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About This Manual

This manual describes how to use HSPICE to simulate and analyze your circuit

designs.

Inside This Manual

This manual contains the chapters described below. For descriptions of the
other manuals in the HSPICE documentation set, see the next section, The

HSPICE Documentation Set.

Chapter

Description

Chapter 1, Overview

Chapter 2, Setup and
Simulation

Chapter 3, Input Netlist and
Data Entry
Chapter 4, Elements

Chapter 5, Sources and
Stimuli

Chapter 6, Parameters and
Functions

Chapter 7, Simulation
Output

HSPICE® Simulation and Analysis User Guide

Describes HSPICE features and the simulation
process.

Describes the environment variables, standard 1/O
files, invocation commands, and simulation
modes.

Describes the input netlist file and methods of
entering data.

Describes the syntax for the basic elements of a
circuit netlist in HSPICE or HSPICE RFE

Describes element and model statements for
independent sources, dependent sources,
analog-to-digital elements, and digital-to-analog
elements.

Describes how to use parameters within an
HSPICE netlist.

Describes how to use output format statements

and variables to display steady state, frequency,
and time domain simulation results.

XXiii
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Chapter

Description

Chapter 8, Initializing DC/
Operating Point Analysis

Chapter 9, Transient
Analysis

Chapter 10, AC Sweep and
Small Signal Analysis

Chapter 11, Linear Network
Parameter Analysis

Chapter 12, Using Verilog-
A

Chapter 13, Simulating
Variability

Chapter 14, Variation Block

Chapter 15, Monte Carlo
Analysis

Chapter 16, DC Mismatch
Analysis

Chapter 17, Optimization

Chapter 18, RC Reduction

Chapter 19, Running
Demonstration Files

Appendix A, Statistical
Analysis

Appendix B, Full Simulation
Examples

Describes DC initialization and operating point
analysis.

Describes how to use transient analysis to
compute the circuit solution.

Describes how to perform AC sweep and small
signal analysis.

Describes how to perform an AC sweep to extract
small-signal linear network parameters.

Describes how to use Verilog-A in HSPICE
simulations.

Introduces variability, describes how it is defined in
HSPICE, and introduces the variation block.

Describes the use model and structure of the
variation block.

Describes Monte Carlo analysis in HSPICE.
Describes the use of DCmatch analysis.
Describes optimization in HSPICE for optimizing
electrical yield.

Describes RC network reduction.

Contains examples of basic file construction
technigues, advanced features, and simulation
tricks. Lists and describes several HSPICE and

HSPICE RF input files.

Describes the features available in HSPICE for
statistical analysis before the Y-2006.03 release.

Contains information and sample input netlists for
two full simulation examples.
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The HSPICE Documentation Set

Chapter

Description

Appendix C, HSPICE GUI

for Windows

Describes how to use the HSPICE GUI for
Windows.

The HSPICE Documentation Set

This manual is a part of the HSPICE documentation set, which includes the

following manuals:

Manual

Description

HSPICE Simulation and
Analysis User Guide

HSPICE Signal Integrity
Guide

HSPICE Applications
Manual

HSPICE Command
Reference

HPSPICE Elements and
Device Models Manual

HPSPICE MOSFET
Models Manual

HSPICE RF Manual

AvanWaves User Guide

Describes how to use HSPICE to simulate and
analyze your circuit designs. This is the main HSPICE
user guide.

Describes how to use HSPICE to maintain signal
integrity in your chip design.

Provides application examples and additional HSPICE
user information.

Provides reference information for HSPICE
commands.

Describes standard models you can use when
simulating your circuit designs in HSPICE, including
passive devices, diodes, JFET and MESFET devices,
and BJT devices.

Describes standard MOSFET models you can use
when simulating your circuit designs in HSPICE.

Describes a special set of analysis and design
capabilities added to HSPICE to support RF and high-
speed circuit design.

Describes the AvanWaves tool, which you can use to
display waveforms generated during HSPICE circuit
design simulation.
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Other Related Publications

Manual Description
HSPICE Quick Provides key reference information for using HSPICE,
Reference Guide including syntax and descriptions for commands,

options, parameters, elements, and more.

HSPICE Device Models Provides key reference information for using HSPICE
Quick Reference Guide device models, including passive devices, diodes,

JFET and MESFET devices, and BJT devices.

Searching Across the HSPICE Documentation Set

Synopsys includes an index with your HSPICE documentation that lets you
search the entire HSPICE documentation set for a particular topic or keyword.
In a single operation, you can instantly generate a list of hits that are
hyperlinked to the occurrences of your search term. For information on how to
perform searches across multiple PDF documents, see the HSPICE Release
Notes (available on SolvNet at http://solvnet.synopsys.com/ReleaseNotes) or
the Adobe Reader online help.

Note:

To use this feature, the HSPICE documentation files, the Index directory,
and the index.pdx file must reside in the same directory. (This is the default
installation for Synopsys documentation.) Also, Adobe Acrobat must be
invoked as a standalone application rather than as a plug-in to your web
browser.

Other Related Publications

XXVi

For additional information about HSPICE, see:

The HSPICE Release Notes, available on SolvNet (see Known Limitations
and Resolved STARs, below)

Documentation on the Web, which provides PDF documents and is
available through SolvNet at http://solvnet.synopsys.com/DocsOnWeb

The Synopsys MediaDocs Shop, from which you can order printed copies
of Synopsys documents, at http://mediadocs.synopsys.com

HSPICE® Simulation and Analysis User Guide
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You might also want to refer to the documentation for the following related
Synopsys products:

®  CosmosScope

= Aurora
=  Raphael
= VCS

Known Limitations and Resolved STARs

You can find information about known problems and limitations and resolved
Synopsys Technical Action Requests (STARS) in the HSPICE Release Notes in
SolvNet.

To see the HSPICE Release Notes:

1. Goto https://solvnet.synopsys.com/ReleaseNotes. (If prompted, enter your
user name and password. If you do not have a Synopsys user name and
password, follow the instructions to register with SolvNet.)

2. Click HSPICE, then click the release you want in the list that appears at the
bottom.

Conventions

The following conventions are used in Synopsys documentation.

Convention Description

Courier Indicates command syntax.

Italic Indicates a user-defined value, such as object_name.

Bold Indicates user input—text you type verbatim—in syntax and
examples.

[ Denotes optional parameters, such as:
write_file [-f filename]

HSPICE® Simulation and Analysis User Guide XXVii
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Convention Description
Indicates that parameters can be repeated as many times as
necessary:
pinl pin2 ... pinN
Indicates a choice among alternatives, such as
low | medium | high

\ Indicates a continuation of a command line.

/ Indicates levels of directory structure.

Edit > Copy Indicates a path to a menu command, such as opening the
Edit menu and choosing Copy.

Control-c Indicates a keyboard combination, such as holding down the

Control key and pressing c.

Customer Support

XXVili

Customer support is available through SolvNet online customer support and
through contacting the Synopsys Technical Support Center.

Accessing SolvNet

SolvNet includes an electronic knowledge base of technical articles and
answers to frequently asked questions about Synopsys tools. SolvNet also
gives you access to a wide range of Synopsys online services, which include
downloading software, viewing Documentation on the Web, and entering a call

to the Support Center.
To access SolvNet:

1. Go to the SolvNet Web page at http://solvnet.synopsys.com.

2. If prompted, enter your user name and password. (If you do not have a
Synopsys user name and password, follow the instructions to register with

SolvNet.)

If you need help using SolvNet, click Help on the SolvNet menu bar.

HSPICE® Simulation and Analysis User Guide
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Contacting the Synopsys Technical Support Center

If you have problems, questions, or suggestions, you can contact the Synopsys
Technical Support Center in the following ways:

®  Open a call to your local support center from the Web by going to
http://solvnet.synopsys.com/EnterACall (Synopsys user name and
password required).

®  Send an e-mail message to your local support center.
* E-mail support_center@synopsys.com from within North America.

* Find other local support center e-mail addresses at
http://www.synopsys.com/support/support_ctr.

= Telephone your local support center.
» Call (800) 245-8005 from within the continental United States.
» Call (650) 584-4200 from Canada.

* Find other local support center telephone numbers at
http://www.synopsys.com/support/support_ctr.
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Overview

Describes HSPICE features and the simulation process.

Synopsys HSPICE is an optimizing analog circuit simulator. You can use it to
simulate electrical circuits in steady-state, transient, and frequency domains.

HSPICE or HSPICE RF is unequalled for fast, accurate circuit and behavioral
simulation. It facilitates circuit-level analysis of performance and yield, by using
Monte Carlo, worst-case, parametric sweep, and data-table sweep analyses,
and employs the most reliable automatic-convergence capability (see

Figure 1).

Figure 1 Synopsys HSPICE or HSPICE RF Design Features
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Transmission Line
Signal Integrity

Circuit Cell
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Optimization
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Cell
Characterization

Photocurrent/ Incremental
Radiation Effects Optimization
AC, DC,

Transient

HSPICE®
Y-2006.03

HSPICE or HSPICE RF forms the cornerstone of a suite of Synopsys tools and
services that allows accurate calibration of logic and circuit model libraries to
actual silicon performance.

Simulation and Analysis User Guide 1
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The size of the circuits that HSPICE or HSPICE RF can simulate is limited only
by memory. As a 32-bit application, HSPICE can address a maximum of 2Gb or
4Gb of memory, depending on your system.

For a description of commands that you can include in your HSPICE netlist,
see the “Netlist Commands” chapter in the HSPICE Command Reference.

HSPICE Varieties

Synopsys HSPICE is available in two varieties:
= HSPICE
"  HSPICE RF

Like traditional SPICE simulators, HSPICE is Fortran-based, but it is faster and
has more capabilities than typical SPICE simulators. HSPICE accurately
simulates, analyzes, and optimizes circuits, from DC, to microwave frequencies
that are greater than 100 GHz. HSPICE is ideal for cell design and process
modeling. It is also the tool of choice for signal-integrity and transmission-line
analysis.

HSPICE RF is a newer, C++ version of the traditional Fortran-based HSPICE.
Many (but not all) HSPICE simulation capabilities have been implemented in
HSPICE RF, and HSPICE RF offers some new capabilities that are not in
available in traditional HSPICE.

HSPICE RF usually produces results at the desired level of accuracy in a
shorter time than HSPICE requires for the same level of accuracy. HSPICE RF
can also perform HSPICE simulations of radio-frequency (RF) devices, which
HSPICE does not support.

This guide describes all of the features that HSPICE supports. HSPICE RF
supports some—but not all—of these features as well. For descriptions of
HSPICE RF features and a list of the differences between HSPICE and
HSPICE RF, see the “HSPICE RF Features and Functionality” chapter in the
HSPICE RF User Guide.

2 HSPICE® Simulation and Analysis User Guide
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Features

HSPICE® Simulation and Analysis User Guide

Y-2006.03

Synopsys HSPICE or HSPICE RF is compatible with most SPICE variations,
and has the following additional features:

Superior convergence
Accurate modeling, including many foundry models
Hierarchical node naming and reference

Circuit optimization for models and cells, with incremental or simultaneous
multiparameter optimizations in AC, DC, and transient simulations

Interpreted Monte Carlo and worst-case design support
Input, output, and behavioral algebraics for cells with parameters
Cell characterization tools, to characterize standard cell libraries

Geometric lossy-coupled transmission lines for PCB, multi-chip, package,
and IC technologies

Discrete component, pin, package, and vendor IC libraries

Interactive graphing and analysis of multiple simulation waveforms by using
with AvanWaves and CosmosScope

Flexible license manager that allocates licenses intelligently based on run
status and user-specified job priorities you specify.

If you suspend a simulation job, the load sharing facility (LSF) license
manager signals HSPICE to release that job’s license. This frees the license
for another simulation job, or so the stopped job can reclaim the license and
resume. You can also prioritize simulation jobs you submit; LSF
automatically suspends low-priority simulation jobs to run high-priority jobs.
When the high-priority job completes, LSF releases the license back to the
lower-priority job, which resumes from where it was suspended.

A number of circuit analysis types (see Figure 2) and device modeling
technologies (see Figure 3).
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Figure 2 Synopsys HSPICE or HSPICE RF Circuit Analysis Types
Parametric Oper_ating I
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Figure 3  Synopsys HSPICE Modeling Technologies
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HSPICE Features for Running Higher-Level Simulations

Simulations at the integrated circuit level and at the system level require careful
planning of the organization and interaction between transistor models and
subcircuits. Methods that worked for small circuits might have too many
limitations when applied to higher-level simulations.

You can use the following HSPICE or HSPICE RF features to organize how
simulation circuits and models run:

Explicit include files — . INCLUDE statement.

Implicit include files — .0OPTION SEARCH='lib_directory’ (HSPICE
only).

Algebraics and parameters for devices and models — . PARAM statement.
Parameter library files — .1L.IB statement.

Automatic model selector — LMIN, LMAX, WMIN, and WMAX model
parameters.

Parameter sweep — sweep analysis statements.

Statistical analysis — sweep monte analysis statements (HSPICE only).
Multiple alternative — .ALTER statement (HSPICE only).

Automatic measurements — . MEASURE statement.
Condition-controlled netlists (IF-ELSEIF-ELSE-ENDIF Statements).

Simulation Structure

HSPICE® Simulation and Analysis User Guide

Y-2006.03

Experimental Methods Supported by HSPICE

Typically, you use experiments to analyze and verify complex designs. These
experiments can be simple sweeps, more complex Monte Carlo and
optimization analyses (HSPICE only), or setup and hold violation analyses of
DC, AC, and transient conditions.
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Figure 4  Simulation Program Structure

| Simulation Experiment ‘

v v v ! v

Single point Lo Statistical Timing
Analysis Optimization Sweep Worst Case Violations
| | | | |
v
v v v v v
Initial

Circuit Results Library Stimuli

Conditions

]

‘ Options

For each simulation experiment, you must specify tolerances and limits to
achieve the desired goals, such as optimizing or centering a design. Common
factors for each experiment are:

" process

= yoltage

=  temperature

" parasitics

HSPICE or HSPICE RF supports two experimental methods:

®  Single point — a simple procedure that produces a single result, or a single
set of output data.

= Multipoint — performs an analysis (single point) sweep for each value in an
outer loop (multipoint) sweep.

The following are examples of multipoint experiments:

®"  Process variation — Monte Carlo or worst-case model parameter variation
(HSPICE only).

®  Element variation — Monte Carlo (HSPICE only) or element parameter
sweeps.

6 HSPICE® Simulation and Analysis User Guide
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®  \/oltage variation — VCC, VDD, or substrate supply variation.
®  Temperature variation — design temperature sensitivity.
®  Timing analysis — basic timing, jitter, and signal integrity analysis.

®  Parameter optimization — balancing complex constraints, such as speed
versus power, or frequency versus slew rate versus offset (analog circuits).

HSPICE Data Flow

HSPICE or HSPICE RF accepts input and simulation control information from
several different sources. They can output results in a number of convenient
forms for review and analysis. Figure 5 shows the overall data flow.

HSPICE® Simulation and Analysis User Guide 7
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Figure 5 Overview of Data Flow
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To simulate a design in HSPICE, you do the following:
1. To begin design entry and simulation, create an input netlist file.

Most schematic editors and netlisters support the SPICE or HSPICE
hierarchical format.

HSPICE or HSPICE RF executes the analyses specified in the input file.

HSPICE or HSPICE RF stores the simulation results requested in either an
output listing file or (if you specified .0PTION POST) a graph data file.

If you specified POST, HSPICE or HSPICE RF stores the circuit solution (in
either steady state, time, or frequency domain).

4. To view or plot the results for any nodal voltage or branch current, use a
high-resolution graphic output terminal or laser printer.

HSPICE provides a complete set of print and plot variables for viewing
analysis results. HSPICE RF supports some, but not all, HSPICE print
variables.

The HSPICE or HSPICE RF programs include a textual command line
interface. For example, to execute the program, enter the hspice or
hspicext command, the input file name, and the desired options. You can use
the command line at the prompt in a Unix shell, or a Windows command
prompt, or (for HSPICE only) click on an icon in a Windows environment.

You can specify whether the HSPICE or HSPICE RF program simulation output
appears in an output listing file, or in a graph data file (HSPICE only). HSPICE
or HSPICE RF creates standard output files to describe initial conditions (.ic
extension) and output status (.stO extension). In addition, HSPICE or HSPICE
RF creates various output files, in response to user-defined input options—for
example, HSPICE creates a <design>.tr0 file, in response to a .TRAN
transient analysis statement.

The default waveform display tool CosmosScope. See the CosmosScope User
Guide for instructions about how to use CosmosScope.

Simulation Process Overview
Figure 6 shows the HSPICE or HSPICE RF simulation process.

HSPICE® Simulation and Analysis User Guide 9
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Figure 6
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Setup and Simulation

Describes the environment variables, standard I/O files, invocation commands,
and simulation modes.

For descriptions of individual HSPICE commands mentioned in this chapter,
see the HSPICE Command Reference.

Setting Environment Variables

Before using HSPICE, you need to set these environment variables
®" LM LICENSE_FILE—Specifies the path to the license file (required)
" META_QUEUE—EnNables HSPICE licenses to be queued

" tmpdir (UNIX), TEMP or TMP (Windows)—Allows you to control the location
of the temporary files

Setting License Variables

HSPICE or HSPICE RF requires you to set the LM_LICENSE_FILE
environment variable. This variable specifies the full path to the license.dat
license file. Set the LM_LICENSE_FILE environment variable to point to the
HSPICE and HSPICE RF license file.

For example, if your HSPICE RF license file is in:

/usr/cad/hspicext/license.dat

And your HSPICE license file is in:

/usr/cad/hspice/license.dat

HSPICE® Simulation and Analysis User Guide 11
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Then you would enter:

setenv LM_LICENSE_FILE /usr/cad/hspicext/license.dat:\
/usr/cad/hspice/license.dat

You can also set the variable port@hostname to point to a license file on a

server.

®" |f you are using the C shell, add the following line to the .cshrc file:
setenv LM_LICENSE_FILE port@hostname

= |f you are using the Bash or Bourne shell, add these lines to the .bashrc or
profile file:

LM _LICENSE_FILE=port@hostname
export LM_LICENSE_FILE

The port and host name variables correspond to the TCP port and license
server host name specified in the SERVER line of the Synopsys license file.

Note:

To ensure better performance, it is recommended that you use
port@hostname rather than using the path to the license file.

Each license file can contain licenses for many packages from multiple
vendors. You can specify multiple license files by separating each entry. For
UNIX, use a colon (;) and for Windows, use a semicolon (;).

For details about setting license file environment variable, see “Setting Up
HSPICE for Each User” in the Installation Guide.

License Queuing

Setting the optional META_QUEUE environment variable to 1 enables HSPICE
licenses to be queued:

setenv META_QUEUE 1

The licensing queuing works as follows: If you have five HSPICE floating
licenses and all five licenses are checked out with the META_QUEUE
environment variable enabled, then the next job submitted waits in the queue
until a license is available (when one of the previous five jobs finishes). When
META_QUEUE is enabled and all available licenses are in use, an error message
is issued that says no licenses are available.

If you have more than one HSPICE token (INCREMENT line) and the version
dates are different, only the first token in your license file is queued. FLEXIm
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gueues the first increment line that satisfies the request. If you have two
increment lines with different versions, two license pools are created on the
server. When you issue the queuing request, the server attempts to satisfy the
request, but if it is not possible, the server queues the first increment line that
satisfies the request. Once that particular increment line is queued, it waits for
that increment line to become free. The server does not continually look for any
other line that satisfies this request. This is normal operation for FLEXIm.

Standard Input Files

This section describes the standard input files to HSPICE or HSPICE RF.

Design and File Naming Conventions

The design name identifies the circuit and any related files, including:
®  Schematic and netlist files.

®  Simulator input and output files.

®=  Design configuration files.

= Hardcopy files.

HSPICE, HSPICE RF, and AvanWaves extract the design name from their input
files, and perform actions based on that name. For example, AvanWaves reads

the <design>.cfg configuration file to restore node setups used in previous
AvanWaves runs.

HSPICE, HSPICE RF, and AvanWaves read and write files related to the
current circuit design. Files related to a design usually reside in one directory.
The output file is stdout on Unix platforms, which you can redirect.

Table 1 lists input file types, and their standard names. The sections that follow
describe these files.

Table 1 Input Files

Input File Type File Name
Output configuration file meta.cfg
Initialization file hspice.ini
DC operating point initial conditions file <design>.ic#
HSPICE® Simulation and Analysis User Guide 13
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Table 1 Input Files (Continueq)

Input File Type File Name

Input netlist file <design>.sp
Library input file <library_name>
Analog transition data file <design>.d2a

Output Configuration File

You use the output configuration file to set up the printer, plotter, and terminal. It
includes a line (default_include=<filename>) to set up a path to the default .ini
file (for example, hspice.ini).

The default include filename is case-sensitive (except for the PC and Windows
versions of HSPICE).

Initialization File

You use the initialization file to specify user defaults. If the run directory
contains an hspice.ini file, HSPICE or HSPICE RF includes its contents at the
top of the input file.

To include initialization files, you can define default_include=<filename> in a
command.inc or meta.cfqg file.

You can use an initialization file to set options (for . OPTION statements) and to
access libraries.

DC Operating Point Initial Conditions File

The DC operating point initial conditions file, <design>.ic#, is an optional input
file that contains initial DC conditions for particular nodes. You can use this file
to initialize DC conditions, by using either a .NODESET or an . IC statement.

A . SAVE statement can also create a <design>.ic# file. A subsequent .L.OAD
statement initializes the circuit to the DC operating point values specified in this
file.

14 HSPICE® Simulation and Analysis User Guide
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Input Netlist File

The input netlist file, <design>.sp, contains the design netlist. Optionally, it can

also contain statements specifying the type of analysis to run, type of output
desired, and what library to use.

Library Input File

You use <library_name> files to identify libraries and macros that need to be
included for simulating <design>.sp.

Analog Transition Data File

When you run HSPICE in standalone mode, a <design>.d2a file contains state
information for a U Element mixed-mode simulation.

Standard Output Files

This section describes the standard output files from HSPICE. For informaton
about the standard output file from HSPICE RF, see section HSPICE RF

Output File Types in the HSPICE RF Manual. The various types of output files
produced are listed in Table 2.

Table 2  HSPICE Output Files and Suffixes

Output File Type Extension
AC analysis measurement results ma#@
AC analysis results (from . posT statement) .ac#

DC analysis measurement results .ms#

DC analysis results (from . posT statement) SWH#
Digital output .az2d

FFT analysis graph data (from rFrT statement)  .ft#

HSPICE® Simulation and Analysis User Guide 15
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Table 2  HSPICE Output Files and Suffixes (Continued)

Output File Type Extension
Hardcopy graph data (from meta.cfg .gr#b +
PRTDEFAULT)

Operating point information (from .OPTION .dp#

OPFILE statement)

Operating point node voltages (initial conditions) .ic#

Output listing lis, or user-specified
Output status .St#

Output tables (from .DCMATCH OUTVAR .dm#

statement)

Subcircuit cross-listing (HSPICE only; not .pa#

supported in HSPICE RF)

Transient analysis measurement results .mt#

Transient analysis results (from .POST Ar#

statement)

a. # can be either a sweep number or a hardcopy file number. For .ac#, .dp#, .dm#,
.ic#, .st#, .sw#, and .tr# files, # is from 0 through 9999.

b. Requires a .GRAPH statement, or a pointer to a file in the meta.cfg file. The PC
version of HSPICE does not generate this file.

AC Analysis Results File

HSPICE writes AC analysis results to file <output_file>.ac#, where # is
0-9999, according to your specifications following the . AC statement. These
results list the output variables as a function of frequency.

AC Analysis Measurement Reults File

HSPICE writes AC analysis measurement results to file <output_file>.ma#
when the input file includes a .MEASURE AC statement.

HSPICE® Simulation and Analysis User Guide
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DC Analysis Results File

HSPICE writes DC analysis results to file <output_file>.sw#, where # is
0-9999, when the input file includes a .DC statement. This file contains the
results of the applied stepped or swept DC parameters defined in that
statement. The results can include noise, distortion, or network analysis.

DC Analysis Measurement Results File

HSPICE writes DC analysis measurement results to file <output_file>.ms#
when the input file includes a .MEASURE DC statement.

Digital Output File

The digital output file, <design>.a2d, contains data that the A2D conversion
option of the U element converted to digital form.

FFT Analysis Graph Data File

The FFT analysis graph data file, <output_file>. ft#, contains the
graphical data needed to display the FFT analysis waveforms.

Hardcopy Graph Data File

HSPICE writes hardcopy graph data to file <output_file>.gr# when the
input file includes a . GRAPH statement. The file produced is in the form of a

printer file, typically in Adobe PostScript or HP PCL format. This facility is not
available in the PC version of HSPICE.

Operating Point Information File

HSPICE writes operating point information to file <design>.dp# when the input
file includes an .OPTION OPFILE=1 statement.

HSPICE® Simulation and Analysis User Guide 17
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Operating Point Node Voltages File
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Output Status File

The output status file, <output_file>.st#, where #is 0-9999, contains the
following runtime reports:

= Start and end times for each CPU phase.
=  QOptions settings, with warnings for obsolete options.

®  Status of preprocessing checks for licensing, input syntax, models, and
circuit topology.

=  Convergence strategies that HSPICE uses on difficult circuits.

You can use the information in this file to diagnose problems, particularly when
communicating with Synopsys Customer Support.

Output Tables

The .DCMATCH output tables file, <output_file>.dm#, contains the
variability data from analysis.

Subcircuit Cross-Listing File

If the input netlist includes subcircuits, HSPICE automatically generates a
subcircuit cross-listing file, <output_file>.pa#, where # is 0-9999. This
file relates the subcircuit node names, in the subcircuit call, to the node names
used in the corresponding subcircuit definitions. In HSPICE RF, you cannot
replicate output commands within subcircuit (subckt) definitions.

Transient Analysis Measurement Results File

HSPICE writes transient analysis measurement results to file
<output_file>.mt# when the input file includes an .MEASURE TRAN
statement.

Transient Analysis Results File

Both HSPICE and HSPICE RF place the results of transient analysis in file
<output_file>.tr#, where #is 0-9999, as set forth in the -n command-
line argument. This file lists the numerical results of transient analysis.

HSPICE® Simulation and Analysis User Guide 19
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A . TRAN statement in the input file, together with an .OPTION POST
statement, creates this post-analysis file.

If the input file includes an .OPTION POST statement, then the output file
contains simulation output suitable for a waveform display tool.

Running HSPICE Simulations

20

Use the following syntax to start HSPICE:

hspice <-1 <path/input_file>> <-o0 <path/output_file>>
<-n number> <-html <path/html_file>> <-b> <-d>

<-C <path/input_file>> <-I> <-K> <-L command_file>
<-S> <-mt number> <-meas measurefile> <-hdl filename>
<-hdlpath pathname> <<name> -vamodel <name2>...>

For a description of the hspice command syntax and arguments, see
“HSPICE Command Syntax” in the HSPICE Command Reference.

When your invoke an HSPICE simulation, the following sequence of events
occurs:

1.

Invocation.
For example, at the shell prompt, enter:
hspice demo.sp > demo.out &

This command invokes the UNIX hspice shell command on input netlist file
demo.sp and directs the output listing to file demo.out. The “&” character at
the end of the command invokes HSPICE in the background, so that you can
continue to use the window and keyboard while HSPICE runs.

Script execution.

The hspice shell command starts the HSPICE executable from the
appropriate architecture (machine type) directory. The UNIX run script
launches a HSPICE simulation. This procedure establishes the environment
for the HSPICE executable. The script prompts for information, such as the
platform that you are using, and the version of HSPICE to run. (Available
versions are determined when you install HSPICE.)

Licensing.

HSPICE supports the FLEXIm licensing management system. When you
use FLEXIm licensing, HSPICE reads the LM_LICENSE_FILE environment
variable to find the location of the license.dat file.

HSPICE® Simulation and Analysis User Guide
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If HSPICE cannot authorize access, the job terminates at this point, and
prints an error message in the output listing file.

4. Simulation configuration.

HSPICE reads the appropriate meta.cfg file. The search order for the
configuration file is the user login directory, and then the product installation
directory.

5. Design input.

HSPICE opens the input netlist file demo.sp. If this file does not exist, a no
input data error appears in the output listing file.

(UNIX) HSPICE opens three scratch files in the /tmp directory. To change
this directory, reset the tmpdir environment variable in the HSPICE
command script.

(Windows) HSPICE opens three scratch files in the c:\<path>\TEMP (or
\TMP) directory. To change this directory, reset the TEMP or TMP
environment variable in the HSPICE command script.

HSPICE opens the output listing file demo.out for writing. If you do not own
the current directory, HSPICE terminates with a file open error.

Here’s an example of a simple HSPICE input netlist:

Inverter Circuit

.OPTION LIST NODE POST

. TRAN 200P 20N SWEEP TEMP -55 75 10
.PRINT TRAN V(IN) V(OUT)

M1 VCC IN OUT VCC PCH L=1U wW=20U

M2 OUT IN O 0O NCH L=1U W=20U

VvCC vVCC 0 5

VIN IN O 0 PULSE .2 4.8 2N 1IN 1IN 5N 20N
CLOAD OUT 0 .75P

.MODEL PCH PMOS

.MODEL NCH NMOS

.ALTER

CLOAD OUT 0 1.5P

.END

6. Library input.

HSPICE reads any files that you specified in . INCLUDE and .LIB
statements.
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10.

11.

Operating point initialization.

HSPICE reads any initial conditions that you specified in . IC and
.NODESET statements, finds an operating point (that you can save with
a .SAVE statement), and writes any operating point information that you
requested.

Multipoint analysis.

HSPICE performs the experiments specified in analysis statements. In the
above example, the . TRAN statement causes HSPICE to perform a
multipoint transient analysis for 20 ns for temperatures ranging from -55°C
to 75°C, in steps of 10°C.

Single-point analysis.

HSPICE performs a single or double sweep of the designated quantity, and
produces one set of output files.

Worst-case .ALTER.

You can vary simulation conditions, and repeat the specified single or
multipoint analysis. The above example changes CL.OAD from 0.75 pFto 1.5
pF, and repeats the multipoint transient analysis.

Normal termination.

After you complete the simulation, HSPICE closes all files it opened and
releases all license tokens.

Running HSPICE RF Simulations

Use the following syntax to invoke HSPICE RF:

hspicerf [-a] inputfile [outputfile] [-h] [-V]

For a description of the hspicerf command syntax and arguments, see
“HSPICE RF Command Syntax” in the HSPICE Command Reference.

22
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Running HSPICE Interactively

When HSPICE is in the interactive mode, you can then use these HSPICE
commands at the HSPICE prompt to help you simulate circuits interactively:

ac [...statement] cd

dc [...statement] edit

help info outflag

input list [lineno]

load filename Is [directory]

measure [statement] op

print <tran/ac/dc>,vivm/vrivilvp/vdb> pwd

quit run

save <netlist/command> filename set outflag <true/false>

tran [...statement]

To Start Interactive Mode

Starting HSPICE in the interactive mode lets you use a subset of commands to
simulate your circuits interactively. To invoke the interactive mode, enter:

hspice -I
You can also use the help command at the HSPICE prompt for an annotated
list of the commands supported in the interactive mode.

The interactive mode also supports saving commands into a script file. To save
the commands that you use, and replay them later, enter:

HSPICE > save command <filename>
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To Run a Command File in Interactive Mode

To run the command you have saved in a command file, enter:

hspice -I -L <filename>

To Quit Interactive Mode

To exit the interactive mode and return to the system prompt, enter:

HSPICE > quit

Running Multithreading HSPICE Simulations

24

HSPICE simulations include device model evaluations and matrix solutions.
You can run model evaluations concurrently on multiple CPUs, by using
multithreading to significantly improve simulation performance. Model
evaluation dominates most of the time. To determine how much time HSPICE
spends evaluating models and solving matrices, specify .OPTION ACCT=2 in
the netlist.

By using multithreading, you can speed-up simulations with no loss of
accuracy. Multithreading gives the best results for circuit designs that contain
many MOSFET, JFET, diode, or BJT models in the netlist.

To Run Multithreading

To run multithreading on UNIX platforms, enter:

hspice -mt number -i <input_file> -o <output_file>

To run multithreading on Windows platforms, enter:

hspice_mt.exe -mt number -i <input_file> -o <output_file>

®  |f you omit the number parameter, an error message results. You must
include this parameter.

®  Ifyou specify a numberparameter that is larger than the number of available
CPUs, then HSPICE sets the number of threads equal to the number of
available CPUs.

For additional information about command-line options, see “HSPICE
Command Syntax” in the HSPICE Command Reference.
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In Windows NT Explorer:
1. Double-click the hsp_mt application icon.
2. Select the File/Simulate button, to select the input netlist file.

In Windows, the program automatically detects the number of available
processors.

Under the Synopsys HSPICE User Interface (HSPUI):

1. Select the correct hsp_mt.exe version in the Version combo box.
2. Select the correct number of CPUs in the MT option box.

3. Click the Open button to select the input netlist file.

4. Click the Simulate button to start the simulation.

Performance Improvement Estimations

For HSPICE-MT, the CPU time is:

Tmt=Tserial + Tparallel/Ncpu + Toverhead

Where:

Tserial represents HSPICE calculations that are not threaded.
Tparallel represents threaded HSPICE calculations.

Ncpu is the number of CPUs used.

Toverhead is the overhead from multithreading. Typically, this represents a
small fraction of the total runtime.

For example, for a 151-stage NAND ring oscillator using LEVEL 49,
Tparallel is about 80% of T1cpu (the CPU time associated with a single
CPU) if you run with two threads on a multi-CPU machine. Ideally, assuming
Toverhead=0, you can achieve a speedup of:
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Using HSPICE in Client/Server Mode

When you run many small simulation cases, you can use the client/server
mode to improve performance. This performance improvement occurs because
you check out and check in an HSPICE license only once. This is an effective
measure when you characterize cells.

To Start Client/Server Mode

Starting the client/server mode creates an HSPICE server and checks out an
HSPICE license. To start the client/server mode, enter:

hspice -C

Server

The server name is a specific name connected with the machine on which
HSPICE runs. When you create the server, HSPICE also generates a
hidden .hspicecc directory in your home directory. HSPICE places some
related files in this directory, and removes them when the server exits.

HSPICE Client/Server mode does not let one user create several servers on
the same machine.

When you create a server, the output on the screen is:
ER R R R S b b R I R b S b b R R I I S I I R I I S I

*Starting HSPICE Client/Server Mode...*

R I I e S I I e S I S S e S S S S S I S S S S S S S S

Checking out HSPICE license...
HSPICE license has been checked out.

L I e I S S S S S S S S S S R S S S R R R b b b R I b S I

*Welcome to HSPICE Client/Server Mode!*

kkhkkhkkhkkhkhkhkhkhk k khkhkhkhk khkhkhkhkhkhkhkhkhkhk,k,kkk ),k k*,k,k*xk*xk*xkx*x%x

After you create the server, it automatically runs in the background.

If the server does not receive any request from a client for 12 hours, the server
releases the license, and exits automatically.
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Client

The client can send a request to the server to ask whether an HSPICE license
has been checked out, or to kill the server.

® [f the request is to check the license status, the server checks whether an
HSPICE license has been checked out, and replies to the client. The syntax
of this request is:

hspice -C casename.sp

Where casename is the name of the circuit design to simulate.

® If the client receives ok, it begins to simulate the circuit design.
®  |f the client receives no, it exits.

= |f the server receives several requests at the same time, it queues these
requests, and process them in the order that the server received them.

= |f HSPICE does not find a server, it creates a server first. Then the server
checks out an HSPICE license, and simulates the circuit.

® [f the request is to kill the server, the server releases the HSPICE license
and other sources, and exits.

When you kill the server, any simulation cases that are queued on that
server do not run, and the server's name disappears from the
hidden .hspicecc directory in your home directory.

If you do not specify an output file, HSPICE directs output to the client terminal.
Use the following syntax to redirect the output to a file, instead of to the
terminal:

hspice -C casename.sp > <output_file>
Note:
HSPICE RF does not support PKG and EBD simulation.

To Simulate a Netlist in Client/Server Mode

Once you have started the client/server mode, which automatically checks out
an HSPICE license, you can run simulations. To simulate a netlist in
client/server mode, enter:

hspice -C <path/input_file>

HSPICE® Simulation and Analysis User Guide 27
Y-2006.03



Chapter 2: Setup and Simulation
Running HSPICE to Calculate New Measurements

Note:

This mode also supports other HSPICE command line options. For a
description of the options shown, see “HSPICE Command Syntax” in the
HSPICE Command Reference.

To Quit Client/Server Mode

Quitting the client/server mode releases the HSPICE license and exits
HSPICE. To exit the client/server mode, enter:

hspice -C -K

Running HSPICE to Calculate New Measurements

When you want to calculate new measurements from previous simulation
results produced by HSPICE, you can rerun HSPICE.

To Calculate New Measurements
To get new measurements from a previous simulation, enter:
hspice -meas measurefile -1 <wavefile> <-o0 <outputfile>>

For a description of the options shown, see “HSPICE Command Syntax” in the
HSPICE Command Reference.
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Input Netlist and Data Entry

Describes the input netlist file and methods of entering data.

For descriptions of individual HSPICE commands referenced in this chapter,
see the “Netlist Commands” chapter in the HSPICE Command Reference.

Input Netlist File Guidelines

HSPICE and HSPICE RF operate on an input netlist file, and store results in
either an output listing file or a graph data file. An input file, with the name
<design>.sp, contains the following:

®=  Design netlist (subcircuits, macros, power supplies, and so on).
®  Statement naming the library to use (optional).
®  Specifies the type of analysis to run (optional).
=  Specifies the type of output desired (optional).

An input filename can be up to 1024 characters long. The input netlist file
cannot be in a packed or compressed format.

To generate input netlist and library input files, HSPICE or HSPICE RF uses
either a schematic netlister or a text editor.

Statements in the input netlist file can be in any order, except that the first line is
a title line, and the last . ALTER submodule must appear at the end of the file
and before the . END statement.

Note:

If you do not place an . END statement and a [Return] at the end of the
input netlist file, HSPICE or HSPICE RF issues an error message.
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Netlist input processing is case insensitive, except for file names and their
paths. HSPICE and HSPICE RF do not limit the identifier length, line length, or
file size.

Input Line Format

®"  The input reader can accept an input token, such as:
* astatement name.
* anode name.
e a parameter name or value.

Any valid string of characters between two token delimiters is a token.
You can use a character string as a parameter value in HSPICE, but not
in HSPICE RF. See Delimiters on page 32.

®  An input statement, or equation can be up to 1024 characters long.

®  HSPICE or HSPICE RF ignores differences between upper and lower case
in input lines, except in quoted filenames.

® To continue a statement on the next line, enter a plus (+) sign as the first
non-numeric, non-blank character in the next line.

®  To indicate “to the power of” in your netlist, use two asterisks (* *). For
example, 2**5 represents two to the fifth power (2°)

®  To continue all HSPICE
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* Names are input tokens. Token delimiters must precede and follow
names. See “Delimiters” below.

* Names can be up to 1024 characters long and are not case-sensitive.

* Do not use any of the time keywords as a parameter name or node
name in your netlist.

* The following symbols are reserved operator keywords: , () = “ °

Do not use these symbols as part of any parameter or node name that
you define. Using any of these reserved operator keywords as names
causes a syntax error, and HSPICE or HSPICE RF stops immediately.

First Character

The first character in every line specifies how HSPICE and HSPICE RF
interprets the remaining line. Table 3lists and describes the valid characters.

Table 3  First Character Descriptions

Line If the First Character is... Indicates

First line of a netlist Any character Title orcommentline. The first
line of an included file is a
normal line and not a

comment.

Subsequent lines of . (period) Netlist keyword. For example,
netIiSt, and all lines of TRAN 0.5ns 20ns
included files

c,C, d,D e E, £, F, g G h, Elementinstantiation

H1 l1 I1 j! J1 kl Kl ll L! m! M!

a@$QrR s, S v,V,wW

* (asterisk) Comment line (HSPICE)

# (number) Comment line (HSPICE RF)

+ (plus) Continues previous line

HSPICE® Simulation and Analysis User Guide 31

Y-2006.03



Chapter 3: Input Netlist and Data Entry
Input Netlist File Guidelines

32

Delimiters

An input token is any item in the input file that HSPICE or HSPICE RF
recognizes. Input token delimiters are: tab, blank, comma (,), equal sign (=),
and parentheses ().

Single (‘) or double quotes (*) delimit expressions and filenames.
Colons (:) delimit element attributes (for example, M1 : VGS).

Periods (.) indicate hierarchy. For example, X1 .X2 .n1 is the n1 node on the
X2 subcircuit of the X1 circuit.

Node Identifiers

Node identifiers can be up to 1024 characters long, including periods and
extensions. Node identifiers are used for node numbers and node names.

Node numbers are valid in the range of 0 through 9999999999999999
(1-1el6).

Leading zeros in node numbers are ignored.

Trailing characters in node numbers are ignored. For example, node 12 s
the same as node 1.

A node name can begin with any of these characters:
P# s x/<>_2 | . &
For additional information, see Node Naming Conventions on page 44.

To make node names global across all subcircuits, use a . GLOBAL
statement.

The 0, GND, GND!, and GROUND node names all refer to the global HSPICE
or HSPICE RF ground. Simulation treats nodes with any of these names as
a ground node, and produces v(0) into the output files.

Instance Names

The names of element instances begin with the element key letter (see
Table 4), except in subcircuits where instance names begin with X. (Subcircuits
are sometimes called macros or modules.) Instance names can be up to 1024
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characters long. The .OPTION LENNAM defines the length of names in
printouts (default=8).

Table 4 Element Identifiers

Letter

(First Element Example Line

Char)

B IBIS buffer b_io_0 nd_pu0 nd_pd0
nd_out nd_in0 nd_enO
nd_outofin0 nd_pcO0 nd_gcO

C Capacitor Cbypass 1 0 10pf

D Diode D7 3 9 D1

E Voltage-controlled voltage source Ea 12 3 4K

F Current-controlled current source Fsub nl n2 vin 2.0

G Voltage-controlled current source Gl2 4 0 3 0 10

H Current-controlled voltage source H3 4 5 Vout 2.0

I Current source I A2 6 le-6

J JFET or MESFET J1l 7 2 3 GAASFET

K Linear mutual inductor (general form) x1 L1 L2 1

L Linear inductor LX a b le-9

M MOS transistor M834 1 2 3 4 N1

P Port Pl in gnd port=1 z0=50

0 Bipolar transistor Q5 3 6 7 8 pnpl

R Resistor R10 21 10 1000

S, T, U, Transmission line S1 ndl nd2 s_model2

W

\Y Voltage source vVl 8 0 5
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Table 4  Element Identifiers (Continued)

Letter

(First Element Example Line

Char)

w Transmission Line Wl inl 0 outl 0 N=1 L=1

X Subcircuit call X1 2 4 17 31 MULTI WN=100
LN=5

Hierarchy Paths

A period (.) indicates path hierarchy.
Paths can be up to 1024 characters long.
Path numbers compress the hierarchy for post-processing and listing files.

You can find path number cross references in the listing and in the
<design>.pao file.

The .OPTION PATHNUM controls whether the list files show full path names
or path numbers.

Numbers

You can enter numbers as integer, floating point, floating point with an integer
exponent, or integer or floating point with one of the scale factors listed in
Table 5.

Table 5  Scale Factors

Scale Factor Prefix Symbol Multiplying Factor
T tera T le+12

G giga G le+9

MEG or X mega M le+6

K kilo k le+3

M milli m le-3
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Table 5  Scale Factors (Continued)

Scale Factor Prefix Symbol Multiplying Factor
U micro u le-6

N nano n le-9

P pico p le-12

F femto f le-15

A atto a le-18

Note:

Scale factor A is not a scale factor in a character string that contains amps.
For example, HSPICE interprets the 20amps string as 20e-18mps (20"
Bmps), but it correctly interprets 20amps as 20 amperes of current, not as
20e-18mps (20"8mps).

Numbers can use exponential format or engineering key letter format, but
not both (1e-12 or 1p, but not 1e-6u).

To designate exponents, use D or E.

The .0PTION EXPMAX limits the exponent size.

Trailing alphabetic characters are interpreted as units comments.

Units comments are not checked.

The .0OPTION INGOLD controls the format of numbers in printouts.
The .OPTION NUMDGT=x controls the listing printout accuracy.

The .0PTION MEASDGT=x controls the measure file printout accuracy.

The .0PTION VFLOOR=x specifies the smallest voltage for which HSPICE
or HSPICE RF prints the value. Smaller voltages print as 0.
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Parameters and Expressions

Parameter names in HSPICE or HSPICE RF use HSPICE name syntax
rules, except that names must begin with an alphabetic character. The other
characters must be either a number, or one of these characters:

P# s s []

To define parameter hierarchy overrides and defaults, use the .OPTION
PARHIER=global | local statement.

If you create multiple definitions for the same parameter or option, HSPICE
or HSPICE RF uses the last parameter definition or . OPTION statement,
even if that definition occurs later in the input than a reference to the
parameter or option. HSPICE or HSPICE RF does not warn you when you
redefine a parameter.

You must define a parameter before you use that parameter to define
another parameter.

When you select design parameter names, be careful to avoid conflicts with
parameterized libraries.

To delimit expressions, use single or double quotes.
Expressions cannot exceed 1024 characters.

For improved readability, use a double slash (\\) at end of a line, to continue
the line.

You can nest functions up to three levels.
Any function that you define can contain up to two arguments.

Use the PAR (expression or parameter) function to evaluate expressions in
output statements.

Input Netlist File Structure

An input netlist file should consist of one main program, and one or more
optional submodules. Use a submodule (preceded by an . ALTER statement) to
automatically change an input netlist file; then rerun the simulation with
different options, netlist, analysis statements, and test vectors.

You can use several high-level call statements (. INCLUDE, .LIB and .DEL
LIB) to restructure the input netlist file modules. These statements can call
netlists, model parameters, test vectors, analysis, and option macros into a file,
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from library files or other files. The input netlist file also can call an external data
file, which contains parameterized data for element sources and models. You
must enclose the names of included or internally-specified files in single or
double quotation when they begin with a number (0-9).

Schematic Netlists

HSPICE or HSPICE RF typically use netlisters to generate circuits from
schematics, and accept either hierarchical or flat netlists.

The process of creating a schematic involves:
®  Symbol creation with a symbol editor.

= Circuit encapsulation.

"  Property creation.

®  Symbol placement.

= Symbol property definition.

= Wire routing and definition

Table 6  Input Netlist File Sections

Sections Examples Definition
Title TITLE The first line in the netlist is the title of the
input netlist file.
Set-up .OPTION .IC or .NODESET, Sets conditions for simulation.
.PARAM, .GLOBAL Initial values in circuit and subcircuit.

Set parameter values in the netlist.
Set node name globally in netlist.

Sources Sources and digital inputs Sets input stimuli (1 or V element).
Netlist Circuit elements Circuit for simulation.
.SUBKCT, .ENDS, or Subcircuit definitions.
.MACRO, .EOM
Analysis .DC, .TRAN, .AC, and so on. Statements to perform analyses.
.SAVE and .LOAD Save and load operating point information.
.DATA, .TEMP Create table for data-driven analysis.

Set temperature analysis.

HSPICE® Simulation and Analysis User Guide 37
Y-2006.03



Chapter 3: Input Netlist and Data Entry
Input Netlist File Guidelines

Table 6  Input Netlist File Sections (Continued)
Sections Examples Definition
Output .PRINT, .PLOT, .GRAPH, Statements to output variables.
.PROBE, .MEASURE
Statement to evaluate and report user-
defined functions of a circuit.
Library, INCLUDE General include files.
Model and
File
Inclusion
.MALIAS Assigns an alias to a diode, BJT, JFET, or
MOSFET.
.MODEL Element model descriptions.
.LIB Library.
.OPTION SEARCH Search path for libraries and included files.
.PROTECT and .UNPROTECT Control printback to output listing.
Alter blocks .ALIAS, .ALTER, .DEL LIB Renames a previous model.
Sequence for in-line case analysis.
Removes previous library selection.
End of .END Required statement; end of netlist.
netlist
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Input Netlist File Composition

The HSPICE and HSPICE RF circuit description syntax is compatible with the
SPICE input netlist format. Figure 7 shows the basic structure of an input
netlist.

Figure 7  Basic Netlist Structure

Title line: First line is automatically a comment

* Comments (all lines beginning with an asterisk)
*

Input control statements

Netlist body: description of circuit topology.
.MODEL statements

*

.OPTION statements

.OPTION with option statements vsis/
.PRINT and other output statements. L Ana yslls output
Analysis statement (such as .POWER, .TRAN) control statements
.END

Element and input
control statements

The following is an example of a simple netlist file, called inv_ckt.in. It shows a
small inverter test case that measures the timing behavior of the inverter.

To create the circuit:

1. Define the MOSFET models for the PMOS and NMOS transistors of the
inverter.

2. Insert the power supplies for both VDD and GND power rails.
Insert the pulse source to the inverter input.

This circuit uses transient analysis and produces output graphical waveform
data for the input and output ports of the inverter circuit.

* Sample inverter circuit

* * k% k% % MOS models * *x k k%

.MODEL nl NMOS LEVEL=3 THETA=0.4

.MODEL pl PMOS LEVEL=3

* *x**%%* Define power supplies and sources *****
VDD VDD 0 5

VPULSE VIN O PULSE 0 5 2N 2N 2N 98N 200N
VGND GND 0 O

* *x**%% Actual circult topology *****

M1 VOUT VIN VDD VDD pl

M2 VOUT VIN GND GND nl

* *x*** Anglysis statement **F*F**
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.TRAN 1n 300n

* *x*x*k%x Qutput control statements **F*x**
.OPTION POST PROBE

.PROBE V (VIN) V(VOUT)

.END

For a description of individual commands used in HSPICE or HSPICE RF
netlists, see the “Netlist Commands” chapter in the HSPICE Command
Reference.

Title of Simulation

You set the simulation title in the first line of the input file. HSPICE or HSPICE
RF always reads this line, and uses it as the title of the simulation, regardless of
the line’s contents. The simulation prints the title verbatim, in each section
heading of the output listing file.

To set the title, you can place a . TITLE statement on the first line of the netlist.
However, HSPICE or HSPICE RF does not require the . TITLE syntax.

The first line of the input file is always the implicit title. If any statement appears
as the first line in a file, simulation interprets it as a title, and does not execute it.

An .ALTER statement does not support use the . TITLE statement. To change
a title for a . ALTER statement, place the title content in the . ALTER statement
itself.

Comments and Line Continuation

The first line of a netlist is always a comment, regardless of its first character;
comments that are not the first line of the netlist require either an asterisk (*) in
HSPICE or a number sign (#) in HSPICE RF as the first character of the line, or
a dollar sign ($) directly in front of the comment anywhere on the line. For
example,

* <comment_on_a_line by itself>
<HSPICE_statement> $ <comment_following HSPICE_input>

You can place comment statements anywhere in the circuit description.

HSPICE® Simulation and Analysis User Guide
Y-2006.03



Chapter 3: Input Netlist and Data Entry
Input Netlist File Composition

The dollar sign must be used for comments that do not begin in the first
character position on a line (for example, for comments that follow simulator
input on the same line). If it is not the first nonblank character, then the dollar
sign must be preceded by either:

= Whitespace
= Comma (,)
®  Valid numeric expression.

You can also place the dollar sign within node or element names. For example,

* RF=1K GAIN SHOULD BE 100

S MAY THE FORCE BE WITH MY CIRCUIT

VIN 1 0 PL. 0 0 5V 5NS $ 10v 50ns

R12 1 0 1MEG $ FEED BACK

.PARAM a=lwScomment a=1, w treated as a space and ignored
.PARAM a=1lkScomment a=le3, k is a scale factor

A dollar sign is the preferred way to indicate comments, because of the
flexibility of its placement within the code.

Line continuations require a plus sign (+) as the first character in the line that
follows. Here is an example of comments and line continuation in a netlist file:

.ABC Title Line (HSPICE or HSPICE RF ignores the netlist keyword
* on this line, because the first line is always a comment)

* This is a comment line

.MODEL nl NMOS $ this is an example of an inline comment

* This is a comment line and the following line is a continuation
+ LEVEL=3

Element and Source Statements

Element statements describe the netlists of devices and sources. Use nodes to
connect elements to one another. Nodes can be either numbers or names.
Element statements specify:

"=  Type of device.
®  Nodes to which the device is connected.
®  QOperating electrical characteristics of the device.

Element statements can also reference model statements that define the
electrical parameters of the element.
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Table 7 lists the parameters of an element statements.

Table 7  Element Parameters

Parameter Description

elname Element name that cannot exceed 1023 characters, and must begin with a
specific letter for each element type:
B IBIS buffer
C Capacitor
D Diode
E,FG,H Dependent current and voltage sources
| Current (inductance) source
J JFET or MESFET
K Mutual inductor
L Inductor model or magnetic core mutual inductor model
M MOSFET
Q BJT
P Port
R Resistor
S, T, U, WTransmission line
V  Voltage source
X Subcircuit call

nodel ... Node names identify the nodes that connect to the element. The node name
begins with a letter and can contain a maximum of 1023 characters. You cannot
use the following characters in node names:=( ), ’ <space>

mname HSPICE or HSPICE RF requires a model reference name for all elements, except
passive devices.

pnamel ... An element parameter name identifies the parameter value that follows this
name.

expression  Any mathematical expression containing values or parameters, such as
paraml * val2

vall ... Value of the pname1 parameter, or of the corresponding model node. The value
can be a number or an algebraic expression.

M=val Element multiplier. Replicates val element times, in parallel. Do not assign a
negative value or zero as the M value.
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For descriptions of element statements for the various types of supported
elements, see the chapters about individual types of elements in this user
guide.

Example 1
Q1234567 4000 5000 6000 SUBSTRATE BJTMODEL AREA=1.0

The preceding example specifies a bipolar junction transistor, with its collector
connected to node 4000, its base connected to node 5000, its emitter
connected to node 6000, and its substrate connected to the SUBSTRATE node.
The BIJTMODEL name references the model statement, which describes the
transistor parameters.

M1 ADDR SIGl GND SBS N1 10U 100U

The preceding example specifies a MOSFET named M1, where:
®  drain node=ADDR

®  gate node=sIG1l

®  source node=GND

®  substrate nodes=SBS

The preceding element statement calls an associated model statement, N1.
The MOSFET dimensions are width=100 microns and length=10 microns.

Example 2

M1 ADDR SIGl GND SBS N1 wl+w 11+1

The preceding example specifies a MOSFET named M1, where:
®  drain node=ADDR

®  gate node=sSIG1l

®  source node=GND

®  substrate nodes=SBS

The preceding element statement calls an associated model statement, N1.
MOSFET dimensions are algebraic expressions (width=w1+w, and
length=11+1).
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Defining Subcircuits

You can create a subcircuit description for a commonly-used circuit, and
include one or more references to the subcircuit in your netlist.

® Use .SUBCKT and .MACRO statements to define subcircuits within your
HSPICE netlist or HSPICE RF.

B Use the . ENDS statement to terminate a . SUBCKT statement.
= Use the . EOM statement to terminate a . MACRO statement.

" Use X<subcircuit_name> (the subcircuit call statement) to call a
subcircuit that you previously defined ina .MACRO or . SUBCKT command in
your netlist, where <subcircuit_name> is the element name of the subcircuit
that you are calling. This subcircuit element name can be up to 15
characters long.

= Usethe . INCLUDE statement to include another netlist as a subcircuit in the
current netlist.

Node Naming Conventions

Nodes are the points of connection between elements in the input netlist. You
can use either names or numbers to designate nodes. Node numbers can be
from 1 to 999999999999999; node number 0 is always ground. HSPICE or
HSPICE RF ignores letters that follow numbers in node names. When the node
name begins with a letter or a valid special character, the node name can
contain a maximum of 1024 characters.

In addition to letters and digits, node names can include the following
characters:

+, - */ // $I #I []I !I <>, _,

Node names that begin with one or more numerical digits cannot contain
brackets; for example, 123[r55]. Whereas, node names that begin with
alphabetic character may contain brackets; for example, n123[r55].

o°

If you use braces { } in node names, HSPICE or HSPICE RF changes them to
brackets [ ].

You cannot use the following characters in node names: () ,=' <blank>

You should avoid using the dollar sign ($) after a numerical digit in a node
name, because HSPICE assumes whatever follows the "$" symbol is an in-line
comment (see Comments and Line Continuation on page 40 for additional
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information). It can cause error and warning messages depending on where
the node containing the "$" is located. For example, HSPICE generates an
error indicating that a resistor node is missing:

R1 1$ 2 1k
Also, in this example, HSPICE issues a warning indicating that the value of

resistor R1 is limited to 1e-5 and interprets the line as “R1 2 1" without a
defined value:

R1 2 1$ 1k
The period (.) is reserved for use as a separator between a subcircuit name
and a node name: subcircuitName.nodeName. If a node name contains a

period, the node will be considered a top level node unless there is a valid
match to a subcircuit name and node name in the hierarchy.

The sorting order for operating point nodes is:

Q
|
N
+
Ur
o°
*
+
|
~

Using Wildcards on Node Names
You can use wildcards to match node names.

® > wildcard matches any single character. For example, 9? matches 92, 9a,
9a, and 9%.

=+ wildcard matches any string of zero or more characters. For example:

» Ifyour netlist includes a resistor named r1 and a voltage source named
vin, then . PRINT 1 (*) prints the current for both of these elements:
i(rl) and i(vin).

* And .PRINT v (o*) prints the voltages for all nodes whose names start
with o; if your netlist contains nodes named in and out, this example
prints only the v (out) voltage.

® [ 1 matches any character tht appears within the brackets. For example,
[123]1 matches 1, 2, or 3. A hyphen inside the brackets indicates a
character range. For example, [0-9] isthe same as [0123456789], and
matches any digit.

For example, the following prints the results of a transient analysis for the
voltage at the matched node name.

.PRINT TRAN V(9?t*u)
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Wildcards must begin with a letter or a number; for example,

.PROBE v (*) S correct format
.PROBE * $ incorrect format
.PROBE x* S correct format

Here are some practical applications for these wildcards:

If your netlist includes a resistor named r1 and a voltage source named
vin, then .PRINT i (*) prints the current for both elements i (r1) and
1(vin).

The statement . PRINT v (o*) prints the voltages for all nodes whose

names start with o; if your netlist contains nodes named in and out, this
example prints only the v (out) voltage.

If your netlist contains nodes named 0, 1, 2, and 3, then . PRINT v (0, *)
or .PRINT v (0 *) printsthe voltage between node 0 and each of the other
nodes: v(0,1),v(0,2),and v (0,3).

Examples

The following examples use wildcards with . PRINT, .PROBE, and .LPRINT
statements.

Probe node voltages for nodes at all levels.

.PROBE Vv (*)

Probe all nodes whose names start with “a”. For example: al, a2, a3, a00,
avyz.

.PROBE v (a*)

Print node voltages for nodes at the first level and all levels below the first

level, where zero-level are top-level nodes. For example: X1 .2, X4 .554,
Xab.abcl23.

.PRINT v (*.*)
Probe node voltages for all nodes whose name start with “x” at the first level

and all levels below the first level, where zero-level are top-level nodes. For
example: x1.A, x4.554, xab.abc123.

.PROBE v (x*.%*)

Print node voltages for nodes whose names start with “x” at the second-level
and all levels below the second level. For example: x1.x2.a,
xab.xdff.in.

.PRINT v (x*.*.*)
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= Match all first-level nodes with names that are exactly two characters long.
For example: x1.1in, x4.12.

.PRINT v(x*.*.%)

® In HSPICE RF, print the logic state of all top-level nodes, whose names start
with b. For example: b1, b2, b3, b56, bac.
.LPRINT (1,4) b*

Element, Instance, and Subcircuit Naming Conventions

Instances and subcircuits are elements and as such, follow the naming
conventions for elements.

Element names in HSPICE or HSPICE RF begin with a letter designating the
element type, followed by up to 1023 alphanumeric characters. Element type
letters are R for resistor, C for capacitor, M for a MOSFET device, and so on
(see Element and Source Statements on page 41).

Subcircuit Node Names

HSPICE assigns two subcircuit node names.

®  To assign the first name, HSPICE or HSPICE RF uses the (.) extension to
concatenate the circuit path name with the node name—for example,
X1.XBIAS.M5.

Node designations that start with the same number, followed by any letter,
are the same node. For example, 1c and 14 are the same node.

®  The second subcircuit node name is a unique number that HSPICE
automatically assigns to an input netlist subcircuit. The ( : ) extension
concatenates this number with the internal node name, to form the entire
subcircuit’s node name (for example, 10 :M5). The output listing file cross-
references the node name.

Note:

HSPICE RF does not support short names for internal subcircuits, such
as 10:M5.

To indicate the ground node, use either the number 0, the name GND, or ! GND.
Every node should have at least two connections, except for transmission line
nodes (unterminated transmission lines are permitted) and MOSFET substrate
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nodes (which have two internal connections). Floating power supply nodes are
terminated with a 1Megohm resistor and a warning message.

Path Names of Subcircuit Nodes

A path name consists of a sequence of subcircuit names, starting at the
highest-level subcircuit call, and ending at an element or bottom-level node.
Periods separate the subcircuit names in the path name. The maximum length
of the path name, including the node name, is 1024 characters.

You can use path names in .PRINT, .PLOT, .NODESET, and .IC
statements, as another way to reference internal nodes (nodes not appearing
on the parameter list). You can use the path name to reference any node,
including any internal node. Subcircuit node and element names follow the
rules shown in Figure 8 on page 48.

Figure 8  Subcircuit Calling Tree, with Circuit Numbers and Instance Names

0 (CKT)
1 (X1) ‘ 2 (X2)
3 (X3) 4 (X4) n (abc) is
| circuit number (instance name)
sig24 sig25 sig26

In Figure 8, the path name of the sig25 node in the X4 subcircuit is
X1.X4.s1g25. You can use this path in HSPICE or HSPICE RF statements,
such as:

.PRINT v(X1.X4.sig25h)

Abbreviated Subcircuit Node Names

In HSPICE, you can use circuit numbers as an alternative to path names, to
reference nodes or elements in . PRINT, .PLOT, .NODESET, Or .IC
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statements. Compiling the circuit assigns a circuit number to all subcircuits,
creating an abbreviated path name:

<subckt-num>:<name>
Note:
HSPICE RF does not recognize this type of abbreviated subcircuit name.

The subcircuit name and a colon precede every occurrence of a hode or
element in the output listing file. For example, 4 : INTNODE1 is a node named
INTNODE1, in a subcircuit assigned the number 4.

Any node not in a subcircuit has a 0O: prefix (O references the main circuit). To
identify nodes and subcircuits in the output listing file, HSPICE uses a circuit
number that references the subcircuit where the node or element appears.

Abbreviated path names let you use DC operating point node voltage output, as
input in a . NODESET statement for a later run.

You can copy the part of the output listing titled Operating Point Information or
you can type it directly into the input file, preceded by a . NODESET statement.
This eliminates recomputing the DC operating point in the second simulation.

Automatic Node Name Generation

HSPICE or HSPICE RF can automatically assign internal node names. To
check both nodal voltages and branch currents, you can use the assigned node
name when you print or plot. HSPICE or HSPICE RF supports several special
cases for node assignment—for example, simulation automatically assigns
node 0 as a ground node.

For CSOS (CMOS Silicon on Sapphire), if you assign a value of -1 to the bulk
node, the name of the bulk node is B#. Use this name to print the voltage at the
bulk node. When printing or plotting current—for example . PLOT I (R1)—
HSPICE inserts a zero-valued voltage source. This source inserts an extra
node in the circuit named Vnn, where nnis a number that HSPICE (or HSPICE
RF) automatically generates; this number appears in the output listing file.

Global Node Names

The .GLOBAL statement globally assigns a node name, in HSPICE or HSPICE
RF. This means that all references to a global node name, used at any level of
the hierarchy in the circuit, connect to the same node.
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The most common use of a . GLOBAL statement is if your netlist file includes
subcircuits. This statement assigns a common node name to subcircuit nodes.
Another common use of .GLOBAL statements is to assign power supply
connections of all subcircuits. For example, . GLOBAL VCC connects all
subcircuits with the internal node name vcc.

Ordinarily, in a subcircuit, the node name consists of the circuit number,
concatenated to the node name. When you use a .GLOBAL statement,
HSPICE or HSPICE RF does not concatenate the node name with the circuit
number, and assigns only the global name. You can then exclude the power
node name in the subcircuit or macro call.

Circuit Temperature

To specify the circuit temperature for a HSPICE or HSPICE RF simulation, use
the . TEMP statement, or the TEMP parameter in the .DC, .AC, and . TRAN
statements. HSPICE compares the circuit simulation temperature against the
reference temperature in the TNOM control option. HSPICE or HSPICE RF uses
the difference between the circuit simulation temperature and the TNOM
reference temperature to define derating factors for component values.

In HSPICE RF, you can use multiple . TEMP statements to specify multiple
temperatures for different portions of the circuit. HSPICE permits only one
temperature for the entire circuit. Multiple . TEMP statements in a circuit behave
as a sweep function.

Data-Driven Analysis

In data-driven analysis, you can modify any number of parameters, then use
the new parameter values to perform an operating point, DC, AC, or transient
analysis. An array of parameter values can be either inline (in the simulation
input file) or stored as an external ASCII file. The .DATA statement associates
a list of parameter names with corresponding values in the array.

HSPICE supports the entire functionality of the . DATA statement. However,
HSPICE RF supports .DATA only for:

= Data-driven analysis.
®  |nline or external data files.

For more details about using the . DATA statement in different types of analysis,
see Chapter 8, Initializing DC/Operating Point Analysis and Chapter 9,
Transient Analysis.
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Library Calls and Definitions

To create and read from libraries of commonly-used commands, device
models, subcircuit analysis, and statements in library files, use the .LIB call
statement. As HSPICE or HSPICE RF encounters each .LIB call name in the
main data file, it reads the corresponding entry from the designated library file,
until it finds an . ENDL statement.

You can also place a .L.IB call statement in an .ALTER block.

Library Building Rules
®  Alibrary cannot contain .ALTER Statements.

®  Alibrary can contain nested . LIB calls to itself or to other libraries. If you
use a relative path in a nested . L.IB call, the path starts from the directory
of the parent library, not from the work directory. If the path starts from the
work directory, HSPICE can also find the library, but it prints a warning. The
depth of nested calls is limited only by the constraints of your system
configuration.

= Alibrary cannot contain a call to a library of its own entry name, within the
same library file.

® A HSPICE or HSPICE RF library cannot contain the . END statement.

® _ALTER processing cannot change .LIB statements, within a file that
an . INCLUDE statement calls.

Automatic Library Selection

Automatic library selection searches a sequence of up to 40 directories. The
hspice.ini file sets the default search paths.

Note:
HSPICE RF does not read the hspice.ini file.

Use this file for directories that you want HSPICE to always search. HSPICE
searches for libraries in the order specified in .OPTION SEARCH Statements.

When HSPICE encounters a subcircuit call, the search order is:
1. Read the input file for a . SUBCKT or .MACRO with the specified call name.

2. Read any . 1INC files or .LIB files for a . SUBCKT or .MACRO with the
specified call name.
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3. Search the directory containing the input file for the call_name.inc file.
4. Search the directories in the .OPTION SEARCH list.

You can use the HSPICE library search and selection features to simulate
process corner cases, using .OPTION SEARCH =‘'<libdir>’ to target
different process directories. For example, if you store an input or output buffer
subcircuit in a file named iobuf.inc, you can create three copies of the file, to
simulate fast, slow and typical corner cases. Each file contains different
HSPICE transistor models, representing the different process corners. Store
these files (all named iobuf.inc) in separate directories.

Defining Parameters

The . PaARAM statement defines parameters. Parameters in HSPICE or HSPICE
RF are names that have associated numeric values. You can also use either of
the following specialized methods to define parameters:

"  Predefined Analysis
B Measurement Parameters

Predefined Analysis

HSPICE or HSPICE RF provides several specialized analysis types, which
require a way to control the analysis. For the syntax used in these . PARAM
commands, see the description of the .PARAM command in the HSPICE
Command Reference.

HSPICE or HSPICE RF supports the following predefined analysis parameters:
=  Temperature functions (fn)
= QOptimization guess/range

HSPICE also supports the following predefined parameter types, that HSPICE
RF does not support:

"  frequency
" time

®  Monte Carlo functions
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Measurement Parameters

A .MEASURE statement produces a measurement parameter. In general, the
rules for measurement parameters are the same as those for standard
parameters. However, measurement parameters are not defined in a . PARAM
statement, but directly in the . MEASURE statement. For more information, see
.MEASURE Parameter Types on page 269.

Altering Design Variables and Subcircuits

The following rules apply when you use an . ALTER block to alter design
variables and subcircuits in HSPICE. This section does not apply to HSPICE
RF.

= |f the name of a new element, . MODEL statement, or subcircuit definition is
identical to the name of an original statement of the same type, then the new
statement replaces the old. Add new statements in the input netlist file.

®  You can alter element and . MODEL statements within a subcircuit definition.
You can also add a new element or . MODEL statement to a subcircuit
definition. To modify the topology in subcircuit definitions, put the element
into libraries. To add a library, use .LIB; to delete, use .DEL LIB.

® |f a parameter name in a new . PARAM statement in the . ALTER module is
identical to a previous parameter name, then the new assigned value
replaces the old value.

® If you used parameter (variable) values for elements (or model parameter
values) when you used .ALTER, use the . PARAM statement to change
these parameter values. Do not use numerical values to redescribe
elements or model parameters.

= |fyou used an .OPTION statement (in an original input file or a . ALTER
block) to turn on an option, you can turn that option off.

®  Each .ALTER simulation run prints only the actual altered input. A
special .ALTER title identifies the run.

® _ALTER processing cannot revise .LIB statements within a file that
an . INCLUDE statement calls. However, . ALTER processing can
accept . INCLUDE statements, within a file that a ..IB statement calls.
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Using Multiple .ALTER Blocks
This section does not apply to HSPICE RF.

®  For the first simulation run, HSPICE reads the input file, up to the
first . ALTER statement, and performs the analyses up to that . ALTER
statement.

= After it completes the first simulation, HSPICE reads the input between the
first . ALTER statement, and either the next . AL TER statement or the . END
statement.

®  HSPICE then uses these statements to modify the input netlist file.
®  HSPICE then resimulates the circuit.

®"  For each additional .ALTER statement, HSPICE performs the simulation
that precedes the first . ALTER statement.

®  HSPICE then performs another simulation, using the input between the
current . ALTER statement, and either the next . ALTER statement or
the .END statement.

If you do not want to rerun the simulation that precedes the first . ALTER
statement, every time you run an .ALTER simulation, then do the following:

1. Putthe statements that precede the first . ALTER statement, into a library.
2. Use the .LIB statement in the main input file.

3. Puta .DEL LIB statementinthe .ALTER section, to delete that library for
the .ALTER simulation run.

Connecting Nodes

Use a . CONNECT statement to connect two nodes in your HSPICE netlist, so
that simulation evaluates two nodes as only one node. Both nodes must be at
the same level in the circuit design that you are simulating: you cannot connect
nodes that belong to different subcircuits. You also cannot use this statement in
HSPICE RF
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Deleting a Library

Use a .DEL LIB statementto remove library data from memory. The next time
you run a simulation, the .DEL LIB statement removes the .LIB call
statement, with the same library number and entry name, from memory. You
can then use a . LIB statement to replace the deleted library.

You can use a .DEL LIB statement with a . ALTER statement. HSPICE RF
does not support the .ALTER statement.

Ending a Netlist

An . END statement must be the last statement in the input netlist file. Text that
follows the .END statement is a comment, and has no effect on the simulation.

An input file that contains more than one simulation run must include an . END
statement for each simulation run. You can concatenate several simulations
into a single file.

Condition-Controlled Netlists (IF-ELSE)

You can use the IF-ELSE structure to change the circuit topology, expand the
circuit, set parameter values for each device instance, select different model
cards, reference subcircuits, or define subcircuits in each IF-ELSE block.

.1f (conditionl)
<statement blockl>

The following statement block in {braces} is
optional, and you can repeat it multiple times:
{ .elseif (conditionZ2)

<statement_ block2>

HH 3

The following statement block in [brackets]
is optional, and you cannot repeat it:

[ .else

<statement block3>

]

.endif
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Inan .IF, .ELSEIF, Oor .ELSE condition statement, complex Boolean
expressions must not be ambiguous. For example, change (a==b &&
c>=d) to ( (a==b) && (c>=d) ).

Inan IF, ELSEIF, or ELSE statement block, you can include most valid
HSPICE or HSPICE RF analysis and output statements. The exceptions
are:

e _END, .ALTER, .GLOBAL, .DEL LIB, .MALIAS, .ALTIAS, .LIST,
.NOLIST, and .CONNECT statements.

* search,d_ibis,d_imic,d_1v56, biasfi, modsrh, cmiflag,
nxx, and brief options.

You can include IF-ELSEIF-ELSE statements in subcircuits and subcircuits
in IF-ELSEIF-ELSE statements.

You can use IF-ELSEIF-ELSE blocks to select different submodules to
structure the netlist (using . INC, .LIB, and .VEC statements).

If two or more models in an IF-ELSE block have the same model name and
model type, they must also be the same revision level.

Parameters in an IF-ELSE block do not affect the parameter value within the
condition expression. HSPICE or HSPICE RF updates the parameter value
only after it selects the IF-ELSE block.

You can nest IF-ELSE blocks.
You can include . SUBCKT and . MACRO statements within an IF-ELSE block.

You can include an unlimited number of ELSEIF statements within an
IF-ELSE block.

You cannot include sweep parameters or simulation results within an
IF-ELSE block.

You cannot use an IF-ELSE block within another statement. In the following
example, HSPICE or HSPICE RF does not recognize the IF-ELSE block as
part of the resistor definition:

r 10
.if (r_val>10k)
+ 10k
.else
+ r_val
.endif
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Using Subcircuits

Reusable cells are the key to saving labor in any CAD system. This also applies
to circuit simulation, in HSPICE or HSPICE RF.

®  To create and simulate a reusable circuit, construct it as a subcircuit.
®  Use parameters to expand the utility of a subcircuit.

Traditional SPICE includes the basic subcircuit, but does not provide a way to
consistently name nodes. However, HSPICE or HSPICE RF provides a simple
method for naming subcircuit nodes and elements: use the subcircuit call name
as a prefix to the node or element name.

In HSPICE RF, you cannot replicate output commands within subcircuit
(subckt) definitions.

Figure 9  Subcircuit Representation

J

—e @ —— —e

MP

MN

INV

The following input creates an instance named X1 of the INV cell macro, which
consists of two MOSFETs, named MN and MP:

X1 IN OUT VD_LOCAL VS_LOCAL inv W=20

.MACRO INV IN OUT VDD VSS W=10 L=1 DJUNC=0

MP OUT IN VDD VDD PCH W=W L=L DTEMP=DJUNC

MN OUT IN VSS VSS NCH W='W/2’ L=L DTEMP=DJUNC
. EOM

Note:

To access the name of the MOSFET, inside of the INV subcircuit that X1
calls, the names are x1 .MP and X1 .MN. So to print the current that flows
through the MOSFETS, use .PRINT I (X1.MP).
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Hierarchical Parameters

You can use two hierarchical parameters, the M (multiply) parameter and the S
(scale) parameter.

M (Multiply) Parameter

The most basic HSPICE subcircuit parameter or HSPICE RF is the M (multiply)
parameter. This keyword is common to all elements, including subcircuits,
except for voltage sources. The M parameter multiplies the internal component
values, which in effect creates parallel copies of the element or subcircuit. To
simulate 32 output buffers switching simultaneously, you need to place only one
subcircuit; for example,

X1l in out buffer M=32

Multiply works hierarchically. For a subcircuit within a subcircuit, HSPICE or
HSPICE RF multiplies the product of both levels. Do not assign a negative
value or zero as the M value.

Figure 10 How Hierarchical Multiply Works

¢

X1 in out inv M=2

J mp out in vdd pch W=10 L=1 M=4

mn out in vss nch W=5 L=1 M=3

- UNEXPANDED

EXPANDED
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S (Scale) Parameter

To scale a subcircuit, use the S (local scale) parameter. This parameter
behaves in much the same way as the M parameter in the preceding section.

.OPTION hier_ scale=value
.OPTION scale=value
X1 nodel node2 subname S=valueM parameter

The OPTION HIER_SCALE statement defines how HSPICE or HSPICE RF
interprets the S parameter, where value is either:

= 0 (the default), indicating a user-defined parameter, or
® 1, indicating a scale parameter.

The .0PTION SCALE statement defines the original (default) scale of the
subcircuit. The specified S scale is relative to this default scale of the subcircuit.

The scale in the subname subcircuit is value*scale. Subcircuits can originate
from multiple sources, so scaling is multiplicative (cumulative) throughout your
design hierarchy.

x1l a y inv S=1lu
subckt inv in out
x2 a b kk S=1m
.ends

In this example:

®  HSPICE or HSPICE RF scales the x1 subcircuit by the first s scaling value,
lu*scale.

®  Because scaling is cumulative, x2 (a subcircuit of X1) is then scaled, in
effect, by the S scaling values of both X1 and X2: 1m*1u*scale.

Using Hierarchical Parameters to Simplify Simulation

You can use the hierarchical parameter to simplify simulations. An example is
shown in the following listing and Figure 11 on page 60.

X1 D Q Qbar CL CLBAR dlatch flip=0
.macro dlatch

+ D Q Qbar CL CLBAR flip=vcc
.nodeset v(din)=£flip

xinvl din gbar inv

xinv2 Qbar Q inv

ml g CLBAR din nch w=5 1=1

m2 D CL din nch w=5 1=1

.eom
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Figure 11 D Latch with Nodeset
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HSPICE does not limit the size or complexity of subcircuits; they can contain
subcircuit references, and any model or element statement. However, in
HSPICE RF, you cannot replicate output commands within subcircuit
definitions. To specify subcircuit nodes in . PRINT or . PLOT Statements,
specify the full subcircuit path and node name.

Undefined Subcircuit Search

(HSPICE) If a subcircuit call is in a data file that does not describe the
subcircuit, HSPICE automatically searches directories in the following order:

1. Present directory for the file.

2. Directories specifiedin .OPTION SEARCH = “directory_path_name”
statements.

3. Directory where the Discrete Device Library is located.

HSPICE searches for the model reference name file that has an .inc suffix. For
example, if the data file includes an undefined subcircuit, such as

X 1 1 2 1INV, HSPICE searches the system directories for the inv.inc file and
when found, places that file in the calling data file.

Subcircuit Call Statement Discrete Device Libraries

60

The Synopsys Discrete Device Library (DDL) is a collection of HSPICE device
models of discrete components, which you can use with HSPICE or HSPICE
RF. The $<installdir>/parts directory contains the various subdirectories that
form the DDL. Synopsys used its own ATEM discrete device characterization
system to derive the BJT, MESFET, JFET, MOSFET, and diode models from
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laboratory measurements. The behavior of op-amp, timer, comparator, SCR,
and converter models closely resembles that described in manufacturers’ data
sheets. HSPICE and HSPICE RF have a built-in op-amp model generator.

Note:

The value of the $INSTALLDIR environment variable is the pathname to the
directory where you installed HSPICE or HSPICE RF. This installation
directory contains subdirectories, such as /parts and /bin. It also contains
certain files, such as a prototype meta.cfg file, and the license files.

DDL Library Access

To include a DDL library component in a data file, use the X subcircuit call
statement with the DDL element call. The DDL element statement includes the
model name, which the actual DDL library file uses.

For example, the following element statement creates an instance of the
1N4004 diode model:

X1 2 1 DIN4004

Where D1N4004 is the model name.

See Element and Source Statements on page 41 and the HSPICE Elements
and Device Models Manual for descriptions of element statements.

Optional parameter fields in the element statement can override the internal
specification of the model. For example, for op-amp devices, you can override
the offset voltage, and the gain and offset current. Because the DDL library
devices are based on HSPICE circuit-level models, simulation automatically
compensates for the effects of supply voltage, loading, and temperature.

HSPICE or HSPICE RF accesses DDL models in several ways:
®  The installation script creates an hspice.ini initialization file.

® HSPICE or HSPICE RF writes the search path for the DDL and vendor
libraries into a .OPTION SEARCH='<lib_path>’ statement.

This provides immediate access to all libraries for all users. It also
automatically includes the models in the input netlist. If the input netlist
references a model or subcircuit, HSPICE or HSPICE RF searches the
directory to which the DDLPATH environment variable points for a file with
the same name as the reference name. This file is an include file so its
filename suffix is .inc. HSPICE installation sets the DDL.PATH variable in the
meta.cfg configuration file.
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Set .OPTION SEARCH=‘<lib_path>" in the input netlist.

Use this method to list the personal libraries to search. HSPICE or HSPICE
RF first searches the default libraries referenced in the hspice.ini file, then
searches libraries in the order listed in the input file.

Directly include a specific model, using the . INCLUDE statement. For
example, to use a model named T2N2211, store the model in a file named
T2N2211.inc, and put the following statement in the input file:

.INCLUDE <path>/T2N2211.inc
This method requires you to store each model in its own .inc file, so it is not

generally useful. However, you can use it to debug new models, when you
test only a small number of models.

Vendor Libraries

The vendor library is the interface between commercial parts and circuit or
system simulation.

ASIC vendors provide comprehensive cells, corresponding to inverters,
gates, latches, and output buffers.

Memory and microprocessor vendors supply input and output buffers.

Interface vendors supply complete cells for simple functions and output
buffers, to use in generic family output.

Analog vendors supply behavioral models.

To avoid name and parameter conflicts, models in vendor cell libraries should
be within the subcircuit definitions.
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Figure 12 Vendor Library Usage

’

l lusr/lib/vendor/buffer_f.inc

lusr/lib/vendor/skew.dat .macro buffer_f in out vdd vss
—lib ‘/usr/lib/vendor/skew.dat’ ff

lib ff $ fast model .inc ‘/usr/lib/vendor/buffer.inc’
.param vendor_xlI=-.1u com
.inc ‘/ust/lib/vendor/model.dat’ '
.endl ff
>

Subcircuit Library Structure

Your library structure must adhere to the . INCLUDE statement specification in
the implicit subcircuit. You can use this statement to specify the directory that
contains the <subname>.inc subcircuit file, and then reference the <subname>
in each subcircuit call.

The component naming conventions for each subcircuit is:
<subname>. inc

Store the subcircuit in a directory that is accessible by a. 0PTION
SEARCH='<1ib_path>"' statement.

Create subcircuit libraries in a hierarchy. Typically, the top-level subcircuit fully
describes the input/output buffer; any hierarchy is buried inside. The buried
hierarchy can include model statements, lower-level components, and
parameter assignments. Your library cannot use .LIB or . INCLUDE
statements anywhere in the hierarchy.
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Elements

Describes the syntax for the basic elements of a circuit netlist in HSPICE or
HSPICE RF.

Elements are local and sometimes customized instances of a device model
specified in your design netlist.

For descriptions of the standard device models on which elements (instances)
are based, see the HSPICE Elements and Device Models Manual and
theHSPICE MOSFET Models Manual.

Passive Elements

This section describes the passive elements: resistors, capacitors, and
inductors.

Values for Elements

HSPICE RF accepts equation-based resistors and capacitors. You can specify
the value of a resistor or capacitor as an arbitrary equation, involving node
voltages or variable parameters. Unlike HSPICE, you cannot use parameters to
indirectly reference node voltages in HSPICE RF.
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Resistor Elements in a HSPICE or HSPICE RF Netlist

Rxxx nl n2 <mname> Rval <TCl <TC2><TC>> <SCALE=val> <M=val>
+ <AC=val> <DTEMP=val> <L=val> <W=val> <C=val>
+ <NOISE=val>

Rxxx nl n2 <mname> <R=>resistance <<TCl=>val>
+ <<TC2=>val> <<TC=>val> <SCALE=val> <M=val>
+ <AC=val> <DTEMP=val> <L=val> <W=val>

+ <C=val> <NOISE=val>

Rxxx nl n2 R=‘equation’

Parameter Description

RXXX Resistor element name. Must begin with R, followed by up to 1023
alphanumeric characters.

nl Positive terminal node name.

n2 Negative terminal node name.

mname Resistor model nhame. Use this name in elements, to reference a
resistor model.

TC TC1 alias. The current definition overrides the previous definition.

TC1 First-order temperature coefficient for the resistor. See the “Passive
Device Models” chapter in the HSPICE Elements and Device Models
Manual for temperature-dependent relations.

TC2 Second-order temperature coefficient for the resistor.

SCALE Element scale factor; scales resistance and capacitance by its value.
Default=1.0.

R= Resistance value at room temperature. This can be:

resistance

a numeric value in ohms

a parameter in ohms

a function of any node voltages

a function of branch currents

any independent variables such as time, hertz, and temper
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Parameter Description

M Multiplier to simulate parallel resistors. For example, for two parallel
instances of a resistor, set M=2, to multiply the number of resistors by
2. Default=1.0.

AC Resistance for AC analysis. Default=Reff.

DTEMP Temperature difference between the element and the circuit, in degrees

Celsius. Default=0.0.

L Resistor length in meters. Default=0.0, if you did not specify L in a
resistor model.

wW Resistor width. Default=0.0, if you did not specify W in the model.

C Capacitance connected from node n2 to bulk. Default=0.0, if you did
not specify C in a resistor model.

user-defined Can be a function of any node voltages, element currents, temperature,
equation frequency, or time

NOISE = NOISE=0, do not evaluate resistor noise.
® NOISE=1, evaluate resistor noise (default).

Resistance can be a value (in units of ohms) or an equation. Required
parameters are the two nodes, and the resistance or model name. If you
specify other parameters, the node and model name must precede those
parameters. Other parameters can follow in any order. If you specify a resistor
model (see the “Passive Device Models” chapter in the HSPICE Elements and
Device Models Manual), the resistance value is optional.

HSPICE Examples

In the following example, the R1 resistor connects from the Rnodel node to the
Rnode2 node, with a resistance of 100 ohms.

R1 Rnodel Rnode2 100

The RC1 resistor connects from node 12 to node 17, with a resistance of 1
kilohm, and temperature coefficients of 0.001 and 0.

RC1 12 17 R=1k TC1=0.001 TC2=0

The Rterm resistor connects from the input node to ground, with a resistance

determined by the square root of the analysis frequency (non-zero for AC
analysis only).
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Rterm input gnd R='sqgrt (HERTZ) ’

The Rxxx resistor, from node 98999999 to node 87654321, with a resistance of
1 ohm for DC and time-domain analyses, and 10 gigohms for AC analyses.
Rxxx 98999999 87654321 1 AC=1el0

HSPICE RF Examples
Some basic examples for HSPICE RF include:

®  R1 is aresistor whose resistance follows the voltage at node c.
R1 10 ‘v(c)’

" R2isaresistor whose resistance is the sum of the absolute values of nodes
c and d.
R2 1 0 ‘abs(v(c)) + abs(v(d))"’

®  R3is aresistor whose resistance is the sum of the rconst parameter, and
100 times tx1 for a total of 1100 ohms.

.PARAM rconst=100 tx1=10
R3 4 5 ‘rconst + tx1 * 100’

Linear Resistors

Rxxx nodel node2 < modelname > < R = > value < TCl=val >
+ < TC2=val > < W=val > < L=zval > < M=val >
+ < C=val > < DTEMP=val > < SCALE=val >

Parameter Description

RXXX Name of a resistor.

nodel and node2 Names or numbers of the connecting nodes.
modelname Name of the resistor model.

value Nominal resistance value, in ohms.

R Resistance, in ohms, at room temperature.
TC1, TC2 Temperature coefficient.

w Resistor width.
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Parameter Description

L Resistor length.

M Parallel multiplier.

C Parasitic capacitance between node2 and the substrate.
DTEMP Temperature difference between element and circuit.
SCALE Scaling factor.

Example

R1 1 2 10.0
Rload 1 GND RVAL

.param rx=100

R3 2 3 RX TC1=0.001 TC2=0
RP X1.A X2.X5.B .5

.MODEL RVAL R

In the example above, R1 is a simple 10Q linear resistor and R1oad calls a
resistor model named RVAL, which is defined later in the netlist.

Note:

If a resistor calls a model, then you do not need to specify a constant
resistance, as you do with R1.

®  R3 takes its value from the RX parameter, and uses the TC1 and TC2
temperature coefficients, which become 0.001 and 0, respectively.

®  RP spans across different circuit hierarchies, and is 0.5Q.

Behavioral Resistors in HSPICE or HSPICE RF
Rxxx nl n2 . . . <R=> ‘equation’
Note:

The equation can be a function of any node voltage or branch current, and
any independent variables such as time, hertz, or temper.
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Example

R1 A B R='V(A)

+ I(VDD) "’

Frequency-Dependent Resistors
Rxxx nl n2 R=eguation <CONVOLUTION=[0|1|2] <FBASE=value>

+ <FMAX=value>>

Parameter

Description

CONVOLUTION

FBASE

FMAX

Indicates which method is used.

= 0 : Acts the same as the conventional method. This is the
default.

= 1 : Applies recursive convolution, and if the rational function
is not accurate enough, it switches to linear convolution.

= 2 : Applies linear convolution.

Specifies the lower bound of the transient analysis frequency.
For CONVOLUTION=1 mode, HSPICE starts sampling at this
frequency. For CONVOLUTION=2 mode, HSPICE uses this
value as the base frequency point for Inverse Fourier
Transformation.

For recursive convolution, the default value is OHz, and for
linear convolution, HSPICE uses the reciprocal of the transient
period.

Specifies the possible maximum frequency of interest. The
default value is the frequency point where the function reaches
close enough to infinity value, assuming that the monotonous
function is approaching the infinity value and that it is taken at
10THz.

The equation should be a function of HERTZ. If
CONVOLUTION is turned on when a HERTZ keyword is not
used in the equation, it is automatically be turned off to let the
resistor behave as conventional. The equation can be a function
of temperature, but it cannot be node voltage or branch current
and time.

R1 1 2

Example

The equation can only be a function of time-independent variables such as
hertz, and temperature.

r='1.0 + le-5*sqgrt (HERTZ)' CONVOLUTION=1
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Skin Effect Resistors
Rxxx nl n2 R=value Rs=value
The Rs indicates the skin effect coefficient of the resistor.

The complex impedance of the resistor can be expressed as the following
equation:

R(f)=Ro + (1+j)*Rs*sqgrt(f)

The Ro, j, and £ are DC resistance, imaginably unit (j*2=-1) and frequency,
respectively.

Capacitors

Cxxx nl n2 <mname> <C=>capacitance <<TCl=>val>
+ <<TC2=>val> <SCALE=val> <IC=val> <M=val>

+ <W=val> <L=val> <DTEMP=val>

Cxxx nl n2 <C=>'equation’ <CTYPE=0|1>

+ <above_options...>

Polynomial form:

Cxxx nl n2 POLY c0 c¢l... <above_options...>
Parameter Description
Cxxx Capacitor element name. Must begin with C, followed by up to 1023

alphanumeric characters.

nl Positive terminal node name.

n2 Negative terminal node name.

mname Capacitance model name. Elements use this name to reference a
capacitor.

C=capacitance  Capacitance at room temperature—a numeric value or a parameter
in farads.

TC1 First-order temperature coefficient for the capacitor. See the
“Passive Device Models” chapter in the HSPICE Elements and
Device Models Manual for temperature-dependent relations.

TC2 Second-order temperature coefficient for the capacitor.
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Parameter Description

SCALE Element scale parameter, scales capacitance by its value.
Default=1.0.

IC Initial voltage across the capacitor, in volts. If you specify UIC in
the .TRAN statement, HSPICE or HSPICE RF uses this value as
the DC operating point voltage. The .IC statement overrides it.

M Multiplier, used to simulate multiple parallel capacitors. Default=1.0

w Capacitor width, in meters. Default=0.0, if you did not specify W in
a capacitor model.

L Capacitor length, in meters. Default=0.0, if you did not specify L in
a capacitor model.

DTEMP Element temperature difference from the circuit temperature, in
degrees Celsius. Default=0.0.

C="equation’ Capacitance at room temperature, specified as a function of:
®= any node voltages
®= any branch currents
® any independent variables such as time, hertz, and temper

CTYPE Determines capacitance charge calculation for elements with
capacitance equations. If the C capacitance is a function of
V(nl<,n2>), set CTYPE=0. Use this setting correctly, to ensure
proper capacitance calculations, and correct simulation results.
Default=0.

POLY Keyword, to specify capacitance as a non-linear polynomial.

cOcl... Coefficients of a polynomial, described as a function of the voltage

across the capacitor. c0 represents the magnitude of the Oth order
term, c1 represents the magnitude of the 1st order term, and so on.
You cannot use parameters as coefficient values.

You can specify capacitance as a numeric value, in units of farads, as an
eqguation, or as a polynomial of the voltage. The only required fields are the two
nodes, and the capacitance or model name.
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® |f you use the parameter labels, the nodes and model name must precede
the labels. Other arguments can follow in any order.

= |f you specify a capacitor model (see the “Passive Device Models” chapter
in the HSPICE Elements and Device Models Manual), the capacitance
value is optional.

If you use an equation to specify capacitance, the CTYPE parameter
determines how HSPICE calculates the capacitance charge. The calculation is
different, depending on whether the equation uses a self-referential voltage
(that is, the voltage across the capacitor, whose capacitance is determined by
the equation).

To avoid syntax conflicts, if a capacitor model has the same name as a
capacitance parameter, HSPICE or HSPICE RF uses the model name.
Example 1

In the following example, C1 assumes its capacitance value from the model,
not the parameter.

.PARAMETER CAPXX=1
Cl 1 2 CAPXX
.MODEL CAPXX C CAP=1

Example 2

In the following example, the C1 capacitors connect from node 1 to node 2, with
a capacitance of 20 picofarads:

cl 12 20p

In this next example, Cshunt refers to three capacitors in parallel, connected
from the node output to ground, each with a capacitance of 100 femtofarads.
Cshunt output gnd C=100f M=3

The Cload capacitor connects from the driver node to the output node. The

capacitance is determined by the voltage on the capcontrol node, times 1E-6.
The initial voltage across the capacitor is 0 volts.

Cload driver output C=’lu*v(capcontrol)’ CTYPE=1 IC=0v
The C99 capacitor connects from the in node to the out node. The capacitance

is determined by the polynomial C=c0 + c1*v + c2*v*v, where v is the voltage
across the capacitor.

C99 in out POLY 2.0 0.5 0.01
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Linear Capacitors

Cxxx nodel node2 < modelname > < C=> value < TCl=val >
+ < TC2=val > <W=val > < L=val > < DTEMP=val >
+ < M=val > < SCALE=val > < IC=val >

Parameter

Description

CxxXX

nodel and node2

Name of a capacitor. Must begin with C, followed by up to 1023
alphanumeric characters.

Names or numbers of connecting nodes.

value Nominal capacitance value, in Farads.
modelname Name of the capacitor model.

C Capacitance, in Farads, at room temperature.
TC1,TC2 Specifies the temperature coefficient.

W Capacitor width.

L Capacitor length.

M Multiplier to simulate multiple parallel capacitors.
DTEMP Temperature difference between element and circuit.
SCALE Scaling factor.

IC Initial capacitor voltage.

Example

Cbypass 1 0 10PF

Cl 2 3 CBX

.MODEL CBX C

CB B 0 10P IC=4V
CP X1.XA.1 0 0.1P

In this example:

®  Cbypass is a straightforward, 10-picofarad (PF) capacitor.

® (1, which calls the CBX model, does not have a constant capacitance.
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®  CBis a 10 PF capacitor, with an initial voltage of 4V across it.
® CPisa0.1 PF capacitor.

Frequency-Dependent Capacitors

You can specify frequency-dependent capacitors using the C="equation’
with the HERTZ keyword. The HERTZ keyword represents the operating
frequency. In time domain analyses, an expression with the HERTZ keyword
behaves differently according to the value assigned to the CONVOLUTION

keyword.
Syntax

Cxxx nl n2 C='equation’ <CONVOLUTION=[0]|1]2]
+ <FBASE=val> <FMAX=val>>

Parameter Description
nln2 Names or nhumbers of connecting nodes.
equation Expressed as a function of HERTZ. If CONVOLUTION=1 or 2

CONVOLUTION

FBASE

FMAX

and HERTZ is not used in the equation, CONVOLUTION is
turned off and the capacitor behaves conventionally.

The equation can be a function of temperature, but it does not
support variables of node voltage, branch current, or time. If
these variables exist in the expression and CONVOLUTION=1 or
2, then only their values at the operating point are considered in
calculation.

Specifies the method used.

® (O (default): HERTZ=0 in time domain analysis.
= 1 or 2: performs Inverse Fast Fourier Transformation (IFFT)
linear convolution.

Base frequency to use for transient analysis. This value becomes
the base frequency point for Inverse Fast Fourier Transformation
(IFFT) when CONVOLUTION=1 or 2. If you do not set this value,
the base frequency is a reciprocal value of the transient period.

Maximum frequency to use for transient analysis. Used as the
maximum frequency point for Inverse Fourier Transformation. If
you do not set this value, the reciprocal value of RISETIME is
taken.
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Example

Cl 1 2 C="le-6 - HERTZ/lel6' CONVOLUTION=1 fbase=10
+ fmax=30meg

Behavioral Capacitors in HSPICE or HSPICE RF
Cxxx nl n2 . . . C=‘equation’ CTYPE=0 or 1

Parameter Description

CTYPE Determines the calculation mode for elements that use capacitance
equations. Set this parameter carefully, to ensure correct simulation
results. HSPICE RF extends the definition and values of CTYPE,
relative to HSPICE:

= CTYPE=0, if C depends only on its own terminal voltages—that is,
a function of V(nl<, n2>).

= CTYPE=1, if C depends only on outside voltages or currents.

= CTYPE=2, if C depends on both its own terminal and outside
voltages. This is the default for HSPICE RF. HSPICE does not
support C=2.

You can specify the capacitor value as a function of any node voltage or branch
current, and any independent variables such as time, hertz, and temper.

Example

Cl 1 0 C="1e-9*V(10)’ CTYPE=1
v1i0 10 0 PWL(O0,1v tl,1v t2,4v)

DC Block Capacitors
Cxxx nodel node2 <C=> INFINITY <IC=val>

When the capacitance of a capacitor is infinity, this element is called a “DC
block.” In HSPICE, you specify an INFINITY value for such capacitors.

HPSICE does not support any other capacitor parameters for DC block
elements, because HSPICE assumes that an infinite capacitor value is
independent of any scaling factors.

The DC block acts as an open circuit for all DC analyses. HSPICE calculates
the DC voltage across the nodes of the circuit. In all other (non-DC) analyses, a
DC voltage source of this value represents the DC block—HSPICE does not
allow dv/dt variations.
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Charge-Conserved Capacitors
Cxxx nodel node2 g='expression’

HSPICE supports AC, DC, TRAN, and PZ analyses for charge-conserved
capacitors.

The expression supports the following parameters and variables:
" Parameters

* node voltages

* branch currents
" Variables

* time

. temper

* hertz

Note:

The hertz variable is not supported in transient analyses.

Parameters must be used directly in an equation. HSPICE does not support
parameters that represent an equation containing variables.

Error Handling If you use an unsupported parameter in an expression,
HSPICE issues an error message and aborts the simulation. HSPICE ignores
unsupported analysis types and then issues warning a message.

Limitations The following syntax does not support charge-conserving
capacitors:

Cxx nodel node2 C='expression’

Capacitor equations are not implicitly converted to charge equations.
Example 1: Capacitance-based Capacitor

Cl a b C="Co*(l+alpha*V(a,b)’ ctype=0

You can obtain Q by integrating ‘C’ w.r.t V(a,b)

Example 2: Charge-based Capacitor
Cl a b 9='Co*V(a,b) (1+0.5*alpha*V(a,b))
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Example 3: Capacitance-based Capactor

.option list node post

rl 1 2 100

r2 3 0 200

Vin 1 0 pulse(0 5v 1ns 2ns 2ns 10ns 20ns)
Cl 2 3 c='cos(v(2,3)) + v(l,2)’ ctype=2
.tran 1ns 100ns

.print tran i(cl)

.end

Example 4: Charge-based Capacitor

.option list node post

rl 1 2 100

r2 3 0 200

Vin 1 0 pulse(0 5v 1lns 2ns 2ns 10ns 20ns)
Cl 2 3 g='sin(v(2,3)) + v(2,3)*v(1,2)"
.tran 1lns 100ns

.print tran i(cl)

.end

Inductors

General form:

Lxxx nl n2 <L=>inductance <mname> <<TCl=>val>

+ <<TC2=>val> <SCALE=val> <IC=val> <M=val>

+ <DTEMP=val> <R=val>

Lxxx nl n2 L=‘equation’ <LTYPE=val> <above options...>

Polynomial form:
Lxxx nl n2 POLY c0 cl... <above_options...>
Magnetic winding form:

Lxxx nl n2 NT=turns <above_options...>

Parameter Description

Lxxx Inductor element name. Must begin with L, followed by up to
1023 alphanumeric characters.

nl Positive terminal node name.

n2 Negative terminal node name.
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Parameter Description

TC1 First-order temperature coefficient for the inductor. See the
“Passive Device Models” chapter in the HSPICE Elements and
Device Models Manual for temperature-dependent relations.

TC2 Second-order temperature coefficient for the inductor.

SCALE Element scale parameter; scales inductance by its value.
Default=1.0.

IC Initial current through the inductor, in amperes. HSPICE or

L=inductance

HSPICE RF uses this value as the DC operating point voltage,
when you specify UIC in the .TRAN statement. The .IC
statement overrides it.

Inductance value. This can be:

®  a numeric value, in henries
= a parameter in henries
= a function of any node voltages
= a function of branch currents
® any independent variables such as time, hertz, and
temper

M Multiplier, used to simulate parallel inductors. Default=1.0.

DTEMP Temperature difference between the element and the circuit, in
degrees Celsius. Default=0.0.

R Resistance of the inductor, in ohms. Default=0.0.

L='equation’ Inductance at room temperature, specified as:
= a function of any node voltages
= a function of branch currents
® any independent variables such as time, hertz, and

temper

LTYPE Calculates inductance flux for elements, using inductance
equations. If the L inductance is a function of I(Lxxx), then set
LTYPE=0. Otherwise, set LTYPE=1. Use this setting correctly, to
ensure proper inductance calculations, and correct simulation
results. Default=0.
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Parameter Description

POLY Keyword that specifies the inductance, calculated by a
polynomial.

cOcl... Coefficients of a polynomial in the current, describing the

inductor value. c0 is the magnitude of the Oth order term, cl is
the magnitude of the 1st order term, and so on.

NT=turns Number of turns of an inductive magnetic winding.
mname Saturable core model name. See the “Passive Device Models”

chapter in the HSPICE Elements and Device Models Manual for
model information.

In this syntax, the inductance can be either a value (in units of henries), an
eqguation, a polynomial of the current, or a magnetic winding. Required fields
are the two nodes, and the inductance or model name.

= |f you specify parameters, the nodes and model name must be first. Other
parameters can be in any order.

®  [If you specify an inductor model (see the “Passive Device Models” chapter
in the HSPICE Elements and Device Models Manual), the inductance value
is optional.

Example 1

In the following example, the L1 inductor connects from the coilin node to the

coilout node, with an inductance of 100 nanohenries.

L1l coilin coilout 100n

Example 2

The Lloop inductor connects from node 12 to node 17. Its inductance is 1
microhenry, and its temperature coefficients are 0.001 and 0.

Lloop 12 17 L=1lu TC1=0.001 TC2=0

Example 3

The Lcoil inductor connects from the input node to ground. Its inductance is
determined by the product of the current through the inductor, and 1E-6.

Lcoil input gnd L=’1u*i(input)’ LTYPE=0
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Example 4

The L99 inductor connects from the in node to the out node. Its inductance is
determined by the polynomial L=cO + c1*i + c2*i*i, where i is the current
through the inductor. The inductor also has a specified DC resistance of 10
ohms.

L99 in out POLY 4.0 0.35 0.01 R=10

Example 5

The L inductor connects from node 1 to node, as a magnetic winding element,
with 10 turns of wire.

L 1 2 NT=10

Mutual Inductors
General form:
Kxxx Lyyy Lzzz <K=coupling | coupling>

Mutual core form:

Kaaa Lbbb <Lccc ... <Lddd>> mname <MAG=magnetization>
Parameter Description
KXxX Mutual inductor element name. Must begin with K, followed by up

to 1023 alphanumeric characters.

Lyyy Name of the first of two coupled inductors.
Lzzz Name of the second of two coupled inductors.
K=coupling Coefficient of mutual coupling. K is a unitless number, with

magnitude > 0 and < 1. If K is negative, the direction of coupling
reverses. This is equivalent to reversing the polarity of either of
the coupled inductors. Use the K=coupling syntax when using a
parameter value or an equation, and the keyword “k=" can be
omitted.

Kaaa Saturable core element name. Must begin with K, followed by up
to 1023 alphanumeric characters.
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Parameter Description

Lbbb, Lccc, Lddd Names of the windings about the Kaaa core. One winding
element is required, and each winding element must use the
magnetic winding syntax. All winding elements with the same
magnetic core model should be written in one mutual inductor
statement in the netlist.

mname Saturable core model name. (See the “Passive Device Models”
chapter in the HSPICE Elements and Device Models Manual for
more information.)

MAG= Initial magnetization of the saturable core. You can set this to +1,
0, or -1, where +/- 1 refer to positive and negative values of the
BS model parameter. (See the “Passive Device Models” chapter
in the HSPICE Elements and Device Models Manual for more
information.)

magnetization

In this syntax, coupling is a unitless value, from zero to one, representing the
coupling strength. If you use parameter labels, the nodes and model name
must be first. Other arguments can be in any order. If you specify an inductor
model (see the “Passive Device Models” chapter in the HSPICE Elements and
Device Models Manual), the inductance value is optional.

You can determine the coupling coefficient, based on geometric and spatial
information. To determine the final coupling inductance, HSPICE or HSPICE
RF divides the coupling coefficient by the square-root of the product of the self-
inductances.

When using the mutual inductor element to calculate the coupling between
more than two inductors, HSPICE or HSPICE RF can automatically calculate
an approximate second-order coupling. See the third example below for a
specific situation.

Note:

The automatic inductance calculation is an estimation, and is accurate for a
subset of geometries. The second-order coupling coefficient is the product
of the two first-order coefficients, which is not correct for many geometries.

Example 1
The Lin and Lout inductors are coupled, with a coefficient of 0.9.

K1 Lin Lout 0.9
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Example 2

The Lhigh and Llow inductors are coupled, with a coefficient equal to the value
of the COUPLE parameter.

Kxfmr Lhigh Llow K=COUPLE

®  The K1 mutual inductor couples L1 and L2.

®  The K2 mutual inductor couples L2 and L3.

Example 3

The coupling coefficients are 0.98 and 0.87. HSPICE or HSPICE RF
automatically calculates the mutual inductance between L1 and L3, with a
coefficient of 0.98*0.87=0.853.

K1 L1 L2 0.98
K2 L2 L3 0.87

Ideal Transformer
Kxxx Li Lj <k=IDEAL | IDEAL>

Ideal transformers use the IDEAL keyword with the K element to designate
ideal K transformer coupling.

This keyword activates the following equation set for non-DC values, which is
presented here with multiple coupled inductors. |j is the current into the first
terminal of L.

V1/sgrt (L1l)=V2/sqgrt (L2)=V3/sqgrt (L3)=V4/sqgrt(L4d)=...
(Il*sgrt(Ll) + (I2*sqgrt(L2) + (I3*sgrt(L3) + (Id*sqgrt(L4) +
...=0

HSPICE can solve any | or V in terms of L ratios. DC is treated as expected—
inductors are treated as short circuits. Mutual coupling is ignored for DC.

Inductors that use the INFINITY keyword can be coupled with IDEAL K
elements. In this situation, all inductors involved must have the INFINITY
value, and for K=IDEAL, the ratio of all L. values is unity. Then, for two L values:

v2= vl
i2 + 11=0
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Example 1

This example is a standard 5-pin ideal balun transformer subcircuit. Two pins
are grounded for standard operation. With all K values being IDEAL, the
absolute 1. values are not crucial—only their ratios are important.

* %

* % all K's ideal ----- o outl
* % Lol=.25
** o----in- ---=-- o0
* % Lin=1 Lo2=.25
** 0 o-—=----  —-—=== o out2

* %

.subckt BALUN1 1in outl out2

Lin in gnd L=1
Lol outl gnd L=0.25
Lo2 ond out2 L=0.25
K12 Lin Lol IDEAL
K13 Lin Lo2 IDEAL
K23 Lol Lo2 IDEAL
.ends

Example 2

This example is a 2-pin ideal 4:1 step-up balun transformer subcircuit with
shared DC path (no DC isolation). Input and output have a common pin, and
both inductors have the same value. Note that Rload=4*Rin.

* %*

** all K's ideal

**in O—————————————————— O out=1in
* % Ll1=1

k% o O

* % L2=1

xx o o out2

* %

** With all K's ideal, the actual L's values are

** not important -- only their ratio to each other.
.subckt BALUN2 in out2
L1l in gnd L=1
L2 gnd out2 L=1
K12 Ll L2 IDEAL
.ends
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Example 3

This example is a 3-pin ideal balun transformer with shared DC path (no DC
isolation). All inductors have the same value (here set to unity).

* %*

bl all K's ideal ----- o outl
*x Lo2=1

R —mme o0

*x Lol=1

R —mme o out2
bl in Lin=1

* % O—=————— o in

* %

.subckt BALUN3 in outl out2

Lo2 gnd outl L=1
Lol out2 gnd L=1
Lin in out2 L=1
K12 Lin Lol IDEAL
K13 Lin Lo2 IDEAL
K23 Lol Lo2 IDEAL
.ends

Linear Inductors

Lxxx nodel node2 <L => inductance <TCl=val> <TC2=val>
+ <M=val> <DTEMP=val> <IC=val>

Parameter Description

Lxxx Name of an inductor.

nodel and node2 Names or numbers of the connecting nodes.

inductance Nominal inductance value, in Henries.

L Inductance, in Henries, at room temperature.

TC1,TC2 Temperature coefficient.

M Multiplier for parallel inductors.

DTEMP Temperature difference between the element and the circuit.
IC Initial inductor current.
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Example:

LX A B 1E-9
LR 1 0 1lu IC=10mA

®  1XisalnH inductor.

®  TRis al uH inductor, with an initial current of 10 mA.

Frequency-Dependent Inductors

You can specify frequency-dependent inductors using the L="equation’ with
the HERTZ keyword. The HERTZ keyword represents the operating frequency.
In time domain analyses, an expression with the HERTZ keyword behaves
differently according to the value assigned to the CONVOLUTION keyword.

Syntax

Lxxx nl n2 L='equation’ <CONVOLUTION=[0|1|2] <FBASE=value>
+ <FMAX=value>>

Parameter Description

Lxxx Inductor element name. Must begin with L, followed by up to
1023 alphanumeric characters

nln2 Positive and negative terminal node names.

equation The equation should be a function of HERTZ. If
CONVOLUTION is turned on when a HERTZ keyword is not
used in the equation, CONVOLUTION is automatically be
turned off and the inductor behaves conventionally. The
eqguation can be a function of temperature, but it does not
support variables of node voltage, branch current, or time. If
these variables exist in the equation with CONVOLUTION
turned on, only their values at the operating point are
considered in the calculation.

CONVOLUTION Indicates which method is used.

= Q (default): Acts the same as the conventional method.

= 1 : Applies recursive convolution, and if the rational function
is not accurate enough, it switches to linear convolution.

= 2 : Applies linear convolution.
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Parameter Description

FBASE Specifies the lower bound of the transient analysis frequency.

® For CONVOLUTION=1 mode, HSPICE starts sampling at
this frequency.

" For CONVOLUTION=2 mode, HSPICE uses this value as
the base frequency point for Inverse Fourier Transformation.

®  For recursive convolution, the default value is OHz.

® For linear convolution, HSPICE uses the reciprocal of the
transient period.

FMAX Specifies the possible maximum frequency of interest. The
default value is the frequency point where the function reaches
close enough to infinity value, assuming that the monotonous
function is approaching the infinity value and that it is taken at
10THz.

Example

Ll 1 2 L="0.5n + 0.5n/(1 + HERTZ/1le8)' CONVOLUTION=1 fbase=10
+ fmax=30meg

AC Choke Inductors

Syntax
Lxxx nodel node2 <L=> INFINITY <IC=val>

When the inductance of an inductor is infinity, this element is called an “AC
choke.” In HSPICE, you specify an INFINITY value for inductors.

HSPICE does not support any other inductor parameters, because it assumes
that the infinite inductance value is independent of temperature and scaling
factors. The AC choke acts as a short circuit for all DC analyses and HSPICE
calculates the DC current through the inductor. In all other (non-DC) analyses,
a DC current source of this value represents the choke—HSPICE does not
allow di/dt variations.

To properly simulate power-line inductors with HSPICE RF, either set them to
analog mode or invoke the STM_RATIL option:

.OPTION SIM_ANALOG=“L1"
-0or-

.OPTION SIM_RATIL=0ON
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Reluctors

Syntax

Reluctance Inline Form

Lxxx nlp nln ... nNp nNn

+ RELUCTANCE=(rl, cl, vall, r2, c2, val2, ... , rm, cm, valm)

+ <SHORTALL=yes | no> <IGNORE_COUPLING=yes no>
Reluctance External File Form

Lxxx nlp nln ... nNp nNn RELUCTANCE
+ FILE="<filenamel>" [FILE="<filename2>" [...]]
+ <SHORTALL=yes | no> <IGNORE_COUPLING=yes | no>

Parameter Description

Lxxx Name of a reluctor. Must begin with L, followed by up to 1023
alphanumeric characters

nlp nln ... Names of the connecting terminal nodes. The number of
NNp nNn terminals must be even. Each pair of ports represnets the
location of an inductor.

RELUCTANCE Keyword to specify reluctance (inverse inductance).

rl, cl, vall, Reluctance matrix data. In general, K will be sparse and only
r2, c2, valz, ... non-zero values in the matrix need be given. Each matrix entry
rm, cm, valm is represented by a triplet (r,c,val). The value r and c are

integers referring to a pair of inductors from the list of terminal
nodes. If there are 2*N terminal nodes, there will be N
inductors, and the r and c values must be in the range [1,N].
The val value is a reluctance value for the (r,c) matrix location,

and the unit for reluctance is the inverse Henry (H1).

Only terms along and above the diagonal are specified for the
reluctance_matrix.

The simulator fills in the lower triangle to ensure symmetry. If
you specify lower diagonal terms, the simulator converts that
entry to the appropriate upper diagonal term.

If multiple entries are supplied for the same (r,c) location, then
only the first one is used, and a warning will be issued
indicating that some entries are ignored.

All diagonal entries of the reluctance matrix must be assigned
a positive value.

The reluctance matrix should be positive definite.

HSPICE® Simulation and Analysis User Guide
Y-2006.03



Chapter 4: Elements
Passive Elements

Parameter

Description

FILE="<filenamel>"

SHORTALL

IGNORE_COUPLIN
G

For the external file format, the data files should contain three
columns of data. Each row should contain an (r,c,val) triplet
separated by white space. The r, ¢, and val values may be
expressions surrounded by single quotes. Multiple files may be
specified to allow the reluctance data to be spread over several
files if necessary.

SHORTALL=yes, all inductors in this model are converted
to short circuits, and all reluctance matrix values are
ignored.

SHORTALL=nNo (default), inductors are not converted to
short circuits, and reluctance matrix values are not ignored.

IGNORE_COUPLING=yes, all off-diagonal terms are
ignored (that is, set to zero).

IGNORE_COUPLING=no (default), off-diagonal terms are
not ignored.

Example

This example has 9 segments (or ports) with 12 nodes, and can potentially
generate a 9x9 reluctance matrix with 81 elements.

L_ThreeNets a 1 1 2 2 a_1 b 4 455 Db 1c77788-c_1

+ RELUCTANCE= (
1 1 103e9
-34.7e9
-9.95e9
114e9
-34.7e9
103e9
103e9
-34.7e9
-9.95e9
114e9
-34.7e9
103e9
103e9
-34.7e9
-9.95e9
114e9
-34.7e9
103e9 )

++ 4+ ++ o+
O WO WO WOOUIUN IJPRJB>

1
1
4
4
7
2
2
2
5
5
8
3
3
3
6
6
9
S

HORTALL = no IGNORE_COUPLING = no
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Alternatively, the same element could be specified by using:

L_ThreeNets a 1 1 2 2 a_1 b4 455Db 1c7 7 8 8 c_1 RELUCTANCE
+ FILE="reluctance.dat" SHORTALL = no IGNORE_COUPLING = no

Where reluctance.dat contains:

[E-)

103e9
-34.7e9
-9.95e9
114e9
-34.7e9
103e9
103e9
-34.7e9
-9.95e9
114e9
-34.7e9
103e9
103e9
-34.7e9
-9.95e9
114e9
-34.7e9
103e9

+ + 4+ ++ o+t
CAOWWWOOU UTN NN I P
L WOVOWO WOWOWU UM I I’ ~Jis

The following shows the mapping between the port numbers and node pairs:

Ports 1 4 5 6 7 8 9
Node pairs (a,1) (1,2) |(2,a_1)| (b,4) (4,5) |(5,b_1)| (c,7) (7,8) |(8,c_1)
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Active Elements

This section describes the passive elements: diodes and transistors.

Diode Element

Geometric (LEVEL=1) or Non-Geometric (LEVEL=3) form:

Dxxx nplus nminus mname <<AREA=>area> <<PJ=>val>
+ <WP=val> <LP=val> <WM=val> <LM=val> <OFF>
+ <IC=vd> <M=val> <DTEMP=val>

Dxxx nplus nminus mname <W=width> <L=Iength> <WP=val>
+ <LP=val> <WM=val> <LM=val> <OFF> <IC=vd> <M=val>
+ <DTEMP=val>

Fowler-Nordheim (LEVEL=2) form:

Dxxx nplus nminus mname <W=val <L=val>> <WP=val>
+ <OFF> <IC=vd> <M=val>

Parameter Description

Dxxx Diode element name. Must begin with D, followed by up to 1023
alphanumeric characters.

nplus Positive terminal (anode) node name. The series resistor for the
equivalent circuit is attached to this terminal.

nminus Negative terminal (cathode) node name.

mname Diode model name reference.

AREA Area of the diode (unitless for LEVEL=1 diode, and square meters for
LEVEL=3 diode). This affects saturation currents, capacitances, and
resistances (diode model parameters are IK, IKR, JS, CJO, and RS).
The SCALE option does not affect the area factor for the LEVEL=1
diode. Default=1.0. Overrides AREA from the diode model. If you do not
specify the AREA, HSPICE or HSPICE RF calculates it from the width
and length.
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Parameter Description

PJ Periphery of junction (unitless for LEVEL=1 diode, and meters for
LEVEL=3 diode). Overrides PJ from the diode model. If you do not
specify PJ, HSPICE or HSPICE RF calculates it from the width and
length specifications.

WP Width of polysilicon capacitor, in meters (for LEVEL=3 diode only).
Overrides WP in the diode model. Default=0.0.

LP Length of polysilicon capacitor, in meters (for LEVEL=3 diode only).
Overrides LP in the diode model. Default=0.0.

WM Width of metal capacitor, in meters (for LEVEL=3 diode only). Overrides
WM in the diode model. Default=0.0.

LM Length of metal capacitor, in meters (for LEVEL=3 diode only).
Overrides LM in the diode model. Default=0.0.

OFF Sets the initial condition for this element to OFF, in DC analysis.
Default=ON.

IC=vd Initial voltage, across the diode element. Use this value when you
specify the UIC option in the .TRAN statement. The .IC statement
overrides this value.

M Multiplier, to simulate multiple diodes in parallel. The M setting affects
all currents, capacitances, and resistances. Default=1.

DTEMP The difference between the element temperature and the circuit
temperature, in degrees Celsius. Default=0.0.

W Width of the diode, in meters (LEVEL=3 diode model only)

L Length of the diode, in meters (LEVEL=3 diode model only)

You must specify two nodes and a model name. If you specify other
parameters, the nodes and model name must be first and the other parameters
can appear in any order.

Example 1

The D1 diode, with anode and cathode, connects to nodes 1 and 2. Diodel
specifies the diode model.

D1 1 2 diodel
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Example 2

The Dprot diode, with anode and cathode, connects to both the output node
and ground, references the firstd diode model, and specifies an area of 10
(unitless for LEVEL=1 model). The initial condition has the diode OFF.

Dprot output gnd firstd 10 OFF

Example 3

The Ddrive diode, with anode and cathode, connects to the driver and output
nodes. The width and length are 500 microns. This diode references the
model_d diode model.

Ddrive driver output model_d W=5e-4 L=5e-4 IC=0.2

Bipolar Junction Transistor (BJT) Element

QOxxx nc nb ne <ns> mname <area> <OFF>
+ <IC=vbeval, vceval> <M=val> <DTEMP=val>

Oxxx nc nb ne <ns> mname <AREA=area> <AREAB=val>
+ <AREAC=val> <OFF> <VBE=vbeval> <VCE=vceval>
+ <M=val> <DTEMP=val>

Parameter Description

QXXX BJT element name. Must begin with Q, then up to 1023 alphanumeric
characters.

nc Collector terminal node name.

nb Base terminal node name.

ne Emitter terminal node name.

ns Substrate terminal node name, which is optional. You can also use the

BULK parameter to set this name in the BJT model.
mname BJT model name reference.

area, Emitter area multiplying factor, which affects currents, resistances, and
AREA=area capacitances. Default=1.0.

OFF Sets initial condition for this element to OFF, in DC analysis.
Default=ON.
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Parameter Description

IC=vbeval, Initial internal base-emitter voltage (vbeval) and collector-emitter

vceval, VBE, voltage (vceval). HSPICE or HSPICE RF uses this value when

VCE the .TRAN statement includes UIC. The .IC statement overrides it.

M Multiplier, to simulate multiple BJTs in parallel. The M setting affects all
currents, capacitances, and resistances. Default=1.

DTEMP The difference between the element temperature and the circuit
temperature, in degrees Celsius. Default=0.0.

AREAB Base area multiplying factor, which affects currents, resistances, and
capacitances. Default=AREA.

AREAC Collector area multiplying factor, which affects currents, resistances,

and capacitances. Default=AREA.

The only required fields are the collector, base, and emitter nodes, and the
model name. The nodes and model name must precede other fields in the

netlist.
Example 1

In the Q1 BJT element below:
01 1 2 3 model_1

®  The collector connects to node 1.

®  The base connects to node 2.

®  The emitter connects to node 3.

®  model 1 references the BJT model.

Example 2

In the following Qopampl BJT element:

Qopampl cl b3 e2 s lstagepnp AREA=1.5 AREAB=2.5

AREAC=3.0

®  The collector connects to the c1 node.

®  The base connects to the b3 node.

®  The emitter connects to the e2 node.

®  The substrate connects to the s node.

=  lstagepnp references the BJT model.
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®  The AREA area factor is 1.5.
®  The AREAB area factor is 2.5.
®  The AREAC area factor is 3.0.

Example 3
In the Qdrive BJT element below:

Qdrive driver in output model npn 0.1
®  The collector connects to the driver node.

®"  The base connects to the in node.

®  The emitter connects to the output node.

® model_npn references the BJT model.

®" The area factor is 0.1.

JFETs and MESFETs

Jxxx nd ng ns <nb> mname <<<AREA>=area | <W=val>
+ <L=val>> <QOFF> <IC=vdsval, vgsval> <M=val>
+ <DTEMP=val>

Jxxx nd ng ns <nb> mname <<<AREA>=area> | <W=val>
+ <L=val>> <OFF> <VDS=vdsval> <VGS=vgsval>
+ <M=val> <DTEMP=val>

Parameter Description
JXXX JFET or MESFET element name. Must begin with J, followed by up
to 1023 alphanumeric characters.
nd Drain terminal node name
ng Gate terminal node name
ns Source terminal node name
nb Bulk terminal node name, which is optional.
mname JFET or MESFET model name reference
HSPICE® Simulation and Analysis User Guide 95

Y-2006.03



Chapter 4: Elements
Active Elements

Parameter Description

area, Area multiplying factor that affects the BETA, RD, RS, IS, CGS, and

AREA=area CGD model parameters. Default=1.0, in units of square meters.

wW FET gate width in meters

L FET gate length in meters

OFF Sets initial condition to OFF for this element, in DC analysis.
Default=ON.

IC=vdsval, Initial internal drain-source voltage (vdsval) and gate-source voltage

vgsval, VDS, (vgsval). Use this argument when the .TRAN statement contains

VGS UIC. The .IC statement overrides it.

M Multiplier to simulate multiple JFETs or MESFETSs in parallel. The M
setting affects all currents, capacitances, and resistances.
Default=1.

DTEMP The difference between the element temperature and the circuit

temperature, in degrees Celsius. Default=0.0.

Only drain, gate, and source nodes, and model name fields are required. Node
and model names must precede other fields.

Example 1

In the J1 JFET element below:
Jl 1 2 3 model 1

®  The drain connects to node 1.

®  The source connects to node 2.

®"  The gate connects to node 3.

" model 1 references the JFET model.

Example 2

In the following Jopampl JFET element:

Jopampl dl g3 s2 b lstage AREA=100u

®  The drain connects to the d1 node.

®  The source connects to the g3 node.

® The gate connects to the s2 node.

96
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®  1stage references the JFET model.
®  The areais 100 microns.

Example 3
In the Jdrive JFET element below:

Jdrive driver in output model_jfet W=10u L=10u
®  The drain connects to the driver node.

®  The source connects to the in node.

®  The gate connects to the output node.

®" model_jfet references the JFET model.

®  The width is 10 microns.

®  The length is 10 microns.

MOSFETs

Mxxx nd ng ns <nb> mname <<L=>Ilength> <<W=>width>
+ <AD=val> AS=val> <PD=val> <PS=val>

+ <NRD=val> <NRS=val> <RDC=val> <RSC=val> <OFF>

+ <IC=vds, vgs, vbs> <M=val> <DTEMP=val>

+ <GEO=val> <DELVTO=val>

.OPTION WL

Mxxx nd ng ns <nb> mname <width> <length> <other_options...>

Parameter Description

MXXX MOSFET element name. Must begin with M, followed by up to 1023
alphanumeric characters.

nd Drain terminal node name.

ng Gate terminal node name.

ns Source terminal node name.

nb Bulk terminal node name, which is optional. To set this argument in the

MOSFET model, use the BULK parameter.

mname MOSFET model name reference
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Parameter

Description

L

w

AD

AS

PD

PS

NRD

NRS

RDC

RSC

OFF

IC=vds, vgs,
vbs

MOSFET channel length, in meters. This parameter overrides
.OPTION DEFL, with a maximum value of 0.1m. Default=DEFL.

MOSFET channel width, in meters. This parameter overrides .OPTION
DEFW. Default=DEFW.

Drain diffusion area. Overrides .OPTION DEFAD. Default=DEFAD, if
you set the ACM=0 model parameter.

Source diffusion area. Overrides .OPTION DEFAS. Default=DEFAS, if
you set the ACM=0 model parameter.

Perimeter of drain junction, including channel edge. Overrides
.OPTION DEFPD. Default=DEFAD, if you set the ACM=0 or 1 model
parameter. Default=0.0, if you set ACM=2 or 3.

Perimeter of source junction, including channel edge. Overrides
.OPTION DEFPS. Default=DEFAS, if you set the ACM=0 or 1 model
parameter. Default=0.0, if you set ACM=2 or 3.

Number of squares of drain diffusion for resistance calculations.
Overrides .OPTION DEFNRD. Default=DEFNRD, if you set ACM=0 or
1 model parameter. Default=0.0, if you set ACM=2 or 3.

Number of squares of source diffusion for resistance calculations.
Overrides .OPTION DEFNRS. Default=DEFNRS when you set the
MOSFET model parameter ACM=0 or 1. Default=0.0, when you set
ACM=2 or 3.

Additional drain resistance due to contact resistance, in units of ohms.
This value overrides the RDC setting in the MOSFET model
specification. Default=0.0.

Additional source resistance due to contact resistance, in units of
ohms. This value overrides the RSC setting in the MOSFET model
specification. Default=0.0.

Sets initial condition for this element to OFF, in DC analysis.
Default=ON. This command does not work for depletion devices.

Initial voltage across external drain and source (vds), gate and source
(vgs), and bulk and source terminals (vbs). Use these arguments
with . TRAN UIC. .IC statements override these values.
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Parameter Description

M

Multiplier, to simulate multiple MOSFETSs in parallel. Affects all channel
widths, diode leakages, capacitances, and resistances. Default=1.

DTEMP The difference between the element temperature and the circuit

temperature, in degrees Celsius. Default=0.0.

GEO Source/drain sharing selector for a MOSFET model parameter value of

ACM=3. Default=0.0.

DELVTO Zero-bias threshold voltage shift. Default=0.0.

The only required fields are the drain, gate and source nodes, and the model
name. The nodes and model name must precede other fields in the netlist. If
you did not specify a label, use the second syntax with the . OPTION WL
statement, to exchange the width and length options.

Example
In the following M1 MOSFET element:

M1 1 2 3 model_ 1

The drain connects to node 1.

The gate connects to node 2.

The source connects to node 3.

model_1 references the MOSFET model.

In the following Mopampl MOSFET element:

Mopampl dl g3 s2 b lstage L=2u W=10u

The drain connects to the d1 node.
The gate connects to the g3 node.

The source connects to the s2 node.
1stage references the MOSFET model.
The length of the gate is 2 microns.
The width of the gate is 10 microns.

In the following Mdrive MOSFET element:

Mdrive driver in output bsim3v3 W=3u L=0.25u DTEMP=4.0
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®  The drain connects to the driver node.

®  The gate connects to the in node.

®"  The source connects to the output node.
®  pbsim3v3 references the MOSFET model.
®  The length of the gate is 3 microns.

®  The width of the gate is 0.25 microns.

®  The device temperature is 4 degrees Celsius higher than the circuit
temperature.

Transmission Lines

A transmission line is a passive element that connects any two conductors, at
any distance apart. One conductor sends the input signal through the
transmission line, and the other conductor receives the output signal from the
transmission line. The signal that is transmitted from one end of the pair to the
other end, is voltage between the conductors.

Examples of transmission lines include:

®  Power transmission lines

= Telephone lines

®  Waveguides

®"  Traces on printed circuit boards and multi-chip modules (MCMs)
= Bonding wires in semiconductor IC packages

®  On-chip interconnections

W Element

The W element supports five different formats to specify the transmission line
properties:

"  Model 1: RLGC-Model specification.
* Internally specified in a .model statement.
» Externally specified in a different file.
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®  Model 2: U-Model specification.
* RLGC input for up to five coupled conductors.
* Geometric input (planer, coax, twin-lead).
* Measured-parameter input.
»  Skin effect.
®  Model 3: Built-in field solver model.
®  Model 4: Frequency-dependent tabular model.
®"  Model 5: S Parameter Model

W Element Statement
The general syntax for a lossy (W Element) transmission line element is:
RLGC file form:

Wxxx 1inl <in2 <...inx>> refin outl <out2 <...outx>>
+ refout <RLGCfile=filename> N=val L=val

U Model form:

Wxxx 1inl <in2 <...inx>> refin outl <out2 <...outx>>

+ refout <Umodel=modelname> N=val L=val
Field solver form:

Wxxx 1inl <in2 <...inx>> refin outl <out2 <...outx>>
+ refout <FSmodel=modelname> N=val L=val

The number of ports on a single transmission line are not limited. You must
provide one input and output port, the ground references, a model or file
reference, a number of conductors, and a length. HSPICE RF does not support
the Field Solver form of the W element.

S Model form:

Wxxx inl <in2 <...inx>> refin outl <out2 <...outx>>
+ refout <Smodel=modelname> <NODEMAP=XiYj...> N=val L=val
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Table Model form:

Wxxx inl in2 <..

.inx>> refin outl <out2 <...outx>>

+ refout N=val L=val TABLEMODEL=name

Parameter Description

WXXX Lossy (W Element) transmission line element name. Must start
with W, followed by up to 1023 alphanumeric characters.

inx Signal input node for x transmission line (inl is required).

refin Ground reference for input signal

outx Signal output node for the x" transmission line (eachinput port
must have a corresponding output port).

refout Ground reference for output signal.

N Number of conductors (excluding the reference conductor).

L Physical length of the transmission line, in units of meters.

RLGCfile=filename

Umodel=modelname

FSmodel=
modelname

File name reference for the file containing the RLGC
information for the transmission lines (for syntax, see “Using
the W Element” in the HSPICE Signal Integrity Guide).

U-model lossy transmission-line model reference name. A
lossy transmission line model, used to represent the
characteristics of the W-element transmission line.

Internal field solver model name. References the PETL internal
field solver as the source of the transmission-line
characteristics (for syntax, see “Using the Field Solver
Model’chapter in the HSPICE Signal Integrity Guide).
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Parameter Description

NODEMAP String that assigns each index of the S parameter matrix to one
of the W Element terminals. This string must be an array of
pairs that consists of a letter and a number, (for example, Xn),
where

= X=1,1i, N, or n to indicate near end (input side) terminal of
the W element

= X=0,i, F, orftoindicate far end (output side) terminal of the
W element.

The default value for NODEMAP is "111213...In010203...0n"

Smodel S Model name reference, which contains the S parameters of
the transmission lines (for the S Model syntax, see the HSPICE
Signal Integrity Guide).

TABLEMODEL Name of the frequency-dependent tabular model.

Example 1
The W1 lossy transmission line connects the in node to the out node:

W1l in gnd out gnd RLGCfile=cable.rlgc N=1 L=5
Where,

®  Both signal references are grounded

®  The RLGC file is named cable.rlgc

®  The transmission line is 5 meters long.

Example 2
The Wcable element is a two-conductor lossy transmission line:

Wcable inl in2 gnd outl out2 gnd Umodel=umod_1 N=2
+ L=10

Where,

®" inl and in2 input nodes connect to the outl and out2 output node
®  Both signal references are grounded.

" umod_1 references the U-model.

®  The transmission line is 10 meters long.
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Example 3
The Wnetl element is a five-conductor lossy transmission line:

Wnetl 11 12 i3 14 i5 gnd ol gnd o3 gnd o5 gnd
+ FSmodel=boardl N=5 L=1m

Where,
" Theil, i2,i3, 14 and i5 input nodes connect to the 01, 03, and 05 output
nodes.

®  The i5 input and three outputs (01, 03, and 05) are all grounded.
®  pboardl references the Field Solver model.
®  The transmission line is 1 millimeter long.

Example 4: S Model Example

Wnetl i1 i2 gnd ol o2 gnd
+ Smodel=smod_1 nodemap=ili2olo2
+ N=2 L=10m

Where,

® inl and in2 input nodes connect to the out1 and out2 output node.
=  Both signal references are grounded.

"  smod_1 references the S Model.

®  The transmission line is 10 meters long.

You can specify parameters in the W Element card in any order. You can
specify the number of signal conductors, N, after the node list. You can also mix
nodes and parameters in the W Element card.

You can specify only one of the RLGCfile, FSmodel, Umodel, Or Smodel
models, in a single W Element card.

Figure 13 shows node numbering for the element syntax.
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Figure 13 Terminal Node Numbering for the W Element
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For additional information about the W element, see the “Modeling Coupled
Transmission Lines Using the W Element” chapter in the HSPICE Signal
Integrity User Guide.

Lossless (T Element)

General form:

Txxx 1in refin out refout Z0=val TD=val <L=val>
+ <IC=vl,1l1,v2,12>

Txxx 1in refin out refout Z0=val F=val <NL=val>
+ <IC=vl,11,v2,12>

U Model form:

Txxx 1n refin out refout mname L=val

Parameter Description

TxxXX Lossless transmission line element name. Must begin with T,
followed by up to 1023 alphanumeric characters.

in Signal input node.
refin Ground reference for the input signal.
out Signal output node.
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refout
Z0

TD

IC=v1,i1,v2,i2

NL

mname

Ground reference for the output signal.
Characteristic impedance of the transmission line.
Signal delay from a transmission line, in seconds per meter.

Physical length of the transmission line, in units of meters.
Default=1.

Initial conditions of the transmission line. Specify the voltage on
the input port (v1), current into the input port (i1), voltage on the
output port (v2), and the current into the output port (i2).

Frequency at which the transmission line has the electrical length
specified in NL.

Normalized electrical length of the transmission line (at the
frequency specified in the F parameter), in units of wavelengths
per line length. Default=0.25, which is a quarter-wavelength.

U-model reference name. A lossy transmission line model,
representing the characteristics of the lossless transmission line.

Only one input and output port is allowed.

Example 1

The T1 transmission line connects the in node to the out node:

Tl in gnd out gnd Z0=50 TD=5n L=5

=  Both signal references are grounded.

" |mpedance is 50 ohms.

®  The transmission delay is 5 nanoseconds per meter.

®  The transmission line is 5 meters long.

Example 2

The Tcable transmission line connects the in1 node to the outl node:

Tcable inl gnd outl gnd Z0=100 F=100k NL=1

= Both signal references are grounded.

® |mpedance is 100 ohms.

®" The normalized electrical length is 1 wavelength at 100 kHz.
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Example 3
The Tnetl transmission line connects the driver node to the output node:

Tnetl driver gnd output gnd Umodell L=1m
=  Both signal references are grounded.
®  Umodell references the U-model.

®  The transmission line is 1 millimeter long.

Ideal Transmission Line

For the ideal transmission line, voltage and current will propagate without loss
along the length of the line (xx direction) with spatial and time-dependence
given according to the following equation:

vix, t) = Re[Aei(wl_Bx)+Bej(m+Bx)]

W n) = Re| 7P 2]
Zy Zy
The A represents the incident voltage, B represents the reflected voltage, Z is

the characteristic impeadance, and j is the propagation constant. The latter are
related to the transmission line inductance (L) and capacitance (C) by the
following equation:

B=le,_C‘

The L and C terms are in per-unit-length units (Henries/meter, Farads/meter).
The following equation gives the phase velocity:

0 1
L. = —=

P B JLC
At the end of the transmission line (x = [ ), the propagation term B/ becomes
the following equation:

Bl = oJLC - I= mvi

p
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This is equivalent to an ideal delay with the following value:

7=2L - JLC.1
Ve
Where,

T : absolute time delay (sec)
[ : physical length (L) (meters)
V, : phase velocity (meters/sec)
Using standard distance=velocity*time relationships, the HSPICE T element
parameter values are related to these terms according to:
Vo=fh=+
lq
Where,
/= frequency
A : wavelength
1, - relative time delay (TD) (sec/meter)
T = Vip - td-z=#=%=ﬂ_c.l
Where,
1 : physical length (L) (meters)
173 > normalized length (NL)
7 . frequency at NL (F) (Hz)

T = TD-L:NTL:A/LC~L

HSPICE therefore allows you to specify a transmission line in three different

ways:
= 7, TD L
= Zo, NL F

=] withﬁ and ./LC values taken from a U model.
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Lossy (U Element)

Uxxx 1nl <in2 <...1inb5>> refin outl <out2 <...outbh>>
+ refout mname L=val <LUMPS=val>

Parameter Description

Uxxx Lossy (U Element) transmission line element name. Must begin with U,
followed by up to 1023 alphanumeric characters.

inx Signal input node for the x transmission line (inl is required).
refin Ground reference for the input signal.
outx Signal output node for the x™ transmission line (each input port must

have a corresponding output port).

refout Ground reference for the output signal.

mname Model reference name for the U-model lossy transmission-line.

L Physical length of the transmission line, in units of meters.

LUMPS Number of lumped-parameter sections used to simulate the element.

In this syntax, the number of ports on a single transmission line is limited to five
in and five out. One input and output port, the ground references, a model
reference, and a length are all required.

Example 1
The U1 transmission line connects the in node to the out node:

Ul in gnd out gnd umodel RG58 L=5
®  Both signal references are grounded.

®  umodel RG58 references the U-model.
®  The transmission line is 5 meters long.

Example 2

The Ucable transmission line connects the inl1 and in2 input nodes to the outl
and out2 output nodes:

Ucable inl in2 gnd outl out2 gnd twistpr L=10
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®  Both signal references are grounded.
®  twistpr references the U-model.
®  The transmission line is 10 meters long.

Example 3
The Unetl element is a five-conductor lossy transmission line:

Unetl i1 i2 i3 i4 i5 gnd ol gnd o3 gnd o5 gnd Umodell L=1m

" Theil, i2,i3, 4, and i5 input nodes connect to the 01, 03, and 05 output
nodes.

®" The i5 input, and the three outputs (01, 03, and 05) are all grounded.
®  Umodell references the U-model.

®  The transmission line is 1 millimeter long.

Frequency-Dependent Multi-Terminal S Element

The S element uses the following parameters to define a frequency-dependent,
multi-terminal network:

= S (scattering)

® Y (admittance)

= Z (impedance)

You can use an S element in the following types of analyses:
= DC

= AC

®  Transient

=  Small Signal

For a description of the S parameter and SP model analysis, see the
“S Parameter Modeling Using the S Element” chapter in the HSPICE Signal
Integrity Guide.

S Element Syntax (HSPICE):

Sxxx ndl nd2 ... ndN ndRef

+ <MNAME=Smodel_name> <FQMODEL=sp_model_name>

+ <TYPE=([s|y]> <Zo=[value|vector valuel>

+ <FBASE=base_frequency> <FMAX=maximum_ frequency>
+ <PRECFAC=val> <DELAYHANDLE=[1|0|ON|OFF]>
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<DELAYFREQ=val>
<INTERPOLATION=STEP | LINEAR | SPLINE>
<INTDATTYP =[RI|MA|DBA]> <HIGHPASS=value>
<LOWPASS=value> <MIXEDMODE=[0|1]>
<DATATYPE=data_string>

+ <DTEMP=val> <NOISE=[1]|0]>

S Element Syntax (HSPICE RF):
Sxxx ndl nd2 ... ndN [ndR] s_model name

S model Syntax (HSPICE):

.MODEL S _model name S

+ N=dimension

+ [FQMODEL=sp_model name | TSTONEFILE=filename |
+ CITIFILE=filename] <TYPE=[s | y]>
+
+
+

+ o+ 4+ + +

<Zo=[value | vector_valuel]>
<FBASE=base_ frequency> <FMAX=maximum frequency>
<PRECFAC=val> <DELAYHANDLE=0ON | OFF> <DELAYFREQ=val>

S Model Syntax (HSPICE RF):

.model S model name S

+ [FQMODEL=sp_model name | TSTONEFILE=filename |
+ CITIFILE=filename] <TYPE=[S | Y | Z]>
+ <FBASE=base_ frequency> <FMAX=max_frequency>
+ <Zo=[50 | vector_value ] | Zof=ref _model>
+ <HIGHPASS=[0 | 1 | 21> <LOWPASS=[0 | 1 | 21>
+ <DELAYHANDLE=[0 | 11> <DELAYFREQ=val>
Parameter Description
nd1l nd2 ... ndN Nodes of an S element (see Figure 14 on page 115). Three
kinds of definitions are present:
= With no reference node ndRef, the default reference
node in this situation is GND. Each node ndi (i=1~N) and
GND construct one of the N ports of the S element.
= With one reference node, ndref is defined. Each node
ndi (i=1~N) and the ndRef construct one of the N ports
of the S element.
With an N reference node, each port has its own reference
node. You can write the node definition in a clearer way as:
ndl+ ndl- nd2+ nd2- ... ndN+ ndN-
Each pair of the nodes (ndi+ and ndi-, i=1~N) constructs
one of the N ports of the S element.
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Parameter

Description

nd_ref or NdR
MNAME

FQOMODEL

TSTONEFILE

CITIFILE

TYPE

Zo

112

Reference node.
Name of the S model.

Frequency behavior of the S,Y, or Z parameters. .MODEL
statement of sp type, which defines the frequency-dependent
matrices array.

Name of a Touchstone file. Data contains frequency-
dependent array of matrixes. Touchstone files must follow the
.s#p file extension rule, where # represents the dimension of
the network.

For details, see Touchstone® File Format Specification by
the EIA/IBIS Open Forum (http://www.eda.org).

Name of the CITlfile, which is a data file that contains
frequency-dependent data.

For details, see Using Instruments with ADS by Agilent
Technologies (http://www.agilent.com).

Parameter type:

® S (scattering), the default
Y (admittance)
= Z (impedance)

Characteristic impedance value of the reference line
(frequency-independent). For multi-terminal lines (N>1),
HSPICE assumes that the characteristic impedance matrix
of the reference lines are diagonal, and their diagonal values
are set to Zo. You can also set a vector value for non-uniform
diagonal values. Use Zof to specify more general types of a
reference-line system. The default is 50.
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Parameter

Description

FBASE

FMAX

PRECFAC

DELAYHANDLE

DELAYFREQ

INTERPOLATION

Base frequency used for transient analysis. HSPICE uses
this value as the base frequency point for Inverse Fast
Fourier Transformation (IFFT).

= |f FBASE is not set, HSPICE uses a reciprocal of the
transient period as the base frequency.

= |f FBASE is set smaller than the reciprocal value of
transient period, transient analysis performs circular
convolution by using the reciprocal value of FBASE as a
base period.

Maximum frequency for transient analysis. Used as the
maximum frequency point for Inverse Fast Fourier Transform
(IFFT).

Preconditioning factor to avoid a singularity (infinite
admittance matrix). See Preconditioning S Parameters on
page 117. Default=0.75.

Delay frequency for transmission line type parameters.
Default=OFF.

= 1 of ON activates the delay handler. See Group Delay
Handler in Time Domain Analysis on page 116

= (O of OFF (default) deactivates the delay handler.

You must set the delay handler, if the delay of the model is

longer than the base period specified in the FBASE

parameter.

If you set DELAYHANDLE=OFF but DELAYFQ is not zero,
HSPICE simulates the S element in delay mode.

Delay frequency for transmission-line type parameters. The
default is FMAX. If the DELAYHANDLE is set to OFF, but
DELAYFREQ is nonzero, HSPICE still simulates the S
element in delay mode.

The interpolation method:

= STEP: piecewise step
®  SPLINE: b-spline curve fit
® LINEAR: piecewise linear (default)
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Parameter

Description

INTDATTYP

HIGHPASS

LOWPASS

MIXEDMODE

DATATYPE

114

Data type for the linear interpolation of the complex data.

= RI:real-imaginary based interpolation
= DBA: dB-angle based interpolation
= MA: magnitude-angle based interpolation (default)

Specifies high-frequency extrapolation:

0: Use zero in Y dimension (open circuit).

1: Use highest frequency.

2: Use linear extrapolation, with the highest two points.
3: Apply window function (default).

This option overrides EXTRAPOLATION in ,model SP.

Specifies low-frequency extrapolation:

0: Use zero in Y dimension (open circuit).

1. Use lowest frequency (default).

2: Use linear extrapolation, with the lowest two points.
This option overrides EXTRAPOLATION in .model SP.

Setto 1 if the parameters are represented in the mixed mode.

A string used to determine the order of the indices of the
mixed-signal incident or reflected vector. The string must be
an array of a letter and a number (Xn) where:

= X=D to indicate a differential term

=C to indicate a common term

=S to indicate a single (grounded) term
® n=the port number
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Parameter Description

DTEMP Temperature difference between the element and the circuit.2
Expressed in °C. The default is 0.0.

NOISE Activates thermal noise.

= ] (default): element generates thermal noise
= 0: element is considered noiseless

a. Circuit temperature is specified by using the . TEMP statement or by sweeping the global
TEMP variable in .DC, .AC, or . TRAN statements. When neither . TEMP or TEMP is used, circuit
temperature is set by using .OPTION TNOM. The default for TNOM is 25 °C, unless you use
.OPTION SPICE, which has a default of 27 °C. You can use the DTEMP parameter to specify
the temperature of the element.

You can set all optional parameters, except MNAME, in both the S element and
the S model statement. Parameters in element statements have higher
priorities. You must specify either the FQMODEL, TSTONEFILE, Of CITIFILE

parameter in either the S model or the S element statement.

When used with the generic frequency-domain model (.MODEL SP), an S
(scattering) element is a convenient way to describe a multi-terminal network.

Figure 14  Terminal Node Notation

O— ——O
vincl1 N+1 terminal system [VincIN
—> 1 N <
[vrefll —» <«— [vreflN

ndl O—— ——O ndN
(+) [v]1 (+) [VIN
) ndR

(reference node)
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Frequency Table Model

The frequency table model (SP model) is a generic model that you can use to
describe frequency-varying behavior. Currently, the S element and .LIN
command use this model. For a description of this model, see “Small-Signal
Parameter Data Frequency Table Model” in the HSPICE Signal Integrity User
Guide.

Group Delay Handler in Time Domain Analysis

The S element accepts a constant group delay matrix in time-domain analysis.
You can also express a weak dependence of the delay matrix on the frequency,
as a combination of the constant delay matrix and the phase shift value at each
frequency point.

To activate or deactivate this delay handler, specify the DELAYHANDLE keyword
in the S model statement.

The delay matrix is a constant matrix, which HSPICE RF extracts using finite
difference calculation at selected target frequency points. HSPICE RF obtains
the rw(i i delay matrix component as:
d0c:: o [ PR
v .= _Si_1 ~7Sj
o(l,]) do 2n  df
= fis the target frequency, which you can set using DELAYFREQ=val. The
default target frequency is the maximum frequency point.

u OSij is the phase of Sij.
After time domain analysis obtains the group delay matrix, the following

equation eliminates the delay amount from the frequency domain system-
transfer function:

joT
Y'mn(e) = Ymn(eo) *©

The convolution process then uses the following equation to calculate the
delay:

mn

1 — ! ! ! T
)y = ke Yk2ety = Y'kN() > (Vl(t—TKl)’ V2(t-Ty,) 7 YNt- TKN)
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Preconditioning S Parameters

Certain S parameters, such as series inductor (2-port), show a singularity when
converting S to Y parameters. To avoid this singularity, the S element
preconditions S matrices by adding kR, Series resistance:

S’ = [kl +(2-K)S][(2 + k)l - kS]_l
" Rf is the reference impedance vector.

®  kis the preconditioning factor.

To compensate for this modification, the S element adds a negative resistor
(-kR,ef) to the modified nodal analysis (NMA) matrix, in actual circuit

compensation. To specify this preconditioning factor, use the <PREFAC=val>
keyword in the S model statement. The default preconditioning factor is 0.75.

Figure 15 Preconditioning S Parameters

preconditioning
S . kRref S
NMA stamp
kRref A _
« v
Y
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IBIS Buffers

The general syntax of a B element card for IBIS 1/O buffers is:

118

bxxx node_ 1 node 2 ... node N

+ file='filename' model='model name'

+ keyword l=value_1 ... [keyword M=value M]

Parameter Description

bname Buffer name, and starts with the letter B, which can be

followed by up to 1023 alphanumeric characters.

node_1 node 2 ... List of I/O buffer external nodes. The number of nodes and
node N their meaning are specific to different buffer types.
file="filename’ Name of the IBIS file.

model="model_name’ Name of the model.

keyword_i=value_i Assigns a value of value_i to the keyword_i keyword.

Specify optional keywords in brackets ([]). For more
information about keywords, see “Specifying Common
Keywords” in the HSPICE Signal Integrity User Guide.

Example

Bl nd_pc nd_gc nd_in nd_out_of_in
+ buffer=1

+ file='test.ibs'

+ model='IBIS_IN'

This example represents an input buffer named B1.

The four terminals are named nd_pc, nd_gc, nd_in and nd_out_of in.
The IBIS model named IBIS_IN is located in the IBIS file named test.ibs.
Note:

HSPICE or HSPICE RF connects the nd_pc and nd_gc nodes to the
voltage sources. Do not manually connect these nodes to voltage
sources.

For more examples, see the “Modeling Input/Output Buffers Using IBIS”
chapter in the HSPICE Signal Integrity User Guide.
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Sources and Stimuli

Describes element and model statements for independent sources, dependent
sources, analog-to-digital elements, and digital-to-analog elements.

This chapter also explains each type of element and model statement and
provides explicit formulas and examples to show how various combinations of
parameters affect the simulation.

Independent Source Elements

Use independent source element statements to specify DC, AC, transient, and
mixed independent voltage and current sources. Depending on the analysis
performed, the associated analysis sources are used. The value of the DC
source is overriden by the zero time value of the transient source when a
transient operating point is calculated.

Source Element Conventions

You do not need to ground voltage sources. HSPICE or HSPICE RF assumes
that positive current flows from the positive node, through the source, to the
negative node. A positive current source forces current to flow out of the n+
node, through the source, and into the n- node.
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You can use parameters as values in independent sources. Do not use any of
the following reserved keywords to identify these parameters:

AC, ACI, AM, DC, EXP, PAT, PE, PL, PU, PULSE, PWL, R, RD, SFFM, Or SIN

Independent Source Element
Syntax

VxxXx n+ n- <<DC=> dcval> <tranfun> <AC=acmag> <acphase>>

Ixxx n+ n- <<DC=> dcval> <tranfun> <AC=acmag> <acphase>>
+ <M=val>

Parameter Description

VXXX Independent voltage source element name. Must begin with V, followed
by up to 1023 alphanumeric characters.

IXXX Independent current source element name. Must begin with I, followed
by up to 1023 alphanumeric characters.

n+ Positive node.
n- Negative node.
DC=dcval DC source keyword and value, in volts. The tranfun value at time zero

overrides the DC value. Default=0.0.

tranfun Transient source function (one or more of: AM, DC, EXP, PAT, PE, PL,
PU, PULSE, PWL, SFFM, SIN). The functions specify the
characteristics of a time-varying source. See the individual functions for

syntax.
AC AC source keyword for use in AC small-signal analysis.
acmag Magnitude (RMS) of the AC source, in volts.
acphase Phase of the AC source, in degrees. Default=0.0.
M Multiplier, to simulate multiple parallel current sources. HSPICE or

HSPICE RF multiplies source current by M. Default=1.0.
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Example 1
VX 1 0 5V
Where,

"  The VX voltage source has a 5-volt DC bias.
®  The positive terminal connects to node 1.
®  The negative terminal is grounded.

Example 2
VB 2 0 DC=VCC
Where,

®  The vcc parameter specifies the DC bias for the VB voltage source.
®  The positive terminal connects to node 2.
®  The negative terminal is grounded.

Example 3
VH 3 6 DC=2 AC=1,90
Where,

®" The VHvoltage source has a 2-volt DC bias, and a 1-volt RMS AC bias, with
90 degree phase offset.

®  The positive terminal connects to node 3.
®"  The negative terminal connects to node 6.

Example 4
IG 8 7 PL(IMA 0S 5MA 25MS)
Where,

®  The piecewise-linear relationship defines the time-varying response for the
IG current source, which is 1 milliamp at time=0, and 5 milliamps at 25
milliseconds.

®"  The positive terminal connects to node 8.
®  The negative terminal connects to node 7.
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Example 5
VCC in out VCC PWL 0 0 10NS VCC 15NS VCC 20NS 0
Where,

The vcc parameter specifies the DC bias for the vCC voltage source.

The piecewise-linear relationship defines the time-varying response for the
VCC voltage source, which is 0 volts at time=0, vcc from 10 to 15
nanoseconds, and back to 0 volts at 20 nanoseconds.

The positive terminal connects to the in node.
The negative terminal connects to the out node.

HSPICE or HSPICE RF determines the operating point for this source,
without the DC value (the result is 0 volts).

Example 6
VIN 13 2 0.001 AC 1 SIN (0 1 1MEG)
Where,

The VIN voltage source has a 0.001-volt DC bias, and a 1-volt RMS AC bias.

The sinusoidal time-varying response ranges from 0 to 1 volts, with a
frequency of 1 megahertz.

The positive terminal connects to node 13.
The negative terminal connects to node 2.

Example 7
ISRC 23 21 AC 0.333 45.0 SFFM (0 1 10K 5 1K)

Where,

The ISRC current source has a 1/3-amp RMS AC response, with a 45-
degree phase offset.

The frequency-modulated, time-varying response ranges from 0O to 1 volts,
with a carrier frequency of 10 kHz, a signal frequency of 1 kHz, and a
modulation index of 5.

The positive terminal connects to node 23.
The negative terminal connects to node 21.
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Example 8
VMEAS 12 9

Where,
"  The VMEAS voltage source has a 0-volt DC bias.
®  The positive terminal connects to node 12.

®  The negative terminal connects to node 9.

DC Sources

For a DC source, you can specify the DC current or voltage in different ways:
vl 1 0 DC=5V

vl 1l 0 5V
I1 1 0 DC=5mA
I1 1 0 5mA

®  The first two examples specify a DC voltage source of 5V, connected
between node 1 and ground.

®  The third and fourth examples specify a 5 mA DC current source, between
node 1 and ground.

The direction of current in both sources is from node 1 to ground.

AC Sources

AC current and voltage sources are impulse functions, used for an AC analysis.
To specify the magnitude and phase of the impulse, use the AC keyword.

vl 1l 0 AC=10V,90
VIN 1 0 AC 10V 90

The preceding two examples specify an AC voltage source, with a magnitude of
10 V and a phase of 90 degrees. To specify the frequency sweep range of the
AC analysis, use the .AcC analysis statement. The AC or frequency domain
analysis provides the impulse response of the circuit.
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Transient Sources

For transient analysis, you can specify the source as a function of time. The
following functions are available:

"  Trapezoidal pulse (PULSE function)

®  Sinusoidal (SIN function)

®  Exponential (EXP function)

"  Piecewise linear (PWL function)

= Single-frequency FM (SFFM function)
®  Single-frequency AM (aM function)

=  Pattern (PAT function)

Pseudo Random-Bit Generator Source (PRBS function)

Mixed Sources

Mixed sources specify source values for more than one type of analysis. For
example, you can specify a DC source, an AC source, and a transient source,
all of which connect to the same nodes. In this case, when you run specific
analyses, HSPICE or HSPICE RF selects the appropriate DC, AC, or transient
source. The exception is the zero-time value of a transient source, which over-
rides the DC value; it is selected for operating-point calculation for all analyses.

Example
VIN 13 2 0.5 AC 1 SIN (0 1 1MEG)

Where,

= DCsourceof 0.5V

= ACsourceof1V

®  Transient damped sinusoidal source

Each source connects between nodes 13 and 2.

For DC analysis, the program uses zero source value, because the sinusoidal
source is zero at time zero.
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Port Element

The port element identifies the ports used in . LIN analysis. Each port element
requires a unique port number. If your design uses N port elements, your netlist
must contain the sequential set of port numbers, 1 through N (for example, in a
design containing 512 ports, you must number each port sequentially, 1 to
512).

Each port has an associated system impedance, zo. If you do not explicitly
specify the system impedance, the default is 50 ohms.

The port element behaves as either a noiseless impedance or a voltage source
in series with the port impedance for all other analyses (DC, AC, or TRAN).

®  You can use this element as a pure terminating resistance or as a voltage or
power source.

®  You can use the RDC, RAC, RHB, RHBAC, and rtran values to override the port
impedance value for a particular analysis.

Syntax

Pxxx p n port=portnumber

S **** yoltage or Power Information *******x%

<DC mag> <AC <mag <phase>>> <HBAC <mag <phase>>>
<HB <mag <phase <harm <tone <modharm <modtone>>>>>>>
<transient_waveform> <TRANFORHB=[0|1]>
<DCOPEN=[0|1]>

S **** Gource Impedance Information ******x*x%
<Z0=val> <RDC=val> <RAC=val>

<RHBAC=val> <RHB=val> <RTRAN=val>

$ * k% k% Power SWitCh * k k) Kk kK%
<power=[0|1]2|wW|dbm]>

++ + +++ o+ o+ +

Parameter Description

port=portnumber The port number. Numbered sequentially beginning
with 1 with no shared port numbers.

<DC mag> DC voltage or power source value.
<AC <mag <phase>>> AC voltage or power source value.

<HBAC <mag <phase>>> (HSPICE RF) HBAC voltage or power source value.
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Parameter

Description

<HB <mag <phase <harm
<tone <modharm
<modtone>>>>>>>

<transient_waveform>
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(HSPICE RF) HB voltage, current, or power source
value. Multiple HB specifications with different harm,
tone, modharm, and modtone values are allowed.

= phase is in degrees

®= harm and tone are indices corresponding to the
tones specified in the .HB statement. Indexing starts
at 1 (corresponding to the first harmonic of a tone).

®= modtone and modharm specify sources for multi-
tone simulation. A source specifies a tone and a
harmonic, and up to 1 offset tone and harmonic
(modtone for tones and modharm for harmonics).
The signal is then described as:
V(or I)=mag*cos(2*pi*
(harm*tone+modharm*modtone)*t + phase)

(Transient analysis) Voltage or power source waveform.
Any one of waveforms: AM, EXP, PULSE, PWL, SFFM,
SIN, or PRBS. Multiple transient descriptions are not
allowed.
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Parameter

Description

<TRANFORHB=[0|1]>

DCOPEN

<z0=val>

= Q (default): The transient description is ignored if an
HB value is given or a DC value is given. If no DC or
HB value is given and TRANFORHB=0, then HB
analysis treats the source as a DC source, and the
DC source value is the time=0 value.

= 1: HB analysis uses the transient description if its
value is VMRF, SIN, PULSE, PWL, or LFSR. If the
type is a hon-repeating PWL source, then the
time=infinity value is used as a DC analysis source
value. For example, the following statement is treated
as a DC source with value=1 for HB analysis:
v1I10PWL(O0O01n11ul)
+ TRANFORHB=1
In contrast, the following statement is a OV DC
source:
v1I10PWL(O0O01n11u1l)
+ TRANFORHB=0
The following statement is treated as a periodic
source with a 1us period that uses PWL values:
vI10PWL(O0O01In10.999u11u0)R
+ TRANFORHB=1

To override the global TRANFORHB option, explicitly

set TRANFORHB for a voltage or current source.

Switch for open DC connection when DC mag is not set.

= ( (default): P element behaves as an impedance
termination.

= 1:P elementis considered an open circuit in DC
operating point analysis. DCOPEN=1 is mainly used
in .LIN analysis so the P element will not affect the
self-biasing device under test by opening the
termination at the operating point.

(LIN analysis) System impedance used when
converting to a power source, inserted in series with the
voltage source. Currently, this only supports real
impedance.

= When power=0, z0 defaults to 0.
= When power=1, z0 defaults to 50 ohms.
You can also enter zo=val.
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Parameter Description

<RDC-=val> (DC analysis) Series resistance (overrides z0).

<RAC=val> (AC analysis) Series resistance (overrides z0).

<RHBAC=val> (HSPICE RF HBAC analysis) Series resistance
(overrides z0).

<RHB=val> (HSPICE RF HB analysis) Series resistance (overrides
z0).

<RTRAN=val> (Transient analysis) Series resistance (overrides z0).

<power=[0|1|2|W |dbm]> (HSPICE RF) power switch

= When 0 (default), element treated as a voltage or
current source.

= When 1 or W, element treated as a power source,
realized as a voltage source with a series
impedance. In this case, the source value is
interpreted as RMS available power in units of Watts.

= When 2 or dbm, element treated as a power source
in series with the portimedance. Values are in doms.

You can use this parameter for transient analysis if the

power source is either DC or SIN.

Example

For example, the following port element specifications identify a 2-port network
with 50-Ohm reference impedances between the "in" and "out" nodes.

Pl in gnd port=1 z0=50
P2 out gnd port=2 z0=50

Computing scattering parameters requires z0 reference impedance values.
The order of the port parameters (in the P Element) determines the order of the
S, Y, and Z parameters. Unlike the .NET command, the .L.IN command does
not require you to insert additional sources into the circuit. To calculate the
requested transfer parameters, HSPICE automatically inserts these sources as
needed at the port terminals. You can define an unlimited number of ports.
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Independent Source Functions
HSPICE or HSPICE RF uses the following types of independent source
functions:
®  Trapezoidal pulse (PULSE function)
®  Sinusoidal (SIN function)
=  Exponential (ExP function)
"  Piecewise linear (PwWL function)
®  Single-frequency FM (SFFM function)
®  Single-frequency AM (amM function)
=  Pattern (PAT function)
Pseudo Random-Bit Generator Source (PRBS function)

HSPICE also provides a data-driven version of PWL (not supported in HSPICE
RF). If you use the data-driven PWL, you can reuse the results of an experiment
or of a previous simulation, as one or more input sources for a transient
simulation.

If you use the independent sources supplied with HSPICE or HSPICE RF, you
can specify several useful analog and digital test vectors for steady state, time
domain, or frequency domain analysis. For example, in the time domain, you
can specify both current and voltage transient waveforms, as exponential,
sinusoidal, piecewise linear, AM, or single-sided FM functions.

Trapezoidal Pulse Source

HSPICE or HSPICE RF provides a trapezoidal pulse source function, which
starts with an initial delay from the beginning of the transient simulation interval,
to an onset ramp. During the onset ramp, the voltage or current changes
linearly, from its initial value, to the pulse plateau value. After the pulse plateau,
the voltage or current moves linearly, along a recovery ramp, back to its initial
value. The entire pulse repeats, with a period named per, from onset to onset.
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Syntax

Vxxx n+ n- PU<LSE> < (>vl v2 <td <tr <tf <pw <per>>>>> <)>

Ixxx n+ n- PU<LSE> <(>vl1 v2 <td <tr <tf <pw + <per>>>>> <)>

Parameter Description

VXXX, IXXX Independent voltage source, which exhibits the pulse response.

PULSE Keyword for a pulsed time-varying source. The short form is PU.

vl Initial value of the voltage or current, before the pulse onset (units of
volts or amps).

v2 Pulse plateau value (units of volts or amps).

td Delay (propagation) time in seconds, from the beginning of the
transient interval, to the first onset ramp. Default=0.0; HSPICE or
HSPICE RF sets negative values to zero.

tr Duration of the onset ramp (in seconds), from the initial value, to the
pulse plateau value (reverse transit time). Default=TSTEP.

tf Duration of the recovery ramp (in seconds), from the pulse plateau,
back to the initial value (forward transit time). Default=TSTEP.

pw Pulse width (the width of the plateau portion of the pulse), in
seconds. Default=TSTOP.

per Pulse repetition period, in seconds. Default=TSTOP.

Table 8  Time-Value Relationship for a PULSE Source

Time Value
0 vl
td vl
td +tr v2
td + tr + pw V2
td +tr + pw + tf vl
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Table 8  Time-Value Relationship for a PULSE Source (Continued)

Time Value

tstop vl

Linear interpolation determines the intermediate points.
Note:
TSTEP is the printing increment, and TSTOP is the final time.

Example 1

The following example shows the pulse source, connected between node 3 and
node 0. In the pulse:

®"  The output high voltage is 1 V.

®"  The output low voltage is -1 V.

®  The delay is 2 ns.

®  The rise and fall time are each 2 ns.

®  The high pulse width is 50 ns.

®  The period is 100 ns.

VIN 3 0 PULSE (-1 1 2NS 2NS 2NS 50NS 100NS)

Example 2

The following example is a pulse source, which connects between node 99 and
node 0. The syntax shows parameter values for all specifications.

V1l 99 0 PU 1lv hv tdlay tris tfall tpw tper

Example 3

The following example shows an entire netlist, which contains a PULSE voltage
source. In the source:

®  The initial voltage is 1 volt.

®" The pulse voltage is 2 volts.

®  The delay time, rise time, and fall time are each 5 nanoseconds.
®  The pulse width is 20 nanoseconds.

®"  The pulse period is 50 nanoseconds.
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This example is based on demonstration netlist pulse.sp, which is available in
directory $<installdir>/demo/hspice/sources:

file pulse.sp test of pulse

.option post

.tran .5ns 75ns

vpulse 1 0 pulse( vl v2 td tr tf pw per )

rl 101

.param vl=1lv v2=2v td=5ns tr=5ns tf=5ns pw=20ns per=50ns
.end

Figure 16 shows the result of simulating this netlist, in HSPICE or HSPICE RF.

Figure 16 Pulse Source Function
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Sinusoidal Source Function

HSPICE or HSPICE RF provides a damped sinusoidal source funtion, which is
the product of a dying exponential with a sine wave. To apply this waveform,
you must specify:

=  Sine wave frequency

"  Exponential decay constant

®  Beginning phase

®  Beginning time of the waveform
Syntax

Vxxx n+ n- SIN < (> vo va <freqg <td <g <j>>>> <)>

Ixxx n+ n- SIN <(> vo va <freqg <td <g <j>>>> <)>

Parameter Description

VXXX, IXXX Independent voltage source that exhibits the sinusoidal response.
SIN Keyword for a sinusoidal time-varying source.

o] Voltage or current offset, in volts or amps.

va Voltage or current peak value (vpeak), in volts or amps.

freq Source frequency in Hz. Default=1/TSTOP.

td Time (propagation) delay before beginning the sinusoidal variation, in

seconds. Default=0.0. Response is 0 volts or amps, until HSPICE or
HSPICE RF reaches the delay value, even with a non-zero DC voltage.

q Damping factor, in units of 1/seconds. Default=0.0.
j Phase delay, in units of degrees. Default=0.0.
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The following table of expressions defines the waveform shape:

Table 9  Waveform Shape Expressions
Time Value
Ototd .
vo +va - SIN(2 31;[0 (P)
td to tstop vo +va - Exp[—(Time —td) - 0]

SIN{Z -IT- [freq - (time —td) + %}}

60

In these expressions, TSTOP is the final time.

Example

VIN 3 0 SIN

(01 100MEG 1NS 1el0)

This damped sinusoidal source connects between nodes 3 and 0. In this
waveform:

Peak value is 1 V.

Offsetis 0 V.

Frequency is 100 MHz.
Time delay is 1 ns.

Damping factor is 1e10.
Phase delay is zero degrees.

See Figure 17 on page 135 for a plot of the source output.
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Figure 17  Sinusoidal Source Function
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This example is based on demonstration netlist sin.sp, which is available in
directory $<installdir>/demo/hspice/sources:

*file: sin.spsinusoidal source
.options post

.param v0=0 va=1 freg=100meg delay=2n theta=5e7 phase=0
v 1 0 sin(v0 va freq delay theta phase)

rl 01

.tran .05n 50n

.end
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Table 10 SIN Voltage Source

Parameter Value
initial voltage 0 volts
pulse voltage 1 volt

delay time

frequency

damping factor

2 nanoseconds

100 MHz

50 MHz

Exponential Source Function

HSPICE or HSPICE RF provides a exponential source function, in an
independent voltage or current source.

Syntax

Vxxx n+ n- EXP < (> vl v2 <tdl <tl <td2 <t2>>>> <)>

Ixxx n+ n- EXP < (> vl v2 <tdl <tl <td2 <t2>>>> <)>

Parameter Description

VXXX, IXXX Independent voltage source, exhibiting an exponential response.
EXP Keyword for an exponential time-varying source.

vl Initial value of voltage or current, in volts or amps.

v2 Pulsed value of voltage or current, in volts or amps.

tdl Rise delay time, in seconds. Default=0.0.

td2 Fall delay time, in seconds. Default=td1+TSTEP.

t1 Rise time constant, in seconds. Default=TSTEP.

t2 Fall time constant, in seconds. Default=TSTEP.
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TSTEP is the printing increment, and TSTOP is the final time.
The following table of expressions defines the waveform shape:
Table 11 Waveform Shape Definitions

Time Value
0 to tdl vl
td1 to td2 o
I+ (v2-v1)- [1 - exp(_Mﬂ
T
td2 to tsto -
p V1+(v2—v1)-[1—exp(_Mﬂ+
T
(v1-v2)-|1- exp(_Mﬂ
T2
Example

VIN 3 0 EXP (-4 -1 2NS 30NS 60NS 40NS)

The above example describes an exponential transient source, which connects
between nodes 3 and 0. In this source:

= |nitial t=0 voltage is -4 V.
®"  Final voltage is -1 V.

=  Waveform rises exponentially, from -4 V to -1 V, with a time constant of 30

ns.
® At 60 ns, the waveform starts dropping to -4 V again, with a time constant of
40 ns.
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Figure 18 Exponential Source Function
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This example is based on demonstration netlist exp.sp, which is available in
directory $<installdir>/demo/hspice/sources:

*file:

.options post
.param v0=-4 va=-1 tdl=5n taul=30n tau2=40n td2=80n
v 1 0 exp(v0 va tdl taul td2 tau2)

r 101

.tran .05n 200n
.end

exp.spexponential independant source

This example shows an entire netlist, which contains an EXP voltage source. In
this source:

Initial t=0 voltage is -4 V.
Final voltage is -1 V.
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= Waveform rises exponentially, from -4 V to -1 V, with a time constant of 30
ns.

= At 80 ns, the waveform starts dropping to -4 V again, with a time constant of
40 ns.

Piecewise Linear Source

HSPICE or HSPICE RF provides a piecewise linear source function, in an
independent voltage or current source.

General Form

Vxxx n+ n- PWL <(> tl1 vl <t2 v2 t3 v3..> <R <=repeat>>
+ <TD=delay> <)>

Ixxx n+ n- PWL < (> tl vl <t2 v2 t3 v3.> <R <=repeat>>
+ <TD=delay> <)>

MSINC and ASPEC Form

Vxxx n+ n- PL <(> vl tl <v2 t2 v3 t3.> <R <=repeat>>
+ <TD=delay> <)>

Ixxx n+ n- PL <(> vl tl <v2 t2 v3 t3.> <R <=repeat>>
+ <TD=delay> <)>

Parameter Description
VXXX, IXXX Independent voltage source; uses a piecewise linear response.
PWL Keyword for a piecewise linear time-varying source.

viv2...vn Current or voltage values at the corresponding timepoint.

t1t2 ... tn Timepoint values, where the corresponding current or voltage value is
valid.
R=repeat Keyword and time value to specify a repeating function. With no

argument, the source repeats from the beginning of the function.
repeat is the time, in units of seconds, which specifies the start point
of the waveform to repeat. This time needs to be less than the greatest
time point, tn.
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Parameter Description

TD=delay Time, in units of seconds, which specifies the length of time to delay
(propagation delay) the piecewise linear function.

®  Each pair of values (t1, v1) specifies that the value of the source is v71 (in
volts or amps), at time t1.

® Linear interpolation between the time points determines the value of the
source, at intermediate values of time.

®  The PL form of the function accommodates ASPEC style formats, and
reverses the order of the time-voltage pairs to voltage-time pairs.

= |fyou do not specify a time-zero point, HSPICE or HSPICE RF uses the DC
value of the source, as the time-zero source value.

HSPICE or HSPICE RF does not force the source to terminate at the TSTOP
value, specified in the . TRAN statement.

If the slope of the piecewise linear function changes below a specified
tolerance, the timestep algorithm might not choose the specified time points as
simulation time points. To obtain a value for the source voltage or current,
HSPICE or HSPICE RF extrapolates neighboring values. As a result, the
simulated voltage might deviate slightly from the voltage specified in the PWL
list. To force HSPICE or HSPICE RF to use the specified values, use .0OPTION
SLOPETOL, which reduces the slope change tolerance.

R causes the function to repeat. You can specify a value after this R, to indicate
the beginning of the function to repeat. The repeat time must equal a
breakpoint in the function. For example, if t1=1, {2=2, t3=3, and t4=4, then the
repeat value can be 1, 2, or 3.

Specify TD=val to cause a delay at the beginning of the function. You can use
TD with or without the repeat function.
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Example

This example is based on demonstration netlist pwl.sp, which is available in
directory $<installdir>/demo/hspice/sources:

file pwl.sp repeated piecewise linear source

.option post

.tran 5n 500n

vl 1 0 pwl 60n Ov, 120n Ov, 130n 5v, 170n 5v, 180n Ov, r
rl 101

v2 2 0 pl Ov 60n, Ov 120n, 5v 130n, 5v 170n, Ov 180n, r 60n
r2 2 01
.end

This example shows an entire netlist, which contains two piecewise linear
voltage sources. The two sources have the same function:

®  Firstis in normal format. The repeat starts at the beginning of the function.
®  Second is in ASPEC format. The repeat starts at the first timepoint.

See Figure 19 for the difference in responses.
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Figure 19  Results of Using the Repeat Function
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Data-Driven Piecewise Linear Source
HSPICE provides a data-driven piecewise linear source function, in an
independent voltage or current source.
Syntax
Vxxx n+ n- PWL (TIME, PV)
Ixxx n+ n- PWL (TIME, PV)
.DATA dataname
TIME PV
tl vl
t2 v2
t3 v3
td v4
.ENDDATA
. TRAN DATA=datanam
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Parameter Description
TIME Parameter name for time value, provided in a .DATA statement.
PV Parameter name for amplitude value, provided in a .DATA statement.

You must use this source with a . DATA statement that contains time-value
pairs. For each tn-vn (time-value) pair that you specify in the . DATA block, the
data-driven PWL function outputs a current or voltage of the specified tn
duration and with the specified vn amplitude.

When you use this source, you can reuse the results of one simulation, as an
input source in another simulation. The transient analysis must be data-driven.

Example

This example is based on demonstration netlist datadriven_pwl.sp, which is
available in directory $<installdir>/demo/hspice/sources:

*DATA DRIVEN PIECEWISE LINEAR SOURCE
.options list node post

vl 1l 0 PWL(TIME, pvl)

R1 101

V2 2 0 PWL(TIME, pv2)

R2 2 01

.DATA dsrc

TIME pvl pv2

On 5v Ov

5n 0v 5v

10n Ov 5v

.ENDDATA

.TRAN 1p 10n sweep DATA=dsrc
.END

This example is an entire netlist, containing two data-driven, piecewise linear
voltage sources. The .DATA statement contains the two sets of values
referenced in the pv1 and pv2 sources. The . TRAN statement references the
data name.

Single-Frequency FM Source

HSPICE or HSPICE RF provides a single-frequency FM source function, in an
independent voltage or current source.
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Syntax

VXxx n+ n- SFFM < (> vo va <fc <mdi <fs>>> <)>

Ixxx n+ n- SFFM < (> vo va <fc <mdi <fs>>> <)>

Parameter Description

VXXX, IXXX Independent voltage source, which exhibits the frequency-
modulated response.

SFFM Keyword for a single-frequency, frequency-modulated, time-varying
source.

VO Output voltage or current offset, in volts or amps.

va Output voltage or current amplitude, in volts or amps.

fc Carrier frequency, in Hz. Default=1/TSTOP.

mdi Modulation index, which determines the magnitude of deviation from
the carrier frequency. Values normally lie between 1 and 10.
Default=0.0.

fs Signal frequency, in Hz. Default=1/TSTOP.

The following expression defines the waveform shape:
sourcevalue = vo+va-SIN[2 -7 -fc-Time+mdi-SIN(2-n-fs-Time)]

Example

This example is based on demonstration netlist sffm.sp, which is available in
directory $<installdir>/demo/hspice/sources:

*file: sffm.spfrequency modulation source
.options post

vsffl 15 0 dc 3v sffm(0v 1v 20k 10 5k)
rssfl 15 0 1

.tran .00lms .b5ms

.probe tran v(15)

.end

This example shows an entire netlist, which contains a single-frequency,
frequency-modulated voltage source. In this source.

®  The offset voltage is 0 volts.

®  The maximum voltage is 1 millivolt.
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®  The carrier frequency is 20 kHz.

®  The signalis 5 kHz, with a modulation index of 10 (the maximum wavelength
is roughly 10 times as long as the minimum).

Figure 20  Single Frequency FM Source

Single Frequency FM Source
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Single-Frequency AM Source

HSPICE or HSPICE RF provides a single-frequency AM source function in an
independent voltage or current source.

Syntax

Vxxx n+ n- AM < (> sa oc fm fc <td> <)>
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Ixxx n+ n- AM < (> sa oc fm fc <td> <)>

Parameter Description

VxxX, Ixxx  Independent voltage source, which exhibits the amplitude-modulated

response.
AM Keyword for an amplitude-modulated, time-varying source.
sa Signal amplitude, in volts or amps. Default=0.0.
fc Carrier frequency, in hertz. Default=0.0.
fm Modulation frequency, in hertz. Default=1/TSTOP.
oc Offset constant, a unitless constant that determines the absolute

magnitude of the modulation. Default=0.0.

td Delay time (propagation delay) before the start of the signal, in seconds.
Default=0.0.

The following expression defines the waveform shape:
sourcevalue = sa-{oc+ SIN[2 -7 -fm-(Time—td)]} -SIN[2 -7 -fc-(Time—td)]

Example

This example is based on demonstration netlist amsrc.sp, which is available in
directory $<installdir>/demo/hspice/sources:

*file amsrc.sp amplitude modulation
.option post
.tran .01lm 20m

vl 1l 0 am(10 1 100 1k 1m)
rl 1 0 1

v2 2 0 am(2.5 4 100 1k 1m)
r2 2 01

v3 3 0 am(10 1 1k 100 1m)
r3 3 01
.end

This example shows an entire netlist, which contains three amplitude-
modulated voltage sources.
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" In the first source:
*  Amplitude is 10.
» Offset constant is 1.
» Carrier frequency is 1 kHz.
*  Modulation frequency of 100 Hz.
* Delay is 1 millisecond.

®" Inthe second source, only the amplitude and offset constant differ from the
first source:

 Amplitude is 2.5.

» Offset constant is 4.

o Carrier frequency is 1 kHz.

e Modulation frequency of 100 Hz.
» Delay is 1 millisecond.

®  The third source exchanges the carrier and modulation frequencies,
compared to the first source:

* Amplitude is 10.

» Offset constant is 1.

e Carrier frequency is 100 Hz.

* Modulation frequency of 1 kHz.

* Delay is 1 millisecond.
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Figure 21 Amplitude Modulation Plot
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Pattern Source

HSPICE or HSPICE RF provides a pattern source function, in an independent
voltage or current source. The pattern source function uses four states,
'1','0','m’, and 'z', which represent the high, low, middle voltage, or current and
high impedance state respectively. The series of these four states is called a “b-
string.”

Syntax
Vxxx n+ n- PAT <(> vhi vlo td tr tf tsample data <RB=val>

+ <R=repeat> <)>

Ixxx n+ n- PAT < (> vhi vilo td tr tf tsample data <RB=val>
+ <R=repeat> <)>
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Parameter

Description

VXXX, IXXX
PAT

vhi

vilo

td

tr

tf

tsample

data

RB

R=repeat

Independent voltage source that exhibits a pattern response.
Keyword for a pattern time-varying source.

High voltage or current value for pattern sources (units of volts
or amps).

Low voltage or current value for pattern sources (units of volts
or amps).

Delay (propagation) time in seconds from the beginning of the
transient interval to the first onset ramp. It can be negative. The
state in the delay time is the same as the first state specified in
data.

Duration of the onset ramp (in seconds) from the low value to
the high value (reverse transit time).

Duration of the recovery ramp (in seconds) from the high value
back to the low value (forward transit time).

Time spent at '0' or '1' or 'M' or 'Z' pattern value (in seconds).

String of '1' '0','M', 'Z' representing a pattern source. The first
alphabet must be 'B’, which represents it is a binary bit stream.
This series is called b-string. '1' represents the high voltage or
current value, '0' is the low voltage or current value, 'M'
represents the value which is equal to 0.5*(vhi+vlo).'Z'
represents the high impedance state (only for voltage source).

Keyword to specify the starting bit when repeating. The repeat
data starts from the bit indicated by RB. RB must be an integer.
If the value is larger than the length of the b-string, an error is
reported. If the value is less than 1, it is set to 1 automatically.

Keyword to specify how many times to execute the repeating
operation be executed. With no argument, the source repeats
from the beginning of the b-string. If R=-1, it means the
repeating operation will continue forever. R must be an integer
and if it is less than -1, it will be set to 0 automatically.
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The time from 0 to the first transition is:
tdelay+N*tsample-tr (tf) /2

® N is the number of the same bit, from the beginning.
= |f the first transition is rising, this equation uses tr.
=  |f the first transition is falling, it uses tf.

Example
The following example shows a pattern source with two b-strings:

*FILE: pattern source gereral form
vl 1l 0 pat (5 0 On 1In 1In 5n b1011 r=1 rb=2 bOmlz)
rl 1 0 1

In this pattern:

®" High voltage is5v
®" Low voltage isOv
" TimedelayisOn
" Risetimeis1ln

"  Falltimeis1n

= Sample timeis 5 n

The first b-string is 1011, which repeats once and then repeats from the
second bit, which is 0. The second b-string is Om1z. Since neither R and RB is
specified here, they are set to the default value, which is R=0, RB=1.
Example

The following b-string and its repeat time R and repeating start bit RB cannot
use a parameter—it is considered as a undivided unit in HSPICE and can only
be defined in a .PAT command.

*FILE:pattern source using parameter

.param td=40ps tr=20ps tf=80ps tsample=400ps
VIN 1 0 PAT (2 0 td tr tf tsample b1010110 r=2)
rl 101

In this pattern:

® High voltage is 2 V.
®" Low voltageis O V.
"  Time delay is 40 ps.

HSPICE® Simulation and Analysis User Guide
Y-2006.03



Chapter 5: Sources and Stimuli
Independent Source Functions

®  Risetimeis 20 ps.

"  Fall time is 80 ps.

= Sample time is 400 ps.
®= Datais 1010110.

Nested-Structure Pattern Source HSPICE provides Nested Structure (NS)
for the pattern source function to construct complex waveforms. NS is a
combination of a b-string and other nested structures defined in a .PAT
command, which is explained later in this section.

The following general syntax is for an NS pattern source.

Syntax

Vxxx n+ n- PAT <(> vhi vlio td tr tf tsample

+ [component 1 ... component n] <RB=val> <R=repeat> <)>

Ixxx n+ n- PAT <(> vhi vlio td tr tf tsample

+ [component 1 ... component n] <RB=val> <R=repeat> <) >

Parameter Description

component Component is the element that makes up NS, which can be
a b-string or a patname defined in other pAT commands.
Brackets ([]) must be used.

RB=val Keyword to specify the starting component when
repeating. The repeat data starts from the component
indicated by RB. RB must be an integer. If RB is larger than
the length of the NS, an error is reported. If RB is less than
1, it is automatically set to 1.

R=repeat Keyword to specify how many times the repeating

operation is executed. With no argument, the source
repeats from the beginning of the NS. If R=-1, the repeating
operation continuse forever. R must be an integer, and if it
is less than -1, it is automatically set to 0.

If the component is a b-string, it can also be followed by R=repeat and
RB=val to specify the repeat time and repeating start bit.

Example

*FILE: Pattern source using nested structure
vl 1 0 pat (5 0 On 1n 1In 5n [b1011 r=1 rb=2 bOmlz] r=2 rb=2)
rl 1 0 1
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When expanding the nested structure, you get the pattern source like this:
'b1011 r=1 rb=2 bOmlz bOmlz bOmlz'

The whole NS repeats twice, and each time it repeats from the second bOm1z
component.

Pattern-Command Driven Pattern Source The following general syntax is
for including a pattern-command driven pattern source in an independent
voltage or current source. The RB and R of a b-string or NS can be reset in an
independent source. With no argument, the R and RB are the same when
defined in the pattern command.

Syntax

Vxxx n+ n- PAT < (> vhi vlo td tr tf tsample PatName <RB=val>
+ <R=repeat> <)>
Ixxx n+ n- PAT < (> vhi vilo td tr tf tsample Patname <RB=val>
+ <R=repeat> <)>

Additional syntax applies to the . PAT-command driven pattern source:

.PAT <PatName>=data <RB=val> <R=repeat>
.PAT <patName>=[component 1 ... component n] <RB=val>
<R=repeat>

The PatName is the pattern name that has an associated b-string or nested
structure.
Example 1

vl 1 0 pat (5 0 On 1n 1n 5n al a2 r=2 rb=2)
.PAT al=bl010 r=1 rb=1
.PAT a2=b0101 r=1 rb=1

The final pattern source is:
1010 r=1 rb=1 b0101 r=2 rb=2

When the independent source uses the pattern command to specify its pattern
source, r and rb can be reset.

Example 2

*FILE 2: Pattern source driven by pattern command
vl 1 0 pat (5 0 On 1n 1n 5n [al b0011l] r=1 rb=1l)
.PAT al=[bl010 b0101] r=0 rb=1
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The final pattern source is:
b1010 b0101 0011 1010 bO101 bOO11

The a1l is a predefined NS, and it can be referenced by pattern source.

Pseudo Random-Bit Generator Source

HSPICE or HSPICE RF Pseudo Random Bit Generator Source (PRBS)
function, in an independent voltage or current source. This function can be
used in several applications from cryptography and bit-error-rate measurement,
to wireless communication systems employing spread spectrum or CDMA
techniques. In general, PRBS uses a Linear Feedback Shift Register (LFSR) to
generate a pseudo random bit sequence.

Syntax

Vxxx n+ n- LFSR < (> vlow vhigh tdelay trise tfall rate seed <[>
+ taps <]> <rout=val> <)>

IxxxX n+ n- LFSR < (> vlow vhigh tdelay trise tfall rate seed <[>
+ taps <]> <rout=val> <)>

Parameter Description

LFSR Specifies the voltage or current source as PRBS.

viow The minimum voltage or current level.

vhigh The maximum voltage or current level.

tdelay Specifies the initial time delay to the first transition.

trise Specifies the duration of the onset ramp (in seconds), from the initial value

to the pulse plateau value (reverse transit time).

tfall Specifies the duration of the recovery ramp (in seconds), from the pulse
plateau, back to the initial value (forward transit time).

rate The bit rate.
seed The initial value loaded into the shift register.
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Parameter Description

taps The bits used to generate feedback.
rout The output resistance.
Example 1

The following example shows the pattern source that is connected between
node in and node gnd:

vin in gnd LFSR (0 1 Im 1n 1n 10meg 1 [5, 2] rout=10)
Where,

®"  The output low voltage is 0 , and the output high voltage is 1 v.

®  The delay time is 1 ms.

®  The rise and fall times are each 1 ns.

®  The bit rate is 10meg bits/s.

®" Theseedis 1.

" Thetapsare[5, 21].

®"  The output resistance is 10 ohm.

®  The output from the LFSR is: 1000010101110110001111100110100...

Example 2

The following example shows the pattern source connected between node 1
and node O:

.PARAM tdl=2.5m trl=2n
vin 1 0 LFSR (2 4 tdl trl 1n 6meg 2 [10, 5, 3, 21)

Where,

®"  The output low voltage is 2 v, and the output high voltage is 4 v.
" Thedelayis 2.5 ms.

"  Therise time is 2 ns, and the fall time is 1 ns.

®  The bit rate is émeg bits/s.

®" The seedis 2.

®" Thetapsare [10, 5, 3, 2].

®  The output resistance is 0 ohm.
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Example 3

This example is based on demonstration netlist prbs.sp, which is available in
directory $<installdir>/demo/hspice/sources:

* prbs.sp

.OPTION POST

.TRAN 0.5n 50u

Vi1 0 LFSR (0 1 1u 1In 1n 10meg 1 [5, 2] rout=10)
R1 10 1

.END

Linear Feedback Shift Register

A LFSR consists of several simple-shift registers in which a binary-weighted
modulo-2 sum of the taps is fed back to the input. The modulo-2 sum of twol-
bit binary numbers yields 0 if the two numbers are identical and 1 if the differ is
0+0=0, 0+1=1, or 1+1=0.

Figure 22 LFSR Diagram

S\ -\ -V D
9(0) g(1) 9(2) g(m-1) g(m)
D(n)
inpur D(n-1) D(n-2) b@) D) outp:t

For any given tap, the weight “gi” is either 0, (meaning "no connection™), or 1,
(meaning it is fed back). Two exceptions are g0 and gm, which are always 1
and therefore always connected. The gm is not really a feedback connection,
but rather an input of the shift register that is assigned a feedback weight for
mathematical purposes.

The maximum number of bits is defined by the first number in your TAPS
definition. For example [23, 22, 21, 20, 19, 7] denotes a 23 stage LFSR. The
TAPS definition is a specific feedback tap sequence that generates an
M-Sequence PRB. The LFSR stages limit is between 2 and 30. The seed
cannot be set to zero; HSPICE reports an error and exits the simulation if you
set the seed to zero.

HSPICE® Simulation and Analysis User Guide 155
Y-2006.03



Chapter 5: Sources and Stimuli
Voltage and Current Controlled Elements

Conventions for Feedback Tap Specification

A given set of feedback connections can be expressed in a convenient and
easy-to-use shorthand form with the connection numbers listed within a pair of
brackets. The g0 connection is implied and not listed since it is always
connected. Although gm is also always connected, it is listed in order to convey
the shift register size (number of registers).

The following line is a set of feedback taps where j is the total number of
feedback taps (not including g0), f(1)=m is the highest-order feedback tap (and
the size of the LFSR), and f(j) are the remaining feedback taps:

[(£(1), £(2), £(3), ..., £(3)]

Example

The following line shows that the number of registers is 7 and the total number
of feedback taps is 4:

(7, 3, 2, 1]

The following feedback input applies for this specification:
D(n)=[D(n-7)+D(n-3)+D(n-2)+D(n-1)] mod 2

Voltage and Current Controlled Elements

156

HSPICE or HSPICE RF provides two voltage-controlled and two current-
controlled elements, known as E, G, H, and F Elements. You can use these
controlled elements to model:

®  MOS transistors
"  bipolar transistors
®  tunnel diodes
=  SCRs
®= analog functions, such as:
» operational amplifiers
e summers
e comparators
* voltage-controlled oscillators
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modulators

switched capacitor circuits

Depending on whether you used the polynomial or piecewise linear functions,
the controlled elements can be:

®  Linear functions of controlling-node voltages.

®  Non-linear functions of controlling-node voltages.

® | inear functions of branch currents.

®  Non-linear functions of branch currents.

The functions of the E, F, G, and H controlled elements are different.

®  The E element can be:

A voltage-controlled voltage source
A behavioral voltage source

An ideal op-amp.

An ideal transformer.

An ideal delay element.

A piecewise linear, voltage-controlled, multi-input AND, NAND, OR, or
NOR gate.

®  The F element can be:

A current-controlled current source.
An ideal delay element.

A piecewise linear, current-controlled, multi-input AND, NAND, OR, or
NOR gate.

®  The G element can be:

A voltage-controlled current source.

A behavioral current source.

A voltage-controlled resistor.

A piecewise linear, voltage-controlled capacitor.

An ideal delay element.

A piecewise linear, multi-input AND, NAND, OR, or NOR gate.
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®  The H element can be:
* A current-controlled voltage source.
* Anideal delay element.

* A piecewise linear, current-controlled, multi-input AND, NAND, OR, or
NOR gate.

The next section describes polynomial and piecewise linear functions. Later
sections describe element statements for linear or nonlinear functions. For
detailed PWL examples, see section “PWL/DATA/VEC Converter” in the
HSPICE Applications Manual.

Polynomial Functions

You can use the controlled element statement to define the controlled output
variable (current, resistance, or voltage), as a polynomial function of one or
more voltages or branch currents. You can select three polynomial equations,
using the POLY (NDIM) parameter in the E, F, G, or H element statement.

Value Description

POLY(1) One-dimensional equation (function of one controlling variable).
POLY(2) Two-dimensional equation (function of two controlling variables).

POLY(3) Three-dimensional equation (function of three controlling variables).

Each polynomial equation includes polynomial coefficient parameters (PO, P1
... Pn), which you can set to explicitly define the equation.

One-Dimensional Function

If the function is one-dimensional (a function of one branch current or node
voltage), the following expression determines the Fv function value:

FV = PO+ (P1-FA)+ (P2 -FA2)+ (P3-FA3) + (P4 -FA*) + (P5-FAS) + ...

Parameter Description

FV Controlled voltage or current, from the controlled source.

158 HSPICE® Simulation and Analysis User Guide
Y-2006.03



Chapter 5: Sources and Stimuli
Voltage and Current Controlled Elements

PO. . .PN Coefficients of a polynomial equation.
FA Controlling branch current, or nodal voltage.
Note:

If you specify one coefficient in a one-dimensional polynomial, HSPICE or
HSPICE RF assumes that the coefficient is P1 (P0=0.0). Use this as input
for linear controlled sources.

The following controlled source statement is a one-dimensional function. This
voltage-controlled voltage source connects to nodes 5 and 0.

El 5 0 POLY(1) 3 2 1 2.5

In the above source statement, the single-dimension polynomial function
parameter, POLY (1), informs HSPICE or HSPICE RF that E1 is a function of
the difference of one nodal voltage pair. In this example, the voltage difference
is between nodes 3 and 2, so FA=V (3,2).

The dependent source statement then specifies that PO=1 and P1=2.5. From
the one-dimensional polynomial equation above, the defining equation for
V(5,0) is:

V(5,0) = 1+2.5-V(3,2)
You can also express V(5,0) as ET:
El =1+25-V(@3,2)

Two-Dimensional Function

If the function is two-dimensional (that is, a function of two node voltages or two
branch currents), the following expression determines FVv:

FV = PO+ (P1-FA)+(P2-FB)+(P3-FA>) + (P4-FA - FB) + (P5 - FB)
+(P6-FAY)+(P7-FA>-FB)+(P8-FA-FB*) +(P9-FB’) + ...
For a two-dimensional polynomial, the controlled source is a function of two

nodal voltages or currents. To specify a two-dimensional polynomial, set
POLY (2) in the controlled source statement.
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For example, generate a voltage-controlled source that specifies the controlled
voltage, V(1,0), as:

V(1,0) = 3-V(3.2)+4-V(71,6)>
or

El =3-V(3,2)+4-V(1,6)?
To implement this function, use this controlled-source element statement:
El1 1 0 POLY(2) 3 27 6 0 3 00 0 4

This example specifies a controlled voltage source, which connects between
nodes 1 and 0. Two differential voltages control this voltage source:

=  \oltage difference between nodes 3 and 2.

= \oltage difference between nodes 7 and 6.

Thatis, FA=v (3,2), and FB=V (7, 6) . The polynomial coefficients are:
= P0=0

= p1=3
= P2=0
= P3=0
= P4=0
= Pp5=4

Three-Dimensional Function
For a three-dimensional polynomial function, with Fa, FB, and FC as its
arguments, the following expression determines the Fv function value:
FV = PO+ (P1-FA)+(P2-FB)+ (P3-FC)+ (P4 - FA?)
+(P5-FA-FB)+(P6-FA-FC)+(P7-FB?) +(P8-FB-FC)
+(P9-FC2)+ (P10 - FA3) + (P11 - FA2- FB) + (P12 - FA2 - FC)
+(P13-FA-FB2)+(P14-FA-FB-FC)+(P15-FA - FC?)
+(P16 - FB3) + (P17 -FB2-FC) + (P18 - FB - FC?)
+(P19-FC3) + (P20 - FA*) + ...
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For example, generate a voltage-controlled source that specifies the voltage
as:

V(1,0) = 3-V(3,2)+4-V(7,6)2+5-V(9,8)3
or
El =3-V(32)+4-V(7,6)2+5-V(9,8)3

The resulting three-dimensional polynomial equation is:

FA = V(@3,2)
FB = V(7,6)
FC = V(9,8)
Pl1 =3
P7 =4
P19 =5

Substitute these values into the voltage controlled voltage source statement:

El1 1 0 POLY(3) 3276 98030000040000O0O0
+ 0000065

The preceding example specifies a controlled voltage source, which connects
between nodes 1 and 0. Three differential voltages control this voltage source:

®  Voltage difference between nodes 3 and 2.

=  \oltage difference between nodes 7 and 6.

= \oltage difference between nodes 9 and 8.

That is:

B FA=V(3,2)

" FB=V(7,6)

" FC=V(9,8)

The statement defines the polynomial coefficients as:

= P1=3
= p7=4
= P19=5

®  Other coefficients are zero.
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Piecewise Linear Function

You can use the one-dimensional piecewise linear (PWL) function to model
special element characteristics, such as those of:

®  tunnel diodes
®  gsjlicon-controlled rectifiers
® diode breakdown regions

To describe the piecewise linear function, specify measured data points.
Although data points describe the device characteristic, HSPICE or HSPICE
RF automatically smooths the corners, to ensure derivative continuity. This, in
turn, results in better convergence.

The DELTA parameter controls the curvature of the characteristic at the
corners. The smaller the DELTA, the sharper the corners are. The maximum
DELTA is limited to half of the smallest breakpoint distance. If the breakpoints
are sufficiently separated, specify the DELTA to a proper value.

®  You can specify up to 100 point pairs.

" You must specify at least two point pairs (each point consists of an x and a
y coefficient).

To model bidirectional switch or transfer gates, G elements use the NPwL and
PPWL functions, which behave the same way as NMOS and PMOS transistors.

You can also use the piecewise linear function to model multi-input AND,
NAND,OR, and NOR gates. In this usage, only one input determines the state
of the output.

®" In AND and NAND gates, the input with the smallest value determines the
corresponding output of the gates.

®" |n OR and NOR gates, the input with the largest value determines the
corresponding output of the gates.
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Power Sources

This section describes independent sources and controlled sources.

Independent Sources

A power source is a special kind of voltage or current source, which supplies
the network with a pre-defined power that varies by time or frequency. The
source produces a specific input impedance.

To apply a power source to a network, you can use either:

®= A Norton-equivalent circuit (if you specify this circuit and a current source)—
the | (current source) element, or

® A Thevenin-equivalent circuit (if you specify this circuit and a voltage
source)—the V (voltage source) element.

As with other independent sources, simulation assumes that positive current
flows from the positive node, through the source, to the negative node. A power
source is a time-variant or frequency-dependent utility source; therefore, the
value/phase can be a function of either time or frequency.

A power source is a sub-class of the independent voltage/current source, with
some additional keywords or parameters:

®"  Youcanuse |l and V elements in DC, AC, and transient analysis.
The | and V elements can be data-driven.

Supported formats include:

®  PULSE, a trapezoidal pulse function.

"  PWL, a piecewise linear function, with repeat function.

®  PL, a piecewise linear function. PWL and PL are the same piecewise linear
function, except PL uses the v1 t1 pair instead of the t1 v1 pair.

®  SIN, a damped sinusoidal function.

®  EXP, an exponential function.

®  SFFM, a single-frequency FM function.
AM, an amplitude-modulation function.
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Syntax

If you use the power keyword in the netlist, then simulation recognizes a
current/voltage source as a power source:

Vxxx node+ node- power=<powerVal <powerFun>> imp=valuel
+ imp_ac=value2, value3 powerFun=<FREQ <TIME>>(...)
Ixxx node+ node- power=<powerVal <powerFun>> imp=valuel
+ imp_ac=value2, value3 powerFun=<FREQ <TIME>>(...)

Parameter Description

powerVal A constant power source supplies the available power. If you specify
POWER_DB, then the value is in decibels; otherwise, it is in
Watts*POWER_SCAL, where POWER_SCAL is a scaling factor that
you specify in a SCALE option (default=1).

powerFun This function name indicates the time-variant or frequency-variant
power source. In this equation, powerFun defines the functional
dependence on time or frequency.

= |f the function name for powerFunis FREQ, then it is a frequency
power source: FREQ(freql, vall, freg2, val2,...)

= |f the function name for powerFunis TIME, then it is a piece-wise
time variant function: TIME(t1, vall, t2, val2...)

imp= DC impedance value.
imp_ac= Magnitude and phase offset (in degrees) of AC impedance.
Example 1

V11l 10 20 power=5 imp=5K

This example applies a 5-decibel/unit power source to node 10 and node 20, in
a Thevenin-equivalent manner. The impedance of this power source is 5k
Ohms.

Example 2

Iname 1 0 power=20 imp=9MEG

This example applies a 20-decibel/unit power source to node 1 and to ground,
in a Norton-equivalent manner. The source impedance is 9 mega-ohms.
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Example 3

V5 6 0 power=FREQ(10HZ, 2, 10KHZ, 0.01) imp=2MEG imp_ac= (100K, 60)
V5 6 0 power=funcl imp=2MEG imp_ac= (100K, 60DEC)
+ funcl=FREQ(10HZ, 2, 10KHZ, 0.01)

In the two preceding examples, a power source operates at two different
frequencies, with two different values:

® At 10 Hz, the power value is 2 decibel/unit.

= At 10 kHz, the power value is 0.01 decibel/unit.
Also in these examples:

®  The DC impedance is 2 mega-ohms.

®  The AC impedance is 100 kilo-ohms.

®  The phase offset is 60 degrees.

Outputs
None.

Controlled Sources

In addition to independent power sources, you can also create four types of
controlled sources:

=  \oltage-controlled voltage source (VCVS), or E element
®  Current-controlled current source (CCCS), or F element
®  \oltage-controlled current source (VCCS), or G element
®  Current-controlled voltage source (CCVS), or H element

Voltage-dependent Voltage Sources — E Elements

This section explains E Element syntax statements, and defines their
parameters. See also “Using G and E Elements” in the HSPICE Applications
Manual.

"  LEVEL=1 is an OpAmp.
® [ EVEL=2 is a Transformer.
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Voltage-Controlled Voltage Source (VCVS)

Linear

Exxx n+ n- <VCVS> in+ in- gain <MAX=val> <MIN=val>
+ <SCALE=val> <TCl=val> <TC2=val><ABS=1> <IC=val>

For a description of these parameters, see E Element Parameters on
page 173.

Polynomial (POLY)

ExxxX n+ n- <VCVS> POLY(NDIM) inl+ inl-
+ inndim+ inndim-<TCl=val> <TC2=val> <SCALE=val>
+ <MAX=val> <MIN=val> <ABS=1> p0 <pl..> <IC=val>

In this syntax, dim (dimensions) < 3. For a description of these parameters, see
E Element Parameters on page 173.

Piecewise Linear (PWL)

Exxx n+ n- <VCVS> PWL(1l) in+ in- <DELTA=val>
+ <SCALE=val> <TCl=val> <TC2=val> x1,yl x2,y2
+ x100,y100 <IC=val>

For a description of these parameters, see E Element Parameters on
page 173.

Multi-Input Gates

Exxx n+ n- <VCVS> gatetype(k) inl+ inl- ... inj+ inj-
+ <DELTA=val> <TCl=val> <TC2=val> <SCALE=val>
+ x1,yv1l ... x100,y100 <IC=val>

In this syntax, gatetype(k) can be AND, NAND, OR, or NOR gates. For a
description of these parameters, see E Element Parameters on page 173.

Delay Element

Exxx n+ n- <VCVS> DELAY in+ in- TD=val <SCALE=val>
+ <TCl=val> <TC2=val> <NPDELAY=val>

For a description of these parameters, see E Element Parameters on
page 173.
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Laplace Transform
Voltage Gain H(s):

Exxx n+ n- LAPLACE in+ in- kO, k1, ..., kn / d0, d1, ..., dm
+ <SCALE=val> <TCl=val> <TC2=val>

For a description of these parameters, see E Element Parameters on
page 173.

Transconductance H(s):

Gxxx n+ n- LAPLACE in+ in- kO, k1, ..., kn / d0, d1, ..., dm
+ <SCALE=val> <TCl=val> <TC2=val> <M=val>

H(s) is a rational function, in the following form:

n
kog+kis+...+k,s

H(s) =
dy+ds+...+d, s™

You can use parameters to define the values of all coefficients (kg, K1, ..., dg,

dq, ...).

For a description of the G Element parameters, see G Element Parameters on
page 189.

Example

Glowpass 0 out LAPLACE in O 1.0 /1.0 2.0 2.0 1.0

Ehipass out 0 LAPLACE in O 0.0,0.0,0.0,1.0 / 1.0,2.0,2.0,1.0

The Glowpass element statement describes a third-order low-pass filter, with
the transfer function:

1
1+2s+2s52+s3

H(s) =

The Ehipass element statement describes a third-order high-pass filter, with
the transfer function:

3
H(s) = 5
1+2s+2s2+s3
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Pole-Zero Function
Voltage Gain H(s):

Exxx n+ n- POLE in+ in- a azl, fzl, ..., azn, fzn / b,
+ apl, fpl, ..., apm, fpm <SCALE=val> <TCl=val>
+ <TC2=val>

For a description of these parameters, see E Element Parameters on

page 173.

Transconductance H(s):

Gxxx n+ n- POLE in+ in- a azl, fzl, ..., azn, fzn / b,
+ apl, fpl, ..., apm, fpm <SCALE=val> <TCl=val>

+ <TC2=val> <M=val>
The following equation defines H(s) in terms of poles and zeros:

_ a-(s+o,—j2nf)...(s+a_,—j2nf, )(s+o,,+j2nf,)
b-(s+ 0L,y —j2nfp1)...(s + 0, —j2nfpm)(s +0,,, +j27tfpm)

H(s)

The complex poles or zeros are in conjugate pairs. The element description
specifies only one of them, and the program includes the conjugate. You can
use parameters to specify the a, b, a, and f values.

For a description of the G Element parameters, see G Element Parameters on

page 1809.
Example
Ghigh_pass 0 out POLE in 0 1.0 0.0,0.0 / 1.0 0.001,0.0
Elow_pass out 0 POLE in 0 1.0 / 1.0, 1.0,0.0 0.5,0.1379

The Ghigh_pass statement describes a high-pass filter, with the transfer
function:

1.0 - (s + 0.0 +j - 0.0)
1.0- (s + 0.001 +; - 0.0)

The Elow_pass statement describes a low-pass filter, with the transfer
function:

H(s) =

1.0
1.0-(s+ 1)(s+ 0.5+ 21 - 0.1379)(s + 0.5 — (j2r - 0.1379))

H(s) =
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Frequency Response Table
Voltage Gain H(s):

Exxx n+ n- FREQ in+ in- f1, al, f£1, ..., fi, ai, f1l
+ <DELF=val> <MAXF=val> <SCALE=val> <TCl=val>
+ <TC2=val> <LEVEL=val> <ACCURACY=val>

For a description of these parameters, see E Element Parameters on page 173
Transconductance H(s):

Gxxx n+ n- FREQ in+ in- f1, al, £f1, ..., fi, ai, f1
+ <DELF=val> <MAXF=val> <SCALE=val> <TCl=val>
+ <TC2=val> <M=val> <LEVEL=val> <ACCURACY=val>

Where,

® Each fi is a frequency point, in hertz.
®  ai is the magnitude, in dB.

® 1 isthe phase, in degrees.

At each frequency, HSPICE or HSPICE RF uses interpolation to calculate the
network response, magnitude, and phase. HSPICE or HSPICE RF interpolates
the magnitude (in dB) logarithmically, as a function of frequency. It also
interpolates the phase (in degrees) linearly, as a function of frequency.

: _ a;—dy ) _
|H(j2nf)| = Qogﬂ—logﬁ (logf-logf;) + a,
: o;— ¢
ZH(j27f) = ( ’ k)(f—fi)+¢l.
fi=f
For a description of the G Element parameters, see G Element Parameters on
page 189.
Example

Eftable output 0 FREQ input 0
+ 1.0k -3.97m 293.7

+ 2.0k -2.00m 211.0

+ 3.0k 17.80m 82 .45

+ ... ..

+ 10.0k -53.20 -1125.5
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®  The first column is frequency, in hertz.

®  The second column is magnitude, in dB.
®  The third column is phase, in degrees.
Set the LEVEL to 1 for a high-pass filter.

Set the last frequency point to the highest frequency response value that is a
real number, with zero phase.

You can use parameters to set the frequency, magnitude, and phase, in the
table.

Foster Pole-Residue Form
Gain E(s) form

Exxx n+ n- FOSTER in+ in- kO k1l

+ (Re{Al}, Im{Al})/ (Re{pl}, Im{pl})
+ (Re{A2}, Im{A2})/ (Re{p2}, Im{p2})
+ (Re{A3}, Im{A3})/ (Re{p3}, Im{p3})
+

For a description of these parameters, see E Element Parameters on
page 173.

Tranconductance G(s) form

Gxxx n+ n- FOSTER in+ in- kO k1l

(Re{Al}, Im{Al})/ (Re{pl}, Im{pl})
+ (Re{A2}, Im{A2})/ (Re{p2}, Im{p2})
+ (Re{A3}, Im{A3})/ (Re{p3}, Im{p3})
+ ...

+

In the above syntax, paranthesis , commas, and slashes are separators—they
have the same meaning as a space. A pole-residue pair is represented by four
numbers (real and imaginary part of the residue, then real and imaginary part
of the pole).

You must make sure that Re[pi]<0; otherwise, the simulations will certainly
diverge. Also, it is a good idea to assure passivity of the model (for an N-port
admittance matrix Y, Re{Y} should be positive-definite), or the simulation is
likely to diverge).

For a description of the G Element parameters, see G Element Parameters on
page 189.
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+ freqgl noisel
+ freg2 noise2
+ ...

.enddata

The data form defines a basic frequency-noise table. The .DATA statement
contains two parameters: frequency and noise to specify the noise value at
each frequency point. The unit for frequency is hertz, and the unit for noise is

V2/Hz.

Ideal Op-Amp
Exxx n+ n- OPAMP in+ in-
You can also substitute LEVEL=1 in place of OPAMP:

Exxx n+ n- in+ in- level=1

For a description of these parameters, see E Element Parameters.

Ideal Transformer
Exxx n+ n- TRANSFORMER in+ in- k

You can also substitute LEVEL=2 in place of TRANSFORMER:

Exxx n+ n- in+ in- level=2 k

For a description of these parameters, see E Element Parameters.

HSPICE® Simulation and Analysis User Guide

Y-2006.03



Chapter 5: Sources and Stimuli
Voltage-dependent Voltage Sources — E Elements

Figure 23 Equivalent VCVS and Ideal Transformer HSPICE Models

VCVS (op-amp) with Gain = g Equivalent HSPICE model

Ideal transformer with ratio K

I k:1 I
<=> V;
Vq ? é 7]

V2 <=>

—

E Element Parameters
The E element parameters described in the following list.

Parameter Description

ABS Output is an absolute value, if ABS=1.

DELAY Keyword for the delay element. Same as for the voltage-controlled
voltage source, except it has an associated propagation delay, TD.
This element adjusts propagation delay in macro (subcircuit)
modeling.
DELAY is a reserved word; do not use it as a node name.

DELTA Controls the curvature of the piecewise linear corners. This
parameter defaults to one-fourth of the smallest distance between
breakpoints. The maximum is one-half of the smallest distance
between breakpoints.

Exxx Voltage-controlled element name. Must begin with E, followed by
up to 1023 alphanumeric characters.

gain Voltage gain.
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Parameter Description

gatetype(k) Can be AND, NAND, OR, or NOR. k represents the number of
inputs of the gate. x and y represent the piecewise linear variation
of output, as a function of input. In multi-input gates, only one input
determines the state of the output.

IC Initial condition: initial estimate of controlling voltage value(s). If
you do not specify IC, default=0.0.

in +/- Positive or negative controlling nodes. Specify one pair for each
dimension.

k Ideal transformer turn ratio: V(in+,in-) = k- V(n+,n-) or,
number of gates input.

MAX Maximum output voltage value. The default is undefined, and sets
no maximum value.

MIN Minimum output voltage value. The default is undefined, and sets
no minimum value.

n+/- Positive or negative node of a controlled element.

NDIM Number of polynomial dimensions. If you do not set POLY(NDIM),
HSPICE or HSPICE RF assumes a one-dimensional polynomial.
NDIM must be a positive number.

NPDELAY Sets the number of data points to use in delay simulations. The
default value is the larger of either 10, or the smaller of TD/tstep
and tstop/tstep. That is,

NPDELA Ydefault _ max|:mln<TD, lSlOp>’ 10:|
tstep
The .TRAN statement specifies tstep and tstop values.

OPAMP The keyword for an ideal op-amp element. OPAMP is a HSPICE

or Level=1 reserved word; do not use it as a node name.
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Parameter Description

PO, P1 ... The polynomial coefficients.

If you specify one coefficient, HSPICE or HSPICE RF assumes
that it is P1 (P0=0.0), and that the element is linear.

If you specify more than one polynomial coefficient, the element is
nonlinear, and PO, P1, P2 ... represent them (see Polynomial
Functions on page 158).

POLY Keyword for the polynomial function. If you do not specify
POLY (ndim), HSPICE assumes a one-dimensional polynomial.

Ndim must be a positive number.

PWL Keyword for the piecewise linear function.
SCALE Multiplier for the element value.
TC1,TC2 First-order and second-order temperature coefficients.

Temperature changes update the SCALE:
SCALEeff = SCALE - (1 + TC1 - At+ TC2 - At?)

TD Keyword for the time (propagation) delay.

TRANSFORMER Keyword for an ideal transformer. TRANSFORMER is a reserved
or LEVEL=2 word; do not use it as a node name.

VCVS Keyword for a voltage-controlled voltage source. VCVS is a

reserved word; do not use it as a node name.

x1,... Controlling voltage across the in+ and in- nodes. The x values
must be in increasing order.

yl,... Corresponding element values of x.

HSPICE® Simulation and Analysis User Guide 175
Y-2006.03



Chapter 5: Sources and Stimuli
Voltage-dependent Voltage Sources — E Elements

176

E Element Examples

Ideal OpAmp

You can use the voltage-controlled voltage source to build a voltage amplifier,
with supply limits.

®"  The output voltage across nodes 2,3 is v(14,1) * 2.

®  The value of the voltage gain parameter is 2.

"  The MAX parameter sets a maximum E1 voltage of 5 V.

®" The MIN parameter sets a minimum E1 voltage output of -5 V.

Example

If V(14,1)=-4V, then HSPICE or HSPICE RF sets E1 to -5V, and not -8V as the
equation suggests.

Eopamp 2 3 14 1 MAX=+5 MIN=-5 2.0

To specify a value for polynomial coefficient parameters, use the following
format:

.PARAM CU=2.0
El 2 3 14 1 MAX=+5 MIN=-5 CU

Voltage Summer

An ideal voltage summer specifies the source voltage, as a function of three
controlling voltage(s):

= V(13,0
" V(15,0
" V(17,0

To describe a voltage source, the voltage summer uses this value:
V(13,0) + V(15,0) + V(17,0)

This example represents an ideal voltage summer. It initializes the three
controlling voltages for a DC operating point analysis, to 1.5, 2.0, and 17.25 V.

EX 17 0 POLY(3) 13 0 15 017 0 0 1 1 1 IC=1.5,2.0,17.25
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Polynomial Function

A voltage-controlled source can also output a non-linear function, using a one-
dimensional polynomial. This example does not specify the POLY parameter,
so HSPICE or HSPICE RF assumes it is a one-dimensional polynomial—that
is, a function of one controlling voltage. The equation corresponds to the
element syntax. Behavioral equations replace this older method.

V (3,4)=10.5 + 2.1 *V(21,17) + 1.75 *V(21,17)32~
E2 3 4 POLY 21 17 10.5 2.1 1.75

E2 3 4 VOLT="10.5 + 2.1 *V(21,17) + 1.75 *V(21,17)32"
E2 3 4 POLY 21 17 10.5 2.1 1.75

Zero-Delay Inverter Gate
Use a piecewise linear transfer function to build a simple inverter, with no delay.
Einv out 0 PWL (1) in 0 .7v,5v 1v,0v

Ideal Transformer

If the turn ratio is 10 to 1, the voltage relationship is V(out)=V(in)/10.
Etrans out 0 TRANSFORMER in 0 10

You can also substitute LEVEL=2 in place of TRANSFORMER:
Etrans out 0 in 0 level=2 10

Voltage-Controlled Oscillator (VCO)
The voL keyword defines a single-ended input, which controls output of a VCO.

Example 1

In this example, the voltage at the control node controls the frequency of the
sinusoidal output voltage at the out node. vO is the DC offset voltage, and gain
is the amplitude. The output is a sinusoidal voltage, whose frequency is
specified in freq - control.

Evco out 0 VOL='v0+gain*SIN(6.28 freg*v(control)*TIME) ’
Note:

This equation is valid only for a steady-state VCO (fixed voltage). If you
sweep the control voltage, this equation does not apply.
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Example 2

In this example, a Verilog-A module is used to control VCO output by tracking
phase to ensure continuity.

“include

module vco(vin,

"disciplines.vams"

vout) ;

inout wvin, vout;

electrical vin,
parameter real
parameter real
parameter real
parameter real

vout;
amp 1.0;

offset 1.0;
center_freq
vco_gain

1G;

1G;

real phase;

analog begin

phase = idt(center_freq + vco_gain*V(vin),
V(vout) <+ offset+amp*sin(6.2831853*phase) ;
end
endmodule
Example 3

This example is a controlled-source equivalent of the Verilog-A module shown
in the previous example. Like the previous example, it establishes a continuous

phase and therefore, a continuous output voltage.

.subckt vco in out amp=1 offset=1 center_freg=1 vco_gain=1

.ic v(phase)=0
cphase phase 0 1le-10

gl 0 phase cur='le-10* (center_freg+vco_gain*v(in))"'
eout out 0 vol='offset+amp*sin(6.2831853*v (phase))"

.ends

Example 4

In this example, controlled-sources are used to control VCO output.

.param pi=3.1415926
.param twopi='2*pi'

.subckt vco in inb out outb £0=100k kf=50k out_off=0.0 out_amp=1.0

gs 0 s poly(2) ¢ 0 in inb 0
gc ¢ 0 poly(2) s 0 in inb 0
cs s 0 1le-9 ic=0

cc c 0 1le-9 ic=1

eout out 0 vol='out_off+ (out_amp*v(s)
eoutb outb 0 vol='out_off+ (out_amp*v (
.ic v(e)=1 v(s)=0

.ends

)I
c))!
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'twopi*le-9*£f0'
'twopi*le-9*£0"

'twopi*le-9*kf'
'twopi*le-9*kf'
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Using the E Element for AC Analysis

The following equation describes an E element:

El ee 0 vol=£f(v(1l), v(2))

In an AC analysis, voltage is computed as follows:

v(ee)=A * delta_v1 + B * delta_v2

Where,

= Ais the derivative of f(v(1), v(2)) to v(1) at the operating point
= B is the derivative of f(v(1), v(2)) to v(2) at the operating point
=  delta_vl is the AC voltage variation of v(1)

= delta_v2 is the AC voltage variation of v(2)

Example

This example is based on demonstration netlist eelm.sp, which is available in
directory $<installdir>/demo/hspice/sources:

Rk Ik kb Sk b Sk o b b b I R I R R I i i i b S S S S S S S S I I e e e e e e e e e e 4

****** B element for AC analysis

.option post

.op

*CASEl1-Mixed and zero time unit has zero value(tran)
v_nl nl gnd dc=6.0 pwl 0.0 6.0 1.0n 6.0 ac 5.0
v_n2 n2 gnd dc=4.0 pwl 0.0 4.0 1.0n 6.0 ac 2.0
el n3 gnd vol='v(nl)+v(n2)"'

e2 nd4d gnd vol='v(nl)*v(n2)'

rl nl gnd 1

r2 n2 gnd 1

r3 n3 gnd 1

r4d n4d gnd 1

.tran 10p 3n

.ac dec 1 1 100meg

.print ac v(n?)

.end
ER b b b b I I b b b I b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b e b b b b b b 4

The AC voltage of node n3 is:

v(in3)=1.0 *v(nl) (ac) + 1.0 * v(n2) (ac)
= 1.0 * 5.0 + 1.0 * 2.0
= 7.0 (v)
HSPICE® Simulation and Analysis User Guide 179

Y-2006.03



Chapter 5: Sources and Stimuli
Current-Dependent Current Sources — F Elements

The AC voltage of node n4 is:

)

v(n 1) (op) * v(n2) (ac)
2.0

)=v(n2) (op) * v(nl) (ac) + v(n
4.0 * 5.0 + 6.0 *
32.0 (v)

I

Current-Dependent Current Sources — F Elements

This section explains the F element syntax and parameters.

Current-Controlled Current Source (CCCS) Syntax

Linear

Fxxx n+ n- <CCCS> vnl gain <MAX=val> <MIN=val> <SCALE=val>
+ <TCl=val> <TC2=val> <M=val> <ABS=1> <IC=val>

Polynomial (POLY)

Fxxx n+ n- <CCCS> POLY (ndim) wvnl <... vnndim> <MAX=val>
+ <MIN=val> <TCl=val> <TC2=val> <SCALE=val> <M=val>
+ <ABS=1> p0 <pl.> <IC=val>

In this syntax, dim (dimensions) < 3.
Piecewise Linear (PWL)
Fxxx n+ n- <CCCS> PWL(1l) wvnl <DELTA=val> <SCALE=val>

+ <TCl=val> <TC2=val> <M=val> x1,yl ... x100,y100 <IC=val>

Multi-Input Gates

Fxxx n+ n- <CCCS> gatetype(k) vnl, ... vnk <DELTA=val>
+ <SCALE=val> <TCl=val> <TC2=val> <M=val> <ABS=1>
+ x1,y1l ... x100,y100 <IC=val>

In this syntax, gatetype (k) can be AND, NAND, OR, or NOR gates.
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Delay Element

Note:

G elements with algebraics make F elements obsolete. You can still use F
elements for backward-compatibility with existing designs.

Fxxx n+ n- <CCCS> DELAY wvnl TD=val <SCALE=val>
+ <TCl=val><TC2=val> NPDELAY=val

F Element Parameters
The F Element parameters are described in the following list.

Parameter Description

ABS Output is an absolute value, if ABS=1.

CCCs Keyword for current-controlled current source. CCCS is a HSPICE
reserved keyword; do not use it as a node name.

DELAY Keyword for the delay element. Same as for a current-controlled current
source, but has an associated propagation delay, TD. Adjusts the
propagation delay in the macro model (subcircuit) process. DELAY is a
reserved word; do not use it as a node name.

DELTA Controls the curvature of piecewise linear corners. The default is 1/4 of
the smallest distance between breakpoints. The maximum is 1/2 of the
smallest distance between breakpoints.

Fxxx Element name of the current-controlled current source. Must begin with
F, followed by up to 1023 alphanumeric characters.

gain Current gain.

gatetype(k) AND, NAND, OR, or NOR. kis the number of inputs for the gate. x and
y are the piecewise linear variation of the output, as a function of input.
In multi-input gates, only one input determines the output state. Do not
use the above keywords as node names.

IC Initial condition (estimate) of the controlling current(s), in amps. If you
do not specify IC, the default=0.0.

M Number of replications of the element, in parallel.

MAX Maximum output current. Default=undefined; sets ho maximum.
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Parameter Description

MIN Minimum output current. Default=undefined; sets no minimum.

n+/- Connecting nodes for a positive or negative controlled source.

NDIM Number of polynomial dimensions. If you do not specify POLY(NDIM),
HSPICE or HSPICE RF assumes a one-dimensional polynomial. NDIM
must be a positive number.

NPDELAY Number of data points to use in delay simulations. The default value is
the larger of either 10, or the smaller of TD/tstep and tstop/tstep. That
is, NPDELAY ., = max[mm<TD . 1510p) 10} The .TRAN

- tstep
statement specifies the tstep and tstop values.

PO, P1 ... The polynomial coefficients.

If you specify one coefficient, HSPICE or HSPICE RF assumesiitis P1
(P0=0.0), and the source element is linear.

If you specify more than one polynomial coefficient, then the source is
non-linear, and HSPICE or HSPICE RF assumes that the polynomials
are PO, P1, P2 ... See Polynomial Functions on page 158.

POLY Keyword for the polynomial function. If you do not specify POLY (ndim),
HSPICE assumes that this is a one-dimensional polynomial. Ndim must
be a positive number.

PWL Keyword for the piecewise linear function.

SCALE Multiplier for the element value.

TC1,TC2 First-order and second-order temperature coefficients. Temperature
changes update the SCALE:

SCALEeff = SCALE - (1 + TC1-At+TC2 - At?)

TD Keyword for the time (propagation) delay.

vnl ... Names of voltage sources, through which the controlling current flows.
Specify one name for each dimension.

x1,... Controlling current, through the vn7 source. Specify the x values in

increasing order.
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Parameter Description

vi,... Corresponding output current values of x.

F Element Examples

Example 1

This example describes a current-controlled current source, connected
between nodes 13 and 5. The current, which controls the value of the
controlled source, flows through the voltage source named VSENS.

F1 13 5 VSENS MAX=+3 MIN=-3 5

Note:

To use a current-controlled current source, you can place a dummy
independent voltage source into the path of the controlling current.

The defining equation is:

I(F1) = 5-1(VSENS)

®  Currentgainis 5.

= Maximum current flow through F1is 3 A.
®  Minimum current flow is -3 A.

If I (VSENS)=2 A, then this examples sets I (F1) to 3 amps, not 10 amps (as
the equation suggests). You can define a parameter for the polynomial
coefficient(s):

.PARAM VU=5
F1 13 5 VSENS MAX=+3 MIN=-3 VU

Example 2
This example is a current-controlled current source, with the value:
I(F2)=1e-3 + 1.3e-3 - I(VCC)

Current flows from the positive node, through the source, to the negative node.
The positive controlling-current flows from the positive node, through the
source, to the negative node of vnam (linear), or to the negative node of each
voltage source (nonlinear).

F2 12 10 POLY VCC 1MA 1.3M
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Example 3
This example is a delayed, current-controlled current source.

Fd 1 0 DELAY vin TD=7ns SCALE=5

Example 4
This example is a piecewise-linear, current-controlled current source.

Filim 0 out PWL(1l) wvsrc -la,-la la,la

Voltage-Dependent Current Sources — G Elements
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This section explains G element syntax statements, and their parameters.
® LEVEL=0 is a Voltage-Controlled Current Source (VCCS).
" LEVEL=1 is a Voltage-Controlled Resistor (VCR).

®" LEVEL=2 is a Voltage-Controlled Capacitor (VCCAP), Negative Piece-Wise
Linear (NPWL).

® LEVEL=3 is a VCCAP, Positive Piece-Wise Linear (PPWL).
See also “Using G and E Elements” in the HSPICE Applications Manual.

Voltage-Controlled Current Source (VCCS)

Linear

Gxxx n+ n- <VCCS> in+ in- transconductance <MAX=val>
+ <MIN=val> <SCALE=val> <M=val> <TCl=val> <TC2=val>
+ <ABS=1> <IC=val>

For a description of the G Element parameters, see G Element Parameters on
page 1809.

Polynomial (POLY)

Gxxx n+ n- <VCCS> POLY (NDIM) inl+ inl- ... <inndim+ inndim->
+ <MAX=val> <MIN=val> <SCALE=val> <M=val> <TCl=val>
+ <TC2=val> <ABS=1> PO0<Pl..> <IC=vals>

For a description of the G Element parameters, see G Element Parameters on
page 1809.
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Piecewise Linear (PWL)

GxxXx n+ n- <VCCS> PWL(1l) in+ in- <DELTA=val>

+ <SCALE=val> <M=val> <TCl=val> <TC2=val>

+ x1,yv1l x2,yv2 ... x100,y100 <IC=val> <SMOOTH=val>
Gxxx n+ n- <VCCS> NPWL(1l) in+ in- <DELTA=val>

+ <SCALE=val> <M=val> <TCl=val><TC2=val>

+ x1,v1l x2,y2 ... x100,y100 <IC=val> <SMOOTH=val>
GxxXx n+ n- <VCCS> PPWL(1l) in+ in- <DELTA=val>

+ <SCALE=val> <M=val> <TCl=val> <TC2=val>

+ x1,yv1l x2,yv2 ... x100,y100 <IC=val> <SMOOTH=val>

For a description of the G Element parameters, see G Element Parameters on
page 189.

Multi-Input Gate

Gxxx n+ n- <VCCS> gatetype(k) inl+ inl-
+ ink+ ink- <DELTA=val> <TCl=val> <TC2=val> <SCALE=val>
+ <M=val> x1,yl ... x100,y100<IC=val>

In this syntax, gatetype (k) can be AND, NAND, OR, or NOR gates. For a
description of the G Element parameters, see G Element Parameters on
page 1809.

Delay Element

Gxxx n+ n- <VCCS> DELAY in+ in- TD=val <SCALE=val>
+ <TCl=val> <TC2=val> NPDELAY=val

For a description of the G Element parameters, see G Element Parameters on
page 189.

Laplace Transform
For details, see Laplace Transform on page 167.

Pole-Zero Function
For details, see Pole-Zero Function on page 168.

Frequency Response Table
For details, see Frequency Response Table on page 1609.
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Foster Pole-Residue Form
For details, see Foster Pole-Residue Form on page 170.

Behavioral Current Source (Noise Model)

Expression form

gxxx nodel node2 noise='noise_expression’

The xxx parameter can be set with a value up to 1024 characters. The node1
and nodeZ2 are the positive and negative nodes that connect to the noise
source. The noise expression can contain the bias, frequency, or other
parameters, and involve node voltages and currents through voltage sources.

For a description of the G Element parameters, see G Element Parameters on
page 189.

This syntax creates a simple two-terminal current noise source, whose value is
described in A%/Hz. The output noise generated from this noise source is:

noise_expression*H

H is the transfer function from the terminal pair (nodel,node2) to the circuit
output, where the output noise is measured.

You can also implement a behavioral noise source with an E Element. As noise
elements, they are two-terminal elements that represent a noise source
connected between two specified nodes.

gname nodel node2 node3 node4 noise='expression’

This syntax produces a noise source correlation between the terminal pairs
(nodel node2) and (node3 node4). The resulting output noise is computed
as:

noise_expression*sqrt(H1*H2*)
=  H1is the transfer function from (nodel,node2) to the output.
®  H2is the transfer function from (node3,node4) to the output.

The noise expression can involve node voltages and currents through voltage
sources.

Data form

Gxxx nodel node2 noise data=dataname
.DATA dataname
+ pnamel pname?2
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+ freqgl noisel

+ freg2 noise2

+ ...

.enddata

The data form defines a basic frequency-noise table. The .DATA statement
contains two parameters: frequency and noise to specify the noise value at
each frequency point. The unit for frequency is hertz, and the unit for noise is

A2/Hz.

For a description of the G Element parameters, see G Element Parameters on
page 189.

Example

The following netlist shows a 1000 ohm resistor (g1) using a G element. The
glnoise element, placed in parallel with the g1 resistor, delivers the thermal
noise expected from a resistor. The r1 resistor is included for comparison: The
noise due to r1 should be the same as the noise due to glnoise.

* Resistor implemented using g-element
vli1l01

rl 1 2 1k

gl 1 2 cur="v(1,2)*0.001"

glnoise 1 2

+ noise='4*1.3806266e-23* (TEMPER+273.15)*0.001"
rout 2 0 lmeg

.ac lin 1 100 100

.noise v(2) vl 1

.end

Voltage-Controlled Resistor (VCR)

Linear

Gxxx n+ n- VCR in+ in- transfactor <MAX=val> <MIN=val>
+ <SCALE=val> <M=val> <TCl=val> <TC2=val> <IC=val>

For a description of the G Element parameters, see G Element Parameters on
page 189.

Polynomial (POLY)

Gxxx n+ n- VCR POLY (NDIM) inl+ inl-
+ <inndim+ inndim-> <MAX=val> <MIN=val><SCALE=val>
+ <M=val> <TCl=val> <TC2=val> PO <Pl..> <IC=vals>
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For a description of the G Element parameters, see G Element Parameters on
page 189.

Piecewise Linear (PWL)

Gxxx n+ n- VCR PWL(1l) in+ in- <DELTA=val> <SCALE=val>
+ <M=val> <TCl=val> <TC2=val> x1,yl x2,y2 ... x100,y100
+ <IC=val> <SMOOTH=val>

Gxxx n+ n- VCR NPWL (1) in+ in- <DELTA=val> <SCALE=val>
+ <M=val> <TCl=val> <TC2=val> x1,yl x2,y2 ... x100,y100
+ <IC=val> <SMOOTH=val>

Gxxx n+ n- VCR PPWL(1l) in+ in- <DELTA=val> <SCALE=val>
+ <M=val> <TCl=val> <TC2=val> x1,yl x2,y2 ... x100,y100
+ <IC=val> <SMOOTH=val>

For a description of the G Element parameters, see G Element Parameters on
page 189.

Multi-Input Gates

Gxxx n+ n- VCR gatetype(k) inl+ inl- ... ink+ ink-
+ <DELTA=val> <TCl=val> <TC2=val> <SCALE=val> <M=val>
+ 