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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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Overview

The MicroSim family of products is fully intergrated, giving you the
flexibility to work through your circuit design in a consistent
environment.

This manual contains the reference material needed when working
special circuit analysis in PSpice A/D.

Included in this manual are detailed command descriptions, start-up
option definitions, and a list of supported devices in the digital and
analog device libraries.
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How to Use this Manual

Note

This manual has comprehensive reference material for all of the
MicroSim Circuit Analysis programs, which include:

» PSpice A/D

» PSpice A/D Basics+
» PSpice

» PSpice Basics

This manual assumes that you are familiar with MicroSoft Windows
(3.1, 3.11, 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 yddicroSoft Windows User’s Guide.

For UNIX users: All screen captures in this manual are of
Windows dialog boxes and windows. Most options in these dialog
boxes and windows are available in your operating environment.
When certain options are not available to you, or you must do
something differently than what is primarily outlined, information
specific to your platform is provided.
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Manual Conventions

Before using your circuit analysis software, it is important to understand
the conventions used in this documentation.

Typographical Conventions

This manual generally follows the conventions used irMioeoSoft
Windows User’s GuideéProcedures for performing an operation are
generally numbered with the following typographical conventions.

Notation Examples Description

“Quoted Text” “mydiodes.slb” Library files and file names.

<KeyName> Press <Enter> ... A specific key or key stroke on the
keyboard.

monospace TypeVAC.. Output produced by a printer and

font commands/text entered from the

keyboard.
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Command Syntax Formats

The following table provides the command syntax formats.

Notation Examples Description
italic text model name Specific items or values (file names and
filename.ext parameters) that the user must supply in the

UPPERCASE AC

(]
[

<|>

(1]

<model name

<value>*

[AC]

[ valug*

<YES | NO>
[ON | OFF]

command line.

Literal key strokes — user must enter keypad
symbols, numerals, and alphabetic characters
as shown; alphabetic charactare notcase
sensitive.

A required item in a command line (for
example model name in a command line
means that the model name parameter is
required).

The asterisk indicates that the item shown in
italics must occur oner moretimes in the
command line.

Optional item.

The asterisk indicates that there is zero or
more occurrences of the specified subject.

Specify one of the given choices.

Specify zero or one of the given choices.
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Numeric Value Conventions

The numeric value and expression conventions in the following table not
only apply to the PSpice commands described in Chapter One, but also
to the device declarations and interactive numeric entries described in
subsequent chapters.

Literal numeric values are written in standard floating point notation.
PSpice applies the default units for the numbers describing the
component values and electrical quantities. However, these values can
be scaled by following the number using the appropriate scale suffix as
shown in the following table.

Scale Symbol Name
1015 F femto-
1012 = pico-
10° N nano-
10° U micro-
25.4*10° MIL -
103 M milli-
Clock cyclé
103 K kilo-
106 MEG mega-
10%° G giga-
1012 T tera-

* Clock cycle varies and must be set where applicable.
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Numeric Expression Conventions

Numeric values can also be indirectly represented by parameters (see the
.PARAM command in Chapter One). Numeric values and parameters
can be used together to form arithmetic expressions. PSpice expressions
can incorporate the intrinsic functions shown in the following table.

The Function column lists expressions that PSpice and PSpice

A/D recognize. The Meaning column lists the mathematical definition of
the function. There are some differences between these functions
available in PSpice and those available in Probe. Refer to Probe Help for
more information.

Function " Meaning Comments

ABS(x) [X]

ACOS(x) arccosine of x -1.0<=x<=+1.0

ARCTAN(x) tan‘l(x) result in radians

ASIN(x) arcsine of x -1.0<=x<=+1.0

ATAN(X) tan"(x) result in radians

ATAN2(y,X) arctan of (y/x) result in radians

COS(x) cos(x) X in radians

COSH(x) hyperbolic cosine of x X in radians

DDT(x) time derivative of x applicable for transient analysis only

EXP(x) &

IF(t, X, y) x if t=TRUE tis a Boolean expression that evaluates to TRUE or

y if t=FALSE FALSE and can include logical and relational operators

(seeParts Command Line Options page xli). X
and Y are either numeric values or expressions. For
example,
{IF (v(1)<THL, v(1), v(1)*v(1)/THL )}
Care should be taken in modeling the discontinuity
between the IF and ELSE parts, or convergence problems
can result.

IMG(x) imaginary part of x returns 0.0 for real numbers

LIMIT(x,min,max)

LOG(X)

In(x)

result is min if x < min, max if x > max, and x otherwise

log base e
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Function * Meaning Comments
LOG10(x) log(x) log base 10
M(x) magnitude of x this produces the same result as ABS(x)
MAX(X,y) maximum of x and y
MIN(X,y) minimum of x and y
P(x) phase of x returns 0.0 for real numbers
PWR(X,y) [xY the binary operator ** is interchangeable with PWR(X,y)
or, {x**y}
PWRS(x,y) +¥ (if x>0),
-|xP (if x<0)
R(x) real part of x
SDT(x) time integral of x applicable for transient analysis only
SGN(x) sighum function
SIN(X) sin(x) X in radians
SINH(X) hyperbolic sine of x X in radians
STP(x) 1if x>=0.0 The unit step function can be used to suppress a value until
0 if x<=0.0 a given amount of time has passed. For instance,
{v(1)*STP(10ns-TIME)}
gives a value of 0.0 until 10ns has elapsed and then gives
v(1).
SQRT(X) K2
TAN(X) tan(x) X in radians
TANH(x) hyperbolic tangent of x X in radians
TABLE Result is the y value corresponding to x, when all of the

(X,X1,Y1,X2,¥2, Xn¥n)

Xn,Yn Points are plotted and connected by straight lines. If
X is greater than the max,xhen the value is thg,y
associated with the largest Xf x is less than the smallest
Xn, then the value is the,yassociated with the smallegt x

* Most numeric specifications in PSpice allow for arithmetic expressions. Some exceptions do exist and are summarized in
youruser's guide There are also some differences between the intrinsic functions available in PSpice and those available
in Probe. Refer to your user’s guide for more information on Probe.
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Expressions can contain the standard operators as shown in the
following table. These mathematical operators can be used in all
MicroSim simulators.

Operators Meaning
Arithmetic

+ addition (or string concatenation)

- subtraction

* multiplication

/ division

*x exponentiation
Logical

~ unary NOT

| boolean OR

n boolean XOR

& boolean AND
Relational

(within IF() functions)
== equality test

I= non-equality test

> greater than test
>= greater than or equal to test
< less than test

<= less than or equal to test
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Related Documentation

Table 0-1

The documentation for all MicroSim products is available in both hard-
copy and on-line.

Manual Name "

Description

MicroSim Schematics User’s
Guide

MicroSim PCBoards User’s
Guide

MicroSim PCBoards
Autorouter User’'s Guide

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

MicroSim PSpice & Basics
User's Guide

MicroSim Application Notes

*%

MicroSim PSpice Optimizer
User’s Guide

MicroSim PLSyn
Programmable Logic
Synthesis

MicroSim/AMD PLD Design
System User’s Guide

MicroSim Filter Designer
User's Guide

Library Reference Manual

Provides information on 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.

Describes the capabilities of PSpice A/D, Probe, Stimulus Editor, and Parts. 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 & and PSpice Basics which are circuit
analysis programs that allow you to create, simulate and test circuit designs
containing analog components.

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.

Provides information for using programmable logic synthesis.

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

Provides information about designing electronic frequency selective filters.

Provides a complete list of all 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.
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Command Line Options for MicroSim
Application

Command Files

A command file is an ASCII text file which contains a list of commands
to be executed. A command file can be specified in multiple ways:

» At the command line when starting Probe, StmEd, or Parts,

» By selecting Run Commands from the File menu and entering a
command file name (for Windows Probe and StmEd only), or

e At the PROBECMD or STMEDCMD command line, found in the
configuration file “msim.ini” (for Windows Probe and StmEd only).

The command file is read by the program and all of the commands
contained within the file are executed. When the end of the command file
is reached, commands are taken from the keyboard and the mouse. If no
command file is specified, all of the commands are received from the
keyboard and mouse.

The ability to “record” a set of commands can be useful when executing
Probe, Parts, and StmEd. This is especially useful in Probe, when you are
repeatedly doing the same simulation and looking at the same waveform
with only slight changes to the circuit before each run. It can also be used
to automatically create hard copy output at the end of very long (e.g.,
overnight) simulation runs.

Creating and Editing Command Files

You can create your own command file using a text editor, or in Probe
and StmEd, you can use the File/Log Commands menu item (see “Log
Files” on page xxxi for an example), to record a list of transactions in a
“log” file, then use File/Run Commands to start running the logged file.

If you choose to create a command file using a text editor, note that the
commands in the command file are the same as those available from the
keyboard with these differences:

» The name of the command or its first capitalized letter can be used.
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Note

Any line that begins with an “*” is a comment.

* Blank lines are ignored, therefore, they can be added to improve the
readability of the command file.

 The commands “@CR”, “@UP”, “@DWN?", “@LEFT”, “@RIGHT",
and “@ESC” are used to represent the <Enter>, <| >, <~ >,
<>, and <Esc> keys, respectively.

» The command “Pause” causes Probe, Parts, or StmEd to wait until any
key on the keyboard is pressed. In the case of Probe, this can be useful
to examine a waveform before the command file draws the next one.

The commands are one to a line in the file, but comment and blank lines
can be used to make the file easier to read.

Assuming that a Probe data file has been created by simulating the
circuit “example.sch,” you can manually create a command file (using a
text editor) called “example.cmd” which contains the commands listed
below. This set of commands draws a waveform, allows you to look at
it, and then exits Probe.

* Display trace v(out2) and wait

Trace Add

v(out2)

Pause

* Exit Probe environment
File Exit

See “Simulation Command Line Specification Format” on page xxxiv
and “Simulation Command Line Options” on page xxxiv for specifying
command files on the simulation command line. See “Probe Command
Line Specification Format” on page xxxviii and “Probe Command Line
Options” on page xxxviii for details on specifying the /C or -c option for
Probe.

Once you activate cursors via the Tools/Cursor command, any
mouse or keyboard movements that you make for moving the
cursor will not be recorded in the command file. You can use the
Tools/Cursor commands (i.e., Peak, Trough, etc.), and they will
be recorded in your command file, but when replaying the
command file, they may not work the same since cursor
movement is not recorded. For example, the direction of the
cursor movement is not recorded if you use the mouse or arrow
keys.



Command Line Options for MicroSim Application  xxxi

Log Files

Note

Note

The Search Commands feature is a Cursor option that allows you
to position the cursor at a particular point. You can learn more
about Search Commands by consulting Probe Help.

Instead of creating command files “by hand,” using a text editor, they
can be automatically generated by creating a “log” file while running
Probe, Parts, or StmEd. While executing the particular package, all of the
commands given are saved in the log file. The format of the “log” file is
correct for use as a command file.

You can automatically create a “.log” file in Windows Probe or StmEd
by selecting File/Log Commands and entering a log file name. This will
turn logging “on.” Any action taken after starting Log Commands is
logged in the named file and can be run in another session by using the
File/Run Commands option.

You can also create a log file for Probe, StmEd, or Parts by using the /|
or -l option at the command line. For example:

PROBE /L EXAMPLE.LOG(PC)

probe -l example.log(Sun or HP)

Of course, you can use a name for the log file that is more recognizable,
such as “acplots.cmd” (to Probe, Parts, and StmEd, the file name is any
valid file name for your computer).

Sun and HP users must use the dash (-) separators, and file
names are case sensitive. PC users can use either separator (/)
or (-), and file names can be in upper or lower case.

Editing Log Files

After Probe, Parts, or StmEd is finished, the log file is available for
editing to customize it for use as a command file. You can edit the
following items:

» Add blank lines and comments to improve readability (perhaps a title
and short discussion of what the file does).

* Add the “Pause” command for viewing waveforms before proceeding.
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 Remove the “Exit” command from the end of the file, so that Probe,
Parts, and StmEd do not automatically exit when the end of the
command file is reached.

You can add or delete other commands from the file or even change the
file name to be more recognizable. Itis possible to “build” onto log files,
either by using your text editor to combine files or by running Probe,
Parts, and StmEd with both a command and log file:

PROBE /C IN.CMD /L OUT.LOG(PC)
probe -c in.cmd -l out.log(Sun & HP)

The file “in.cmd” gives the command to Probe, and Probe saves the
(same) commands into the “out.log” file. When “in.cmd” runs out of
commands, and Probe is taking commands from the keyboard, these
commands also go into the “out.log” file.

Example: Log and Run Commands in Probe

Following is a simple example (using the data file “example.dat”), of
how logging can be used in Probe to record and save user actions to a
command file. Command files are useful if you need to remember the
steps taken in order to display a set of waveforms for any given data file.

Start Probe.
Select File/Log Commands.

Enter “2traces” in the Log file name field, and click OK. When a check
mark is placed in the box next to File/Log Command, this indicates that
logging is turned on, and stays on until the box is no longer checked.

Select File/Open.
Select “example.dat” (from the examples directory) and click OK.

Select Trace/Add, click on the trace names V(OUT1) and V(OUTZ2), and
click OK.

At this point, turn loggingff by selecting File/Log Commands. This
removes the check mark next to the command.

Now that logging is turned off, any command issued is no longer logged
in the command file. Probe accepts commands from the mouse and
keyboard but does not record them.

You can view the command file from any text editor. Command files can
be edited or appended to depending on the types of commands you want
to store for future use. The file “2traces.cmd” should look as shown
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below (with the exception of a different file path).

*Command file created by Probe - Wed Apr 17 10:33:55

File Open

/msim/probe/example.dat

OK

Trace Add

V(OUT1) V(OUT2)

OK
Now run the command file. The Probe window is still displayed and idle
since we did not exit the program. To run the command file that was

created:
1 Select File/Run Command.

2 Select “2traces.cmd” and click OK. The two traces should appear as
before, and as shown in below.

= EXAMPLE.DAT -

o UCOUT1) - U(DUT2)
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Simulation Command Line Specification Format

input file

output file

data file

option

The format for specifying command line options for PSpice and PSpice
A/D are as follows.

PSpice A/D and PSpice

pspice.exe [ option 1*[ input fil e]l output file [ data

file ]
Specifies the name of a circuit file for PSpice or PSpice A/D to simulate
after it starts. Thenput filename can include wildcard characters “*’ or
“?" in which case all file names matching the specification are simulated.

Specifies the name of the output file. By default,dbgput filename has
a “.out” extension. Also the name of thetput filename defaults to the
name of thenput file with a “.out” extension.

Specifies the name of the Probe data file. By default, the name of the
Probedata filedefaults to the name of tlrgout file with a “.dat”
extension.

One or more of the options listed in “Probe Command Line Options” on
page xxxviii.

Simulation Command Line Options

The simulation command line can contain options and file
specifications. These items can be specified in a few different ways.

From Schematics

When activated, Schematics uses initialization settings in the “msim.ini”
initialization file. You can modify the way the simulator is activated
from within Schematics, through the Options/Editor Configuration/App
Settings dialog box. Command options entered through this dialog box
take effect when the simulator is started through the Schematics
Analysis/Simulate command. To specify a simulator option via
Schematics, select Options/Editor Configuration/App Settings.
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Type the name of the simulator executable and any / or - options in the
Command field of the Simulate Command section of the App Settings
dialog. See “Simulation Command Line Options” on page xxxiv for the
available simulation options.

If you want to use a configuration file other than “msim.ini” for
MicroSim programs started via Schematics, select Options/Editor
Configuration/App Settings.

Click on the Other button in the Configuration File section of the App
Settings dialog box, and specify the name and path of the initialization
file you want Schematics to use. (Remember to use the -i option.)

From the “msim.ini” configuration file

You can customize your initialization file to include command line
options by manually editing the PSPICECMD line in “msim.ini.” These
options apply when the simulator is started from within Schematics
using the default “msim.ini.”

From the Windows Program Manager

Select the PSpice or PSpice A/D icon, then select File/Properties from
the Program Manager main menu. Enter the command line specification
and options. These options apply when the simulation is started by
double-clicking on the PSpice or PSpice A/D icon.

From the Unix Command Line (Sun and HP)

Type the name of the simulator executable and any - (dash) options on
the command line.

Examples of using command line options are:

pspice.exe -wPause=5
pspice.exe -wOUT=new

Or, from the configuration file “msim.ini”

PSPICECMD=pspice -wtxt=doc
pspicecmd=pspice /bf=2
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For more information about simulation command line options see the

following table.

Option *

Description

-bf<flush intervap

-bn<number of buffers

-bs<buffer size factor

@ <command file (pc)
-¢c <command file (unix)

-i <ini file name>

-wOUT=<suffix>

-wDAT=<suffix>

-WTEMP=<ath>

Determines how often (in minutes) the simulator will
“flush” the buffers of the Probe data file to disk. This
is useful when a long simulation is left running and the
machine crashes or is rebooted. In this case, the data
file will be readable up to the last flush. The default is
to flush every 10 minutes. Thélssh intervab can be

set between 0 and 1440 minutes. A value of zero
means to never flush.

Determines the number of buffers to potentially
allocate for the Probe data file. Zero buffers means to
do all writing directly to disk. Allocating a large
number of buffers can speed up a large simulation, but
will increase memory requirements. Exceeding
physical memory will either slow down the

simulation, or will make it fail. The default number of
buffers is 4, or 1 buffer, if you are using the CSDF
option.

Determines the size of the individual buffers for
writing the Probe data file. Using a larger buffer size
can reduce execution time, but at the expense of
increasing the memory requirements. The values for
the buffer files work as follows:

option:-bs0 -bsl -bs2 -bs3 -bs4 -bs5 -bs6
value: 256 512 1024 2048 4096 8192 16384
The default is 4K (8K if you are using CSDF).

Specifies the name of the command file to be run.

Specifies the name of an alternate initialization file. If
not specified, the simulator will use:
\windows\msim.ini

Specifies the file suffix for the simulation output file.
If <suffix> is not specified, the default “.out” will be
used.

Specifies the file suffix for the Probe data file. If
<suffix> is not specified, the default “.dat” will be
used.

Allows you to specify a directory to where PSpice can
write temporary files.
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Option "

Description

-WTXT=<suffix>

-WwNO_NOTIFY

-WPAUSE=<seconds

-WONLY

-do
(Sun & HP only)

-iconic
(Sun & HP only)

Specifies the file suffix for the Probe CSDF file. If
<suffix> is not specified, the default “.txt” will be
used.

Indicates that the simulator should not display the
status message dialog after completion of each circuit
file.

Specifies the maximum time that the status dialog box
should be displayed. Ifseconds elapses before you
click on one of the buttons, the dialog will close.

Causes the simulation to exit after all specified files
have been simulated.

Suppresses simulation display. This option should be
used on systems running the simulator as a batch job.
If you wish to run the simulator from a remote node
using “rlogin,” or from an ASCII “dumb” terminal
connected to one of the serial ports, you must specify -
doO or be running OpenWindows.

Starts iconic.

* On the PC, options can be entered using the dash (-) or slash (/) separator. Sun and HP

users must use the dash (-) separator and file names are case sensitive.
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Probe Command Line Specification Format

The format for specifying command line options for Probe is as follows.
probe[ option 1*[ data file ]

option One or more of the options specifiedAirobe Command Line Options
on page xl.
data file Specifies the name of the Probe data file. By default the name of the

Probedata fileis the name of thimput file with a “.dat” extension.

Probe Command Line Options

Probe options are specified as follows.

In Schematics

Run Probe Command field of the Options/Editor Configuration/App
Settings dialog box. These options apply when Probe is started from
Schematics.

In Windows

Probe options can be specified on the command line in the Program
Manager’s File/Properties dialog. These options apply when the
simulation is started by double-clicking on the Probe icon. Options
specified on the command line are not effective when Probe is started
from Schematics.

On the Sun and HP

By typing the executable at the command line. See <ltalicred>Probe
Command Line Specification Format on page xli for details on
specifying the executable on the command line. Note that for Unix
platforms, file names are case sensitive.

On the PROBECMD line in the configuration file “msim.ini.” These
options apply when Probe is started from within Schematics using the
default “msim.ini.”

The command line options can be separated by spaces or in a continuous
string, therefore:
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Note

PROBE -c makeplot.cmd -p newamp.prb
probe -cmakeplot.cmd-pnewamp.prb

are equivalent. The order of the options does not matter.

The command line options that udilecname> assume default
extensions. These command line options can be used without specifying
the extension tofde name. For example:

probe -¢ makeplot -p newamp
probe -¢ makeplot.cmd -p newamp.prb

achieve the same results. However, Probe searches first for the exact
<file name> specified for these command line options and if thiée <
name> exists, Probe uses it. If the exafitekname does not exist,

Probe adds default extensions filesname> and searches for those. The
following default extensions are used:

<file name [.dat]>-Probe data file

-c< file name  [.cmd]>-command file

-I< file name [.log]>-log file

-p< file name [.prb]>-macros, goal functions, and
displays file

You can learn more about Probe macros by consulting Probe
Help.
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The available Probe command line options are listed in the following
table.

Table 0-2 Probe Command Line Options

Option * Description

-bn shaumber of  Determines the number of buffers to potentially allocate for the

buffers> Probe data file. Zero buffers means to do all reading directly from
the disk. Allocating a large number of buffers can speed up a
readin from a large simulation, but will increase memory
requirements. Exceeding physical memory will either slow down
the readin, or will make it fail. The default number of buffers is 4,
or 1 buffer, if you are using CSDF.

-bs <dbuffer size  Determines the size of the individual buffers which will be read

factar> from the Probe data file. Using a larger buffer size can reduce
execution time, but at the expense of increasing the memory
requirements. The values for the buffer files work as follows:

option: -bsO0  -bsl -bs2 -bs3 -bs4 -bs5 -bs6
value: 256 512 1024 2048 4096 8192 16384
The default is 4K, or 8K, if you are using CSDF.

-¢ <file name» Specifies the command file, which runs the session until the
command file ends or Probe quits.

-i <file name> Specifies the name of an alternate initialization file. If not
specified, Probe will use \windows\msim.ini.

-| <file name> Creates a “log” file, which saves the commands from this session.
This log file can later be used as an input command file for Probe.

-p <file name» Specifies a file which contains goal functions for Performance
Analysis, macro definitions, and display configurations. This file
is loaded after the global “.prb” file (specified in the “.ini” file by
the line PRBFILE=msim.prb), and the local “.prb” filefi(e
name>.prb), have been loaded. Definitions in this file will replace
definitions from the global or local “.prb” files that have already
been loaded.

* On the PC, options can be entered using the dash (-) or slash (/) separator. Sun and HP
users must use the dash (-) separator and file names are case sensitive.

Parts Command Line Options
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The table below lists the available command line options for Parts.

Table 0-3 Parts Command Line Options

Option Description

-c <file name Specifies the “macro” command file, which runs the session
until the command file ends or Parts quits.

-d <file name> Specifies a particular device file, which defines the display and
hard copy device types for Parts. If a device file is not
specified, the default is “pspice.dev.”

-| <file name Creates a “log” file, which saves the commands from this
session in a command file for later use.

* On the PC, options can be entered using the dash (-) or slash (/) separator. Sun and HP
users must use the dash (-) separator and file names are case sensitive.

The command line options can be space separated or a continuous string.
so that:

parts -d ega.dev -c makeplot.cmd
parts -cmakeplot.cmd-dega.dev

are equivalent. As shown in this example, the order of the options does
not matter.

If you do not specify a device file, Parts looks for the device file
“pspice.dev.” So:

parts
parts -d pspice.dev

are equivalent.

As you finish each device, its model or subcircuit is written to a file with
that device’s name and with the extension “.mod.” For instance, if you
extracted the parameters for the 1N914 diode, the 2N3306 transistor, and
the OP27 opamp, at the end of the Parts session your working directory
would contain the files D1IN914.MOD, Q2N3306.MOD, and

OP27.MOD with the corresponding models and subcircuits. Normally,
you would copy the data from these result files into your library file(s),
and then delete the individual model (“.mod”) files.

Stimulus Editor Command Line Options

StmEd command line options can be entered in the following format:
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stmed [ option 1*[ input file ]
input file The name of a new or existing circuit file, and
option One or more of the options listed in the table that follows.
The command line options can be separated by spaces or listed as a

continuous string. This means:

stmed -dega.dev -cmakestm.cmd newstm.cir
stmed -cmakestm.cmd-dega.dev newstm.cir
stmed -d ega.dev -c makestm.cmd newstm.cir

are all equivalent.

Option * Description

-c <command file Specifies the name of the command file to be run. For
the Sun and HP, -c specifies the “macro” command file
which runs the session until the command file ends or

StmEd quits.
-d <file name» Specifies a particular device file, which defines the
(Sun and HP) display and hard copy device types for StmEd. If a

device file is not specified, the default is “pspice.dev.”

-i <ini file name> Specifies the name of an alternate initialization file. If
not specified, the simulator usewindows
directory>\msim.ini.

-| <file name» Creates a “log” file, which saves the commands from
this session. This log file can later be used as an input
command file for StmEd.

*On the PC, options can be entered using the dash (-) or slash (/) separator. Sun and HP
users must use the dash (-) separator and file names are case sensitive
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Overview

This chapter contains a table of naming and numerical
conventions, having detailed descriptions of each PSpice “dot”
command.
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Command Reference

Table 1-1lists all of the PSpice and PSpice A/D analysis “dot”
commands. The “dot” command is contained in the circuit file.
Schematics users can enter analysis specifications through the Analysis/
Setup dialog box.

Table 1-1  Command Summary

Corresponding

Type PSpice Command Description Page
Standard Analyses AC Frequency response 14
.DC DC sweep 1-7
.FOUR Fourier components 1-14
.NOISE Noise 1-32
.OP Bias point 1-34
.SENS DC sensitivity 1-56
TF Small-signal DC transfer function 1-69
.TRAN Transient 1-70
Simple Multi-Run .STEP Parametric 1-57
Analyses .TEMP Temperature 1-66
Statistical Analyses .MC Monte Carlo 1-21
\WCASE Sensitivity/Worst-Case 1-76
Initial Conditions AC Clamp node voltage for bias point calculation 1-16
Restored .NODESET bias point
.LOADBIAS “Suggest” node voltage for bias calculation 1-20
.NODESET Store .NODESET bias point information 1-31
SAVEBIAS 1-52
Device Modeling .END End subcircuit definition 1-12
.DISTRIBUTION Model parameter tolerance distribution 1-10
.MODEL Modeled device definition 1-25
.SUBCKT Start subcircuit definition 1-63
Output Control .PLOT Analysis plot to output file (line printer format) 1-43
PRINT Analysis table to output file 1-45
.PROBE Simulation results to Probe data file 1-46
.VECTOR Digital state output 1-72

'IA
~
1SN

WATCH View simulation results in progress
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Table 1-1 Command Summary

Corresponding

Type PSpice Command Description Page
Circuit File Processing .END End of circuit simulation description 1-12
.FUNC Expression function definition 1-15
INC Include specified file 1-17
LIB Reference specified library 1-18
.PARAM Parameter definition 1-41
Miscellaneous .ALIASES Starts alias definition 1-6
.ENDALIASES Ends alias definition 1-6
.EXTERNAL Identifies nets representing the outermost (or 1-13
peripheral), connections to the circuit being
simulated
.OPTIONS Sets miscellaneous simulation limits, analyses 1-35

control parameters, and output characters

.STMLIB Specifies a file name containing .STIMULUS  1-61
information

.STIMULUS Stimulus device definition 1-62

TEXT Text expression, parameter, or file name used b{-67

digital devices
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AC (AC Analysis)

Purpose The .AC command is used to calculate the frequency response of a
circuit over a range of frequencies.

General Form AC <sweep type> <points value>
+ <start frequency value> <end frequency value>

Example AC LIN 101 100Hz 200Hz
AC OCT 10 1kHz 16kHz
.AC DEC 20 1MEG 100MEG

<sweep type The sweep type must be either LIN, OCT, or DEC.

Parameter * Description Description

LIN linear sweep The frequency is swept linearly from
the starting to the ending frequency.
The <points value is the total number
of points in the sweep.

OoCT sweep by octaves The frequency is swept logarithmically
by octaves. Thepoints value is the
number of points per octave.

DEC sweep by decades The frequency is swept logarithmically
by decades. Thepoints value is the
number of points per decade.

*One of the sweep types LIN, OCT, or DEC, must be specified.

<points value The points value (an integer), is the number of points in the sweep.

<start frequency valure<end frequency valze

The end frequency valuesust not be less thdhe start frequency value,
and both must be greater than zero. The whole sweep must include at
least one point.

The simulator calculates the frequency response by linearizing the
circuit around the bias point. All independent voltage and current
sources which have AC values are inputs to the circuit.

Note A .PRINT, .PLOT, or .PROBE command must be used to get the
results of the AC sweep analysis.

If a group delay (“G” suffix) is specified as an output, the frequency
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steps must be close enough together that the phase of that output change
smoothly from one frequency to the next. Group delay is calculated by
subtracting the phases of successive outputs and dividing by the
frequency increment.

During AC analysis, the only independent sources which have nonzero
amplitudes, are those using AC specifications. The SIN specification
does notount as it is used only during transient analysis.

AC analysis is a linear analysis. To analyze nonlinear functions, such as
mixers, frequency doublers, and AGC, it is necessary to use transient
analysis.
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ALIASES, .ENDALIASES (ALIASES and
ENDALIASES)

Purpose Aliases set up equivalences between node names and pin names, so that
traces in the Probe display can be identified by naming a device and pin
instead of a node. They are also used to equate a net name to a node
name.

General Form ALIASES
<device name <devicealias> (<<pin>=<node>>)
_ (<net=<node>>)

[ENDALIASES
Example ALIASES
R_RBIAS RBIAS (1=$N_0001 2=VDD)
Q 03 Q3 (c=$N_0001 b=$N_0001 e=VEE)
_ _ (OUT=$N_0007)
.ENDALIASES
Comments The first alias definition shown in the example allows the name

“RBIAS” to be used as an alias for “R_RBIAS”, and it relates pin “1” of
device “R_RBIAS” to node “$N_0001" and pin “2” to “VDD". The last
alias definition equates net name “OUT” to node name “$N_0007".
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.DC (DC Analysis)

Purpose

General Form

Example

<start value

<increment value

<start value

<points value

The .DC command performs a DC sweep analysis on the circuit.

.DC<linear sweep type> <sweep variable name>
+ <start value> <end value> <increment value>
+ [nested sweep specification

.DC dogarithmic sweep type<sweep variable name
+ <start value> <end value <points value
+ [nested sweep specificatjon

.DC <sweep variable namel IST <value>*
+[nested sweep specificatjon

DCVIN-25 .25 .05

DCLINI2 5mA -2mA 0.1mA

.DC VCE OV 10V .5V 1B OmA 1mA 50uA
.DC RESRMOD(R) 0.9 1.1 .001

.DC DEC NPN QFAST(IS) 1E-18 1E-14 5
.DC TEMP LIST 0 20 27 50 80 100

.DC PARAM Vsupply 7.5 15 .5

The DC sweep analysis calculates the circuit’s bias point over a range of
values for sweep variable name The first form, and the first four
examples, are for doing a linear sweep. The second form, and the fifth
example, are for doing a logarithmic sweep. The third form, and the sixth
example, are for using a list of values for the sweep variable.

Linear Sweeps

Can be greater or less thaend value: that is, the sweep can go in
either direction.

The value must be greater than zero.
Logarithmic Sweeps (DEC or OCT)
The value must be positive and less than <end value>.

The value is the number of points in the sweep, and must be an integer.
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Nested Sweep

For a nested sweep, a second sweep variable, sweep type, start, end, and
increment values can be placed after the first sweep. In the nested sweep
example, the first sweep is the “inner” loop: the entire first sweep is
performed for each value of the second sweep.

The rules for the values in the second sweep are the same as for the first.
The second sweep generates an entire .PRINT table or .PLOT plot for
each value of the sweep. Probe allows nested sweeps to be displayed as
a family of curves.

Sweep Type

The sweep can be linear, logarithmic, or a list of values. .
Parameter * Description Meaning
LIN linear sweep The sweep variable is swept linearly

from the starting to the ending value.
<increment value is the step size.

OCT sweep by octaves Sweep by octaves. The sweep variable
is swept logarithmically by octaves.
The <points value is the number of
steps per octave.

DEC sweep by decades Sweep by decades. The sweep variable
is swept logarithmically by decades.
The oints value is the number of
steps per decade.

LIST list of values Use a list of values. In this case there
are no start and end values. Instead, the
numbers that follow the keyword LIST
are the values that the sweep variable is
set to.

*For [linear sweep tydethe keyword LIN is optional, but either OCT or DEC must be
specified for the kogarithmic sweep type
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<sweep variable name

After the DC sweep is finished, the value associated vatieep
variable name is set back to the value it had before the sweep started.
The following items can be used as sweep variables in a DC sweep:

Parameter Description Meaning

Source A name of an During the sweep, the source’s voltage
independent voltage or or current is set to the sweep value.
current source.

Model A model type and model The parameter in the model is set to the

Parameter name followed by a sweep value. The following model
model parameter name inparameters cannbe (usefully) swept:
parenthesis. L andW for the MOSFET device (use

LD andWD as a work around), and any
temperature parameters, sucired
andTC2 for the resistor.

Temperature Use the keyword TEMP The temperature is set to the sweep
for <sweep variable value. For each value in the sweep, all
name. the circuit components have their model
parameters updated to that temperature.

Global Use the keyword During the sweep, the global

Parameter PARAM, followed by parameter’s value is set to the sweep
the parameter name, for value and all expressions are
<sweep variable name reevaluated.
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.DISTRIBUTION (User-Defined Distribution)

Purpose

General Form

Example

<deviatiorr

<probability>

The .DISTRIBUTION command is used to define a user distribution for
tolerances, and is only used with Monte Carlo and sensitivity/worst-case
analyses. The curve described by a .DISTRIBUTION command controls
the relative probability distribution of random numbers generated by
PSpice to calculate model parameter deviations.

DISTRIBUTION <name> (<deviatior» <probability>)*

.DISTRIBUTION bi_modal (-1,1) (-.5,1) (-.5,0) (.5,0)
+ (.5,1) (1,1)
.DISTRIBUTION triangular (-1,0) (0,1) (1,0)

The distribution curve is defined bydeviatior> <probability>) pairs,
or corner points, in a piecewise linear fashion. Up to 100 value pairs are
allowed.

The deviation must be in the range (-1,+1), which matches the range of
the random number generator. Nae¥viatior» can be less than the
previous <eviatiors in the list, although it can repeat the previous
value.

This represents a relative probability, and must be positive or zero.

The updated value of a parameter is derived from a combination of a
random number, the distribution, and the tolerance specified.

The steps taken are:
A <temporary random numbeiin the range (0, 1) is generated.
The area under the specified distribution is normalized.

The <inal random number is set to the point where the area under the
normalized distribution equals théemporary random number

This <inal random number is multiplied by the specified tolerance.
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Comments

This method permits distributions which have different excursions in the
positive and negative directions. It also allows the use of one distribution
even if the tolerances of the components are different so long as the
general shape of the distributions are the same.

To illustrate, assume there is a qfd capacitor which has a variation

of -50% to +25%, and another which has tolerances of -10% to +5%.
Note that both capacitors’ tolerances are in the same general shape, thai
is, both have negative excursions twice as large as the positive
excursions.

.distribution cdistrib (-1,1) (.5, 1) (.5, 0) (1, 0)

cl10cmod 11u

c210cmod2 1u

.model cmodl cap (c=1 dev/cdistrib 50%)
.model cmod2 cap (c=1 dev/cdistrib 10%)

The steps taken are:
Assume that atemporary random valwgeof .3 is generated.
The area under the cdistrib distribution (1.5) is normalized to 1.0.

The <inal random number is therefore -0.55 (the point where the
normalized area equals .3).

For c1, this -0.55 is then scaled by 50% resulting in -.275, for c2, it is
scaled by 10% resulting in -0.055. (Separate random numbers are
generated for each parameter that has a tolerance unless a tracking
number is specified.)

When using Schematics, several distributions can be defined by
configuring an “include” file containing the .DISTRIBUTION
command. For details on how to do this, refer to your PSpice user’s
guide.

If you are not using Schematics, a user-defined distribution can be
specified as the default by setting the DISTRIBUTION parameter in the
.OPTIONS command.
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.END (End of Circuit)

Purpose

General Form

Example

Note

The .END command marks the end of the circuit. All the data and every
other command must come before it. When the .END command is
reached, PSpice does all the specified analyses on the circuit.

.END

There can be more than one circuit in an input file. Each circuit and each
command are marked by a .END command. PSpice processes all the
analyses for each circuit before going on to the next one.

Everything is reset at the beginning of each circuit. Having several
circuits in one file gives the same results as having them in separate files
and running each one separately. However, all the simulation results go
into one “.out” file and one “.dat” file. This is a convenient way to
arrange a set of runs for overnight operation.

The last statement in an input file must be a .END command.

* 1st circuit in file
... circuit definition
.END

* 2nd circuit in file
... Circuit definition
.END
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EXTERNAL (External Port)

Purpose

General Form

Example

<attribute>

<node-name

Comments

Note

External ports are provided as a means of identifying and distinguishing
those nets representing the outermost (or peripheral), connections to the
circuit being simulated.

.EXTERNAL <attribute> <node-name*

.EXTERNAL INPUT Datal, Data2, Data3
.EXTERNAL OUTPUT P1
.EXTERNAL BIDIRECTIONAL BPortl BPort2 BPort3

Is one of the keywords, “INPUT,” “OUTPUT,” or
“BIDIRECTIONAL,” describing the usage of the port.

Is one or more valid PSpice A/D node name(s).

The external port statement, .EXTERNAL, applies only to nodes that
have digital devices attached to them. When a node is included in a
.EXTERNAL statement it is identified as a primary observation point.
For example, if a PCB-level description is being modeled and simulated,
.EXTERNALS (or their Schematics symbol counterparts), would be
placed on the “edge pin” nets, thereby describing them as the “external
interface points” of the network.

PSpice recognizes the nets marked as .EXTERNAL when reporting any
sort of timing violation. When a timing violation occurs, PSpice
analyzes the conditions that would permit the effects of such a condition
to propagate through the circuit. If, during this analysis, a net marked as
“external” is encountered, PSpice reports the condition as a “Persistent
Hazard,” signifying that it has a potential effect on the externally visible
behavior of the circuit.

For more information on Persistent Hazards, refer to your PSpice user’s
guide

Port specifications are inserted into the netlist by Schematics
whenever an external port symbol, EXTERNAL _IN,
EXTERNAL _OUT, or EXTERNAL Bl is used. Refer to your
PSpice user’s guide.
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.FOUR (Fourier Analysis)

Purpose

General Form

Example

<output variable

Fourier analysis decomposes the results of a transient analysis into
Fourier components.

.FOUR <requency value [no. harmonics valje<output variable

.FOUR 10kHz V/(5) V(6,7) I(VSENS3)
.FOUR 60Hz 20 V(17)
FOUR 10kHz V([OUT1],JOUT2])

The analysis results are obtained by performing a Fourier integral on the
results from a transient analysis. The analysis must be supplied with
specified output variables using evenly spaced time points. The time
interval used is print step value in the .TRAN command, or 1% of the
<final time value (TSTOP) if smaller, and d'%order polynomial
interpolation is used to calculate the output value used in the integration.
The DC component, the fundamental, and théhPough @ harmonics

of the selected voltages and currents, are calculated by default, although
more harmonics can be specified. A .FOUR command requires a . TRAN
command. Fourier analysis does reqjuire a .PRINT, .PLOT, or

.PROBE command. The tabulated results are written to the output file
(“.out”) as the transient analysis is completed.

Is an output variable of the same form as in a .PRINT command or
.PLOT command for a transient analysis.

<frequency value Is the fundamental frequency. Not all of the transient results are used,

Note

only the interval from the end, back to fteguency value before the
end is used. This means that the transient analysis must be at least 1/
<frequency value seconds long.

The results of the .FOUR command are only available in the
output file. They cannot be viewed in Probe.
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.FUNC (Function)

Purpose

General Form

Example

.FUNC

<body>

[arg]

Note

Note

The .FUNC command is used to define “functions” that are used in
expressions. Besides their obvious flexibility, they are useful for where
there are several similar subexpressions in a circuit file.

.FUNC <hame> ([arg]*) {< body>}

.FUNC E(x) {exp(x)}

.FUNC DECAY(CNST) {E(-CNST*TIME)}
.FUNC TRIWAV(x) {ACOS(COS(x))/3.14159}
.FUNC MIN3(A,B,C) {MIN(A,MIN(B,C))}

This command does not have to precede the first use of the “function”
name. Functions cannot be redefined and the function name must not be
the same as any of the predefined functions (e.g., SIN and SQRT). See
Before you Begirfor a list of valid expressions.

.FUNC arguments cannot be node names.

Can refer to other (previously defined) functions: the second example,
DECAY, uses the first example, E.

Up to 10 arguments can be used in a definition. The number of
arguments in the use of a function must agree with the number in the
definition. Functions can be defined as having no arguments, but the
parentheses are still required. Parameters, TIME, other functions, and
the Laplace variable “s” are allowed in the body of function definitions.

The <body> of a defined function is handled in the same way as any
math expression, it is enclosed in curly braces ({}), as shown in the
examples. Previous versions of PSpice did not require this, so, for
compatibility, the body> can be read without braces but a warning is
generated.

Creating a file of popular .FUNC definitions and accessing them
using a .INC command near the beginning of the circuit file can be
helpful. .FUNCs can also be defined in subcircuits. In those cases
they only have local scope.
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1C (Initial Bias Point Condition)

Purpose

General Form

Example

<value>

Note

Note

The .IC command is used to set initial conditions for both small-signal
and transient bias points. Initial conditions can be given for some or all
of the circuit’'s nodes.

IC < V(<node> [,<node>])=<value> >*
.IC <lI(<inductor>)=<value>>*

1C V(2)=3.4 V(102)=0 V(3)=-1V I(L1)=2uAmp
.IC V(InPlus,InMinus)=1e-3 V(100,133)=5.0V

The voltage between two nodes and the current through an inductor can
be specified. During bias calculations, PSpice clamps the voltages to
specified values by attaching a voltage source with a 0.0002 ohm series
resistor between the specified nodes. After the bias point has been
calculated and the transient analysis started, the node is “released.”

Is a voltage which is assigned toode>, or a current which is assigned
to an inductor, for the duration of the bias point calculation.

The .IC sets the initial conditions for the bias point only. It does not
affect a DC sweep.

If the circuit contains both the .IC command and .NODESET command
for the same node or inductor, the .NODESET command is ignored (.IC
overrides .NODESET).

Refer to your PSpice user’s guide for more information on setting initial
conditions.

A .IC command which impose nonzero voltages on inductors
cannot work properly, since inductors are assumed to be short
circuits for bias point calculations. However, inductor currents can
be initialized.
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ANC (Include File)

Purpose

General Form

Example

<“file nameé>

Note

Comments

The .INC command is used to insert the contents of another file.

INC <"file namé&>

.INC "SETUP.CIR"
.INC "C:\LIB\VCO.CIR"

Can be any character string which is a legal file name for the computer
system.

For Unix based systems, file names are case sensitive. The file
extension is not defaulted to “.inc”. If a file name is specified, it
must include its extension.

Including a file is the same as bringing the file's text into the circuit file.
Everything in the included file is actually read in. The comments of the
included file are then treated just as if they were found in the parent file.

Included files can contain any legal PSpice statements, but the following
notes must apply:

» The included files should not contain title lines unless they are
commented

* .END command (if present), should mark only the end of the included
file,

* Included files can be nested. Up to 4 levels of “including” are allowed.

Every model and subcircuit definition, even if not needed, takes up space
in the memory.
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.LIB (Library File)

Purpose

General Form

Example

file name

Comments

Note

The .LIB command is used to reference a model or subcircuit library in
another file.

.LIB ["file namé]
.LIB
.LIB linear.lib

.LIB "C:\lib\bipolar.lib"

Can be any character string which is a legal file name for the computer
system.

For Unix based systems, file names are case sensitive. The file
extension is not defaulted to “lib”. If a file name is specified, it
must include its extension.

If file nameis left off, all references are defaulted to the master library
file, “nom.lib.” When a library file is referenced in Schematics, PSpice
first searches for the file in the current working directory, and then in the
directory specified by the LIBPATH variable (set in “msim.ini").

When any library is modified, PSpice creates an index file only on the
first time that the library is used. The index file is organized in a way
which allows PSpice to find a particular MODEL or .SUBCKT quickly,
in spite of how large the library file is.

The index files have to be regenerated each time the library is changed.
Because of this, it is advantageous to configure separately any frequently
changed libraries.

The NOM.LIB normally contains references to all parts in MicroSim’s
Standard Model Library. NOM.LIB can be edited to include your
custom model references.
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Library files can contain:

¢ comments,

* .MODEL commands,

* subcircuit definitions (including the .ENDS command),
+ .PARAM commands,

e .FUNC commands, and

 .LIB commands.

No other statements are allowed. For further discussion of library files,
refer to your PSpice user’s guide.
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.LOADBIAS (Load Bias Point File)

Purpose

General Form

Example

<“file name™

Comments

Note

The .LOADBIAS command is used to load the contents of a bias point
file.

.LOADBIAS <"file namé&>

.LOADBIAS "SAVETRAN.NOD"
.LOADBIAS "C:\PROJECT\INIT.FIL"

Normally, the bias point file has been produced by a previous circuit
simulation using the .SAVEBIAS command, described.&i?.

Can be any character string which is a legal computer system file name,
but it must be enclosed in quotation marks.

The bias point file is a text file which contains one or more comment
lines, and a .NODESET command having the bias point voltage or
inductor current values. If a fixed value for a transient analysis bias point
needs to be set, this can be edited to replace the .NODESET command
with a .IC command.

Any nodes mentioned in the loaded file that are not present in the
circuit are ignored, and a warning message will be generated.

To echo the .LOADBIAS file contents to the output file, use the
EXPAND option on the .OPTIONS command.



.MC (Monte Carlo Analysis) 1-21

.MC (Monte Carlo Analysis)

Purpose

General Form

Example

<#runs value

<analysis

<output variable

The .MC command causes a Monte Carlo (statistical) analysis of the
circuit and multiple runs of the selected analysis (DC, AC, or transient)
are performed.

.MC <#runs value <analysis> <output variable
+ <functior> [option* [SEED=valug

.MC 10 TRAN V(5) YMAX

.MC 50 DC IC(Q7) YMAX LIST

.MC 20 AC VP(13,5) YMAX LIST OUTPUT ALL

.MC 10 TRAN V([OUT1],JOUT2]) YMAX SEED=9321

The first run uses nominal values of all components. Subsequent runs
use variations on model parameters as specified by the DEV and LOT
tolerances on each .MODEL parameter ($48DEL (Model)

command section for details on the DEV and LOT tolerances).

The total number of runs to be performed (for printed results the upper
limit is 2,000, and if the output is to be viewed using Probe, the limit is
400).

The other specifications on the .MC command control the output
generated by the Monte Carlo analysis.

At least one DC, AC, or TRAN must be specified fanglysis. This
analysis is repeated in subsequent passes. All analyses that the circuit
contains are performed during the nominal pass. Only the selected
analysis is performed during subsequent passes.

Identical in format to that of a .PRINT output variable; se& for
.PRINT examples.
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<functior>

Specifies the operation to be performed on the valuesuipst
variable> to reduce these to a single value. This value is the basis for the
comparisons between the nominal and subsequent runs.

The <unctior» must be one of the following.

Function Definition

YMAX Find the absolute value of tigeeatest differenc
each waveform from the nominal run.

MAX Find themaximum valuef each waveform.
MIN Find theminimum valuef each waveform.

RISE_EDGE(<value>) Find thefirst occurrenceof the waveform crossing
abovethe threshold value>. The waveform must have
one or more points at or belowaue> followed by
one above; the output value listed is the first point that
the waveform increases aboveatue>.

FALL_EDGE(<value>) Find thefirst occurrenceof the waveform crossing
belowthe threshold wvalue>. The waveform must have
one or more points at or aboveatue> followed by
one below; the output value listed is where the
waveform decreases belowatue>.

Note  <function> and all [option]s (except for <output type>) have no
effect on the Probe data that is saved from the simulation. They
are only applicable to the output file.
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[option* Can include zero or more of the following.
Option Definition Type Example
LIST Lists, at the beginning of

OUTPUT
<output type

RANGE"
(<I_ow value»,
<high value»)

each run, the model
parameter values
actually used for each
component during that
run.

Asks for an output from ALL forces all output to be
subsequent runs, after thegenerated (including the nominal
nominal (first) run. The run).

output from any run is

governed by a .PRINT,

.PLOT, and .PROBE FIRST <N> generates output only
command in the file. If ~ during the first runs.

OUTPUT is omitted,
then only the nominal
run produces output.
The <output type is one
of the ones shown in the
Type Example column

EVERY <N> generates output
everynt run.

RUNS <N>* does analysis and
generates output only for the listed
runs. Up to 25 values can be
specified in the list.

Restricts the range over YMAX RANGE(*,.5) YMAX is

which <functiore is evaluated for values of the sweep
evaluated. An “*” can be variable (e.g., time and frequency)
used in place of a of .5 or less.

<value> to show “for all

values”. See the range

examples in the Type ~ MAX RANGE(-1,*) The

Example column. maximum of the output variable is
found for values of the sweep
variable of -1 or more.

*|If RANGE is omitted, then <function> is evaluated over the whole sweep range. This

is equivalent tRANGE(*,*).
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[SEED=valud

<value>

Comments

Defines the seed for the random number generator within the Monte
Carlo analysisThe Art of Computer ProgramminpBonald Knuth, vol.
2, pg. 171, “subtractive method”).

Must be an odd integer ranging from 1 to 32,767. If the seed value is not
set, it defaults to 17,533.

For almost all analyses, the default seed value is adequate to achieve a
constant set of results. The seed value can be modified within the integer
value as required.

For more information on Monte Carlo analysis, refer to your PSpice
user's guide.
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.MODEL (Model)

Purpose

General Form

Example

<modelname>

The .MODEL command defines a set of device parameters which can be
referenced by devices in the circuit.

.MODEL <model name [AKO: <reference model namg

+ <model type

+ ([<parameter nante = <value> [tolerance specificatidit

+ [T_MEASURED=walue>] [[T_ABS=<value>] or

+ [T_REL_GLOBAL=<value>] or [T_REL_LOCAL=<value>]])

.MODEL RMAX RES (R=1.5 TC1=.02 TC2=.005)

.MODEL DNOM D (IS=1E-9)

.MODEL QDRIV NPN (IS=1E-7 BF=30)

.MODEL MLOAD NMOS(LEVEL=1 VTO=.7 CJ=.02pF)

.MODEL CMOD CAP (C=1 DEV 5%)

.MODEL DLOAD D (IS=1E-9 DEV .5% LOT 10%)

.MODEL RTRACK RES (R=1 DEV/GAUSS 1% LOT/UNIFORM 5%)
.MODEL QDR2 AKO:QDRIV NPN (BF=50 IKF=50m)

The examples are of the .MODEL parameter. The last example uses the
AKO syntax to reference the parameters of the model QDRIV in the
third example.

The model name which is used to reference a particular model.

<reference model name

<model type

The model types of the current model and the AKO (A Kind Of)
reference model must be the same. The value of each parameter of the
referenced model is used unless overridden by the current model, e.g.,
for QDR2 in the last example, the value of IS derives from QDRIV, but
the values of BF and IKF come from the current definition. Parameter
values or formulas are transferred, but not the tolerance specification.
The referenced model can be in the main circuit file, accessed through a
INC command, or it can be in a library file (see & (Library File)
command1-18).

The anodel type is the device type and must be one of the types
outlined in the following table.
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Devices can only reference models of a corresponding type; e.g.,

* A JFET can reference a model of types NJF or PJF, but not of type

NPN.

» There can be more than one model of the same type in a circuit,
although they must have different names.

Following the €nodel type is a list of parameter values enclosed by
parentheses. None, any, or all of the parameters can be assigned values.
Default values are used for all unassigned parameters. The lists of
parameter names, meanings, and default values are found in the
individual device descriptions.

Instance

Model Type Name Type of Device

CAP Cxxx capacitor

CORE Kxxx nonlinear, magnetic core (transformer)
D Desexed diode

DINPUT NXXX digital input device (receive from digital)
DOUTPUT Oxxx digital output device (transmit to digital)
GASFET Bxxx N-channel GaAs MESFET

IND LXxx inductor

ISWITCH WXXX current-controlled switch

LPNP Qxxx lateral PNP bipolar transistor

NIGBT ZXXX N-channel insulated gate bipolar transistor (IGBT)
NJF JIXXX N-channel junction FET

NMOS MXXX N-channel MOSFET

NPN Qxxx NPN bipolar transistor

PJF JIXXX P-channel junction FET

PMOS MXXX P-channel MOSFET

PNP QXXX PNP bipolar transistor

RES RxxX resistor

TRN TXXX lossy transmission line

UADC Uxxx multi-bit analog-to-digital converter
UDAC UXXX multi-bit digital-to-analog converter
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Instance

Model Type Name Type of Device

UDLY Uxxx digital delay line

UEFF UxxX edge-triggered flip-flop
UGATE UXxX standard gate

UGFF Uxxx gated flip-flop

ulo Uxxx digital I/O model
UTGATE Uxxx tristate gate

VSWITCH SXXX voltage-controlled switch

[tolerance specificatidn

[track & disf

<lot #>

Can be appended for each parameter, using the format:

[DEV [track & disf <value>[%]] [LOT [track & disf <value>[%]]

to specify an individual device (DEV) and the device lot (LOT)
parameter value deviations. The tolerance specification is used by the
.MC analysis only.

The LOT tolerance requires that all devices that refer to the same model
use the same adjustments to the model parameter. DEV tolerances are
independent, that is each device varies independently. The “%” shows a
relative (percentage) tolerance. If it is omittedakie> is in the same

units as the parameter itself.

Specifies the tracking and non-default distribution, using the format:

[/<lot #>][/<distribution hame].

These specifications must immediately follow the keywords DEV and
LOT (without spaces) and are separated by “/".

Specifies which of ten random number generators, numbered 0 through
9, are used to calculate parameter value deviations. This allows
deviations to be correlated between parameters in the same model, as
well as between models. The generators for DEV and LOT tolerances
are distinct: there are ten generators for DEV tracking and ten generators
for LOT tracking. Tolerances withoutet #> get individually generated
random numbers.
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<distribution name
The distribution name is one of the following. The default distribution
can be set by using the .OPTIONS command DISTRIBUTION
parameter.

Distribution Name  Function

UNIFORM Generates uniformly distributed deviations over the range
<value>.
GAUSS Generates deviations using a Gaussian distribution over the

range+3c and walue> specifies the1lo deviation (i.e., this
generates deviations greater thavalue>).

<user name Generates deviations using a user-defined distribution and
<value> specifies thet1 deviation in the user-definition; see

the .DISTRIBUTION (User-Defined Distribution)
command 1-10).

Comments For more information refer to your PSpice user’s guide.

Temperature Setting Parameters

Some Passive and semiconductor devices (C, L, R, B, D, J, M, and Q)
have two levels of temperature attributes which can be customized on a
model by model basis. First, the temperature at which the model
parameters were measured can be defined using one of the following
model parameter formats in the .MODEL command line:

T_MEASURED = literal value>
T_MEASURED = { <parametep }

This overrides the nomin@aNom value which is set in the .OPTIONS
command line (default = 2T). All other parameters listed in the
.MODEL command are assumed to have been measured at
T_MEASURED.

In addition to the measured model parameter temperature, current device
temperatures can be customized to override the circuit’s “global
temperature” specification defined by the . TEMP command line (or
equivalent .STEP TEMP or .DC TEMP). There are three forms as shown
in Table 1-5



.MODEL (Model) 1-29

Table 1-2 Model Parameters for Device Temperature

Description MODEL Parameter Format Referencing Device
Format Temperature
absolute standard T_ABS=<value> T_ABS
temperature
relative to current standard T_REL_GLOBAL= global temperature
temperature <value> +T REL GLOBAL
relative to AKO AKO T REL_LOCAL= T_ABS(AKO Mode)
model <value> +T REL_LOCAL
temperature

For all formats, ®alue> can be a literal value or a parameter of the form
{<parameter nanmeg. A maximum of one device temperature
customization froniable 1-2 can coexist using the MEASURED
customizationFor instance,

.MODEL PNP_NEW PNP( T_ABS=35 T_MEASURED=0 BF=90)

defines a new model PNP_NEW where BF was measuré€andy
bipolar transistor referencing this model has an absolute device
temperature of 3%.

The following example demonstrates device temperatures set relative to
the global temperature of the circuit:

. TEMP 10 30 40
.MODEL PNP_NEW PNP( T_REL_GLOBAL=-5 BF=90)

This produces three PSpice runs where global temperature changes from
10° to 30 to 40°C, respectively, and any bipolar transistor that

references the PNP_NEW model has a device temperatut,e2s Sor
35°C, respectively.

The following example sets the device temperature relative to a
referenced AKO model:

.MODEL PNP_NEW PNP( AKO:PNP_OLD T_REL_LOCAL=10)
.MODEL PNP_OLD PNP( T_ABS=20)

Any bipolar transistor referencing the PNP_NEW model has a device
temperature of 3C.
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There are a few special considerations when using these temperature
parameters:

If the technique for current device temperature is using the value relative
to an AKO model’'s absolute temperatureABs), and the AKO

referenced model does not spedifyBs, then ther REL_LOCAL
specification is ignored and the standard global temperature
specification is used.

These temperature parameters cannot be used with the DEV and LOT
model parameter tolerance feature.

A DC sweep analysis can be performed on these parameters so long as
the temperature parameter assignment is to a variable parameter. For
example:

PARAM PTEMP 27
MODEL PNP_NEW PNP ( T_ABS={PTEMP})
.DC PARAM PTEMP 27 35 1

This method produces a single DC sweep in PSpice where any bipolar
transistor referencing the PNP_NEW model has a device temperature
which is swept from 27°C to 35°C in 1°C increments.

A similar effect can be obtained by performing a parametric analysis.
For instance:
.PARAM PTEMP 27

MODEL PNP_NEW PNP( T_ABS={PTEMP})
.STEP PARAM PTEMP 27 35 1

This method produces 9 PSpice runs where the PNP_NEW model
temperature steps from 27 to 35C in increments of ’IC, one step per
run.

The effect of a temperature parameter is evaluated once prior to the bias
point calculation, unless parameters are swept by means of a .DC
PARAM or .STEP PARAM analysis described above. In these cases, the
temperature parameter’s effect is reevaluated once for each value of the
swept variable.
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.NODESET (Endostea)

Purpose

General Form

Example

Comments

The .NODESET command helps calculate the bias point by providing an
initial best guess for some node voltages and/or inductor currents. Some
or all of the circuit’s node voltages and inductor currents can be given
the initial guess, and in addition, the voltage between two nodes can be
specified.

.NODESET < V(snode> [,<node>])=<value> >*
.NODESET <I(dinductor>)=<value>>

.NODESET V(2)=3.4 V(102)=0 V(3)=-1V I(L1)=2uAmp
.NODESET V(InPlus,InMinus)=1e-3 V(100,133)=5.0V

This command is 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, nor during a transient analysis.

Unlike the .IC command, .NODESET provides only an initial guess for
some initial values. It does not clamp those nodes to the specified
voltages. However, by providing an initial guess, .NODESET can be
used to “break the tie” in, for instance, a flip-flop, and make it come up
in a required state.

If both the .IC command and .NODESET command are present, the
.NODESET command is ignored for the bias point calculations (.IC
overrides .NODESET).

For Schematics-based designs, refer to your PSpice user’s guide for
more information on setting initial conditions.
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.NOISE (Noise Analysis)

Purpose

General Form

Example

Note

The .NOISE command causes a noise analysis of the circuit to be
performed.

.NOISE V(«<node> [,<node>]) <name> [interval valué

NOISE V(5) VIN
.NOISE V(101) VSRC 20
.NOISE V(4,5) ISRC

.NOISE V([OUT1],[OUT2]) V1

A noise analysis is performed in conjunction with AC analysis and
requires a .AC command.

V(<node> [,<node>])

<name

An output voltage. It has a form such as V(5), which is the voltage at the
output node five, or a form such as V(4,5), which is the output voltage
between two nodes four and five.

The name of an independent voltage or current source where the
equivalent input noise is calculated. Theame> is not itself a noise
generator, but only a place where the equivalent input noise is calculated.

The noise-generating devices in a circuit are the resistors and the
semiconductor devices. For each frequency of the AC analysis, each
noise generator’s contribution is calculated and propagated to the output
nodes. At that point, all the propagated noise values are RMS-summed
to calculate the total output noise. The gain from the input source to the
output voltage, the total output noise, and the equivalent input noise are
all calculated. If

<name> is a voltage source then the input noise units are
volt/hertZ
<name> is a current source then the input noise units are

amp/hert#?
The output noise units are always volt/h&ttz
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[interval valué

The interval value is an integer which specifies low after the detailed
noise analysis data is written to the output file.

Everynth frequency, whera is the print interval, a detailed table is

printed showing the individual contributions of all the circuit’'s noise
generators to the total noise. These values are the noise amounts
propagated to the output nodes, not the noise amounts at each generator
If [interval valug is not present, then no detailed table is printed.

The detailed table is printed while the analysis is being performed, and
does not need a .PRINT command or a .PLOT command. The output
noise and equivalent input noise can be printed in the output by using a
.PRINT command or a .PLOT command.
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.OP (Bias Point)

Purpose

General Form

Example

Note

The .OP command causes detailed information about the bias point to be
printed.

.OP
.OP

This command does not write output to the Probe data file. The bias
point is calculated whether or not there is a .OP command. Without the
.OP command, the only information about the bias point in the output is
a list of the node voltages, voltage source currents, and total power
dissipation.

Using a .OP command can cause the small-signal (linearized)
parameters of all the nonlinear controlled sources and all the
semiconductor devices to be printed in the output file.

The .OP command controls the output for the regular bias point only.
The .TRAN command controls the output for the transient analysis bias
point.

If no other analysis is performed, no Probe data file can be
created.
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.OPTIONS (Analysis Options)

Purpose

General Form

Example

The .OPTIONS command is used to set all the options, limits, and
control parameters for the simulator.

.OPTIONS pption nam§ [ <option name=<value> |*

.OPTIONS NOECHO NOMOD DEFL=12u DEFW=8u DEFAD=150p
+ DEFAS=150p

.OPTIONS ACCT RELTOL=.01

.OPTIONS DISTRIBUTION=GAUSS

.OPTIONS DISTRIBUTION=USERDEF1

The options can be listed in any order. There are two kinds of options:
those with values, and those without values. Options without values are
flags which are activated by simply listing the option name.

The .OPTIONS command is cumulative. That is, if there are two (or
more) of the .OPTIONS command, the effect is the same as if all the
options were listed together in one .OPTIONS command. If the same
option is listed more than once, only its last value is used.

Table 1-3lists the flag options. The default for any flag option is “off”
or “no” (i.e., the opposite of specifying the option). Flag options affect
the output file unless otherwise specified.
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Table 1-3 Flag Options

Flag Option Meaning

ACCT Summary and accounting information is printed at the end of all the analyses (refer to your
PSpice user’s guide for further information on ACCT).

EXPAND Lists devices created by :subcircqit expan_sion and lists contents of the b[as poinp file (see
.SAVEBIAS (Save Bias Point to Filenhd.LOADBIAS (Load Bias Paint
File)).

LIBRARY Lists lines used from library files.

LIST Lists a summary of the circuit elements (devices).

NOBIAS Suppresses the printing of the bias point node voltages.

NODE Lists a summary of the connections (node table).

NOECHO Suppresses a listing of the input file(s).

NOICTRANSLATE

NOMOD
NOOUTMSG
NOPAGE
NOPRBMSG
NOREUSE

OPTS
STEPGMIN

Suppresses the translation of initial conditions (IC attributes) specified on capacitors and
inductors into .IC statements ( IC pseudocomponents). This means that IC attributes are
ignored if the keyword Skip Bias Point (SKIPBPi6t put at the end of the .TRAN
statement. [Seel RAN (Transient Analysi$)

Suppresses listing of model parameters and temperature updated values.
Suppresses simulation error messages in output file.

Suppresses paging and the banner for each major section of output.
Suppresses simulation error messages in Probe data file.

Suppresses the automatic saving and restoring of bias point information between different
temperatures, Monte Carlo runs, worst-case runs, and parametric analyses (.STEP). [See
also.SAVEBIAS (Save Bias Paint to Filehd.LOADBIAS (Load Bias

Point File).

Lists values for all options.

Enable GMIN stepping. This causes a GMIN stepping algorithm to be applied to circuits
that fail to converge. GMIN stepping is applied first, and if that fails, the simulator falls
back to supply stepping.

The following option has a name as its value.

Table 1-4 Option With a Name as its Value

Option

Meaning Default

DISTRIBUTION

default distribution for Monte Carlo deviations UNIFORM
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The default distribution is used for all of the deviations throughout the
Monte Carlo analyses, unless specifically overridden for a particular
tolerance. The default value for the default distribution is UNIFORM,
but can also be set to GAUSS or a user-definedggkname)

distribution. If a user-defined distribution is selected (as illustrated in the
last example at the end of this section), a .DISTRIBUTION command
must be included in the circuit file to define the user distribution for the
tolerances. An example would be:

Example DISTRIBUTION USERDEF1 (-1,1) (.5,1) (.5,0) (1,0)
.OPTIONS DISTRIBUTION=USERDEF1

Table 1-5lists the options containing values, with their default values.
Table 1-5 Options With Their Default Values

Options With Values  Meaning Units Default
ABSTOL Best accuracy of currents. amp 1pA
CHGTOL Best accuracy of charges. coulomb .01pC
CPTIME CPU time allowed for this run. sec )
DEFAD MOSFET default drain area (AD). mefter 0
DEFAS MOSFET default source area (AS). méter 0
DEFL MOSFET default length (L). meter 100u
DEFW MOSFET default width (W). meter 100u
DIGFREQ Minimum digital time step is DIGFREQ. hertz 10GHz
DIGDRVF Minimum drive resistance (Input/Output UIO type model, ohm 2
DRVH (high) andDRVL (low) values).
DIGDRVZ Maximum drive resistance (UIO type modeRVH andDRVL  ohm 20K
values).
DIGERRDEFAULT Default error limit per digital constraint device. 20
DIGERRLIMIT Maximum digital error message limit. 0**
DIGINITSTATE Sets initial state of all flip-flops and latches in circuit: O=clear, 2
1=set, 2=X.
DIGIOLVL Default digital I/0 level: 1-4; see UIO iMODEL (Model). 1
DIGMNTYMX™ Default delay selector: 1=min, 2-typical, 3=max, 4=min/max. 2

DIGMNTYSCALE Scale factor used to derive minimum delays from typical delays. 0.4
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Table 1-5 Options With Their Default Values
Options With Values  Meaning Units Default

DIGOVRDRV Ratio of drive resistances required to allow one output to 3
override another driving the same node.

DIGTYMXSCALE Scale factor used to derive maximum delays from typical delays. 1.6
GMIN Minimum conductance used for any branch. ghm 1E-12
ITL1 DC and bias point “blind” repeating limit. 150
ITL2 DC and bias point “educated guess” repeating limit. 20
ITLA The limit at any repeating point in transient analysis. 10
ITL5* Total repeating limit for all points for transient analy$ie.6=0 0**
meand TL5=infinity).
LIMPTS* Maximum points allowed for any print table or platfIPTS=0 0**
meand IMPTS=infinity).
NUMDG Number of digits output in print tables (maximum 8 useful 4
digits).
PIVREL* Relative magnitude required for pivot in matrix solution. 1E-3
PIVTOL* Absolute magnitude required for pivot in matrix solution. 1E-13
RELTOL Relative accuracy of V's and I's. .001
TNOM Default nominal temperature (also the temperature at which °C 27

model parameters are assumed to have been measured).

VNTOL Best accuracy of voltages. volt luv
WIDTH Same as “WIDTH OUT=" statement (can be set to either 80 or 80
132).

*These options are available for modification in PSpice, but it is recommended that the program defaults be used.
**Eor these options zero means infinity.

***Setting the DIGMNTYMX=4 (min/max) directs PSpice to perform digital worst-case timing simulation. Refer to your
PSpice user’s guide for a complete description.
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Other PSpice features (such as those that originate for the digital
CONSTRAINT devices monitoring timing relationships of digital

nodes) produce warning messages in simulations. These messages are
directed to the PSpice output file (and in Windows, to the Probe data
file).

Options are available for controlling where and how many of these
messages are generated. Table 1-9 summarizes the PSpice message
origins and a brief description of their meaning. Currently, the condition
messages supported are specific to digital device timing violations and
digital worst-case timing hazards. Refer to your PSpice user’s guide for
information on digital worst-case timing.

Table 1-6 PSpice Simulation Condition Messages

Message Type

Meaning

Timing Violations

FREQUENCY

GENERAL

HOLD

SETUP

RELEASE

WIDTH

Hazards

AMBIGUITY
CONVERGENCE

CUMULATIVE
AMBIGUITY

DIGITAL INPUT
VOLTAGE

The minimum or maximum frequency specification for a signaidtaseen

satisfied. Minimum frequency violations show that the period of the measured signal
is too long, while maximum frequency violations describe signals changing too
rapidly.

A boolean expression described within the GENERAL constraint checker was
evaluated and produced a “true” result.

The minimum time required for a data signal to be staftée the assertion of a
clock, hasnotbeen met.

The minimum time required for a data signal to be spaigleto the assertion of a
clock, hadnotbeen met.

The minimum time for a signal that has gone inactive (usually a control such as
CLEAR) to remain inactive before the asserting clock edge, has not been met.

The minimum pulse width specification for a signal has not been satisfied. That is, a
pulse that is too narrow was observed on the node.

The convergence of conflicting rising and falling states (timing ambiguities) arriving
at the inputs of a primitive, have produced a pulse (glitch) on the output.

Signal ambiguities are additive, increased by propagation through each level of logic
in the circuit. When the ambiguities associated with both edges of a pulse increase to
the point where they would overlap, this is flagged as a cumulative ambiguity hazard.

When a voltage is out of range on a digital pin, PSpice uses the state whose voltage
range is closest to the input voltage and continues using the simulation. A warning
message is reported.




1-40 Commands

Table 1-6 PSpice Simulation Condition Messages

Message Type Meaning

NET-STATE CONFLICT  When two or more outputs attempt to drive a net to different states, PSpice represents
the conflict as an X (unknown) state. This usually results from improper selection of a
bus driver’s enable inputs.

SUPPRESSED GLITCH A pulse applied to the input of a primitive that is shorter than the active propagation
delay is ignored by PSpice. This can orfe@ahbe significant, depending upon the
nature of the circuit. The reporting of the suppressed glitch hazard shows that there
might be a problem with either the stimulus, or the path delay configuration of the
circuit.

PERSISTENT HAZARD If the effects of any of the other logic hazard messages mentioned in the output file
are able to propagate to either an EXTERNAL port, or to any storage device in the
circuit, they are flagged as PERSISTENT HAZARDs. (Refer to your PSpice user’s
guide for more details on PERSISTENT HAZARDSs.)

ZERO-DELAY- If the output of a primitive changes more than 50 times within a single digital time
OSCILLATION step, the node is considered to be oscillating. PSpice reports this and aborts the run.
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PARAM (Parameter)

Purpose The .PARAM statement defines the value of a parameter. A parameter
name can be used in place of most numeric values in the circuit
description. Parameters can be constants, or expressions involving
constants, or a combination of these, and they can include other

parameters.

General Form .PARAM < <sname> = <value> >*
.PARAM < <name> = { <expression } >*

Example PARAM VSUPPLY = 5V
PARAM VCC = 12V, VEE = -12V
.PARAM BANDWIDTH = {100kHz/3}
.PARAM PI = 3.14159, TWO_PI = {2*3.14159}
PARAM VNUM = {2*TWO_PI}

<name Cannot begin with a number, and it cannot be one of the following
predefined parameters, TIME, or .TEXT names.

There are several predefined parameters:

Predefined Parameter Meaning

TEMP temperatureworks using digital models only
VT thermal voltagergservedl
GMIN shunt conductance for semicondugpen junctions

The parameter values must be either constants or expressions.
<value> Constants (value>) do not need “{" and “}".
<expression Can contain constants or parameters.

The .PARAM statements are order independent. They can be used inside
a subcircuit definition to create local subcircuit parameters.



1-42 Commands

Once defined, a parameter can be used in place of almost all numeric
values in the circuit description with the following exceptions:

* Not in the transmission line parameters NL and F.

» Not in thein-line temperature coefficients for resistors (parameters
can be used for thec1 andTc2 resistor model parameters).

» Not in the PWL values for independent voltage and current source (V
and | device) parameters.

* Not the E, F, G, and H device SPICE2G6 syntax for polynomial
coefficient values and gain.

Parametersannotbe used in place of nhode numbers, nor can the values
on an analysis command (e.g., TRAN and AC) be parameterized.

A .PARAM command can be in a library. The simulator can search
libraries for parameters not defined in the circuit file, in the same way it
searches for undefined models and subcircuits.
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PLOT (Plot)

Purpose

General Form

Example

Note

<analysis type

<output variables

The .PLOT command allows results from DC, AC, noise, and transient
analyses to be an output in the form of “line printer” plots in the “out”
file.

.PLOT <analysis type [output variabl¢*
+ ([<lower limit value> , <upper limit value] )*

PLOTDC V(3) V(2,3) V(R1) I(VIN)I(R2) IB(Q13) VBE(Q13)
PLOTAC VM(2) VP(2) VM(3.,4) VG(5) VDB(5) IR(D4)

.PLOT NOISE INOISE ONOISE DB(INOISE) DB(ONOISE)
PLOT TRAN V(3) V(2,3) (0,5V)  ID(M2) I(VCC) (-50mA,50mA)
.PLOT TRAN D(QA) D(QB) V(3) V(2,3)

PLOT TRAN V(3) V(R1) V([RESET])

The last example illustrates how to plot the voltage at a node which has
a name rather than a number. The first item to plot is a hode voltage, the
second item is the voltage across a resistor, and the third item to plot is

another node voltage, even though the second and third items both begin
with the letter “R”. The square brackets force the interpretation of names

to mean node names.

Lower and upper limit values do not apply to AC Analysis.

Plots are made by using text characters to draw the plot, therefore, they
work using any kind of printer.

Can be one of DC, AC, NOISE, or TRAN. Only one analysis type can
be specified.

Following the analysis type is a list of the output variables and (possibly)
Y axis scales. A maximum of 8 output variables are allowed on one
.PLOT command. However, an analysis can have any number of a
.PLOT command. See theROBE(Probe)section ori-46for the

syntax of the output variables.
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Note

The range and increment of the X axis is fixed by the analysis being
plotted. The Y axis defaults to a “nice” range determined by the ranges
of the output variables.

The Y axis of frequency response plots (AC) is always logarithmic.

If the different output variables differ considerably in their output
ranges, then the plot is given more than one Y axis using ranges
corresponding to the different output variables.

(<lower limit value>, <upper limit value)

The range of the Y axis can be set by including the lower and upper limit
values at the end of the .PLOT command.

This forces all output variables on the same Y axis to use the specified
range. The same form,lGwver limit value>, <upper limit value’), can

also be inserted one or more times in the middle of a set of output
variables. Each occurrence defines one Y axis that has the specified
range. All the output variables which come between it and the next range
to the left in the .PLOT command are put on its corresponding Y axis. In
the fourth example, the two voltage outputs go on the Y axis using the
range (0,5V) and the two current outputs go on the Y axis using the range
(-5mMA, 50mA).
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PRINT (Print)

Purpose The .PRINT command allows results from DC, AC, noise, and transient
analyses to be an output in the form of tables, referred to as print tables
in the output file.

General Form .PRINT[/DGTLCHG] <analysis type [output variabl¢*

Example PRINTDC V(3) V(2,3) V(R1) I(VIN) I(R2) IB(Q13) VBE(Q13)
PRINT AC VM(2) VP(2) VM(3,4) VG(5) VDB(5) IR(6) II(7)
.PRINT NOISE INOISE ONOISE DB(INOISE) DB(ONOISE)
PRINT TRAN V(3) V(2,3) ID(M2) I(VCC)
.PRINT TRAN D(QA) D(QB) V(3) V(2,3)
PRINT/DGTLCHG TRAN QA QB RESET
PRINT TRAN V(3) V(R1) V([RESET])

[/[DGTLCHG] This is for digital output variables only. Values are printed for each
output variable whenever one of the variables changes.

<analysis type Can be one of DC, AC, NOISE, or TRAN. Only one analysis type can
be specified for each .PRINT command.

<output variablee Following the analysis type is a list of the output variables. There is no
limit to the number of output variables: the printout is split up depending
on the width of the data columns (set using NUMDGT option) and the
output width (set using WIDTH option). See tR&ROBE(Probe)
command for the syntax of output variables.

The values of the output variables are printed as a table having each
column correspond to one output variable. The number of digits which
are printed for analog values can be changed by NUMDGT on the
.OPTIONS command.

The last example illustrates how to print a node which has a name rather
than a number. The first item to print is a node voltage, the second item

is the voltage across a resistor, and the third item to print is another node
voltage, even though the second and third items both begin with the letter
“R”. The square brackets force the interpretation of names to mean node
names.

An analysis can have any number of a .PRINT command.
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.PROBE (Probe)

Purpose

General Form

Example

Comments

Note

The .PROBE command writes the results from DC, AC, and transient
analyses to a data file that is used by the Probe waveform analyzer.

.PROBE[/CSDF]putput variablg*

.PROBE

PROBE V(3) V(2,3) V(R1) I(VIN) I(R2) IB(Q13) VBE(Q13)
PROBE/CSDF

PROBE V(3) V(R1) V([RESET])

PROBE D(QBAR)

The first example (with no output variables) writes all the node voltages
and all the device currents to the data file. The list of device currents
written is the same as the device currents allowed as output variables.

The second example writes only those output variables specified to the
data file.

The third example creates a data file in a text format using the Common
Simulation Data File (CSDF) format, not a binary format. This format is
primarily used for transfers between different computer families. This
example illustrates how to specify a hode which has a name rather than
a number. The first item to output is a node voltage, the second item is
the voltage across a resistor, and the third item to output is another node
voltage, even though the second and third items both begin with the letter
“R". The square brackets force the interpretation of names to mean node
names.

The last example only writes the output at digital node QBAR to the data
file.

Refer to your PSpice user’s guide for a description of Probe and for
information about using the Probe data file.

Unlike the .PRINT command and .PLOT command, there are no
analysis names before the output variables. Also, the number of
output variables is unlimited.
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<output variablee This section describes the types of output variables allowed in a .PRINT,
.PLOT, and .PROBE command. Each .PRINT or .PLOT can have up to
8 output variables. This format is similar to that used when calling up
waveforms while running Probe.

See the tables below for a description of the possible output variables.

f

.PROBE is used without specifying a list of output variables, all of the
circuit voltages and currents are stored for post-processing. When an
output variable list is included, the data stored is limited to the listed

items. This form is intended for users who want to limit the size of the

Probe data file.

DC Sweep and Transient Analysis

For DC sweep and transient analysis, these are the available output

variables:

General Form

Meaning of Output Variable

D(<name)
I(<name>)

Ix(<name)

Iz(<name>)
V(<node>)

V(<+ node>,
<- node>)

V(<name)
Vx(<name)
Vz(<name>)

Vxy(<name>)

digital value of name> (a digital node)
current through a two terminal device

current into a terminal of a three or four terminal device (x is one
Of HBH, HDH’ HGH, Or HSH)

current into one end of a transmission line (z is either “A” or “B”)
voltage at a node

voltage between two nodes

voltage across a two-terminal device
voltage at a non-grounded terminal of a device (see Ix)
voltage at one end of a transmission line (z is either “A” or “B”)

voltage across two terminals of a three or four terminal device
type

*These values are available for transient and DC analysis only. For the .PRINT/
DGTLCHG statement the “D( )" is optional.
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Examples Meaning of Output Variable

D(QA) the value of digital node QA

1(D5) current through diode D5

1G(J10) current into gate of J10

V(3) voltage between node three and ground

V(3,2) voltage between nodes three and two

V(R1) voltage across resistor R1

VA(T2) voltage at port A of T2

VB(Q3) voltage between base of transistor Q3 and ground
VGS(M13) gate-source voltage of M13

For the V(swame) and I(<hame>) forms, where kame> must be the
name of a two-terminal device, the devices are:

Character ID

Two-Terminal Device

- I o m m O O

s < v o

capacitor

diode

voltage-controlled voltage source
current-controlled current source
voltage-controlled current source
current-controlled voltage source)
independent current source
inductor

resistor

voltage-controlled switch
independent voltage source

current-controlled switch
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For the \k(<name>), Vxy(<name>), and k(<name>) forms, where
<name> must be the name of a three or four-terminal devicexamdly
must each be a terminal abbreviation, the devices and the terminals are:

Three & Four-Terminal Device Type

Terminal Abbreviation

B (GaAs MESFET)

J (Junction FET)

M (MOSFET)

Q (Bipolar transistor)

T (transmission line)

Z (IGBT)

D (drain)
G (gate)
S (source)
D (drain)
G (gate)
S (source)
D (drain)
G (gate)
S (source)
B (bulk, substrate)

C (collector)
B (base)
E (emitter)
S (substrate)

Va (near side voltage)
la (near side current)
Vb (far side voltage)

Ib (far side current)

C (collector)
G (gate)
E (emitter)

For the \zZ(<name>) and k(<name>) forms, shame> must be the name
of a transmission line (T device) amdhust be “A” or “B”.
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AC Analysis

For AC analysis, the output variables listed in the preceding section are
augmented by adding a suffix. These are the available suffixes:

Suffix Meaning of Output Variables for AC Analysis
none magnitude

DB magnitude in decibels

G group delay @PHASEHFREQUENCY)

| imaginary part

M magnitude

P phase in degrees

R real part

Examples Meaning of Output Variables for AC Analysis
1I(R13) imaginary part of current through R13
IGG(M3) group delay of M3's gate current
IR(VIN) real part of | through VIN

IAG(T2) group delay of current at port A of T2
V(2,3) magnitude of complex voltage across nodes 2 & 3
VDB(R1) db magnitude of V across R1
VBEP(Q3) phase of base-emitter V at Q3

VM(2) magnitude of V at node 2

Note  Current outputs for the F and G devices are not available for DC
and transient analyses.

For these devices, a zero-valued voltage source must be put in series with
the device (or terminal) of interest. Then, the current through this voltage
source can be printed or plotted .

Note  For AC analysis, the suffixes are ignored for a.PROBE command,
but can be used in a .PRINT command and a .PLOT command,
and when adding a trace in Probe. For example, in a .PROBE
command, VDB(R1) is translated to V(R1) which is the raw data.
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Noise Analysis
For noise analysis, the output variables are predefined as follows.

Output Variable Meaning of Output Variables for Noise Analysis
INOISE Total RMS summed noise at input node
ONOISE INOISE equivalent at output node
DB(INOISE) INOISE in decibels

DB(ONOISE) ONOISE in decibels

Note  The noise from any one device cannot be .PRINTed or .PLOTed.
However, the print interval on the .NOISE command can be used

to output this information.

Refer to your PSpice user’s guide for more information on the use of text

Comments
files in Probe. You can also consult Probe Help.
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SAVEBIAS (Save Bias Point to File)

Purpose

General Form

Example

<“file namé>

The .SAVEBIAS command is used to save the bias point node voltages
and inductor currents, to a file. It is used subsequently with
.LOADBIAS.

.SAVEBIAS <‘file name™ <[OP] [TRAN] [DC]> [NOSUBCKT]
+[TIME=<value> [REPEAT]] [TEMP=walue>]

+ [STEP=walue>] [MCRUN=<value>] [DC=<value>]

+ [DCl=<value>] [DC2=<value>]

.SAVEBIAS "OPPOINT" OP

.SAVEBIAS "TRANDATA.BSP" TRAN NOSUBCKT TIME=10u
.SAVEBIAS "SAVETRAN.BSP" TRAN TIME=5n REPEAT TEMP=50.0
.SAVEBIAS "DCBIAS.SAV" DC

.SAVEBIAS "SAVEDC.BSP" DC MCRUN=3 DC1=3.5 DC2=100

For the first example, the small-signal operating point (.AC or .OP) bias
point is saved. In the second example, the transient bias point is written
out at the time closest to, but not less than 10 usec. No bias point
information for subcircuits is saved.

Use of the [REPEAT] keyword in the third example causes the bias point
to be written out every 5ns when the temperature of the run is 50 degrees.

In the fourth example, because there are no parameters supplied, only the
very first DC bias point is written to the file.

The fifth example saves the DC bias point when the following three
conditions are all met: the first DC sweep value is 3.5, the second DC
sweep value is 100, and the simulation is on the third Monte Carlo run.
If only one DC sweep is being performed, then the keyword DC can be
substituted for DC1.

Any character string that is a legal file name for the computer system,
and must be enclosed in quotation marks.

Only one analysis is specified in a .SAVEBIAS command (OP, TRAN,
or DC). However, a circuit file can contain a .SAVEBIAS command for
each of the three analysis types. If the simulation parameters do not
match the keywords and values in the .SAVEBIAS command, then no
file is produced.
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[NOSUBCKT]

When used, the node voltages and inductor currents for subcircuits are
not saved.

[TIME=<value> [REPEAT]]

[TEMP=<value>]

[STEP=walue>]

[MCRUN=<value>]

Used to define the transient analysis time at which the bias point is to be
saved.

If REPEAT is not used, then the bias at the next time point greater than
or equal to TIME=%alue> is saved. If REPEAT is used, then
TIME=<value> is the interval at which the bias is saved. However, only
the latest bias is saved; any previous times are overwritten. The
[TIME=<value> [REPEAT]] can only be used with a transient analysis.

Defines the temperature at which the bias point is to be saved.

The step value at which the bias point is to be saved.

The number of the Monte Carlo or worst-case analysis run for which the
bias point is to be saved.

[DC=<value>], [DCl=<value>], and [DC2=walue>]

Used to specify the DC sweep value at which the bias point is to be
saved.

The [DC=<«value>] should be used if there is only one sweep variable. If
there are two sweep variables, then [DQdatge>] should be used to
specify the first sweep value and [DC2=due>] should be used to
specify the second sweep value.

The saved bias point information is in the following format: one or more
comment lines that list items such as:

e circuit name, title, date and time of run, analysis, and temperature, or

e a single .NODESET command containing the bias point voltage
values and inductor currents.

Only one bias point is saved to the file during any particular analysis. At
the specified time, the bias point information and the operating point
data for the active devices and controlled sources are written to the
output file. When the supplied specifications on the .SAVEBIAS
command line match the “state” of the simulator during execution, the
bias point is written out.
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Note

Example of Usage

A .SAVEBIAS command and a .LOADBIAS command can be used to
shorten the simulation time of large circuits, and also to aid in
convergence.

A typical application for a .SAVEBIAS and a .LOADBIAS command is
for a simulation which takes a considerable amount of time to converge
to a bias point. The bias point can be saved using a .SAVEBIAS
command and when the simulation is run again, the previous bias point
calculated is used as a starting point for the bias solution to save
processing time.

The following example illustrates this procedure for a transient
simulation.

.SAVEBIAS "SAVEFILE.TRN" TRAN

When the simulation is run, the transient analysis bias point information
is saved to the file SAVEFILE.TRN in the form of a .NODESET
command. This .NODESET command provides the simulator with a
starting solution for determining the bias point calculation for future
simulations. To use this file, replace the .SAVEBIAS command in the
circuit file using the following .LOADBIAS command.

.LOADBIAS "SAVEFILE.TRN"

A .SAVEBIAS and .LOADBIAS command should not refer to the
same file during the same simulation run. Use the .SAVEBIAS
during the first simulation and the .LOADBIAS for subsequent
ones.

The simulator algorithms have been changed to provide an automatic
saving and loading of bias point information under certain conditions.
This automatic feature is used in parametric analyses (.STEP), DC
sweeps (.DC), worst-case analyses ((WCASE), Monte Carlo analyses
(.MC), and temperature analyses (.TEMP).
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A typical application is a transient analysis where the bias point is
calculated at several temperatures (such as .TEMP 0 10 20 30). As each
new temperature is processed, the bias point for the previous
temperature is used to find the new bias point. Since this process is
automatic, the user does not have to change anything in the circuit file.
However, there is some memory overhead since the bias point
information is saved during the simulation. Disable the automatic saving
feature, using the NOREUSE flag option in the .OPTIONS command as
follows:

.OPTIONS NOREUSE

Another application for the .LOADBIAS and .SAVEBIAS command is
the handling of convergence problems. Consider a circuit which has
difficulty in starting a DC sweep. The designer has added a .NODESET
command as shown below to help the simulator determine the bias point
solution.

.NODESET V(3)=5.0V V(4)=2.75V

Even though this helps the simulator determine the bias point, the
simulator still has to compute the starting values for each of the other
nodes. These values can be saved using the following statement:

.SAVEBIAS "DCOP.NOD" DC
The next time the simulation is run, the .NODESET and .SAVEBIAS
command should be removed and replaced using the following:
.LOADBIAS "DCOP.NOD"
This provides the starting values for all of the nodes in the circuit, and
can assist the simulator in converging to the correct bias point for the
start of the sweep. If convergence problems are caused by a change in

the circuit topology, the designer can edit the bias point save file to
change the values for specific nodes or to add new nodes.
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SENS (Sensitivity Analysis)

Purpose

General Form

Example

<output variable

Note

The .SENS command causes a DC sensitivity analysis to be performed.

.SENS -<output variable*
SENS V(9) V(4,3) V(17) I(VCC)

By linearizing the circuit about the bias point, the sensitivities of each of
the output variables to all the device values and model parameters is
calculated and output data generated. This can generate large amounts of
output data.

Same format and meaning as in the .PRINT command for DC and
transient analyses. However, whewutput variable is a current, it is
restricted to be the current through a voltage source.

Device sensitivities are only provided for the following device types:

resistors,

independent voltage and current sources,
voltage and current-controlled switches,
diodes, and

bipolar transistors.

The results of the .SENS command are only available in the
output file. They cannot be viewed in Probe.
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STEP (Parametric Analysis)

Purpose

General Form

Example

The .STEP command causes a parametric sweep to be performed for all
of the analyses of the circuit.

.STEP LIN ssweep variable name
+ <start valuer <end value <increment value

.STEP [DEC |OCT] sweep variable narre
+ <start valuee <end value <points value

.STEP sweep variable namelLIST <value>*

The first general form is for doing a linear sweep. The second form is for
doing a logarithmic sweep. The third form is for using a list of values for
the sweep variable.

.STEP VCE 0V 10V .5V

.STEP LIN 12 5mA -2mA 0.1mA

.STEP RES RMOD(R) 0.9 1.1 .001

.STEP DEC NPN QFAST(IS) 1E-18 1E-14 5
.STEP TEMP LIST 0 20 27 50 80 100

.STEP PARAM CenterFreq 9.5kHz 10.5kHz 50Hz

The first three examples, are for doing a linear sweep. The fourth
example is for doing a logarithmic sweep. The fifth example is for using
a list of values for the sweep variable.

The .STEP command is at the same “level” as the .TEMP command: all
of the ordinary analyses (e.g., .DC, .AC, and .TRAN) are performed for
each step. Once all the runs have finished, the specified .PRINT table or
.PLOT plot for each value of the sweep is an output, just as for the
.TEMP or .MC command. (Probe allows nested sweeps to be displayed
as a family of curves.)
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Sweep type The sweep can be linear, logarithmic, or a list of values. lifeaf
sweep typg the keyword LIN is optional, but either OCT or DEC must
be specified for thelggarithmic sweep type The sweep types are as

follows.

Sweep Types

Meaning

LIN

OCT

DEC

LIST

Linear sweep. The sweep variable is swept linearly from the
starting to the ending value. Thaerement value is the step
size

Sweep by octaves. The sweep variable is swept logarithmically
by octaves. Thepoints value is the number of steps per
octave.

Sweep by decades. The sweep variable is swept
logarithmically by decades. Thesints value is the number
of steps per decade.

Use a list of values. In this case there are no start and end
values. Instead, the numbers that follow the keyword LIST are
the values that the sweep variable is set to.

Note  The LIST values must be in either ascending or descending order.

<sweep variable name

The <sweep variable narrecan be one of the following types.

Sweep Variable
Name

Meaning

Source

Model parameter

Temperature

Global Parameter

A name of an independent voltage or current source.
During the sweep, the source’s voltage or current is set to
the sweep value.

A model type and model name followed by a model
parameter name in parenthesis. The parameter in the
model is set to the sweep value.

Use the keyword TEMP faweep variable narre The
temperature is set to the sweep value. For each value in
the sweep, all the circuit components have their model
parameters updated to that temperature.

Use the keyword PARAM, followed by the parameter
name, for sweep variable nam¢. During the sweep, the
global parameter’s value is set to the sweep value and all
expressions are reevaluated.
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<start value

The .STEP command only steps the DC component of an AC source. In
order to step the AC component of an AC source, a variable parameter
has to be created. For example,

Vac 1 0 AC {variable}
.param variable=0

.step param variable 0 5 1
.ac dec 100 1000 1e6

Can be greater or less thagnd value: that is, the sweep can go in
either direction.

<increment value and foints value

Must be greater than zero.

The following examples illustrate two ways of stepping a resistor from
30 to 50 ohms in steps of 5 ohms.

This example uses a global parameter:

PARAM RVAL = 1
R1 12 {RVAL}
.STEP PARAM RVAL 30,50,5

The parameter RVAL is global and PARAM is the keyword used by the
.STEP command when using a global parameter.

The following example steps the resistor model parameter R:

R112RMOD 1
.MODEL RMOD RES(R=30)
.STEP RES RMOD(R) 30,50,5 (Note Do notuse R={30}.)

RMOD is the model name, RES is the sweep variable name (a model
type), and R is the parameter within the model to step. To step the value
of the resistor, the line value of the resistor is multiplied by the R
parameter value to achieve the final resistance value, that is:

final resistor value = line resistor value - R

Therefore, if the line value of the resistor is set to one ohm, the final
resistor value is 1 - R or R. Stepping R from 30 to 50 ohms then steps the
resistor value from 1 - 30 ohms to 1 - 50 ohms.

In both examples, all of the ordinary analyses (e.g., .DC, .AC, and
.TRAN) are run for each step.
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The .STEP command is similar to the .DC command and immediately
raises the question of what happens if both .STEP and .DC try to set the
same value. The same question can come up using the Monte Carlo
analysis. The answer is that thisa allowed: no two analyses (.STEP,
.TEMP, .MC, WCASE, and .DC) can try to set the same value. This is
flagged as an error during read-in and no analyses are performed.

The .STEP command provides the capability to look at the response of a
circuit as a parameter varies. For example, how does the center
frequency of a filter shift as a capacitor varies? Using .STEP, that
capacitor can be varied, yielding a family of AC waveforms showing the
variation. Similar comments apply to looking at, for example,
propagation delay in transient analysis.
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STIMLIB (Stimulus Library File)

Purpose Stimulus library files created by StmEd are made available to PSpice by
the use of the .STMLIB command.

General Form .STMLIB <file namé.stl]>

Example .STMLIB mylib.stl
.STMLIB volts.stl
.STMLIB dgpulse

<file name> Specification that identifies a file containing .STIMULUS commands.
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STIMULUS (Stimulus)

Purpose .STIMULUS commands generally appear within stimulus libraries
created by StmEd.

General Form .STIMULUS <stimulus name <type> <type-specific parameter$

Example .STIMULUS InputPulse PULSE (-1mv 1mv 2ns 2ns 50ns 100ns)

.STIMULUS DigitalPulse STIM (1,1)
+0S 1
+ 10NS O
+ 20NS 1

.STIMULUS 50KHZSIN SIN (05 50KHZ 00 0)

<stimulus nanre Is the name by which the stimulus is referred to by the source devices (V
or 1), or by the digital STIM device.

The .STIMULUS command definition encompasses only the Transient
specification portion of what is allowed in the V or | device syntax.
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SUBCKT, .ENDS (Subcircuit and End Subcircuit)

Purpose

General Form

Example

The .SUBCKT definition statement starts the definition of a subcircuit
by specifying its name, the number and order of its terminals, and the
names and default parameters which control its behavior. Subcircuits are
instantiated by the X devices@napter 2 Analog DevicesThe .ENDS
command marks the end of a subcircuit definition.

.SUBCKT <name> [nodg*

+ [OPTIONAL: < <nterface node = <default value >*]
+ [PARAMS: < <name> = <value> >* |

+ [TEXT: < <name> = <text value >* |

.ENDS

.SUBCKT OPAMP 1 2 101 102 17

.ENDS

.SUBCKT FILTER INPUT, OUTPUT PARAMS: CENTER=100kHz,

+ BANDWIDTH=10kHz

.ENDS

.SUBCKT PLD IN1 IN2 IN3 OUT1

+ PARAMS: MNTYMXDLY=0 IO_LEVEL=0

+ TEXT: JEDEC_FILE="PROG.JED"

.ENDS

.SUBCKT 74LS00 ABY

+ OPTIONAL: DPWR=$G_DPWR DGND=$G_DGND

+ PARAMS: MNTYMXDLY=0 I0_LEVEL=0

.ENDS

The subcircuit definition is ended using a .ENDS command. All of the
netlist between .SUBCKT and .ENDS is included in the definition.

Whenever the subcircuit is used, by an X device, all of the netlist in the
definition replaces the X device.
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<name
[nodg*

Note
OPTIONAL:

The name is used by an X device to reference the subcircuit.

An optional list of nodes (pins). This is optional because it is possible to
specify a subcircuit that has no interface nodes.

There must be the same number of nodes in the subcircuit calling
statements as in its definition. When the subcircuit is called, the actual
nodes (the ones in the calling statement) replace the argument nodes (the
ones in the defining statement).

Do not use 0 (“zero”) in this node list: that is reserved for global
“ground” node.

The “OPTIONAL:” keyword allows specification of one or more
optional nodes (pins) in the subcircuit definition.

The optional nodes are stated as pairs consisting of an interface node and
its default value. If an optional node is not specified in an X device, its
default value is used inside the subcircuit; otherwise, the value specified
in the definition is used.

This feature is particularly useful when specifying power supply nodes,
because the same nodes are normally used in every device. This makes
the subcircuits easier to use because the same two nodes do not have to
be specified in each subcircuit statement. This method is used in the
libraries provided with the Digital Simulation feature.

In the example of the 74LS00 subcircuit, the following subcircuit
reference uses the default power supply nodes $G_DPWR and
$G_DGND:

X1 IN1 IN2 OUT 74LS00

To specify your own power supply nodes MYPOWER and
MYGROUND, use the following subcircuit instantiation:

X2 IN1 IN2 OUT MYPOWER MYGROUND 74LS00

If wanted, one optional node in the subcircuit instantiation can be
provided. In the following subcircuit instantiation, the default
$G_DGND would be used:

X3 IN1 IN2 OUT MYPOWER 74LS00

However, to specify values beyond the first optional node, all nodes
previous to that node must be specified. For example, to specify your
own ground node, the default power node before it must be explicitly
stated:
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X4 IN1 IN2 OUT $G_DPWR MYGROUND 74LS00

The keyword PARAMS: allows values to be passed into subcircuits as
arguments and used in expressions inside the subcircuit. The keyword
TEXT: allows text values to be passed into subcircuits as arguments and
used as expressions inside the subcircuit. Once defined, a text parametetr
can be used in the following places:

» To specify a JEDEC file name on a PLD device.

* To specify an Intel Hex file name to program a ROM device or
initialize a RAM device.

e To specify a stimulus file name or signal name on a FSTIM device.
» To specify a text parameter to a (lower level) subcircuit.
» As part of a text expression used in one of the above.

Note  The text parameters and expressions are currently only used by
the Digital Simulation feature.

Subcircuits can be nested. That is, an X device can appear between a
.SUBCKT and a .ENDS command. However, subcircuit definitions
cannotbe nestedThat is, a .SUBCKT statement cannot appear in the
statements between a .SUBCKT and a .ENDS.

Subcircuit definitions should contain only device instantiations
(statements without a leading “.”) and possibly .IC, .NODESET,
.MODEL, .PARAM, or, .FUNC statements. Models, parameters, and
functions defined within a subcircuit definition aeailable only within
the subcircuit definitionn which they appear. Also, if a .MODEL,
.PARAM, or a, .FUNC statement appears in the main circuit, it is
available in the main circuit and all subcircuits.

Node, device, and model names are local to the subcircuit in which they
are defined. It is acceptable to use a name in a subcircuit which has
already been used in the main circuit. When the subcircuit is expanded,
all its names are prefixed using the subcircuit instance name: for
example, “Q13” becomes “X3.Q13” and node “5” becomes “X3.5" after
expansion. After expansion all names are unique.ofiheexceptiors

the use of global node names (refer to your PSpice user’s) guliitsh

are not expanded.
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. TEMP (Temperature)

Purpose

General Form

Example

The .TEMP statement sets the temperature at which all analyses are
done.

.TEMP <emperature value*

.TEMP 125
.TEMP 0 27 125

The temperatures are in degrees Centigrade. If more than one
temperature is given, then all analyses are performed for each
temperature.

It is assumed that the model parameters were measured or derived at the
nominal temperature, TNOM (27°C by default). See.teTIONS
(Analysis Optionsommand (page.-35 for setting TNOM. .TEMP

behaves similarly to the list variant of the .STEP statement, with the
stepped variable being the temperature.
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.TEXT (Text Parameter)

Purpose

General Form

Example

<name

Note

The command .TEXT is followed by a list of names and text values.

.TEXT < <name> = "<text value" >*
.TEXT < <name> = | <ext expression| >*

.TEXT MYFILE = "FILENAME.EXT"

.TEXT FILE = "ROM.DAT", FILE2 = "ROM2.DAT"

.TEXT PROGDAT = ["ROM"+TEXTINT(RUN_NO)+".DAT"|

.TEXT DATAL ="PLD.JED", PROGDAT = |"\PROG\DAT\"+FILENAME|

The values can be text constants (enclosed in “ ) or text expressions
(enclosed in |). Text expressions can contain only text constants or
previously defined parameters.

Cannot be a .PARAM name, or any of the reserved parameters names.

Once defined, a text parameter can be used in the following places:
» To specify a JEDEC file name on a PLD device.

» To specify an Intel Hex file name to program a ROM device or
initialize a RAM device.

» To specify a stimulus file name or signal name on an FSTIM device.
» To specify a text parameter to a subcircuit.
» As part of a text expression used in one of the above.

The text parameters and expressions are currently only used by
the digital simulation feature.
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<text expression Text expressions can contain the following.

Text Expressions Definition

enclosed in “” text constants

text parameters previously defined parameters

o the operator which concatenates two text values

TEXTINT(<value or a function which returns a text string which is the integer
expression) value closest to the value of theatue or expression
(<value or expressionis a floating-point value)
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.TF (Transfer)

Purpose

General Form

Example

<output variable

Note

The .TF statement causes the small-signal DC gain to be calculated by
linearizing the circuit around the bias point.

.TF <output variable <input source nane

TFV(5) VIN
TF I(VDRIV) ICNTRL

The gain from fput source nanreto <output variable and the input
and output resistances are evaluated and written to the output file. This
output does not require a .PRINT, .PLOT, or .PROBE statement.

This has the same format and meaning as in the .PRINT statement.

When <output variable is a current, it is restricted to be the current
through a voltage source.

The results of the . TF command are only available in the output
file. They cannot be viewed in Probe.
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. TRAN (Transient Analysis)

Purpose

General Form

Example

[/OP]

<print step value

<final time value

The .TRAN statement causes a transient analysis to be performed on the
circuit.

.TRAN[/OP] <print step value <final time value
+[no-print valug[step ceiling valug[SKIPBP]

.TRAN 1ns 100ns
.TRAN/OP 1ns 100ns 20ns SKIPBP
.TRAN 1ns 100ns Ons .1ns

Prior to doing the transient analysis, PSpice computes a bias point for the
circuit separate from the regular bias point. This is performed because
the independent sources can have different values at the start of a
transient analysis than their DC value.

The transient analysis uses an internal time step which is adjusted as the
analysis proceeds. Over intervals where there is little activity, the
internal time step is increased and during busy intervals it is decreased.

The default ceiling on the internal time step is

<final time value/50. When there are no charge storage elements,
inductances, or capacitances in the circuit, the ceiling is

<print step value.

Normally, only the node voltages are printed for the transient analysis
bias point. However, the “/OP” suffix (on .TRAN) has the same detailed
printing of the bias point that the .OP command has for the regular bias
point.

The time interval used for printing, plotting (.PRINT or .PLOT), or
performing a Fourier integral on the results of the transient analysis.

Since the results are computed at different times than they are printed, a
2nd-order polynomial interpolation is used to obtain the printed values.
This applies only to .PRINT, .PLOT, and .FOUR outputs and does not
affect Probe.

The transient analysis calculates the circuit’'s behavior over time, starting
at TIME=0 and going to thefial time value.
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[no-print valué

The variables TSTEP and TSTOP, which are used in defaulting some
waveform parameters, are set by the .TRAN command. TSTEi#is <
step value and TSTOP is final time value.

The transient analysis always starts at TIME=0. However, it is possible
to suppress output of a portion of the analysis.

The amount of time from TIME=0 which is not printed, plotted, or given
to Probe.

[step ceiling value Overrides the default ceiling on the internal times step with a lower

SKIPBP

Comments

value.

When the SKIPBP is put at the end of the . TRAN statement, the
calculation of the bias point is skipped. This option means that the bias
conditions are fully determined by the IC= specifications for capacitors
and inductors.

Schematics users should refer to the PSpice user’s guide for more
information on setting initial conditions. HP and Sun users that have
circuit file based designs should also refer to the PSpice user’s guide for
more information on setting initial conditions.

The .PRINT, .PLOT, .FOUR, or .PROBE statements must be used to get
the results of the transient analysis.
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VECTOR (Digital Output)

Purpose

General Form

Example

<filename>

The .WVECTOR command is used to create files containing digital
simulation results.

.VECTOR <humber of nodes<node>*
+ [ POS = <olumn position ]

+ [ FILE = <ilename> ]

+ [ RADIX = "Binary" | "Hex" | "Octal"
+ [ BIT = <bit index ] ]

+ [ SIGNAMES = <signal names |

.VECTOR 1 CLOCK SIGNAMES=SYSCLK
.VECTOR 4 DATA3 DATA2 DATA1 DATAO
.VECTOR 1 ADDR3 POS=2 RADIX=H BIT=4
.VECTOR 1 ADDR2 POS=2 RADIX=H BIT=3
.VECTOR 1 ADDR1 POS=2 RADIX=H BIT=2
.VECTOR 1 ADDRO POS=2 RADIX=H BIT=1

The resultant file contains time and state values for the circuit nodes
specified in the statement. The file format is identical to that used by the
digital file stimulus device (FSTIM). Thus, the results of one simulation
can be used to drive inputs of a subsequent simulatioki®egtimulus

on page3-85for more information on the file stimulus file format.

By default, the VECTOR command creates a file nameicwit file
name-.vec”.

A different file name can be specified by using the FILE parameter
which is described below. A multiple .VECTOR command can be used
to specify nodes for the same file.

The optional parameters on the .VECTOR command can be used to
control the file name, column order, radix of the state values, and signal
names which appear in the file header. Each parameter is described in
detail in the following table.

<number of nodes This means the number of nodes in the list.

<node>

This defines the nodes whose states are to be stored.



VECTOR (Digital Output) 1-73

<column positior Specifies the column position in the file. By default, the column position

<filename

RADIX

<bit index>

<signal nhames>

is determined through the order in which the .VECTOR command
appears in the circuit file, and by the order of the signals within a
.VECTOR command. Valid values focelumn positior are 1-255.

Specifies the name of the file to which the simulation results are saved.
If left blank, the simulator creates a file namedifeuit filename.vec”,
where “<circuit filename>.cir” is the name of the netlist file.

The radix of the values for the specified nodes is defineduinber of
nodes is greater than one. Valid values are “BINARY,” “OCTAL," or
“HEX” (abbreviation to the first letter is allowed). Ihamber of nodes

is one, and a radix of OCTAL or HEX is specified, a bit position within
the octal or hex digit via the BIT parameter can also be specified. A
separate .VECTOR command can be used to construct multi-bit values
out of single signals, provided the same POS value is specified. The
default radix is BINARY if aumber of nodesis one. Otherwise, the
default radix is HEX. If a RADIX of OCTAL or HEX is specified, the
simulator creates “dummy” entries in the vector file header to fill out the
value if <humber of nodesis not an even power of two.

Defines the bit position within a single hex or octal digit when the
VECTOR symbol is attached to a wire. Valid values are one through four
if RADIX=HEX, and one through three if RADIX=0OCTAL.

Defines the names of the signals which appear in the header of the vector
file. If SIGNAMES is not specified, thenode> names are used in the
vector file header. If rumber of nodesis greater than one, names are
defined positionally, msb to Isb. If fewer signal names thaumaber of
nodes are specified, thenrode> names are used for the remaining
unspecified names.
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WATCH (wWatch Analysis Results)

Purpose

General Form

Example

The .WATCH statement allows results from DC, AC, and transient
analyses to be an output to the PSpice display in text format while the
simulation is running.

\WATCH [DC][AC][TRAN]
+ [<output variable [<lower limit valuer,<upper limit value]]*

WATCH DC V(3) (-1V,4V) V(2,3) V(R1)

WATCH AC VM(2) VP(2) VMC(Q1)

WATCH TRAN VBE(Q13) (0V,5V) ID(M2) I(VCC) (0,500mA)
WATCH DC V([RESET]) (2.5V,10V)

The first example displays three output variables on the screen. The first
variable, V(3), has an operating range set from minus one volt to four
volts. If during the simulation the voltage at node three exceeds four
volts, the simulation will pause. If the simulation is allowed to proceed,
and node three continues to rise in value, the simulation is then not
interrupted. However, if the simulation is allowed to continue and V(3)
falls below -1 volt, the simulation would again pause because a hew
boundary condition was exceeded.

Up to three output variables can be seen on the display at one time. More
than three variables can be specified, but they are not all displayed.

DC, AC, and TRAN

These are the analysis types whose results can be displayed by using the
.WATCH command.

Only one analysis type must be specified per WATCH command, but
there can be a .WATCH command for each analysis type in the circuit.

<output variable A maximum of eight output variables are allowed on a single WATCH

statement.
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The possible output variables are givenrHROBE(Probe)on
page 1-46with the exception that digital nodes cannot be used and
group delay is not available.

<lower limit value>,<upper limit value
The optional value range specifies the normal operating range of that
particular output variable. If the range is exceeded during the simulation,
the simulator beeps and pauses. At this point, the simulation can be
aborted or continued. If continued, the check for that output variable’s
boundary condition is eliminated. Each output variable can have its own
value range.
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WCASE (Sensitivity/Worst-Case Analysis)

Purpose The .WCASE statement causes a sensitivity and worst-case analysis of
the circuit to be performed.

General Form \WCASE <analysis> <output variable <functior> [option*

Example WCASE TRAN V(5) YMAX
WCASE DC IC(Q7) YMAX VARY DEV
WCASE AC VP(13,5) YMAX DEVICES RQ OUTPUT ALL
WCASE TRAN V([OUT1],[0UT2]) YMAX RANGE(.4u,.6u)
+ LIST OUTPUT ALL VARY DEV HI

Multiple runs of the selected analysis (DC, AC, or transient) are
performed while parameters are varied. Unlike .MC, .WCASE varies
only one parameter per run. This allows PSpice to calculate the
sensitivity of the output waveform to each parameter. Once all the
sensitivities are known, one final run is performed using all parameters
varied so as to produce the worst-case waveform. The sensitivity and
worst-case runs are performed using variations on model parameters as
specified by the DEV and LOT tolerances on each .MODEL parameter
(see.MODEL (Model) command section for details on the DEV and
LOT tolerances). Other specifications on the WCASE command control
the output generated by the analysis.

Note  Either.MC or WCASE can be run, but not both in the same circuit.

<analysis Only one of DC, AC, or TRAN must be specified famalysis. This
analysis is repeated in subsequent passes of the worst-case analysis. All
requested analyses are performed during the nominal pass. Only the
selected analysis is performed during subsequent passes.

<output variable Identical in format to that of a .PRINT output variable; 5e& for
details.

<functiorr Specifies the operation to be performed on the values obihipust
variable> to reduce these to a single value.
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This value is the basis for the comparisons between the nominal and
subsequent runs. Théunctior» must be one of the following.

Function Meaning

YMAX Find the absolute value of tigeeatest differencan each
waveform from the nominal run.

MAX Find themaximum valuef each waveform.

MIN Find theminimum valuef each waveform.

RISE_EDGE Find thefirst occurrenceof the waveform crossingpove

(<value>) the threshold walue>. The waveform must have one or

more points at or belowvalue> followed by one above; the
output value listed is where the waveform increases above

<value>.
FALL_EDGE Find thefirst occurrenceof the waveform crossingelow
(<value>) the threshold value>. The waveform must have one or

more points at or abovevalue> followed by one below; the
output value listed is where the waveform decreases below
<value>.

Note  The <function> and all [option]s do not affect the Probe data
saved from the simulation. They are only applicable to the output

file.
[option]* Could have none or one or more of the following.
[option] Meaning
LIST Prints the updated model parameters for the sensitivity
analysis. This doeldOt affect the Probe data generated
by the simulation.
OUTPUT ALL Prints output from the sensitivity runs, after the nominal
(first) run. The output from any run is governed by the
.PRINT, .PLOT, and .PROBE command in the file. If
OUTPUT ALL is omitted, then only the nominal and
worst-case runs produce outpQtJTPUT ALL ensures
that all sensitivity information is saved for Probe.
RANGE" Restricts the range over whicfunctiors can be
(<low value, evaluated. An “*" can be used in place ofvakie> to
<high value’) show “for all values.” For example see the next two
rows.
YMAX YMAX is evaluated for values of the sweep variable
RANGE(*,.5) (e.g., time, and frequency) of .5 or less.

MAX RANGE(-1,*)  The maximum of the output variable is found for values
of the sweep variable of -1 or more.
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[option]

Meaning

HIl or LOW

VARY DEV/
VARY LOT
VARY BOTH

DEVICES
(list of device types

Specify the direction whichfanctior> should move for
the worst-case run is to go (relative to the nominal). If
<functior> is YMAX or MAX, the default igHl,
otherwise the default iSOW.

By default, any device which has a model parameter
specifyingeithera DEV tolerance or a LOT tolerance is
included in the analysis. The analysis can be limited to
only those devices which have DEV or LOT tolerances
by specifying the appropriate option. The default is
VARY BOTH. WhenVARY BOTH is used, sensitivity

to parameters using both DEV and LOT specifications is
checked only with respect to LOT variations. The
parameter is then maximized or minimized using both
DEV and LOT tolerances for the worst-case. All devices
referencing the model have the same parameter values
for the worst-case simulation.

By default, all devices are included in the sensitivity and
worst-case analyses. The devices considered can be
limited by listing the device types after the keyword
DEVICES. Donotuse any spaces or tabs in the devices
list. For example, to only perform the analysis on
resistors and MOSFETS, enter:

DEVICES RM

* If RANGE is omitted, then fanctior> is evaluated over the whole sweep
range. This is equivalent RANGE(*,*).
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* (Comment)

Purpose

General Form

Example

A statement beginning with “*” is a comment line and has no effect.

* [any text
* This is an example of a comment

The use of comment statements throughout the input is recommended. It
is good practice to place a comment just before a subcircuit definition to
identify the nodes, for example

* +IN -IN V+ V- +OUT -OUT
.SUBCKT OPAMP 100 101 1 2 200 201

or to identify major blocks of circuitry.
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, (In-line Comment)

Purpose A “" is treated as the end of a line.

General Form circuit file text;[any text

The simulator moves on to the next line in the circuit file. The text on the
line after the “;” is a comment and has no effect. The use of comments
throughout the input is recommended. This type of comment can also

replace comment lines, which must start with “*” in the first column.

Trailing in-line comments that extend to more that one line can use a
semicolon to mark the beginning of the subsequent comment lines, as
shown in the example.

Example R136810 ;R13isa
; feedback resistor
C3 150 .1U ; decouple supply



Analog Devices

Overview

This chapter describes the analog devices supported by PSpice
A/D and PSpice. The following information is provided:

e device type
o format
e usage

* library location
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Analog Devices

This chapter describes the different types of analog devices
supported by PSpice and PSpice A/D. These device types include
analog primitives, independent and controlled sources, and
subcircuit calls. Each device type is described separately, and each
description includes the following information as applicable:

e A description, and example of, the proper netlist syntax.
» The corresponding model types and their description.

» The corresponding list of model parameters and their
descriptions.

» The equivalent circuit diagram and characteristic equations for
the model (as required).

» References to publications on which the model is based.

These analog devices include all of the standard circuit
components that normally are not considered part of the
two-state (binary) devices that are found in the digital devices.

The model library consists of analog models of off-the-shelf parts
that can be used directly in circuits that are being developed.
Refer to the Library Reference Manual for device models and in
which library they can be found. The model library includes
models implemented using the .MODEL statement and
macromodels implemented as subcircuits with the .SUBCKT
statement.

This chapter includes a summary table, Table 2-1, which lists all
of the analog device primitives supported by the simulator. Each
primitive is described in detail in the sections following the table.
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Device Types

Note

PSpice supports many types of analog devices, including sources
and general subcircuits. PSpice A/D also supports digital
devices. The supported devices are categorized into device types.
each of which can have one or more model types. For example,
the BJT device type has three model types: NPN, PNP, and LPNP
(Lateral PNP). The description of each devices type includes a
description of any of the model types it supports.

The device declarations in the netlist always begin with the name
of the individual device (instance). The first letter of the name
determines the device type. What follows the nhame depends on
the device type and its requested characteristics. Table 2-1
summarizes the device types and the general form of their
declaration formats.

The “Device Type” column in the table includes the designator (letter) used in the device
modeling.

Table 2-1  Analog Device Summary

Device Type Letter Declaration Format Page
Bipolar Transistor Q Q<name> <collector node> <base node> <emitter node> 2-83
+ [substrate node] <model name> [area value]
Capacitor C C<name> <+ node> <- node> [model name] <value> 2-22
+ [IC=<initial value>]
Voltage-Controlled E E<name> <+ node> <- node> <+ controlling node> 2-29
Voltage Source + <- controlling node> <gain>
(additional Analog Behavioral Modeling forms: VALUE,
TABLE, LAPLACE, FREQ, and CHEBYSHEV; additional
POLY form)
Voltage-Controlled G G<name> <+ node> <- node> <+ controlling node> 2-29
Current Source + <- controlling node> <transconductance>
(additional Analog Behavioral Modeling forms: VALUE,
TABLE, LAPLACE, FREQ, and CHEBYSHEV; additional
POLY form)
Current-Controlled F F<name> <+ node> <- node> <controlling V device name> 2-32
Current Source + <gain>
(additional POLY form)
Current-Controlled W W<name> <+ switch node> <- switch node> 2-104

Switch

+ <controlling V device name> <model name>
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Table 2-1  Analog Device Summary (continued)

Device Type Letter Declaration Format Page
Current-Controlled H H<name> <+ node> <- node> <controlling V device name> 2-32
Voltage Source + <transresistance>
(additional POLY form)
Digital Input N N<name> <interface node> <low level node> <high level node>
+ <model name> <input specification>
Digital Output (0] O<name> <interface node> <low level node> <high level node>
+ <model name> <output specification>
Digital Primitive* U U<name> <primitive type> ([parameter value]*)
+ <digital power node> <digital ground node> <node>*
+ <timing model name>
Digital Stimulus* USTIM  U<name> STIM (<width value>, <format value>)
+ <digital power node> <digital ground node> <node>*
+ <I/O model name> [TIMESTEP=<stepsize value>]
+ <waveform description>
Diode D D<name> <anode node> <cathode node> <model name> 2-24
[area value]
GaAsFET B B<name> <drain node> <gate node> <source node> 2-6
+ <model name> [area value]
Independent | I<name> <+ node> <- node> [[DC] <value>] 2-33
Current Source & + [AC <magnitude value> [phase value]] [transient specification]
Stimulus
Independent \% V<name> <+ node> <- node> [[DC] <value>] 2-33
Voltage Source & + [AC <magnitude value> [phase value]] [transient specification]
Stimulus
Inductor L L<name> <+ node> <- node> [model name] <value> 2-61
+ [IC=<initial value>]
Inductor Coupling K K<name> L<inductor name> <L<inductor name>>* 2-50
+ <coupling value>
K<name> <L<inductor name>>* <coupling value>
+ <model name> [size value]
Insulated Gate z Z<name> <collector> <gate> <emitter> <model name> 2-108
Bipolar Transistor + [AREA=<value>] [WB=<value>] [AGD=<value>]
(IGBT) + [KP=<value>] [TAU=<value>]
JFET J J<name> <drain node> <gate node> <source node> 2-44

+ <model name> [area value]
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Table 2-1  Analog Device Summary (continued)
Device Type Letter Declaration Format Page

MOSFET M M<name> <drain node> <gate node> <source node> 2-6
+ <bulk/substrate node> <model name>
+ [common model parameter]*

Resistor R R<name> <+ node> <- node> [model name] <value> 2-94
+ [TC=<linear temp. coefficient>[,<quadratic temp. coefficient]]

Subcircuit Call X X<name> [node]* <subcircuit name> 2-107
+ [PARAMS: <<name>=<value>>*] [TEXT:<<name>=<text
value>>*]

Transmission Line T T<name> <A port + node> <A port - node> 2-99
+ <B port + node> <B port - node> <ideal or lossy specification>

Transmission Line K K<name> T<line name> <T<line name>>* 2-50

Coupling + CM=<coupling capacitance> LM=<coupling inductance>

Voltage-Controlled S S<name> <+ switch node> <- switch node> 2-96

Switch + <+ controlling node> <- controlling node> <model name>

*The Digital Primitive and Digital Stimulus device types are generic in form. They have flexible syntax, and can
refer to numerous different devices. See Chapter 3, Digital Devices for details.
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GaAsFET

General Form

Examples

Model Form

B<name> <drain node> <gate node> <source node>

+ <model name> [area value]

BIN 100 100 GFAST
B1322 14 23 GNOM 2.0

.MODEL <model name> GASFET [model parameters]

As shown in Figure 2-1, the GaAsFET is modeled as an intrinsic
FET using an ohmic resistance (RD/area) in series with the drain,
another ohmic resistance (RS/area) in series with the source, and
another ohmic resistance (RG) in series with the gate. The [area
value] is the relative device area and defaults to 1.

Figure 2-1  GaAsFET Model
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The LEVEL model parameter selects between different models for
the intrinsic GaASFET:

GaAsFET _

LEVELS Definition

LEVEL=1 “Curtice” model (see reference [1]).

LEVEL=2 “Raytheon” or “Statz”” model (see reference [3])
and is equivalent to the GaAsFET model in
SPICE3.

LEVEL=3 “TOM” model by TriQuint (see reference [4]).

LEVEL=4 “Parker-Skellern” model (see reference [5] and
[6]).

LEVEL=5 “TOM-2" model by TriQuint (see reference [7].

Note  Asupport for the improved model of the GaAs MESFET (LEVEL=5) has been added. The
TOM-2 model is based on the original TriQuint TOM model. The new model retains the
desirable features of the TOM model while improving accuracy in the subthreshold near
cutoff, and knee regions (Vds of 1 volt or less). This new model includes addlitional
temperature coefficients that relate to the drain current. It also corrects the major
deficiencies in the behavior of the capacitance as a function of temperature. Three
“auxiliary” model parameters BTRK,, DVT, and DVTT are added to LEVEL=5 to make
the Monte Carlo analysis easier.
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Model Parameters

Table 2-2 GaAsFET Model Parameters for All Levels

Model Parameters* Description Units Default
AF Flicker noise exponent 1
BETA Transconductance coefficient amp/volt? 0.1
BETATCE BETA exponential temperature coefficient %/°C 0
CDS Drain-source capacitance farad 0
CGD Zero-bias gate-drain p-n capacitance farad 0
CGS Zero-bias gate-source p-n capacitance farad 0
EG Band gap voltage (barrier height) eV 1.11
FC Forward-bias depletion capacitance 0.5
coefficient
IS Gate p-n saturation current amp 1E-14
KF Flicker noise coefficient 0
LEVEL Model index (1, 2, 3, 4, or 5) 1
N Gate p-n emission coefficient 1
RD Drain ohmic resistance ohm 0
RG Gate ohmic resistance ohm 0
RS Source ohmic resistance ohm 0
TRD1 RD temperature coefficient (linear) °oct 0
TRG1 RG temperature coefficient (linear) oct 0
TRS1 RS temperature coefficient (linear) oct 0
T_ABS Absolute temperature °C
T_MEASURED Measured temperature °C
T_REL_GLOBAL Relative to current temperature °C
T_REL_LOCAL Relative to AKO model temperature °C
VBI Gate p-n potential volt 1.0
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Table 2-2  GaAsFET Model Parameters for All Levels (continued)

Model Parameters* Description Units Default
VTO Pinchoff voltage volt -2.5
VTOTC VTO temperature coefficient volt/°C 0
XTI IS temperature exponent 0

* For information on T_ABS, T_ MEASURED, T REL_GLOBAL , and T_REL_LOCAL, see the

.MODEL statement.

Table 2-3 GaAsFET Model Parameters for Level 1

Model Parameters Description Units Default
ALPHA Saturation voltage parameter volt? 2.0
LAMBDA Channel-length modulation volt! 0
M Gate p-n grading coefficient 0.5
TAU Conduction current delay time sec 0
Table 2-4 GaAsFET Model Parameters for Level 2
Model Parameters Description Units Default
ALPHA Saturation voltage parameter volt? 20
B Doping tail extending parameter volt! 0.3
LAMBDA Channel-length modulation volt! 0
M Gate p-n grading coefficient 0.5
TAU Conduction current delay time sec 0
VDELTA Capacitance transition voltage volt 0.2
VMAX Capacitance limiting voltage volt 0.5
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Table 2-5 GaAsFET Model Parameters for Level 3

Model Description Units Default
Parameters
ALPHA Saturation voltage parameter volt® 2.0
BTRK Auxiliary parameter for Monte Carlo analysis* amp/volt® 0
DELTA Output feedback parameter (amp-volt)? 0
DVT Auxiliary parameter for Monte Carlo analysis* volt 0
DVTT Auxiliary parameter for Monte Carlo analysis* volt 0
GAMMA Static feedback parameter 0
M Gate p-n grading coefficient 0.5
Q Power-law parameter 2
TAU Conduction current delay time sec 0
VDELTA Capacitance transition voltage volt 0.2
VMAX Gate diode capacitance limiting voltage volt 0.5
Table 2-6  GaAsFET Model Parameters for Level 4
'\P/lz(a)riilweters Description Units {Defaul
ACGAM Capacitance modulation 0
DELTA Output feedback parameter (amp-volt)'1 0
HFETA High-frequency VGS feedback parameter 0
HFE1 HFGAM modulation by VGD volt?! 0
HFE2 HFGAM modulation by VGS volt! 0
HFGAM High-frequency VGD feedback parameter 0
HFG1 HFGAM modulation by VSG volt® 0
HFG2 HFGAM modulation by VDG volt! 0
IBD Gate junction breakdown current amp 0
LAMBDA Channel-length modulation volt?! 0
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Table 2-6  GaAsFET Model Parameters for Level 4 (continued)

'\P/I;r(jaieters Description Units ?efaul
LFGAM Low-frequency feedback parameter 0
LFG1 LFGAM modulation by VSG volt! 0
LFG2 LFGAM modulation by VDG volt! 0
MVST Subthreshold modulation volt? 0
MXI Saturation knee-potential modulation 0

P Linear-region power law exponent 2

Q Power-law parameter 2
TAUD Relaxation time for thermal reduction sec 0
TAUG Relaxation time for GAM feedback sec 0
VBD Gate junction breakdown potential volt 1
VST Subthreshold potential volt 0
XC Capacitance pinchoff reduction factor 0

XI Saturation knee potential factor 1000
z Knee transition parameter 0.5

Table 2-7 GaAs FET Model Parameter for Level 5

Model Description Units Defaul
Parameters t
ALPHA Saturation voltage parameter volt! 2.0
ALPHATCE ALPHA temperature coefficient %/°C 0
BTRK Auxiliary parameter for Monte Carlo analysis* amp/volt® 0
CGDTCE CGD temperature coefficient °oct 0
CGSTCE CGS temperature coefficient °oct 0
DELTA Output feedback parameter (amp-volt)? 0

DVT Auxiliary parameter for Monte Carlo analysis* volt 0
DVTT Auxiliary parameter for Monte Carlo analysis* volt 0

GAMMA Static feedback parameter 0
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Table 2-7 GaAs FET Model Parameter for Level 5 (continued)

'\P/I;rcejiilweters Description Units ?efaul
GAMMATC GAMMA temperature coefficient oct 0

ND Subthreshold slope drain pull parameter volt? 0

NG Subthreshold slope gate parameter 0

Q Power-law parameter 2

TAU Conduction current delay time sec 0
VBITC VBI temperature coefficient volt/°C 0
VDELTA Capacitance transition voltage volt 0.2
VMAX Gate diode capacitance limiting voltage volt 0.5

*See Auxiliary model parameters BTRK, DVT, and DVTT

Auxiliary model parameters BTRK, DVT, and DVTT

The parameters BTRK, DVT, and DVTT are “auxiliary” model
parameters that are used to make the Monte Carlo analysis easier
when using PSpice. In the analysis, these affect the parameters
VTO and BETA as follows:

VTO =VTO + DVT + DVTT
BETA =BETA + BTRK - (DVT + DVTT)

In Monte Carlo analysis, DEV tolerances placed on the DVT or
DVTT cause variations in both vTO and BETA. PSpice does not
support correlated DEV variations in Monte Carlo analysis.
Without bvT and DVTT, DEV tolerances placed on vTO and BETA
canresultin independent variations, there is a definite correlation
between VTO and BETA on real devices.

The BTRK, DVT, and DVTT parameters are also used to provide
tracking between distinct GaAs FETs such as in depletion mode
versus enhancement mode. PSpice already provides a limited
mechanism for this, but only allows one “DEV” and one “LOT”
(or LOT/n and DEV/n) tolerance per model parameter. The
added parameters circumvent this restriction by extending the
capability of Monte Carlo to model correlation between the
critical model parameters.
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Equations
In the following equations:
Vgs = intrinsic gate-intrinsic source voltage
Vgd = intrinsic gate-intrinsic drain voltage
Vds =intrinsic drain-intrinsic source voltage
Vit =k-T/q (thermal voltage)
k = Boltzmann constant
q = electron charge
T = analysis temperature (°K)

Tnom = nominal temperature (set using .OPTIONS TNOM=)
These equations describe an N-channel GaAsFET.

Positive current is current flowing into a terminal (for example,
positive drain current flows from the drain through the channel
to the source).
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DC Currents 1!

Ig = gate current area (Igs+lgd)
Igs = gate-source leakage current
Igd = gate-drain leakage current

LEVEL=1, 2, 3, or 5:

Igs = IS-(eVgs/(Nvo_l)
Igd = |S-(eng/(N-Vt)_1)

ForLEVEL=4;:
lgs = 1gg + Igs
where Vgs
N DV,
Igss=1S - {e —1} +Vgs - GMIN
and Vgs
Igs; =1BD -{1—e vVeb
lgd = Igd + Igd;
where Vgd
A
Igdk = 1s -{e Yi_1| +vgd - GMIN
and vgd
lgd, =1BD - {1—e VBD}

Id = drain current ;area (Idrain-lgd)

Is = source current area(-Idrain-1gs)

1. Positive current is current flowing into a terminal
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Equations for Idrain: LEVEL=1

For: Vds>0 (normal mode)
and: Vgs ¥v10<0 (cutoff region)
Idrain=0
and: Vgs v10 >0 (linear & saturation region)
Idrain =BETA-(1HAMBDA -Vds)-(VgsvTO)ztanh(ALPHA -Vds)

For:Vds <0 (inverted mode)
Switch the source and drain in equations (above).

Equations for Idrain: LEVEL=2

For: Vds_>0 (normal mode)
and: Vgs ¥10<0 (cutoff region)
Idrain =0
and: Vgs ¥v10>0 (linear & saturation region)

Idrain =BETA (1 HAMBDA -Vds)-(VgsvTO)z-Kt/(1+B-(VgsVTO))
where Kt (a polynomial approximation tnh) is:
for: 0 < Vds < 3ALPHA (linear region)
Kt=1-(1-VdsaLPHA/3)?
for: Vds >3/ALPHA (saturation region)
Kt=1

For: Vds <0 (inverted mode)
Switch the source and drain in equations (above).

Equations for Idrain: LEVEL=3

For: Vds_>0 (normal mode)
and: Vgs - ;<0 (cutoff region)
Idrain =0
and: Vgs - \(, >0 (linear & saturation region)

Idrain = Idso/(1 +DELTA-Vds-1dso)
where 1dso BETA - (Vgs-V,,)?-Kt
where
Vio = VTO - GAMMA -Vds
Kt is the same as faEVEL=2

For:Vds <0 (inverted mode)
Switch the source and drain in equations (above).
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Equations for Idrain: LEVEL=4
For Vds_>0, then:

Idrain = Ids

T+DELTA [,

Vgst = Vgs VTO -Vt - Vgdyg- Yht - (V9 — Vgdyg - Nkt - (VIS — VOsyg

Vdst = Vds
For 0 < Vds, then:
. —lds
Idrain =

T+DELTA [,

Vgst = Vgd -VTO -t - Vgdyyg- Ynt * (VIS - V3dyg) - Nt - (VI -VOSyg)
Vdst = -Vds

where:

Ids =BETA - (1 +LAMBDA - Vdst)-(VgR® - (Vgt -Vdt)?)

Yif = LFGAM - LFG1 - Vg$q- LFG2 - Vgdyyq
Yht = HFGAM - HFGL - V0S4~ HFG2 - VQd,q
Nht = HFETA + HFEL - Vgdyq + HFE2 - VOS,q

vdt = :—ZLDJ(Vdp N1+2Z +Vsat)2+Z D\/satz—:—zL DJ(Vdp L/1+Z—Vsat)2+z Vsaf
Vgt -

vdp = VdStEg Rar—vio gVTOD

Vsat = Vgt QVgt IMXI + XI {VBI —=VTO))

Vgt + Vgt MXI + XI {VBI-VTO)

Vgst 0, 10
FMVST VdspO' 0

Vgt = VST {1+ MVST [Vdst) On Bexp%/ST T

and,

Vgdayg = Vgd TAUG - d/d Vgd,yq if Vgd < Vgs
Vgs -TAUG - d/d Vgdygq if Vgs < Vgd

V0Savg = Vgs TAUG - d/d Vgs,q if Vgd <Vgs
Vgd - TAUG - d/d Vgs,q if Vgs < Vgd

Pavg= Vds - Ids TAUD - did Py
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Equations for Idrain: LEVEL=5
For: Vds= 0 (normal mode)

and: Vgs vVTO + GAMMA - Vds< 0 andNG +ND - Vds =0 (cutoff region)
Idrain =0

and: Vgs VTO + GAMMA - Vds >0 ONG +ND - Vdsz 0
(linear and saturation region)
Idrain = Idso / (1 4DELTA - Vds - 1dso)

ALPHA [Vds

where Idso =BETA qVg)? 1
J1+ (ALPHA Dvds)?

s—(VTO + GAMMA [Wds
and Vg = Qv DogBexpE}/g ( oTV, )%+ 1%
S

V¢, = (NG +ND [Vds) E%%TB

For: Vds <0 (inverted mode)

Switch the source and drain in the above equations.
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Capacitance 1

Cds = drain-source capacitancareaCbDS

Equations for Cgs and Cgd: LEVEL=1

Cgs = gate-source capacitance
For: Vgs_<FC-vBI
Cgs =areaCGs-(1-VgsisI)M
For: Vgs >FC-vBI
Cgs =areaCGSs-(1+C)@M.(1+C-(1+M)+M-VgsiBI)

Cgd = gate-drain capacitance
For: Vgd_<Fc-vBlI
Cgd =areacGD-(1-VgdisI)M
For: Vgd >FC-vBI
Cgd =areaCGD-(1C)M™.(1FC-(1+m)+M-VgdABI)

Equations for Cgs and Cgd: LEVEL=2, 3, and 5
Cgs = gate-source capacitancarea (CGS-K2-K1/(1-VnkBI)¥2 + CGD-K3)

Cgd = gate-drain capacitancerea (CGS-K3-K1/(1-VnkBI)**+ CGD-K2)
where
K1 = (1 + (VevTO)/((Ve-vTO)2+VDELTA?)Y?)/2
K2 = (1 + (Vgs-Vgd)/((Vgs-Vgd+(1/ALPHA)?)Y3)/2
K3 = (1 - (Vgs-Vgd)/((Vgs-Vgd+(1/ALPHA ) ?)/2
Ve = (Vgs + Vad + ((Vgs-Vgd)(1/ALPHA))'?)/2
If: (Ve +VTO + ((VeVTO)>+VDELTA2)"3)/2 <VMAX
Vn = (Ve +VTO + ((VeVTO)*+VDELTA2)Y?)[2
else:  Vn =vMAX

1. All capacitances are between terminals of the intrinsic GaAsFET (that is, to the inside of the ohmic
drain, source, and gate resistances).
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Equations for Cgs and Cgd: LevEL=4
Charge storage is implemented using a modified Statz model.

Cgs = gate-source capacitance

Cgs= ! (K1 EEL + 2ACGAM + vds %+ ! [(CGD Darea[l%ﬂ ACGAM vds E
=5 [t 5 A
0 A/Vdsz+or2D O A/Vdsz+0(ZD
Cgd = gate-drain capacitance
1 0 vds 0O 1 0 vds O
Cgd = 5 [K1[J1-2ACGAM —————[1 5 [CGD [Areal[]l- 2ACGAM + ——[]
2 2
O A/Vd32+0(2|j O A/Vdsz+0(ZD
where:
1 cGSs Vn
Kl = 3——=[1+XC + (1 -XC)———
2 1-v VBI{ 2 }
J1=Vge VE +0.2
O \V/ )
% X if VX < FC - VBI
v, =4 _rc)® if VX > FC - VBI
ge DVBI 1 4(1-FC) >
- v

_ 1 [,2 1 2
V, = Vgs+ACGAM D\/ds—i(vgn— vgn+o.22)—§(vgn— Vgn+0.22)

Vgn = {(Vgs+ ACGAM) D\/ds—VTO—%(VdS— Vdsz+0(2)J [{1-XC)

and,

_ Xl _VBI-VTO

TXI+1 2

If the source and drain potentials swap, the model reverses over a range. Séidynodel maintains
a straight line relation between gate-source capacitance and gate bias in the regiea Wgs.>

a
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Temperature Effects

For all levels:
VTO(T) = VvTO+VTOTC-(T-Thom)
BETA(T) =BETA-1.QBETATCE(T-Tnom
IS(T) = 1S-g(T/Tnom-DEG/N-VY). (T/Tnom) TN
RG(T) =RG-(1 +TRG1:(T-Tnom))
RD(T) =RD-(1 +TRD1:(T-Tnom))
RS(T) =RsS-(1 +TRS1-(T-Tnom))
The following are specific tbEVEL =1, 2, 3, and 4:
VBI(T) =VBI-T/Tnom - 3-Vin(T/Tnom) -EG(Thom)-T/Tnom +EG(T)
whereeG(T) = silicon bandgap energy = 1.16 - .0007@ZT#1108)
CGS(T) =CGS:(1+v-(.0004-(T-Tnom)+(BI(T)/VvBI)))
CGD(T) = CGD-(1+M-(.0004-(T-Tnom)+(:BI(T)/VvBI)))
The following are specific taEVEL =5:
ALPHA (T) = ALPHA - 1,QLPHATCE -(T-Tnom)
GAMMA (T) = GAMMA + GAMMATC - (T-Tnom)
VBI(T) =VBI + VBITC - (T-Thom)
VMAX(T) = VMAX + VBITC - (T-Tnom)
CGS(T) =CGS - (1 +CGSTCE - (T-Tnom))
CGD(T) =CGD - (1 +CGDTCE - (T-Tnom))

Noise

Noise is calculated assuming a one hertz bandwidth, using the following spectral power densities (per
unit bandwidth):

the parasitic resistancess, RD, andrRG generate thermal noise ...
Is?2 = 4k-T/(Rs/ared)
Id2 = 4k-T/(RD/ared)
g2 = 4k-TIRG

the intrinsic GaAsFET generates shot and flicker noise ...
Id2 = 4k-T-gm-2/3 «F:I"F/FREQUENCY
where gm =dldrain/dVgs (at the DC bias point)
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Capacitor

General Form C<name> <(+) node> <(-) node> [model name] <value>
+ [IC=<initial value>]

Examples CLOAD 15 0 20pF
C212.2E-12IC=1.5V
CFDBCK 3 33 CMOD 10pF

Model Form .MODEL <model name > CAP [ model parameter s]

Table 2-8 Capacitor Model Parameters

Model Parameters* Description Units Default
Cc Capacitance multiplier 1
TC1 Linear temperature coefficient °Cct 0
TC2 Quadratic temperature coefficient °C? 0
T_ABS Absolute temperature °C
T_MEASURED Measured temperature °C
T_REL_GLOBAL Relative to current temperature °C
T_REL_LOCAL Relative to AKO model temperature °C

VC1 Linear voltage coefficient volt? 0
VC2 Quadratic voltage coefficient volt? 0

*For information on T_MEASURED, T_ABS, T_REL_GLOBAL , and T_REL_LOCAL, see the
.MODEL statement.

(+) and (-) nodes  Define the polarity when the capacitor has a positive voltage
across it. The first node listed (or pin one in Schematics), is
defined as positive. The voltage across the component is therefore
defined as the first node voltage less the second node voltage.

Positive current flows from the (+) node through the capacitor to
the (-) node. Current flow from the first node through the
component to the second node is considered positive.
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[model name]

<initial value>

If [model name]is left out then <value> is the capacitance in farads. If
[model name] is specified, then the capacitance is given by the
formula

<value>-C-(1+vC1-V+VvC2:V?)-(1+TC1-(T-Tnom)+TC2:(T-Tnom)?)

where <value> is normally positive (though it can be negative, but
not zero). “Tnom” is the nominal temperature (set using TNOM
option).

The initial voltage across the capacitor during the bias point
calculation. It can also be specified in a circuit file using a .IC
command as follows:

AC V(+node, -node) <initial value>

For details on using the .IC command in a circuit file, see
page 1-16 of this manual, and refer to your PSpice user’s guide, for
more information.

The initial voltage across the capacitor can also be set in
Schematics by using the IC1 symbol if the capacitor is connected
to ground, or the IC2 symbol for setting the initial conditions
between two nodes. These symbols can be found in “special.slb”.

If you are using Schematics, for more information about setting
initial conditions, refer to your Schematic user’s guide. If you are
using PSpice, refer to your PSpice user’s guide for more
information on setting initial conditions.

Noise

The capacitor does not have a noise model.
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Diode

General Form

Examples

Model Form

D<name> <(+) node> <(-) node> <model name> [area value]

DCLAMP 14 0 DMOD
D13 1517 SWITCH 1.5

.MODEL <model name >D [ model parameters ]

Figure 2-2  Diode Model
|

RS

As shown, the diode is modeled as an ohmic resistance (RS/area)
in series with an intrinsic diode. The <(+) node> is the anode and
<(-) node> is the cathode. Positive current is current flowing from
the anode through the diode to the cathode. The [area value] scales
IS, ISR, IKF,RS, CJO, and 1BV, and defaults to 1. IBv and BV are both
specified as positive values.



D Diode 2-25
Model Parameters
Table 2-9 Diode Model Parameters
Model Parameters* Description Unit Default
AF Flicker noise exponent 1
BV Reverse breakdown “knee” voltage volt infinite
CcJO Zero-bias p-n capacitance farad 0
EG Bandgap voltage (barrier height) eV 111
FC Forward-bias depletion capacitance coefficient 0.5
IBVL Low-level reverse breakdown “knee” current amp 0
1BV Reverse breakdown “knee” current amp 1E-10
IKF High-injection “knee” current amp infinite
IS Saturation current amp 1E-14
ISR Recombination current parameter amp 0
KF Flicker noise coefficient 0
M p-n grading coefficient 0.5
N Emission coefficient 1
NBV Reverse breakdown ideality factor 1
NBVL Low-level reverse breakdown ideality factor 1
NR Emission coefficient for ISR 2
RS Parasitic resistance ohm 0
TBV1 BV temperature coefficient (linear) °ct 0
TBV2 BV temperature coefficient (quadratic) °C? 0
TIKF IKF temperature coefficient (linear) °ct 0
TRS1 RS temperature coefficient (linear) °ct 0
TRS2 RS temperature coefficient (quadratic) °C? 0
TT Transit time sec 0
T_ABS Absolute temperature °C
T_MEASURED Measured temperature °C
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Table 2-9 Diode Model Parameters (continued)

Model Parameters* Description Unit Default
T_REL_GLOBAL Relative to current temperature °C
T_REL_LOCAL Relative to AKO model temperature °C

VJ p-n potential volt 1
XTI IS temperature exponent 3

*For information on T_MEASURED, T_ABS, T_REL_GLOBAL , and T_REL_LOCAL, see the
.MODEL statement.

Equations
In the following equations:
vd = voltage across the intrinsic diode only
Vt = k-T/q (thermal voltage)
k = Boltzmann’s constant
q = electron charge
T = analysis temperature (°K)

Tnom = nominal temperature (set using TNOM option)

Other variables are from the model parameter list.
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DC Current

Id =area(Ifwd - Irev)
Ifwd = forward current = Inrm-Kinj + Irec-Kgen
Inrm = normal current = [Sg(@®-v-1)
Kinj = high-injection factor

For:IKF >0

Kinj = (IKF/(IKF+Inrm))2
otherwise

Kinj=1

Irec = recombination currentISR-(e"¢/tRvo-1)

Kgen = generation factor = ((1-Vd/\Z3P.005)%
Irev = reverse current = lrgy + Irev,,

|re\/high = |BV -@(Vd+BV)/(NBV-Vi)

Irevlow = |BVL -@(Vd+BV)(NBVL-Vt)

Capacitance

Cd = Ct +areaCj
Ct = transit time capacitancers-Gd -
where Gd = DC conductance = are%‘.(lnrm DK'ZJ\;d”eCDng@
Cj = junction capacitance
For: Vd <FC-vJ
Cj=cJo-(1-vd/iVIm
For: Vd > FC-VJ
Cj = cJo-(1c)em-(1+C-(1+v)+M-VdNJI)
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Temperature Effects

IS(T) = IS-gTmon-nEcivy (T/Tnom)™n
ISR(T) = ISR-gTmom-nEGiNRvA (T/TnOMYTINR

IKF(T) = IKF-(1 +TIKF-(T-Tnom))

BV(T) =BV:(1 +TBV1-(T-Tnom) +TBV2-(T-Tnom})
RS(T) = RS:(L +TRSL:(T-Tnom) +TRs2:(T-Tnom})

VI(T) =VvJ3-T/Tnom - 3-Vin(T/Tnom) - Eg(Tnom)-T/Tnom + Eg(T)
where Eg(T) = silicon bandgap energy = 1.16 - .000A02-41108)

CJO(T) =CJO-(1 +M-(.0004-(T-Tnom)+(MI(T)VJ)) )

Noise
Noise is calculated assuming a one hertz bandwidth, using the following spectral power densities (per
unit bandwidth):

the parasitic resistance, RS, generates thermal noise ...
In2 = 4k-T/(RS/ared

the intrinsic diode generates shot and flicker noise ...
In2=2g:1d +KF-lI0"F/FREQUENCY

References

For a detailed description of p-n junction physics refer to:

[1] A. S. Grove, Physics and Technology of Semiconductor Devices,
John Wiley and Sons, Inc., 1967.

Also, for a generally detailed discussion of the U.C. Berkeley
SPICE models, including the diode device, refer to:

[2] P. Antognetti and G. Massobrio, Semiconductor Device Modeling
with SPICE, McGraw-Hill, 1988.
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Voltage-Controlled Voltage Source and
Voltage-Controlled Current Source

Note

General Form

Examples

The Voltage-Controlled Voltage Source (E) and the Voltage-Controlled Current Source
(G) devices have the same syntax. For a Voltage-Controlled Current Source just
substitute a “G” for the “E”. The “G” device generates a current, whereas, the “E”
device generates a voltage.

E<name> <(+) node> <(-) node> <(+) controlling node> <(-) controlling
node> <gain>

E<name> <(+) node> <(-) node> POLY (<value>)
+ < <(+) controlling node> <(-) controlling node> >*
+ < <polynomial coefficient value> >*

E<name> <(+) <node> <(-) node> VALUE = { <expression>}

E<name> <(+) <node> <(-) node> TABLE { <expression> } =
+ < <input value>,<output value> >*

E<name> <(+) node> <(-) node> LAPLACE { <expression>} =
+ { <transform>}

E<name> <(+) node> <(-) node> FREQ { <expression>} = [KEYWORD]
+ < <frequency value>,<magnitude value>,<phase value> >*
+ [DELAY = <delay value>]

E<name> <(+) node> <(-) node> CHEBYSHEYV { <expression>} =
+ <[LP] [HP] [BP] [BR]>,<cutoff frequencies>* <attenuation>*

EBUFF 121011 1.0
EAMP 13 0 POLY(1) 26 0 0 500

ENONLIN 100 101 POLY(2) 30 40 0.0 13.6 0.2 0.005
ESQROOT 5 0 VALUE = {5V*SQRT(V(3,2))}

ET2 2 0 TABLE {V(ANODE,CATHODE)} = (0,0) (30,1)

ERC 5 0 LAPLACE {V(10)} = {1/(1+.001*s)}

ELOWPASS 5 0 FREQ {V(10)}=(0,0,0)(5kHz, 0,0)(6kHz -60, 0)
DELAY=3.2ms

ELOWPASS 5 0 CHEBYSHEV {V(10)} = LP 800 1.2K .1dB 50dB

GBUFF 121011 1.0

GAMP 13 0 POLY(1) 26 00 500

GNONLIN 100 101 POLY(2) 304 00.0 13.6 0.2 0.005

GPSK 11 6 VALUE = {5MA*SIN(6.28*10kHZz* TIME+V(3))}

GT ANODE CATHODE VALUE = {200E-6*PWR(V(1)*V(2),1.5)}
GLOSSY 5 0 LAPLACE {V(10)} = {exp(-sqrt(C*s*(R+L*s)))}
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E/G

POLY (<value>)

(+) and (-) nodes

FREQ

The first form and the first two examples apply to the linear case.
The second form and the third example are for the nonlinear case.

Specifies the number of dimensions of the polynomial. The
number of pairs of controlling nodes must be equal to the number
of dimensions.

The last five forms and examples are analog behavioral modeling
(ABM) that have: expression, look up table, Laplace transform,
frequency response, and filtering. Refer to your PSpice user’s
guide for information on the analog behavioral modeling.

Output nodes. Positive current flows from the (+) node through
the source to the (-) node.

The <(+) controlling node> and <(-) controlling node> are in pairs
and define a set of controlling voltages. A particular node can
appear more than once, and the output and controlling nodes
need not be different. The TABLE form has a maximum size of
2048 input/output value pairs.

If a DELAY value is specified, the simulator modifies the phases
in the FREQ table to incorporate the specified delay value. This is
useful for cases of tables which the simulator identifies as being
non-causal. When this occurs, the simulator provides a delay
value necessary to make the table causal. The new syntax allows
this value to be specified in subsequent simulation runs, without
requiring the user to modify the table.

If a KEYWORD is specified for FREQ tables, it alters the values in
the table. The KEYWORD can be one of the following:

MAG Causes magnitude of frequency response to be
interpreted as a raw value instead of dB

DB causes magnitude to be interpreted as dB (the default)

RAD causes phase to be interpreted in radians

DEG causes phase to be interpreted in degrees (the default)

R_I causes magnitude and phase values to be interpreted
as real and imaginary magnitudes
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Note

Chebyshev filters have two attenuation values, given in dB,
which specify the pass band ripple and the stop band attenuation.
They can be given in either order, but must appear after all of the
cutoff frequencies have been given. Low pass (LP) and high pass
(HP) have two cutoff frequencies, specifying the pass band and
stop band edges, while band pass (BP) and band reject (BR) filters
have four. Again, these can be given in any order.

A listing of the filter Laplace coefficients can be obtained for each stage by turning on
the LIST option in the Analysis/Setup/Options dialog box in Schematics. The output is
written to the “.out” file after the simulation is complete.

For the linear case, there are two controlling nodes and these are
followed by the gain. For all cases, including the nonlinear case
(POLY), refer to your PSpice user’s guide.

Expressions cannot be used for linear and polynomial coefficient
values in a voltage-controlled voltage source device statement.
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F/H

Current-Controlled Current Source and
Current-Controlled Voltage Source

Note

General Form

(+) and (-)

Examples

Note

The Current-Controlled Current Source (F) and the Current-Controlled Voltage Source
(H) devices have the same syntax. For a Current-Controlled Voltage Source just
substitute a “H” for the “F”. The “H” device generates a voltage, whereas, the “F”
device generates a current,

F<name> <(+) node> <(-) node>
+ <controlling V device name> <gain>

F<name> <(+) node> <(-) node> POLY (<value>)
+ <controlling V device name>*
+ < <polynomial coefficient value> >*

These nodes are the output nodes. A positive current flows from
the (+) node through the source to the (-) node. The current
through the controlling voltage source determines the output
current. The controlling source must be an independent voltage
source (V device), although it need not have a zero DC value.

For the linear case, there must be one controlling voltage source
and its name is followed by the gain. For all cases, including the
nonlinear case (POLY), refer to your PSpice user’s guide.

Expressions cannot be used for linear and polynomial coefficient values in a
current-controlled current source device statement.

FSENSE 1 2 VSENSE 10.0
FAMP 13 0 POLY(1) VIN 0 500
FNONLIN 100 101 POLY(2) VCNTRL1 VCINTRL2 0.0 13.6 0.2 0.005

The first form and the first two examples apply to the linear case.
The second form and the last example are for the nonlinear case.
POLY (<value>) specifies the number of dimensions of the
polynomial. The number of controlling voltage sources must be
equal to the number of dimensions.
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Independent Current Source &
Stimulus and Independent Voltage
Source & Stimulus

Note

General Form

Examples

The Independent Current Source & Stimulus (1) and the Independent Voltage Source &
Stimulus (V) devices have the same syntax. For an Independent Voltage Source &

Stimulus just substitute a “V” for the “I”. The “V” device functions identically and has
the same syntax as the “I” device, except that it generates voltage instead of current.

I<name> <(+) node> <(-) node>

+ [ [DC] <value> ]

+ [ AC <magnitude value> [phase value] ]
+ [STIMULUS=<stimulus name>]

+ [transient specification]

IBIAS 13 0 2.3mA

IAC 2 3 AC .001

IACPHS 2 3 AC .001 90

IPULSE 1 0 PULSE(-1mA 1mA 2ns 2ns 2ns 50ns 100ns)
1326 77 DC .002 AC 1 SIN(.002 .002 1.5MEG)

This element is a current source. Positive current flows from the
(+) node through the source to the (-) node: in the first example,
IBIAS drives node 13 to have a negative voltage. The default value
is zero for the DC, AC, and transient values. None, any, or all of
the DC, AC, and transient values can be specified. The AC phase
value is in degrees. The pulse and exponential examples are
explained later in this section.

<stimulus name> References a .STIMULUS definition. See .STIMULUS.

[transient specification]

If present, they must be one of:

EXP (<parameters>) for an exponential waveform

PULSE (<parameters>)  for a pulse waveform

PWL (<parameters>) for a piecewise linear waveform
SFFM (<parameters>) for a frequency-modulated waveform

SIN (<parameters>) for a sinusoidal waveform
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AY,

The variables TSTEP and TSTOP, which are used in defaulting
some waveform parameters, are set by the . TRAN command.
TSTEP is <print step value> and TSTOP is <final time value>. The
.TRAN command can be anywhere in the circuit file; it need not
come after the voltage source.

Independent Current Source & Stimulus (EXP)

General Form

Examples

EXP (<il> <i2> <td1> <tc1> <td2> <tc2>)
IRAMP 10 5 EXP(151 .2 2 .5)

Table 2-10 Independent Current Source and Stimulus Exponential
Waveform Parameters

Parameters Description Units Default

<il> Initial current amp none

<i2> Peak current amp none

<td1> Rise (fall) delay sec 0

<tcl> Rise (fall) time constant sec TSTEP

<td2> Fall (rise) delay sec <td1>+TSTEP
<tc2> Fall (rise) time constant sec TSTEP

Figure 2-3  EXP current waveform created using StmEd
(Stimulus Editor)

10A

Time

Transient Spec Type: EXP
I1:1 ™2 2

2 : 5 ™z 5

m™mi: 1

™1 .2

Exit FEIISTSURTICINIS Spec_type Other_info X fixis Y Axis

Display_help Hard_copy Cursor
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The EXP form causes the current to be <il> for the first <td1>
seconds. Then, the current decays exponentially from <il1> to <i2>
using a time constant of <tc1>. The decay lasts td2-td1 seconds.
Then, the current decays from <i2> back to <il> using a time
constant of <tc2>. This behavior is shown in Figure 2-3.
Alternatively, the waveform could be described by the following
formulas

Table 2-11  Independent Current Source and Stimulus Exponential
Waveform Formulas

Time Period Value

0 to <td1> i1

<td1> to <td2> i1 + (i2-i1)-(1-¢ (TIME-td1)/tcl)

<td2>to TSTOP i1+ (i2-i1)((1-e (TIME-tdD)/tely (9 _o-(TIME-td2)/tc2))

Independent Current Source & Stimulus (PULSE)

General Form PULSE (<il> <i2> <td> <tr> <tf> <pw> <per>)

Examples ISW 10 5 PULSE(1A 5A 1sec .1sec .4sec .5sec 2sec)

Table 2-12  Independent Current Source and Stimulus Pulse
Waveform Parameters

Parameters Description Units Default
<il> Initial current amp none
<i2> Pulsed current amp none
<per> Period sec TSTOP
<pw> Pulse width sec TSTOP
<td> Delay sec 0

<tf> Fall time sec TSTEP

<tr> Rise time sec TSTEP
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Figure 2-4  PULSE current waveform created using StmEd
(Stimulus Editor)

6.0A .
. .

The PULSE form causes the current to start at <i1>, and stay there
for <td> seconds. Then, the current goes linearly from <il>to
<i2> during the next <tr> seconds, and then the current stays at
<i2> for <pw> seconds. Then, it goes linearly from <i2> back to
<il> during the next <tf> seconds. It stays at <i1> for
per-(tr+pw+tf) seconds, and then the cycle is repeated except for
the initial delay of <td> seconds. This behavior is shown in
Figure 2-4. Alternatively, the waveform could be described by the
following table:

Table 2-13  Independent Current Source and Stimulus Pulse
Waveform Formulas

Time Value
0 il

td il
td+tr i2
td+tr+pw i2
td+tr+pw-+tf il
td+per iltd

td+per+tr i2
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General Form

Examples

Independent Current Source & Stimulus
(PWL)

PWL

+ [TIME_SCALE_FACTOR=<value>]

+ [VALUE_SCALE_FACTOR=<value>]
+ (corner_points)*

where corner_points are:

(<tn>, <in>) to specify a point
FILE <filename> to read point values from a file
REPEAT FOR <n> (corner_points)*

ENDREPEAT to repeat <n> times
REPEAT FOREVER (corner_points)*

ENDREPEAT to repeat forever

vl 12 PWL  (0,1) (1.2,5) (1.4,2) (2,4) (3,1)

v2 34 PWL REPEAT FOR 5 (1,0) (2,1) (3,0)
ENDREPEAT

v3 5,6 PWL REPEAT FOR 5 FILE DATAL.TAB
+ ENDREPEAT

v4 78 PWL  TIME_SCALE_FACTOR=0.1

+ REPEAT FOREVER

+ REPEAT FOR 5 (1,0) (2,1) (3,0)
ENDREPEAT

+ REPEAT FOR 5 FILE DATAL.TAB
+ ENDREPEAT

+ ENDREPEAT

n volt square wave (where nis 1, 2, 3, 4, then 5); 75% duty cycle;
10 cycles; 1 microseconds per cycle:

.PARAM N=1

.STEP PARAM N 151

vi 1 0 PWL

+ TIME_SCALE_FACTOR=1e-6 ;all time units are scaled to
microseconds

REPEAT FOR 10

(:25, 0)(.26, {N}(.99, {N})(1, 0)

ENDREPEAT

+ 4+ + o+
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5voltsquare wave; 75% duty cycle; 10 cycles; 10 microseconds per
cycle; followed by 50% duty cycle n volt square wave (where n is
1, 2, 3, 4, then 5) lasting until the end of simulation:

.PARAM N=.2
STEP PARAM N
V110 PWL
+TIME_SCALE_FACTOR=1e-5 ; all time units are scaled +to 10
us

+VALUE_SCALE_FACTOR=5

+REPEAT FOR 10

+(.25, 0)(.26, 1)(.99, 1)(1, 0)

+ENDREPEAT

2, 1.0, .2

+REPEAT FOREVER

+(+.50, 0)

+(+.01, {N}); iteration time .51
+(+.48, {N}); iteration time .99
+(1, 0)

+ENDREPEAT

Assuming that a PWL specification has been given for a device to
generate two triangular waveforms:

V3 10 PWL
+ (1ms, 1)(2ms, 0)(3ms, 1)(4ms, 0)

Or, to replace the above with
V3 1 0 PWL FILE TRIANGLE.IN

where the file “triangle.in” would need to contain:

(Ims, 1)(2ms, 0)(3ms, 1)(4ms, 0)

Table 2-14  Independent Voltage Source and Stimulus PWL Waveform Parameters
Parameters*  Description Units Default
<tn> Time at corner seconds None
<vn> Voltage at corner volts None
<n> :ggﬁiec:r?: positive integer, 0, or -1 None

* <tn> and <n> cannot be expressions; <vn> may be an expression.
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The PWL form describes a piecewise linear waveform. Each pair
of time-current values specifies a corner of the waveform. The
current at times between corners is the linear interpolation of the
currents at the corners. This behavior is shown in Figure 2-5

Figure 2-5 PWL current waveform created using StmEd (Stimulus
Editor).

L 7
; :

o i_PWL

<time_scale_factor> and/or <value_scale_factor>
These keywords can be coded immediately after the PWL
keyword to show that the time and/or current value pairs are to
be multiplied by the appropriate scale factor.

These scale factors can be expressions. If they are expressions,
they are evaluated once per outer simulation loop, and thus
should be composed of expressions not containing references to
voltages or currents.

<tn>and <in>  The transient specification corner points for the PWL waveform
shown in Figure 2-5 are shown in the first example.

The <in> can be an expression having the same restrictions as the
scaling keywords, but <tn> must be a literal.

<file name> The file named <file name> can be read to supply the (<tn> <in>)
pairs. The specified file is a text file containing the time-current
pairs. The contents of this file are read by the same parser that
reads the circuit file. Thus, engineering units (e.g., 10us) are
correctly interpreted. Note that the continuation + signs in the
first column are unnecessary and are discouraged.

A typical file can be created by editing an existing PWL
specification, replacing all + signs with blanks (to avoid
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unintentional +time). Only numbers (having units attached) can
appear in the file; expressions for <tn>and <n> values are not
allowed. All absolute time points in <file name> are with respect to
the last (<tn> <in>) entered. All relative time points are with
respect to the last time point.

REPEAT ... ENDREPEAT

<n>

These loops permit repetitions.

They can appear anywhere a (<tn> <in>) pair can appear.
Absolute times within REPEAT loops are with respect to the start
of the current iteration. The REPEAT ... ENDREPEAT
specifications can be nested to any depth. Make sure that the
current value associated with the beginning and ending time
points (within the same REPEAT loop or between adjacent
REPEAT loops), are the same when 0 is specified as the first point
in a REPEAT loop.

A REPEAT FOR -1 ... ENDREPEAT is treated as if it had been
REPEAT FOREVER ... ENDREPEAT. A REPEAT FORO ...
ENDREPEAT is ignored (other than syntax checking of the
enclosed corner points).
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General Form

Examples

6.0A

4.0

Z.0Aa

Independent Current Source & Stimulus
(SFFM)

SFFM (<ioff> <iampl> <fc> <mod> <fm>)

IMOD 10 5 SFFM(2 1 8Hz 4 1Hz)

Table 2-15 Independent Current Source and Stimulus
Frequency-Modulated Waveform Parameters

zarameter Description Units  Default
<fc> Carrier frequency hertz 1/TSTOP
<fm> Modulation frequency hertz 1/TSTOP
<iampl> Peak amplitude of current amp none
<ioff> Offset current amp none
<mod> Modulation index 0

Figure 2-6  SFFM current waveform created using StmEd (Stimulus

Editor)
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The SFFM (Single-Frequency FM) form causes the current, as

shown in Figure 2-6, to follow this formula
ioff + iampl-sin(2rtfc- TIME + mod-sin(2refm-TIME))
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General Form

Examples

Independent Current Source & Stimulus
(SIN)

SIN (<ioff> <iampl> <freq> <td> <df> <phase>)

ISIG 10 5 SIN(2 2 5Hz 1sec 1 30)

Table 2-16  Independent Current Source and Stimulus Sinusoidal
Waveform Parameters

Parameters ~ Description Units Default
<df> Damping factor sec? 0

<freq> Frequency hertz 1/TSTOP
<iampl> Peak amplitude of current amp none
<ioff> Offset current amp none
<phase> Phase degree 0

<td> Delay sec 0

Figure 2-7  SIN current waveform created using StmEd (Stimulus
Editor)
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Note

The sinusoidal (SIN) waveform causes the current to start at
<ioff> and stay there for <td> seconds.

Then, the current becomes an exponentially damped sine wave.
This behavior is shown in Figure 2-7. The waveform could be
described by the following formulas.

Table 2-17 Independent Current Source and Stimulus Sinusoidal
Waveform Formulas

Time period Value

to <td> ioff+iampl-sin(2rtphase/360°)

<td> to ioff+iampl-sin(2te(freq-(TIME-td)+phase/360°)).¢ (T1ME-td)-df
TSTOP

The SIN waveform is for transient analysis only. It does not have any effect during AC
analysis. To give a value to a current during AC analysis, use an AC specification, such as

IAC30AC 1ImA

where IAC has an amplitude of one milliampere during AC
analysis, and can be zero during transient analysis. For transient
analysis use (for example)

ITRAN 3 0 SIN(0 1mA 1kHz)

where ITRAN has an amplitude of one milliampere during
transient analysis and is zero during AC analysis. Refer to your
PSpice user’s guide.
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Junction FET

General Form

Examples

Model Form

J<name> <drain node> <gate node> <source node>
+ <model name> [area value]

JIN 100 1 0 JFAST
J13 2214 23 JNOM 2.0

.MODEL <model name > NJF[ model parameters |
.MODEL <model name > PJF [ model parameters |

Figure 2-8 JFET Model
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As shown, the JFET is modeled as an intrinsic FET using an ohmic
resistance (RD/area) in series with the drain, and using another
ohmic resistance (RS/area) in series with the source. Positive
current is current flowing into a terminal. The [area value] is the
relative device area and defaults to 1.
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Table 2-18 Junction FET Model Parameters

Model Parameters* Description Units :Zt)efau
AF Flicker noise exponent 1
ALPHA lonization coefficient volt! 0
BETA Transconductance coefficient amp/volt? 1E-4
BETATCE BETA exponential temperature coefficient %/°C 0
CGD Zero-bias gate-drain p-n capacitance farad 0
CGS Zero-bias gate-source p-n capacitance farad 0
FC Forward-bias depletion capacitance coefficient 0.5
IS Gate p-n saturation current amp 1E-14
ISR Gate p-n recombination current parameter amp 0
KF Flicker noise coefficient 0
LAMBDA Channel-length modulation volt! 0

M Gate p-n grading coefficient 0.5
N Gate p-n emission coefficient 1
NR Emission coefficient for ISR 2
PB Gate p-n potential volt 1.0
RD Drain ohmic resistance ohm 0
RS Source ohmic resistance ohm 0
T_ABS Absolute temperature °C

T_MEASURED Measured temperature °C
T_REL_GLOBAL Relative to current temperature °C

T_REL_LOCAL Relative to AKO model temperature °C

VK lonization “knee” voltage volt 0
VTO Threshold voltage volt -2.0
VTOTC VTO temperature coefficient volt/°C 0
XTI IS temperature coefficient 3

* For information on T_MEASURED, T_ABS, T_REL _GLOBAL ,and T_REL_LOCAL, see the . MODEL

statement on page 1-25.
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Equations

Note

VTO < 0 means the device is a depletion-mode JFET (for both N-channel and
P-channel) and vTo > 0 means the device is an enhancement-mode JFET. This
conforms to U.C. Berkeley SPICE.

In the following equations:

VVgs = intrinsic gate-intrinsic source voltage
Vgd =intrinsic gate-intrinsic drain voltage
Vds =intrinsic drain-intrinsic source voltage
Vit =k:T/q (thermal voltage)

k = Boltzmann’s constant

q = electron charge

T = analysis temperature (°K)

Tnom = nominal temperature (set using TNOM option)

Other variables are from the model parameter list. These
equations describe an N-channel JFET. For P-channel devices,
reverse the sign of all voltages and currents. Positive current is
current flowing into a terminal (for example, positive drain
current flows from the drain through the channel to the source).
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DC Currents 1

Ig = gate current area(lgs + Igd)
Igs = gate-source leakage current = In + Ir-Kg
In = normal current 3S-(eves™v-1)
Ir = recombination current ISR (gVesNR-v-1)
Kg = generation factor = ((1-Vg&#)2+0.005)2

Igd = gate-drain leakage current = In + Ir-Kg + i
In = normal current 3s-(eved/mvo-1)
Ir = recombination current FSR- (gVeNrvo-1)
Kg = generation factor = ((1-Vgel#)2+0.005)
li = impact ionization current
For: 0 < VgsvTO < Vds forward saturation region)
li = Idrain-ALPHA -vdif gVt
where vdif = Vds - (Vgs+TO)
otherwise
li=0
Id = drain current area(ldrain-lgd)
Is = source current area (-Idrain-Igs)

Equation for Idrain

For: Vds>0 (normal mode)
and: VgsvTo <0 (cutoff region)
Idrain =0
and: Vds /gsv10  (linear region)
Idrain =

BETA-(1+HAMBDA -Vds)-Vds:(2:(VgsT0)-Vds)
and: 0 < VgsvTO < Vds(saturation region)
Idrain =BETA-(1+HAMBDA -Vds)-(VgsVTO)?2

For:Vds <0 (inverted mode)
Switch the source and drain in equations (above).

1. Positive current is current flowing into a terminal.
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Capacitance 1

Cgs = gate-source depletion capacitance

For: Vgs_<FC-PB
Cgs =areaCGs-(1-VgspPB)™
For: Vgs >FC-PB
Cgs =areaCaGs-(1+C)am.(1+C-(1+v)+M-VgsPB)

Cgd = gate-drain depletion capacitance
For: Vgd <FC-PB
Cgd =areaCGD-(1-VgdkB)™
For: Vgd >Fc-PB
Cgd =areaCGD-(1+C) . (1+C-(1+v)+M-VgdPB)

1. All capacitances are between terminals of the intrinsic JFET (that is, to the inside of the ohmic drain
and source resistances).
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Temperature Effects

VTO(T) = VTO+VTOTC:(T-Tnom)
BETA (T) = BETA - 1.0 BETATCE (T-Tnom)

IS(T) = IS-ermem-nEcv (T/Tnom)™n
where EG =1.11

ISR(T) = ISR-gmmom-1)-£6(NRv) (T/TNOM)TNR
where EG = 1.11

PB(T) =PB-T/Tnom - 3-Vin(T/Tnom) - Eg(Tnom)-T/Tnom
+ Eg(T)
where Eg(T) = silicon bandgap energy = 1.16
-.000702-7(T+1108)

CGS(T) = CGS-(1+M-(.0004-(T-Tnom)+(8(T)/PB)))
CGD(T) = CGD-(1+M:(.0004-(T-Tnom)+(18(T)/PB)))

The drain and source ohmic (parasitic) resistances have no temperature dependence.

Noise

Noise is calculated assuming a one hertz bandwidth, using the following spectral power densities (pt
unit bandwidth):

the parasitic resistances, Rs and Rd, generate thermal noise ...
Is? = 4k-T/(RS/ared)
Idz = 4k-T/(RD/ared)

the intrinsic JFET generates shot and flicker noise ...
Idraire = 4k-T-gm-2/3 «KF-ldrainF/FREQUENCY
where gm =dldrain/dVgs (at the DC bias point)

Reference

For a generally detailed discussion of the U.C. Berkeley SPICE
models, including the JFET device, refer to:

[1] P. Antognetti and G. Massobrio, Semiconductor Device Modeling
with SPICE, McGraw-Hill, 1988.
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Inductor or Transmission Line

Coupling

General Form

Examples

Model Form

K<name> L<inductor name> < L<inductor name> >*
+ <coupling value>

K<name> < L<inductor name> >* <coupling value>
+ <model name> [size value]

K<name>T<transmission line name>T<transmission line name>
+ Cm=<capacitive coupling> Lm=<inductive coupling>

KTUNED L30OUT LA4IN .8

KTRNSFRM LPRIMARY LSECNDRY 1
KXFRML1L2 L3 L4 .98 KPOT_3C8
K2LINES T1 T2 Lm=1m Cm=.5p

.MODEL <model name > CORE [ model parameters |

This device can be used to define coupling between inductors
(transformers) or between transmission lines. This device also
refers to a nonlinear magnetic core (CORE) model to include

magnetic hysteresis effects in the behavior of a single inductor

(winding), or in multiple coupled windings.

Table 2-19  Inductor Coupling Model Parameters

g;r(ja?rl\eters* Description Units ?efaul
A Thermal energy parameter amp/meter 1E+3
AREA Mean magnetic cross-section cm? 0.1

C Domain flexing parameter 0.2
GAP Effective air-gap length cm 0

K Domain anisotropy parameter amp/meter 500
LEVEL Model index 2

MS Magnetization saturation amp/meter 1E+6
PACK Pack** (stacking) factor 1.0
PATH Mean magnetic path length cm 1.0

*See .MODEL statement.
**Elux is proportional to PACK.
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<coupling value>

Inductor Coupling

K<name> couples two, or more, inductors. Using the “dot”
convention, place a “dot” on the first node of each inductor. In
other words, given:

1110 AC1ImA
L11 010uH
L22 010uH
R22 0.1
KizL1L21

the current through L2 is in the opposite direction as the current
through L1. The polarity is determined by the order of the nodes
in the L device(s) and not by the order of inductors in the K
statement.

This is the “coefficient of mutual coupling” which must be
between 0 and 1.

This coefficient is defined by the equation
<coupling value> = M/ (L;-L))*/
where

L,L, areacoupled-pair of inductors
M; is the mutual inductance between L; and L,

For transformers of normal geometry, the value one should be
used. Values less than one occur in air core transformers when the
coils do not completely overlap.

The linear branch relation for transient analysis is

dl. dl. dlk
+

- ! J
Vi - Li'a"' Mij' a"' Mik' dar
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Note

<model name>

For U.C. Berkeley SPICEZ2: if there are several coils on a
transformer, then there must be K statements coupling all
combinations of inductor pairs. For instance, a transformer using
a center-tapped primary and two secondaries would be written:

* PRIMARY
L11210uH

L2 2 3 10uH
*SECONDARY
L3 1112 10uH
L4 13 14 10uH
*MAGNETIC COUPLING
Ki2L1L21
K13L1L31
K14 L1L41
K23 L2L31
K2412L41
K34 L3L41

This “older” technique is still supported, but not required, for
simulation. The same transformer can now be written:

* PRIMARY

L11210uH

L2 2 3 10uH

* SECONDARY

L3 1112 10uH

L4 13 14 10uH
*MAGNETIC COUPLING
KALLL1L2L3L41

Do not mix the two techniques.

If <model name> is present, four things change:

The mutual coupling inductor becomes a nonlinear, magnetic
core device. The magnetic core’s B-H characteristics are analyzed
using the Jiles-Atherton model (see Reference [1] below).

The inductors become “windings,” so the number specifying
inductance now specifies the “number of turns.”

The list of coupled inductors could be just one inductor.

A model statement is required to specify the model parameters.
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[size value]

Defaults to one and scales the magnetic cross-section. It is
intended to represent the number of lamination layers, so only
one model statement is needed for each lamination type.

For example

L15920 ; inductor having 20 turns

K1 L11K528T500 3C8 ; Ferroxcube toroid core

L23815 ; primary winding having
15 turns

L34645 ; secondary winding having
45 turns

K2 L2 L3 1 K528T500_3C8 ;another core (not the same
as K1)

The Jiles-Atherton model is based on existing ideas of domain
wall motion, including flexing and translation. The model derives
an anhysteric magnetization curve using a mean field technique
in which any domain is coupled to the magnetic field (H) and the
bulk magnetization (M). This anhysteric value is the
magnetization which would be reached in the absence of domain
wall pinning. Hysteresis is modeled by the effects of pinning of
domain walls on material defect sites. This impedance to motion
and flexing due to the differential field exhibits all of the main
features of real, nonlinear magnetic devices, such as: the initial
magnetization curve (initial permeability), saturation of
magnetization, coercivity, remanence, and hysteresis loss.
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These features are shown in Figure 2-9.

Figure 2-9  Probe B-H display of 3C8 ferrite (Ferroxcube)

The simulator uses the JilesAtherton model to analyze the B-H
curve of the magnetic core, and calculate values for inductance
and flux for each of the “windings.”

The state of the nonlinear core can be viewed in Probe by
specifying B(Kxxx), for the magnetization, or H(Kxxx), for the
magnetizing influence. These values are not available for .PRINT
or .PLOT output.
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Jiles-Atherton Model

Magnetic material made up of loosely coupled domains have an
equilibrium B-H curve, called the “anhysteric”. This curve is the
locus of B-H values generated by superimposing a DC magnetic
bias and a large AC signal which decays to zero. It is the curve
representing minimum energy for the domains, and is modeled,
in theory, by

Mg =MS-H/Z(JH] +A)

where
My, is the anhysteric magnetization
MS is the saturation magnetization
H is the magnetizing influence (after GAP correction)
A is a thermal energy parameter

For a given magnetizing influence, H, the anhysteric
magnetization is the global flux level the material would attain if
the domain walls could move freely. The walls, however, are
stopped or pinned on dislocations in the material. The wall
remains pinned until enough magnetic potential is available to
break free, and travel to the next pinning site. The theory
supposes a mean energy required, per volume, to move domain
walls. This is analogous to mechanical “drag.” So a (simplified)
equation of this is

change-in-magnetization = potential / drag

The irreversible domain wall motion can, therefore, be expressed
as

dM; Z7dH = (Mg, - M)/ZK
where
K is the pinning energy per volume (drag)

Reversible wall motion comes from flexing in the domain walls,
especially when it is pinned at a dislocation due to the magnetic
potential (that is, the magnetization is not the anhysteric value).
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K

The theory supposes spherical flexure to calculate energy values
and arrives at the (simplified) equation

dM,e/dH = C-d(My,-M)/dH
where
c is the domain flexing parameter

The equation for the total magnetization is the sum of these two
state equations, and is, therefore:

dM/dH = (1/(L + ©))- (Mg, - M)ZK) + (C/(1 + C))-dM,,,/dH

Including Air-Gap Effects in the Model

If the gap thickness is small compared with the other dimensions
of the core, it can be assumed that all of the magnetic flux lines go
through the gap directly and that there is little “fringing flux”
(having a modest amount of fringing flux only increases the
effective air-gap length). Checking the field values around the
entire magnetic path, gives the equation

Hcore:Lcore + Hgap-Lgap = nl

where n:1 is the sum of the amp-turns of the windings on the core.
Also, the magnetization in the air-gap is negligible so that Bgap =
Hgap, and Bgap = Bcore. These combine in the previous equation
to yield

Hcore:Lcore + Bcore-Lgap = n:l

This is a difficult equation to solve especially for the
Jiles-Atherton model, which is a state equation model rather than
an explicit function (which one would expect since the B-H curve
depends on the history of the material). However, there is a
graphical technique which solves for Bcore and Hcore, given n-l,
which is to: (i) take the non-gapped B-H curve, (ii) extend a line
from the current value of n:I having a slope of -Lcore/Lgap (this
would be vertical if Lgap = 0), and (iii) find the intersection of the
line using the B-H curve.

The intersection point is the value for Bcore and Hcore for the n:|
of the gapped core. The n:I value is the apparent or external value
of Hcore, but the real value of Hcore is less. This results in a
smaller value for Bcore and the “sheared over” B-H curves of a
gapped core. The simulator implements the numerical equivalent
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Reference

of this graph technique.

The resulting B-H values are recorded in the Probe data file as
Beore aNd Happarent: SiNCE this is what the circuit “sees.”

Getting Core Model Values

Characterizing core materials can be performed using Parts, and
verified by using PSpice and Probe. The model uses MKS (metric)
units, however the results for Probe are converted to Gauss and

Oersted, which can be displayed using B(Kxxx) and H(Kxxx). The
traditional B-H curve is made by a transient run, ramping current
through a test inductor, then displaying B(Kxxx) and setting the X
axis to H(Kxxx).

For a further description of the Jiles-Atherton model, refer to:

[1] D.C. Jiles, and D.L. Atherton, “Theory of ferromagnetic
hysteresis,” Journal of Magnetism and Magnetic Materials, 61, 48
(1986).
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Transmission Line Coupling

If a K device is used to couple two transmission lines, then two
coupling parameters are required.

Table 2-20 Transmission Line Coupling Device Parameters

Device Description Units Default
Cm Capacitive coupling Farad/Length* none
Lm Inductive coupling Henries/Length* none

* Length units must be consistent using the LEN parameter for the transmission
lines being coupled.

These parameters can be thought of as the off-diagonal terms of a
capacitive coupling matrix, [C], and an inductive coupling matrix,
[L], respectively. [C] and [L] are both symmetric matrices, and for
two coupled lines, the following relationships hold:

C,, C L., L

11 C12 1] = 11Ll12
Cy1 Cyp Lo Ly
Cm=Cl2=C21 Lm=L12=L121

C,, represents the charge induced on the first conductor when the
second conductor has a potential of one volt. In general, for a
system of N coupled lines, Cj; is the charge on the it conductor
when the jth conductor is set to one volt, and all other conductors
are grounded. The diagonal of the matrix is determined with the
understanding that the self-capacitance is really the capacitance
between the conductor and ground, so

Cii = Cig+ ) |Gy

[d] =

Cig is equal to the capacitance per unit length for the ith
transmission line, and is provided along with the T device that
describes the i line. The simulator computes C;; from this.

The values of C;; in the matrix are negative values. Note that the
simulator assigns -| Cm| to the appropriate C;;, so the sign used
when specifying Cm is ignored.

Ik
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Note

Ly, is defined in terms of the flux between the 1 conductor and
the ground plane when the 2"d conductor carries a current of one
ampere. If there are more than two conductors, all other
conductors are assumed to be open.

L4, is equal to the inductance per unit length for the 1% line, and
is obtained directly from the appropriate T device.

The following circuit fragment shows an example using two
coupled lines:
T11020R=.31L=38u G=6.3u C=70p LEN=1

T2 304 0R=.29 L=.33u G=6.0u C=65p LEN=1
K12 T1 T2 Lm=.04u Cm=6p

This fragment leads to the following [C] and [L]:

_ 76p -6 — 0.38u 0.04
o e I A R oy

The model used to simulate this system is based on the approach
described by Tripathi and Rettig in reference [1] and extended for
lossy lines by Roychowdhury and Pederson in reference [2]. The
approach involves computing the system propagation modes by
extracting the eigenvalues and eigenvectors of the matrix product
[L][C]. The interested reader is referred to the references for the
details. However, it is important to note that the model is not
general for lossy lines.

For the lossy line case, the matrix product to be decoupled is
actually [R+sL][G+sC], where s is the Laplace variable, R is the
resistance per unit length matrix, and G is the conductance per
unit length matrix. The modes obtained from [L][C] represent a
high frequency asymptote for this system. Simulation results
should be good approximations for low-loss lines. However, as
shown in reference [2], the approximation becomes exact for
homogeneous, equally-spaced lossy lines, provided that coupling
beyond immediately adjacent lines is negligible (i.e., the coupling
matrices are tridiagonal and Toeplitz).

Coupled ideal lines can be modeled by setting R and G to zero. The Z0/TD parameter
set is not supported for coupled lines.
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References

[1] Tripathi and Rettig, “A SPICE Model for Multiple Coupled
Microstrips and Other Transmission Lines,” IEEE MTT-S Internal
Microwave Symposium Digest, 1985.

[2] Roychowdhury and Pederson, “Efficient Transient Simulation
of Lossy Interconnect,” Design Automation Conference, 1991.
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Inductor

General Form

Examples

Model Form

(+) and ()

[model name]

<initial value>

L<name> <(+) node> <(-) node> [model name] <value>
+ [IC=<initial value>]

LLOAD 15 0 20mH

L212 .2E-6

LCHOKE 3 42 LMOD .03
LSENSE 5 12 2UH IC=2mA

.MODEL <model name >IND [ model parameters ]

The (+) and (-) nodes define the polarity when the inductor has a
positive voltage across it.

The first node listed (or pin one in Schematics), is defined as
positive. The voltage across the component is therefore defined as
the first node voltage less the second node voltage.

Positive current flows from the (+) node through the inductor to
the (-) node. Current flow from the first node through the
component to the second node is considered positive.

If [model name] is left out, then the effective value is <value>.

If [model name] is specified, then the effective value is given by the
formula

<value>-L-(1+IL1-1+I1L2:1%)-(1+TC1-(T-Thom)+TC2:(T-Thnom)?)

where <value> is normally positive (though it can be negative, but
not zero). “Tnom” is the nominal temperature (set using TNOM
option).

If the inductor is associated with a Core model, then the effective
value is the number of turns on the core. Otherwise, the effective
value is the inductance. See the .MODEL statement for the “K”
device on page 50 for more information on the Core model.

The initial current through the inductor during the bias point
calculation.
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It can also be specified in a circuit file using a .1C statement as
follows:

IC I(L<name>) <initial value>

For details on using the .IC statement in a circuit file, see page 1-16
in this manual, and refer to your PSpice user’s guide for more
information.

Table 2-21  Inductor Model Parameters

I\P/Iac:r?a?:le ters* Description Units ll?l(tafa
L Inductance multiplier 1

IL1 Linear current coefficient amp? 0

IL2 Quadratic current coefficient amp? 0
TC1 Linear temperature coefficient °ct 0
TC2 Quadratic temperature coefficient °C? 0
T_ABS Absolute temperature °C
T_MEASURED Measured temperature °C
T_REL_GLOBAL Relative to current temperature °C

T_REL_LOCAL Relative to AKO model temperature °C

* For information on T_MEASURED, T_ABS, T_REL_GLOBAL , and
T_REL_LOCAL, see the .MODEL statement on pagel-25.

Noise

The inductor does not have a noise model.
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MOSFET

General Form

Examples

Model Form

M<name> <drain node> <gate node> <source node>
+ <bulk/substrate node> <model hame>

+ [L=<value>] [W=<value>]

+ [AD=<value>] [AS=<value>]

+ [PD=<value>] [PS=<value>]

+ [NRD=<value>] [NRS=<value>]

+ [NRG=<value>] [NRB=<value>]

+ [M=<value>]

M1 14213 0PNOM L=25uW=12u

M13 153 0 0 PSTRONG

M16 17 30 0 PSTRONG M=2

M28 0 2 100 100 NWEAK L=33u W=12u

+ AD=288p AS=288p PD=60u PS=60u NRD=14 NRS=24 NRG=10

.MODEL <model name > NMOS [ model parameters ]
.MODEL <model name > PMOS [ model parameters ]

Figure 2-10 MOSFET Model
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M

Land W

AD and AS

PD and PS

Note

As shown in Figure Model Form, the MOSFET is modeled as an
intrinsic MOSFET using ohmic resistances in series with the drain,
source, gate, and bulk (substrate). There is also a shunt resistance
(RDS) in parallel with the drain-source channel.

[L=<value>] [W=<value>] cannot be used in conjunction with Monte Carlo analysis.

The simulator provides four MOSFET device models, which
differ in the formulation of the I-V characteristic. The LEVEL
parameter selects between different models:

Table 2-22 MOSFET Levels

MOSFET LEVELS Model Definition

LEVEL=1 Shichman-Hodges model (see
reference [1])

LEVEL=2 geometry-based, analytic model (see
reference [2])

LEVEL=3 semi-empirical, short-channel model
(see reference [2])

LEVEL=4 BSIM model (see reference [3])

LEVEL=5 (No longer supported.)

LEVEL=6 BSIM3 model (see reference [7] Version
2.0)

These are the channel length and width, and are decreased to get
the effective channel length and width.

L and W can be specified in the device, model, or . OPTIONS
statements. The value in the device statement supersedes the
value in the model statement, which supersedes the value in the
.OPTIONS statement.

These are the drain and source diffusion areas.

These are the drain and source diffusion perimeters.
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The drain-bulk and source-bulk saturation currents can be
specified either by Js, which is multiplied by AD and AS, or by IS,
which is an absolute value. The zero-bias depletion capacitances
can be specified by cJ, which is multiplied by AD and AS, and by
cJsw, which is multiplied by PD and PS. Or they can be set by
CBD and cBS, which are absolute values.

NRD, NRS, NRG, and NRB
Consider a square sheet of resistive material. Analysis shows that
the resistance between two parallel edges of such a sheet depends
upon its composition and thickness, but is independent of its size
as long as it is square. In other words, the resistance will be the
same whether the square’s edge is 2 mm, 2 cm, or 2 m. For this
reason, the “sheet resistance” of such a layer, abbreviated RSH (see
Table 2-27), has units of ohms per square.

The quantities NRD, NRS, NRG, and NRB are multipliers (in
units of squares) that can be multiplied by RSH to yield the
parasitic (ohmic) resistances of the drain, source, gate, and
substrate respectively (designated RD, RS, RG, and RB).

PD and PS default to 0, NRD and NRS default to 1, and NRG and
NRB default to 0. Defaults for L, W, AD, and AS can be set in the
.OPTIONS statement. If AD or AS defaults are not set, they also
default to 0. If L or W defaults are not set, they default to 100 u.

M Device “multiplier” (default = 1), which simulates the effect of
multiple devices in parallel.

The effective width, overlap and junction capacitances, and
junction currents of the MOSFET are multiplied by M. The
parasitic resistance values (e.g., RD and RS) are divided by M.
Note the third example showing a device twice the size of the
second example.

Model Levels 1, 2, and 3

The DC characteristics of the first three model levels are defined
by the parameters VTO, KP, LAMBDA, PHI, and GAMMA. These are
computed by the simulator if process parameters (e.g., TOX, and
NSUB) are given, but the user-specified values always override
(Note: The default value for Tox is 0.1 u for model levels two and
three, but is unspecified for level one which “turns off” the use of
process parameters). VTO is positive (negative) for enhancement
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mode and negative (positive) for depletion mode of N-channel

(P-channel) devices.

Table 2-23 MOSFET Level 1, 2, and 3 Model Parameters
Model Description Units Default
Parameters*
DELTA Width effect on threshold 0
ETA Static feedback (LEVEL =3) 0
GAMMA Bulk threshold parameter volt*? calculate
d
KP Transconductance coefficient amp/vol  2E-5
t2
KAPPA Saturation field factor (LEVEL =3) 0.2
LAMBDA Channel-length modulation (LEVEL=1 or 2) volt?! 0
LD Lateral diffusion (length) meter 0
NEFF Channel charge coefficient (LEVEL =2) 1.0
NFS Fast surface state density 1/cm? 0
NSS Surface state density 1/cm? none
NSUB Substrate doping density 1/cm?d none
PHI Surface potential volt 0.6
THETA Mobility modulation (LEVEL =3) volt?! 0
TOX Oxide thickness meter see
above

TPG Gate material type: +1

+1 = opposite of substrate

-1 = same as substrate

0 =aluminum
UCRIT Mobility degradation critical field (LEVEL=2) volt/cm 1E4
UEXP Mobility degradation exponent (LEVEL=2) 0
UTRA (not used) Mobility degradation transverse field coefficient 0
uo Surface mobility. (The second character is the letter O, not cm?/volt: 600

the numeral zero.)

sec
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Table 2-23 MOSFET Level 1, 2, and 3 Model Parameters (continued)
Model . .
Parameters* Description Units Default
VMAX Maximum drift velocity meter/se 0
c
VTO Zero-bias threshold voltage volt 0
WD Lateral diffusion (width) meter 0
XJ Metallurgical junction depth (LEVEL=2 or 3) meter 0
XQC Fraction of channel charge attributed to drain 1.0

* See .MODEL statement.

{ in L&W column indicates that parameter may have corresponding parameters exhibiting length and width
dependence. See discussion under Model Level 4 following.

Note

Model Level 4

The LEVEL=4 (BSIM1) model parameters are all values obtained
from process characterization, and can be generated
automatically. Reference [4] describes a means of generating a
“process” file, which must then be converted into .MODEL
statements for inclusion in the Model Library or circuit file. (The
simulator does not read process files.)

In the following list, parameters marked using a “{”” in the L&W
column also have corresponding parameters with a length and
width dependency. For example, VFB is a basic parameter using
units of volts, and LVFB and WVFB also exist and have units of
volt-u. The formula

P,=P,+P/L,+P,/W,
is used to evaluate the parameter for the actual device, where

L. = effective length =L - DL
W, = effective width = W - DW

Unlike the other models in PSpice, the BSIM model is designed for use with a process
characterization system that provides all parameters: there are no defaults specified for
the parameters, and leaving one out can cause problems.
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Table 2-24 MOSFET Level 4 Model Parameters

Model

Parameter  Description Units L&W

o

DL Channel shortening H

DwW Channel narrowing M

ETA Zero-bias drain-induced barrier lowering coefficient 4

K1 Body effect coefficient volt'? 4

K2 Drain/source depletion charge sharing coefficient C

MUS Mobility at zero substrate bias and Vds=Vvdd cm?/volt?sec 4

MUz Zero-bias mobility cm2/volt-sec

NO Zero-bias subthreshold slope coefficient C

NB Sens. of subthreshold slope to substrate bias 4

ND Sens. of subthreshold slope to drain bias 4

PHI Surface inversion potential volt 4

TEMP Temperature at which parameters were measured °C

TOX Gate-oxide thickness M

uo Zero-bias transverse-field mobility degradation volt?! 4

Ul Zero-bias velocity saturation p/volt 4

VDD Measurement bias range volts

VFB Flat-band voltage volt 4

WDF Drain, source junction default width meter

X2E Sens. of drain-induced barrier lowering effect to substrate bias volt?! C

X2MS Sens. of mobility to substrate bias @ Vds=0 cm?/volt?sec 4

X2MZ Sens. of mobility to substrate bias @ Vds=0 cmZ/volt?-sec 4

X2U0 Sens. of transverse-field mobility degradation effect to substrate volt? C
bias

X2U1l Sens. of velocity saturation effect to substrate bias p/volt? C
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Table 2-24 MOSFET Level 4 Model Parameters (continued)

Model

Parameter  Description Units L&W

S*

X3E Sens. of drain-induced barrier lowering effect to drain bias volt? C
@ Vds = Vvdd

X3MS Sens. of mobility to drain bias @ Vds=Vdd cm2/volt?sec 14

X3U1 Sens. of velocity saturation effect on drain p/volt? C

XPART Gate-oxide capacitance charge model flag.

XPART=0 selects a 40/60 drain/source charge partition in
saturation, while XPART=1 selects a 0/100 drain/source charge
partition.

* See .MODEL statement

C in L&W column indicates that parameter may have corresponding parameters exhibiting length and width
dependence. See discussion under Model Level 4 on page 2-67.
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Model Level 6 (BSIM3 - Version 2.0)

The BSIM3 model is a physical model using extensive built-in
dependencies of important dimensional and processing
parameters. It includes the major effects that are important to
modeling deep-submicrometer MOSFETSs such as threshold
voltage reduction, nonuniform doping, mobility reduction due to
the vertical field, bulk charge effect, carrier velocity saturation,
drain-induced barrier lowering (DIBL), channel length
modulation (CLM), hot-carrier-induced output resistance
reduction, subthreshold conduction, source/drain parasitic
resistance, substrate current induced body effect (SCBE), and
drain voltage reduction in LDD structure. More detailed model
information is available in reference [7].

Table 2-25 MOSFET Level 6 Model Parameters
Model Description Units Default Note*
Parameters
AO Bulk charge effect coefficient NMOS 1.0
Bulk charge effect coefficient PMOS 44
Al First non-saturation coefficient NMOS v 0.0
First non-saturation coefficient PMOS v 0.23
A2 Second non-saturation coefficient NMOS 1.0
Second non-saturation coefficient PMOS 0.08
AT Saturation velocity temperature coefficient m/sec 3.3E4
BULKMOD Bulk charge model selector:
NMOS 1
PMOS 2
CDsC Drain/source and channel coupling capacitance F/m? 2.4E-4
CDSCB 0.0
DL Channel length reduction on one side m 0.0
DROUT Channel length dependent coefficient of the DIBL 0.56
effect on Rout
DSUB Subthreshold DIBL coefficient exponent DROUT
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Table 2-25 MOSFET Level 6 Model Parameters (continued)
Model

Description Units Default Note*
Parameters
DVTO First coefficient of short-channel effect on 2.2
threshold voltage
DVT1 Second coefficient of short-channel effect on 0.53
threshold voltage
DVT2 Body bias coefficient of short-channel effect on IVAYS -0.032
threshold voltage
DW Channel width reduction on one side m 0.0
ETAO DIBL coefficient in subthreshold region 0.08
ETAB Body bias coefficient for the subthreshold DIBL IVAYS -0.07
coefficient
K1 First-order body effect coefficient JV calculated 1
K2 Second-order body effect coefficient calculated 1
K3 Narrow width effect coefficient 80.0
K3B 0.0
KETA Body bias coefficient of the bulk charge effect. IVAYS -0.047
KT1 Temperature coefficient for threshold voltage \Y/ -0.11
KT1L Channel length sensitivity of temperature V-m 0.0
coefficient for threshold voltage.
KT2 Body bias coefficient of the threshold voltage 0.022
temperature effect
NFACTOR Subthreshold swing coefficient 1.0
NGATE Poly gate doping concentration 1/cm®
NLX Lateral nonuniform doping coefficient m 1.74E-7
NPEAK Peak doping concentration near interface 1/cm®  1.7E17
NSUB Substrate doping concentration 1/cm®  6.0E16
PCLM Channel length modulation coefficient 1.3

PDIBL1 First output resistance DIBL effect coefficient 0.39
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Table 2-25 MOSFET Level 6 Model Parameters (continued)
Model Description Units Default Note*
Parameters
PDIBL2 Second output resistance DIBL effect coefficient 0.0086
PSCBE1 First substrate current body effect coefficient V/m 4.24E8
PSCBE2 Second substrate current body effect coefficient m/V 1.0E-5
PVAG 0.0
RDSO Contact resistance ohms 0.0
RDSW Parasitic resistance per unit width ohms/ 0.0
Hm

SATMOD Saturation model selector: 2

Semi-empirical output

resistance model 1

Physical output

resistance model 2
SUBTHMOD  Subthreshold model selector: 2

No subthreshold model 0

BSIM1 subthreshold model 1

BSIM3 subthreshold model 2

BSIM3 subthreshold model

using log current 3

TNOM Temperature at which parameters are extracted. deg.C 27
TOX Gate oxide thickness m 1.5E-8
UA First-order mobility degradation coefficient m/V 2.25E-9 2
UA1 Temperature coefficient for UA m/V 4.31E-9 2
uB Second-order mobility degradation coefficient (m/V)?  5.87E-19 2
UB1 Temperature coefficient for UB (m/V)?>  -7.61E-18 2
ucC Body effect mobility degradation coefficient v 0.0465 2
uCl Temperature coefficient for UC /v -0.056 2
UTE Mobility temperature exponent -1.5
VOFF Offset voltage in subthreshold region \Y -0.11
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Table 2-25 MOSFET Level 6 Model Parameters (continued)
Model

Parameters Description Units Default Note*
VSAT Saturation velocity at Temp=TNOM cm/sec  8.0E6

VTHO Threshold voltage at Vbs=0 for large channel length \% calculated 1
WO Narrow width effect parameter m 2.5E-6

XJ Junction depth m 1.5E-7

XPART Charge partitioning coefficient: 0.0

No charge model < 0.0
40/60 partition = 0.0
50/50 partition = 0.5
0/100 partition =1.0

* See Notes on page 2-74 for Note references.

The following parameters presented in Table 2-26 are “expert
parameters”. These should not be changed unless the detail
structure of the device is known having specified meaningful
values.

Table 2-26  MOSFET Level 6 “Expert Parameters”

';’A;)ger}#e ters Description Units Default Note*
CIT Capacitance due to interface trapped charge F/m2 0.0
EM Critical electrical field in channel V/m 4.1E7
ETA Drain voltage reduction coefficient due to LDD 0.3
GAMMA1 Body effect coefficient near the interface A/\_/ calculated 1
GAMMA2 Body effect coefficient in the bulk J\7 calculated 1
LDD Total length of the LDD region m 0.0
LITL Characteristic length related to current depth m calculated 1
PHI Surface potential under strong inversion \Y calculated 1
uo Mobility at Temp=TNOM:

NMOS cm2/V-sec  670.0

PMOS cm2/V-sec  250.0

VBM Maximum applied body bias \Y -5.0
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Table 2-26  MOSFET Level 6 “Expert Parameters” (continued)

Model

Description Units Default Note*
Parameters
VBX Vbs at which the depletion width equals XT \% calculated 1
VFB Flat-band voltage \Y calculated 1
VGHIGH \oltage shift of the higher bound of the transition \ 0.12

region
VGLOW \oltage shift of the lower bound of the transition \% -0.12

region
XT Doping depth m 1.55E-7

* See Notes on page 2-74 for Note references.

Notes

1 If any of the following BSIM3 Version 2.0 model parameters are

not explicitly specified, they are calculated using the following
equations.

VTHO = VFB +PHI +K ,/PHI

K1 = GAMMA2 -2 [K2./(PHI-VBM)

k> = (GAMMA1 ~GAMMA2)(,/PHI=VBX - ./PHI)
2./PHI(/PHI—VBX — ./PHI) + VBM

VBF = VTHO —PHI -K1./PHI

PEAK
PHI = 2V, InDAll]
tm=0 o O

[20e;NPEAK

COX

[20e;NSUB

COX

GAMMAL =

GAMMA2 =

VBX = PHI—q INPEAK [XT%/(2)



MOSFET 2-75

asiTOXXj

SOX

LITL =

2 Default values listed in Table 2-25 for the parameters UA, UB, UC
UAL, AB1, and Uc1 are used for simplified mobility modeling.

For All Model Levels

The following list describes the parameters common to all model
levels, which are primarily parasitic element values such as series
resistance, overlap and junction capacitance, and so on.

Table 2-27 MOSFET Model Parameters for All Levels

Model Parameters*  Description Units Default
AF Flicker noise exponent 1
CBD Zero-bias bulk-drain p-n capacitance farad 0
CBS Zero-bias bulk-source p-n capacitance farad 0
CGBO Gate-bulk overlap capacitance/channel length farad/meter 0
CGDO Gate-drain overlap capacitance/channel width farad/meter 0
CGSO Gate-source overlap capacitance/channel width farad/meter 0

(0N Bulk p-n zero-bias bottom capacitance/area farad/meter? 0
CJISW Bulk p-n zero-bias sidewall capacitance/length farad/meter 0

FC Bulk p-n forward-bias capacitance coefficient 0.5
IS Bulk p-n saturation current amp 1E-14
JS Bulk p-n saturation current/area amp/meter? 0
JSSW Bulk p-n saturation sidewall current/length amp/meter 0

KF Flicker noise coefficient 0

L Channel length meter DEFL
LEVEL Model index 1

MJ Bulk p-n bottom grading coefficient 0.5
MJISW Bulk p-n sidewall grading coefficient 0.33
N Bulk p-n emission coefficient 1

PB Bulk p-n bottom potential volt 0.8
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Table 2-27 MOSFET Model Parameters for All Levels (continued)

Model Parameters*  Description Units Default
PBSW Bulk p-n sidewall potential volt PB

RB Bulk ohmic resistance ohm 0

RD Drain ohmic resistance ohm 0

RDS Drain-source shunt resistance ohm infinite
RG Gate ohmic resistance ohm 0

RS Source ohmic resistance ohm 0

RSH Drain, source diffusion sheet resistance ohm/square 0

TT Bulk p-n transit time sec 0
T_ABS Absolute temperature °C

T_MEASURED Measured temperature °C

T_REL_GLOBAL Relative to current temperature °C

T_REL_LOCAL Relative to AKO model temperature °C

w Channel width meter DEFW

* For information on T_MEASURED, T_ABS, T_REL_GLOBAL ,and T_REL_LOCAL, see the . MODEL

statement on page 1-25.
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Equations
In the following equations:

Vgs = intrinsic gate-intrinsic source voltage
Vgd = intrinsic gate-intrinsic drain voltage
Vds =intrinsic drain-intrinsic source voltage
Vbs  =intrinsic substrate-intrinsic source voltage
Vbd = intrinsic substrate-intrinsic drain voltage
Vt =k-T/q (thermal voltage)
k = Boltzmann’s constant
q = electron charge
T = analysis temperature (°K)

Tnom = nominal temperature (set using TNOM option)

Other variables are from the model parameter list. These
equations describe an N-channel MOSFET. For P-channel
devices, reverse the signs of all voltages and currents. Positive
current is current flowing into a terminal (for example, positive
drain current flows from the drain through the channel to the
source).
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DC Currents 1!

Ig = gate current=0

Ib = bulk current = Ibs+lbd
Ibs = bulk-source leakage current = lggs/(vvo-1)
Ibd = bulk-drain leakage current = Idsyef®-vo-1)
where if:Js =0, 0or AS=0,or AD=0

Iss= 1S
Ids = IS
otherwise:

Iss = ASJS + PSJissw
Ids = ADJS + PDassw

Id = drain current = Idrain-lbd
Is = source current = -ldrain-lbs

Equations for Idrain: LEVEL=1

For: Vds>0 (normal mode)
and: VgsV;, <0 (cutoff region)
Idrain =0
and: Vds < Vg, (linear region)
Idrain =

(WIL)-(KP/2)-(14.AMBDA -Vds)-Vds-(2:(VO¥k,)-Vds)

and: 0_<Vgs-V,, < Vds(saturation region)

Idrain = (W/L)-KP/2)-(14.AMBDA -Vds)-(VgsV;,)?

whereV, = VTO + GAMMA - ((PHI-Vbs)'*PHI'?)
For: Vds <0 (inverted mode)

Switch the source and drain in equations (above).

ForLEVEL=2, orLEVEL=3 MOSFET models, see reference [2]2en for detailed information.

1. Positive current is current flowing into a terminal.
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Capacitance 1

Cbs = bulk-source capacitance = area cap. + sidewall cap. + transit time cap.
Cbd = bulk-drain capacitance = area cap. + sidewall cap. + transit time cap.

For:cBs =0 andcBD =0
Cbs = AScJ-Cbsj + PS33sw-Cbss A1T-Gbs
Cbd = ADCJ-Cbdj + PDcisw-Chds +TT-Gds
otherwise
Cbs =cBs-Cbhsj + PSIsw-Cbss +T-Gbs
Cbd =cBD-Chdj + PDeisw-Chds +17-Gds
where
Gbs = DC bulk-source conductanceélbs/dVbs
Gbd = DC bulk-drain conductancedtbd/dvbd

or: Vbs <FC-PB
Cbsj = (1-VbspB)™W
Cbss = (1-VbgiBsw)msw
For: Vbs >Fc-pPB
Cbsj = (LFc)@m. (1+C-(1+I)+MJI-VbskB)
Cbss = (IFC)-amwsw.(1+C-(1-HMISW)+MISW-VbsPBSW)
For: Vbd_<FC-PB
Chdj = (1-VbdpB)™
Cbds = (1-Vbd#BsSw)Mmsw
For: Vbd >Fc-PB
Chbdj = (1Fc)-@wm).(1+C-(1+vJ3)+MJI-VbdFB)
Cbds = (1FC)-amsw. (1+C-(1+HMISW)
+MJISW-VbdPBSW)

Cgs = gate-source overlap capacitan@sso-W
Cgd = gate-drain overlap capacitanceGbo-W
Cgb = gate-bulk overlap capacitancecBo-L

For MOSFETSs the capacitance model has been changed to conserve charge. This change affects
level 1, 2, and 3 models. The level 4 (BSIM) and level 6 (BSIM3) models have their own capacitance
model, which already conserves charge and remains unchanged. See reference [6] and reference
on page 82 for the equations describing the capacitances due to the channel charge.

1. All capacitances are between terminals of the intrinsic MOSFET. That is, to the inside of the ohmic
drain and source resistances.
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Temperature Effects

IS(T) = IS -€Ea(Tnom)T/Tnom - EgyVt
JIS(T) = JS -@Ea(Tom)Trinom - Egrymt

JSSW(T) = JSSW -gEa(Tnom) T/Tnom - Eg()ve

PB(T) =PB-T/Tnom - 3-Vin(T/Tnom) - Eg(Tnom)-T/Tnom + Eg(T)
PBSW(T) =PBSW-T/Tnom - 3-ViIn(T/Tnom) - Eg(Tnom)-T/Tnom + Eg(T)

PHI(T) =PHI-T/Tnom - 3-ViIn(T/Tnom) - Eg(Tnom)-T/Tnom + Eg(T)
where Eg(T) = silicon bandgap energy = 1.16 - .000702-41108)

CBD(T) = CBD-(1+J-(.0004-(T-Tnom)+(28(T)/PB)))
CBS(T) =cBS-(1+vJ-(.0004-(T-Tnom)+(PB(T)/PB)))

CJ(T) =CJ-(1+wJ-(.0004-(T-Tnom)+(1B(T)/PB)))

CISW(T) = CISW-(1+mMIsW-(.0004-(T-Tnom)+(BB(T)/PB)))
KP(T) = KP-(T/Tnomjy*

UO(T) = Uo-(T/Tnom)>

MUS(T) = MUS-(T/Tnom}>

MUZ() = MUZ-(T/Tnom)*2

X3MS(T) = X3MS-(T/Tnom)~2

The ohmic (parasitic) resistances have no temperature dependence.
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Noise

Noise is calculated assuming a one hertz bandwidth, using the following spectral power densities (p
unit bandwidth):

the parasitic resistances (Rd, Rg, Rs, and Rb) generate thermal noise ...

Id2=4k-T/Rd
Ig2=4k-T/Rg
Is2=4k-T/Rs
b2 = 4k-T/Rb

the intrinsic MOSFET generates shot and flicker noise ...
Idraire = 4k-T-gm-2/3 F-ldrainv/(FREQUENCY-Kchan)
where
gm =dldrain/dVgs (at the DC bias point)
Kchan = (effective lengtk)permittivity of SiQ)/TOX
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