
schematic (using Add Library). Global files are marked with an
asterisk (*) after the file name.

Any model files created by defaultgghematic namekb

for example) are automatically configured (added to the list) as
local to the current schematic. However, if you create a new
model file using Save As on the File menu, the new file must be
manually configured into the list.
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Note Ifyou have defined device models with the same names
as those in other configured model files and you want to
use the new definitions during simulation instead, care
must be taken when positioning the file names in the
configuration list. If the new files and the existing files
are configured with the same scope (either all local or all
global), be sure to position the new files before the
existing files. Note that PSpice searches locally
configured files before the global files. So, if your new
model files are configured locally, and the duplicate
definitions exist in globally configured files (such as the
central model library), your new definitions are still used
by PSpice. See Search order on page 5-3ar a
complete discussion on search order.

Automatic Model Configuration

1 Start the Parts utility from either the schematic editor or the
symbol editor:

From the schematic editor:

a Select the part instance to be modified.
b Select Model from the Edit menu.

¢ Click on Edit Instance Model (Parts).

Schematics searches the list of configured model files for a
match. If a match is found, the model file containing the
instance model is opened. If no match is found, it is assumed
to be a new device model which is by default saved to
<schematic nameilb , and the Parts utility is initialized
with a copy of the base model.

From the symbol editor:

a Edit or create a symbol with the following attributes
defined:

PART Symbol name; it is good practice to have
the symbol name match the MODEL name.

MODEL Model name as defined in the Parts utility .

b Select Model from the Edit menu.
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¢ Click on Edit Model (Parts).

2 The main Parts utility window is displayed with a list of the
device characteristics and a list of all model parameters. If
desired, performance curves can be viewed by selecting a
device characteristic then selecting Display from the Plot
menu (see Figure 5-2).

To enter device data from the data sheet for any or all of the
device characteristics, in any order:

a Select the device characteristic in the Model Spec list
box

b Select Spec from the Edit menu.

¢ Fillin the Edit Model Spec dialog controls and click on
Add.

d Click on OK to exit the dialog box.

e Repeat steps-d for as many characteristics as need
specification.

3 Extract all model parameters for the current specification
using Parameters on the Extract menu.

4 Repeat steps-3 until the model meets target behaviors.

= Parts - C:\MSIMX\MYMOD.LIB ﬂ o
File Edit Part Trace Plot Yiew Extract Window Help=F1
=] QZN2222NEW [NPN) [~]=
Model Spec: Parameters:
Junction Voltage BF 255.9 t+
Qutput Admittance BR 6.092 -
Forward DC Beta cJc 7.306E-12
VYce(sat] Voltage CJE 22.01E-12
C-B Capacitance EG 1.110
IE Q2ZN2222NEYY - Forward DC Beta ::KCF :gﬂﬂ
____________ IKR 0
15 14.34E-15
ISC 0
ISE 14.34E-15
ITF .6
MJC 3416
MJE 377
NC 2
NE 1.307
NF 1
““““““““““““ NK b
NR 1
o hFE (27°C) < hFE (8°C) = hFE (188°C) PTF
Collector Current RB 10 I

L |

Figure 5-2 Parts Utility Window with Data for a Bipolar
Transistor
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5 Save the model by selecting Save from the Part menu.

6 Update the model file by selecting Save Library from the
File menu.

7 End the Parts utility session by selecting Exit from the File
menu.

Manual Model Configuration

Note Although you can configure models manually as
described in this section, it is recommended to use
automatic configuration as described in Automatic
Model Configuration on page 548stead.

1 Configure Part’s output files into your schemaitic: If you opened an existing model
file to which model definitions

a Select Library and Include Files from the Analysis were appended, then this step

menu. can be skipped.
b Enter the file name agnodel file namedib
(mycir.lib  , for example).

c If the model definitions are for local use in the current
schematic, click on the Add Library (or Add Include)
button. For global configuration, use Add Library* (or
Add Include*) instead.

d Click on OK.

2 Either part instances or symbols can be modified to
reference the new model.

To change model references locally for a part instance:
a Select one or more part instances.
b Select Model from the Edit menu.

¢ Click on Change Model Reference and type in the
appropriate model name.

To change model references globally for a symbol:

a Enter the symbol editor by selecting Edit Library from
the File menu.
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See Chapter 4,Creating
Symbolsfor a description of how
to create and edit symbols.

This method does not support
the optional nodes construct,
OPTIONAL:, the variable
parameters construct,
PARAMS:, the local .PARAM
command, or the local .FUNC
command. To refine the
subcircuit definition for these
constructs, use the model editor
described in Using the Model
Editor (Text Editor) on

page 5-20

o
11 .

T
Dhbreak J
oo Rz

@@

Figure 5-3 Schematic for a
Half-Wave Rectifier

b Create or change a symbol definition, making sure to
define the following attributes:

PART Symbol name; it is good practice to
have the symbol name match the
MODEL name.

MODEL Model name as defined in the Parts
utility .

Creating Model and Subcircuit
Definitions by Characterization

The Parts utility is available to facilitate the characterization of
new semiconductor devices by simply entering data sheet values
for the required stock parts. This utility runs stand-alone,
producing complete device model (MODEL) and subcircuit
(.SUBCKT/.ENDS) definitions written to existing or new files
which, by default, have théb  extension

Parts Utility Tutorial

In this section, we step through modeling a simple diode device.
We first create the schematic for a simple half-wave rectifier.
We then run the Parts utility from the schematic editor to create
an instance model for the diode in our schematic. The model file
containing the new definition will be automatically configured
for use with the current schematic.

Creating the half-wave rectifier schematic

1 Start Schematics. From within the schematic editor, draw
the simple half-wave rectifier shown in Figure 5-3.

2 Place one each of the following symbols using Get New Part
from the Draw menu (reference designator shown in
parentheses):

» Dbreak (D1 diode)
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e C (C1 capacitor)

« R (R1resistor)

« VSIN (V1 sine wave source)
« AGND (0 analog ground).

3 Connect the symbols as shown in Figure 5-3 using Wire
from the Draw menu or by pressifgi]+W.

4 Save the schematic drawing by selecting Save As from the
File menu. Typeectfr  at the prompt. The schematic is
saved taectfr.sch

Note For simulation, V1 requires a DC, AC, and/or transient
specification by appropriately defining its attributes. The
Attributes dialog box can be displayed by double-
clicking on the V1 symbol. Since we will not be running
a simulation in this tutorial, this step is skipped.

Starting the Parts utility for the D1 diode

1 Click on the D1 symbol. The symbol is highlighted.
2 Select Model from the Edit menu.

3 Click on Edit Instance Model (Parts).
4

Schematics searches the configured set of model library
files for a model instance corresponding to this symbol.
Since it does not exist, Schematics will ask whether a new

default model filerectfr.lib should be created. Click
on OK at the prompt to do so. Schematics automatically
configuregectfr.lib into the set of local model library
files.
The parts window is displayed. Notice also that the D1 instance [
in the schematic references a unique instance model name,
Dbreak-X. |1
]
Entering data sheet information Dhreaak-x
The parts window is initialized with the diode model Figure 5-4 Dbreak-X Instance

characteristics listed in the Model Spec box and the Dbreak->Model
model parameter values in the Parameters box as shown in
Figure 5-5.
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= Pa R R.LIB - [Dbrea DIOD -
= File Edit Part Trace Plot ¥iew Exfract Window Help=F1

k| »

Model Spec: Parameters:
Junction Capacitance CJO 1.000E-12
Reverse Leakage EG 1.110
Reverse Breakdown FC b
Reverse Recovery IBY 100.0E-6
IKF 0
15 10.00E-15
ISR 100.0E-12
M .3333
N 1
NR 2
RS 1.000E-3
T 5.000E-9
vl .75
KTl 3

Figure 5-5 Diode Model Characteristics and Parameter
Values for the Dbreak-X Instance Model

Each model characteristic listed in the Model Spec list can be
modified with new values from the data sheets. This information
is then fit into new model parameter values.

Data sheet information is updated by selecting a model
characteristic from the Model Spec list, and entering the values
in the displayed edit dialog. There are two types of edit dialogs
requiring either device curve data (point pairs) or single-valued
data. For the diode, Forward Current, Junction Capacitance, and
Reverse Leakage expect device curve data. Reverse Breakdown
and Reverse Recovery require single-valued data.

Table 5-2lists the data sheet information we would like to have
incorporated into the Dbreak-X model.

Table 5-2 Sample Diode Data Sheet Values

Model Characteristic Data Sheet Information

Forward Current (1.3,0.2)
Junction Capacitance (Im, 120p) (1, 73p) (3.75, 45p)
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Table 5-2 Sample Diode Data Sheet Values

Model Characteristic Data Sheet Information

Reverse Leakage (6, 20n)

Reverse Breakdown (Vz=7.5, 1z=20m, Zz=5)

Reverse Recovery no changes

To change the Forward Current characteristic

1 Double-click on the Forward Current entry in the Model
Spec box. The Edit Model Spec-Forward Current dialog bo
is displayed. This dialog boxeeptscurvedata.

Typel.3 inthe Vfwd text box.
PresgTab) to move to the Ifwd text box (or click in the Ifwd
text box), and typ8.2 .

4 Click on Add or presénte]. The new values will appear in
the Viwd-Ifwd table for the Edit Model Spec-Forward
Current dialog box.

5 Click on OK.

To change the values for Junction Capacitance and Reverse
Leakage, use the same technique as for Forward Current to
invoke the dialog, enter the device curve data, and exit.

To change the Reverse Breakdown characteristic:

1

Double-click on the Reverse Breakdown entry in the Mode
Spec box. The Edit Model Spec-Reverse Breakdown dialo
box is displayed. This dialogeepts single-valuedata.

Type7.5 inthe Vz text box.

PresgTab) to move to the Iz text box (or click in the 1z text
box), and type20m Note that the Parts utiliticaepts the
same scale factors normally accepted by PSpice.

PresgTab] to move to the Zz text box (or click in the Zz text
box), and typé.

Click on OK to end this dialog.

Edit Model Spec - Forward Current

Viwd || I Add I

Ifwd I

Viwd |fwd
1.300 2

Delete

LCancel

Edit Model Spec - Reverse Breakdown

Yz I 75
Iz 20m
Zz I [
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Extracting model parameters

To generate new model parameter values from the entered data
sheet information, select Parameter from the Extract menu. The
new values appear in the Parameters box.

To display the curves corresponding to the five diode
characteristics:

1

Select all of the entries in the Model Spec box by clicking
on Forward Current and dragging the mouse down to the
end of the list.

Select Display from the Plot menu. Any one of the plots can
be brought to the foreground by clicking on its title bar (or
anywhere in the plot window). Any plot can be freely
moved (dragged) to a new position in the parts window. Pan
and zoom functions are available on the View menu; axes
can be scaled using the Plot menu.

A few of the plots are shown in Figure 5-6, after having
moved them to new locations. (Arrange on the Window
menu can also help with this.)

By default, device curves are computed &2 For any given
characteristic, additional curves can be added to the plot at other
temperatures. To do this for Forward Current:

1

Click on the Forward Current plot window to bring it to the
foreground.

Select Add from the Trace menu or prigss.

Enter the new temperatureld¥) (in °C). Click on OK. The
Forward Current plot should now appear as in Figure 5-7.
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Parts - CAMSIMX\RECTFR.LIB
Edit Part Trace Plot Yiew Extract Window Help=F1

o Ifwd {27°C) o Cj (27°C)
Forward Voltage Reverse Uoltage

o Ireu (27°C)
Reverse Uoltage

186nA

10e-18A+--------- Tommmmmmmmmm—mooo it !
8.2y 8.5u 1.68U 1.4

o Ifwd (27°C) « Ifwd (188°C)

Forward Uoltage

Figure 5-7 Forward Current Device Curve at Two
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Edit Parameter BY
Current Value:

Lower Bound: |_1
Upper Bound: |1_|]|]|]EB

[” Freeze cument value from extraction

| Ok I LCancel I

Completing the model definition

The model can be refined by modifying the data sheet
information as described before or by editing model parameters
directly. Individual model parameters can be selected for update
by double-clicking on the corresponding entry in the Parameters
box of the main parts window.

For instance, double-clicking on BV brings up the Edit
Parameter BV dialog box. This dialog gives you the opportunity
to define a valid range for the model parameter and whether it
should be excluded from the extraction process. For now, we
will leave the model parameters at their current settings.

To save the current model parameter values to our new device
model for use in our schematic:

1 Select Save from the Part menu. This saves the current
model definition to the list of model definitions contained in
rectfr.lib

2 Select Save from the File menu to write the latest model file
updates to disk.

We can now return to Schematics and proceed to set up a
simulation.

Note Using Save on the Part menu and Save on the File
menu ensure that the model instance name and model
file name remain the same as those created by
Schematics. This automatically configures the new
model definition into our schematic without further
intervention. If we had chosen to change the model
instance name using Save As on the Part menu, then
we would need to manually change the model reference
for the D1 symbol by selecting Model from the Edit
menu and clicking on Change Model Reference. If we
had created a new model file using Save As on the File
menu, we would need to configure the new model file
using Library and Include Files on the Analysis menu.



Subcircuits  5-19

Subcircuits

Create Subcircuit on the Tools menu in the schematic editor
creates a subcircuit definition for the current level of hierarchy
in your schematic, including all lower levels. This is written to
a file named schematic namesub . Any named interface
ports at the current level of hierarchy are mapped into the
terminal nodes in the .SUBCKT statement.

To create a subcircuit definition for an existing
schematic

1

Place interface ports (IF_IN fanput ports and IF_OUT for
output ports) in your schematic using Get New Part on the
Draw menu.

Save the schematic using Save on the File menu.

Generate the subcircuit definition using Create Subcircuit
on the Tools menu.

Using the symbol editor, create a symbol to accompany thSee Chapter 4,Creating
subcircuit definition. Symbolsfor a description of how

. . . . to create a symbol.
Make the model file containing the subcircuit definition

available to PSpice by configuring it as either a library or
include file using Library and Include Files on the AnalysisSee Configuring the Library on
menu. page 5-35for a description of

' L . the Library and Include File
If necessary, further refine the subcircuit definition for the .any item.

new symbol or for a part instance in a schematic using the

model editor. See Using the Model Editor
(Text Editor) on page 5-2@r a
description of subcircuit
definition with the model editor.

For example, you could extend the subcircuit definition
using the optional nodes construct, OPTIONAL.:, the
variable parameters construct, PARAMS:, or the local
.PARAM or .FUNC commands.
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Using the Model Editor
(Text Editor)

Schematics supports general model and subcircuit editing by
providing the model editor for manipulation of .MODEL and
.SUBCKT definitions in the model library, or in model files that
are local to a schematic. The model editor allows you to edit
definitions, create new definitions, associate definitions with
symbols, or derive new definitions from existing ones.

Implementation of Model Editing

Both the schematic editor and the symbol editor have a Model
menu item on the Edit menu which allows you to edit the
.MODEL or .SUBCKT definition for a part. The behavior of this
menu item depends on whether it is run from the schematic
editor or from the symbol editor.

The schematic editor modifies local instances of a part for a
given schematic, while the symbol editor modifies the global
definition of a part in the model library. These definitions are
saved to model files and automatically configured as local and
global library files, respectively (as shown in the Library and
Include Files dialog box).

The model editor selects model or subcircuit definitions by
attempting to match the MODEL attribute value of a part to the
.MODEL or .SUBCKT name in a library or include file. The
local list specified in the Library and Include Files dialog is
searched before the global list specified in the same dialog. The
first model or subcircuit name that matches the value of the
MODEL attribute is the one used by the model editor.
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Editing Model Definitions in the
Schematic Editor

From within the schematic editor, selecting Model from the Edit
menu makes an individual copy of a model or subcircuit
representation, allowing you to modify a local copy. By default,
this new model is namecbld model name>X. Changes only
apply to that specific part instance in the schematic or any other
part instance in the same schematic that references the new
model. By default, these individual instance models or
subcircuits are written to a file with the name

<schematic name#b  which is configured for use with the
current schematic only. The default model/subcircuit name and
model file name can be modified.

To edit a model or subcircuit definition from within the
schematic editor, first select a part or parts, then select Model
from the Edit menu. The Edit Model dialog box is displayed if
the part has a MODEL attribute.

If a MODEL attribute exists, then the dialog box gives you the
choice of changing the name of the model/subcircuit referenced
by this part or editing an instance model/subcircuit (copy) of
that part. Suppose, for example, that you are in the schematic
editor and have placed an instance of a Q2N2222 whose model
parameters you want to modify or to which you want to add
DEV and/or LOT tolerances for Monte Carlo analysis. When
you select this part and then select Model from the Edit menu,
the Edit Model dialog box is displayed.

The Change Model Reference button initiates a dialog that
allows you to enter the name of another model or subcircuit for
the current part instance. The Edit Instance Model (Text)
command allows you to edit a copy of the model or subcircuit
definition.

The schematic editor does not allow you to edit the underlying
base model or subcircuit definition of the symbol; this must be
done from the symbol editor. If an instance model/subcircuit
(copy) does not already exist, the schematic editor creates a new
instance definition that is a copy of the original model/
subcircuit. The only difference between the copy and the
original is that the schematic editor appends arXto the
model/subcircuit name to make the name unique, wherds<
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<blank| 1] 2] ... >. If an instance model/subcircuit already
exists, it is displayed in the edit dialog.

Editing Model Definitions in the
Symbol Editor

From within the symbol editor, the model or subcircuit
representation associated with a symbol maintained in the
symbol library is available for edit. Changes are made to the
actual model or subcircuit definition, and have global scope. By
default, these changes are written to a file calbkest.lib

which is configured for global access. Thus, model/subcircuit
changes made in the symbol editor affect all instances of the
corresponding symbol, no matter what schematic the symbol is
used in.

When select Model from the Edit menu in the symbol editor, the
Edit Model dialog box is displayed with the base model or
subcircuit definition associated with that part, if one exists.
Otherwise, you are presented with a blank dialog box in which
you can create a new model or subcircuit definition. From
within the symbol editor, you are free to change the names of the
model/subcircuit and model file.

Model Editor Dialog Box

The model or subcircuit definition is presented in a text-edit
work area (a mini text editor). If you are editing a model
definition, then the text-edit work area will contain one
parameter per line. This makes it easier to add DEV/LOT
tolerances to model parameter lines for Monte Carlo or worst-
case analysis.

The Expand AKO button will search through any AKOs on
which the model is based, adding the new parameters to this
model. In essence, this command “flattens” a hierarchy of
AKOs into one model in which you can see all the parameters.
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Subcircuit definitions are brought into the text-edit work area in
the same format as read from the model file. All of the
comments immediately before or after the model or subcircuit
definition are included for editing. Note that this will sometimes
mean that comments intended for the previous or next model
definition will be included in the edit dialog.

Model Editing Example

Suppose you have a schematic namgdsch which contains
several instances of a Q2N2222, and you are interested in the
effect of base resistance spread on one specific device—Q6, for
example. To investigate this, you must select Q6 in your
schematic and Model from the Edit menu from within the
schematic editor. The Edit Model dialog box is displayed with
the current value of Q6’s MODEL attribute: Q2N2222.

Clicking on the Edit Instance Model (Text) button, the model
editor automatically creates a copy of the Q2N2222 model
definition with the default name of Q2N2222-X. A dialog box is
displayed to allow you to edit the newly copied definition.

You can edit the model definition to specify a tolerance on the
parameter(s) on which a Monte Carlo analysis is to be
performed. In Figure 5-8, a tolerance of 5% has been added to
the Rb parameter. You must also specify a new part name and
model file, or use the defaults provided. Figure 5-8 shows that
Q2N2222-MC has been entered for the new model nhame. The
model file namemy.lib  remains unchanged.

When you click on OK, the model editor writes the model
definition tomy.lib  in the current working directory. If
my.lib  does not already exist, it is created.

If this model file is a new file, it is automatically added to the
Library Files list box in the Library and Include Files dialog for
the current schematic. If you select Library and Include Files
from the Analysis menu, you see the standemeh.lib file

that is part of the global model library (annotated with an
asterisk) and the newly createwy.lib  which is local to the
current schematic (no asterisk).
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I Model Editor I

Copied From Save To
Model Name: QZN2222

Library: CAMSIMILIBAbipolar.lib

Library: |C:AMSIMILIBimy.lib |

* National pid=19 case=TO18 i
* 88-09-07 bam creation |1

.model Q2N2222-MC NPN(
Rb=10 DEV=5%

Is=14.34f

Xti=3

Eg=1.11

Vai=74.03

Bf=255.9

Ne=1.307

Ise=14.341

Iki=_2847

Xth=1.5 =

<1 [»

Figure 5-8 Model Editor Dialog Box for Q2N2222 with a DEV
Tolerance Set on Rb

Now you can select Setup from the Analysis menu to set up the
parameters as required for a Monte Carlo or worst-case analysis.
You are then ready to select Simulate from the Analysis menu
to run the simulations.

If you want to change the model reference for this part back to
Q2N2222, you can select the part in the schematic editor, select
Model from the Edit menu, click on Change Model Reference,
and type in the original model name.
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Breakout Parts

For non-stock passive and semiconductor devices, Schematics
provides a set of “breakout” parts designed for customizing
model parameters for simulation. These are useful for setting up
Monte Carlo and worst-case analyses with device and/or lot
tolerances specified for individual model parameters.

Basic breakout part names consist of the intrinsic PSpice deviAnother approach is to use the
letter from the set [BCDJKLMQRSTWZ] plus the suffix model editor to derive an
BREAK. By default, the model name is the same as the part instance model and customize
name and references the appropriate device model with all ~ this- For example, you could add
parameters set at their default. For instance, the DBREAK padévice and/or lot tolerances to
references the DBREAK model which is derived from the

intrinsic PSpice D model (MODEL DBREAK D).

Resistors, capacitors, and inductors

For breakout parts RBREAK, CBREAK, and LBREAK, the Also see Resistors, Capacitors,
effective value is computed from a formula that is a function oand Inductors on page 3-2
the specified VALUE attribute.

Table 5-3 Resistors, Capacitors, and Inductors

Symbol Symbol Library Attribu

Part Type Name File te Description

capacitor CBREAK breakout.slb VALUE  capacitance

(PSpice ‘C’ device) o )
IC initial voltage across the capacitor

during bias point calculation

MODEL CAP model name

inductor LBREAK breakout.slb VALUE inductance

(PSpice ‘L’ device) o )
IC initial current through the inductor

during bias point calculation

MODEL IND model name

resistor RBREAK breakout.slb VALUE resistance

(PSpice ‘R’ device)
MODEL RES model name
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Note The
CORE model is
not included in
PSpice Basics.

Basics

Table 5-4 KBREAK Symbol

Using the KBREAK symbol

The inductor coupling symbol, KBREAK, can be used to couple
up to six independent inductors on a schematic. A MODEL
attribute is provided for using nonlinear magnetic core (CORE)
models, if desired. By default, KBREAK references the
KBREAK model contained ibreakout.lib ; this model, in
turn, uses the default CORE model parameters.

Symbol Symbol Library . .
Part Type Name File Attribute Description
inductor coupling KBREAK breakout.slb COUPLING coupling factor
(P Spice ‘K’ device) i )
Li inductor reference
designator
The KBREAK symbol can be used to:
« Effect linear coupling between inductors.
- Reference a CORE model in a configured model library file.
« Define a user-defined CORE model with custom model
parameter values.
The dot convention for the coupling is related to the direction in
which the inductors are connected. The dot is always next to the
first pin to be netlisted. For example, when the inductor symbol,
L, is placed wihout rotation, the dotted pin is the left one. Rotate
on the Edit menudii)+r), rotates the inductor +90making
this pin the one at the bottom.
Using the KBREAK symbol in a schematic
1 Draw the schematic and assign the desired reference
designator names to all of the part instances. To change
default names, double-click on the reference designator
label, and enter a new name in the Edit Reference
Designator dialog box.
K1 2 Place a coupling symbol on the schematic for each group of
R coupled inductors. Notice that the symbol has no pins.
COUPLING=1

Figure 5-9 KBREAK Symbol

3 Define the coupled inductors: Double-click on the coupling
symbol’s box with the enclosed “K,” and enter the reference
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designator names for the coupled inductors as values for Li
(i=1,2,...,6).

For nonlinear coupling: L1 must have a value; the rest Nonlinear
may be left blank. coupling is not
included in

o e couping: L st eestone other LI MUStaVe e s
Change the coupling symbol's MODEL attribute reference:

a click on the symbol’s box with the enclosed “K.”

b Select Model from the Edit menu.

¢ Click on Change Model Reference in the Edit Model
dialog box.

d Change the name as required in the Model Name text
box. These rules apply:

For nonlinear coupling: The model must reference a
CORE model such as those contained in
magnetic.lib or other user-defined models.

For linear coupling: The model reference must be
blank.

Set the value of the COUPLING attribute to the value of the
coupling factor, K.

Set the value (VALUE attribute) for each of the coupled
inductors (L symbol instances). These rules apply:

For nonlinear coupling: VALUE is set to the number of
windings.

For linear coupling: VALUE must be in Henries.

Basics
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Basics

not
included
in:

Table 5-5 Transformers

Transformers

Table 5-5lists attributes that can be set per instance of a non-
linear transformer part. Also séeansformers on page 3-4

Part Type Symbol Symbol Library Attribute Description
Name File
transformer XFRM_ breakout.slb L1 _TURNS number of turns on each
(PSpice ‘K’ and ‘'L’ NONLINEAR L2_TURNS  winding
devices)
COUPLING  coefficient of mutual
coupling (must lie between 0
and 1)
MODEL nonlinear CORE model n me

See Using the Inductor Coupling
Symbols in the Application Notes
Manual for a description of
techniques for creating
additional transformer
configurations.

To use XFRM_NONLINEAR, the MODEL attribute must be
set appropriately. However, the MODEL attribute of a given
instance can be modified to reference a CORE model provided
in themagnetic.lib model library file or in a user-defined
model file.

Ideal switches

Table 5-6 summarizes the available switch part types provided
in the breakout.slb symbol library. The switches may be
voltage or current-controlled. To create a time-controlled
switch, simply connect the switch control pins to a voltage
source with the appropriate voltage vs. time values (transient
specification).

Table 5-6 Ideal Switch Parts in breakout.slb
Part Type Symbol Name Model Type
Voltage-Controlled SBREAK VSWITCH
Switch
(PSpice ‘S’ device)
Current-Controlled WBREAK ISWITCH

Switch
(PSpice ‘W' device)
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The VSWITCH and ISWITCH models define the on/off
resistance and the on/off control voltage or current thresholds.
These switches have a finite “on” resistance and “off”
resistance, and change smoothly between the two as their
control voltage (or current) changes. This behavior is important,
allowing PSpice to find a continuous set of solutions to the
circuit being simulated. In practice, the “on” resistance may be
made very small compared to the other circuit impedances, and
the “off” resistance may be made very large compared to the
other circuit impedances.

As with current-controlled sources (F, FPOLY, H, and
HPOLY), WBREAK contains a current-sensing voltage source.
When netlisted, WBREAK generates two device declarations to
the circuit file set:

« one for the controlled switch
- one for the independent current-sensing voltage source

If you choose to create a new symbol for a current-controlled
switch (with, for example, different on/off resistance and current
threshold settings in the ISWITCH model), the TEMPLATE
attribute must account for the additional current-sensing voltage
source.
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Semiconductor Parts

Semiconductor parts can be divided into two classifications.
One class is described by model definitions derived from
intrinsic PSpice device model types: diodes, bipolar transistors,
junction field effect transistors (JFETSs), metal-oxide-silicon
field effect transistors (MOSFETS), gallium arsenide field effect
transistors (GaAsFETS), and insulated gate bipolar transistors
(IGBT). The other class is described by subcircuit definitions:
opamps, silicon controlled rectifiers (SCRS), triacs, unijunction
transistors (UJTs), and more.

Intrinsically modeled semiconductors

Table 5-7lists the semiconductor parts that reference models
derived from intrinsic PSpice device model types. The varieties
of breakout devices in a given technology vacgording to the
kind of model referenced and/or the number of piasle 5-8
summarizes the classes of semiconductor models.

Operating temperature can be set to one that is different from the
global circuit temperature by defining one of the model
parameters, T_ABS, T_REL_GLOBAL, or T_REL_LOCAL.
Additionally, model parameters can be assigned unique
measurement temperatures using the T_ MEASURED model
parameter. Refer to tHESpice Reference Manuak a

description of model parameters.

Table 5-9lists the attributes that can be set for the
semiconductor breakout parts. The AREA attribute provided
with the GaAsFET, diode, IGBT, JFET, and bipolar transistor
parts allows equivalent part instances to be scaled relative to one
another. For example, instance Q1 of the QBREAKL part, with
AREA set to 1.5, will have 1.5 times the junction capacitance,
1.5 times the base-emitter conductance, and so on, of another
QBREAKL instance with AREA left unset.
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Table 5-7 Intrinsically Modeled Semiconductor Parts
Symbol Model Symbol Library
Part Type Name Type File
Bipolar Transistor QBREAKL LPNP breakout.slb
(PSpice ‘Q’ device) OBREAKN  NPN
QBREAKN3
QBREAKN4
QBREAKP PNP
QBREAKP3
QBREAKP4
Diode DBREAK D, X breakout.slb
(PSpice ‘D’ device) DBREAKS3
DBREAKCR
DBREAKVV
DBREAKZ
GaAsFET BBREAK GASFET breakout.slb
(PSpice ‘B’ device)
IGBT ZBREAKN  IGBT  breakoutslb Basics Note The IGBT
(PSpice ‘Z’ device) model is not
JFET JBREAKN  NJF breakout.slb f;g’p,o’ tE'Bd by
S ; pice Basics.
(PSpice 'J’ device) JBREAKP PIF
MOSFET MBREAKN  NMOS breakout.slb
(PSpice ‘M’ device) MBREAKN3
MBREAKN4
MBREAKP PMOS
MBREAKP3

MBREAKP4
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Table 5-8 Semiconductor Model Types
Device Basis for Enhanced PSpice
Type Model Type Model
Basics Note GASFET GaAsFET GASFET, Level 1 Curtice N-channel GaAsFET
levels 1, 3, 4, and 5 GASFET, Level 2 Raytheon (or Statz) N-channel
are not supported by GaASEET
PSpice Basics.
GASFET, Level 3 Triquint N-channel GaAsFET
GASFET, Level 4 Parker-Skellern MESFET
GASFET, Level 5 TOM-2
Diode D SPICE2GS6 diode
JFET NJF Schichman-Hodges N-channel JFET
PJF Schichman-Hodges P-channel JFET
MOSFET NMOS, Level 1 Schichman-Hodges N-channel
MOSFET
NMOQOS, Level 2 Grove-Frohman N-channel MOSFET
NMOS, Level 3 Semi-empirical short channel N-
channel MOSFET
NMOS, Level 4 BSIM N-channel MOSFET
NMOS, Level 6 BSIM3, Berkeley version 2.0, N-
channel MOSFET
PMOS, Level 1 Schichman-Hodges P-channel
MOSFET
PMQOS, Level 2 Grove-Frohman P-channel MOSFET
PMOS, Level 3 Semi-empirical short channel P-
channel MOSFET
PMOS, Level 4 BSIM P-channel MOSFET
PMQOS, Level 6 BSIM3, Berkeley version 2.0, P-
channel MOSFET
Bipolar NPN Gummel-Poon/Ebers-Moll NPN
Transistor transistor
PNP Gummel-Poon/Ebers-Moll PNP
transistor
Basics Note The IGBT LPNP Gummel-?oon/Ebers-MoIl lateral
. PNP transistor
model is not
supported by IGBT NIGBT N-channel IGBT

PSpice Basics.
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Table 5-9 Semiconductor Part Attributes

Symbol Attribute  Description

Name

BBREAK AREA area scaling factor
MODEL GASFET model nhame

DBREAK AREA area scaling factor

DBREAKCR MODEL D model name

DBREAKVV

DBREAKZ

JBREAKN AREA area scaling factor

JBREAKP MODEL NJF or PJF model name

QBREAKL  AREA area scaling factor

QBREAKN  MODEL NPN, PNP, or LNP model name

QBREAKN3

QBREAKN4

QBREAKP

QBREAKP3

QBREAKP4

DBREAKS MODEL D model name

MBREAKN L channel length

MBREAKNS y channel width

MBREAKN4 AD drain diffusion area

MBREAKP -

MBREAKP3 AS source diffusion area

MBREAKP4 PD drain diffusion perimeter
PS source diffusion perimeter
NRD relative drain resistivity (in squares)
NRS relative source resistivity (in squares)
NRG relative gate resistivity (in squares)
NRB relative substrate resistivity (in squares)
M device multiplier (simulating parallel devices)

MODEL

NMOS or PMOS model name
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Table 5-9 Semiconductor Part Attributes (continued)

Symbol Attribute  Description
Name
Basics Note The ZBREAKN  AGD gate-drain overlap area
ZBREAKN AREA area of the device
symbol is not
supported by KP MOS transconductance
PSpice Basics. TAU ambipolar recombination lifetime

WB Metallurgical base width
MODEL NIGBT model name
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Configuring the Library

The Schematics environment can be set up such that all or any
subset of model files are available for reference from any
schematic. These files have global scope in the Schematics
environment meaning that the simulator will, by default, search
these model files for unresolved device definitions.
Conceptually, the model files with global status constitute the
model library and should be stored in a centralized location. See
Library directory paths on page 5-38r how to specify the
directory paths to these files.

In other cases, it may be desirable to have model files with local
impact to one schematic. These model files are not considered
part of the model library, and are stored, by default, with the
schematic for which they were originally created. The simulator
will search the local model files before those in the model library
when the schematic referencing them is being simulated.

Global and local model files

The Library and Include Files dialog presents two list boxes tcA third list box contains stimulus
identify model and include files pertaining to your schematic files. See Configuring Stimulus
(named Library Files and Include Files, respectively). One fileFiles on page 10-6or more

is specified per line. Files are grouped into two distinct classeinformation.

global to the Schematics environment and local to a given

schematic. Global files are marked with an asterisk (*) after the

file name.

Atinstallation, all of the files referencedriom.lib  are global
to the Schematics environment. The Library and Include Files Setene] I%
dialog box (accessed from the Analysis menu) displays the [~ G
nom.lib*  entry in the Library Files list box. The asterisk to EEET,

Add Include

the right of the file name indicates timatm.lib  has global Include Files Add St
status and is available to all schematics. Detele

Change

New model files can be added to either the library or include li€ s s fies
by entering file names in the File Name text box and then

clicking on the Add Library, Add Include, Add Library*, or Add
Include* button. The commands with an asterisk configure the 2 s e @ @ « aod nanes.
file as a global file. By configuring model files into the Library
Files list box, the simulator will automatically generate an index
file (if an up-to-date index does not already exist) and use the

B il
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index to access only the model and/or subcircuit difivs
relevant to the simulation. Model files configured into the
Include File list box are explicitly written to the circuit file set
and read by the simulator in their entirety.

The Add Library* button is used to incorporate new model files
into the model library (with global status). For instance, to make
the device definitions contained in the user-defined model file
mymodels.lib  available to the simulator at all times, this file
name must be added to the list of globally accessible model files.
This requires typing its name in the File Name text box and
clicking on Add Library*. After doing this, a new global entry
will appear in the library files list asymodels.lib* . Note

that this technique avoids any additions tortben.lib file.

Additional model files can be added, old files deleted, global/
local status modified, or the library/include status modified
through this same dialog. The Delete button deletes the selected
file from its list box. The Change button copies the selected file
from the list box up to the edit control and deletes it from the list,
allowing you to modify it. The Browse button brings up a dialog
allowing you to browse the directory structure and select a file
name.

To set up model files for local use with the current schematic,
you can use the Add Library button (no asterisk). Suppose your
current schematic is calledydesign , andmymodels.lib

contains device models specifically foydesign .

mymodels.lib  should be added to the library list using

Add Library. This produces thmymodels.lib  entry in the
library files list without an asterisk, indicating local file status.
When simulatingnydesign , the simulator searches this model
file before those with global status.
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Note Care should be taken when configuring model files with
the Add Include* (global) and Add Include (local)
buttons in this dialog box. This method can have
disadvantages when the model file is large. Rather than
selecting only the model and subcircuit definitions
needed, the simulator will load the entire file into
memory. However, when developing device models
and/or subcircuits, it can be useful to initially treat the
model file as an include file. This avoids the rebuilding
of index files every time the model file changes. Then,
once the model definitions are stable, the model file can
be reconfigured as a library file. The simulator will build
the associated index file once. Henceforth, the
simulator will read in only those definitions required for
the simulation.

Search order

The simulator always searches local model files before global
model files in the model library. However, within each class of
local or global files, the order in which they are specified in the
Library Files list box dictates the order in which the simulator
will search the files to resolve references. Optimizing the search
order can significantly reduce search time. Where device names
are alike across model files, search order will determine which
of the devices is selected for simulation. The simulator always
uses the first instance.

In the Library and Include Files dialog bac¢essed from the
Analysis menu), new files are always added after the currently
selected item in the Library Files list box. To add a file name in
a certain position in the list, select the file name in the list above
where you want the new file name to placed, then select the
Add_Library* (global) or Add_Library (local) command as
required.

If you have configured your model files by listing multiple

Jib  commands within a single file (likmymodels.lib ),

and search order is critical, then you will need to manually edit
the file contents with your platform’s text editor. In the standard
model library, onlydiodes.lib andediodes.lib

(European manufactured diodes) have identically named device
definitions. If your schematic uses a device out of one of these
files, you must insure that the model file containing the
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definition of choice is listed first. If your system is configured to
usenom.lib  for the model library, and the file order is not in
accordance with your circuit requirements, then you will have to
edit this file.

Library directory paths

For model files without explicit path names, the simulator first
searches the directory where the current schematic resides, then
steps down the list of directories specified in the Library Path
text box of the dialog under Editor Configurati@t¢essed

from the Option menu).

I Editor Configuration I

Libraries: Library Path:
*abm .slb E .
CAMSIMILIB; CAMYLIBS

*adv_lin [.slb,.plb] | L L A |
*analog [.slb] Title Block Symbol:
*anlg_dev [.slb..plb] -
*bipolar [.slb..plb] |titleblk |
*breakout [.slb]
*burr_brn [.slb,.plb] Autosave interval: i
#cd4000 [.slb..plb] min
Page Settings: [J Monochrome Mode

Drawing Area Pin-to-Pin Border
A 09.70 x 07.20in 00.10 + Library Settings
B 15.20x 09.70in 00.10 ]
C 20.20x 15.20in 00.10 Page Settings
D 32.20x 20.20in 00.10
E 42.20x 32.20in 00.10 Epp Sgt[ings___
X 42.20x 32.20in 0O0.10
A4 297 x 210 mm 10
A3 a20x 297mm 10
A2 594 x 420 mm 10 L |
Al 841x 594mm 10 + Cancel

To ensure that model files added to the model library will be
located, it is necessary to do one of the following:

« Place the model files in the standard library directory (that
is, where the standard symbol and model files are stored)

« Update the library path definition to include any new
directories

e Use the full path name when adding the model file to the
Library Files list box in the Library and Include Files dialog
box described above
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We recommend that model files belonging to the model library
(global status) reside in a centralized location. If this location
includes more than one directory, the directory paths can be
listed in the Library Path text box. Entries must be separated by
semicolons.

For example, while the standard model files shipped with the
MicroSim simulation software might reside in C:\MSIM\LIB, a
second directory, for example C:\MYLIBS, might contain all of
your custom model files. To ensure that the simulator searches
both C:\MSIM\LIB and C:\MYLIBS for model files, type the

new directory path name in the Library Path text box of the
Editor Configuration dialog box (accessed from the Options
menu) and click on OK.

Schematics and simulator interaction

When generating the circuit file set for simulation, Schematics
outputs a .LIB or .INC command for each model file specified
in the Library Files or Include Files list box in the Library and
Include Files dialog box ¢@essed from the Analysis menu).

The list order is preserved, thus directing the simulator to search
the specified model files for unresolved model and subcircuit
references in the given order.

When the simulator runs, only those models and subcircuits
referenced by the parts in your schematic are actually read from
the model files and put into main memory (RAM). This avoids
using up main memory for definitions which are not used. It also
means that there is no memory penalty for having large model
files. Read-in time is also kept to a minimum.
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Chapter Overview

This chapter describes how to use Analog Behavioral Modeling
(ABM) feature provided in PSpice. This chapter includes the
following sections:

Overview of Analog Behavioral Modeling on page 6-2
The abm.slb Symbol Library File on page 6-3

Placing and Specifying ABM Parts on page 6-4

ABM Part Templates on page 6-6

Control System Parts on page 6-7

PSpice-Equivalent Parts on page 6-28

Cautions and Recommendations for Simulation and Analysis on
page 6-40

Basic Controlled Sources on page 6-46
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Overview of Analog
Behavioral Modeling

The Analog Behavioral Modeling (ABM) feature provided in
PSpice allows for flexible descriptions of electronic components
in terms of a transfer function or look-up table. In other words,
a mathematical relationship is used to model a circuit segment
so that the segment need not be designed component by
component.

The symbol library contains several ABM parts that can be
classified as either control system parts or as PSpice-equivalent
parts. Se@®asic Controlled Sources on page 6fé6an
introduction to these parts, how to use them, and the distinction
between those with general-purpose application and those with
special purpose application.

Control system parts are defined with the reference voltage
preset to ground so that each controlling input and the output are
represented by a single pin in the symbol. These are described in
Control System Parts on page 6-7

PSpice-equivalent parts reflect the structure of the PSpice “E”
and “G” device types which respond to a differential input and
have double-ended output. These are describE&jiice-
Equivalent Parts on page 6-28

For compatibility with Berkeley SPICE, the polynomial transfer
function is also supported and is discusséddlaaic Controlled
Sources on page 6-4Blowever, the mathematical expressions
offered with ABM can usually replace this method.

The Device Equations option (described in Bt&pice A/D
Reference Manuakan also be used for modeling of this type,
but we recommend using the ABM feature wherever possible.
With Device Equations, the PSpice source code is actually
modified. While this is more flexible and the result executes
faster, it is much more difficult to use and prone to error. In
addition, any changes made to source code must be reapplied
whenever a PSpice update is installed. Parts built using ABM
can be used for most cases of interest, are much easier to use,
and are unaffected by PSpice updates.
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The abm.slb Symbol
Library File

The symbol fileabm.slb contains the ABM components. This
file can logically be thought of as consisting of two sections.

The first section contains symbols that can be quickly connected
to form “control system” types of circuits. These components
have names like SUM, GAIN, LAPLACE, and HIPASS.

The second section contains symbols that are useful for more
traditional “controlled source” forms of schematic parts. These
PSpice-equivalent symbols have names like EVALUE and
GFREQ and are based on extensions to traditional PSpice “E”
and “G” device types.

ABM components are implemented using PSpice primitives;
there is no correspondirapm.lib  file. A small number of
components generate multi-line netlist entries, but the majority
are implemented as single PSpice “E” or “G” device
declarations. Se&BM Part Templates on page &dr a
discussion of TEMPLATE attributes and their role in generating
netlist declarations. Seéeplementation of PSpice-Equivalent
Parts on page 6-2for more on PSpice “E” and “G” syntax.
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The name of an interface port
does not extend to any
connected nets. To referto a
signal originating at an interface
port, connect the port to an
offpage connector of the desired
name.

Placing and Specifying
ABM Parts

ABM parts are placed and connected in the same way as other
part symbols. Once an ABM symbol is placed, the instance
attributes can be edited, effectively customizing the operational
behavior of the part. This is equivalent to defining an ABM
expression describing how inputs are transformed into outputs.
The following sections discuss some of the rules for specifying
ABM expressions.

Net Names and Device Names in
ABM Expressions

In ABM expressions, it is natural to refer to signals by name.
This is also considerably more convenient than having to
connect a wire from a pin on an ABM component to a point
carrying the voltage of interest.

If you used an expression such as V(2), then the referenced net
(2 inthis case) is interpreted as the name of a local or global net.
A local net is a labeled wire or bus segment in a hierarchical
schematic, or a labeled offpage connector. A global net is a
labeled wire or bus segment at the top level, or a global
connector.

MicroSim Schematics recognizes these constructs in ABM
expressions:

V(< net name> )
V(< net name> ,< net name> )
I(< vdevice> )

When one of these is recognized, Schematics searches for
<net name>or <vdevice>in the net name space or the device
name space, respectively. Names are searched for first at the
hierarchical level of the part being netlisted. If not found there,
then the set of global names is searched. If the fragment is not
found, then a warning is issued but Schematics still outputs the
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resulting netlist. When a match is found, the original fragment is
replaced by the fully qualified name of the net or device.

For example, suppose we have a hierarchical part UL. Inside the
schematic representing U1 we have an ABM expression
including the term V(Reference). If “Reference” is the name of
a local net, then the fragment written to the netlist will be
translated to V(U1_Reference). If “Reference” is the name of a
global net, the corresponding netlist fragment will be
V(Reference).

Names of voltage sources are treated similarly. For example, an
expression including the term I(Vsense) will be output as
I(V_U1 _Vsense) if the voltage source exists locally, and as
I(V_Vsense) if the voltage source exists at the top level.

Forcing the Use of a Global
Definition

If a net name exists both at the local hierarchical level and at the
top level, the search mechanism used by Schematics will find
the local definition. You can override this, and force Schematics
to use the global definition, by prefixing the name with a single
quote () character.

For example, suppose there is a net called Reference both inside
hierarchical part U1 and at the top level. Then, the ABM
fragment V(Reference) will result in V(U1_Reference) in the
netlist, while the fragment \Reference) will produce
V(Reference).
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For clarity, the template is shown
on three lines although the actual
template is a single line.

ABM Part Templates

For most ABM symbols, a single PSpice “E” or “G” device
declaration is output to the netlist per symbol instance. The
TEMPLATE attribute in these cases is straightforward. For
example the LOG symbol defines an expression variant of the E
device with its output being the natural logarithm of the voltage
between the input pin and ground:

EA@REFDES %out 0 VALUE { LOG(V(%in)) }

The fragment E*@REFDES is standard. The “E” specifies a
PSpice controlled voltage source (E device); %in and %out are
the input and output pins, respectively; VALUE is the keyword
specifying the type of ABM device; and the expression inside
the curly braces defines the logarithm of the input voltage.

Several ABM symbols produce more than one primitive PSpice
device per symbol instance. In this case, the TEMPLATE
attribute may be quite complicated. An example is the DIFFER
(differentiator) symbol. This is implemented as a capacitor in
series with a current sensor together with an E device which
outputs a voltage proportional to the current through the
capacitor.

The template has several unusual features: it gives rise to three
primitives in the PSpice netlist, and it creates a local node for the
connection of the capacitor and its current-sensing V device.

Cr@REFDES %in $$U@REFDES 1\n
VA@REFDES $$U@REFDES 0 0v\n
EA@REFDES %out 0 VALUE {@GAIN *
I(VA@REFDES)}

The fragments C*@REFDES, V*@REFDES, and
E"@REFDES create a uniquely named capacitor, current
sensing V device, and E device, respectively. The fragment
$SUM@REFDES creates a name suitable for use as a local node.
The E device generates an output proportional to the current
through the local V device.
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Control System Parts

Control system parts have single-pin inputs and outputs. The
reference for input and output voltages is analog ground (0). An
enhancement to PSpice means that these components can be
connected together with no need for dummy load or input
resistors.

Table 6-1lists the control system parts, grouped by function.
Also listed are characteristic attributes that may be set. In the
sections that follow, each part and its attributes are described in
more detail.

Table 6-1 Control System Parts

Category Symbol Description Attributes
Basic CONST constant VALUE
Components SUM adder
MULT multiplier
GAIN gain block GAIN
DIFF subtracter
Limiters LIMIT hard limiter LO, HI
GLIMIT limiter with gain LO, HI, GAIN
SOFTLIM soft (tanh) limiter ~ LO, HI, GAIN
Chebyshev LOPASS lowpass filter FP, FS, RIPPLE,
Filters STOP
HIPASS highpass filter FP, FS, RIPPLE,
STOP
BANDPASS bandpass filter FO, F1, F2, F3,
RIPPLE, STOP
BANDREJ band reject (notch) FO, F1, F2, F3,
filter RIPPLE, STOP
Integrator and INTEG integrator GAIN, IC
Differentiator 1 erer differentiator GAIN
Table Look-Ups  TABLE look-up table ROWL1...ROW5

FTABLE frequency look-up ROW1...ROW5
table
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Table 6-1 Control System Parts (continued)

Category Symbol Description Attributes
Laplace LAPLACE Laplace expression NUM, DENOM
Transform
Math Functions ABS [X]
i(r\?;)huet;e ‘X" is the SORT 212
PWR IxFXP EXP
PWRS <P EXP
LOG In(x)
LOG10 log(x)
EXP e
SIN sin(x)
COS coqXx)
TAN tan(x)
ATAN tan(x)
ARCTAN tan*(x)
Expression ABM no inputs, V out EXP1...EXP4
Functions ABM1 Linput, V out EXP1..EXP4
ABM?2 2 inputs, V out EXP1...EXP4
ABM3 3inputs, V out EXP1...EXP4
ABM/I no input, | out EXP1...EXP4
ABM1/I 1input, | out EXP1..EXP4
ABM2/I 2 inputs, | out EXP1...EXP4

ABM3/I 3inputs, | out EXP1...EXP4
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Basic Components

The basic components provide fundamental functions and in
many cases, do not require specifying attribute values. These
parts are described below.

CONST
VALUE is a constant value
The CONST part outputs the voltage specified by the VALUE
attribute. This part provides no inputs and one output.
SUM

The SUM part evaluates the voltages of the two input sources,
adds the two inputs together, then outputs the sum. This part
provides two inputs and one output.

MULT

The MULT part evaluates the voltages of the two input sources,
multiplies the two together, then outputs the product. This part
provides two inputs and one output.

GAIN

GAIN is a constant gain value

The GAIN part multiplies the input by the constant specified by
the GAIN attribute, then outputs the result. This part provides
one input and one output.

DIFF

The DIFF part evaluates the voltage difference between two
inputs, then outputs the result. This part provides two inputs and
one output.
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Limiters

The Limiters can be used to restrict an output to values between
a set of specified ranges. These parts are described below.

LIMIT
HI is a value representing the upper limit
LO is a value representing the lower limit

The LIMIT part constrains the output voltage to a value between
an upper limit (set with the HI attribute) and a lower limit (set
with the LO attribute). This part takes one input and provides
one output.

GLIMIT
HI is a value representing the upper limit
LO is a value representing the lower limit
GAIN is a constant gain value

The GLIMIT part functions as a one-line opamp. The gain is
applied to the input voltage, then the output is constrained to the
limits set by the LO and HI attributes. This part takes one input
and provides one output.

SOFTLIMIT
HI is a value representing the upper limit
LO is a value representing the lower limit
GAIN is a constant gain value

A, B,V, areinternal variables used to define the limiting
TANH function

The SOFTLIMIT part provides a limiting function much like the
LIMIT device, except that it uses a continuous curve limiting

function, rather than a discontinuous limiting function. This

part takes one input and provides one output.
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Chebyshev Filters

The Chebyshev filters allow filtering of the signal based on a séWe recommend looking at one or
of frequency characteristics. The output of a Chebyshev filter more of the references cited in

depends upon the analysis being done. Frequency-Domain Device
_ _ o Models on page 6-34s well as
For DC and bias point, the output is simply the DC response (some of the following references

the filter. For AC analysis, the output for each frequency is théon analog filter design:

filter response at that frquency. For transient analy3|_s, the 1 Ghavsi, M.S. & Laker, K.R..
output is then the convolution of the past values of the input wit = .0 - Firer Design

the impulse response of the filter. These rules follow the Prentice-Hall, 1081,

standard method of using Fourier transforms. ,
2 Gregorian, R. & Temes, G.,

Note PSpice computes the impulse response of each Analog MOS Integrated
Chebyshev filter used in a transient analysis during Circuits, Wiley-Interscience,
circuit read-in. This may require considerable 1986.

computing time. A message is displayed on your screen

indicating that the computation is in progress. 3 Johnson, David E.,

Introduction to Filter Theory,
Note To obtain a listing of the filter Laplace coefficients for Prentice-Hall, 1976.

each stage, select Setup from the Analysis menu, click

on Options, and turn on LIST in the Options dialog box. 4 Lindquist, Claude S., Active

Network Design with Signal
Each of the Chebyshev filter parts is described in the followine  Filtering Applications,

pages. Steward & Sons, 1977.
5 Stephenson, F.W. (ed), RC

LOPASS Active Filter Design

FS is the stop band frequency Handbook, Wiley, 1985.

. 6 Van Valkenburg, M.E.,

FP is the pass band frequency Analog Filter Design, Holt,

RIPPLE is the pass band ripple in dB Rinehart & Winston, 1982.

STOP is the stop band attenuation in dB 7 Williams, A.B., Electronic

Filter Design Handbook,

The LOPASS part is characterized by two cutoff frequencies McGraw-Hill, 1981.

that delineate the boundaries of the filter pass band and stop
band. The attenuation values, RIPPLE and STOP, define the
maximum allowable attenuation in the pass band, and the
minimum required attenuation in the stop band, respectively.
The LOPASS part provides one input and one output.

Figure 6-1 shows an example of a LOPASS filter device. The otz
filter provides a pass band cutoff of 800 Hz and a stop band — q00z —
cutoff of 1.2 KHz. The pass band ripple is 0.1 dB and the U1dB 5048

minimum stop band attenuation is 50 dB. Assuming that the Figure 6-1 LOPASS Filter
input to the filter is the voltage at net 10 and output is a voltage
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1.2kHz]

T T BOOHz[
0.1dB8 50dB

Figure 6-2 HIPASS Filter Part

Do 3KHz
2kHz
AN 1 2kHz—

0.1dE50ge300Hz

Figure 6-3 BANDPASS Filter
Example Part

between nets 5 and 0, this will produce a PSpice netlist
declaration like this:

ELOWPASS 5 0 CHEBYSHEYV {V(10)} = LP 800
1.2K .1dB 50dB

HIPASS
FS is the stop band frequency
FP is the pass band frequency
RIPPLE s the pass band ripple in dB
STOP is the stop band attenuation in dB

The HIPASS part is characterized by two cutoff frequencies that
delineate the boundaries of the filter pass band and stop band.
The attenuation values, RIPPLE and STOP, define the
maximum allowable attenuation in the pass band, and the
minimum required attenuation in the stop band, respectively.
The HIPASS part provides one input and one output.

Figure 6-2 shows an example of a HIPASS filter device. This is
a high pass filter with the pass band above 1.2 KHz and the stop
band below 800 Hz. Again, the pass band ripple is 0.1 dB and
the minimum stop band attenuation is 50 dB. This will produce
a PSpice netlist declaration like this:

EHIGHPASS 5 0 CHEBYSHEV {V(10)} = HP 1.2K
800 .1dB 50dB

BANDPASS
RIPPLE s the pass band ripple in dB
STOP is the stop band attenuation in dB
FO, F1, are the cutoff frequencies
F2, F3

The BANDPASS part is characterized by four cutoff
frequencies. The attenuation values, RIPPLE and STOP, define
the maximum allowable attenuation in the pass band, and the
minimum required attenuation in the stop band, respectively.
The BANDPASS part provides one input and one output.

Figure 6-3 shows an example of a BANDPASS filter device.
This is a band pass filter with the pass band between 1.2 KHz
and 2 KHz, and stop bands below 800 Hz and above 3 KHz. The
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pass band ripple is 0.1 dB and the minimum stop band
attenuation is 50 dB. This will produce a PSpice netlist
declaration like this:

EBANDPASS 5 0 CHEBYSHEYV {V(10)} = BP 800
1.2K 2K 3K .1dB 50dB

BANDREJ
RIPPLE s the pass band ripple in dB
STOP is the stop band attenuation in dB
FO, F1, are the cutoff frequencies
F2, F3

The BANDREJ part is characterized by four cutoff frequencies.
The attenuation values, RIPPLE and STOP, define the
maximum allowable attenuation in the pass band, and the
minimum required attenuation in the stop band, respectively.
The BANDREJ part provides one input and one output.

Figure 6-4 shows an example of a BANDREJ filter device. This akHz
is a band reject (or “notch”) filter with the stop band between 1.2 — b
KHz and 2 KHz, and pass bands below 800 Hz and above 3 0.1dBb04e™0
KHz. The pass band ripple is 0.1 dB and the minimum stop
band attenuation is 50 dB. This will produce a PSpice netlist

declaration like this:

ENOTCH 5 0 CHEBYSHEYV {V(10)} = BR 1.2K 800
3K 2K .1dB 50dB

e

Figure 6-4 BANDREJ Filter
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If more than five values are
required, the symbol can be
customized through the symbol
editor. Insert additional row
variables into the template using
the same form as the first five,
and add ROWn attributes as
needed to the list of attributes.

Integrator and Differentiator

The integrator and differentiator parts are described below.

INTEG
IC is the initial condition of the integrator output
GAIN is the value of the gain

The INTEG part implements a simple integrator. A current
source/capacitor implementation is used to provide support for
setting the initial condition.

DIFFER
GAIN is the value of the gain

The DIFFER partimplements a simple differentiator. A voltage
source/capacitor implementation is used. The DIFFER part
provides one input and one output.

Table Look-Up Parts

TABLE and FTABLE parts provide a lookup table which is
used to correlate an input and an output based on a set of data
points. These parts are described below and in the following
pages.

TABLE

ROWh is an (input, output) pair; by default, up to five
triplets are allowed wheme=1, 2, 3, 4, or 5

The TABLE part allows the response to be defined by a table of
one to five values. Each row contains an input and a
corresponding output value. Linear interpolation is performed
between entries.

For values outside the table’s range, the device’s output is a
constant with a value equal to the entry with the smallest (or
largest) input. This characteristic can be used to impose an upper
and lower limit on the output. The TABLE part provides one
input and one output.
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FTABLE
ROWh is either ani@iput frequency, magnitude, If more than five values are
phasg triplet, or an {pput frequency, real required, the symbol can be
part, imaginary par} triplet describing a customized through the symbol
complex value; by default, up to five triplets  editor. Insert additional row
are allowed where=1, 2, 3, 4, or 5 variables into the template using
DELAY group delay increment; defaults to O if left (e same form as the first five,
blank and add ROWn attributes as
) ) needed to the list of attributes.
R I defines the table type; if left blank, the
frequency table is interpreted in the (input
frequency, magnitude, phase) format; if
defined with any value (such as YES), the
table is interpreted in the (input frequency,
real part, imaginary part) format
MAGUNITS units for magnitude where the value can be

DB (decibels) or MAG (raw magnitude);
defaults to DB if left blank

PHASEUNITS  units for phase where the value can be DEG
(degrees) or RAD (radians); defaults to DEG
if left blank

The FTABLE partis described by a table of frequency responses
in either the magnitude/phase domain (R_I=) or complex
number domain (R_I=YES). The entire table is read in and
converted to magnitude in dB and phase in degrees.

Interpolation is performed between entries. Magnitude is
interpolated logarithmically; phase is interpolated linearly. For
frequencies outside the table’s range, 0 (zero) magnitude is
used. This characteristic can be used to impose an upper and
lower limit on the output.

The DELAY attribute increases the group delay of the

frequency table by the specified amount. The delay term is
particularly useful when a frequency table device generates a
non-causality warning message during a transient analysis. The
warning message issues a delay value that can be assigned to the
symbol's DELAY attribute for subsequent runs, without
otherwise altering the table.

The output of the part depends on the analysis being done. For
DC and bias point, the output is the zero frequency magnitude
times the input voltage. For AC analysis, the input voltage is
linearized around the bias point (similar to EVALUE and
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FTABLE

Freq, dB, Deg

OHz, 0, 0
5kHz,0,-5760
BkHz,-60,-6912

DELAY=0

Figure 6-5 FTABLE Part

GVALUE parts,Modeling Mathematical or Instantaneous
Relationships on page 6-Bhe output for each frequency is
then the input times the gain, times the value of the table at that
frequency.

For transient analysis, the voltage is evaluated attgaeh

point. The output is then the convolution of the past values with
the impulse response of the frequency response. These rules
follow the standard method of using Fourier transforms. We
recommend looking at one or more of the references cited in
Frequency-Domain Device Models on page &4more
information.

Note The table’s frequencies must be in order from lowest to
highest. The TABLE part provides one input and one
output.

Example

A device, ELOFILT, is used as a frequency filter. The input to
the frequency response is the voltage at net 10. The output is a
voltage across nets 5 and 0. The table describes a low pass filter
with aresponse of 1 (0 dB) for frequencies below 5 kilohertz and

a response of 0.001 (-60 dB) for frequencies above 6 kilohertz.
The phase lags linearly with frequency. This is the same as a
constant time delay. The delay is necessary so that the impulse
response is causal. Thatis, so that the impulse response does not
have any significant components before time zero. The

FTABLE part in Figure 6-5 could be used.

This part is characterized by the following attributes:

ROW1 = OHz 0 0
ROW2=5kHz 0 -5760
ROW3 =6kHz  -60 -6912
DELAY =

R I=

MAGUNITS =

PHASEUNITS =

Since R_I, MAGUNITS, and PHASEUNITS are undefined,
each table entry is interpreted as containing frequency,
magnitude value in dB, and phase values in degrees. Delay
defaults to O.

This produces a PSpice netlist declaration like this:
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ELOFILT 5 0 FREQ{V(10)} = (0,0,0) (5kHz,0,-5760)
(6kHz,60,-6912)
Since constant group delay is calculated from the values for a
given table entry as:

group delay = phase | 360/ frequency

An equivalent FTABLE instance could be defined using the
DELAY attribute. For this example, the group delay is 3.2 msec
(6912 /360 / 6k = 5760/ 360 / 6k = 3.2m). Equivalent attribute
assignments are:

ROW1 = OHz 0 0
ROW2=5kHz 0 0
ROW3=6kHz -60 O

DELAY = 3.2ms

R I=

MAGUNITS =

PHASEUNITS =

This produces a PSpice netlist declaration like this:

ELOFILT 5 0 FREQ {V(10)} = (0,0,0) (5kHz,0,0) (6kHz,-60,0)
+DELAY=3.2ms
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Laplace Transform Part

The LAPLACE part specifies a Laplace transform which is used
to determine an output for each input value.

LAPLACE
NUM is the numerator of the Laplace
expression
DENOM is the denominator of the Laplace
expression

The LAPLACE part uses a Laplace transform description. The
input to the transform is a voltage. The numerator and
denominator of the Laplace transform function are specified as
attributes for the symbol.

Note \Voltages, currents, and TIME may not appear in a
Laplace transform specification.

The output of the part depends on the type of analysis being
done. For DC and bias point, the output is the zero frequency
gain times the value of the input. The zero frequency gain is the
value of the Laplace transform with s=0. For AC analysis, the
output is then the input times the gain times the value of the
Laplace transform. The value of the Laplace transform at a
frequency is calculated by substituting for s, wherew is
2rtfrequency. For transient analysis, the output is the
convolution of the input waveform with the impulse response of
the transform. These rules follow the standard method of using
Laplace transforms.

Example 1

The input to the Laplace transform is the voltage at net 10. The
output is a voltage and is applied between nets 5 and 0. For DC,
the output is simply equal to the input, since the gainats =0 is
1. The transform, 1/(1+.001-s), describes a simple, lossy
integrator with a time constant of 1 millisecond. This can be
implemented with an RC pair that has a time constant of 1
millisecond.

For AC analysis, the gain is found by substitutiogfpr s. This
gives a flat response out to a corner frequency of 108042
159 hertz and a roll-off of 6 dB per octave after 159 Hz. There
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is also a phase shift centered around 159 Hz. In other words, the
gain has both a real and an imaginary component. For transient
analysis, the output is the convolution of the input waveform
with the impulse response of 1/(1+.001-s). The impulse response
is a decaying exponential with a time constant of 1 millisecond.
This means that the output is the “lossy integral” of the input,

where the loss has a time constant of 1 millisecond. The 1
LAPLACE part shown in Figure 6-6 could be used for this T oord
purpose.

The transfer function is the Laplace transform (1/[1+.001*s]). Figure 6-6 LAPLACE Part
This LAPLACE part is characterized by the following
attributes:

NUM =1
DENOM =1 + .001*s

The gain and phase characteristics are shown in Figure 6-7.

Exit Remove_trace X_axis Y_axis Plot_control Display_control
Macros Hard_copy Cursor Zoom Label conFig _colors Goal_functions

Figure 6-7 Lossy Integrator Example: Viewing Gain and
Phase Characteristics with Probe

This produces a PSpice netlist declaration like this:
ERC 50 LAPLACE {V(10)} = {1/(1+.001*s)}
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XP(-SGRAT(C & (el s)))
Al pulieg

Figure 6-8 LAPLACE Part

Example 2

The inputis V(10). The output is a current applied between nets
5 and 0. The Laplace transform describes a lossy transmission
line. R, L, and C are the resistance, inductance, and capacitance
of the line per unit length.

If R is small, the characteristic impedance of such a line is

Z = ((R + jw-L)/(j-wC)\2 the delay per unit length is (L &)

2, and the loss in dB per unit length is 23-R/Z. This could be
represented by the device in Figure 6-8.

The parameters R, L, and C can be defined in a .PARAM
statement contained in a model file. (Refer toRBpice A/D
Reference Manudbr more information about using .PARAM
statements.) More useful, however, is for R, L, and C to be
arguments passed into a subcircuit. This part has the following
characteristics:

NUM = EXP(-SQRT(C*s*(R+L*s)))

DENOM =1

This produces a PSpice netlist declaration like this:
GLOSSY 5 0 LAPLACE {V(10)} = {exp(-sqrt(C*s*(R + L*s)))}

The Laplace transform parts are, however, an inefficient way, in
both computer time and memory, to implement a delay. For
ideal delays we recommend using the transmission line part
instead.
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Math Functions

The ABM math function parts are shownTable 6-2. For each
device, the corresponding template is shown, indicating the
order in which the inputs are processed, if applicable.

Table 6-2 ABM Math Function Parts

Device Description

ABS Output is the absolute value of the input

SQRT Output is the square root of the input

PWR Output is the result of raising the absolute value of
the input to the power specified by EXP

PWRS Output is the result of raising the (signed) input
value to the power specified by EXP

LOG Output is the LOG of the input

LOG10 Output is the LOG of the input

EXP Output is the result efraised to the power
specified by the input value{(where x is the
input)

SIN Output is thesin of the input (where the input is in
radians)

COos Output is theosof the input (where the input is in
radians)

TAN Output is théan of the input (where the input is in
radians)

ATAN, Output in radians is th@n of the input

ARCTAN

Math function parts are based on the PSpice “E” device type.
Each provides one or more inputs, and a mathematical function
which is applied to the input. The result is output on the output

net.
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ABM Expression Parts

The expression parts are showriaible 6-3 These parts can be
customized to perform a variety of functions depending on your
requirements. Each of these parts has a set of four expression
building blockattributes of the form:

EXPn
wheren=1, 2, 3, or 4.

During netlist generation, the complete expression is formed by
concatenating the building block expressions in humeric order,
thus defining the transfer function. Hence, the first expression
fragment should be assigned to the EXP1 attribute, the second
fragment to EXP2, and so on.

Expression attributes can be defined using a combination of
arithmetic operators and input designators. You may use any of
the standard PSpice arithmetic operators {séée 3-5 on

page 3-10 within an expression statement. You may also use
the EXPh attributes as variables to represent nets or constants.

Table 6-3 ABM Expression Parts

Device Inputs Output
ABM none \%
ABM1 1 V
ABM2 2 Vv
ABM3 3 Vv
ABM/I none I
ABM1/I 1 I
ABM2/I 2 I
ABM3/I 3 I

The following examples illustrate a variety of ABM expression
part applications.
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Example 1

Suppose you want to set an output voltage on net 4 to 5volts - s

times the square root of the voltage between nets 3 and 2. You SURTY (%IN2, % INT))
could use an ABM2 part (which takes two inputs and provides a I —

voltage output) to define a part like the one shown in Figure 6-9.
. . . Figure 6-9 ABM Expression
In this example of an ABM device, the output voltage is setto \p Example 1

volts times the square root of the voltage between net 3 and
net 2. The attribute settings for this part are as follows:

EXP1 =5V *
EXP2 = SQRT(V(%IN2,%IN1))

This will produce a PSpice netlist declaration like this:
ESQROOT 4 0 VALUE = {5V*SQRT(V(3,2))}

Example 2

GPSK is an oscillator for a PSK (Phase Shift Keyed) modulator. TEma- SN[ |
Current is pumped from net 11 through the sourcetonet 6. Its 3 | e.za*mmrn@
value is a sine wave with an amplitude of 15 mA and a frequency FVEIN)

of 10 KHz. The voltage at net 3 can shift the phase of GPSK by

1 radian/volt. Note the use of the TIME parameter in the EXPFigure 6-10 ABM Expression
expression. This is the PSpice internal sweep variable used itPart Example 2

transient analyses. For any analysis other than transient, TIME

= 0. This could be represented with an ABM1/I part (single

input, current output) like the one shown in Figure 6-10.

This part is characterized by the following attributes:

EXP1 = 15ma * SIN(
EXP2 = 6.28*10kHZ*TIME
EXP3 = + V(%IN))

This produces a PSpice netlist declaration like this:

GPSK 11 6 VALUE =
{15MA*SIN(6.28*10KHZ*TIME+V(3))}
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Example 3
4 VI%INZ, BINT - A device, EPWR, computes the instantaneous power by
IVSENSE) multiplying the voltage across nets 5 and 4 by the current
’ through VSENSE. Sources are controlled by expressions which

may contain voltages or currents or both. The ABM2 part (two

Figure 6-11 ABM Expression inputs, current output) in Figure 6-11 could represent this.
Part Example 3 ) ) ) ] )
This part is characterized by the following attributes:

EXP1 = V(%IN2,%IN1) *
EXP2 = I(VSENSE)

This produces a PSpice netlist declaration like this:
EPWR 30 VALUE = {V(5,4)*|(VSENSE)}

Example 4

The output of a component, GRATIO, is a current whose value
(in amps) is equal to the ratio of the voltages at nets 13 and 2. If
V(2) = 0, the output depends upon V(13) as follows:

if V(13) = 0, output =0
if V(13) > 0, output = MAXREAL
if V(13) < 0, output = -MAXREAL

2 V(BINDASINTY where MAXREAL is a PSpice internal constant representing a
{ very large number (on the order of 1e30). In general, the result
— of evaluating an expression is limited to MAXREAL. This is

modeled with an ABM2/I (two input, current output) part like
Figure 6-12 ABM Expression  this one in Figure 6-12.
Part Example 4

13

This part is characterized by the following attributes:
EXP1 = V(%IN2)/V(%IN1)

Note that output of GRATIO can be used as part of the
controlling function. This produces a P Spice netlist declaration
like this:

GRATIO 2 3 VALUE = {V(13)/V(2)}

Note Letting a current approach +1e30 will almost certainly
cause convergence problems. To avoid this, use the
limit function on the ratio to keep the current within
reasonable limits.
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An Instantaneous Device
Example: Modeling a Triode
This section provides an example of using various ABM parts to

model a triode vacuum tube. The schematic of the triode
subcircuit is shown in Figure 6-13.

anode T anode
Cm = R l
and Cod - 5 Rout
J SDFT %DJM&Q
<Fathodi T Cathods

Figure 6-13 Triode Circuit

Assumptions: In its main operating region, the triode’s current
is proportional to the 3/2 power of a linear combination of the
grid and anode voltages:

ianode = k*(v 4 + ky*va)'
For a typical triode, &= 200e-6 and k= 0.12.

Looking at the upper left-hand portion of the schematic, notice
the a general-purpose ABM part used to take the input voltages
from anode, grid, and cathode. Assume the following
associations:

- V(anode) is associated with V(%IN1)
« V(grid) is associated with V(%IN2)
« V(cathode) is associated with V(%IN3)

The expression attribute EXP1 then represents V(grid, cathode)
and the expression attribute EXP2 represents 0.12[V(anode,
cathode)]. When the template substitution is performed, the
resulting VALUE is equivalent to the following:

V = V(grid, cathode) + 0.12*V(anode, cathode)

The part would be defined with the following characteristics:
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EXP1 = V(%IN2,%IN3)+
EXP2 = 0.12*V(%IN1,%IN3)

This works for the main operating region but does not model the
case in which the current stays 0 when combined grid and anode
voltages go negative. We can accommodate that situation as
follows by adding the LIMIT part with the following
characteristics:

HI = 1E3
LO=0

This part instance, LIMIT1, converts all negative values of
Vgt.12*v,t0 0 and leaves all positive values (up to 1 kV) alone.
For a more realistic model, we could have used TABLE to
correctly model how the tube turns off at 0 or at small negative
grid voltages.

We also need to make sure that the current becomes zero when
the anode alone goes negative. To do this, we can use a DIFF
device, (immediately below the ABM3 device) to monitor the
difference between V(anode) and V(cathode), and output the
difference to the TABLE part. The table translates all values at
or below zero to zero, and all values greater than or equal to 30
to one. All values between 0 and 30 are linearly interpolated.
The attributes for the TABLE part are as follows:

ROW1 =00
ROW?2 = 301

The TABLE part is a simple one, and ensures that only a zero
value is output to the multiplier for negative anode voltages.

The output from the TABLE part and the LIMIT part are
combined at the MULT multiplier part. The output of the MULT
part is the product of the two input voltages. This value is then
raised to the 3/2 or 1.5 power using the PWR part. The
exponential attribute of the PWR part is defined as follows:

EXP =15

The last major component is an ABM expression component to
take an input voltage and convert it into a current. The relevant
ABM1/I part attribute looks like this:

EXP1 = 200E-6 * V(%IN)

A final step in the model is to add device parasitics. For
example, a resistor can be used to give a finite output
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impedance. Capacitances between the grid, cathode, and anode
are also needed. The lower part of the schematic in Figure 6-13
shows a possible method for incorporating these effects. To
complete the example, one could add a circuit which produces
the family of I-V curves (shown in Figure 6-14).

i

0+ T T

oy 260U 400U
o —-I(vanode)

vanode

Figure 6-14 Triode Subcircuit Producing a Family of I-V
Curves
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There are no equivalent “F” or
“H” part types in the symbol
library since PSpice “F” and “H”
devices do not support the ABM
extensions.

PSpice-Equivalent Parts

PSpice-equivalent parts respond to a differential input and have
double-ended output. These parts reflect the structure of PSpice
“E” and “G” devices, thus having two pins for each cadlitrg

input and the output in the symb®hble 6-4 summarizes the
PSpice-equivalent parts available in the symbol library.

Table 6-4 PSpice-Equivalent Parts

Category Symbol Description :;tnbut
Mathematical EVALUE general purpose EXPR
Expression

GVALUE

ESUM special purpose (none)

GSUM

EMULT

GMULT
Table Look-Up  ETABLE general purpose EXPR

GTABLE TABLE
Frequency EFREQ general purpose EXPR
Table Look-Up

GFREQ TABLE
Laplace ELAPLACE general purpose EXPR
Transform

GLAPLACE XFORM

PSpice-equivalent ABM parts can be classified as either “E”
part types or “G” part types. The E part type provides a voltage
output, and the G part type provides a current output. The part’s
transfer function can contain any mixture of voltages and
currents as inputs. Hence, there is no longer a division between
voltage-controlled and current-controlled parts. Rather the part
type is dictated only by the output requirements. If a voltage
output is required, use an E part type. If a current output is
necessary, use a G part type.

Each E or G parttype in tledm.slb  symbol file is defined by
a template that provides the specifics of the transfer function.
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Other attributes in the model definition can be edited to
customize the transfer function. By default, the template cannot
be modified directly using Attributes on the Edit menu in
Schematics. Rather, the values for other attributes (such as the
expressions used in the template) are usually edited, then these
values are substituted into the template. However, the symbol
editor can be used to modify the template or designate the
template as modifiable from within Schematics. This way,
custom symbols can be created for special-purpose application.

Implementation of PSpice-
Equivalent Parts

Although you generally use Schematics to place and specify
PSpice-equivalent ABM parts, it is useful to know the PSpice
command syntax for “E” and “G” devices. This is especially
true when creating custom ABM symbols since symbol
templates must adhere to PSpice syntax.
The general forms for PSpice “E” and “G” extensions are

E < name>< connecting nodes >< ABM keyword>< ABM function>

G <name>< connecting nodes >< ABM keyword>< ABM function>
where

<name> is the device name appended to the E or
G device type character

<connecting specifies the <{ node name- node

nodes> name> pair between which the device is
connected
<ABM specifies the form of the transfer function
keyword to be used, as one of:
VALUE arithmetic expression
TABLE look-up table
LAPLACE Laplace transform
FREQ frequency response table

CHEBYSHEV Chebyshev filter
characteristics
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<ABM specifies the transfer function as a
functiorr formula or look-up table as required by
the specifieckABM keyword>

Refer to thePSpice A/D Reference Manual detailed
information.

Modeling Mathematical or
Instantaneous Relationships

The instantaneous models (using VALUE and TABLE
extensions to PSpice “E” and “G” devices in the symbol
templates) enforce a direct response to the input at each moment
in time. For example, the output might be equal to the square
root of the input at every point in time. Such a device has no
memory, or, a flat frequency response. These techniques can be
used to model both linear and nonlinear responses.

Note For AC analysis, a nonlinear device is first linearized
around the bias point, and then the linear equivalent is
used.

EVALUE and GVALUE parts

The EVALUE and GVALUE parts allow an instantaneous
transfer function to be written as a mathematical expression in
standard notation. These parts take the input signal, perform the
function specified by the EXPR attribute on the signal, and
output the result on the output pins.

In controlled sources, EXPR may contain constants and
parameters as well as voltages, currents, or time. Voltages may
be either the voltage at a net, such as V(5), or the voltage across
two nets, such as V(4,5). Currents must be the current through a
voltage source (V device), for example, (VSENSE). Voltage
sources with a value of 0 are handy for sensing current for use
in these expressions.

Functions may be used in expressions, along with arithmetic
operators (+, -, *, and /) and parentheses. Available built-in
functions are summarized ifable 3-6 on page 3-11
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The EVALUE and GVALUE symbols are defined, in part, by
the following attributes (default values are shown):

EVALUE

EXPR V(%IN+, %IN-)
GVALUE

EXPR V(%IN+, %IN-)

Sources are controlled by expressions which may contain
voltages, currents, or both. The following examples illustrate
customized EVALUE and GVALUE parts.

Example 1

In the example of an EVALUE device shown in Figure 6-15, the Esqroot
output voltage is set to 5 volts times the square root of the I I
voltage between pins %IN+ and %IN-. Evalue

By = SOATY(%IN+, %IN-)
Figure 6-15 EVALUE Part

The attribute settings for this device are as follows:
EXPR = 5v * SQRT(V(%IN+,%IN-))

Examnle
Example 2
Consider the device in Figure 6-16. This device could be used - Gpsk
an oscillator for a PSK (Phase Shift Keyed) modulator.

Gvalue

A current through a source is a sine wave with an amplitude c15ma*8|N(6_28*1OKHZ*TIMEM%M )

15 mA and a frequency of 10 kHz. The voltage at the input pin
can shift the phase by 1 radian/volt. Note the use of the TIMEFigure 6-16 GVALUE Part
parameter in this expression. This is the PSpice internal sweegxamnle

variable used in transient analyses. For any analysis other than

transient, TIME = 0. The relevant attribute settings for this

device are shown below:

EXPR = 15ma*SIN(B.28*10kHZ* TIME+V/(%IN+,%IN-))

EMULT, GMULT, ESUM, and GSUM

The EMULT and GMULT parts provide output which is based
on the product of two input sources. The ESUM and GSUM
parts provide output which is based on the sum of two input
sources. The complete transfer function may also include other
mathematical expressions.
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Example 1
H1 Epwr Consider the device in Figure 6-17. This device computes the
e A instantaneous power by multiplying the voltage across pins
m %IN+ and %IN- by the current through VSENSE. This device’s
I I behavior is built-in to the TEMPLATE attribute as follows:
E Mult TEMPLATE=EN@REFDES %O0UT+ %0UT- VALUE {V(%IN1+%IN1)
#V(%IN2+ %IN2-)}

Figure 6-17 EMULT Part You can use the symbol editor to change the characteristics of

the template to accommodate additional mathematical
functions, or to change the nature of the transfer function itself.
For example, you may want to create a voltage divider, rather
than a multiplier. This is illustrated in the following example.

Example 2
Consider the device in Figure 6-18.

Gratio

— Mir

— M- QT+ —

— M2+ auT- —
— 2

Gdiv
G@AEFDES %OUT+ %OUT- WALUE IV{B0INT+ 95 IM1-)A (% INZ + 90 IN2-)
Figure 6-18 GMULT Part Example

With this device, the output is a current is equal to the ratio of
the voltages at input pins 1 and input pins 2. If V(%IN2+, %IN2-
) =0, the output depends upon V(%IN1+, %IN1-) as follows:

if V(%IN1+, %IN1-) = 0, output = 0
if V(%IN1+, %IN1-) > 0, output = MAXREAL
if V(%IN1+, %IN1-) < 0, output = -MAXREAL

where MAXREAL is a PSpice internal constant representing a
very large number (on the order of 1e30). In general, the result
of evaluating an expression is limited to MAXREAL. Note that
the output of the symbol can also be used as part of the
controlling function.

To create this device, you would first make a new symbol,
GDIV, based on the GMULT part. Edit the GDIV template to
divide the two input values rather than multiply them.
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Lookup Tables (ETABLE and
GTABLE)

The ETABLE and GTABLE parts use a transfer function
described by a table. These device models are well suited for use
with measured data.

The ETABLE and GTABLE symbols are defined in part by the
following attributes (default values are shown):

ETABLE
TABLE (-15, -15), (15,15)
EXPR V/(%IN+, %IN-)

GTABLE
TABLE (-15, -15), (15,15)
EXPR V(%IN+, %IN-)

First, EXPR is evaluated, and that value is used to look up an
entry in the table. EXPR is a function of the input (current or
voltage) and follows the same rules as for VALUE expressions.

The table consists of pairs of values, the first of which is an
input, and the second of which is the corresponding output.
Linear interpolation is performed between entries. For values of
EXPR outside the table’s range, the device’s output is a constant
with a value equal to the entry with the smallest (or largest)
input. This characteristic can be used to impose an upper and
lower limit on the output.

An example of a table declaration (using the TABLE attribute)
would be the following:

TABLE =

+(0, 0) (02, 2.690E-03) (.04, 4.102E-03) (.06, 4.621E-03)

+(.08, 4.460E-03) (.10, 3.860E-03) (.12, 3.079E-03) (.14,
+2.327E-03)

+(.16, 1.726E-03) (.18, 1.308E-03) (.20, 1.042E-03) (22,
+8.734E-04)

+(.24, 7.544E-04) (26, 6.566E-04) (.28, 5.718E-04) (.30,
+5.013E-04)

+(.32, 4.464E-04) (34, 4.053E-04) (.36, 3.781E-04) (38,
+3.744E-04)

+(.40, 4.127E-04) (42, 5.053E-04) (.44, 6.380E-04) (46,
+7.935E-04)
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Moving back and forth between
the time and frequency-domains
can cause surprising results.
Often the results are quite
different than what one would
intuitively expect. For this
reason, we strongly recommend
familiarity with a reference on
Fourier and Laplace transforms.
A good one is:

1 R. Bracewell, The Fourier
Transform and Its
Applications, McGraw-Hill,
Revised Second Edition
(1986)

We also recommend familiarity
with the use of transforms in
analyzing linear systems. Some
references on this subject:

2 W. H. Chen, The Analysis of
Linear Systems, McGraw-Hill
(1962)

3 J. A. Aseltine, Transform
Method in Linear System
Analysis, McGraw-Hill (1958)

+(.48, 1.139E-08) (.50, 2.605E-03) (.52, 8.259E-03) (54,
+2.609E-02)

+(.56, 7.418E-02) (58, 1.895E-01) (.60, 4.426E-01)

Frequency-Domain Device
Models

Frequency-domain models (ELAPLACE, GLAPLACE,

EFREQ, and GFREQ) are characterized by output that depends
on the current input as well as the input history. The relationship
is therefore non-instantaneous. For example, the output may be
equal to the integral of the input over time. In other words, the
response depends upon frequency.

During AC analysis, the frequency response determines the
complex gain at each frequency. During DC analysis and bias
point calculation, the gain is the zero-frequency response.
During transient analysis, the output of the device is the
convolution of the input and the impulse response of the device.

Laplace Transforms (LAPLACE)

The ELAPLACE and GLAPLACE parts allow a transfer
function to be described by a Laplace transform function. The
ELAPLACE and GLAPLACE symbols are defined, in part, by
the following attributes (default values are shown):

ELAPLACE

EXPR V(%IN+, %IN-)

XFORM 1/s
GLAPLACE

EXPR V(%IN+, %IN-)

XFORM 1/s
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The LAPLACE parts use a Laplace transform description. The/oltages, currents, and TIME
input to the transform is the value of EXPR, where EXPR cannot appear in a Laplace
follows the same rules as for VALUE expressions i8éaLUE  transform.

and GVALUE parts on page 6-BXFORM is an expression in

the Laplace variable, s. It follows the rules for standard

expressions as described for VALUE expressions with the

addition of the s variable.

The output of the device depends on the type of analysis being
done. For DC and bias point, the output is simply the zero
frequency gain times the value of EXPR. The zero frequency
gain is the value of XFORM with s = 0. For AC analysis, EXPR
is linearized around the bias point (similar to the VALUE parts).
The output is then the input times the gain of EXPR times the
value of XFORM. The value of XFORM at a frequency is
calculated by substituting j-w for s, where wis 2p-frequency. For
transient analysis, the value of EXPR is evaluated at each time
point. The output is then the convolution of the past values of
EXPR with the impulse response of XFORM. These rules
follow the standard method of using Lapé transforms. We
recommend looking at one or more of the references cited in
Frequency-Domain Device Models on page &@4more
information.

Example

The input to the Laplace transform is the voltage across the input
pins, or V(%IN+, %IN-). The EXPR attribute may be edited to
include constants or functions, as with other parts. The
transform, 1/(1+.001-s), describes a simple, lossy integrator
with a time constant of 1 millisecond. This can be implemented
with an RC pair that has a time constant of 1 millisecond.

Using the symbol editor, you would define the XFORM and
EXPR attributes as follows:

XFORM = 1/(1+.001*s)
EXPR = V(%IN+, %IN-)

The default template remains:

TEMPLATE= EA@REFDES %OUT+ %0UT- LAPLACE
{@EXPR)}= (@XFORM)
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After netlist substitution of the template, the resulting transfer
function would become:

V(%0UT+, %O0UT-) = LAPLACE {V/(%IN+, %IN-)}= (1/1+.001*s))

The output is a voltage and is applied between pins %OUT+ and
%OUT-. For DC, the output is simply equal to the input, since
thegainats=0is 1.

For AC analysis, the gain is found by substitutingfpr s. This

gives a flat response out to a corner frequency of 10@042

159 Hz and a roll-off of 6 dB per octave after 159 Hz. There is
also a phase shift centered around 159 Hz. In other words, the
gain has both a real and an imaginary component. The gain and
phase characteristic is the same as that shown for the equivalent
control system part example using the LAPLACE part (see
Figure 6-7 on page 6-19).

For transient analysis, the output is the convolution of the input
waveform with the impulse response of 1/(1+.001-s). The
impulse response is achying &ponential with a time constant

of 1 millisecond. This means that the output is the “lossy
integral” of the input, where the loss has a time constant of 1
millisecond.

This will produce a PSpice netlist declaration similar to:
ERC 5 0 LAPLACE {V(10)} = {1/(1+.001*s)}
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Freqguency Response Tables
(EFREQ and GFREQ)

The EFREQ and GFREQ parts are described by a table of
frequency responses in either the magnitude/phase domain or
complex number domain. The entire table is read in and
converted to magnitude in dB and phase in degrees.
Interpolation is performed between entries. Phase is interpolated
linearly; magnitude is interpolated logarithmically. For
frequencies outside the table’s range, 0 (zero) magnitude is

used.
EFREQ and GFREQ attributes are defined as follows:
EXPR is the value used for table lookup;
defaults to V(%IN+, %IN-) if left blank.
TABLE is a series of either (input frequency,
magnitude, phase) triplets, or (input
frequency, real part, imaginary part)
triplets describing a complex value;
defaults to (0,0,0) (1Meg,-10,90) if left
blank.
DELAY group delay increment; defaults to O if
left blank.
R I defines the table type; if left blank, the

frequency table is interpreted in the
(input frequency, magnitude, phase)
format; if defined with any value (such as
YES), the table is interpreted in the
(input frequency, real part, imaginary
part) format.

MAGUNITS units for magnitude where the value can
be DB (decibels) or MAG (raw
magnitude); defaults to DB if left blank.

PHASEUNITS units for phase where the value can be
DEG (degrees) or RAD (radians);
defaults to DEG if left blank.

The DELAY attribute increases the group delay of the
frequency table by the specified amount. The delay term is
particularly useful when an EFREQ or GFREQ device generates
a non-causality warning message during a transient analysis.
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Lowpass

— I+ OUT+
— I Ol

EFREQ

V(%IN+, %IN-)
DELAY=0

Figure 6-19 EFREQ Part

The warning message issues a delay value that can be assigned
to the symbol's DELAY attribute for subsequent runs, without
otherwise altering the table.

The output of the device depends on the analysis being done. For
DC and bias point, the output is simply the zero frequency
magnitude times the value of EXPR. For AC analysis, EXPR is
linearized around the bias point (similar to EVALUE and
GVALUE parts). The output for each frequency is thenripat
times the gain of EXPR times the value of the table at that
frequency. For transient analysis, the value of EXPR is
evaluated at each time point. The output is then the convolution
of the past values of EXPR with the impulse response of the
frequency response. These rules follow the standard method of
using Fourier transforms. We recommend looking at one or
more of the references citedirequency-Domain Device

Models on page 6-3fbr more information.

Note The table’s frequencies must be in order from lowest to
highest.

Figure 6-19 shows an EFREQ device used as a low pass filter.
The input to the frequency response is the voltage across the
input pins. The table describes a low pass filter with a response
of 1 (0 dB) for frequencies below 5 kilohertz and a response of
.001 (-60 dB) for frequencies above 6 kilohertz. The output is a
voltage across the output pins.

This part is defined by the following attributes:

TABLE = (0,0, 0) (5kHz, 0, -5760) (6kHz, -60, -6912)
DELAY =

Rl=

MAGUNITS =

PHASEUNITS =

Since R_I, MAGUNITS, and PHASEUNITS are undefined,
each table entry is interpreted as containing frequency,
magnitude value in dB, and phase values in degrees. Delay
defaults to 0.

The phase lags linearly with frequency meaning that this table
exhibits a constant time (group) delay. The delagi®ssary so

that the impulse response is causal. That is, so that the impulse
response does not have any significant components before time
zero.
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The constant group delay is calculated from the values for a
given table entry as follows:

group delay= phase/ 360/ frequency

For this example, the group delay is 3.2 msec (6912 / 360 / 6k =
5760/ 360 / 6k = 3.2m). An alternative specification for this
table could be:

TABLE = (0, 0, 0) (5kHz, 0, 0) (6kHz, -60, 0)

DELAY =3.2ms

RI=

MAGUNITS =

PHASEUNITS =

This produces a PSpice netlist declaration like this:

ELOWPASS 50 FREQ {V(10)} = (00,0) (5kHz,0,0) (6kHz-60,0)
+DELAY = 32ms
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Figure 6-20 Voltage Multiplier
Circuit (Mixer)

Cautions and
Recommendations for
Simulation and Analysis

Instantaneous Device Modeling

During AC analysis, nonlinear transfer functions are handled the
same way as other nonlinear parts: each function is linearized
around the bias point and the resulting small-signal equivalent is
used.

Consider the voltage multiplier (mixer) shown in Figure 6-20.
This circuit has the following characteristics:

Vinl: DC=0v AC=1lv
Vin2: DC=0v AC=1lv

where the output on net 3 is V(1)*V(2).

During AC analysis, V(3) = 0 due to the 0 volts bias point
voltage on nets 1, 2, and 3. The small-signal equivalent therefore
has 0 gain (the derivative of V(1)*V(2) with respect to both V(1)
and V(2) is 0 when V(1)=V(2)=0). So, the output of the mixer
during AC analysis will be 0 regardless of the AC values of V(1)
and V(2).

Another way of looking at this is that a mixer is a nonlinear
device and AC analysis is a linear analysis. The output of the
mixer has 0 amplitude at the fundamental. (Output is nonzero at
DC and twice the input frequency, but these are not included in
a linear analysis.)

If you need to analyze nonlinear functions, such as a mixer, use
transient analysis. Transient analysis solves the full, nonlinear
circuit equations. It also allows you to use input waveforms with
different frequencies (for example, VIN1 could be 90 MHz and
VINZ2 could be 89.8 MHz). AC analysis does not have this
flexibility, but in return it uses much less computer time.



Cautions and Recommendations for Simulation and Analysis

6-41

Freqguency-Domain Parts

Some caution is in order when moving between frequency and
time domains. This section discusses several points that are
involved in the implementation of frequency-domain parts.
These discussions all involve the transient analysis, since both
the DC and AC analyses are straightforward.

The first point is that there are limits on the maximum values
and on the resolution of both time and frequency. These are
related: the frequency resolution is the inverse of the maximum
time and vice versa. The maximum time is the length of the
transient analysis, TSTOP. Therefore, the frequency resolution
is 1/TSTOP.

Laplace Transforms

For Laplace transforms, PSpice starts off with initial bounds on
the frequency resolution and the maximum frequency
determined by the transient analysis parameters as follows. The
frequency resolution is initially set below the theoretical limit to
(.25/TSTOP) and is then made as large as possible without
inducing sampling errors. The maximum frequency has an
initial upper bound of (1/(RELTOL*TMAX)), where TMAXis
the transient analysis Step Ceiling value, and RELTOL is the
relative accuracy of all calculated voltages and currents. If a
Step Ceiling value is not specified, PSpice uses the Transient
Analysis Print Step, TSTEP, instead.

Note TSTOP, TMAX, and TSTEP values are configured
using Transient on the Setup menu. The RELTOL
attribute is set using Options on the Setup menu.

PSpice then attempts to reduce the maximum frequency by
searching for the frequency at which the response has fallen to
RELTOL times the maximum response. For instance, for the
transform:

1/(1+9)

the maximum response, 1.0, is at sutxF:0 (DC). The cutoff
frequency used when RELTOL=.001, is approximately 1000/
(2 = 159 Hz. At 159 Hz, the response is down to .001 (down
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by 60 db). Since some transforms do not have such a limit, there
is also a limit of L0/RELTOL times the frequency resolution, or
10/(RELTOL-TSTOP). For example, consider the transform:

0.001-s

This is an ideal delay of 1 millisecond and has no frequency
cutoff. If TSTOP = 10 milliseconds and RELTOL=.001, then
PSpice imposes a frequency cutoff of 10 MHz. Since the time
resolution is the inverse of the maximum frequency, this is
equivalent to saying that the delay cannot resolve changes in the
input at a rate faster than .1 microseconds. In general, the time
resolution will be limited to RELTOL-TSTOP/10.

A final computational consideration for Laplace parts is that the
impulse response is determined by means of an FFT on the
Laplace expression. The FFT is limited to 8192 points to keep it
tractable, and this places an additional limit on the maximum
frequency, which may not be greater than 8192 times the
frequency resolution.

If your circuit contains many Laplace parts which can be
combined into a more complex single device, it is generally
preferable to do this. This saves computation and memory since
there are fewer impulse responses. It also reduces the number of
opportunities for numerical artifacts that might reduce the
accuracy of your transient analyses.

Laplace transforms can contain poles in the left half-plane. Such
poles will cause an impulse response that increases with time
instead of decaying. Since the transient analysis is always for a
finite time span, PSpice does not have a problem calculating the
transient (or DC) response. However, you need to be aware that
such poles will make the actual device oscillate.
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Non-causality and Laplace transforms

PSpice applies an inverse FFT to the Laplace expression to
obtain an impulse response, and then convolves the impulse
response with the dependent source input to obtain the output.
Some common impulse responses are inherently non-causal.
This means that the convolution must be applied to both past and
future samples of the input in order to properly represent the
inverse of the Laplace expression.

A good example of this is the expression {S}, which
corresponds to differentiation in the time domain. The impulse
response for {S} is an impulse pair separated by an infinitesimal
distance in time. The impulses have opposite signs, and are
situated one in the infinitesimal past, the other in the
infinitesimal future. In other words, convolution with this
corresponds to applying a finite-divided difference in the time
domain.

The problem with this for PSpice is that the simulator only has
the present and past values of the simulated input, so it can only
apply half of the impulse pair during convolution. this will
obviously not result in time-domain differentiation. PSpice can
detect, but not fix this condition, and issues a non-causality
warning message when it occurs. The message tells what
percentage of the impulse response is non-causal, and how much
delay would need to be added to slide the non-causal part into a
causal region. {S} is theoretically 50% non-causal. Non-
causality on the order of 1% or less is usually not critical to the
simulation results.

One more point about {S}. You can delay it to keep it causal, but
keep in mind that the separation between the impulses is
infinitesimal. This means that a very small time step is needed.
For this reason, it is usually better to use a macromodel to
implement differentiation.
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Chebyshev filters

All of the considerations given above for Laplace parts also
apply to Chebyshev filter parts. However, PSpice also attempts
to deal directly with inaccuracies due to sampling by applying
Nyquist criteria based on the highest filter cutoff frequency.
This is done by checking the value of TMAX. If TMAX is not
specified it is assigned a value, or if it is specified, it may be
reduced.

For low pass and band pass filters, TMAX is set to (0.5/FS),
where FS is the stop band cutoff in the case of a low pass filter,
or the upper stop band cutoff in the case of a band pass filter.

For high pass and band reject filters, there is no clear way to
apply the Nyquist criterion directly, so an additional factor of
two is thrown in as a safety margin. Thus, TMAX is set to (0.25/
FP), where FP is the pass band cutoff for the high pass case or
the upper pass band cutoff for the band reject case. It may be
necessary to set TMAX to something smaller if the filter input
has significant frequency content above these limits.

Frequency tables

For frequency response tables, the maximum frequency is twice
the highest value. It will be reduced to 10/(RELTD&TOP) or
8192 times the frequency resolution if either value is smaller.

The frequency resolution for frequency response tables is taken
to be either the smallest frequency increment in the table or the
fastest rate of phase change, whichever is least. PSpice then
checks to see if it can be loosened without inducing sampling
errors.
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Trading Off Computer
Resources For Accuracy

It should be clear from the foregoing discussion that there is a
significant trade-off between accuracy and computation time for
parts modeled in the frequency domain. The amount of
computer time and memory scale approximately inversely to
RELTOL. Therefore, if you can use RELTOL=.01 instead of the
default .001, you will be ahead. However, you should first
assure yourself based on the relevant criteria described above
that this will not adversely affect the impulse response. You may
also wish to vary TMAX and TSTOP, since these also come into

play.

Since the trade-off issues are fairly complex, it is advisable to
first simulate a small test circuit containing only the frequency-
domain device, and then after proper validation, proceed to
incorporate it in your larger design. The PSpice defaults will be
appropriate most of the time if accuracy is your main concern,
but it is still worth checking

Note Do not set RELTOL to a value above 0.01. This can
seriously compromise the accuracy of your simulation.
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The EPOLY and GPOLY parts
are made obsolete by the Analog
Behavioral Modeling extensions
provided with PSpice “E” and “G”
devices.

Basic Controlled
sSources

As with basic SPICE, PSpice has basic controlled sources,
including a built-in polynomial capability (POLY keyword)
where functions are in the form of a polynomial of any degree
and any dimension. POLY is explained in detail under E, F, G,
and H device types in tH&Spice A/D Reference Manual

The basic controlled source parts available in the symbol library
are derived from the standard SPICE E, F, G, and H devices,
including their polynomial forms.

The POLY form is no longer necessary since ABM parts
provide an easier and more flexible method for specifying
expressions.

This section provides a brief overview of the POLY form, and a
comparison of POLY and ABM parts. The standard SPICE
implementation of POLY has these limitations:

« many transfer functions are not well represented by
polynomials

« the syntax for specifying the polynomial is quite difficult to
use

- there is no way to specify frequency-dependent behavior

« you cannot parameterize the coefficients ona POLY
statement

The ABM parts eliminate these restrictions.

Table 6-5summarizes the linear controlled source types
provided in the standard symbol librafgble 6-6 lists their
attributes.
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Table 6-5 Basic Controlled Sources in analog.slb

Symbol
Part Type Name
Controlled Voltage Source E
(PSpice “E” device) EPOLY
Current-Controlled Current Source F
(PSpice “F” device) FPOLY
Controlled Current Source G
(PSpice “G” device) GPOLY
Current-Controlled Voltage Source H
(PSpice “H” device) HPOLY
Basic SPICE Polynomial
Expressions (POLY)
PSpice (and SPICE) use the following syntax:
<controlled source> < connecting nodes>
+  POLY(<dmension> )< controling input> < coefficients>
where

<controlled s <[E][F][G][H] device namepmeaning
source the device type is one of E, F, G, or H
<connecting specifies <¢tnode_name-node_nampg»
nodes pair between which the device is connected

<dimensior is the dimensionwvalue> of the
polynomial describing the controlling

function
<controlling  specifies <¢tnode_name-node_namp*
input> pairs used as input to the voltage controlled

source (device types E and G), or

<V device name*for the current
controlled source (device types F and H),
and where the number of controlling inputs
for either case equalgimensior
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Caution must be exercised with
the POLY form. For instance,

EWRONG 1 0 POLY(1) (1,0)
51.0

tries to set node 1to .5 volts
greater than node 1. In this case,
any analyses which you specify
will fail to calculate a result. In
particular, PSpice cannot
calculate the bias point for a
circuit containing EWRONG.
This also applies to the VALUE
form of EWRONG (EWRONG 1
0 VALUE ={0.5 *V(1)}).

<coefficients specifies the coefficientvalues> for the
> polynomial transfer function

If the source is one-dimensional (there is only one controlling
source), “POLY(1)” is required unless the linear form is used. If
the source is multi-dimensional (there is more than one
controlling source), the dimension needs to be included in the
keyword, for instance “POLY(2).”

Table 6-6 Basic Controlled Source Attributes

Symbol Name :ttrlbut Description

E GAIN gain

F gain

G transconductance

H transresistance
EPOLY, FPOLY, COEFF polynomial coefficient

GPOLY, HPOLY

PSpice has a built-in capability allowing controlled sources to
be defined with a polynomial transfer function of any degree and
any dimension. Polynomials have associated coefficients for
each term. Consider a voltage-controlled source with voltages
V4, Vs, ... V,. The coefficients are associated with the
polynomial according to thisonvention:

Vout=FR, +
PiVi+ Py Vot BV +
PrerViVi+ PV Vo + o By Ve Vi +

Poni1 Vo Vo + PopigVo: Vg + - By Vo Vi +

I:)n!/(2(n-2)!)+2n'Vn'Vn +

Paa(n-2n+2n+1 V12 Va + Payan-2n+ansz Va2 Va + -
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The above is written for a voltage-controlled voltage source, but
the form is similar for the other sources.

The POLY part types shown irable 6-5are defined with a
dimension of one, meaning there is only one controlling source.
However, similar parts can be defined of any degree and
dimension by creating part symbols with appropriate coefficient
and TEMPLATE attributes, and the appropriate number of input
pins.

The current-controlled parts (F, FPOLY, H, and HPOLY),
contain a current-sensing voltage source. When netlisted, they
generate two device declarations to the circuit file set: one for
the controlled source and one for the independent current-
sensing voltage source.

When defining a current-controlled source symbol of higher
dimension, the TEMPLATE attribute must account for the same
number of current-sensing voltage sources (equal to the
dimension value). For example, a two dimensional current-
controlled voltage source is described by the following
polynomial equation:

Vout=Gy+ Cily + Gyl + Cql42 + Cyglqlp + Gyl /2
To create the two dimensional HPOLY?2 symbol, these
attributes must be defined:

COEFFO =1
COEFF1 =1
COEFF2 =1
COEFF11 =1
COEFF12 =1
COEFF22 =1
COEFFS = @COEFF0 @COEFF1 @COEFF2
@COEFF11 @COEFF12 @COEFF22
TEMPLATE = H*@REFDES %5 %6 POLY(2)
VH1"@REFDES VH2"@REFDES

\n+ @COEFFS \nVH1"@REFDES %1 %2 0V
\nVH2"@REFDES %3 %4 0V
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The TEMPLATE definition is actually contained on a single
line. The VH1 and VH2 fragments after the \n characters
represent the device declarations for the two current-sensing
voltage sources required by this part. Also, the symbol graphics
must have the appropriate number of pins. When placing an
instance of HPOLY2 in your schematic, the CORBEributes
must be appropriately set.

Implementation Examples

Following are some examples of traditional SPICE POLY
constructs and equivalent ABM parts which could be used
instead.

Example 1: Four-Input Voltage Adder

This is an example of a device which takes four input voltages
and sums them to provide a single output voltage.

The representative polynomial expression would be as follows:
Vout= 0.0 + (1.0O) + (1.0)V; + (1.0)V5 + (1.0)V,
The corresponding SPICE POLY form would be as follows:

ESUM 100 101 POLY(4) (1,0) (2,0) (3,0) (4,0)0.01.01.0
+ 1.01.0

This could be represented with a single ABM expression device
configured with the following expression attributes:

EXP1 = V(1,0) +

EXP2 = V(2,0) +

EXP3 = V(3,0) +

EXP4 = V(4,0)
Following template substitution for the ABM device, the output
becomes:

V(OUT)={V(1,0) + V(2,0) + V(3,0) + V(4,0) }
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Example 2: Two-Input Voltage Multiplier

This is an example of a device which takes two input voltages
and multiplies them together resulting in a single output voltage.

The representative polynomial expression would be as follows:
V= 0.0 + (0.0)Yf + (0.0)\V, + (0.0)V,%+ (1.0)V,V,
The corresponding SPICE POLY form would be as follows:
EMULT 100 101 POLY(2) (1,0) (2,0) 00 0.00.00.01.0

This could be represented with a single MULT device, which is
described irBasic Components on page 6For additional
examples of a voltage multiplier device, gesic Components
on page 6-&ndEMULT, GMULT, ESUM, and GSUM on

page 6-31

Example 3: Voltage Squarer

This is an example of a device that outputs the square of the
input value.

For the one-dimensional polynomial, the representative
polynomial expression reduces to:

Vout=P + P-V + PB-Vz+ ... P-\n
The corresponding SPICE POLY form would be as follows:
ESQUARE 100 101 POLY(1) (1,0)0.00.01.0

This could be represented by a single instance of the MULT
part, with both inputs from the same net. This results in the
following:

Vout= (Vin)2
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See Creating a New Symbol on
page 4-Zor a description of how
to create a custom symbol.

Refer to the PSpice Reference
Manual for more information
about “E” and “G” devices.

Creating custom ABM parts

When you require a controlled source that is not provided within
the special purpose set, or that exhibits more elaborate behavior
than is provided with the general purpose parts (with multiple
controlling inputs, for example), we recommend building the
functionality into a custom symbol similar to the special purpose
parts introduced above.

The transfer function can be built into the symbol either of the
following ways:

« directly in the TEMPLATE definition
« by defining the part’'s EXPR and related attributes (if any)

Familiarity with the PSpice syntax for declaring “E” and “G”
devices will help you form a suitable TEMPLATE definition.



Part Three
Setting Up and Running

Analyses

Part Three describes how to set up and run analyses and provides
setup information specific to each analysis type.

Chapter 7,Setting Up Analyses and Starting Simulation
provides an overview of setting up analyses and starting
simulation which applies to any analysis type.

Chapter 8,DC Analysesdescribes how to set up DC analyses,
including DC sweep, bias point detail, small-signal DC transfer,
and DC sensitivity.

Chapter 9,AC Sweep Analysidescribes how to set up AC
sweep and noise analyses.

Chapter 10,Transient Analysisdescribes how to set up a
transient analysis. This chapter includes a variety of topics
related to transient analysis, including using the Stimulus Editor.

Chapter 11 Parametric and Temperature Analysiescribes
how to set up parametric, temperature, and performance
analyses.

Chapter 12 Monte Carlo and Sensitivity/Worst-Case Analyses
describes how to set up Monte Carlo and sensitivity/worst-case
analyses.



Setting Up Analyses and
Starting Simulation

Chapter Overview

This chapter provides an overview of setting up analyses and
starting simulation which applies to any analysis type. The other
chapters irPart Three provide specific analysis setup
information for each analysis type.

This chapter includes the following sections:
Analysis Types on page 7-2

Setting Up Analyses on page 7-3

Starting Simulation on page 7-11
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Analysis Types

Table 7-1provides a summary of the available PSpice analyses
and the corresponding dialog box¢assed using Setup on the
Analysis menu) where the analysis parameters are specified.

PSpice Basics.

Table 7-1 Classes of PSpice Analyses

Monte Carlo

Sensitivity/worst-case

. Analysis Setup Swept
Analysis Dialog Box Variable
Standard analyses
DC sweep DC sweep source
parameter
temperature
bias point bias point detail
small-signal DC transfer transfer function
DC sensitivity sensitivity
frequency response AC sweep frequency
noise (requires a frequency AC sweep frequency
response analysis)
transient response transient time
Fourier (requires transient transient time
response analysis)
Simple multi-run analyses
Basics Note Parametric, parametric parametric
Monte Carlo, and temperatur temperatur
sensitivity/worst- emperature emperature
case analyses are Statistical analyses
not supported by

Monte Carlo/
worst-case

Monte Carlo/
worst-case

See Part Four, Viewing Results
for information about using
Probe.

The Probe waveform analyzer is used to display and graphically
analyze the results of PSpice simulations for swept analyses.
Supplementary analysis information is generated to the
simulation output file in the form of lists and tables.
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Setting Up Analyses

To set up one or more analyses

1 Select Analysis from the Setup menu in the schematic  Shortcut: Click on .
editor.

Specific information for setting
Enabled Enabled up each type of analysis is
C| AC Sweep... | Options.. s discussed in the following
o ‘_Load Bias Point... o | galametlic.._ chanters.
o Eave Bias Point._. o | Segsilivily.._
o l— gl: Sweep... o | Tgmpelalure...
o I_ﬂonte Carlo/w orst Case... r | Transfer ;unction...
i

x|

’_ Bias Point Detail Transient...

At the Analysis Setup dialog box, click on an analysis
button.

If a setup options dialog box is displayed for the selected See Output Variables on
analysis type, complete the dialog box as needed. page 7-4for a description of the

. output variables that can be
If needed, click on the check box next to the button for th_fentered in the setup options

analysis type so that the analysis is enabled (check box isgialog box displayed for an
checked on). analysis type.

Set up any other analyses you want to perform for the
circuit.
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Execution Order for Standard
Analyses

During simulation, any analyses that are enabled are performed
in the order shown ifable 7-2. Each type of analysis is done at
most once per run.

Several of the analyses (small-signal transfer, DC sensitivity,
and frequency response) depend upon the bias point calculation.
Since so many analyses use the bias point, PSpice calculates it
automatically.

Table 7-2  Execution Order for @ndard Analyses

1. DC sweep 5. DC sensitivity

2. bias point 6. small-signal DC transfer

3. frequency response 7. transient response

4. noise 8. Fourier components
Output Variables

Certain analyses (such as noise, Monte Carlo, sensitivity/worst-
case, DC sensitivity, Fourier, and small-signal DC transfer
function) require you to specify output variables for voltages
and currents at specific points on the schematic. Depending
upon the analysis type, you may need to specify the following:

- voltage on a net, a pin, or at a terminal of a semiconductor
device

- current through a part or into a terminal of a semiconductor
device

+ adevice name

If output variables or other information are required, a dialog
box is displayed when you click on the button for the analysis
type in the Analysis Setup dialog box.
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Voltage
Specify voltage in the following format:
v[modifierg(<out id>[,<out id>]) (1)
where out id> is:
<netid> or <pin id> 2
<netid> is a fully qualified net name 3)
<pin id> is <ully qualified device nanme<pin name (4)

A fully qualified net name (as referred to in line 3 above) is
formed by prefixing the visible net name (from a label applied
to one of the segments of a wire or bus, or an offpage port
connected to the net) with the full hierarchical path, separated by
periods. At the top level of hierarchy, this is just the visible
name.

A fully qualified device name (from line 4 above) is
distinguished by specifying the full hierarchical path followed
by the device’s reference designator, separated by period
characters. For example, a resistor with reference designator
R34 inside part Y1 placed on a top-level page is referred to as
Y1.R34 when used in an output variable.

A <pinid> (from line 4) is uniquely distinguished by specifying
the full part name (as described above) followed by a colon, and
the pin name. For example, the pins on a capacitor with
reference designator C31 placed on a top-level page and pin
names 1 and 2 would be identified as C31:1 and C31:2,
respectively.

Current
Specify current in the following format:
i[modifier§(<out device[:modifierg)

where out device is a fully qualified device name.



7-6 Setting Up Analyses and Starting Simulation

Modifiers

The basic syntax for output variables can be modified to indicate
terminals of semiconductors and/or AC specifications. The
modifiers come beforeaut id> or <out device. Or, when
specifying terminals (such as source or drain), the modifier is
the pin name contained irodgt id>, or is appended to

<out device separated by a colon.

Modifiers can be specified as follows:
- For voltage:

V[AC suffix(<out id>[, out id])
v[terminal*(< out device)

 For current:

i[AC suffix(<out device[:terminal)
i[terminal[ AC suffif(<out device])

where

terminal  specifies one or two terminals for devices with
more than two terminals, such as D (drain), G
(gate), S (source)

AC suffix  specifies the quantity to be reported for an AC
analysis, such as M (magnitude), P (phase), G
(group delay)

outid specifies either thenet id> or <pin id>
(<fully qualified device name<pin name)

out device specifies the fully qualified device name

These building blocks can be used for specifying output
variables as shown ifable 7-3(which summarizes the
accepted output variable formats) and Tallgshrough7-7
(which list valid elements for two-terminal, three or four-
terminal, transmission line devices, and AC specifications).
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Table 7-3 PSpice Output Variable Formats

Format

Meaning

V[ac|(< + out id>)

V[ad|(< +out id >,< - out id>)

V[ad](< 2-terminal device out id >)

V[ad(< 3 or 4-terminal deviceut id >) or

V<x>[ad](< 3 or 4-terminal out device)

V<x><y>[ac|(< 3 or 4-terminal out device)

V[ad](< transmission line out igt) or

V<z>[ac|(< transmission line out devicg

I[ad](< 3 or 4-terminal out device:<x>) or

I<x>[ac](< 3 or 4-terminal out device)

I[ac](< transmission line out device<z>) or

I<z>[ad)(< 3 or 4-terminal out device)

< DC sweep variable

voltage abut id

Voltage across + ancout
id’s

Voltage at &-terminal
device out id

Voltage at non-grounded
terminalx of a3 or 4-
terminal device

Voltage across terminaks
andy of a3 or 4-terminal
device

Voltage at one endof a
transmission line device

Current through non-
grounded terminaf of a
3 or 4-terminal out device

Current through one ermd
of atransmission line out
device

Voltage or current source
name

Table 7-4 Element Definitions for 2-Terminal Devices

<outid> or
, <out device> Output Variable
Device Type :
Device Examples
Indicator
capacitor C V(CAP:1)
I(CAP)
diode D V(D23:1)
1(D23)
voltage-controlled E V(E14:1)

voltage source

I(E14)
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Table 7-4 Element Definitions for 2-Terminal Devices

<outid> or
. <out device> Output Variable

Device Type .

Device Examples

Indicator
current-controlled F V(F1:1)
current source I(F1)
voltage-controlled G V(G2:1)
current source 1(G2)
current-controlled H V(HSOURCE:1)
voltage source I(HSOURCE)
independent current I V(IDRIV:+)
source |(|DR|V)
inductor L V(L1:1)

I(L1)
resistor R V(RC1:1)
I(RC1)

voltage-controlled S V(SWITCH:+)
switch I((SWITCH)
independent voltage \% V(VSRC:+)
source I(VSRC)
current-controlled W V(W22:-)

switch

1(W22)
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Table 7-5 Element Definitions for 3- or 4-Terminal Devices

<outid > or
<out Output
Device Type device > <pin id > Variable
Device Examples
Indicator
GaAs MESFET B D (Drain terminal) V(B11:D)
G (Gate terminal) ID(B11)
S (Source terminal)
Junction FET J D (Drain terminal) VG(JIFET)
G (Gate terminal) IJFET:G)
S (Source terminal)
MOSFET M B (Bulk, substrate VDG(M1)
terminal) ID(M1)
D (Drain terminal)
G (Gate terminal)
S (Source terminal)
bipolar transistor Q B (Base terminal) V(Q1:B)
C (Collector terminal)  1(Q1:C)
E (Emitter terminal)
S (Source terminal) Basics Note The IGBT
IGBT z C (Collector terminal)  V(Z1:C) device type is not
E (Emitter terminal) 1(Z1:C) SUPP,Offedb}’
G PSpice Basics.

(Gate terminal)
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Table 7-6  Element Definitions for Transmission Line

Devices
<out id> pr Output
. <out device> .

Device Type . <z> Variable
Device Examples
Indicator

transmission T A (PortA) V(T32:A+)

line B (PortB) I(T32:B-)

Table 7-7 Element Definitions for AC Analysis Specific

Elements

<ac suffix> Output

Device Meaning Variable

Symbol Examples

(none) Magnitude (default) V(V1)
(V1)

M Magnitude VM(CAP1:1)
IM(CAP1:1)

DB Magnitude in decibels VDB(R1)

Phase IP(R1)
R Real part VR(R1)
I Imaginary part VI(R1)

The INOISE, ONOISE, DB(INOISE), and DB(ONOISE)
output variables are predefined for use with noise (AC sweep)
analysis.
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Starting Simulation

Once you have used MicroSim Schematics to enter your circuit
design and set up the analyses to be performed, you can start
simulation from Schematics by selecting Simulate from the
Analysis menu. When you enter and set up your circuit this way,
the files needed for simulation are automatically created by
Schematics and the simulator (PSpice) is started from
Schematics.

There may be situations, however, when you want to run PSpice
outside of Schematics. You may want to simulate a circuit that

wasn’t created in Schematics, for example, or you may want to
run simulations of multiple circuits in batch mode.

This section includes the following:
Starting Simulation from Schematitselow
Starting Simulation Outside of Schematics on page 7-12
Setting Up Batch Simulations on page 7-12
The Simulation Status Window on page 7-14

Starting Simulation from
Schematics

Once you have set up the analyses for the circuit, you can start
simulation from Schematics any of the following ways:

« Select Simulate from the Analysis menu

«  PressFi]
“H
e Click on the Simulate icon Simulate icon: I
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Starting Simulation Outside of
Schematics

To start PSpice outside of Schematics

1 Double-click on the PSpice icon in the MicroSim Program
Group.

2 Select Open from the File menu.
3 Do one of the following:
« Double-click on the circuit file name in the list box.

« Enter the name of the circuit file to be simulated in the
File Name text box.

Setting Up Batch Simulations

Multiple simulations can be run in batch mode when starting
PSpice directly with circuit file input. You can use batch mode,
for example, to run a number of simulations overnight without
user intervention. There are two ways to do this as described
below.

Multiple simulation setups within one circuit file

Multiple circuit/simulation descriptions can be concatenated
into a single circuit file and simulated with one invocation of
PSpice. Each circuit/simulation description in the file must
begin with a title line and end with a .END statement.

The simulator reads all the circuits in the circuit file and then
processes each one in sequence. The Probe data file and
simulation output file contain the outputs from each circuit in
the same order as they appeared in the circuit file. The effect is
the same as if you had run each circuit separately and then
concatenated all of the outputs.
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Running simulations with multiple circuit files

You can direct PSpice to simulate multiple circuit files using
one of the following methods.

Method 1
1 Click on the PSpice icon in the MicroSim program group.
2 Select Properties from the File menu.
3 Include the following switch in the command line:
/WNO_NOTIFY
This turns off the message that pops up each time a
simulation is completed.
4 Select Open from the File menu from the PSpice status
window.
5 Do one of the following:
« Type each file name in the File Name text box separated
by a space.
« Use the combination keystrokes and mouse clicks in the
list box as follows{Ctri]+click to select file names one at
a time, andbhif)+click to select groups of files.
Method 2
1 Click on the PSpice icon in the MicroSim program group.
2 Select Properties from the File menu.
3 Include the following switch in the command line:
/IWNO_NOTIFY
This turns off the message that pops up each time a
simulation is completed.
4 Update the command line in one of the following ways:

« Include a list of circuit file names separated by spaces.

« Read a file of run time properties (using thefi@<
name syntax) which contains a list of circuit file
names.



7-14 Setting Up Analyses and Starting Simulation

Circuit file names may be fully qualified or contain the wild
card characters * and ?.

The Simulation Status Window

As PSpice performs the circuit simulation, a status window is
displayed so that you can monitor the progress of the simulation.
Figure 7-1 shows an example of the PSpice status window.

= PSpice - DSAD.CIR ME

File Display Help
Simulating circuit: RV RY [0 K% R KT ]
DSAD.CIR

In file

Writing results to [EELERIITN]

Transient Analysis

Time step = Time = End - KTHE
Figure 7-1 PSpice Status Window

The status window includes the following:

« Title bar
This area at the top of the window identifies the name of the
circuit file currently under simulation, and the name of the
simulation output file where audit trail information will be
written.

¢ Menus
The menus accessed from the menu bar include items to
control the simulator and customize the window display
characteristics. These are especially useful when invoking
PSpice directly.

« Simulation progress display
The lower portion of the window displays the progress of
each simulation as it proceeds.
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Chapter Overview

This chapter describes how to set up DC analyses and includes
the following sections:

DC Sweep on page 8-2

Bias Point Detail on page 8-7
Small-Signal DC Transfer on page 8-9
DC Sensitivity on page 8-11
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See Setting Up Analyses on

page 7-3for a description of the

Analysis Setup dialog box.

DC Sweep

Minimum Requirements to Run a
DC Sweep Analysis

Minimum circuit design requirements

Table 8-1 DC Sweep Circuit Design Requirements

Swept Variable

Type Requirement

voltage source voltage source with a DC specification

(VDC, for example)

temperature none

current source current source with a DC specification

(IDC, for example)

model parameter PSpice model (.MODEL)

global parameter global parameter defined with a parameter

block (.PARAM)

= DC Sweep
Swept Var. Type
® Voltage Source Hame: V1
I b
C Temperature — l—
) Current Source
) Model Parameter Model Name:
) Global Parameter Param. Name:
Sweep Type
@ Li Start Value: -0.125
Linear
) Octave End Value: 0125
) Decade Increment: 0.005
C Value List Values: l—
Mested Sweep. .. I (114 I Cancel I

Figure 8-1 DC Sweep Setup

Minimum software setup requirements

« In the Analysis Setup dialog box, click on the DC Sweep
button. Complete the DC Sweep dialog box as needed.

- If needed, click on the DC Sweep check box in the Analysis

Setup dialog box so that it is checked on (enabled).

- Start the simulation as describedsirarting Simulation on
page 7-11

Note Do not specify a DC sweep and a parametric analysis

for the same variable.
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Overview of DC Sweep

The DC sweep analysis causes a DC sweep to be performed on
the circuit. DC sweep allows you to sweep a source (voltage or
current), a global parameter, a model parameter, or the
temperature through a range of values. The bias point of the
circuit is calculated for each value of the sweep. This is useful
for finding the transfer function of an amplifier, the high and low
thresholds of a logic gate, and so on.

For the DC sweep analysis specified in Figure 8-1, the voltage
source V1 is swept from -0.125 volts to 0.125 volts by steps of
0.005. This means that the output has (0.125 + 0.125)/0.005 +1
=51 lines.

A source with a DC specification (such as VDC or IDC) must be
used if the swept variable is to be a voltage type or current
source. To set the DC attribute, select Attributes from the EdiShortcut: Click on I or

menu. double-click on the symbol.

The default DC value of V1 is overridden during the DC sweep
analysis and is made to be the swept value. All of the other
sources retain their values.

After running the analysis, the simulation output file
(example.out  for theexample.sch circuit in Figure 8-2)
contains a table of voltages relating V1, node OUT1, and node
OouT2.

readme

RELS RC1 RCZ examplerdm

20k § 10k g Lcen 10k
out ﬁ( b

ap
R31
b o1

w1 1k Zn2222
J, Q the MicroSim software
a installation.

03 D4

Q2222 1] I znzzzz

ouTz
o2 [

The example circuit

qIn3aza3 ke

Cx Ck
]

Figure 8-2 Example Schematic example.sch

example.sch is provided with
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DC Nested Sweep

C Current Source
C Model Paramete:
C Global Parameter

Sweep Type
C Linear
@ Octave
O Decade
O Value List

Name:

Hodel
Hodel Hame:

Param. Name:

Start Yalue:

End Value:

I

Pts/Octave:

Values:

|

™ Enable Nested Sweep

To calculate the DC response of an analog circuit, PSpice
removes time from the circuit. This is done by treating all
capacitors as open circuits, all inductors as shorts, and using
only the DC values of voltage and current sources.

Nested DC Sweeps

A second sweep variable can be selected once a primary sweep
value has been specified in the DC Sweep dialog box. When you
specify a secondary sweep variable, it forms the outer loop for
the analysis. That is, for every increment of the second sweep
variable, the first sweep variable is stepped through its entire
range of values.

To set up a nested sweep

1 Click on the Nested Sweep button in the DC Sweep dialog
box.

2 Specify a secondary DC sweep in the DC Nested Sweep
dialog box.

Click on the Enable Nested Sweep check box.

4  Click on Main Sweep to return to the DC Sweep dialog box,
or click on OK to return to the Analysis Setup dialog box.
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Curve Families for DC Sweeps

Whenever a nested DC sweep is performed, the entire curve
family is displayed. That is, the nested DC sweep is treated as a
single Probe data section (or you can think of it as a single
PSpice run).

For the circuit shown in Figure 8-3, you could set up a DC
sweep analysis with an outer sweep of the voltage source VD

and an inner sweep of the voltage source VG as listed in M VD
Table 8-2 Mbresakhl 1 sv
Table 8-2 Curve Family Example Setup
WG
Outer Sweep Nested Sweep o I
%

Swept Var Voltage Source Voltage Source

Type Figure 8-3 Curve Family
Sweep Type | Linear Linear Example Schematic
Name VD VG

Start Value 0 0

End Value 5 2

Increment 0.1 0.5

When the DC sweep analysis is run, add a current marker at tUse Mark Current Into Pin in
drain pin of M1 and display the simulation result in Probe. TheMicroSim Schematics on the

result will look like Figure 8-4. Markers menu to add a current
marker.
We can add the load line for a resistor by adding a trace which

computes the load line from the sweep voltage. Assume that the

X axis variable is the sweep voltage V_VD, which runs from QV_VD is the hierarchical name
to 5 volts. The expression which will add a trace that is the loafor VD created by netlisting the
line for a 50 kohm resistor is: schematic. This is the name

(5V-V_VD)/50K used by Probe.

This can be useful for determining the bias point for each
member of a curve family as shown in Figure 8-5.
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o ID(H1)

up

U

Figure 8-4 Device Curve Family

S0K Resistor
Load Line

ay

5.auy

)

1

o ID{H1)} + (5U-U

UD) /58K

Figure 8-5 Operating Point Determination for Each Member

of the Curve Family
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Bias Point Detall

Minimum Requirements to Run a
Bias Point Detail Analysis

Minimum circuit design requirements

None.

Minimum software setup requirements

+ Click on the Bias Point Detail check box in the Analysis See Setting Up Analyses on

Setup dialog box so that it is checked on (enabled). page 7-3for a description of the
. . . r ) ) Analysis Setup dialog box.
« Start the simulation as describedSitarting Simulation on

page 7-11
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Also see Save and Load Bias
Point on page A-2

Overview of Bias Point Detall

The bias point is calculated for any analysis whether or not the
Bias Point Detail analysis is enabled in the Analysis Setup
dialog box. However, additional information is reported when
the Bias Point Detail analysis is enabled.

When Bias Point Detail analysis is not enabled, only node
voltages are reported to the output file. When the Bias Point
Detail analysis is enabled, the following information is reported
to the output file:

- Alist of all node voltages
- The currents of all voltage sources and their total power
« Alist of the small-signal parameters for all devices

If Bias Point Detail is enabled, you can suppress the reporting of
the bias point analog values:

1 Select Setup from the Analysis menu.
2 In the Analysis Setup dialog box, click on Options.

3 Inthe Yes/No options for the Options dialog box, set
NOBIAS to Y (for yes).
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Small-Signal DC
Transfer

Minimum Requirements to Run a
Small-Signal DC Transfer
Analysis

Minimum circuit design requirements

« The circuit should contain an input source, such as VSRC.

Minimum software setup requirements

« In the Analysis Setup dialog box, click on the Transfer ~ See Setting Up Analyses on

Function button. In the Transfer Function dialog box, page 7-3‘0r ade_scription of the
specify the name of the input source desired.(Beput Analysis Setup dialog box.
Variables on page 7-#r a description of output variable

formats.

« If needed, click on the Transfer Function check box in the Qutput Variable:
Analysis Setup dialog box so that it is checked on (enableq input Source:  [V1

« Start the simulation as describedsirarting Simulation on [ ok | [cancel]
page 7-11
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Overview of Small-Signal DC
Transfer

The small-signal DC transfer analysis causes the small-signal
transfer function to be calculated by linearizing the circuit
around the bias point. The small-signal gain, input resistance,
and output resistance are calculated and reported.

To calculate the small-signal gain, input resistance, and output
resistance, you need to specify an output voltage or current
through a voltage source in the Transfer Function dialog box.

For example, entering V(a,b) as the output variable specifies
that the output variable is the output voltage between two nets,
a and b. Entering I(VDRIV) as the output variable specifies that
the output variable is the current through a voltage source
VDRIV.

You also need to specify the input source name in the Transfer
Function dialog box. The gain from the input source to the
output variable is output along with the input and output
resistances.

For example, if you entaf(OUT2) as the output variable and
V1 as the input source, the input resistance for V1 is calculated,
the output resistance for V(OUTZ2) is calculated, and the gain
from V1to V(OUT2) is calculated. All calculations are reported
to the simulation output file.
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DC Sensitivity

Minimum Requirements to Run a
DC Sensitivity Analysis

Minimum circuit design requirements

None.

Minimum software setup requirements

In the Analysis Setup dialog box, click on the Sensitivity
button. In the Sensitivity Analysis dialog box, enter the
output variable desired.

See Setting Up Analyses on
page 7-3for a description of the
Analysis Setup dialog box.

See Output Variables on
page 7-4for a description of
output variables.

If needed, click on the Sensitivity check box in the Analysis

Setup dialog box so that it is checked on (enabled).

Start the simulation as describedSirarting Simulation on
page 7-11

Overview of DC Sensitivity

DC sensitivity analysis calculates and reports the sensitivity of

one node voltage to each device parameter for the following

device types:

resistors

independent voltage and current sources
voltage and current-controlled switches
diodes

bipolar transistors

= Sensitivity Analysis

Dutput variable(s]:

I oK I |Eancel|

The sensitivity is calculated by linearizing all devices around the
bias point.
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Chapter Overview

This chapter describes how to set up an AC sweep analysis and
includes the following sections:

Overview of AC Sweep Analysis on page 9-2
Nonlinear Components in an AC Sweep Analysis on page 9-4

Noise Analysis on page 9-6
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See Setting Up Analyses on
page 7-3for a description of the
Analysis Setup dialog box.

= AC Sweep and Noise Analysis
AL Sweep Type— Sweep Parameters
) Linear Pts/Decade 10
' Dctave Start Freq.: 100K
© Decade End Freq.: 106
rMoise Analysi
Dutput v(ouTz2)
[X Moise Enabled
1 i
Interval: 3q

Figure 9-1 AC Sweep Setup

Overview of AC Sweep
Analysis

Minimum Requirements to Run
an AC Sweep Analysis

Minimum circuit design requirements

« An AC source with an AC specification, such as VAC or
IAC.

Minimum software setup requirements

« In the Analysis Setup dialog box, click on the AC Sweep
button. Complete the AC Sweep and Noise Analysis dialog
box as needed.

« Ifneeded, click on the AC Sweep check box in the Analysis
Setup dialog box so that it is checked on (enabled).

- Start the simulation as describedSitarting Simulation on
page 7-11

Overview of AC Sweep

The frequency response analysis calculates the small-signal
response of the circuit, linearized around the bias point, to a
combination of inputs.

Nonlinear devices, such as voltage-controlled or current-
controlled switches, behave in a similar manner. That is, they
are linearized about their bias point value and then a linear
(small-signal) analysis is performed. In the case of the nonlinear
controlled switches, the switch acts as a resistor based upon the
controlling input value at the bias point.

For the AC sweep analysis specified in Figure 9-1, the
frequency is swept from 100 kHz to 10 GHz legddes, with 10
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points per decade. Unlike DC sweep, the AC sweep analysis
does not specify an input source. Instead, each independent
source contains its own AC specification for magnitude and
phase.

In the example circuit in Figure 9-2, V1 has the AC attribute
equal to 1 volt and a relative phase of 0 degrees by default.
During the AC sweep analysis, the contributions from all
sources are propagated throughout the circuit and summed at all
the nodes. V1 is the only input to an amplifier, so it is the only
source to have a non-zero AC value.

regdrme
FELLS § RCA § RCZ evarnple rdm
10k 10k

20k Loan
ouT1 b

Sp

ouT2
02 RS2

o1 The example circuit
example.sch is provided with

1 1k qQIn2Ia3
J, Q the MicroSim software
o installation.

03 04

a2n2222 K1 aZnIzIT

q2n2223

74

Cx

™0

Figure 9-2 Example Schematic example.sch
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Nonlinear Components
In an AC Sweep Analysis

An AC Sweep analysis is a linear or small-signal analysis. In
order to perform a traditional small-signal analysis of a
transistor amplifier, for example, you would go through the
following steps:

1 Compute the DC bias point for the circuit.
2 Compute the transconductances at this bias point.
3 Do linear circuit analysis.

You would generally use a number of simplifying
approximations. For example, a bipolar transistor in common-
emitter mode would be replaced by a constant transconductance
(collector current proportional to base-emitter voltage), plus a
number of constant impedances.

PSpice performs exactly the same sequence of operations. It
determines partial derivatives for nonlinear devices at the bias
point, and these are then used for small-signal analysis.

Other nonlinear devices are treated in exactly the same way. For
example, suppose we have a behavioral modeling block that
multiplies V(1) by V(2). Multiplication is a nonlinear operation,

so AC sweep analysis requires that this block be replaced by its
linear equivalent. Unless the bias point is known, however, the
linear equivalent cannot be determined.

Suppose a 2 volt DC source is connected between node 1 and
ground (with suitable dummy resistors). Then, at the bias point
for the circuit, V(1) = 0 volts and V(2) = 2 volts. You can now
replace the multiplier block with an equivalent block that has a
fixed gain of 2 so that the output is 2*V(1) + 0*V(2). AC sweep
analysis correctly shows the transfer function of the circuit as
having a gain of 2.
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Consider another example. Suppose the 2 volt DC source in the
above example is replaced with an AC source withlizunle 1.
When the bias point is computed, there are no DC sources in the
circuit, so all nodes are at 0 volts at the bias point. Now the linear
equivalent of the multiplier block is a block with gain 0, which
means that there is no output voltage at the fundamental
frequency. This is exactly how a double-balanced mixer
behaves (in practice, just a multiplier). Of course, a double-
balanced mixer produces outputs at DC and at twice the input
frequency, but these terms cannot be seen with a linear, small-
signal analysis.
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Output variables are described in
Output Variables on page 7-4

Noise Analysis

Noise analysisis an AC sweep option thatis run when the Noise
Analysis check box is checked on in the AC Sweep and Noise
Analysis dialog box. Noise analysis calculates noise
contributions from each resistor and sesniductor device and
performs an RMS sum at a specified output node. This
calculation is done for all the frequencies specified for the AC
sweep analysis.

Output voltage requires that you enter an output variable. I/

V Source specifies the name of an independent voltage or
current source at which to calculate the equivalent input noise.
For example, if you enté&f1 as the I/V Source, V1 is the place
at which an equivalent input noise is calculated.

Interval specifies the print interval. For eveity frequency
wheren is the print interval, a detailed table is printed showing
the individual contributions of all the circuit’s noise generators
to the total noise. If no value is specified, then no detailed table
is printed.

For example, assume that you want to run a noise analysis on the
circuit shown in Figure 9-2 on page 9-3. You would enable
noise analysis by checking the Noise Analysis check box, then
you might enter the following values in the AC Sweep and Noise
Analysis dialog box:

Output Voltage  V(OUT?2)
I/V Source V1
Interval 30

This sets node OUT2 as the output node and V1 as the input (or
source). This doasot mean that V1 is the noise source. Rather,
V1 is the place at which an equivalemput noise is calculated.
The noises are summed at node OUT2. This result is then
divided by the gain from V1 to node OUT2 to get the amount of
noise which, if injected at V1 into a noiseless circuit, would
cause the previously calculated amount of noise at node OUT2.
The interval value of 30 results in a detailed table of values for
every 30th frequency.
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There are two types of reports from the noise analysis: detailed
tables and summary tables. The detailed tables are specified by
the interval value in the Noise Analysis section of the dialog
box. In the preceding example, the value of 30 specifies that for
every 30th frequency of the AC analysis, a detailed table is to be
reported. These tables are labeled NOISE ANALYSIS in the
simulation output file.

The second type of output reported are summary outputs
showing the RMS summed noise at node OUT2(ONOISE) and
the equivalent input noise at V1(INOISE).
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Chapter Overview

This chapter describes how to set up a transient analysis and
includes the following sections:

Overview of Transient Analysis on page 10-2

Stimulus Generation on page 10-3

Transient (Time) Response on page 10-15

Internal Time Steps in Transient Analyses on page 10-17
Switching Circuits in Transient Analyses on page 10-18
Plotting Hysteresis Curves on page 10-19

Fourier Components on page 10-21

10
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See Setting Up Analyses on
page 7-3for a description of the
Analysis Setup dialog box.

= Transient
ot Al

T Iy
Print Step:
Final Time:
Ho-FPrint Delay:
Step Ceiling:

[" Detailed Bias Pt.

[" Skip initial transient solution

[z0n5
I 1000ns

—
—

-Fourier Analysi

[ Enable Fourier

LCenter Frequency: I
Mumber of harmonics: I
Dutput \I"als.:l

Overview of Transient
Analysis

Minimum Requirements to Run a
Transient Analysis

Minimum circuit design requirements
Circuit should contain one of the following:

« Anindependent source with a transient specification (see
Table 10-1)

« Aninitial condition on a reactive element

« A controlled source that is a function of time

Minimum software setup requirements

« In the Analysis Setup dialog box, click on the Transient
button. Complete the Transient dialog box as needed.

- If needed, click on the Transient check box in the Analysis
Setup dialog box so that it is checked on (enabled).

- Start the simulation as describedsirarting Simulation on
page 7-11
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Stimulus Generation

Overview of Stimulus
Generation

Parts which generate stimuli for your circuit can be divided into
two categories:

« stimulus parts whose transient (if applicable) behavior is
characterized by manually defining their attributes within
MicroSim Schematics

« stimulus parts whose transient behavior is characterized

graphically using the Stimulus Editor See The Stimulus Editor Utility
. . on page 10-%or a description of
Their symbols are summarizedTliable 10-1 how to use the Stimulus Editor.
Table 10-1 Stimulus Parts Classified by Transient

Specification

Note PSpice Basics
does not include the
Stimulus Editor.

Basics

Category Symbol Name Description

graphically VSTIM voltage source

characterized
ISTIM current source

characterized VSRC voltage sources
by attribute VEXP

VPULSE

VPWL

VPWL_ENH

VPWL_FILE

VSFFM

VSIN

ISRC current sources
IEXP

IPULSE

IPWL

IPWL_ENH

IPWL_FILE

ISFFM

ISIN

All of these parts are used by placing instances in your
schematic and defining their attributes using Attributes on the
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Edit menu. Each attribute-characterized stimulus has a distinct
set of attributes depending upon the kind of transient behavior it
represents. For VPWL_FILE, IPWL_FILE, and FSTIM, a
separate file contains the stimulus specification.

As an alternative, the Stimulus Editor utility automates the
process of defining the transient behavior of stimulus devices.
The Stimulus Editor allows you to create analog stimuli which
generate sine wave, repeating pulse, exponential pulse, single-
frequency FM, and piecewise linear waveforms.

MicroSim MicroSim MicroSim
Schemati Stimulus Editor

input
waveforms|

stimulus
files

Figure 10-1 Relationship of Stimulus Editor with Schematics
and PSpice

The stimulus specification created using the Stimulus Editor is
saved to a file, automatically configured into the schematic, and
associated with the corresponding VSTIM or ISTIM part
instance or symbol definition.
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The Stimulus Editor
Utility not

included
The Stimulus Editor is a utility which allows you to quickly set in:
up and verify the input waveforms for a transient analysis. You
can create and edit voltage sources and current sources for your
circuit. Menu prompts guide you to provide threxassary
parameters, such as the rise time, fall time, and period of a
repeating pulse. Graphical feedback allows you quickly verify
the waveform.

Basics

MicroSim software versions
without the Stimulus Editor must
use the characterized by
attribute sources listed in

Table 10-1 on page 10-3

Stimulus Files

The Stimulus Editor produces a file containing the stimuli with
their transient specification. These stimuli are defined as
simulator device declarations using the V (voltage source) and |
(current source) forms. Since the Stimulus Editor produces these
statements automatically, you will never have to be concerned
with their syntax. However, if you are interested in a detailed
description of their syntax, see the descriptions of V and |
devices in thénalog Deviceghapter of thé&Spice A/D

Reference Manual
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= Library and Include Files

File Name: Ivin.sll
Library Files
nom.lib®

Include Files

Stimulus Library Files

Add Library™
Add Include”

Add Library

Add Include

Add Stimulus
Delete

Change

mystim_stm*
win_stl

* = use in all schematics
Create globally unique instance model names.

L PR

Configuring Stimulus Files

In the schematic editor, Library and Include Files on the
Analysis menu allows you to view the list of stimulus files
pertaining to your current schematic, or to manually add, delete,
or change the stimulus file configuration. The Stimulus Library
Files list box displays all of the currently configured stimulus
files. One file is specified per line. Files can be configured as
either global to the Schematics environment or local to the
current schematic. Global files are marked with an asterisk (*)
after the file name.

When starting the Stimulus Editor from Schematics, stimulus
files are automatically configured (added to the list) as local to
the current schematic. Otherwise, new stimulus files can be
added to the list by entering the file name in the File Name text
box and then clicking on the Add Stimulus (local configuration)
or Add Stimulus* (global configuration) button. All other
commands work as described for model and include files in
Global and local model files on page 5:35

Starting the Stimulus Editor

The Stimulus Editor is fully integrated with Schematics and can
be run from either the schematic editor or symbol editor.

you can start the Stimulus Editor by the following methods:
« Double-click on a stimulus instance.

« Select one or more stimulus instances in the schematic and
select Stimulus from the Edit menu.

« Select Stimulus from the Edit menu without having
previously selected any stimulus instances. In this case, you
are presented with a dialog box that allows you to edit
stimuli on the current schematic page, all stimuli on any
page of the current schematic, or all stimuliin a hierarchical
design.Using this method, the stimulus instances must
have been previously defined with a transient
specification.
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When you first start the Stimulus Editor, you may need to adjust
the scale settings to fit the trace you are going to add. You can
use Axis Settings on the Plot menu or the corresponding toolbar
button to change the displayed data, the extent of the scrolling
region, and the minimum resolution for each of the axes.
Displayed Data Range parameters determine what portion of the
stimulus data set will be presented on the screen. Extent of
Scrolling Region parameters set the absolute limits on the
viewable range. Minimum Resolution parameters determine the
smallest usable increment (example: if it is set to 1 msec, then
you cannot add a data point at 1.5 msec).

Defining Stimuli

1 Place stimulus part instances from the symbol set: VSTIM
and ISTIM.

2 Start the Stimulus Editor as describecdsiarting the
Stimulus Editor on page 10-6

3 From within the Stimulus Editor, edit the transient
specification as indicated by the dialogs and prompts, or by
direct manipulation of the input waveform display for
piecewise linear stimuli; save the edits by selecting Save
from the File menu.

Example: piecewise linear stimulus
1 Open an existing schematic or start a new one.

2 Select Get New Part from the Draw menu and either browse
thesource.slb  Symbol Library file for VSTIM (and
select it), or typ&/STIM in the Part text box.

3 Place the symbol. It looks like a regular voltage source with
a STIMULUS attribute displayed.

4  Double-click on the STIMULUS label and typfirst
This names the stimulus that we are going to create.

5 Ifyou are working in a new schematic, use Save As from the
File menu to save it. This is necessary since the schematic
name is used to create the default stimulus file name.
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Double-click on the VSTIM symbol. This starts the
Stimulus Editor and displays the New Stimulus dialog box.
You can see that the stimulus already has the name of Vfirst.

Select PWL in the dialog box and click on OK. The cursor
looks like a pencil. The message in the status bar at the
bottom of the screen lets you know that you are in the
process of adding new data points to the stimulus. The left
end of the bottom status bar displays the current coordinates
of the cursor.

Move the cursor to (200ns, 1) and click the left mouse
button. This adds the point. Notice that there is
automatically a point at (0,0). Ignore it for now and continue
to add a couple more points to the right of the current one.

Click-right to stop adding points.

10 Select Save from the File menu.

If you make a mistake or want to make any changes, reshape the
trace by dragging any of the handles to a new location. The
dragged handle cannot pass any other defined data point.

To delete a point, click on its handle and pfess

To add additional points, either select Add Point from the Edit
menu, pres&lt)+A, or click on the Add Point toolbar button.

At this point you can return to Schematics, edit the current
stimulus, or go on to create another.
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Example: sine wave sweep This example creates a 10 K sin
wave with the amplitude
parameterized so that it can be

2 Place a VSTIM symbol on your schematic. swept during a simulation.

3 To name the stimulus, double-click on the STIMULUS
attribute and typ¥'sin .

4 Double-click on the VSTIM symbol to start the Stimulus
Editor.

5 Define the stimulus parameter for amplitude:

1 Open an existing schematic or start a new one.

a Select Cancel while in the New Stimulus dialog.

b Select Parameters from the Tools menu.

¢ EnterAMP=1in the Definition text box, and click OK.
d

Select New from the Stimulus menu or click on the New
Stimulus button in the toolbar.

Give the stimulus the name of Vsin.

D

f Select SIN as the type of stimulus to be created, and
click OK.

6 Define the other stimulus properties:
a Enter0 for Offset Value.

b Enter{AMP} for Amplitude. The curly braces are
required. They indicate that the expression needs to be
evaluated at simulation time.

¢ Enter10k for Frequency and click on OK.
d Select Save from the File menu.

7 In Schematics, place and define the PARAM symbol:
a Select Get New Part from the Draw menu.

b Either browsespecial.slb for the PARAM symbol
or type in the name.

¢ Placethe symbol on your schematic and double-click on
it to edit the attributes.

d Setthe value of the NAMEL1 attribute to AMP (no curly
braces)

e Setthe value of the VALUE1 attribute to 1.
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8 Set up the parametric sweep and other analyses:

a Select Setup from the Analysis menu, and click on the
Parametric button.

Select Global Parameter in the Swept Var. Type frame.
Select Linear in the Sweep type frame.
EnterAMPIn the Name text box.

T O O T

Specify values for the Start Value, End Value, and
Increment text boxes.

f  You can now set up your usual Transient, AC, or DC
analysis and run the simulation.

Creating New Stimulus Symbols

1 Use the symbol editor to edit or create a symbol with the
following attributes:

STIMTYPE  Type of stimulus (ANALOG). If this
attribute is nonexistent, the stimulus is
assumed to be ANALOG.

STIMULUS Name of the stimulus model.

2 Select Stimulus from the Edit menu. Schematics searches
the configured list of global stimulus files. If you are
creating a new stimulus symbol and the stimulus is not
found, you are asked for the name of the stimulus file where
the new definition should be saved.

3 From within the Stimulus Editor, edit the transient
specification as indicated by the dialogs and prompts, or by
direct manipulation of the input waveform display for
piecewise linear stimuli.

4 Select Save from the File menu.
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Editing a Stimulus

To edit an existing stimulus

1

Start the Stimulus Editor and select Get from the Stimulus
menu.

Double-click on the aice name (at the bottom of the X axis).
This opens the Stimulus Attributes dialog box where you
can modify the attributes of the stimulus directly and
immediately see the effect of the changes.

To edit a PWL stimulus PWL stimuli are a little different

1

4

. L since they are a series of time/
Double click on the tice name. This displays the handles 5e pairs.

for each defined data point.

Click on any handle to selectit. To reshape the trace, drag it
to a new location. To delete the data point,

To add additional data points, either select Add from the
Edit menu or click on the Add Point icon.

Right-click to end adding new points.

To select a time and value scale factor for PWL This provides a fast way to scale
stimuli a PWL stimulus.

1
2

Select the PWL trace by clicking on its name.

Select Attributes from the Edit menu or click on the
corresponding toolbar button.
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Deleting and Removing Traces

To delete a trace from the displayed screen, select the trace name
by clicking on its name, then pressi]. This will only erase the
display of the trace, not delete it from your file. The trace is still
available by selecting Get from the Stimulus menu.

To remove atrace from afile, select Remove from tmeudus
menu.Once a trace is removed, it is no longer retrievable.
Delete traces with caution.

Manual Stimulus Configuration

Stimuli can be characterized by manually starting the Stimulus
Editor and saving their specifications to a file. These stimulus
specifications can then be associated to stimulus instances in
your schematic or to stimulus symbols in the symbol library.
The procedure is described here.

To manually configure a stimulus

1 Start the Stimulus Editor by double-clicking on the Stimulus
Editor icon in the MicroSim program group.

2 Open a stimulus file using Open on the File menu. If the file
is not found in your current library search path, you are
prompted for a new file name.

3 Create one or more stimuli to be used in your schematic. For
each stimulus:

a Name it whatever you want. This name will be used to
associate the stimulus specification to the stimulus
instance in your schematic, or to the symbol in the
symbol library.

b Provide the transient specification.

¢ Select Save from the File menu.
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4

7

In the schematic editor, configure the Stimulus Editor’s
output file into your schematic:

a

d

Select Library and Include Files from the Analysis
menu.

Enter the file name specified in st&p

If the stimulus specifications are for local use in the
current schematic, click on the Add Stimulus (or Add
Include) button. For global use by a symbol in the
Symbol Library or by any schematic, use Add
Stimulus* (or Add Include*) instead.

Click on OK.

Modify either the stimulus instances in the schematic or
symbols in the symbol library to reference the new stimulus
specification.

Assaciate the transient stimulus specification to a stimulus

instance:

a Place a stimulus part in your schematic from the symbol
set: VSTIM and ISTIM.

b Click on the VSTIM or ISTIM instance.

¢ Select Attributes from the Edit menu.

d Click on the STIMULUS= attribute, type in the name of
the stimulus, and click on Save Attr.

e Complete specification of any VSTIM or ISTIM

instances by selecting Attributes from the Edit menu
and editing their DC and AC attributes.

Click on the DC= attribute, type its value in the Value
text box, and click on Save Attr.

Click on the AC= attribute, type its value in the Value
text box, and click on Save Attr.

Click on OK to return to the schematic.

To change stimulus references globally for a symbol:

a

Select Edit Library from the File menu to start the
symbol editor.
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See Chapter 4,Creating b Create or change a symbol definition, making sure to
Symbolsfor a description of how define the following attributes:

to create and edit symbols. PART Symbol name. It is good practice to

have the symbol name match the
STIMULUS name.

STIMULUS  Stimulus name as defined in the
Stimulus Editor.

Using the VSTIM and ISTIM
Sources

VSTIM and ISTIM source symbols are used to define voltage
and current sources, respectively, where the transient
specification is graphically defined using the Stimulus Editor.

To use the VSTIM or ISTIM source to define the
transient stimulus behavior

1 Place the VSTIM or ISTIM source symbol in your
schematic.

2 Double-click on the source instance to start the Stimulus
Editor. When you are asked whether you want to edit the
named stimulus, click on OK.

See Stimulus Generation on 3 Fillin the transient specification according to the dialogs
page 10-Jor a description of the and prompts. Piecewise linear stimuli can be specified by
Stimulus Editor. direct manipulation of the input waveform display.
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Transient (Time)
Response

The Transient response analysis causes the response of the
circuit to be calculated from TIME = 0 to a specified time. A | [Transient Analsi

transient analysis specification is shown for the circuit e I_lfzm
example.sch in Figure 10-2.€xample.sch is shown in NoPrint n-eua,.; —
Figure 10-3.) The analysis is to span the time interval from O t S Eolline I
1000 nanoseconds and values should be reported to the B T T
simulation output file every 20 nanoseconds. ™ Skip initial transient solution
During a transient analysis, any or all of the independent sourc Fﬁ A —
may have time-varying values. émample.sch , the only Conter Frequency:  [TMeg
source which has a time-varying value is V1 (VSIN part) with Number of hamonics: |
a'[tl’i butes: Output Vals.:lV[DUTZ]
VOFF = 0v
VAMPL = 0.1v
FREQ = 5Meg Figure 10-2 Transient

. . : Analysi tup for
V1's value varies as a 5 MHz sine wave with an offset voltage alysis Setup fo

of 0 volts and a peak amplitude of 0.1 volts. In general, more
than one source has time-varying values.

readme
REIAS § RC1 § RCZ examplerdm

o1

The example circuit

v ez example.sch is provided with
J, 1 the MicroSim software
a installation.
03 04
a2n2222 K M qznaz22 ‘ 00
(3

~0

Figure 10-3 Example Schematic example.sch
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The transient analysis does its own calculation of a bias point to
start with, using the same technique as described for DC sweep.
This is necessary because the initial values of the sources can be
different from their DC values. If you want to report the small-
signal parameters for the transient bias point, you should use the
Transient command and enable Detailed Bias Point. Otherwise,
if all you want is the result of the transient run itself, you should
only enable the Transient command.

In the simulation output filexample.out , the bias-point
report for the transient bias point is labeled INITIAL
TRANSIENT SOLUTION.
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Internal Time Steps Iin
Transient Analyses

During analog analysis, PSpice maintains an internal time step
which is continuously adjusted to maintain accuracy while not
performing unnecessary steps. During periods of inactivity, the
internal time step is increased. During active regions, it is
decreased. The maximum internal step size can be controlled by
specifying soin the Step Ceiling text box in the Transient dialog.
PSpice will never exceed either the step ceiling value or two
percent of the total transient run time, whichever is less.

The internal time steps used may not correspond to the time
steps at which information has been requested to be reported.
The values at the print time steps are obtainedhpier
polynomial interpolation from values at the internal steps.
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This technique is described in:

V. Bello, “Computer
Program Adds SPICE to
Switching-Regulator
Analysis,” Electronic
Design, March 5, 1981.

Switching Circuits in
Transient Analyses

Running transient analysis on switching circuits can lead to long
run times. PSpice must keep the internal time step short
compared to the switching period, but the circuit’s response
extends over many switching cycles.

One method of avoiding this problem is to transform the
switching circuit into an equivalent circuit without switching.
The equivalent circuit represents a sort of quasi steady-state of
the actual circuit and can correctly model the actual circuit's
response as long as the inputs do not change too fast.
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Plotting Hysteresis
Curves

Transient analysis can be used to look at a circuit’s hysteresis.
Consider, for instance, the circuit shown in Figure 10-4 (netlist
in Figure 10-5).

04
2 m?f P R gzﬁﬂ 057D
57D asTD us
Rin gsu . 5 0sTD I
1 F1 Rz g RTH1 .
"y Ay Aty

185 7RO 125
w )
RC1 § 50 BTHZ CLOAD

WEE RC2 o5 -
C) § o 5PF

~
Figure 10-4 ECL Compatible Schmitt Trigger

* Schematics Netlist

RRIN 1250
RRC1 0350

R R1 35185

R _R2 58760
RRC2 06100

R RE 48260
RRTH2 7085
C_CLOAD 075PF
V.VEE  80dcs5
VVIN 10

+PWL 0-8 IMS -1.0V 2MS -1.8V
RRTHL 87125
Q01 324QSTD
Q Q2 654QSTD
Q. Q3 067QSTD
Q4 067 QSTD

Figure 10-5 Netlist for Schmitt Trigger Circuit
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The QSTD model is defined as:

.MODEL QSTD NPN( is=1e-16 bf=50 br=0.1 rb=50 rc=10 tf=.12ns tr=5ns

+ cje=.4pF pe=.8 me=.4 cjc=.5pF pc=.8 mc=.333 ccs=1pF va=50)
Instead of using the DC sweep to look at the hysteresis, we use
the transient analysis, (Print Step = .01ms and Final Time =
2ms) sweeping VIN from -1.8 volts to -1.0 volts and back down
to -1.8 volts, very slowly. This has two advantages:

« itavoids convergence problems

« it covers both the upward and downward transitions in one
analysis

After the simulation, when we are in Probe, the X axis variable
is initially set to be Time. By selecting X Axis Settings from the
Plot menu and clicking on the Axis Variable button, we can set
the X axis variable to be V(1). Then we can use Add on the
Trace menu to display V(7), and change the X axis to a user
defined data range from -1.8V to -1.0V (X Axis Settings on the
Plot menu). This plots the output of the Schmitt trigger against
its input, which is what we want. The result looks similar to

Figure 10-6.
—ﬂ.sUT ———————————————————————————————————————————————————————————————————— i
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Figure 10-6 Hysteresis Curve Example: Schmitt Trigger
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Fourier Components

The Fourier analysis is enabled through the transient analysis
setup dialog box. Fourier analysis calculates the DC and Fourier
components of the result of a transient analysis. By default, the
1Stthrough 9" components are computed, however, more can be
specified.

You must do a transient analysis in order to do a Fourier
analysis.The sampling interval used during the Fourier
transform is equal to the print step specified for the transient
analysis.

When selecting Fourier to run a harmonic decomposition
analysis on a transient waveform, only a portion of the
waveform is used. Using Probe, a Fast Fourier Transform (FFT)
of the complete waveform can be calculated and its spectrum
displayed.

In the example Fourier analysis specification shown in

Figure 10-2 on page 10-15, the voltage waveform atnode OUT2
from the transient analysis is to be used and the fundamental
frequency is to be 1 megahertz for the harmonic decomposition.
The period of fundamental frequency is 1 microsecond (inverse
of the fundamental frequency). Only the last 1 microsecond of
the transient analysis is used, and that portion is assumed to
repeat indefinitely. Since V1's sine wave does indeed repeat
every 1 microsecond, this is sufficient. In general, however, you
must make sure that the fundamental Fourier period fits the
waveform in the transient analysis.



Parametric and Temperature

Analysis

Chapter Overview

This chapter describes how to set up parametric and temperature
analyses. Parametric and temperature are both simple multi-run
analysis types.

This chapter includes the following sections:
Parametric Analysis on page 11-2

Temperature Analysis on page 11-11

11
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not
included
in:

Basics

See Setting Up Analyses on
page 7-3for a description of the
Analysis Setup dialog box.

Swept Var. Type

Parametric

Hame:

Parametric Analysis

Minimum Requirements to Run a
Parametric Analysis

Minimum circuit design requirements

- Set up the circuit according to the swept variable type as
listed inTable 11-1

« Setup a DC sweep, AC sweep, or transient analysis.

Table 11-1 Parametric Analysis Circuit Design
Requirements

Swept Variable

Type Requirement

® Yoltage Source
) Temperature

) Current Source
) Model Parameter
C Global Parameter

Sweep Type
@ Linear
' Dctave
C Decade
C Value List

Hodel
Model Name:

Param. Name:

Start Value:
End Value:

Increment:

I

|

Walues:

voltage source with a DC specification
(VDC, for example)

voltage source

temperature none

current source with a DC specification
(IDC, for example)

current source

model parameter PSpice model

global parameter global parameter defined with a parameter

block (PARAM)

Minimum software setup requirements

« In the Analysis Setup dialog box, click on the Parametric
button. Complete the Parametric dialog box as needed.

« If needed, click on the Parametric check box in the Analysis
Setup dialog box so that it is checked on (enabled).

- Start the simulation as describedSitarting Simulation on
page 7-11

Note Do not specify a DC sweep and a parametric analysis

for the same variable.
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Overview of Parametric Analysis

Parametric analysis performs multiple iterations of a specified
standard analysis while varying a global parameter, model
parameter, component value, or operational temperature. The
effect is the same as running the circuit several times, once for
each value of the swept variable.

See Parametric Analysis on page 2-f& a description of how
to set up a parametric analysis.

Example: RLC Filter

This example shows how to perform a parametric sweep and
how to analyze the results with performance analysis.

With performance analysis, values can be derived from a series
of simulator runs and plotted versus a parameter that varies
between those runs. For this example, the derived values we
wish to plot are the overshoot and the rise time versus the
damping resistance of the filter. Deriving these values by hand
is quite involved and letting the simulator do the work for us is
an appealing alternative.

Entering the schematic

The schematic for the RLC filter¢filt.sch ) is shown in
Figure 11-1.

. R Li c
fin @ iR} § 1H 1T

PARAMETERS:
r 0.5

Figure 11-1 Passive Filter Schematic
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“H
S_hortcut: Click on I or press

This series of PSpice runs varies the value of resistor R1 from
0.5to 1.5 ohms in 0.1 ohm steps. Since the time-constant of the
circuit is about one second, we perform a transient analysis of
approximately 20 seconds.

Create the circuit in MicroSim Schematics by placing a
piecewise linear independent current source (IPWL from
source.slb ). Set the current source attributes as follows:

AC =1la

T1=0s

11 =0a

T2 =10ms

12 = 0a

T3 =10.1ms

I3=1a

Place an instance of a resistor and set its VALUE attribute to the
expression, {R}. To define R as a global parameter, place a
PARAM pseudocomponent defining its NAMEL attribute to R
and VALUEZX attribute to 0.5. Place an inductor and set its value
to 1H, place a capacitor and set its value to 1, and place an
analog ground symbol (AGND froport.slb ). Wire the
schematic symbols together as shown in Figure 11-1.

Running the simulation
Run PSpice with the following analyses enabled:

transient print step: 100ms
final time: 20s
parametric swept var. type:  global parameter
sweep type: linear
name: R
start value: 0.5
end value: 15
increment: 0.1

After setting up the analyses, start the simulation by selecting
Simulate from the Analysis menu.
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Using performance analysis to plot overshoot

and rise time

After performing the PSpice simulation that creates the data file

calledricfilt.dat

specified performance analysis goal functions.

When Probe is started, you are presented with a list of all the

, you can run Probe to compute the

sections or runs in the Probe data file produced by PSpice. To

use the data from every run, select All and click on OK in the

Available Selections dialog box. In the case of Figure 11-2, the
trace I(L1) from the ninth section was added by specifying the
following in the Add Traces dialog box:

I(L1)@9

R R e TR CEEEERE

0.9 amperes

0.1 amperes

an

Steady-state current
of 1 ampere

Probe Cursor

F1
F2
dif

9.0028,
0.600,
9.0028,

1.06088
a.8688
1.0008

as 4s 8s
o I{L1)@9

125

165

Figure 11-2 Current of L1 when R1is 1.5 Ohms

To run performance analysis:

205!

1 Select X Axis Setting from the Plot menu in Probe.

2 Click on the Performance Analysis check box so that it is

checked on (enabled), then click on OK.

To access the Add Traces dialog
box, select Traces from the Add
menu in Probe.

Troubleshooting tip

More than one PSpice run or
data section is required for
performance analysis because
one data value is derived for
each waveformin arelated set of
waveforms. A trace of the
derived values cannot be
displayed if there is only one run
or data section because at least
two data points are required to
produce a trace.

However, you can use Eval Goal
Functions on the Trace menu in
Probe to evaluate a goal function
on a single waveform, thus
producing a single data point
result.

Probe resets the X axis variable for the graph to be the parame __.
that changed between PSpice runs. In the example, this is the R

parameter.

To see the rise time for the current through the inductor L1,
select the Add from the Trace menu and then enter:

genrise( I(L1))

The genrise and overshoot goal
functions are contained in the file
msim.prb in the MSIM
directory.
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In Figure 11-3, we can see how the rise time decreases as the
damping resistance increases for the filter.

Another Y axis can be added to the plot for the overshoot of the
current through L1 by selecting Add Y Axis from the Plot menu.
The Y axis is immediately added. We now select Add from the
Trace menu and enter:

overshoot( I(L1) )
Figure 11-3 shows how the overshoot increases with increasing

resistance.
T L
|
3.0 | . !
! Overshoot (%) E
|
2.0 i i
10- i
> |
1.8 B+----—="-- Fo-—-—---o m-—————--- e q------mmm- Fmmmmm - 1

.4 8.6 a.8 1.8 1.2 1.4 1.6
o risetime(I{L1}} [2] = overshoot(I{L1))}
R

Figure 11-3 Rise Time and Overshoot vs. Damping Resistance

Now we can use the multiple X axes feature to view the original
waveform family for inductor L1 current along with the derived
rise time and overshoot data. We must first add a new plot by
selecting Add Plot from the Plot menu. To set this plot’s X axis
to a unique scale, select Unsync Plot from the Plot menu. You'll
notice that the new plot’s X axis is now labeled with range and
variable information. However, it is still set for Performance
Analysis (with resistance R as the X axis label). We can toggle
off the Performance Analysis feature by selecting X Axis
Settings from the Plot menu and disabling the Performance
Analysis check box. This affects only the current plot. (The plot
marked with SEL>> is the current plot.)

Now we can add the trace for I(L1) as welane before (Add
on the Trace menu), changing the Y axis range to OA - 1.5A (Y
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Axis Settings on the Plot menu), and the X axis range to Os - 20s
(X Axis Settings on the Plot menu). This produces the display
shown in Figure 11-4.

-
|
I
|
I
|
I
I
|
I
|
I
I
|
I
i
------------ e I e e S
125 165 28s
o ¢+ ¥ & o + = A v x o I({L1)
Time
1 4.9 2 HUT _________________________________________________________________ 'I
I i
| i
i i
1 Overshoot (&) '
I . i
| i
I 1
I i
| i
I i
>3 H
[} B+ - === oo it R R R i
0.4 0.6 0.8 1.0 1.2 1.4 1.6
[A] o risetime{I(L1))} [Z] = overshoot{I(L1))
R

Figure 11-4 Inductor Waveform Data Viewed with Derived
Rise Time and Overshoot Data
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PARAMETERS
Whias 10

1

Vin ¥ A1
DG={Vbias) C Tk

AC=1

L

Figure 11-5 RLC Filter
Example Circuit

1

— Cnin

uf

Example: Frequency Response
vs. Arbitrary Parameter

Engineers often want to see a plot of the linear response of a
circuit at a specific frequency as one of the circuit parameters
varies (such as the output of a band pass filter at its center
frequency vs. an inductor value). In this example, the value of a
nonlinear capacitance is measured using a 10 kHz AC signal and
plotted vs. its bias voltage. The capacitance is in parallel with a
resistor, so a Probe expression is used to calculate the
capacitance from the complex admittance of the R-C pair.

This technique for measuring branch capacitances works well in
both simple and complex circuits.

Setting up the circuit

Enter the circuit in Schematics as shown in Figure 11-5
To create the capacitor model in the schematic editor:
1 Place a Chreak symbol.

2 Select it so that it is highlighted.

3 Select Model from the Edit menu.
4

Select Edit Instance Model Text. Enter the following:
.model Cnin CAP(C=1 VC1=-0.01 VC2=0.05)

Set up the circuit for a parametric AC analysis (sweep Vbias),
and run PSpice. Include only the frequency of interest in the AC
sweep.

Displaying results in Probe

Use Probe to display the capacitance calculated at the frequency
of interest vs. the stepped parameter.

After analyzing the circuit with PSpice:
1 Run Probe.

2 Load all AC analysis sections.

3 Select Add from the Trace menu.
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4 Add the following trace expression:
IMG(-1(Vin)/V(1,0))/(2*3.1416*Frequency)
Or add the expression:
CVE(-1(Vin)/V/(1,0))

Where CvF is a macro which measures the effective capacitance
in a complex conductance. Macros are defined using Macro on
the Trace menu. The CvF macro should be defined as:

CVF(G)= IMG(G)/(2*3.1416*Frequency)

Note that -1(Vin)/V(1) is the complex admittance of the R-C
branch; the minus sign is required for correct polarity.

To use performance analysis to plot capacitance
vs. bias voltage

1 InProbe, select Performance Analysis from the Trace menu.
2 Click on Wizard.

3 Click on Next>.
4

Click on YatX in the Choose a Goal Function list, and then
click on Next>.

5 In the Name of Trace tekibx, type the following:
CVF(-1(Vin)/V(1))
6 In the X value text box, typkOK.

7 Click on Next>. The wizard displays the gain trace for the
first run to text the goal function (YatX).

8 Click on Finish. The resultant Probe plot is shown in
Figure 11-6.
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Probe - [TA\FREQ_RSP.DAT]
=| File Edit Trace Plot Yiew Tools Window Help

o ¥YatX(CuF{-I(Vin)/U(1)),18K)

Ubias

Figure 11-6 Probe Plot of Capacitance vs. Bias Voltage
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Temperature Analysis

Minimum Requirements to Run a
Temperature Analysis

Minimum circuit design requirements

None.

Minimum software setup requirements

+ Inthe Analysis Setup dialog box, click on the TemperatureSee Setting Up Analyses on
button. Specify the temperature or list of temperatures in thpage ?-Sfor a de.scription of the
Temperature Analysis dialog box. Analysis Setup dialog box.

« If needed, click on the Temperature check box in the
Analysis Setup dialog box so that it is checked on (enablec

Temperature(s):
|27

- Start the simulation as describedSitarting Simulation on
page 7-11 | ok | | Eancell

Overview of Temperature
Analysis

When a temperature analysis is run, PSpice reruns standard Running multiple analyses for

analyses enabled in the Analysis Setup dialog box at differendifferent temperatures can also
temperatures. be achieved using parametric

] analysis (see Parametric
Temperature analysis allows zero or more temperatures to beanalysis on page 11)2with

specified. If no temperature is specified, the circuit is run at  parametric analysis, the
27°C. If more than one temperature is listed, the effect is the temperatures can be specified
same as running the simulation several times, once for each either by list, or by range and
temperature in the list. increments within the range.

Setting the temperature to a value other than the default results
in recalculating the values of temperature-dependent devices. In
example.sch (see Figure 11-7), the temperature for all of the
analyses is set to 35°C. The values for resistors RC1 and RC2
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are recomputed based upon the CRES model which has
parameters TC1 and TC2 reflecting linear and quadratic
temperature dependencies.

Likewise, the Q3 and Q4 device values are recomputed using
the Q2N2222 model which also has temperature-dependent
parameters. In the simulation output file, these recomputed
device values are reported in the section labeled
TEMPERATURE ADJUSTED VALUES.

regdme

RBIAS § RC1 § RC2 example.rdm

10k 10k
20k LCAD ?
ouT1 | ouTz
L
o1

oz =]

The example circuit

example.sch s provided with v T aznz222 amzzzz Tk

the MicroSim software i Q

installation. ] o
o3 [+X]

e
q2n2222 1] M anzazz o oo

Figure 11-7 Example Schematic example.sch



Monte Carlo and Sensitivity/
Worst-Case Analyses

12

This entire
chapter describes

Chapter Overview
features which are

This chapter describes how to set up Monte Carlo and : : :
o . . not included in

sensitivity/worst-case analyses and includes the following PSpice Basics

sections: '

Statistical Analyses on page 12-2
Monte Carlo Analysis on page 12-7
Worst-Case Analysis on page 12-21
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Basics

not
included
in:

Generating statistical results
for Probe

As the number of Monte Carlo or
worst-case runs increase,
simulation takes longer and the
Probe data file gets larger. Large
Probe data files may be slow to
open and slow to draw traces.

One way to avoid this problem is
to set up an overnight batch job
to runthe simulation and execute
Probe commands. You can even
set up the batch job to produce a
series of plots on paper which

are ready for you in the morning.

Statistical Analyses

Monte Carlo and sensitivity/worst-case are statistical analyses.
This section describes information common to both types of
analyses.

SeeMonte Carlo Analysis on page 1Zef information specific
to Monte Carlo analyses, and s8&erst-Case Analysis on
page 12-2Ifor information specific to sensitivity/worst-case
analyses.

Overview of Statistical Analyses

The Monte Carlo and worst-case analyses vary the lot or device
tolerances of devices between multiple runs of an analysis (DC,
AC, or transient). Before running the analysis, you must set up
the model and/or lot tolerances of the model parameter to be
investigated.

A Monte Carlo analysis causes a Monte Carlo (statistical)
analysis of the circuit to be performed.

A worst-case analysis causes a sensitivity and worst-case
analysis of the circuit to be performed.

Sensitivity/worst-case analyses are different from Monte Carlo
analysis in that they compute the parameters using the
sensitivity data rather than random numbers.

You can run either a Monte Carlo or a worst-case analysis, but
you cannotrun both at the same time. Multiple runs of the
selected analysis are done while parameters are varied. You can
select only one analysis type (AC, DC, or transient) per run. The
analysis selected is repeated in subsequent passes of the
analysis.
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Output Control for Statistical
Analyses

Monte Carlo and sensitivity/worst-case analyses can generate
the following types of reports:

« Model parameter values used for each run (that is, the values
with tolerances applied).

- Waveforms from each run, as a function of specifying data
collection, or by specifying output variables in the analysis
set up.

« A summary of all the runs using a collating function.

Output is saved to the Probe data file for use by the Probe  For information about
graphical waveform analyzer. For Monte Carlo analyses, Prokperformance analysis, see
offers a special facility through the performance analysis featulExample: RLC Filter on
to produce histograms of derived data. page 11-3
For information about
histograms, see Creating
histograms on page 12-17

Model Parameter Values Reports

The List option in the MC Options section of the Monte Carlo
or Worst Case dialog box produces a list of the model
parameters actually used for each run.

This list is written to the simulation output file at the beginning

of the run and contains the parameters for each device, as
opposed to the parameters for each .MODEL statement. This is
because devices can have different parameter values when using
a model statement containing a DEV tolerance.

Note that for medium and large circuits, the List option can
produce a large output file.
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In excess of about 10 runs, the
Probe display tends to become
more of a band than a set of
individual waveforms. This can
be useful for seeing the typical
spread for a particular output
variable. As the number of runs
becomes larger, the spread
more closely approximates the
actual worst-case limits for the
circuit.

Waveform Reports

For Monte Carlo analyses, there are four variations of the output
which can be specified in the Output section of the Monte Carlo
or Worst Case dialog. These options are:

All Forces all output to be generated (including
nominal run).

First* Generates output only during the finst
runs.

Every* Generates output for evanth run.

Runs* Does specified analysis and generates

outputs only for the listed runs. Up to 25
values can be specified in the list.

The * indicates that you can specify runs in the Value text box.

Values for the output variables specified in the selected analyses
are saved to the simulation output file and Probe data file. Note
that even a modest humber of runs can produce large output
files.

Collating Functions

You may want to compress the results of Monte Carlo and
worst-case analyses further. Using the collating function
specified in the Function section of the Monte Carlo or Worst
Case dialog boxeach run can be represented by a single
number. A table of deviations per run is reported in the
simulation output file.

Collating functions are listed ifable 12-1

Table 12-1 Collating Functions Used in Statistical Analyses

Function Description

YMAX Find the greatest difference in each waveform
from the nominal

MAX Find the maximum value of each waveform
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Table 12-1 Collating Functions Used in Statistical Analyses

Function Description

MIN Find the minimum value of each waveform

RISE_EDGE Find the first occurrence of the waveform
crossing above a specified threshold value

FALL_EDGE Find the first occurrence of the waveform
crossing below a specified threshold value




12-6 Monte Carlo and Sensitivity/ Worst-Case Analyses

Refer to Temperature Effects
on Monte Carlo Analysisin the
Application Notes manual for
more information on this topic.

The example circuit
example.sch is provided with
the MicroSim software
installation.

Temperature Considerations in
Statistical Analyses

The statistical analyses perform multiple runs, as does the
temperature analysis. Conceptually, the Monte Carlo and worst-
case loops are inside the temperature loop. However, since both
temperature and tolerances affect the model parameters, one
quickly gets into detailed questions about how the two interact.
Therefore, we recommend not enabling temperature analysis
when using the Monte Carlo or worst-case analyses.

Also, it will not work to sweep the temperature in a DC sweep
analysis while performing one of these statistical analyses, or to
put tolerances on temperature coefficients. You will notice in
example.sch  how the temperature value is fixed af@G5

REIAS § RC1

10k § 10k
20k L0 /E
ouT1 | ouTz
L
o1

regdrne
RCZ exvample rdm

oz =]

v Tk a2nZ222 qInII37 1k

b
63 o4

e
q2n2222 1] M anzazz o oo

.

[a]

Figure 12-1 Example Schematic example.sch
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Basics

Monte Carlo Analysis not

included
The Monte Carlo analysis computes the circuit response to in:
changes in component values by randomly varying all of the
device model parameters for which a tolerance is specified. This
provides statistical data on the impact of a device parameter’s
variance.

With Monte Carlo analysis model parameters are given
tolerances, and multiple analyses (DC, AC, or transient) are run
using these tolerances. A typical application of Monte Carlo
analysis is predicting yields on production runs of a circuit.

Forexample.sch in Figure 12-1 on page 12-6, effects due to
variances in resistors RC1 and RC2 values can be analyzed by
assigning a model description to these resistors that includes a
5% device tolerance on the multiplier parameter R. Then, you
can run a Monte Carlo analysis that runs a DC analysis first with
the nominal R multiplier value for RC1 and RC2, then the
specified number of additional runs with the R multiplier varied
independently for RC1 and RC2 within 5% tolerance.

To modify example.sch and set up simulation

1 Replace RC1 and RC2 with RBREAK symboldtiag
attribute values to match the resistors that are being replaced
(VALUE=10Kk) and reference designators to match previous

names.
2 Select Model from the Edit menu, then select Edit Instance
Model. Create the model CRES as follows:
.MODEL CRES RES(R=1 DEV=5% TC1=0.02 TC2=0.0045) | .O- !T“"“ Case (@ Monte Carlo ML Runs: |5 |
By default, MicroSim Schematics saves the definition to the |© el RS (OO |
model fileexample.lib  and automatically configures U vMAx O wax CMIN O RISE O FALL
the file for local use with the current schematic. Range Lo| Range Hi iserFall|

MC Option: ‘WCase Option:

Dutput

3 Click on the resistor instance. Select Model from the Edit || "Saese | =5 || [ ouwar

Yary————————————
menu, then select Change Model Reference to change th| &4 ,l [@ne.omo.;.ﬂh

Direction——————————
{ @®H OL0
Devices:

O First

model reference to CRES. OEvey | .
—

O Runs®

4  Setup anew Monte Carlo analysis as shown in Figure 12-
The analysis specification instructs PSpice to do one

I™ List

nominal run and four Monte Carlo runs, saving the DC  Figure 12-2 Monte Carlo

sweep analysis output from those five runs. Analysis Setup for example.sch
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PSpice starts as usual by runnidigof the analyses enabled in
the Analysis Setup dialog with all parameters set to their
nominal values. However, with Monte Carlo enabled, the DC
sweep analysis results are saved for later reference and
comparison.

After the nominal analyses are finished, more of the specified
analysis runs are performed (DC sweep in this example).
Subsequent runs use the same analysis specification as the
nominal with one major exceptiomstead of using the

nominal parameter values, the tolerances are applied to set
new parameter values and thus, new component values.

The summary report generated in this example specifies that the
waveform generated from V(OUT1, OUT2) should be the
subject of the collating function YMAX. In each of the last four
runs, the new V(OUT1, OUT2) waveform is compared to the
nominal V(OUT1, OUT2) waveform for the first run,

calculating the maximum deviation in the Y direction (YMAX
collating function). The deviations are printed in order of size
along with their run number (see Figure 12-3).

I SORTED DEVIATIONS OF VU{0OUT1,0UT2) TEMPERATURE = 35.080808 DEG C
HONTE CARLD SUMHMARY

Hean Deviation = -.2477

Sigma = .3835

RUH HAX DEVIATION FROM HOMIHAL

Pass 3 .5729 (1.89 sigma) lower at v_u1 = -.82

{ 94.885% of Hominal)

Pass 4 .3549 {1.17 sigma) louwer at v_u1 = -.82
{ 96.832% of Hominal)

Pass 2 .3122 (1.83 sigma) lower at v_ui = -.02
{ 97.212% of Hominal)

Pass 5 .2493 .82 sigma) higher at U_U1 = -.082
{ 102.23% of Hominal)

Figure 12-3 Summary of Monte Carlo Runs for example.sch

With the List option enabled, a reportis also generated showing
the parameter value used for each device in each run. In this case
(see Figure 12-4), run 3 exhibits the highest deviation.



Monte Carlo Analysis 12-9

* C:\MSIM\EXMEXAWPLE .SCH

*EXE UPDATED MODEL PARAMETERS TEMPERATURE = 35.088 DEG C

HONTE CARLD PASS 3

*xx* CURRENT MODEL PARAMETERS FOR DEVIGES REFERENCING cres
R_RC1 R_RCZ
R 1.0304E+08 9_5B53E- 81

Figure 12-4 Parameter Values for Monte Carlo Pass 3

There is a trade-off in choosing the number of Monte Carlo runProbe offers afacility to generate

More runs provide better statistics, but take proportionally morhistograms of data derived from

computer time. The amount of computer time scales directly Monte Carlo waveform families

with the number of runs: 20 transient analyses take 20 times through the performance

long as one transient analysis. During Monte Carlo runs, the 2nalysis feature.

PSpice status display includes a line showing the run numberFor information about

and the total number of runs to be done. This gives an idea operformance analysis, see

how far the program has progressed. Example: RLC Filter on
page 11-3
For information about
histograms, see Creating
histograms on page 12-17
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Tutorial: Monte Carlo Analysis of
a Pressure Sensor

In this tutorial, the Monte Carlo analysis features provided in
Schematics and PSpice are demonstrated for a pressure sensor
circuit using a pressure-dependent resistor bridge. We will
investigate how the performance of the circuit is affected by
manufacturing tolerances.

Drawing the schematic

The bridge is constructed according to the diagram shown in
Figure 12-5. Both V1 and Meter are generic voltage sources
(Get New Part VSRC on the Draw menu).

The remaining parts are resistors (Get New Part R on the Draw
menu). To rotate parts, ugel+R while placing. To move

values and/or reference designators, click on the value or
reference designator to select it, then hold the mouse button
down and drag it to the desired location; release the mouse
button to place.

To specify values for the resistors, double-click on the current
value (the default is 1K) and type the new value in the dialog
provided. The value which is given for R3 (example:
{1k*(1+P*Pcoeff/Pnom)}, where Pcoeff=-0.06, P=0 and is
swept, and Pnom=1.0) is an expression that represents linear
dependence of resistance on pressure.

Fressure Sensor

R

Tk PARAMETERS:
Proefl —0.05
P i
Prom 1.0

1 2
Rbreak Rbreak
W1

C>1_35v e =

470

$ler{ 14+ P+Pegell /Prom it

Rl eak Rhreak

Figure 12-5 Pressure Sensor Circuit
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To set the value of the DC attribute on the V1 source, double-
click on the V1 source, then double-click on the DC= line in the
Edit Attributes dialog, typd.35v in the Value text box, and

click on the Save Attr button (or presr) to accept the

changes. To make the value of the DC attribute (example: 1.35v)
visible on the schematic, click on the Change Display button,
and select the Value radio button in the Display box. Click on
OK to accept the change. Click on OK to end the dialog and
return to the schematic. The Meter source has no DC value since
it is used only to measure current. The analog ground symbol is
placed by using Get New Part on the Draw menu to place theShortcut: Click on @I or press
AGND symbol. o

Setting up the parameters

To set up the parameters Pcoeff, P, and Pnom, place a PARAM
symbol on the schematic (using Get New Part on the Draw
menu). Double-click on the PARAM symbol, then double-click
on each of the NAMEnN, VALUEnN pairs (where n=1, 2, 3) to
define the parameters and their values.

For example, double-click on NAME1 and typeoeff in the
Value text box; preggier or click on the Save Attr button to
accept the changes. Then, double-click on VALUE1 and-+type
0.06 inthe Value text box; prefser or click on the Save Attr
button to accept the changes. When are finished defining all
three parameters, click on OK.

Varying the resistors

Once we've decided that we want to vary the resistors, and
which resistors we want to vary, we will need to replace the
desired R symbols on the page with Rbreak symbols (from
breakout.slb ). Thisis because the R symbol does not have
an associated model, and Monte Carlo analysis operates on
device (DEV) and lot (LOT) tolerances applied to model
parameters.

The Rbreak symbol does have an associated model, specified
using the MODEL attribute on the symbol. Replace each of R1
through R4 by selecting them (single-click), selecting Replace
from the Edit menu, using Rbreak as the Replacement, and
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See Using the Model Editor
(Text Editor) on page 5-2fr
information about the model
editor.

indicating Selected Parts Only. Click on OK to perform each
replacement operation.

Note You can also select more than one resistor at a time
using a selection box and/or pressing +click to add
more selections to the group of selected items.
Remember that you can move the attributes by clicking
once to select it, then holding the mouse button down
and dragging it to the desired location; release the
mouse button to place.

Saving the schematic

Before we can define models for the Rbreak resistors, we need
to save the schematic by selecting Save As from the File menu.
Typepsensor.sch  in the File Name text box, then click on
OK.

Modifying the models for Monte Carlo

Now we need to define models for the resistors we are varying,
and assign device (DEV) and lot (LOT) tolerances to the model
parameters. The model editor allows us to edit model definitions
of part instances. In this way, we can add whatever device and/
or lot tolerances we may want to the model parameters of a
given part.

Select R1, then select Model from the Edit menu. The displayed
dialog box presents three main choices: Change Model
Reference, Edit Instance Model (Text), and Edit Instance Model
(Parts).

The first selection allows us to change the model referenced by
that symbol. For example, if we already had a model called
MyModel, we could change R1 to reference MyModel, instead
of Rbreak, by clicking on the Change Model Reference button
and typing MyModel in the text box provided.

The second selection, Edit Instance Model (Text), allows us to
edit the model definition for that symbol instance using a text
editor. That is, when we select Model from the Edit menu for
R1, the model definition which appears in the model editor
dialog box is a copy of the RBREAK model. We cannot edit the
RBREAK model definition associated with every RBREAK
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part placed; that can only be done using the symbol editor
(Symbol on the Edit menu).

The third selection, Edit Instance Model (Parts), allows us to
edit the model definition for that symbol instance using the Parts
utility.

Now click on the Edit Instance Model (Text) button. The
messageearching libraries, please wait... appears in

the status line at the bottom of the Schematics window. By
default, the new name of the instance modebid shodel
name--X (example: Rbreak-X); we can change this to whatever
we like. Let’s change it to RMontel. Move the cursor to the
beginning of Rbreak-X on the .model Rbreak-X RES line, press

(shif+(Ctrl+(=) to select Rbreak-X, and typdVontel in its
place.

To add both a 2% device tolerance and a 10% ot tolerance to the
resistance multiplier of this model, add R=1 DEV=2%
LOT=10% on the line following the .MODEL statement. Your
model editing box should look something like Figure 12-6.

I Model Editor I

r Copied From Save To
Model Name: Rbreak

Library: CAMSIM\LIB\breakout.lib

Library: |C:ACIRCUIYPSENSOR.lib |

*5 4]
.model RMonte1 RES -
R=1 DE¥=2% LOT=10%]
*s

]

|

| [+

Figure 12-6 Model Definition for RMonte1

Click on OK to accept the changes.

When we have finished editing this instance model (RMontel),
click on OK. The .MODEL definition of the RMonte1 is saved
(by default) to the schematic nanrelib  model file—
psensor.lib in this case. This file is automatically added to
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the set of model files associated with (local to) this schematic. If
we specified a model name which was contained in a library/
include file not already configured (via Library and Include
Files on the Analysis menu), we would have to explicitly
configure it in order to be able to use the model during
simulation (se€onfiguring the Library on page 5-35

Now that RMontel is already defined, and saved to
psensor.lib , we can reference this new model definition, by
name, for R2 and R4. Select each of these symbols, one at a
time, select Model from the Edit menu, and click on the Change
Model Reference button. TyfMontel in the text box
provided.

For resistor R3, we would like to assign a 5% DEV tolerance and
no LOT tolerance. For this, we will need a new instance model.
Select Model from the Edit menu, and click on the Edit Instance
Model (Text) button. EnteRTherm as the name of the instance
model. TypeR=1 DEV=5% on the line following the .model
RTherm RES line, and click on OK to accept the changes. Your
schematic should look like Figure 12-7.

Fressure Sensor

My
25
R1 RZ =1k PARAMETERS:
RiMonte RMontel PARAMETERS:
V1 Meter RS Ecoeff -0.06
Pnom 1.0

3 $1k+ (14 P+Proeff /Pnom)}
Rhionte RTherm

Figure 12-7 Pressure Sensor Circuit with RTherm Model
Definition Edited
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Setting up the analyses

First, let's set up a DC analysis. We would like to sweep the
value of pressure, which we have defined as P. Select Setup
from the Analyses menu and then click on the DC Sweep butto
Select Global Parameter in the Swept Var. Type box, Ryjipe
the Name text box, tygein the Start Value text bo%,0 in the
End Value text box, ar@l1l inthe Increment text box as shown
in Figure 12-8. Click on OK.

Now, let’s set up the Monte Carlo analysis. Select Setup from
the Analysis menu and click on Monte Carlo/Worst Case. Typ

= DC Sweep
Swept Var. Type N IP—
I Voltage Source LELE
T b
C Temperature oy l—
) Current Source
) Model Parameter Pzt L
@ Global Parameter Param. Name:
Sweep Type
p- o Start Value: |0
@ Linear
O Octave End Value: 5
C Decade Increment: 0.1
' Value Ligt vaes [
Mested Sweep.__ I 0K I Cancel I

10 in the MC Runs text box, select DC and ti(ddeter) in

the Output Var text box of the Analysis Type box, and select Al
in the Output function section of the MC Options box as showi
in Figure 12-9. Click on OK.

Figure 12-8 DC Analysis
Setup Example

To enable the analyses, click on the box to the left of the DC
Sweep button and the box next to the Monte Carlo/Worst Cas
button. Click on OK.

Running the analysis and viewing the results

To start the simulation, select Simulate from the Analysis ment
If “Automatically Run Probe After Simulation” is enabled with
Probe Setup on the Analysis menu, then a Probe window is
displayed upon completion of the successful simulation.

= Monte Carlo or Worst Case

Iysi
) Worst Case ® Monte Carlo MC Runs: |10 |

Analysis Type
|OA|:

@® pC C Transient putput Var:|I[Meter) |

® YMAX O MAX O MIN O RISE O FALL

Range Lnl

Range Hii

Rise/Fall|

‘WwWCase Option:

Output I List [~ Output Al [ List
C None Vay——————————————
® i e [ @ Dev O Lot O Both
C First
O Every “Value:

) Runs Direction
{ @H OlLo
Devices: [

Since it was a Monte Carlo analysis that we performed, we arFigure 12-9 Monte Carlo
asked to select the data sections (which runs) to display. Clic Analysis Setup Example

on All and then on OK to view all sections.

To display the desired traces, bring the Schematitdaw back
into the foreground (either by clicking on a visible portion of it,
or by pressinfgiri+(Esc) and selecting it from the task list), select
Mark Current into Pin from the Markers menu, and place a
current marker on the left-hand pin of the Meter source.

Return to the Probe window to see the family of curves for
I(Meter) against P. To view the family of curves in Probe

without making use of markers, select Add from the Trace menu
in Probe and double-click on I(Meter) in the output variable list.

For more on analyzing Monte Carlo results in Probe, see the
next section on Monte Carlo histograms.
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For information about
performance analysis, see
Example: RLC Filter on
page 11-3

Monte Carlo Histograms

A typical application of Monte Carlo analysis is predicting
yields on production runs of a circuit. Probe can be used to
display data derived from Monte Carlo waveform families as
histograms, part of Probe’s performance analysis feature.

To illustrate this feature, we will simulate a fourth order
Chebyshev active filter, running a series of 100 AC analyses
while randomly varying resistor and capacitor values for each
run. Then, having defined performance analysis goal functions
for bandwidth and center frequency, we will observe the
statistical distribution of these quantities for the 100 runs.

Chebyshev filter example

The Chebyshev filter is designed to have a 10 kHz center
frequency and a 1.5 kHz bandwidth. The schematic for the filter
is shown in Figure 12-10. The stimulus specifications for V1,
V2, and V3 are:

V1: DC=-15
V2: DC=+15
V3: AC=1

The components were rounded to the nearest available 1%
resistor and 5% capacitor value. In our analysis, we are
concerned with how the bandwidth and the center frequency
vary when 1% resistors and 5% capacitors are used in the circuit.

Creating models for Monte Carlo analysis

Since we are interested in varying the resistors and capacitors in
the filter circuit, we will need to create models for these
components on which we can set some device tolerances for
Monte Carlo analysis. THereakout.slb Symbol Library

file contains generic devices for this purpose. The resistors and
capacitors in this schematic are the Rbreak and Cbreak symbols
from breakout.slb . Using the model editor, we must

modify the models for these components as follows:

.model RMOD RES(R=1 DEV=1%)
.model CMOD CAP(C=1 DEV=5%)
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Figure 12-10 Chebyshev Filter

Setting up the analysis

To analyze our filter, we will set up both an AC analysis and &
Monte Carlo analysis. The AC analysis sweeps 50 points per
decade from 100 Hz to 1 MHz. The Monte Carlo analysis is s¢
to take 100 runs (see Figure 12-11). The analysis type is AC al
the output variable that we are interested in is V(OUT). We wil
select All in the MC Options box.

Creating histograms

Because the data file can become quite large winaming a
Monte Carlo analysis and because we are only interested in t

= Monte Carlo or Worst Case

lysi
) Worst Case @ Monte Carlo MC Runs: | 100 |
lysis Type

| @ AC O pc C Transient Qutput Var:[VIOUT) |

® YMAX O MAX O MIN O RISE O FALL

Range Lnl Range Hii Hi:eIFaIII

MC Option: ‘WwWCase Option:

Output [ List [T Output Al [ List
) Mone

Yary——
® Al Seed: [ D L Both
O First= l_ @ Dev O Lot O Baot

C Every” “Value:
C' Runs* Direction
{ @H OLo
Devices [

output of the filter, we will place a voltage marker at the outpu

of the filter. The steps necessary to collect data for the markeFigure 12-11 - Monte Carlo

node only are enumerated below.
1 Select Probe Setup from the Analysis menu.

2 Mark the Automatically Run Probe after Simulation check
box.

3 Select At Markers Only in the Data Collection box.
4 Click on OK.

Analysis Setup Example

“H
To run the simulation, select Simulate from the Analysis mentShortcut: Click on or press

After the simulation is complete, a Probe window is displayed
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Since we performed a Monte Carlo analysis, we are asked to
select the runs for which we wish to display the data. Click on
All and then on OK to view all sections.

The steps to display a histogram are enumerated below.

1 Select X Axis Settings from the Plot menu.

For information about 2 Check the Performance Analysis checkbox in the
performance analysis, see Processing Options box and click on OK.

Example: RLC Filter on _ . . .
page 11-3 The display changes to the histogram display where the Y axis

is the percent of samples. To display a histogram of the
distribution of the 1 dB bandwidth for our filter:

You can also display this 1 Select Add from the Trace menu.

histogram by using the . . .
perfogr]mancg analSsis wizard to Click on the Bandwidth(1, db_level) goal function.

2
display Bandwidth (VDB(OUT) , 3 Click on V(OUT).
1).
) 4 Inthe Trace Command telxbx, phce the cursor after the V
in Bandwidth(V(OUT) , ) and typBB. The text box should
now read agandwidth(VDB(OUT) , )

5 Place the cursor after the comma and tyer the 1 dB
level. The text box should now read as
Bandwidth(VDB(OUT) , 1)

6 Click on OK to view the histogram.

To change the number of histogram divisions, select Options

from the Tools menu and replace 10 with 20 in the Number of
Histogram Divisions text box. Click on Save and then OK. The
histogram of the 1 dB bandwidth is as shown in Figure 12-12.



Monte Carlo Analysis

12-19

Ao Mo

weHT I ww o

[:] B.5K . 1.5K 2. 8K 2.5K
Bandwidth{ UDB(OUT) , 1 )
n samples = 1488 sigma = 484.553 median = 1557.684
n divisions = 2@ ninimum = 414._042 906th %ile = 1937.71
mean = 1448.71 16th %ile = 766.895 maximum = 2049.8

Figure 12-12 1 dB Bandwidth Histogram

The statistics for the histogram are displayed along the bottom
of the display by default. They can be turned off by selecting
Options from the Tools menu, clicking on the Display Statistics
checkbox to remove the X, and clicking on Save and OK.

The statistics show the number of Monte Carlo runs, the number
of divisions or vertical bars that make up the histogram, mean,
sigma, minimum, maximum, 10th percentile, median, and 90th
percentile. Ten percent of the goal function values are less than
or equal to the 10th percentile number, and 90% of the goal
function values are greater than or equal to that number.

If there is more than one goal function value that satisfies this
criteria, then the 10th percentile is the midpoint of the interval
between the goal function values that satisfy the criteria.
Similarly, the median and 90th percentile numbers represent
goal function values such that 50% and 90% (respectively) of
the goal function values are less than or equal to those numbers.
Sigma is the standard deviation of the goal function values.

We can also show the distribution of the center frequency of our
filter. The steps to display the center frequency are enumerated
below.

1 Select Add from the Trace menu.

2 Selectthe CenterFreq(1, db_level) goal function by clicking
onit.
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Select V(OUT) by clicking on it.

4 Inthe Trace Command telxdx, phace the cursor after the V
in CenterFreq(V(OUT) , ) and tyfi#B The text box should
now read as follows:

CenterFreq(VDB(OUT) , )

5 Place the cursor after the comma and tygdefor the 1 dB
level. The text box should now read as follows:

CenterFreq(VDB(OUT) , 1)
6 Click on OK to view the histogram.

The new histogram replaces the previous histogram. To display
both histograms at once, use Add Plot on the Plot menu before
selecting Add from the Trace menu. The histogram of the center
frequency is as shown in Figure 12-13.
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B+----------op-—--— - bud bl Jdudigad Sdudpd e Rt |
8.4K 8.8K 9.2K 9.6K 10.8K 18.4K 10.8K
CenterFreq({ UDB(OUT) , 1)
n samples = 188 sigma = 265.376 median = 9987.8
n divisions = 28 minimum = 9109.8 98th %ile = 182425
nean = 9955.4 18th %ile = 9537.52 maximum = 18354.9

Figure 12-13 Center Frequency Histogram
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Basics

Worst-Case Analysis not

included
This section discusses the analog worst-case analysis feature of in:
PSpice. It is hoped that the information provided here will help
you to apply it properly and with realistic expectations.

Overview of Worst-Case
Analysis

Worst-case analysis is used to find the worst probable output of
a circuit or system given the restricted variance of its
parameters. For instance, if the values of R1, R2, and R3 can
vary by ¥10%, then the worst-case analysis attempts to find the
combination of possible resistor values which result in the worst
simulated output. As with any other analysis, there are three
important parts: inputs, procedure, and outputs.

Inputs

Besides the circuit description, two forms of information are
required from the user:

« parameter tolerances
« adefinition of whatvorstmeans

PSpice allows tolerances to be set on any number of the
parameters that characterize a model. Models can be defined for
nearly all primitive analog circuit components, such as resistors,
capacitors, inductors, and semiconductor devices. PSpice reads
the standard model parameter tolerance syntax specified in the
.MODEL statement. For each model parameter, PSpice uses the
nominal, minimum, and maximum probable values, and the
DEV and/or LOT specifiers; the probability distribution type
(such as UNIFORM or GAUSS) is ignored.

The criterion for determining theorstvalues for the relevant
model parameters is defined in the WC statement as a function
of any standard output variable in a specified range of the sweep.
In a given range, the measurement must be reduced to a single
value by one of these five collating functions:
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Analog behavioral models can
be used to measure waveform
characteristics other than those
detected by the available
collating functions, such as rise
time or slope. Analog behavioral
models can also be used to
incorporate several voltagesand
currents into one output variable
to which a collating function may
be applied. See Chapter
6,Analog Behavioral Modeling
for more information.

MAX Maximum output variable value

MIN Minimum output variable value

YMAX Output variable value at the point where it
differs the most with the nominal run

RISE_EDGE Sweep value where the output variable

(value) value crosseabovea given threshold
value

FALL EDGE Sweep value where the output variable

(value) value crossebelowa given threshold

value

Worstis user-defined as the highest (HI) or lowest (LO) possible
collating function relative to the nominal run.

Procedure

To establish the initial value of the collating function, worst-
case analysis begins with a nominal run with all model
parameters at their nominal values. Next, multiple sensitivity
analyses determine the individual effect of each model
parameter on the collating function. This is accomplished by
varying model parameters, one at a time, in consecutive
simulations. The directiorbétteror worse in which the

collating function changes with a small increase in each model
parameter is recorded.

Finally, for the worst-case run, each parameter value is taken as
far from its nominal as allowed by its tolerance, in the direction
which should cause the collating function to be its worst (given
by the HI or LO specification).

This procedure saves time by performing the minimum number
of simulations required to make an educated guess at the
parameter values which produce the worst results. It also has
some limitations, which will be discussed in the following
sections.
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Outputs

A summary of the sensitivity analysis is printed in the PSpice
output file (out ). This summary shows the percent change in
the collating function corresponding to a small change in each
model parameter. If a .PROBE statement is included in the
circuit file, then the results of the nominal and worst-case runs
are saved for viewing with Probe.

An important condition for correct worst-case
analysis

Worst-case analysis is not an optimization process; it does not
searchfor the set of parameter values which result in the worst
result. It assumes that the worst case occurs when each
parameter has been either pushed to one of its limits or left at its
nominal value as indicated by the sensitivity analysis. It shows
the true worst-case results when the collating function is
monotonicwithin all tolerance combinations. Otherwise, there

is no guarantee. Usually you cannot be certain if this condition
is true, but insight into the operation of the circuit may alert you
to possible anomalies.
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Worst-Case Analysis Example

The schematic shown in Figure 12-14 is for an amplifier circuit
which is a biased BJT. This circuitis used to demonstrate how a
simple worst-case analysis works. It also shows nom
monotoniadependence of the output on a single parameter can
adversely affect the worst-case analysis. Since an AC (small-
signal) analysis is being performed, setting the input to unity
means that the output, Vm([OUT]), is the magnitude of the gain
of the amplifier. The only variable declared in this circuit is the
resistance oRb2 Since the value db2determines the bias on
the BJT, it also affects the amplifier's gain.

Yo

Voo ¥
Fb1
Cout
10k EE " Qut

1u

Cin
In B Q1
{f Ky Q2N2222

AL

Win
AC=1 @ Fb2 % E Tk

Rbmod
720

Figure 12-14 Simple Biased BJT Amplifier

Figure 12-16 is the circuit file used to raithera parametric
analysis (.STEP, shown enabled in the circuit file) that sets the
value of resistoRb2by stepping model parameter R through
values spanning the specified DEV tolerance raoga,worst-

case analysis (shown disabled in the circuit file) that allows
PSpice to determine the worst-case value for parameter R based
upon a sensitivity analysis. PSpice allows only one of these
analysesto be runin any given simulation. Note that the AC and
worst-case analysis specifications (.AC and .WC statements) are
written so that the worst-case analysis tries to minimize
Vm([OUT]) at 100 kHz.

The netlist and circuit file in Figure 12-16 is set up to run either
a parametric (.STEP) or worst-case (\WC) analysis of the
specified AC analysis. These simulations demonstrate the
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conditions under which worst-case analysis works well and
those that can produce misleading results when output is not
monotonic with a variable parameter (see Figure 12-17 and
Figure 12-18).

For demonstration, the parametric analysis is run first,
generating the curve shown in Figure 12-17 and Figure 12-18.

This curve, derived using the YatX goal function shown in YatX(1, X_value)=y1l
Figure 12-15, illustrates the non-monotonic dependence ofga  {
onRb2 To do this yourself, place the goal function definition in Listxv(X_value)!l;

aprobe.gf file in the circuit directory. Then run Probe, load
all of the AC sweeps, set up the X axis for performance analysifigyre 12-15 YatX Goal
and add the following trace: Function

YatX(Vm([OUT]),100k) The YatX goal function is used

Next, the parametric analysis is commented out and the worsOn the simulation results for the
case analysis is enabled. Two runs are made using the two Parametric sweep (.STEP)
versions of th&kbmod MODEL statement shown in the circuit defmlf_d in Figure 12_1;5. The
file. The model parameter, R, is a multiplier which is used to Ir:eigzré”f;i;"gi;ﬁgsurgvvlgﬂs
scale the nominal value of any resistor referencindgrttraod '
model Rb2in this case).

The first .MODEL statement leaves the nominal valueluat

720 ohms. The sensitivity analysis increments R by a small
amount and checks its effect on Vm([OUT]). This slight
increase in R causes an increase in the base bias voltage of the
BJT, and increases the amplifier's gain, Vm([OUT]). The worst-
case analysis correctly sets R to its minimum value for the
lowest possible Vm([OUT]) (see Figure 12-17).

The second .MODEL statement scales the nominal valRbf

by 1.1 to approximately 800 ohms. The gain still increases with
a small increase in R, but a larger increase in R increases the
base voltage so much that it drives the BJT into saturation and
nearly eliminates the gain. The worst-case analysis is fooled by
the sensitivity analysis into assuming tR&i2 must be

minimized to degrade the gain, but maximiziRigRis much

worse (see Figure 12-18). Note that even an optimizer, which
checks the local gradients to determine how the parameters
should be varied, is fooled by this circuit.

Consider a slightly different scenari®b2is set to 720 ohms so
that maximizing it is not enough to saturate the BJTRinitis
variable also. The true worst case occurs WRieRis
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*\Worst-case analysis comparing monotonic and hon-monotonic
*output with a variable parameter

.ib

*eeek Input signal and blocking capacitor **+**
Vin In 0 ac 1

Cin In B 1u

ek YAMPplifier” *x
* gain increases with small increase in Rb2, but
* device saturates if Rb2 is maximized.

Vee Vee 0 10

Rc Vcc C 1k

Q1 C B 0 Q2N2222

Rbl Vcc B 10k

Rb2 B 0 Rbmod 720

.model Rbmod res(R=1 dev 5%) ; WC analysis results
; are correct

* model Rbmod res(R=1.1 dev 5%) ; WC analysis misled
; by sensitivity

**ex | oad and blocking capacitor *+*

CoutC Out 1u

Rl Out 0 1k

* Run with either the .STEP or the WC, but not both.
*This circuit file is curently set up to runthe .STEP
*(\WCis commented out)

* Parametric Sweep—providing plot of Vm(JOUT]) vs. Rb2 *++*
STEP Res Rbmod(R) 0.8 12 10m

*eek \\orst-case analysis ***+*
*run once for each of the .model definitions stated above)
*WC AC Vm(Ouf) min range 99k 101k list output al

AC  Lin 3 90k 110k
.probe
.end

Figure 12-16 Amplifier Netlist and Circuit File

maximized andRblis minimized. Checking their individual
effects is not sufficient, even if the circuit were simulated four
times witheach resistor in turn set to its extreme values.
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Figure 12-17 Correct Worst-Case Results

(1.1350,34 332)

2B —mm oo oo
i Mominal “=800_0hm
! : -(1.1000, 140772 !
1584 L o !
i kIC analyéis result i . . L
19081 (1.0450,79.707) ; Output is non-monotonic within
i i the tolerance range, thus
! | producing incorrect worst-case
saﬂ: True worst-case i results.

.8 8.9 1.0 1.1 1.2
o YatX(U(Out),100K)

Rbmod(R)

Figure 12-18 Incorrect Worst-Case Results
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Rwci
Rmod
100

Vin ¥
10V C) 3
Rwc2

Rmod
100

1

Figure 12-19 Schematic
Demonstrating Use of VARY
BOTH

Hints and Other Useful
Information

VARY BOTH, VARY DEV, and VARY LOT

When VARY BOTH is specified in the .WC statement and a
model parameter is specified with both DEV and LOT
tolerances defined, the worst-case analysis may produce
unexpected results. The sensitivity of the collating function is
only tested with respect to LOT variations of such a parameter;
for example, during the sensitivity analysis, the parameter is
varied once affecting all devices referring to it and its effect on
the collating function is recorded. For the worst-case analysis,
the parameter is changed for all devices by LOT + DEV in the
determined direction. Consider the example schematic in
Figure 12-19 and circuit file in Figure 12-20.

WCASE VARY BOTH Test

Vin 1 0 1ov

Rs 1 2 1K

Rwcl2 3 Rmod 100

Rwc23 0 Rmod 100

.MODEL Rmod RES(R=1 LOT10% DEV5%)

.DC Vin LIST 10

WC DC V(3) MAX VARY BOTH LIST OUTPUT ALL
.ENDS

Figure 12-20 Circuit File Demonstrating Use of VARY BOTH
In this case, V(3) is maximized if:

+ RwclandRwc2are both increased by 10% per the LOT
tolerance specification, and then

« Rwclis decreased by 5% aRdvc2is increased by 5% per
the DEV tolerance specification.

The final values foRwclandRwc2should be 105 and 115,
respectively. However, becauRgclandRwc2are varied
together during the sensitivity analysis, it is assumed that both
must be increased to their maximum for a maximum V(3).
Therefore, both are increased by 15%.
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Here again, the purpose of the technigue is to reduce the number
of simulations. For a more accurate worst-case analysis, you
should first perform a worst-case analysis with VARY LOT,
manually adjust the nominal model parameter values according
to the results, then perform another analysis with VARY DEV
specified.

Gaussian distributions

Parameters using Gaussian distributions are changeal by 3
(three times sigma) for the worst-case analysis.

YMAX collating function

The purpose of the YMAX collating function is often
misunderstood. This function does not try to maximize the
deviation of the output variable value from nominal. Depending
on whether HI or LO is specified, it tries to maximize or
minimize the output variable value itself at the point where
maximum deviation occurred during sensitivity analysis. This
may result in maximizing or minimizing the output variable
value over the entire range of the sweep. This collating function
is usually useful when you know the direction in which the
maximum deviation occurs.

RELTOL

During the sensitivity analysisach parameter is varied
(multiplied) by 1+RELTOL where RELTOL is specified in a
.OPTIONS statement, or defaults to 0.001.

Sensitivity analysis

The sensitivity analysis results are printed in the output file
(-out ). For each varied parameter, the percent change in the
collating function and the sweep variable value at which the
collating function was measured are given. The parameters are
listed in worst output order; for example, the collating function
was its worst when the first parameter printed in the list was
varied.
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When the YMAX collating function is used, the output file also
lists mean deviation and sigma values. These are based on the
changes in the output variable from nominal at every sweep
point in every sensitivity run.

Manual optimization

Worst-case analysis can be used to perform manual optimization
with PSpice. The monotonicity condition is usually met if the
parameters have a very limited range. Performing worst-case
analysis with tight tolerances on the parameters yields
sensitivity and worst-case results (in the output file) which can
be used to decide how the parameters should be varied to
achieve the desired response. You can then make adjustmentsto
the nominal values in the circuit file, and perform the worst-case
analysis again for a new set of gradients. Parametric sweeps
(.STEP), like the one performed in the circuit file shown in
Figure 12-16, can be used to augment this procedure.

Monte Carlo analysis

Monte Carlo (.MC) analysis may be helpful when worst-case
analysis cannot be used. Monte Carlo analysis can often be used
to verify orimprove on worst-case analysis results. Monte Carlo
analysis randomly selects possible parameter values, which can
be thought of as randomly selecting points in the parameter
space. The worst-case analysis assumes that the worst results
occur somewhere on the surface of this space, where parameters
(to which the output is sensitive) are at one of their extreme
values.

If this is not true, the Monte Carlo analysis may find a point at
which the results are worse. To try this, simply replace .WC in
the circuit file with .MC <fruns>, where #runs> is the number

of simulations you are willing to perform. More runs provide
higher confidence results. To save disk space, do not specify any
OUTPUT options. The Monte Carlo summary in the output file
lists the runs in decreasing order of collating function value.

Now add the following option to the .MC statement, and
simulate again.

OUTPUT LIST RUNS <worst_run#>
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This performs only two simulations: the nominal and the worst
Monte Carlo run. The parameter values used during the worst
run are written to the output file, and the results of both
simulations are saved.

Using Monte Carlo analysis with YMAX is a good way to obtain
a conservative guess at the maximum possible deviation from
nominal, since worst-case analysis usually cannot provide this
information.



Part Four
Viewing Results

Part Four describes how to use Probe to view simulation results.

Chapter 13 Waveform Analysjgdescribes how to use Probe to
perform waveform analysis of simulation results.

Chapter 14 Output Optionsdescribes output options that can
be used to control the simulation output.



Waveform Analysis

Chapter Overview

This chapter describes how to use Probe to perform waveform
analysis of simulation results. This chapter includes the
following:

Overview of Probe on page 13-2

What You Need to Know to Run Probe on page 13-5
Probe Example on page 13-12

User-Interface Features on page 13-15

Probe Trace Expressions on page 13-22

Limiting File Size Using Markers on page 13-29

13
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Overview of Probe

MicroSim Probe is the waveform analyzer for PSpice
simulations. Probe allows you to visually analyze and
interactively manipulate the waveform data produced by circuit
simulation.

Using high-resolution graphics, Probe allows you to view the
results of a simulation both on the screen and on hard copy. In
effect, Probe is a software oscilloscope. Running PSpice
corresponds to building or changing a breadboard, and running
Probe corresponds to looking at the breadboard with an
oscilloscope.

Probe displays simple voltages and currents and also displays
complex arithmetic expressions involving voltages and currents.
Probe can also display the Fourier transform of these
expressions.

PSpice generate two forms of output: the simulation output file
and the Probe data file. The calculations and results reported in
the simulation output file act as an audit trail of the simulation.
However, the graphical analysis of information stored in the
Probe data file using the Probe program is the most informative
and flexible method for evaluating simulation results.
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Anatomy of a Plot Window

A plot window is a separately managed waveform display area.
A plot window can include multiple analog and digital plots.
Figure 13-1 shows the Probe window with two plot windows
displayed (toolbars disabled).

Since a plot window is a window object, it has standard window

features which allow you to minimize/maximize the window or

move and scale the window within the Probe window area. A Use Options on the Tools menu
toolbar can be displayed in the Probe window and applies to tfto display/hide the toolbar.

currently active plot window.

File Edit Trace Plot View Tools Window Help
=] [A) C:ACIRCUIT\PAYPA.DAT ==

2.8A

window A

Time

Note Digital traces are only
available with PSpice A/D or
PSpice A/D Basics+.

W\T/ window B

-1-e ‘ - ‘ - (active)
o U{1)

Time

Figure 13-1 Probe Window with Two Plot Windows

One or more Probe data files can be opened in a plot window.
After the first file is loaded, other files can be loaded into the
same plot window using Append on the File menu.
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Printing multiple windows

You can print all or selected plot
windows, with up to nine
windows appearing on a single
page. When you select Print
from the File menu, a list of all
current plot windows is
displayed. Each window is
identified by the unique identifier
in parentheses in the title bar of
the plot window.

The arrangement of plot
windows on the page can be
customized using the Page
Setup dialog box. You can print
in either portrait (vertical) or
landscape (horizontal)
orientation.

Managing Multiple Plot Windows

Any number of plot windows can be opened. Each plot window
is an independent window.

The same Probe data file can be displayed in more than one plot
window. Only one plot window is active at any given time,
identified by a highlighted title bar. Menu, keyboard, and cursor
operations affect only the active plot window. Another plot
window can be made active by clicking anywhere within the
window.



What You Need to Know to Run Probe 13-5

What You Need to Know
to Run Probe

Starting Probe

If you are using MicroSim Schematics, you can automatically You do not need to exit Probe if
start MicroSim Probe after a simulation is run, or you start Probyou are finished examining the

separately from Windows. simulation results for one circuit
) and want to begin a new
When you start Probe, you can use the defpit file oryou  simulation. However, when you

can use a custorprb file. setup Probe to run automatically
after simulation, Probe unloads
To automatically start Probe after simulation the data file each time that you

] ] run a simulation. Once the
1 In Schematics, select Probe Setup from the Analysis mensimulation is complete, the new

or updated Probe data file is

2 In the Auto-Run Option area, click on Automatically Run e
loaded for viewing.

Probe after Simulation.
Click on any other options you want to use.
Click on OK.

To start Probe and monitor results during a
simulation

1 Turn on waveform monitoring: Once the simulation is complete
(all data sections), the PSpice
window reverts to manual mode.
b Select Monitor Waveforms (Auto-update). If this entry |t a new Probe window is opened
is grayed out, then disable the Text Data File Format (using New on the Window
(CSDF) checkbox. menu) while monitoring the data,
. the new window also starts in
¢ Click on OK. monitor mode since it is
2 Select Simulate from the Analysis menu to start the associated with the same Probe
simulation. Probe starts automatically and displays one data file.
window in monitor mode.

a Select Probe Setup from the Analysis menu.

3 In Probe, select the waveforms to be monitored using Add
on the Trace menu or by placing markers.
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4 During a multiple run simulation (such as Monte Carlo,
parametric or temperature), only the data for the first run is
displayed. To view the curves for several runs:

a Select Close from the File menu to close the data file,
then select Open from the File menu to reload it.

b Specify the data sections (runs) to load.
c Select the traces to monitor. Waveforms for all loaded
sections are displayed.
To start Probe from Schematics

Select Run Probe from the Analysis menu, or gress

To start Probe in Windows
1 Display Program Manager.

2 Double-click the Probe icon in the MicroSim program
group.
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Setup Requirements

The configuration filensim.ini  contains settings which For information about

control the way Probe is run on your system. Foreground,  customizing Probe colors in
background, and trace colors for display and hard copy can bmsim.ini , see Appendix A in
configured for Probe by editing the fitesim.ini the Schematics User's Guide.

.prb files, command files, and switches can be specified in the
Run Probe Command text box of the Options/Editor
Configuration/App Settings dialog box. The command line
entered here is savedrtsim.ini . Probe recognizes these
options when you start it automatically after simulation or when
you start it from Schematics by selecting Run Probe from the

Analysis menu or by pressifr2).

Manual Startup

The command for running Probe at the Windows Properties
command line is:

probe <options> <data file>
where

options  are the command line options for running Probe
with a command file (C switch), log file (L
switch), etc., where switches are preceded with /
or -.

data file is the name of the Probe data file generated by
the simulator.
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Other Ways to Run Probe

Mid-analysis “snoop”

The mid-analysis “snoop” feature allows simulations to be
paused and resumed so that you can use Probe to analyze
waveforms before the simulation is finished. This feature is
useful for verifying that a long transient analysis iscpexding
correctly. You can start the analysis, check the waveforms for
the first few transitions, and then either let the analysis continue
or abort it.

To start mid-analysis “snoop”

1 In the PSpice Simulation Status window, select Pause
Simulation from the File menu. Notice that a check mark is
displayed.

2 Select Run Probe from the File menu.

To resume a simulation
1 Exit Probe.

2 In the PSpice Simulation Status window, select Pause
Simulation from the File menu. The check mark disappears.

Starting Probe during a simulation

Once a simulation is in progress, it is possible to monitor the
results for the data section currently being written by the
simulator. This method applies when Monitor Waveforms
(Auto-update) is not selected in the Probe Setup dialog box in
Schematics.

To start Probe during a simulation
1 Start the simulation as describedsirarting Simulation on
page 7-11

2 In Schematics, start Probe by selecting Run Probe from the
Analysis menu. The current data file is automatically
opened.
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3 (In Probe) If multiple data sections are available, load the
data section currently being generated by selecting the last
data sectionlisted in the Available Sections dialog box. This
deselects all earlier data sections.

4 (In Probe) Select the waveforms to be monitored using Add
on the Trace menu.

When started this way, the Probe window monitors the
waveforms for as long as the data section is being written. Once
complete, the window reverts to manual mode.

To monitor subsequently generated data
sections

1 Select AC, DC, or Transient from the Plot menu.

2 In the Available Sections dialog box, select the latest data
section that is being generated. This deselects all earlier data
sections.

If a new Probe window is opened (using New on the
Window menu) while monitoring the data, the new window
starts in manual mode.

Interacting with Probe while in monitor mode

All of the Probe functionality is available during monitor mode.
However, functions that change the X axis domain (set a new X
axis variable) pause monitoring and place theew in manual
mode until the X axis is reverted back to its original domain.
These functions include:

- fast Fourier transforms, activated by selecting X Axis
Settings from the Plot menu and clicking on the Fourier
check box

- Performance Analysis, activated by selecting X Axis
Settings from the Plot menu and clicking on the
Performance Analysis check box

« new X axis variable, activated by selecting X Axis Settings
from the Plot menu, clicking on Axis Variable, specifying a
new X axis variable
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- goal function evaluation, activated by selecting Eval Goal
Function from the Trace menu

« loading a previously completed data section

Configuring update intervals

The frequency at which Probe updates the waveform display can
be customized by selecting Options from the Tools menu and
specifying the auto-update interval. The default setting (Auto)
leaves the interval determination to Probe. You can also define
the interval at fixed time intervals (Evemysec) or according to

the percentage of simulation completed (Ewe?g), wheren is
user-defined.

Schematic Markers

Markers can be placed on your schematic to identify the points
where you want to see the waveform results displayed in Probe.
Placement can occur before or after simulation takes place.

When placed before simulation, they can be used to limit results
written to the Probe data file and/or automatically display those
traces in Probe. Once Probe is running, placement of any
additional markers on the schematic results in the automatic
display of traces in the currently active plot window.

Table 13-1summarizes the available marker types and how to
select them for placement. The markers for dB, phase, group
delay, real, and imaginary waveform characteristics can be used
instead of the built-in Probe functions provided in output
variable expressions (séeble 13-6 on page 13-26

Table 13-1 Schematic Markers

Markers Menu

Waveform Selection Symbol Selection
voltage Mark Voltage/Level (not required)
voltage Mark Voltage (not required)
differential Differential

current Mark Current Into Pin (not required)
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Table 13-1 Schematic Markers (continued)

Markers Menu

Waveform . Symbol Selection
Selection

dB Mark Advanced VDB (voltage)
IDB (current)

phase Mark Advanced VPHASE (voltage)
IPHASE (current)

group delay Mark Advanced VGROUPDELAY (voltage)
IGROUPDELAY (current)

real Mark Advanced VREAL (voltage)

IREAL (current)

imaginary Mark Advanced VIMAGINARY (voltage)
IIMAGINARY (voltage)

The Markers menu provides additional selections for controlling
display of marked results in Probe, both after simulation and
after initial marker placement:

Show All causes all traces compesding to markers
placed on any page or level of the
schematic to be displayed in Probe

Show selectively displays existing markers

Selected (highlight markers of interest and select
Show Selected)

Clear All removes all markers from the schematic

and all corresponding traces in the Probe
display
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The example circuit
example.sch is provided with
the MicroSim software
installation.

Probe Example

In this section, basic techniques for operating Probe are
demonstrated using the circetample.sch

REIAS § RC1 g
10k g 10k
20K D/GELLOAD 1/6
ouTH i ouTz
5t

Rsz
o1 oz

v 02n33E3 azZnz2I2 Tk

]
03 04

az2n2222 K] ™ 4 onzazz

reodme
RCZ example rdm

~0

Figure 13-2 Example Schematic example.sch

When shippedexample.sch is set up with multiple analyses
enabled. For purposes of this demonstration, welisablethe

AC sweep, DC sweep, Monte Carlo/worst-case, and small-
signal transfer function analyses by selecting Setup from the
Analysis menu in Schematics and toggling the check box nextto
the appropriate analysis. The specification for each of these
disabled analyses remains intact. We can run them in the future
by simply toggling the checkbox back to the enabled state.

We will run with the Bias Point Detail, Temperature, and
Transient analyses enabled. The temperature analysis is set to 35
degrees. The transient analysis is specified with:

Print Step 20ns

Final Time 1000ns
Enable Fourier checked on
Center Frequency 5Meg
Output Vars V(OUT2)

The simulation is started by selecting Simulate from the
Analysis menu in Schematics. By default, Probe is set to
automatically run. In this example, we will not be specifying
goal functions or macros so that we can keep the default
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Automatically Run Probe After Simulation option enabled in the
Probe Setup dialog.

PSpice generates a binary Probe data file containing the results
of the simulation. The Probe screen is displayed with the data
file example.dat already loaded as shown in Figure 13-3.

Probe - [CAMSIM\EXAMPLE .DAT]
=| File Edit Trace g&lI8 View Tools Window Help ¥
X Axis Settings...
T ”””””” Y Axis Settings... """""’""""""""""*}
! Add Y Axis Ctrl-Y
:
H Add Plot
i
i
i
i
1
i
i
i
;
i
i v Transient...
i
i
i
i
i
h
i
i
i
i
i
i
i
i
i
i
e B L A 4
Bs 8.2us 8.4us B.6us 8.8us 1.8us
Time

Figure 13-3 Probe Main Window with Loaded example.dat
and Open Plot Menu

The name of the data fiexample.dat isindicated in the title
bar. All Probe commands are activated through the menu items.

Notice that the Transient menu item on the Plot menu is
checked, indicating that the data currently loaded are the
transient analysis results. A menu does not always allow
selection of all of its commands, as indicated by the grayed-out
entries. The availability of commands depends on what
activities are currently legal.

Having selected an analysis, voltages and currents across
devices or at nets can be displayed in the Probe plot using either
the schematic marker method or by explicitly specifying Probe
output variables (as will be demonstrated in this example).
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Probe output variables are specified in Probe by selecting Add
from the Trace menu. A list of valid output variables is
automatically displayed when Add is selected. A screen similar
to Figure 13-4 is displayed.

o U(0UT2)

Time
Figure 13-4 Output from Transient Analysis: Voltage at
OouT2
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User-Interface Features

Probe offers a number of direct manipulation techniques to
facilitate analysis of the waveform data as well as shortcuts.
These techniques are described in this section.

Zoom RegiOnS Accelerator keys

Many of the menu functions in

Probe provides a direct manipulation method for marking the Probe have matching keystrokes

zoom region.lt is possible to directly select a zoom region by which can be used instead. Eor

dragging the mouse to produce a zoom box as shown in instance, having placed a zoom

Figure 13-5. As with the case above, Area on the View menu o, in the analog portion of the

redisplays the traces, showing only the region within the Z0OTMpot, we could have typed

box.Clicking the mouse removes the existing zoom box. (ctrlJ+A\ instead of selecting Area
from the View menu.

Figure 13-5 Zoom Box
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You can also double-click on a
trace or text label to modify it.

Scrolling Traces

By default, when a plot is zoomed or when a digital plot contains
more traces than can be displayed in the visible area, standard
scroll bars will appear to the left and/or bottom of the plot area.
These can be used to pan through the data. Scroll bar behavior
can also be configured by selecting Options from the Tools
menu and checking the appropriate Scrollbars box as follows:

Auto Scroll bars appear when a plot is zoomed or
additional traces are displayed in the plot
but are not visible (default).

Never Scroll bars are never displayed. This mode
provides maximum plot size and is useful
on VGA and lesser resolution displays.

Always Scroll bars are displayed at all times, but
are disabled if the applicable axis is full
scale.

Modifying Traces and Labels

Traces, text labels, and ellipse labels that are currently displayed
within the plot window may be modified, thus eliminating the
need to delete and recreate any of these objects. The relevant
object must be selected.

For instance, to modify the expression for any given trace, the
trace name must be selected by clicking on it (indicated by a
color change) and then selecting Modify Object from the Edit
menu. Text and ellipse labels may be similarly selected and
modified. In the case of ellipse labels, the inclination angle may
be modified.



User-Interface Features

13-17

Moving Traces and Labels

Traces and labels can also be selected and moved, either within
the same plot window or to another plot window.

To copy or move traces

1

Select one (single click) or moighif+click) traces by trace
name. Selected trace names are highlighted.

Select Copy or Cut from the Edit menu, depending upon
whether you wish to leave the selected traces intact, or to
remove them. In either case, the traces are saved to the
clipboard.

From the plot window where traces are to be added, do one
of the following:

» To add traces to the end of the currently displayed set,
select Paste from the Edit menu.

- To add traces before a currently displayed trace, select
the trace and then select Paste from the Edit menu.

Here are some considerations when moving traces between
windows:

If the new plot window is reading the same Probe data file,
the copied or moved traces are identical to the original
selection set.

If the new plot window is readingdifferentProbe data file,
the copied traces are displayed in the context of the
waveform expression as applied to the new data.

For example, suppose two data fileg/sim.dat and
yoursim.dat  each contain a V(2) waveformufpose
also that two plot windows are currently displayed where
window A is loaded wittmysim.dat , and window B is
loaded withyoursim.dat

When V(2) is copied from window A to window B, thade
looks different since it is derived fropoursim.dat
instead ofmysim.dat
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To copy or move labels

1

Select one (single click) or moifghifj+click) labels by label
name, or select multiple labels by clicking and dragging to
form a Selection Box around the label objects of interest.
Selected label names are highlighted.

Select Copy or Cut from the Edit menu, depending upon
whether you wish to leave the selected labels intact, or to
remove them. In either case, the labels are saved to the
clipboard.

From the plot window where labels are to be added, select
Paste from the Edit menu. Labels can be moved by dragging
them to a new location.

Tabulating Trace Data Values

It can be useful to generate a table of data points reflecting one
or more traces in the plot window, and use this information in a
document or spreadsheet. To view the table:

1

Select one (single click) or moigniff+click) traces by trace
name. Selected trace names are highlighted.

Save the trace data point values to the Clipboard by
selecting Copy or Cut from the Edit menu, depending upon
whether you wish to leave the selected traces intact.

From within Clipboard, select either Text or OEM Text
from the Display menu.

To store the data points as an ASCII file, paste the data from the
Clipboard into a text editor of your choice. This method guards
against spurious clipboard file data appearing at the beginning
of the file when saving the data directly from the Clipboard
Viewer program.
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Cursors

When one or more traces are displayed, Probe provides cursors
which can be used to display the exact coordinates of two points
on the same trace, or points on two different traces. litiaald
differences are shown between the corresponding coordinate

values for the two cursors.

Cursors are enabled by selecting Cursor from the Tools menu
and then selecting Display. In the analog area of the plot (if any),
both cursors are initially placed on the trace listed first in the
trace legend. The corresponding trace symbol is outlined in a
dashed line. In the digital area of the plot (if any), both cursors
are initially phced on the trace named firgirad) the Y axis. The
corresponding &ce name is outlined in a dashed line.

On the Cursor submenu under the Tools menu, there are specific
cursor placement commands: Pealquiph, Slope, Min, Max,

Point, and Search Commands.

The mouse and keyboard can also be used to move cursors to a
chosen position on the tradeble 13-2lists the cursor control
commands for the mouse. Keyboard commands are listed in

Table 13-3

Table 13-2 Mouse Commands for Cursor Control

Category  Command

Function

cursor
assignment

left-click on the trace symbol

right-click on the trace symbol

cursor
movement

left-click in the display area

right-click in the display area

associates the first
cursor with the selected
trace.

associates the second
cursor with the selected
trace.

moves the first cursor to
the closest trace
segment at the X
position.

moves the second cursor
to the trace segment at
the X position.
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Note Digital traces are only
available with PSpice A/D or
PSpice A/D Basics+.

Table 13-3 Keyboard Commands for Cursor Control

Keyboard
Sequence

(cr)+{«) and(ctr}+H{=)  Changes the trace associated with the first cursor.

Function

+ctrl)+H+] and Changes the trace associated with the second

(Shifg+{Ctrl)+{=) cursor.

and>~) Moves the first cursor along the trace.

[hiff+«) and@Shiff+{—)  Moves the second cursor along the trace.

Home Moves the first cursor to the beginning of the
trace.

(Shift+{Home) Moves the second cursor to the beginning of the
trace.

End Moves the first cursor to the end of the trace.

(Shift-+HEnd Moves the second cursor to the end of the trace.

Figure 13-6 shows both cursors on the V(1) waveform in the
analog area of the plot.

Probe - [0SCILL.DAT] -

digital t| File_Edit_Trace Plot_View Tools Window Help =

signat—; u

wicursor — — — "l cursor 1
position

A1 - 2.3423u, -676.841m,
la2 - 2.9080u,  u.7810, 1
L, 1euy , s.0v |aiF=-655.709n, -5.u578 ™~ cursor 2

T N H ﬂ ( position

-5.80

o IS

analog G us. v bus . 6us 8us 18us
wavefor Tine
w/cursors

Figure 13-6 Probe Screen with Cursors Positioned on the
Trough and Peak of the V(1) Waveform

Cursor 1 has been positioned on the minimum value of the V(1)
waveform using the Tools/Cursor/Trough command; cursor 2
has been positioned on the maximum value of the same
waveform using Tools/Cursor/Peak. In the Probe Cursor box,
cursorl and cursor 2 coordinates are displayed (A1 and A2,
respectively) with their difference shown at the bottom (dif).
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The logic state of the Out signal is also displayed at the two
cursor positions.

The mouse buttons are also used to associate each cursor with a
different trace by clicking appropriately (sé&ble 13-2 on

page 13-19on the analog trace symbol in the legend. These are
outlined in the pattern corresponding to the associated cursor’s
crosshair pattern. Given the example in Figure 13-6, right-
clicking on the V(2) symbol will associate cursor two with the
V(2) waveform. The analog legend now appears as shown in
Figure 13-7.

cursor 1 cursor 2

Figure 13-7 Legend

The Probe Cursor box also updates the A2 coordinates to reflect
the X and Y values corresponding to the V(2) waveform.

For a family of curves (such as from a nested DC sweep), you
can use the mouse or the arrow keys to move the cursor to one
of the other curves in the family. Click on the desired curve.
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Probe Trace
Expressions

Traces are referred to by Probe output variable name. These can
be selected from the list in the Add Traces dialog box, or typed
at the Trace Command prompt. Probe output variables are
similar to the PSpice output variables specified in the
Schematics Analysis Setup dialog boxes for AC, DC, Monte
Carlo, worst-case, transfer function, and Fourier analyses.
However, there are additional alias forms that are valid within
Probe. Both forms are discussed here.

Basic Output Variable Form

See Chapter 14 Output This form is representative of those available for specifying
Options for additional PSpice analyses.

information about output options. i
<output[AC suffij(<names[,nam4g)

where:

<output is the type of output quantity: V for voltage
or | for current (digital values do not
require a prefix).

[AC suffif*  specifies the quantity to be reported for an
AC analysis, such as M (magnitude), P
(phase), G (group delay).

<name> specifies either theut id or (+out id, - out

[,<name] id) pair for which the voltage is to be
reported, or theut deviceor which a
current is reported, where:

e outid specifies either theet idor pin
id (<fully qualified device nanme<pin
name)

» out devicespecifies the fully qualified
device name
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Output Variable Form for Device
Terminals

This form can only be specified in Probe. The primary
difference between this and the basic form is that the terminal
symbol appears before thet idor device namspecification
(whereas the basic form treats this agpihanamewithin thepin
id).

<output[terminal*[ AC suffif(<name>[,namg)

where:

<output is the type of output quantity: V for voltage
or | for current (digital values do not
require a prefix).

[terminal* specifies one or more terminals for devices
with more than two terminals, such as D
(drain), G (gate), S (source), B (base).

[AC suffi*  specifies the quantity to be reported for an
AC analysis, such as M (magnitude), P
(phase), G (group delay).

<name specifies thaet id net id pair, or fully
[,<name>]) qualifieddevice name.

Table 13-4summarizes the allowed formats aladble 13-5
provides examples of equivalent output variables. Note that
some of the output variable formats are unique to Probe.

Table 13-4 Probe Output Variable Formats

Format Meaning
V[ac](< +analog out id>, Voltage between + and -
< -analog out id>) analog out ids

V<pin name[ac](< 2-terminal device >) Voltage apin nameof a
2-terminal device

V< x>[ac](< 3 or 4-terminal device)  Voltage at non-
grounded terminatof a
3 or 4-terminal device

V< z>[ad|(< transmission line device) Voltage at one endof a
transmission line device
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Table 13-4 Probe Output Variable Formats (continued)

Format Meaning

I<pin name[ac](< 2-terminal device >) Current througipin
nameof a2-terminal
device

I< x>[ac](< 3 or 4-terminal device) Current through non-
grounded terminatof a
3 or 4-terminal device

I< z>[ac](< transmission line device)  Current through one end
z of atransmission line

device
< DC sweep variable Voltage or current
source name
FREQUENCY AC analysis sweep
variable
TIME Transient analysis
sweep variable
V(ONOISE) Total RMS summed
noise at output net
V(INOISE) Total RMS summed

noise at input net

Table 13-5 Examples of Probe Output Variable Formats

A Basic Form An Allas Meaning
Equivalent
V(NET3,NET2) (same) Voltage between analog nets labeled
NET3 and NET2
V(C1:1) V1(C1) Voltage at pinl of capacitor C1
VP(Q2:B) VBP(Q2) Phase of voltage at base of bipolar
transistor Q2
V(T32:A) VA(T32) Voltage at port A of transmission
line T32
I(M1:D) ID(M1) Current through drain of MOSFET

device M1
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Table 13-5 Examples of Probe Output Variable Formats

A Basic Form An Allas Meaning

Equivalent
QA (same) Digital state at net QA
VIN (same) Voltage source named VIN

FREQUENCY (same) AC analysis sweep variable
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Trace Expressions

Arithmetic expressions of analog output variables use the same
operators as those used in PSpice (via Schematic symbol
attribute definitions). Expressions may also include intrinsic
functions. The intrinsic functions available in Probe similar to
those available in PSpice, but with some differences, as shown
in Table 13-6 A complete list of PSpice arithmetic functions

can be found iffable 3-6 on page 3-11

Table 13-6 Probe’s Arithmetic Functions

Probe_ Description Avai_lable in
Function PSpice?
ABS(X) IX| YES
SGN(x) +1 (if x>0), 0 (if x=0), -1 (if x<0) YES
SQRT(X) X2 YES
EXP(x) e YES
LOG(x) In(x) YES
LOG10(x) log(x) YES
M(x) magnitude of x YES
P(x) phase of x {in degrees} YES
R(x) real part of x YES
IMG(x) imaginary part of x YES
G(x) group delay of x {in seconds} NO
PWR(X,y) XY YES
SIN(X) sin(x) YES
COS(x) cogx) YES
TAN(X) tan(x) YES
ATAN(X) tan(x) YES
ARCTAN(X)
d(x) derivative of x with respect to the X axis NO
variable
s(x) integral of x over the range of the X axis NO
variable
AVG(x) running average of x over the range of th&lO

X axis variable
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Table 13-6 Probe’s Arithmetic Functions (continued)

Probe Descrintion Available in
Function P PSpice?
AVGX(x,d)  running average of x from NO
X_axis_value(x)-d to X_axis_value(x)
RMS(x) running RMS average of x over the rangdNO
of the X axis variable
DB(x) magnitude in decibels of x NO
MIN(x) minimum of the real part of x NO
MAX(x) maximum of the real part of x NO

Note For AC analysis, Probe uses complex arithmetic to
evaluate expressions. If the result of the expression is
complex, then its magnitude is displayed.

Explicit numeric values are input in the same form as the
simulator (via Schematics symbol attributes), except that the
suffixes M and MEG are replaced with m (milli, 1E-3) and M
(mega, 1E+6), respectively. Also, MIL and mil are not
supported. With the exception of the m and M scale suffixes,
Probe is not case sensitive, therefore upper/lower case
characters are equivalent (V(5) and v(5), for example).

Unit suffixes are only used to label the axis; they never affect
the numerical results.Therefore, it is always safe to leave off

a unit suffix. The quantities 2e-3, 2mV, and .002v all have the
same numerical value. For plotting purposes, Probe notes that
the second and third forms are in volts, whereas the first is
dimensionless.

The units which Probe recognizes are showrainie 13-7.
Table 13-7 Output Units Recognized by Probe

Symbol Unit
\Y Volt
A Amps

W Watt
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Table 13-7 Output Units Recognized by Probe

Symbol Unit

d degree (of phase)
S second

H Hertz

Probe also knows that W=V-A, V=W/A, and A=W/V. So, if you
add a trace which is

V(5)*ID(M13)
the axis values will be labeled with W”

For a demonstration of analog trace presentatior?; seee
Example on page 13-12
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Limiting File Size Using
Markers

By default, all simulation results are written to the Probe data Saving Results in ASCII

file. However, if you have placed markers on your schematic Format

prior to simulation, you can instruct the simulator to save onlyThe default Probe data file

the results for the marked wires and pins. This is specified in ttformat is binary. However, the

Data Collection section of the Analysis/Probe Setup dialog boProbe data file may be saved in

by enabling At Markers Only. The default is All data. An All  the Common Simulation Data

Except Internal Subcircuit Data selection is also available whicFormat (CSDF) instead, by

excludes data for internal subcircuit nodes and devices. selecting Probe Setup from the
Analysis menuand clickinginthe
Text Data File Format check box.
This causes simulation results to

) be written to the Probe data file

Probe Data File Output Control in ASCII format following the
CSDF convention.

Probe data file format and content can be controlled directly

from the schematic editor using options available in the Probe

Setup dialog box in combination with markeagément.

Aut Option
@ Automatically Hun Probe After Simulation
) Monitor Waveforms [Auto-Update]
! Do Mot Auto-Run Probe

At Probe Startup
Avoiding File Size Limits e
) Show Selected Markers
When PSpice runs, it creates a Probe data file. The size of th| | C Hane
file for transient analyses is roughly equal to (# transistors)-(#| [P teteet

) At Markers Only

simulation steps)-24 bytes. The size for other analyses is abo| | © a
) All Except Internal Subcircuit Data

2.5 times smaller. For long runs, especially transient runs, this | & yoe
can generate Probe data files which are over a megabyte. EV( ... sua Fite Format cspFi

if this does not cause a problem with disk space, large Probe dé
files take longer to read in and longer to display traces on the
screen.

One reason that Probe data files are large, islhat voltages
and device currents are storéar each time (or frequency, etc.)
step. To avoid this, you carggle markers on the schematic and
specify in Schematics that data should be collected at markers
only. This feature is found by selecting Probe Setup from the
Analysis menu in Schematics.
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The other reason for the large size of the Probe data file is that
long runs, especially transient ones, involve storing many data
points. For transient runs, you can suppress a part of the run by
setting the No Print Delay value in the transient analysis
specification. For example, setting No Print Delay to .9 ms tells
the simulator to start output at .9 msec. instead of time 0. Note
that this does not affect the transient calculations themselves;
these always start at time 0. It only suppresses the output.
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Chapter Overview

This chapter describes output options that can be used to control
the simulation output. This chapter includes the following

sections:
Viewpoints on page 14-2
Printpoints on page 14-3

14
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Viewpoints

Pseudocomponents that display simulation results on the
schematic are called viewpoints. These apply to the analog
portion of your circuit. Bias voltages and currents are supported.

analwziz=DC
BlASWVALLE=1.5Y lo=-14
. g b
| hi=4
I
IPROEE WIEWFOINT WATCHT

Figure 14-1 Viewpoint Example

IPROBE allows you to display the bias point current. This
essentially places a zero-valued voltage source on the
schematic. Place the IPROBE symbol on the net, and the bias
point current is displayed.

VIEWPOINT allows you to display the bias point voltage of a
net within the MicroSim Schematics windowaPk¢ the
VIEWPOINT symbol on the net, and the bias point is displayed.

WATCHL1 allows you to specify up to three output variables to
be viewed in the PSpice window as DC, AC, and/or transient
analyses proceed. All output variables are acceptable with the
exception of digital nodes and group delay. Specify the type of
analysis by editing the Value text box of the ANALYSIS
attribute. Set the upper and lower limit values by editing the LO
and HI attributes.
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Printpoints

Pseudocomponents that write results to the simulation output
file are called printpoints. Printpoints generate tabulated tables
or line printer plots. Printpoint symbols and types are shown in
Figure 14-2Table 14-1describes each of the printpoint

symbols.
% %
WPRINT 1 YPRINTZ WRLOTA WPLOTE

IFRINT IFLOT

Figure 14-2 Printpoint Symbols

Table 14-1 Printpoint Symbols

Symbol Description

IPLOT plot showing current through a cut in the
net; this symbol must be inserted into the
circuit in series (like a current meter)

IPRINT table showing current through a cut in the
net; this symbol must be inserted into the
circuit in series (like a current meter)

VPLOT1 plot showing voltages on the net to which
the symbol terminal has been connected

VPLOT2 plot showing voltage differentials between
the two nets to which the symbol terminal

have been connected
VPRINT1 supersedes the old
VPRINT1 table showing voltages at the net to which  pRINT1 pseudocomponent.

the symbol terminal has been connected

VPRINT2 table showing voltage differentials
between the two nets to which the symbol
terminals have been connected

You can specify one or more analysis types for which the
information should be reported as follows:

1 Double-click on the symbol.
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2 Double-click on the analysis type attribute of interest. Set its
Value text box to any non-blank value, suclYagES or1.

Set any additional analysis types. If AC is set, then one or
more output formats may also be set: MAG (magnitude),
PHASE, REAL, IMAG (imaginary), or DB.

If no analysis types are selected, transient results is reported by
default. If AC is selected but no output formats are selected,
MAG (magnitude) is used.
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Appendix Overview

This appendix includes the following sections:
Save and Load Bias Point on page A-2
Setpoints on page A-4

Setting Initial Conditions on page A-6



A-2 Setting Initial State

Basics

not
included
in:

If the circuit uses high gain
components, or if the circuit's
behavior is nonlinear around the
bias point, this feature is not
useful.

See Setting Up Analyses on
page 7-3for a description of the
Analysis Setup dialog box.

Save and Load Bias
Point

Save Bias Point and Load Bias Point are used to save and restore
bias point calculations in successive PSpice simulations. Saving
and restoring bias point calculations can decrease simulation
times when large circuits are run multiple times and can aid
convergence.

Save/Load Bias Point affect the following types of analyses:

« transient
« DC
« AC

Save Bias Point

Save bias point is a simulation control function that allows you
to save the bias point data from one simulation for use as initial
conditions in subsequent simulations. Once bias point data is
saved to a file, you can use the load bias point function to use the
data for another simulation.

To use save bias point
1 Click on Load Bias Point in the Analysis Setup dialog box.

2 Complete the Save Bias Point dialog box as described in the
Schematic Editor Referenckapter of th&chematics
User’'s Guide Click on OK when finished.

3 The check box next to Save Bias Point should be checked
on. If not, click on the check box to enable it.
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Load Bias Point

Load bias point is a simulation control function that allows you
to set the bias point as an initial condition. A common reason for
giving PSpice initial conditions is to select one out of two or
more stable operating points (set or reset for a flip-flop, for
example).

To use load bias point

1 Run a simulation using Save Bias Point for the Analysis See Setting Up Analyses on

Setup dialog box. page 7-3for a description of the

. . . . ) . Analysis Setup dialog box.
2 Prior to running another simulation, click on Load Bias

Point.

3 Specify a bias point file to load. Include the path if the file
is not located in your working directory. Click on OK when
finished.

4  The check box next to Load Bias Point should be checked
on. If not, click on the check box to enable it.
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Setpoints

Pseudocomponents that specify initial conditions are called
setpoints. These apply to the analog portion of your circuit.

NODESET= 3.4 NODESET= 5%
e [ s
IC1 IC2 NODESETI NODESET?Z

Figure A-1 Setpoints
The example is Figure A-1 includes the following:

IC1 a one-pin symbol that allows you to set the
initial condition on a net for both small-
signal and transient bias points

IC2 a two-pin symbol that allows you to set
initial condition between two nets

Using IC symbols sets the initial conditions for the bias point
only. It does not affect the DC sweep. If the circuit contains both
an IC symbol and a NODESET symbol for the same net, the
NODESET symbol is ignored.

To specify the initial condition, edit the value of the VALUE
attribute to the desired initial condition. PSpice attaches a
voltage source with a 0.0002 ohm series resistance to each net to
which an IC symbol is connected. The voltages are clamped this
way for the entire bias point calculation.

NODESETL1 is a one-pin symbol which helps calculate the bias
point by providing a initial guess for some net. NODESET2 is a
two-pin symbol which helps calculate the bias point between
two nets. Some or all of the circuit’s nets may be given an initial
guess. NODESET symbols are effective for the bias point (both
small-signal and transient bias points) and for the first step of the
DC sweep. It has no effect during the rest of the DC sweep or
during the transient analysis itself.
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Unlike the IC pseudocomponents, NODESET provides only an
initial guess for some net voltages. It does not clamp those nodes
to the specified voltages. However, by providing an initial
guess, NODESET symbols may be used to break the tie (in a
flip-flop, for instance) and make it come up in a desired state. To
guess at the bias point, enter the initial guess in the Value text
box for the VALUE attribute. PSpice attaches a voltage source
with a 0.0002 ohm series resistance&ch net to which an IC
symbol is connected.

These pseudocomponents are netlisted as PSpice .IC and
.NODESET commands. Refer to these commands in the
PSpice A/D Reference Manual more information. Setpoints

can be created for inductor currents and capacitor voltages using
the IC attribute described Betting Initial Conditions on

page A-6
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See Setpoints on page Afdr
more information about IC1 and
IC2.

See Setting Up Analyses on
page 7-3for a description of the
Analysis Setup dialog box.

Setting Initial
Conditions

The IC attribute allows initial conditions to be set on capacitors
and inductors. These conditions are applied during all bias point
calculations. However, if you enable the Skip Initial Transient
Solution check box in the Transient Analysis Setup dialog box,
the bias point calculation is skipped and the simulation proceeds
directly with transient analysis at TIME=0. Devices with the IC
attribute defined start with the specified voltage or current
value; however, all other such devices have an initial voltage or
current of O.

Note  Skipping the bias point calculation can make the
transient analysis subject to convergence problems.

Applying an IC attribute for a capacitor has the same effect as
applying one of the pseudocomponents IC1 or IC2 across its
nodes. PSpice attaches a voltage source with a 0.002 ohm series
resistance in parallel with the capacitor. The IC attribute allows
the user to associate the initial condition with a device, while the
IC1 and IC2 pseudocomponents allow the association to be with
a node or node pair.

In the case of initial currents through inductors, the association
is only with a device, and so there are no corresponding
pseudocomponents. The internal implementation is analogous
to the capacitor. PSpice attaches a current source with a 1 Gohm
parallel resistance in series with the inductor.

If you want IC attributes to be ignored when Skip Initial
Transient Solution is not enabled in the Transient Analysis
Setup dialog box:

1 Click on Options for the Setup Analysis dialog box.
2 SetNOICTRANSLATE to Y.
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mid-analysis snoqpl 3-8
multiple Y axes11-6
output variables13-22
performance analysi®-28, 11-3
placing a cursor on a tracg-11
plot update method4.3-16
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plot windows 13-3
printing plot windows 13-4
scrolling 13-16
startup 13-5, 13-7
trace data tabled 3-18
traces 13-29
traces, displayingl3-15
traces, using output variab)ek3-22
using markers13-10
waveform families2-25, 8-5
zoom regions13-15

pseudocomponents
ICn, A-4
IPLOT, 14-3
IPRINT, 14-3
IPROBE 14-2
NODESETnh A-4
PARAM, 2-23
VIEWPOINT, 2-8, 14-2
VPLOTn, 14-3
VPRINTN, 14-3
WATCH1, 14-2

PSpice
expressions3-10
functions 3-11
interaction with Schematics file5-39
output file (.out) 1-5, 2-7
output variables7-4
overview 1-4
Probe data file (.dat)L-4
PSpice-equivalent part6-28, 6-29
simulation status window/’-14
starting 7-11

R

regulator 5-7
RELTOL (simulation option)6-45
resistors 3-2, 5-25, 7-8

S

schematic, preparing for simulatios-1
scrolling, Probel13-16
semiconductor part$-30
sensitivity analysisseeworst-case analysis
setpoints A-4
simulation

analysis execution order-4

analysis setup/-3
analysis typesl-6, 7-2
batch jobs7-12
bias point A-2
initial conditions A-2, A-6
mid-analysis snogpl 3-8
output file (.out) 1-5, 2-7
overview 1-1
preparing a schematic fo3-1
printpoints 14-3
Probe data file13-29
results 1-4
run-time monitoring 14-2
starting 7-11
status window7-14
SIMULATION ONLY attribute, 4-7
small-signal DC transfer analysik-6, 7-2, 8-9
Stimulus Editor 1-3, 2-14, 10-5
creating new stimulus symbol$0-10
defining stimulj 10-7
editing a stimulus10-11
manual stimulus configuratipd 0-12
starting 10-6
stimulus files 10-5, 10-6
stimulus files 1-3
stimulus generatigril0-3
manually configuring10-12
stimulus, adding2-14
subcircuits 5-19
editing 5-20
naming conventiongl-11
relating to a symboK-11
switches, ideal5-28
symbols
attributes 4-6
copying 4-2
creating 4-1
creating new stimulus symbol$0-10
graphics 4-4
relating subcircuits to4-11
ABMn and ABMn/I (ABM), 6-8, 6-22
ABS (ABM), 6-8, 6-21
ARCTAN (ABM), 6-8, 6-21
ATAN (ABM), 6-8, 6-21
BANDPASS (ABM), 6-7, 6-12
BANDREJ (ABM), 6-7, 6-13
BBREAK (GaAsFET) 5-31, 5-33
C (capacitor) 3-2
C_VAR (capacitor) 3-2
CBREAK (capacitor)5-25



Index-6

CONST (ABM), 6-7, 6-9

COS (ABM), 6-8, 6-21

DBREAKX (diodes) 5-31, 5-33

DIFF (ABM), 6-7, 6-9

DIFFER (ABM), 6-7, 6-14

E (ABM controlled analog source§-47, 6-48

EFREQ (ABM) 6-28, 6-37

ELAPLACE (ABM), 6-28, 6-34

EMULT (ABM), 6-28, 6-31

EPOLY (ABM controlled analog source)-47,
6-48

ESUM (ABM), 6-28, 6-31

ETABLE (ABM), 6-28, 6-33

EVALUE (ABM), 6-28, 6-30, 6-31

EXP (ABM), 6-8, 6-21

F (ABM controlled analog source§-47, 6-48

FPOLY (ABM controlled analog source)-47,
6-48

FTABLE (ABM), 6-7, 6-15

G (ABM controlled analog source§-47, 6-48

GAIN (ABM), 6-7, 6-9

GFREQ (ABM) 6-28, 6-37

GLAPLACE (ABM), 6-28, 6-34

GLIMIT (ABM) , 6-7, 6-10

GMULT (ABM), 6-28, 6-31

GPOLY (ABM controlled analog source)-47,
6-48

GSUM (ABM), 6-28, 6-31

GTABLE (ABM), 6-28, 6-33

GVALUE (ABM), 6-28, 6-30, 6-31

H (ABM controlled analog sourcep-47, 6-48

HIPASS (ABM), 6-7, 6-12

HPOLY (ABM controlled analog source$-47,
6-48

ICn (initial condition) A-4

IDC (power supply)3-14

INTEG (ABM), 6-7, 6-14

IPLOT (current plot) 14-3

IPRINT (current table)14-3

ISRC (power supply)3-14

ISTIM (analog stimulus)10-14

JBREAKXx (JFET) 5-31, 5-33

K_LINEAR (transformer) 3-4

KBREAK (inductor coupling) 5-26

KCOUPLER (transmission line coupling matrix)
3-7

L (inductor), 3-2

LAPLACE (ABM), 6-8, 6-18

LBREAK (inductor) 5-25

LIMIT (ABM) , 6-7, 6-10

LOG (ABM), 6-8, 6-21

LOG10 (ABM), 6-8, 6-21

LOPASS (ABM) 6-7, 6-11

MBREAKx (MOSFET) 5-31, 5-33

MULT (ABM), 6-7, 6-9

NODESETN (initial bias point)A-4

PWR (ABM), 6-8, 6-21

PWRS (ABM) 6-8, 6-21

QBREAKX (bipolar transistor)5-31, 5-33

R (resistor) 3-2

R_VAR (resistor) 3-2

RBREAK (resistor) 5-25

SBREAK (voltage-controlled switchp-28

SIN (ABM), 6-8, 6-21

SOFTLIM (ABM), 6-7, 6-10

SQRT (ABM), 6-8, 6-21

SUM (ABM), 6-7, 6-9

T (transmission line)3-5

TABLE (ABM), 6-7, 6-14

TAN (ABM), 6-8, 6-21

TLOSSY (transmission ling)3-5

TnCOUPLED (transmission lingB-7

TnCOUPLEDX (transmission lineB-7

VDC (power supply)3-14

VIEWPOINT (view bias point voltageP-5, 2-8,
14-2

VPLOTN (voltage plot)14-3

VPRINTN (voltage table)14-3

VSRC (power supply)3-14

VSTIM (analog stimulus)10-14

WBREAK (current-controlled switchp-28

XFRM_LINEAR (transformer) 3-4

XFRM_NONLINEAR (nonlinear transformer)
5-28

ZBREAKN (IGBT), 5-31, 5-34

system variables in expressiolds13

T

table look-up parts (ABM)6-7, 6-14, 6-28, 6-33
temperature analysid-7, 7-2, 11-11
with statistical analysed 2-6
TEMPLATE attribute 4-7
TIME (Probe output variable)]L3-24
traces
adding 2-10
direct manipulation13-15
displaying 2-10, 2-17
markers 13-29
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output variables13-22
placing a cursor gr2-11
transformers3-4, 5-28
transient analysjsl-7, 7-2
example 2-14
Fourier analysisl-7, 7-2, 10-21
hysteresis curved 0-19
internal time stepsl0-17
overview 10-2
setting up 2-16
Stimulus Editor 10-5
stimulus generatigril0-3
switching circuits 10-18
transient responsd 0-15
transmission lines
coupled 3-6, 3-8
ideal 3-5
lossy, 3-5
simulating 3-8
triode, 6-25
tutorials,seeexamples and tutorials

V

variables in expressions-13
viewpoints 14-2

voltage comparatpb-7

voltage references-7

voltage regulators-7

voltage source, controlle®-28, 6-46
VSTIM symbol 2-14

W

WATCH1 (view output variable symbol}4-2
waveform analysisseeProbe
waveform families, displaying in Prop2-25
worst-case analysid-8, 7-2, 12-21
collating functions12-4
example 12-24
hints 12-28
model parameter values report-3
output contral 12-3
overview 12-21
waveform reports12-4
with temperature analysid 2-6

Z

zoom regions, Prohd 3-15



	Table of Contents
	List of Figures
	List of Tables
	Before You Begin
	Welcome to MicroSim
	MicroSim PSpice Overview
	How to Use this Guide
	Typographical Conventions
	Mouse Conventions

	Related Documentation
	On-Line Help

	New Features in this Release
	If You Don’t Have the Standard PSpice Package
	If You Have PSpice�Basics
	If You Have the Evaluation CD�ROM


	Part One: Simulation Primer
	Simulation Overview
	Chapter Overview
	Creating and Analyzing Circuits
	Creating and Preparing a Circuit for Simulation
	Simulating a Circuit with PSpice
	Displaying Simulation Results

	Analysis Types
	Standard Analyses
	Simple Multi-Run Analyses
	.Statistical Analyses


	Simulation Examples
	Chapter Overview
	Example Circuit Design Entry
	Bias Point Analysis
	Running PSpice
	Simulation Output File
	Voltage Viewpoint

	DC Sweep Analysis
	Setting Up and Running a DC Sweep Analysis
	Displaying DC Analysis Results in Probe

	Transient Analysis
	AC Sweep Analysis
	Setting Up and Running an AC Sweep Analysis
	AC Sweep Analysis Results

	.Parametric Analysis
	Setting Up and Running the Parametric Analysis
	Analyzing Waveform Families in Probe

	Probe Performance .Analysis


	Part Two:Design Entry
	Preparing a Schematic for Simulation
	Chapter Overview
	Passive Parts
	Resistors, Capacitors, and Inductors
	Transformers
	Transmission Lines

	Parameters and Expressions
	Parameters
	Expressions

	Analog Power Supplies

	Creating Symbols
	Chapter Overview
	Creating a New Symbol
	Creating a Symbol
	Understanding Symbol Graphics
	Defining Part Symbol Attributes

	Linking a Symbol to a Model or Subcircuit Definiti...
	Linking a Symbol to a Model
	Relating Subcircuits to Part Symbols

	Adding New Symbols from a Vendor
	Model Library
	Symbol Library
	Copying and Modifying a Symbol for a Single Vendor...
	Copying and Modifying a Symbol for Multiple Vendor...


	Creating Models
	Chapter Overview
	Model Overview
	Global Models vs. Local Models
	Parts Utility vs. Text (Model) Editor

	Using the Parts Utility
	Starting the Parts Utility
	Supported Device Types
	Parts Model Files (.lib or .mod)
	Automatic Model Configuration
	Manual Model Configuration
	Creating Model and Subcircuit Definitions by Chara...
	Parts Utility Tutorial

	Subcircuits
	Using the Model Editor (Text Editor)
	Implementation of Model Editing
	Editing Model Definitions in the Schematic Editor
	Editing Model Definitions in the Symbol Editor
	Model Editor Dialog Box
	Model Editing Example
	Breakout Parts
	Semiconductor Parts

	Configuring the Library

	Analog Behavioral Modeling
	Chapter Overview
	Overview of Analog Behavioral Modeling
	The abm.slb Symbol Library File
	Placing and Specifying ABM Parts
	Net Names and Device Names in ABM Expressions
	Forcing the Use of a Global Definition

	ABM Part Templates
	Control System Parts
	Basic Components
	Limiters
	Chebyshev Filters
	Integrator and Differentiator
	Table Look-Up Parts
	Laplace Transform Part
	Math Functions
	ABM Expression Parts
	An Instantaneous Device Example: Modeling a Triode...

	PSpice-Equivalent Parts
	Implementation of PSpice- Equivalent Parts
	Modeling Mathematical or Instantaneous Relationshi...
	Lookup Tables (ETABLE and GTABLE)
	Frequency-Domain Device Models
	Laplace Transforms (LAPLACE)
	Frequency Response Tables (EFREQ and GFREQ)

	Cautions and Recommendations for Simulation and An...
	Instantaneous Device Modeling
	Frequency-Domain Parts
	Laplace Transforms
	Trading Off Computer Resources For Accuracy

	Basic Controlled Sources
	Basic SPICE Polynomial Expressions (POLY)
	Implementation Examples



	Part Three:Setting Up and Running Analyses
	Setting Up Analyses and Starting Simulation
	Chapter Overview
	Analysis Types
	Setting Up Analyses
	Execution Order for Standard Analyses
	Output Variables

	Starting Simulation
	Starting Simulation from Schematics
	Starting Simulation Outside of Schematics
	Setting Up Batch Simulations
	The Simulation Status Window


	DC Analyses
	Chapter Overview
	DC Sweep
	Minimum Requirements to Run a DC Sweep Analysis
	Overview of DC Sweep
	Nested DC Sweeps
	Curve Families for DC Sweeps

	Bias Point Detail
	Minimum Requirements to Run a Bias Point Detail An...
	Overview of Bias Point Detail

	Small-Signal DC Transfer
	Minimum Requirements to Run a Small-Signal DC Tran...
	Overview of Small-Signal DC Transfer

	DC Sensitivity
	Minimum Requirements to Run a DC Sensitivity Analy...
	Overview of DC Sensitivity


	AC Sweep Analysis
	Chapter Overview
	Overview of AC Sweep Analysis
	Minimum Requirements to Run an AC Sweep Analysis
	Overview of AC Sweep

	Nonlinear Components in an AC Sweep Analysis
	Noise Analysis

	Transient Analysis
	Chapter Overview
	Overview of Transient Analysis
	Minimum Requirements to Run a Transient Analysis

	Stimulus Generation
	Overview of Stimulus Generation

	The Stimulus Editor Utility
	Stimulus Files
	Configuring Stimulus Files
	Starting the Stimulus Editor
	Defining Stimuli
	Creating New Stimulus Symbols
	Editing a Stimulus
	Deleting and Removing Traces
	Manual Stimulus Configuration
	Using the VSTIM and ISTIM Sources

	Transient (Time) Response
	Internal Time Steps in Transient Analyses
	Switching Circuits in Transient Analyses
	Plotting Hysteresis Curves
	Fourier Components

	Parametric and Temperature Analysis
	Chapter Overview
	Parametric Analysis
	Minimum Requirements to Run a Parametric Analysis
	Overview of Parametric Analysis
	Example: RLC Filter
	Example: Frequency Response vs. Arbitrary Paramete...

	Temperature Analysis
	Minimum Requirements to Run a Temperature Analysis...
	Overview of Temperature Analysis


	Monte Carlo and Sensitivity/  Worst-Case Analyses
	Chapter Overview
	Statistical Analyses
	Overview of Statistical Analyses
	Output Control for Statistical Analyses
	Model Parameter Values Reports
	Waveform Reports
	Collating Functions
	Temperature Considerations in Statistical Analyses...

	Monte Carlo Analysis
	Tutorial: Monte Carlo Analysis of a Pressure Senso...
	Monte Carlo Histograms

	Worst-Case Analysis
	Overview of Worst-Case Analysis
	Worst-Case Analysis Example
	Hints and Other Useful Information



	Part Four:Viewing Results
	Waveform Analysis
	Chapter Overview
	Overview of Probe
	Anatomy of a Plot Window
	Managing Multiple Plot Windows

	What You Need to Know to Run Probe
	Starting Probe
	Setup Requirements
	Manual Startup
	Other Ways to Run Probe
	Schematic Markers

	Probe Example
	User-Interface Features
	Zoom Regions
	Scrolling Traces
	Modifying Traces and Labels
	Moving Traces and Labels
	Tabulating Trace Data Values
	Cursors

	Probe Trace Expressions
	Basic Output Variable Form
	Output Variable Form for Device Terminals
	Trace Expressions

	Limiting File Size Using Markers
	Probe Data File Output Control
	Avoiding File Size Limits


	Output Options
	Chapter Overview
	Viewpoints
	Printpoints


	Appendix A: Setting Initial State
	Appendix Overview
	Save and Load Bias Point
	Save Bias Point
	Load Bias Point

	Setpoints
	Setting Initial Conditions

	Index

